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PREFACE 

THIS book is the successor to the author's "Fertilizers and 
Crops," published in 1912. The intervening years have been filled 
with the ever-increasing activity of agricultural research workers in 
the study of problems relating to plant nutrition and crop produc
tion, covering all of the various phases ,--chemical , physical, and 
biologicaL Many definite facts have thus been added to our knowl
edge. 

Like its predecessor, this book has for its purpose not merely to 
give information but also to present it in such a systematic way as 
to make clear fundamental relations and to emphasize the 
reasons that underlie every practice suggested. The conditions are 
studied under which plant-foods, whether in the form of soil com
pounds, of farm-produced materials, or of commercial fertilizers, 
can be conserved and, at the same time, utilized with the greatest 
efficiency and economy in the production of crops. 

Not only is it desirable but essential that a book that treats of 
the practical use of fertilizers on the farm be something more than 
a mere collection of formulas or recipes, that give the number of 
pounds of nitrogen, phosphorus, potassium or other compounds to 
apply to individual crops. Important also is it to make as prominent 
as possible other vital factors that influence or control the effective
ness with which a crop utilizes the nutrient materials supplied to it. 

lt has been the privilege of the writer for a period of forty years 
to be in touch with work relating to plant nutrition. Through per
sonal contact he has been enabled to learn the practices, difficulties, 
and needs of farmers in relation to many of the problems of crop 
growing with the use of fertilizers. In no small degree, this book 
is, therefore, the outgrowth of an appreciation of the farmer's point 
of view. lt seeks to assemble and arrange many of the facts and 
principles the farmer desires and needs to know. 

As Chemist of the New York Agricultural Experiment Station, 
the author in 1890 had the responsibility of organizing the New York 
State fertilizer inspection work, with which he continued in close 
official relation~ until his retirement in 1929. He was thus for many 
years brought into intimate contact with the various aspects con
nected with the distribution and use of commercial fertilizers. He 
has been able to know at first hand the changes and developments 
that have taken place in the fertilizer trade. There is thus made 
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viii PREFACE 

possible a full discussion of the new synthetic fertilizer compounds 
now coming into increasing use and also of the highly concentrated 
mixtures of commercial fertilizers now in the market. 

In the preparation of this book, it has been the author's aim to 
keep in mind not only the requirements of students in agricultural 
colleges and high schools but as well the needs of student farmers 
who, in increasing numbers, are directly and vitally concerned in the 
profitable production of crops. The book can be used to advantage 
in the educational work promoted by granges and other farmers' 
organizations. 

For the marked favor which has been accorded its predecessor, 
as shown by its extensive use during nearly twenty years, appre
ciation can not l>e expressed in any way more appropriate than by 
writing the present book and bringing the fertilizer subject up to 
date. 

LUCIUS L. VAN SLYKE 
Geneva, N. Y. 

It is greatly to be regretted that Dr. Van Slyke did not live to see 
this book through the press. He died only a few weeks after com
pleting the manuscript. Fortunately his son, Dr. Donald D. Van 
Slyke, Chemist, Membef'of Rockefeller Institute for Medical Re
search, has edited and proofread the text which is thus given the 
further stamp of authority. 

PUBLISHER'S EDITOR 

Ammo-phos-ko. After this book was in plate form the United 
States Court of Customs and Patent Appeala cancelled the registra
tion of this trade mark name on the grounds that it is an inf ringe
ment of the previously established trade mark term "nitrophoska." 
At the date of publication it is not known whether the former prod
uct has been renamed.-(See page 180.) 



CONTENTS 
PART I 

FACTORS OF SOIL FERTILITY 

CHAPTER 

I. INTRODUCTION: CONSERVATION OF PLANT FOOD 

II. THE CHEMICAL COMPOSITION OF PLANTS 

III. ELElIlENTARY FACTS OF CHEMISTRY • • 

IV. PLANT-FOOD ELEMENTS AND THEIR COMPOUNDS 

V. ACTION OF NUTRIENT CONSTITUENTS IN PLANT NUTRITION 

PART II 

FUNCTIONS AND PHYSICAL PROPERTIES OF SOILS 

VI. FUNCTIONS AND PHYSICAL PROPERTIES OF SOILS 

VII. THE INORGANIC CONSTITUENTS OF SOILS 

VIII. THE ORGANIC CONSTITUENTS OF SOlLS • 

IX. RELATIONS OF WATER TO SOILS AND CROPS 

X. LOSSES AND GAINS OF PLANT-FOODS IN SOILS 

XI. How PLANTS TAXE AND USE THEIR FOOD • 

XII. THE RELATIONS OF MICRO-ORGANISMS TO PLANT-FoOD • 

PART III 

SOURCES AND COMPOSITION OF MATERIALS USED 

AS FERTILIZERS 

PAGE 

3 

12 

16 

29 

48 

69 

79 

87 

101 

111 

121 

130 

XIII. CLASSIFICATION AND DEFINITION OF PLANT-F:OOI> MATERIALS. 157 

XIV. MATERIALS THAT CONTAIN NITROGEN 162 

XV. MATERIALS THAT CONTAIN PHOSPHORUS 173 

XVI. MATERIALS THAT CONTAIN POTASSIUM 186 

XVII. CALCIUM (LWE) COMPOUNDS A.''1D OTHER INDIRECT FERTILIZERS 192 

XVIII. FARM MANURE: COMPOSITION AND CHANGES 215 

XIX. FARM MANURE: CARE. VALUE AND USE 235 

XX. GREEN-CROP MANURES • • • • • • 256 



x CONTENTS 

PART IV 

FACTORS THAT GUIDE THE SELECTIO!ll OF 
FERTILIZER MATERIALS 

~R P~E 

XXI. CONDITIONS THAT INl'LUENCE EFFECTIVENESS Ill" THE USE or FER-
TILIZERS 269 

XXII. CONDITIONS THAT REQUIRE FERTILIZERs.-PLANT-FOOD CONSTITU-

nfTs NEEDED • • • • . • . • . • . . . . . • • 274 

XXIII. FACTORS THAT GOVERN SELECTION or PLANT-FOOD MATERIALS 28J 

XXIV. FACTS ABOUT COMMERCIAL FERTILIZERS 301 

XXV. HOME-MIXED FERTILIZERS 318 

XXVI. ROTATION OF CROPS 336 

PART V 

PRACTICAL USE OF FERTILIZERS IN 
GROWING INDIVIDUAL CROPS 

XXVII. PRELIMINARY CONSIDERATIONS ABOUT THE PRACTICAL USE or FER
TILIZERS 

XXVIII. LEGUMINOUS CROPS 

XXIX. M~ows, PASTURES AND LAWNS 

XXX. CEREAL AND GREEN-Fo~E CROPS 

XXXI. TuBER AND ROOT CROPS 

XXXII. GARDEN CROPS • 

XXXIII. GREENHOUSE CROPS 

XXXIV. NURSERY CROPS AND ORNAMENTAL PLANTS . 

XXXV. FRUlT" CROPS 

XXXVI. SPECIAL CROPS: COTTON, TOBACCO, SUGAR-CANE, Hops, FLAX, PEA

NUTS 

APPENDIX 

INDEX • 

345 

359 

372 

385 

402 

413 

428 

4J8 

444 

462 

476 

487 



ILLUSTRATIONS 

Dr. Lucius L. Van Slyke. . . . . .. ....... Frontispiece 

A drained swamp that his yielded well-Ontario Department of Agriculture 
Relative influence of alfalfa and timothy on succeeding crop-New York 

(Ithaca) Experiment Station • . . . . . . . . . . . . . . . 
Effect of acidulated phosphate in neutralizing soil acidity-M~ssachusetts Ex-

periment Station . . . . . . . . . . . . 
Alfalfa sown in various ways-Wisconsin Experiment Station . 
Each element of plant food is necessary-Wisconsin Experiment Station 
Grades used to study effect of soil reaction on production of scabby potatoes-

New York (Ithaca) Experiment Station. . . 
Power spreader economizes time in lime application-Ohio Experiment Station 
On small areas a home made lime spreader is useful. . . . . . . . . . 
Effect of fresh and rotted manure on various soils-Virginia Experiment Station 
Soil in bad conditions cracks deeply-New York (Ithaca) Experiment Station 
Corn leaves curl during dry weather when soil water is scant-Pennsylvania 

Experiment Station . . . . . . . . 
Alfalfa roots often exceed six feet depth. . 
A heavy duty tractor may replace a dozen mules-Mississippi Experiment Station 
Good drainage encourages deep rooting. . . . . . . . . . . . . . . 
Rain enters the soil by gravity, circulates by capillarity and evaporates unless 

prevented by mulching ..... . 
Drainage contractors use excavators rapidly and accurately 
Losses of calcium from soils-lliinois Experiment Station . 
Diagram of plant cells showing nuclei . 
Cross section of root magnified. . . 
Diagram of root showing construction 
Stoma or breathing mouth in foliage . 
Cross sections of leaves. • . . . . 
Seedling which shows root-hairs and growing tip 
Root-hairs on wheat. . . . . 
How plant food gets into the soil. . . . . . 
How the sap current moves. . . . . . . . 
Shallow rooted trees rob the soil of plant food-Kansas Experiment Station. 
Response to nitrogen applications: Baldwin tree fed:-Pennsylvania Experiment 

PAGE 

5 

8 

17 
25 
30 

39 
57 
59 
64 
73 

81 
88 
92 

103 

106 

108 
112 

119 

120 

121 

122 
123 
124 
125 
126 

127 
129 

Station • • • • . . . . . . . . . . . . . . . . . . .. 142 
Baldwin tree which received no nitrogen-Pennsylvania Experiment Station. . 143 
Microphotographic section of root nodule-Wisconsin Experiment Station. . 147 
Austrian winter peas following continuous corn-Alabama Experiment Station 151 
Partial View of experimental plots at Nebraska Experiment Station 159 

xi 



xii ILLUSTRATIONS 
'AGK 

How various fonDs of phosphorus affect millet-New York (Geneva) Experi-
ment Station. . • . • • • • . . • . . • . • • 174 

Lasting effect of phosphorus on clay soU-Indiana Experiment Station • 176 

Root-hair in soU . • • . • • . . . . . . . . • . • . . . 182 

Soil sampling diagram for forty acre lield-Dlinois Experiment Station 201 

Equipment for taking soil samples-Dlinois Experiment Station 20J 

Soil testing-Dlinois Experiment Station . • . . . . • • • • • 204 
Morgan soil test block-Connecticut Experiment Station. • • • . • 20$ 

Effect of soil on rhododendron-United States Department of Agriculture 2U 
Effect of manure in continuous corn cultu~hio Experiment Station.. 217 

Sheep are excellent grazers-Nevada Experiment Station • • . . .. 220 

Common way in which manure is wasted-Ontario Department of Agriculture 227 

Tobacco seedlings in manganese-free soil-Florida Experiment Station. 241 

Soil house where crop samples grown in cylinders are stored-New Jeney 
Experiment Station . . . . . . . . . . . . . . 277 

Effect of fertilizers on wheat-Indiana Experiment Station. • • • • 281 

Experiment plots at Tennessee Experiment Station. . . • . • . . 284 
Effect of previous crop on barley-New York (Geneva) Experiment Station. 293 
The bag and the plant food in it. . . • . . . . . 303 
Implements for home niliIing. . . . . . . . . . . . . 319 
Wheat in live year rotation on limed land-E. J. Houser. . . 327 

Effect of fertilizer on wheat-Pennsylvania Experiment Station 339 
Limestone makes the difference between a good crop and no sweet clover--

Illinois Experiment Station . • • . . . . . . . . . . . . . . . 350 

Alfalfa lield prepared for seeding by corrugated roller-Idaho Experime!!t Station 362 

Inoculated and uninoculated soy beans-Kentucky Experiment Station . 369 
A pasture that should respond to nitrogen-Utah Experiment Station.. 377 

Effect of manure on com-Ohio Experiment Station. . . . . . ., 387 

Weedy fallows are expensive to lit for wheat-Utah Experiment Station. 390 
Effect of lime on barley-Journal of the Royal Agricultural Society of England 397 
Thick stand of buckwheat sown for green manure. • . • . . . . • . . 398 

How potash affects potato plants-J. Bushnell. . . . . • . . . . . . 403 
Typical injury to corn on newly drained alkali land-Iowa Experiment Station 411 
Distributing mixed fertilizer by hand around cucumber hills. . . . 422 

Lettuce in sand with nutrient solutions of various pH degren-New Jersey 
Experiment Station . . . . . . . . . . . . • • . • 424 

How fertilizing affects the yield of apples-F. H. Ballou. . . • . . 449 
Fertilizer experiments with pineapple-Florida Experiment Station. • 459 

Labor and time saving cotton planting machine-South Carolina Ex~riment 
Station • • . . . . . • . . . . • • . . . • . . . . . . . • 463 

Tobacco growing in various soil and peat mixtures-Boyce Thompson Institute 
of Plant ReSearch, Inc.. . . . . . . . . • . • . . . • . • . • 46) 

Effect of timothy on succeeding crop of tobacco-Wisconsin Experiment Station 46' 



TABLES 
NUMBER PAGE 

1. Names, symbols and combining weights of chemical elements 18 
2. Names and symbols of common bases . . . . 22 
3. Acid-forming elements and some of their acids . . . . 24 
4. Salts formed by metals and acids . . . . . . . . . 26 
5. Names and composition of calcium phosphate compounds 33 
6. Pounds of nitrogen in 1,000 pounds of dry matter . . . 52 
7. Pounds of phosphoric acid in 1,000 pounds of dry matter 53 
8. Pounds of potassium in 1,000 pounds of dry matter . 55 
9. Pounds of potassium in 1,000 pounds of dry matter . 56 

10. Pounds of potassium in 1,000 pounds of dry matter . 58 
11. Pounds of magnesium in 1,000 pounds of dry matter 60 
12. Pounds of sulfur in 1,000 pounds of dry matter . 61 
13. Pounds of iron in 1,000 pounds of dry matter. . 61 
14. Pounds of sodium in 1,000 pounds of dry matter 62 
15. Pounds of calcium in 1,000 pounds of dry matter 63 
16. Pounds of silicon in 1,000 pounds of dry matter 63 
17. Constituents of the earth's crust • . • . . . . 79 
18. Chemical compounds in soils . . . . . . . . 80 
19. Proportions of total plant food constituents in agricultural soils 85 
20. Plant food constituents in crop grown on one acre 113 
21. Classification of fertilizer materials . . . . . . . . . 158 
22. Composition common pulverized animal manures . . . 171 
23. Factors showing equivalent amounts of various calcium compounds 197 
24. Factors showing equivalent amounts of calcium and magnesium compounds 198 
25. Percentage of plant food constituents in mixed farm manure . . 216 
26. Percentage of plant food constituents in fresh animal excrements . . . 218 
27. Composition of dried or water-free excrements . . . . . . . . . . 219 
28. Amount of excrement produced for 1,000 pounds of live weight by farm 

animals in one year . . . • . . . . . . . . . . . 220 
29. Plant food constituents produced annually in excrements by farm animals 

per 1,000 pounds live weight . . . . . . . . . . . . . . . . 221 
30. Relative amounts of plant food constituents in solid and liquid excrements 221 
31. Approximate plant food constituents produced annually in excrements of 

farm animals of given weight . . . . . . . . . . . . . . . . 222 
32. Plant food in mixed excrements and bedding for one year per 1,000 pounds 

of live weight . . . . . . . . . 225 
33. Amount of plant food in stable manure . 250 
34. Comparative plant food value of nitrogen in various materials 287 

xiii 



xiv TABLES 
NUMBER 

35. Percentage and retail cost of nitrogen in different materia1a . . • . • 
36. Percentage and cost of phosphoric acid in various materials . . . . 
37. Percentage and cost of nitrogen and phosphoric acid in bone, tankage, etc. 
38. Percentage and cost of potash in various materials • • . . . . . . 
39. Schedule of trade values for plant food constituents in fertilizers for 1931 
40. Factors to use in making valuations for varying schedule of prices of plant 

foods • • .'. . • • • • • • • • • • • • • . . . . . . • 
41. Comparison of seIling price and commercial valuation • • • • . . . • 
42. Composition of fertilizers and cost of plant food . • . • . . . • . • 
43. Factors for quick calculation of amounts of materials to use in mixing fer

tilizers 

PACK 

298 
299 
299 
300 
309 

311 
312 
317 

332 
44. Amount of fertilizer material that contains one pound of plant food . . . 334 
45. Possible fertilizer ratios by the triangular system . . . . . . . . . . 352 
46. Factors for calculating amounts of a plant food constituent in different forms 356 
47. Data relating to leguminous crops . . . . . . . . . • 361 
48. Approximate amounts of plant food constituents in one crop. 371 
49. Mixtures of seeds for meadows . . . . . . 376 
50. Mixtures of seeds for permanent pa.stures . . 379 
51. Approximate amounts of plant food constituents in one ton of hay from 

various grasses ........... . . • . . . . 38J 
52. Approximate amounts of plant food constituents in one crop of grains. . 400 
53. Approximate amounts of plant food constit'lents in one crop of rootl and 

tubers . • . . • . . . . . . . . . . . . . . . . . . . • 412 
54. Approximate amounts of plant food constituents in one crop of vegetables 427 
55. Approximate amounts of plant food constituents used annually by nursery 

trees per acre . . . . . . . . . . . . . . 442 
56. Amounts of plant food used per acre. . . . . . . . • • •• 447 
57. Relative proportions of plant food constituents used. . • • • •• 447 
58. Approximate amounts of plant food constituents in one crop of fruit • 460 
59. Plant food mixtures for cotton crops.. . . . . . • • • 464 
60. Plant food mixtures for tobacco crop. . . . • • . . • • .. 467 
61. Approximate amounts of plant food constituents in one crop. . •. 473 
62. Composition of fertilizing materia1a used as sources of nitrogen, phosphorus 

and potassiu'Jl. . . . . . . . • . . . . . . . . • 477 
. 63. Amounts of nitrogen, phosphorus and potassium in farm products, feediag 

materials, by-products, etc. • • • • • • • • • • • • • • . • • 479 



PART I 
FACTORS OF SOIL FERTILITY 



I 

INTRODUCTION 

CONSERVATION OF PLANT -FOOD-RELATIONS 
OF PLANT-FOOD TO SOIL FERTILITY 

THERE has never been in this country so widespread and so 
deep an interest in the subject of conservation of plant-food as at 
present; and never before have so many men, trained for investi
gation, been engaged in studying the subject in all its manifold 
phases and varied relations. 

The condition of many American farmers is aptly illustrated in 
the following experience described by Dr. Holmes in "The Profes
sor at the Breakfast Table": "Let me tell you what happened to 
me once. I put a little money into a bank, and bought a check
book, so that I might draw it as I wanted, in sums to suit. Things 
went on nicely for a time; scratching with a pen was as easy as rub
bing Aladdin's Lamp; and my blank check-book seemed a dictionary 
of possibilities, in which I could find all the synonyms of happiness, 
and realize anyone of them on the spot. A check came back to 
me at last with these two words on it-No funds!' 

In its main features, the application of the foregoing experience 
is so highly suggestive as to require no special explanation. Ameri
can farmers have practised the wasteful if not exhaustive drawing 
upon the readily available plant-food supplies deposited for their 
use by the accumulations of long ages. The main problem before 
them is, therefore, the utilization of plant-food under such condi
tions and methods as will stop needless waste and at the same time 
increase the average yield of crops without a proportionate increase 
of cost. It may seem paradoxical to suggest that it is possible to 
produce larger crops without using up more rapidly the soil's supply 
of plant-food. Speaking in general terms, it becomes a matter of 
preventing unnecessary losses of plant-food materials, and, at the 
same time, of replacing unavoidable losses in the most economical 
way, while maintaining such other conditions requisite for plant 
growth as will permit crops to utilize to greatest advantage the food 
supplies within reach. 

While much attention has been publicly directed to the con
servation of our phosphate deposits, and most wisely so, the real 
field for conservation, the one that furnishes the most extensive 

3 



4 FERTILIZERS AND CROP PRODUCTION 

and important opportunity for the effective practice of conservation 
of plant-food, is the American farm. Each farmer has at his own 
door opportunities for the study and practice of conservation, and 
each must for himself apply in his work the principles which wm 
aid in the solution of his immediate problems. Fortunately, trained 
investigators have done much to point the way in whch true con
servaton lies, thqugh some details yet remain to be worked out. 

Taken in the aggregate, the controllable losses of plant-food on 
American farms are fairly appalling. To give, as an illustration, 
the loss from only a single source, it is a moderate statement, well 
within the limits of actual truth, that one-third of the plant-food 
value of the manure produced by the various kinds of farm animals 
in the United States is lost by carelessness, a loss equivalent to 
$700,000,000 a year. Most of this enormous waste, equal in value 
to an average annual wheat crop, is preventable. 

Wasteful methods of crop raising and neglect of ordinary pre
cautions in saving and utilizing farm resources have led to increas
ing dependence upon the blind use of commercial fertilizers. This 
practice in too many cases has developed into a habit not unlike 
the patent-medicine habit, so far as relates to knowledge used and 
intelligent reasons underlying use of materials. Millions of dollars 
have been thrown away because the conditions which make the use 
of commercial fertilizers most effective have not been appreciated 
or understood by farmers. 

Generally speaking, the fundamental purpose of this book is to 
study the conditions under which plant-foods, whether in the form 
of soil compounds, of farm-produced materials, or of commercial 
fertilizers, can be conserved and at the same time utilized with the 
greatest efficiency and economy in the production of crops. 

PLANT-FOOD 

Plant-feeding is not a simple problem. Its solution depends 
upon much more than the liberal use of farm manure, commercial 
fertilizers or other materials. Intelligent and successful use of 
plant-foods in the growing of crops is based upon knowledge of 
definite facts and of the relations of thes"e facts to one another. As 
we shall learn later, the beneficial action of fertilizers upon crops 
depends upon, and is limited by, many different conditions, each of 
which must be taken into careful consideration if the cost of crop 
production is to be satisfactorily regulated. The main purpose of 
this introductory chapter is to make prominent at the beginning 
some of the important fundamental facts which underlie the prac
tical problem of feeding crops. 

We shall have occasion to use frequently such terms as plant-
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INTRODUCTION 5 

food, available, unavailable, soil fertility, etc., so it is desirable that 
we define them in the beginning; although the details of our defini
tions in their various applications will be discussed further on, and 
their meaning made clearer by more complete development. 

As commonly used, the term, plant-food, includes compounds 
that et>ntain nitrogen, phosphorus or potassium. This use has 
arisen mainly because these constituents are the only ones usu-

This swamp area. drained in 1925. has given a real crop every year since. The 
first crop paid for the drainage expenses. 

ally considered in connection with the application of fertilizers in 
crop growing. This application of the term answers some practical 
purposes, but is not sufficiently broad to be accurate. For the 
objects of this treatise, a plant-food is a substance which supplies 
any constituent necessary for the nourishment, and in a form 
suited to promote the development of plants or capable of being 
changed by natural processes into such a form. 

We shall later learn in detail what are the various constituents 
essential to plant nutrition and also what are the particular forms 
or compounds containing these essential constituents that plants 
can utilize for their growth. For the present it is sufficient to state 
that the air and the earth's surface are the original sources of all 
plant-foods. 

It will be sllown later (p. 123) that a substance must enter a 
plant before it can be used as food. Gases and liquids are able to 
enter plants readily, but solids must be made soluble in water 



6 FERTILIZERS AND CROP PRODUCTION 

before they can do so. The solid compounds that contain 
plant-food constituents vary greatly in respect to the quickness and 
completeness with which they dissolve in water. Some compounds 
must first be changed into other forms of combination. It is, how
ever, not sufficient merely that compounds containing plant-food 
constituents should be soluble in water in order to serve as plant
food. Many such soluble substances, even after they get inside the 
plant, are not used as a source of nourishment, though they con
tain abundance of some plant-food constituent. The number of 
substances in forms suited to promote plant development at once, 
or capable of being changed into such forms, is comparatively 
small, especially those practically or commercially important. To 
distinguish substances that contain plant-food constituents in forms 
suited to promote plant development, or capable of being more or 
less readily changed into such forms, from those not in, nor readily 
changeable into such forms we use the terms available and unavaila
ble. Tlie common usage of these terms has been somewhat confus
ing, and necessarily so, because in many cases, the line of division is 
obscure and must be more or less arbitrary. The property of avail
ability is dependent on so many complicated conditions, it is well 
nigh impossible to give a definition that will cover all possible 
cases. Moreover, full comprehension of any adequate definition 
can be gained only by study of subsequent chapters. 

Available plant-food.-A plant-food, or a plant-food con
stituent, is available when it is in such form of combination that 
plants can immediately utilize it, or when it is in such form that, 
though not suited to immediate use, it becomes so more or less 
readily under favorable conditions. 

Unavailable plant-food.-A plant-food, or a plant-food con
stituent, is unavailable when it is in such form of combination that 
plants cannot utilize it under any natural conditions, or when it 
becomes available so slowly under favorable conditions that it does 
not furnish appreciable .amounts of material utilizable by growing 
crops. 

The meaning of these definitions will be made clear by specific 
illustrations. 

(1) Plant-food immediately available.-Nitrogen in the combi
nation kn6WD as nitrate (p. 30) furnishes a typical case of imme
diately available plant-food. Of the large number of compounds 
that contain the essential plant-food constituent, nitrogen, the one 
form of chemical combination which plants use most quickly and 
extensively as food is that of nitrate nitrogen. It is a significant 
fact also that all nitrate combinations present in soils are easily 
soluble in water. Similarly, the phosphorus and calcium in acid 
calcium phosphate (p. 35) and the potassium in potassium chloride 
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(muriate of potash), or in potassium sulfate or carbonate (p. 38), 
are available, because these compounds readily dissolve in water 
and can be taken into plants at once for use as food without having 
to be changed into other forms of chemical combination. 

(2) Plant-food not immediately available.-Organic materials 
that contain nitrogen, dried blood, fish-scrap, cottonseed-meal, 
castor pomace, etc., are insoluble in water and can not be 
used at once as plant-food; but under the action of micro-organisms 
(p. 139), and under favorable conditions their nitrogen is changed 
into nitrate nitrogen, the rapidity of the change depending upon 
temperature, moisture, kind and number of micro-organisms, fine
ness of plant-food material, etc. Under usual conditions, when 
applied to soils in spring, the nitrogen in such substances becomes 
completely available in time to be used by crops during the growing 
season. While not immediately available, this nitrogen is classed 
as available, and is actually so from the practical standpoint of sup
plying the needs of growing crops. 

As a further illustration under this head, farm manure, when 
strictly fresh, contains no immediately available plant-food. As it 
passes through various processes of fermentation changes under the 
action of micro-organisms, its plant-food constituents gradually 
pass into immediately available forms, beginning with the liquid 
portion and in time extending to the solid part. When applied to 
soils in sufficient amount, farm manure usually continues to show 
beneficial effects on crop growth for three or four years, corre
sponding with the change of slowly available plant-food constituents 
into forms immediately available. 

(3) Compounds wholly unavailable.-Many compounds that 
contain constituents essential to plant growth are readily soluble 
in water but, if taken into the plant, are not used as food; in some 
cases compounds of this kind, even in minute amounts, act as poi
sons and seriously interfere with the normal activities of plants. 
When such substances, even though they contain constituents essen
tial to plant nutrition and readily soluble in water, are not capable 
of change under ordinary conditions into compounds that plants 
can use as food, they are wholly unavailable-in fact, they are not 
plant-foods at all. Instances are potassium cyanide, calcium or 
magnesium chloride. 

(4) Plant-food constituents largely unavailable.-When the term 
unavailable is applied to materials that contain plant-food constitu
ents, it is usually in the sense of very slowly available. In illustra
tion of this class of substances are leather and hair, which show 
great power of resistance to the action of micro-organisms. Their 
nitrogen requires many years for complete conversion into 
available form. So they are of little value in furnishing plant-
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food for growing crops. For practical purposes, they are regarded 
as unavailable or inert. Similarly, iron and aluminum phosphate! 
(p. 37), which constitute a large portion of the phosphate com· 
pounds in many soils, are so slowly changed under ordinary condi· 
tions into forms that plants can use they are classed as unavailable. 

Relative intluence of alfalfa and timothy on succeeding crop of fodder 
~m. Left, one yeM oj alfalfa; rigId, 0'" yea, of timot",. 

Strictly speaking, a plant-food constituent in unavailable form 
is not actual plant-food at all, but simply raw material which under 
proper conditions may become actual plant-food in time. Un
available plant-food is, therefore, regarded as potential plant-food; 
that is, an existing source of future supply of actual plant-food. 
Unavailable plant-foods are constantly becoming available, so con-
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trol of the processes of converting potential into actual plant-food 
constitutes one of the fundamental problems of successful crop 
production. The conditions under which unavailable is changed 
into available plant-food constitute an important line of study in 
future chapters. 

Factors that affect availability of plant-food.-Since many 
factors must be taken into consideration, the subject of availability 
of plant-food is in many cases even more complicated than might 
appear from the preceding discussion (p. 283) . We will anticipate 
to the extent of stating without enlargement that, prominent among 
the factors that affect the availability of plant-foods, are the follow
ing: (1) Chemical character of the plant-food materials, (2) fine
ness of division, (3) various soil conditions, especially those that 
affect micro-organisms, and (4) the character of the crop grown. 

FACTORS OF SOIL FERTILITY 

In cornmon usage, a soil is fertile when it produces large crops. 
The expression, soil fertility, is used to include the factors that 
make soils productive; definitions vary in respect to the factors 
included. The most common meaning given to soil fertility is 
simply abundance of available plant-food in the soil. This is too 
narrow, since a soil may contain available plant-food sufficient to 
meet the requirements of large crops and yet be unproductive. 
The broadest possible use of the term, soil fertility, includes all 
conditions that affect crop production, not only those more imme
diately centered in the soil itself, but also those outside, such as 
rainfall, temperature, adaptation of crops to soil and climate, selec
tion of seed, and all other factors that may be regarded as external. 

While the factors of soil fertility are divided into two general 
classes, internal and external, they are so closely bound together in 
crop production they can be separated only in theory. When we 
speak of a soil as fertile, we always assume that the external factors, 
rain, sunshine, seed, etc., are present to furnish favorable conditions 
for crop growth, and to supplement those of the soil. 

As a general statement, under the term, soil fertility, are included 
all the soil factors that contribute to plant growth when supple
mented by favorable external conditions. Ability to produce crops 
under conditions favorable to plant growth is a measure of soil 
fertility. 

The conditions needed in a soil to promote plant growth are: 
(1) Abundance of available plant-food. (2) A physical structure 
(a) "which combines mellowness and firmness, permits plant-roots 
to extend their growth freely; (b) which enables the soil to receive 
water easily, distribute it promptly, hold it with sufficient tenacity, 
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and give it up as needed by plants; (c) which permits some circula. 
lation of air; and (d) which enables the soil to absorb heat and 
maintain a degree of warmth suited to plant growth. (3) The pres
ence of and conditions favorable to beneficial micro-organisms. 
( 4) Absence of injurious amounts of substances poisonous to plants. 

The factors of soil fertility are conveniently grouped under three 
general divisions, as follows: 

(1) Chemic'al composition, or the relations of soils to (a) the 
kinds and amounts of plant-food present and (6) substances in. 
jurious to plant growth. 

(2) Physical condition, the state of fine or coarse division and 
other physical properties of soils, and also the relations of soils to 
air, moisture, heat and light. 

(3) Biochemical condition, or the relations of soils to the 
action of micro-organisms. 

RELATION OF PLANT·FOOD TO OTHER 
FACTORS OF SOIL FERTILITY 

The fact that soil fertility is so generally regarded as synony· 
mous with abundance of available plant-food has some justification, 
since it is a fact worthy of notice that plant-food appears to be the 
one factor to which others are, in a sense, more or less largely sub
ordinated. Someone has defined an animal as a stomach with 
appendages necessary for feeding it. In a somewhat similar way, 
a plant can be regarded as an organism furnished with an environ
ment whose factors combine to prepare and supply food for it. 
The insoluble plant-food constituents of the rock-crust of the earth 
have been pulverized by various natural agencies (p. 69), and 
also been made soluble as the result of the chemical action of water, 
carbon dioxide (carbonic acid) and oxygen (p. 70), together with 
the help of micro-organisms (p. 153). Various agencies combine to 
make the soil mellow so that the plant-roots can find their way to 
the supplies of plant-food (p. 77). Water holds plant-food in 
solution ready for absorption by plant-roots, carrying it into and 
throughout the plant (p. 101). And so, chemical, physical and 
biological factors, all combine to prepare the plant-food supply. 
Those conditions of soil recognized as best suited to crop produc
tion are the ones which best furnish available plant-food. It fol· 
lows, therefore, that the preparation and utilization of plant-food 
are dependent upon many factors, all of which must be considered 
in any practical discussion of plant-feeding. We must, then, keep 
in mind that certain conditions are essential before a crop can use 
plant-food to advantage, whether in the form of an applied fer
tilizer or as derived directly from the soil. Various conditions limit 
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and determine the effect of plant-food. Some of the factors are 
more or less largely beyond man's control; others are within his 
power to regulate. Among the most important specific factors, 
capable of control, are the following: (1) Soil organic matter, (2) 
soil moisture, (3) soil acidity, (4) soil structure, (5) soil micro
organisms. 

It is obvious that any treatment of the use of fertilizers which 
confines itself to a statement of how many pounds of nitrogen, 
phosphorus, or potassium compounds to apply to crops, must be 
narrow and superficial and in the nature of an ordinary recipe. 
Therefore, in the preparation of this book, it has seemed necessary 
to consider first the factors that determine effectiveness before we 
can consider to advantage the practical use of fertilizers in crop
growing. 



II 

THE CHEMICAL COMPOSITION OF PLANTS 

IN our study of fertilizers, we shall take as our starting-point 
the constituents necessary for plant nutrition, their sources, com
pounds, properties and functions. 

All forms of matter known to us are composed of over ninety 
different chemical elements. An element is a substance which cannot 
be separated by any known means into two or more different 
substances. For example, pure iron is an element because by no 
process can we get anything out of it but iron. Pure iron contains 
nothing but iron. 

Chemical elements in plants.-Chemical analysis has shown 
that the many thousands of kinds of plants growing on the earth 
are made from a comparatively small number of the elements. 
While more than twenty elements have been found in plants, they 
are not all necessary to plant nutrition. 

It is now generally agreed that the following ten elements are 
essential to the normal growth of plants: calcium, carbon, hydro
gen, iron, magnesium, nitrogen, oxygen, phosphorus, potassium, 
sulfur. 

Recent research indicates that four other elements, boron, cop
per, manganese and zinc, may be required. In more than minute 
amounts, compounds containing these elements are injurious to 
plants. 

Some other elements (aluminum, arsenic, barium, chromium, 
cobalt, iodine, nickel, silicon, strontium, cresium, vanadium and 
titanium) may be found to be needed by some plants or to meet 
some special physiological demand. 

While sodium, chlorine and silicon compounds are always pres
ent in plants, it has not yet been satisfactorily shown that they per
form any necessary function in plant nutrition. They may be 
regarded as simply being carried into a plant because they are 
present in solution in the vicinity of the roots of growing plants 
and are absorbed in company with the plant nutrients proper. 

Air-derived and soil-derived elements.-The elements pres
ent in plants are divided into two distinct classes: Air-derived 
(carbon, hydrogen, nitrogen, oxygen) and soil-derived or mineral 

12 
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or inorganic (calcium, iron, magnesium, phosphorus, potassium, 
etc.). These two classes differ in three important respects: 

(1) Source.-The elements of the first class come to plants ex
clusively from the air, either directly, or indirectly through the 
medium of the soil. Elements of the second class come exclusively 
from the soil. 

(2) Effect oj burning.-When a plant is completely burned, 
its air-derived elements disappear for the most part as gases; 
the soil-derived (mineral or inorganic) elements, usually much the 
smaller part, are left as an unburned residue or ash, upon which 
further heating has no effect. This distinction is not perfectly sharp, 
since some oxygen is always found in the ash, while some of the 
chlorine, phosphorus and sulfur may be vaporized by the burning. 

(3) Proportions in plants.-Air-derived elements make up over 
95 per cent. of plants, while the soil-derived elements occur in 
small amounts. 

Elements and compounds.-The chemical elements do not 
usually exist separate from one another as pure elements. While 
we are familiar with impure carbon in the form of coal and char
coal, and with nitrogen and oxygen as mixed together in the air, 
we never find under ordinary conditions elements like hydrogen, 
phosphorus, potassium, etc., existing separate from other elements. 
Various elements combine to form compounds somewhat as the 
letters of the alphabet combine to form words. The chemical ele
ments used in plant growth exist in air and soil in the form of 
compounds, some of which are used as food by plants. After being 
taken into the living plant, they are worked over into a great 
variety of new compounds; and these within the plant, are more 
or less regularly grouped or mixed together in a great variety of 
ways in the processes of plant-building. The elements may, there
fore, be regarded as the raw materials from which plant-foods 
come. 

Classes of chemical compounds in plants.-Some of the more 
familiar chemical compounds found in plants are: 

(1) Water, the most abundant compound found in fresh, grow
ing plants, forms 60 to 95 per cent. The relations of water to soils 
and crops will be discussed later (p. 101). 

(2) Carbohydrates.-Under this general name is included one 
of the most important and widely distributed groups of compounds 
which form a large proportion of the dry matter of plants. Each 
carbohydrate contains carbon, together with hydrogen and oxygen 
in the proportion present in water, as suggested by the word. This 
extensive group includes the sugars and starches. 

Celluloses, gums and pectins are more complex carbohydrates. 
They furnish the material of which the structural framework or 
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skeleton of plants is made. The walls of plant-cells and the inter
vening spaces consist largely of these materials. While found in 
largest proportions in the stems of woody plants, these are also 
present as structural material in every part of plants. The several 
kinds of celluloses -include normal cellulose, as represented by the 
fibers of cotton, flax, hemp, etc., and ligno-cellulose or lignin, com
monly known as woody fiber. Familiar examples of gums are 
gum arabic, gum tragacanth, and cherry gum. Pectins are familiar 
in fruits as the materials which cause concentrated fruit juices to 
jelly. . 

(3) Oils are contained in all plants, many of which are of 
commercial importance, such as linseed, castor, olive, cottonseed, 
corn, etc. These contain the elements, carbon, hydrogen and oxy
gen, but in relative proportions different from those occurring in 
carbohydrates. 

(4) Proteins.-This class of compounds may be regarded as 
the most important group of the organic constituents of plants. 
They make up the active portion of protoplasm, which is the living 
part of plant-cells, making possible the chemical changes that result 
in plant growth. Vegetable proteins are highly essential in animal 
nutrition. In addition to the three elements contained in carbo
hydrates, (carbon, hydrogen and oxygen), prot~ins contain nitrogen 
and frequently sulfur. Some of them contain phosphorus also. As 
a familiar representative of this class, we have "gluten," a mixture 
of proteins, which forms the sticky portion of wheat flour. 

(5) Acids.-Many of the acids and their acid salts produced in 
plants are important articles of commerce. Their presence in 
many fruits accounts in part for the special flavors of such fruits. 
Among the more common vegetable acids are: (a) Tartaric acid, 
found in grapes; (b) citric acid, present in lemons, currants, cher
ries, strawberries and similar fruits; (c) malic acid, the character
istic acid of apples, tomatoes and several small fruits. These acids 
contain the elements, hydrogen, carbon and oxygen, combined in 
various proportions. 

(6) Aromatic substances.-Most plants possess in their flowers, 
fruits leaves and roots compounds having characteristic flavors. 
Thes~ are due frequently to volatile oils (consisting of carb:in and 
hydrogen), such as oils of turpentine, lemon, cinnamon, almond, 
etc., or to other special plant compounds. The characteristic 
flavors of pineapple, apple, strawberry, banana, wintergreen, mint, 
etc., are due to aromatic substances. They usually consist of the._ 
three elements, carbon, hydrogen and oxygen. 

(7) Medicinal substances.-There is a large variety of widely 
distributed substances used especially for medicinal purposes, 
among which, for example, are morphine (from the poppy), quinine 
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(from cinchona bark), nicotine (from tobacco), strychnine (from 
seeds of Strychnos nux-vomica), belladonna (from deadly night
shade), etc. 

(8) Mineral compounds.-It is noticeable that the preceding 
classes of plant compounds are made up chiefly of air-derived ele
ments and are mostly among the most important articles of com
merce. The soil-derived or inorganic elements are present in the 
plant largely in the form of combinations known as salts, such as 
carbonates, chlQrides, phosphates and sulfates of potassium, cal
cium, magnesium, iron, sodium, etc. (p. 80). These mineral 
compounds exist in the tissues of plants in three general forms: 
(1) In solution in the plant juice or sap, (2) as crystals in plant 
cells, and (3) as incrustations in the cell walls. 

Relative agricultural importance of various elements.
While the absence of anyone essential constituent seriously im
pairs or wholly prevents plant grow~, there is a sense in which 
some of the soil-derived elements are of much greater agricultural 
importance than others. Certain ones are more extensively used 
by crops and sooner require special attention to increase the avail
able supply, while others are used in such small amounts, relative 
to the available supply, that they rarely need attention. The ele
ments of special importance are: Nitrogen, phosphorus, potassium, 
calcium, and, in some cases, sulfur. 
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III 

ELEMENTARY FACTS OF CHEMISTRY I 

As material for study of a few elementary chemical facts of 
importance, and as a source of reference, we will present briefly 
some of the simpler fundamentals of chemical combination, which 
have a direct bearing on the subject of plant-foods. It is desirable 
to get some idea, even though crude and limited, of what is meant 
by such terms as acid, alkali, base, salt, chemical neutralization, 
reaction, etc. 

Symbols and combining proportions of elements.-As a 
matter of convenience in saving the labor of writing in full the 
names of elements and chemical compounds every time used, a kind 
of chemical shorthand system has been adopted, in which the 
name of each element is represented by a characteristic symbol, 
consisting of the first letter or letters of the element', name. Where 
the English name differs from the Latin name, the letters of the 
symbol are taken from the Latin form. 

Elements combine to form compounds. It is a fact of great 
importance that in combining with one another, they unite in cer
tain definite weights or proportions. Each chemical compound al
ways contains the same elements in exactly the same proportions. 
By analyzing large numbers of the compounds of various elements, 
a number has been found which represents the proportion by 
weight in which each element enters into combination with others. 
In Table 1 we give the names of those elements in which we are 
interested, their symbols and their approximate combining weights. 

The chemical symbol of an element is seen to litand for two 
things, (1) for the name of the element and (2) for the combining 
weight. The compound known chemically as sodium chloride, 

1 For those who do not desire any knowledge of chemistry, this chapter may be 
omitted in rearung. For others who desire to become acquainted with some of the 
simpler fundamental facts of chemistry, such as will give them a dearer understanding 
of the various relations of plant-foods, this chapter is recommended for serious study, 
especially in connection with subsequent chapters. It will be well to refer to it from 
time to time until its contents are fanilliar. Teachers who use the book in class work 
with students who have not studied chemistry can exercise their judgment as to the 
way in which this chapter shall be used. For a complete understanding of parts of 
Chapter III, this chapter is necessary. 

I 
16 



Effect of acidulated pbosphate in neutralizing "soil acidity ." Upper left, nitrate of soda and muriate of potash without lime, 160 
pounds good cabbage, 840 poor (crop failure). The omission of phosphorus under acid soil conditions was fatal. Upper right, 
nitrate of soda and phosphoric acid without lime, 13,560 pounds good cabbage, 9,600 poor. Lower left, nitrate of soda, mUriate 
of potash and lime, 21,560 pounds of good cabbage, 5,880 poor. L ower right, nitrate of soda, phosphoric acid and lime, 20,000 

pounds good cabbage, 7,600 poor. 
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familiar to us as common salt, has its composition shown by the 
symbol or formula, NaCI, in which 23 parts by weight of sodium, 
its combining weight, are always combined with 35.5 parts by 
weight of chlorine, no more and no less, the combining weight of 
CI being 35.5 In calcium oxide, commonly known as lime, the 
symbol or formula, CaO, means that 40 parts by weight of cal
cium are always united with exactly 16 parts by weight of oxygen. 
It should be stated further that the combining weight always rep
resents the smallest amount of an element that enters into 
combination. In other words, we do not have half of a combining 
weight but always the full value given in the table. Taking 1 as 
the combining weight of hydrogen (H), the lightest element, the 
other combining weights are those stated in Table 1. 

TABLE I-NAMES, SYMBOLS AND COMBINING WEIGHTS OF 
CHEMICAL ELEMENTS 

Name of element Symbol 
Hydrogen ....................•.•.• H 
Carbon ..........................•• C 
Nitrogen .......................... N 
Oxygen ............................ 0 
Sodium (Latin, lI'a:,iI4m) .......••.• Na 
Magnesium ........................ Mg 
Aluminum ......................... Al 
Silicon ............................ Si 
Phosphorus ........................ p 
Sulfur ............................. S 
Chlorine ........................... CI 
Potassium (Latin, Kalium) ..•.•••..• K 
Calcium ........................... Ca 
Manganese ................••...... Mn 
Iron (Latin, Ferrum) .......•••••••• Fe 

Combining weig'" 
1 

12 
14 
16 
23 
24 
27 
28.5 
31 
32 
35.5 
39 
40 
55 
56 

In many compounds, one or more elements may be combined in 
a proportion representing two or more times the combining weight 
given in the preceding table. For example, in the case of water 
we have 2 parts by weight of hydrogen (H) and 16 parts by weight 
of oxygen (0); this is conveniently expressed by the formula, 
H 20 (equal to HHO). Whenever an element is used in proportions 
representing more than one combining weight, this fact is expressed 
by writing the corresponding number below and at the right hand 
of the symbol of the element. This is further illustrated in the 
case of nitric acid, HNOa (equal to HNOOO), in which we have 1 
part (1 combining weight) of hydrogen, 14 parts (1 combining 
weight) of nitrogen and 48 parts (3 combining weights, 3 X 16) of 
oxygen. Again, in the compound sodium phosphate, NaaPO. 
(equal to NaNaNaPOOOO), we have 3 combining weights of so-
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dium, 1 of phosphorus, and 4 of oxygen; or, expressed in 
parts by weight, 69 (23 X 3) parts of sodium, 31 parts of phos
phorus and 64 (16 X 4) parts of oxygen. 

In this connection, it is desirable to point out a mistake often 
made in respect to the meaning of chemical formulas by those who 
have not studied chemistry. For illustration: Na.PO, by some 
would erroneously be taken to mean 3 parts of sodium, 1 part of 
phosphorus and 4 parts of oxygen, which is far from the truth, 
since the symbol of an element stands, not for equal parts, but for 
combining weights. No two elements have the same combining 
weight. If the combining weights of different elements were the 
same, it would be proper to speak of the symbols in the formula 
Na.PO. as representing 3, 1 and 4 parts respectively of the elements 
in question; but since these symbols represent different weights, 
the compound contains by weight, as a matter of fact, 69 parts (3 
combining weights) of sodium, 31 parts (1 combining weight) of 
phosphorus and 64 parts (4 combining weights) of oxygen. 

How to calculate percentages of elements in a compound.
When we know (1) the chemical formula of any compound and (2) 
the combining weight of each element in the compound, we can 
easily calculate the percentage of each constituent element. For 
illustration, potassium chloride (muriate of potash) composition is 
expressed by KCI, containing, according to Table 1, 39 parts by 
weight of K and 35.5 parts of Cl. In order to find the percentage 
of each element in KCI, we add the combining weights of the K 
and CI, multiply each by 100 and then divide each result by the 
sum of the combining weights of K and CI as follows: 

(1) Combining weight of K = 39 
(2) "" "Cl = 35.5 

(3) Sum of combining weights of K + Cl = 74.5 
(4) (K) 39 X 100 + 74.5 = 52.3 the percentage of K in KCl 
(5) (Cl) 35.5 X 100 + 74.5 = 47.7" " "Cl"" 

Three other cases are: (1) Sodium nitrate (nitrate of soda), 
(2) potassium sulfate and (3) calcium phosphate. 

Example 1.-Find the precentages of each element in sodium 
nitrate, NaNO •. 
(1) 
(2) 
(3) 

Combining weight of Na = 23 
cc "" N =14 

" "0. = 48 (16 X 3) 

(4) Sum of combining weights of Na + N + O. = 85 
(5) (Na) 23 X 100 + 85 = 27, the percentage of Na in NaNO, 
(6) (N) 14 X 100 + 85 = 16.5 " " "N" " 
(7) (0.) 48XI00+85=56.5" " 0 " 
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Example 2.-Find the percentages of each element in potassium 
sulfate, K2SO,. 
(I) 
(2) 
(3) 

Combining weight of L ='8 (39 X 2) 
" "" S=32 
" "" O. = 64 (16 X 4) 

(4) Sum of combining weights of L+S+O.= 174 
(5) (K.) 78 X 100+ 174 = 44.8, the percentage of It In KoSO. 
(6) (S) 32Xloo+174=18.4" .. "S" II 

(7) (0.) 64Xloo+174=36.8" .. .. 0" " 

Example 3.-Find the percentages of each element in calcium 
phosphate, CaaP 208 , 

(I) Combining weight of Cao=120 (40X3) 
(2) "" "P. = 62 (31 X 2) 
(3) " .. II 0.=128 (16X8) 

(4) Sum of combining weights of Cao + P.+o. = 310 
(5) (Cao) 120 X 100 + 310 = 38.7, percentage of Ca In CaaP.o. 
(6) (PI) 62 X 100 + 310 = 20.0 .. .. P" .. 
(7) (0.) 128 X 100 + 310 = 41.3 .. .. 0" .. 

A careful study of the preceding examples will enable one easily 
to make use of the following rule: To find the percentage of any 
constituent of a chemical compound, when the chemical symbol or 
formula is known, first find in Table 1 the combining weight lor 
each element represented in the compound, and take the combining 
weight of each element as many times as indicated in the formula. 
Add the combining weights thus obtained. Then divide this sum 
into 100 times the combining weight or weights of each element· 
present. 

Chemical action of acids and bases.-caustic soda or soda 
lye, a material familiar in many common uses, is known in chem
istry as sodium hydroxide, having the composition represented by 
the symbol Na(OH); it is also known as a base, an alkali, and an 
alkali base. (p. 22). This substance, when added to an acid, pro
duces noticeable changes. For example, if we add together solu
tions of nitric acid (HNOa) and of sodium hydroxide in certain 
proportions, the result will be neither nitric acid nor sodium hydrox
ide, but a new compound, sodium nitrate (NaNO.), formed by the 
action of the acid and the alkali upon each other. 

The nitric acid used in the experiment tastes sour and biting, 
while the caustic soda solution bas a peculiar odor llnd feels soapy 
on the hands, and, if concentrated enough, destroys or "eats" the 
skin. After these two compounds in solution are brought together 
in the right proportions, there can be no longer observed any sour 
taste of acid, or soapy feeling, or alkali odor of the caustic soda, 
because acid and alkali have neutralized, or in popular language 



ELEMENTARY FACTS OF CHEMISTRY 21 

"killed," each other, which means that they have combined to form 
new compounds; in this case the new compounds are water (HzO) 
and sodium nitrate (NaNOs), this latter belonging to a class of 
chemical compounds known as salts. The presence of the nitrate 
is readily perceived by its characteristic salty taste. This chem
ical change or reaction can be represented by means of a chemical 
equation, as follows: 

Na [OH + H] NO. = NaNo. + HsO 
Sodium Nitric Sodium Water 
hydroxide acid nitrate 

Many important and practical facts of chemistry are illustrated 
by this simple change. We are at once met by such questions as 
the following: What is a base or an alkali? What is an acid? 
What kind of a product is formed in bringing together a base or an 
alkalI and an acid? 

Acid, alkaline and neutral reactions.-How can we tell, in 
a practical way, the solution of a base from one of an acid? This 
is done by means of some coloring substance, called an indicator, 
which is so acted on by alkalis and acids as to undergo changes of 
color, producing one color with alkalis and a different color with 
acids. For example, one substance in common use as an indicator 
is the dyestuff known as litmus, which is blue. If we put a few 
drops of a litmus solution in some water and then add a drop or 
two of some acid, the color changes to red. If now the red solu
tion is treated with a few drops of a solution of a base like sodium 
hydroxide, the red color disappears and the solution again becomes 
blue. 

For ordinary uses, such as testing acidity or alkalinity of soils, 
litmus is used in the form of strips of paper colored red or blue 
with litmus dye. To test whether a substance is basic (alkaline) 
or acid, a strip each of blue litmus and red litmus paper is put into 
the solution tested; if the blue strip changes to red, the solution is 
acid; if the red changes to blue, the solution contains a base or 
alkali; if neither color changes, the solution contains neither acid 
nor alkali. The behavior of any solution to litmus, or to any other 
indicator used for acids and alkalis, is described by calling it (1) 
acid, (2) alkaline or basic, or (3) neutral. A reaction is called 
strong when the color change is quick and pronounced. Solutions 
reacting thus are called strongly acid or strongly alkaline. A re
action is called weak when the color change is slow or not very 
pronounced. SolutionS acting thus are said to be weakly acid or 
weakly alkaline. The strong or the weak character of the reaction 
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of a solution depends primarily upon the amount of the alkali 01 

acid in solution. . 
Making application of these statements to the illustration giver 

above in the action of sodium hydroxide and nitric acid, sodiurr 
hydroxide turns red litmus blue, so is alkaline or basic in reaction; 
nitric acid turns blue litmus red so its reaction is acid; the mixture 
of water and sodium nitrate, which are the products formed bl 
the action of sodium hydroxide and nitric acid, has no effect upor 
either red or blue litmus and is therefore neutral in reaction. 

Bases are compounds which have the power of neutraliz;n~ 
acids and thereby forming neutral salts. The compounds that acl 
most commonly as bases are hydroxides and oxides of certain ele· 
ments known as metals, called base-forming elements. The base! 
of most interest to us are the following: 

TABLE 2-NAMES AND SYMBOLS OF COMMON BASES 

Name of base Symbol 
Sodium hydroxide ........... NaOH 
Potassium hydroxide .....•••• KOH 
Ammonium hydroxide ....... (NIL)OH 
Calcium hydroxide .......... Ca(OH). 
Calcium oxide ............... CaO 
Magnesium hydroxide ....... Mg(OH). 
Magnesium oxide ............ MgO 

C ommo" ..ame 
Caustic soda 
Caustic potash 
Ammonia water 
Slaked lime 
Lime, quicklime, etc:. 
Hydrated magnesia 
Magnesia 

Attention should be called to the ammonium compound. The 
elements nitrogen and hydrogen, taken in the proportions repre· 
sented by the symbol NH~, act together as if one element, and 
resemble metals in forming basic and other compounds. 

(1) Alkalis.-Of the various bases mentioned in the preceding 
list, potassium, sodium and ammonium hydroxides are called alkaliJ 
or alkali bases; their solutions have a strongly alkaline reaction, 
as shown by quickly changing red litmus to blue, even when present 
in small amounts. The alkalis possess very marked power in neu
tralizing acids, and for this reason are said to be strong bases or 
strongly basic. 

(2) Alkaline earths.--Calcium and magnesium belong to a 
group of elements often called alkaline earths, because their oxides 
and hydroxides have an alkaline reaction. While their power to 
neutralize acids is not so great as that of the alkalis, they are more 
strongly basic than are the bases of many other metals. 

(3) Carbonates with basic power.-The compounds known as 
carbonates hilVe the power to neutralize acids and are therefore 
basic. The alkali carbonates have an alkaline reaction, changing 
red litmus to blue. The most important carbonate in agriculture 
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is calcium carbonate, CaCO. (carbonate of lime), on account of 
its vital relations to soils and crops. The action of carbonates and 
acids is represented in the following equation, in which the neutral 
compound, calcium nitrate, is formed as the most important 
product. 

CaCO. + 2HNO. = Ca(NO.). + H.O + CO. 
Calcium 
carbonate 

Nitric 
acid 

Calcium 
nitrate 

Water Carbon 
dioxide 

Acids are compounds which have the power to neutralize bases 
and thereby form neutral salts. Solutions of acids turn blue litmus 
red. For our purpose, acids consist of two chemical parts, (a) the 
element hydrogen (H) and (b) an acid-radical, consisting of one or 
more acid-forming elements. For example; hydrochloric acid, HCI, 
consists of (a) Hand (b) CI (acid-radical); nitric acid, HNO., 
composed of (a) Hand (b) NOs (acid-radical); sulfuric acid, H2S04, 
consists of (a) H2 and (b) S04 (acid-radical); phosphoric acid, 
H.PO, consists of (a) H. and (b) PO, (acid-radical). 

These compounds are often spoken of as free acids. By this 
is meant an acid unneutralized, or the acid itself, uncombined with 
any other element or elements, in distinction from a neutralized 
acid, or an acid in combination as a salt. 

In Table 3 (p. 24) is a list of the acid-forming elements, to
gether with the formulas and names of those acids which possess 
special interest in our study of plant-food materials. 

Salts.-We have already learned: (1) That a base consists of 
some basic element, generally a metal, in union with OH (forming 
an hydroxide) or with 0 (forming an oxide); (2) that acids are 
made up of (a) hydrogen (H) in union with (b) an acid-radical 
consisting of one or more acid-forming elements. 

When we bring acids and bases together, we obtain two products 
as the result of the chemical change, (1) water (H20), and (2) 
a compound consisting of the metal of the base combined with the 
acid-radical of the acid; compounds made up in this way are called 
salts, as illustrated by the following equations: 

Bases Acids Salts 

(1) Na [OH -I- H) Cl = NaCI + ILO 
Sodium Hydrochloric Sodium Water 
hydroxide acid chloride 

(2) Ca [(OH). + Ho) Co. = CaCO. + 2ILO 
Calcium Carbonic Calcium Water 
hydroxide acid carbonate 
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(3) Na [OH + HI NO. = NaNo. + HaO 
Sodium Nitric Sodium Water 
hydroxide add nitrate 

(4) 2K [OH + Hal SO. = KoSO. + ZHaO 
Potassium Sulfuric Potassium Water 
hydroxide add lulfate 

In each equation there is formed, in addition to water, a salt, 
consisting of (a) the metal of the base combined with (b) the acid
radical of the acid. The hydrogen of the acid combines with the 
hydrogen and oxygen (HO) of the base to form water (H20); the 
metal of the base, in forming a salt, takes the place of the hydrogen 
of the acid. 

Many of the substances with which we have to deal in connec
tion with plant-foods belong to this class of chemical compounds, 
which we call salts. 

Names and symbols of acids and salts.-Table 3 gives (I) 
the names of the acid-forming elements, (2) the names and sym
bols of the more common acids formed from them, and (3) the 
names of the salts corresponding to the acids. This table, together 
with Table 4 will be useful for future reference. 

TABLE 3-ACID-FORMING ELEMENTS AND SOME OF 'THEIR ACIDS 

Acid-forming 
elements Names and symbols of acid. 

Chlorine ..•....•••.•••• Hydro-chlor-ic HCl 
Nitrogen ............... Nitr-ic HNo. 
Sulfur •.......••....•. { HS Ylfdro-.sulfur-ic HoS 

u ur-Ic HoSO. 
Carbon ..•......•....•• Carbon-ic H.CO. 
Silicon ...........•....• Silic-ic HoSiO. 
Phosphorus ....•...••.. Phosphor-ic HaPO. 
Oxygen .......................... .. 

Name. of.alt. formed 
from a,Ul. 
Chlorides 
Nitrates 
Sulfides 
Sulfatel 
Carbonates 
Silicates 
Phosphates 

(1) Names oj most acids end in the syllable ie, added to the full 
or the shortened name of the acid-forming element in the acid. In th1 
case of acids that contain no oxygen, like Hel and HzS, the name 
is formed by placing before the name of the acid-forming element 
the syllable hydro-, and after the element the syllable ie; for 
example, hydro-chlor-ic acid, hydro-sulfur-ic acid. 

In addition to these two simple forms of acids are many other 
kinds formed from these same elements, distinguished by special 
modifications of composition and name, but we confine our atten
tion to the forms of most interest to us. 

The element oxygen is present along with some other acid
forming element in most acids. The name oxygen, derived from 
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in the list are designated by using first the name of the metal in the 
salt and adding to this the name of the acid, changing the last 
syllable from -ic to -ate. Salts derived from the acids that contain 
no oxygen end in the syllable -ide instead of -ate j the prefix hydro
in the name of the acid is dropped in naming the salt. 

(3) Symbols of salts.-Every metal, or base-forming element, 
or group of elements (NH., for example) can form a salt with every 
acid, at least in theory. In the list (Table 4) are the symbols of 
some salts many of which are of interest in agriculture. 

TABLE 4-SALTS FORMED BY METALS AND ACIDS 

Salts 0/ Salts 0/ Salts 0/ Salts 0/ Salts 0/ Namt.o/ 
Sodium Potassium Ammonium Calcium M agnesiu", Salt. 
NaCI KCl NILCI CaCI. MgCI. Chloride 
NaNO. KNO. NlLNO. Ca(NO.). Mg(NOa). Nitrate 
Na.S KaS (NIL) as CaS MgS Sulfide 
NaaSO. K.SO. (NIL).SO. CaSO. MgSO. Sulfate 
Na.CO. K.COa (NIL).cOa CaCO. MgCOa Carbonate 
NaaSiOa KaSiO. (NIL)aSiO. CaSiO. MgSiO. Silicate 
NaaPO, KaPO. (NIL)aPO. Caa(PO.). Mg.(PO.). Phosphate 

In finding the name corresponding to the symbol of a salt, or in 
finding the symbol of a salt when the name is given, it may be 
stated that, as a general rule, the chemical name of a salt is in
tended to express the composition as closely as possible. 

(a) To find the name of a salt that corresponds to any symbol 
in the table, take first the name of the metal at the head of the 
column in which the formula occurs and then add to it the name in 
the last column opposite the symbol. For example, to find the 
name of the salt whose symbol is Na2SO., we find sodium at the 
head of the column and sulfate in the last colunin opposite; the 
name of the salt is sodium sulfate. Similarly, we find the name 
corresponding to K8PO~ to be potassium phosphate; (NH.)zCOa, 

ammonium carbonate, etc. 
(b) To find the symbol that corresponds to any given name of 

a chemical salt in the list, look in the column under the name of 
the metal contained in the salt and then go down the column until 
the symbol opposite the name in the last column that corresponds 
to the second part of the salt is reached. For example, the formula 
for sodium phosphate is in the column headed sodium in the line 
opposite the word phqsphate of the last column; it is Na.PO •. 

(e) Uniting or combining power of metals and acid-radicals 
as shown by acids and salts: One can readily write all the symbols 
of salts in the table by committing to memory the three following 
statements: 
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(1) In case of acids that contain one H, as HCI and RNOs, 
one acid-radical (-CI or -NOs) combines with one Na or K or NH.; 
while two (-CI2, -(NO')2) are required-to unite with one Ca or Mg. 

(2) In case of acids that contain two H, as H2S, H2SO., H2CO., 
etc., one acid-radical (-S or -SO. or -COs, etc.) combines with two 
of Na, K or NH. (Na2, K2 (NH')2); while one such acid-radical 
requires only one Ca or Mg. 

(3) In case of acids that contain three H, as H 3PO., one acid
radical (-PO.) combines with three of Na, K or NH. (Na3 , Ks, 
(NH.)s); while with Ca or Mg two acid-radicals ( (PO')2) combine 
with three Ca or Mg (Cas, Mgs). 

The combination of Ca and Mg with -PO. is not as easily under
stood as the others. For instance, we take Cas and (PO')2 in writ
ing the symbol of calcium phosphate. The combining power of Ca 
is 2 in comparison with -PO. as 3, or one -PO. equals ly.; Ca; but 
since we cannot have a fraction connected with a symbol, such as 
Cal .5 PO., we make the number even by multiplying both 1 y.; Ca 
and PO. by 2, which gives us CaS (PO.)2. Explained another way, 
Ca has a combining power equal to H 2; one Ca would not be suf
ficient to equal Hs in HsPO. and Ca2 would equal H. or more than 
Hs, but taking HsPO. twice, we have H6(PO')2, and H6 exactly 
equals the combining power of Cas, giving Cas (PO')2. This point 
has been dwelt upon, because it is desirable to understand this and 
other compounds of phosphoric acid. 

(4) Acid salts.-In the case of acids that have more than one 
H, it is possible to form two different salts with the same metal. For 
example, sulfuric acid can form two salts with potassium, one of 
which is contained in Table 4, viz., K2SO., in which H2 of H2SO. 
has been replaced by K2; the other potassium salt is formed by 
replacing one H of the acid by one K and leaving one H, making 
KHSO., which is known as potassium acid sulfate or potassium 
hydrogen sulfate. Such salts usually have an acid reaction. 

In connection with our study of plant-foods, the most important 
case of acid salts is in connection with phosphoric acid, HsPO •. 
This can form three different salts with metals depending on 
whether the metal replaces the Hs completely or only in part. For 
example, sodium can form three salts with phosphoric acid, because 
we can put the element N a one, two or three times in place of 
hydrogen (Hs), as follows: 

(1) HHHPO. or HaPO. Phosphoric acid 
(2) NaHHPO" NaILPO" one-sodium phosphate, or sodium acid phosphate 
(3) NaNaHPO" Na.HPO" two-sodium phosphate, or di-sodium hydrogen phosphate 
(4) NaNaNaPO" Na.PO" three-sodium phosphate, or tri-sodium phosphate 
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Calcium forms three different phosphates with phosphoric add. 
The formation of these salts is of the same character as shown 
above in case of sodium, except that since one Ca equals H. and 
has double the combining power of Na, we use twice as much 
phosphoric acid, 2H.PO.. The following arrangement lllustrates 
the relations of these salts: 

(1) 2ILPO. or H.(PO.)., Phosphoric acid 
(2) CalL (PO.)., one-calcium phosphate, or mODo-calcium phosphate 

(soluble, p. 33) 
(3)Ca.H.(PO.)., two-calcium phosphate, or di-calcium phosphate 

(reverted, p. 33) 
(4) Ca.(PO.)" three-calcium phosphate, or tri-calcium phosphate 

(insoluble, p. 33) 

Complex and simple compounds.--compounds are simple 
when they consist of few elements in simplest combination, while 
complex compounds contain a larger number of elements or in 
larger aggregations. For example, hydrochloric acid (HCI) is the 
simplest compound possible. It contains only two elements in the 
simple combination. Calcium phosphate, Ca.(PO.). is a more 
complex compound. Some of the silicates are highly complex. 
They contain half a dozen different elements. 

When we speak of a chemical compound decomposing or break
ing down into simpler compounds, we mean that it forms several 
compounds, each with a smaller aggregation of elements. For 
example, ammonium carbonate, (NH.)zCO., decomposes, when 
heated, into NH. and CO2 and H 20, all of which are simpler com
pounds. When an organic substance like blood or meat or cotton
seed-meal decomposes, the organic compounds, which are complex, 
form simpler cOPlPounds, generally the same as in case of am
monium carbonate or others equally simple. The terms simple 
and complex are, of course, relative; for example, HNO. is com
plex compared with Ha, but simple compared with Ca.(PO.) •• 



IV 

PLANT-FOOD ELEMENTS AND THEIR 
COMPOUNDS 

Sources of nitrogen.-Nitrogen occurs in nature chiefly in the 
following forms: (1) Atmospheric nitrogen, (2) ammonia, (3) in 
animal and vegetable matter, and (4) as nitrate. It has been a 
common custom to speak of nitrogen in its various compounds as 
ammonia, as, for example, "the ammonia in sodium nitrate." Such 
usage is chemically inaccurate and may be wholly misleading. The 
name, ammonia, should never be applied to nitrogen in any form 
except that of ammonia and ammonium compounds. 

(1) Atmospheric nitro gen.-Nitrogen in the free or uncombined 
form constitutes about three-fourths of the air by weight, an amount 
equal to many millions of pounds for each acre on the surface of 
the earth. Nitrogen cannot be used directly from the air by most 
crops; but certain plants which belong to the legume family are 
able to use it indirectly through the medium of certain micro-

. organisms (p. 147). 
(2) Nitrogen in ammonia.-Ammonia (NHa) is a compound 

containing 14 parts by weight of nitrogen (82.35 per cent.) com
bined with 3 parts by weight of hydrogen. It is a colorless gas and 
dissolves easily in water, forming the familiar solution called spirits 
of hartshorn or ammonia water, which in its strong form contains 
28 per cent. of ammonia. In water solution the composition is 
NH40H. Ammonia is present in the air in small amounts, being 
produced when vegetable or animal substances decompose (p. 137). 
It is often present in horse-stables and in fermenting manure heaps 
in amounts sufficient to produce its pungent odor. 

The leaves of some plants have the power of absorbing am
monia directly from the air, so obtain nitrogen as food in this 
way, but only in small amounts. Some plants utilize nitrogen di
rectly from ammonium compounds in the soil, but in general ammo
nia and its compounds must change into the form of nitrate in the 
soil before their nitrogen can be utilized by plants (p. 139). 

(3) Nitrogen in animal and vegetable matter, or organic nitro
gen.-Nitrogen in combination with hydrogen, carbon, oxygen, and 
sometimes sulfur and phosphorus, occurs in animals and plants in a 
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Compounds of nitrogen.-The most important compounds 
that contain nitrogen in available form and useful in crop growing 
are: (1) Nitrates of sodium, potassium, calcium and magnesium; 
(2) ammonium compounds, the sulfate, nitrate, phosphate and car
bonate; (3) calcium cyanamid; (4) urea (p. 32). 

(1) Sodium nitrate, NaND. (known in its commercial, impure 
form as nitrate of soda, p. 165), contains 16.47 per cent. of nitro
gen. It is easily soluble in water, one part by weight of the salt 
dissolving in an equal amount of water under ordinary conditions. 
It has for some years been one of the chief nitrogen-containing 
constituents used in many commercial fertilizers. 

When sodium nitrate is treated with strong sulfuric acid, the 
nitric acid may be lost as a gas, as indicated by the following 
chemical reaction: 

170 
2NaNO. + 
Sodium 
nitrate 

98 
H.SO. 

Sulfuric 
acid 

126 
2HNO. 
Nitric 
acid 

+ 
142 

Na.SO. 
Sodium 
Sulfate 

This fact has a practical bearing, since sulfuric acid should 
never be mixed with a nitrate. It may happen when a poorly made 
phosphate, in which too much sulfuric acid has been used or the 
operation of mixing improperly managed, is mixed with sodium 
nitrate. In moist air sodium nitrate absorbs moisture and tends to 
become liquid. 

(2) Potassium nitrate, KNO. (known in its commercial form 
as niter or saltpeter, p. 165), contains 13.85 per cent. of nitrogen, 
is quickly soluble and is available as plant-food for both nitrogen 
and potassium. One part by weight of the salt dissolves in about 
one and one-half parts of water. 

(3) Calcium nitrate, Ca(NO')2 (known in its commercial form 
as lime nitrate, p. 165), contains 17 per cent. of nitrogen. It has so 
strong an attraction for water that, when in contact with moist air, 
it tends to become liquid. 

(4) Ammonium sulfate, (NH4)2S04 (called sulfate of ammonia 
in its commercial form, p. 166), contains 21.2 per cent. of nitrogen, 
which is equal to 25.75 per cent. of ammonia (NH.). One pound of 
the salt dissolves in about one and one-third pounds of water. It does 
not absorb moisture from the air, as the nitrate of sodium or of 
calcium does. 

(5) Ammonium nitrate, NH4NOs, contains 35 per cent. of nitro
gen, one-half as ammonia (NHs) nitrogen, and one-half as ni
trate (NO.) nitrogen. This combination gives it special value, but 
its price is so high it has been little used in general agriculture. 
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It is one of the most easily soluble compounds, one pound of water 
dissolving two pounds of the salt. 

(6) Ammonium carbonate, (NH.)zCO., contains nearly 29.2 
per cent. of nitrogen. It is easily soluble in water, one pound dis
solving. in three or four pounds of water. It is rarely, if ever, used 
in commercial fertilizers, but is of interest because it is found in 
the decomposition of animal and vegetable matter, especially of 
urine. This compound is one which breaks up or decomposes 
easily to form ammonia gas (NH.), carbon dioxide gas (CO.) and 
water (H20); this action takes place rapidly at temperatures above 
100°F. When urine, especially of horses, ferments, ammonium 
carbonate is formed, and in a warm stable or manure pile, the 
ammonia gas escapes into the air, producing a more or less strong, 
characteristic ammonia smell. 

(7) Ammonium phosphates (p. 36). 
(8) Calcium cyanamid, CaCN. (commercially known as cyana

mid, p. 167), contains 3S per cent. of nitrogen when pure. 
(9) Urea, CON2H" contains 46.6 per cent. of nitrogen when 

pure. 
PHOSPHORUS 

Source of phosphorus.-The original source of all phosphorus 
compounds is the earth's crust. As immediate sources of supply for 
plant-food uses we have (1) the soil, (2) the large phosphate de
posits and (3) bones of animals. 

Compounds of phosphorus.-In nature phosphorus is always 
found in combination with other elements and usually in the form 
of phosphates, which are combinations of phosphoric acid (H.PO. 
or -PO",) with metals (p. 26), especially calcium. The form in 
which phosphorus is generally found in animals and plants is cal
cium phosphate, with small amounts of magnesium, sodium and 
potassium phosphates. In the soil we have, in addition, iron and 
aluminum phosphates. With phosphoric acid, calcium forms several 
compounds, all of whick are important as sources of plant-food 
phosphorus. 

Use of terms, phosphoric acid and phosphates.-The use of the 
term, phosphoric acid, as commonly applied in connection with 
fertilizers, always means a compound whose composition is ex
pressed by the symbol P20~, which contains 43.7 per cent. of phos
phorus. This usage is a survival of a custom established by chemists 
for expressing results of analysis. Accurately speaking, PIO. is 
phosphoric anhydride; phosphoric acid is H.PO.. In expressing the 
composition of a fertilizer, however, "phosphoric acid" still com
monly means P 205 • 

When we say a compound or a fertJlizer contains, for example, 
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10 per cent. of phosphoric acid (P20 6 ), we mean the same thing as 
when we say it contains 4.4 per cent. of phosphorus (P). On many 
accounts it would be preferable to state the percentages as phos
phorus (P) rather than as P 20 6 ; but present usage has become so 
firmly established that many practical difficulties would be encoun
tered in making the change. Such a change in connection with 
fertilizers has, however, been under discussion by agricultural chem
ists for years and will probably be brought about gradually in time. 

The word "phosphate" is in popular use, often erroneously as a 
general term covering all kinds of commercial fertilizers, whether 
they contain phosphoric acid compounds only, or mixtures of these 
with nitrogen and potassium compounds, or even when commer
cial mixtures contain no phosphorus compounds at all. 

TABLE 5-NAMES AND COMPOSITION OF CALCIUM PHOSPHATE 
COMPOUNDS 

Percentage Percentage 
01 01 

Chemical phosphorus phosphoric 
Names Symbols (P) acid (P.(J.) 

(1) So ... ~ C~ "M~'~ } 
Mono- (or 1-) calcium phos-

phate CalL (PO.). 26.5 60.7 
Calcium acid phosphate 
Acid calcium phosphate 

(2) CITRATE-SOLUBLE OR REVERTED} Ca.H.(PO.)., CALCIUM PHOSPHATE 22.8 52.2 
Di- (or 2-) calcium phosphate or CaHPO, 

(3) J_u~ CM.O~ p~u } 
Tri- (or 3-) calcium phosphate 
Calcium phosphate 
Normal calcium phosphate Ca.(PO.h 20.0 45.8 
Insoluble phospbate of lime 
Bone phosphate of lime, 

(B. P. L.) 

(4) Tuu-C~ PD~n } 
Tetra-basic calcium phosphate (CaO.)p.o.CaSiO. 17.0 39.0 
Thomas phosphate powder 
Basic-slag phosphate 

Phosphoric acid compounds or phosphates.-The existence 
of four phosphate compounds of calcium is recognized. These 
noticeably differ in their composition in respect to the amount of 
calcium they contain since calcium is present in the ratio of one, 
two, three and four' parts or combining weights. (p. 20). T~e 
fourth compound is different from the three others 1D respect to Its 
source and is not so closely related to them as they are to each 
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other. The one, two and three calcium phosphates together are 
known under an unusual variety of names, which may easily lead 
to confusion, but they can readily be kept distinct by knowing their 
individual characteristics with reference to one important property 
viz., their solubility in water. For convenience they may be dis~ 
tinguished primarily by the following names: Soluble, citrate
soluble or reverted and insoluble-terms most 'commonly used in 
studying the composition of phosphatic materials. Table 5 shows 
the following facts with reference to each: (1) Various names, 
(2) chemical composition as expressed by formula, (3) percentage 
of phosphorus and (4) equivalent in the form of P 20a. 

The special points to remember in connection with Table 5 are 
(1st) that the calcium in these compounds is in the relation of one, 
two, three and four; and (2) that the proportion of phosphoric 
acid or phosphorus is greatest in the compound that contains least 
calcium and decreases in the other compouads as the calcium 
increases. 

Briefly stated, the insoluble can be converted into the reverted 
form by treatment with acid and into the soluble form by the use 
of twice as much acid. The soluble can be changed into the 
reverted form by various compounds. 

In the commercial manufacture of "superphosphate" (p. 176), 
sulfuric acid is used to dissolve the insoluble phosphate as in
dicated by the following equations. The figures over each symbol 
give the amount of each compound used in the reaction. These 
equations do not give the full details of the chemical changes that 
take place-only the final results. Intermediate changes that occur 
will be considered in connection with the manufacture of super
phosphates. 

(a) Formation of reverted from insoluble phosphate: 
310 98 272 

Ca.(PO.). + lLSO. = CaJI.(pO.). 
Insoluble calcium Sulfuric Reverted calcium 

phosphate acid phosphate 

136 
+ CaSO. 

Calcium sulfate 
(or gypsum) 

(b) Formation of soluble from reverted phosphate: 
272 98 234 

CaJI.(PO.). + H.sO. = CaH.(PO.). 
Reverted calcium Sulfuric Soluble calcium 

phosphate acid phosphate 

136 
+ CaSO. 

Calcium sulfate 
(or gypsum) 

(c) Focmation of soluble directly from insoluble without any 
reverted phosphate, showing the two preceding changes in one: 

310 196 234 272 
Ca.(PO.). + 2lLSO. = CaH.(PO.). + 2CaSO. 

Insoluble calcium Sulfuric Soluble calcium Calcium sulfate 
phosphate acid phosphate (or gypsum) 
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In actual commercial operations, water is present and, instead 
of CaSO, (water-free calcium sulfate), there is formed CaSO •. 2H20, 
which is gypsum, or hydrated calcium sulfate. 

(1) Insoluble calcium phosphate is contained in varying 
amounts in all agricultural soils, in animal and vegetable matter, 
especially in bones and seeds, in many mineral deposits and in 
water that has been in contact with soils. The commercial materials 
in which this compound occurs are considered on pages 173-185. 

This form of calcium phosphate is called insoluble because it 
does not easily dissolve in water. One part by weight requires for 
solution 50,000 parts of pure water, more by the presence of some 
substances and less by others. Water that contains carbon dioxide 
(p. 47), as in the case of soil water, dissolves much more insoluble 
phosphate than does pure water. Some of the compounds used in 
fertilizers increase th0 solubility of this phosphate in water. Among 
them are sodium nitrate, ammonium sulfate, and potassium sulfate. 
Gypsum, iron and aluminum compounds make it less soluble in 
water. Substances which appear to have little influence are mag
nesium sulfate and chloride, sodium chloride (common salt) and 
potassium chloride (muriate). 

(2) Soluble calcium phosphate is the principal constituent in the 
commercial product, usuperphosphate" (acid phosphate) (p. 176), 
more extensively used in fertilizers than any other compound. It 
is a manufactured product. The special importance of this com
pound is due to its solubility in water, one part by weight dissolving 
completely in 100 parts of water under ordinary conditions, but it 
is easily changed by other compounds into the reverted form. On 
account of its ready solubility, it is the compound most extensively 
used by plants as the source of phosphorus. 

(3) Reverted calcium phosphate receives its name from the fact 
that it can be formed from soluble calcium phosphate and is less 
soluble in water, so that, when soluble phosphate is changed into 
this form, it is said to "revert" or go back to an insoluble or less 
soluble condition. Reverted phosphate is, however, much more 
readily soluble in water containing carbon dioxide than in pure 
water. One part by weight of reverted phosphate requires for its 
solution about 7,500 parts of pure water, but only about 1,800 parts 
of water containing carbon dioxide. It is thus seen that this com
pound is fairly soluble in soil water. Reverted phosphate is 
known also as "citrate-soluble," which comes from the fact that, in 
ascertaining the amount of reverted phosphate by chemical analysis, 
it is dissolved in a solution of ammonium citrate. 

Reverted phosphate is formed when the insoluble phosphate is 
treated with a limited amount of !,:lIlfuric acid and also from soluble 
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calcium phosphate by such compounds as the insoluble phosphate, 
calcium carbonate, etc., as shown by the following reactions: 

(a) Formation of reverted by insoluble phosphate: 

310 544 
= 2CaJI.(Po.). 

234 
CalL(PO.).· 

Soluble calcium 
phosphate 

+ Ca.(PO.)a 
Insoluble calcium 

phosphate 
Reverted calcium 

phosphat, 

This action occurs in a superphosphate on standing, when the 
insoluble phosphate has not been completely dissolved by acid. 

(b) Formation of reverted phosphate by calcium carbonate: 

234 
CalL(PO.). 

Soluble calcium 
phosphate 

+ 
100 

CaCo. 
Calcium 

carbonate 

= 
272 

CaJL(PO.). + 
Reverted calcium 

phosphate 

44 
CO. 

Carbon 
dioxide 

+ 
18 

1LO 
Water 

In the presence of large amounts of calcium carbonate or of 
hydroxide (slaked lime), the soluble and reverted may be changed 
completely to insoluble calcium phosphate. 

(c) Formation of insoluble from soluble phosphate by calcium 
carbonate: 

234 
CalL (PO.). 

Soluble calcium 
phosphate 

+ 
200 

2CaCO. = 
Calcium 

carbonate 

310 
Ca.(PO.). + 

Insoluble calcium 
phosphate 

88 
2Co. 

Carbon 
dioxide 

36 
+ maO 

Water 

(3) Tetra calcium phosphate, a manufactured by-product, is 
commonly known as basic-slag phosphate (p. 181). 

(4) Magnesium phosphates are much like those of calcium in 
their general properties. 

(5) Ammonium phosphates.-Phosphoric acid and ammonia 
combine to form three phosphates. 

(a) 

(b) 

• (e) 

HaPO. + NHa = (NlL)HaPO. 
Phosphoric Ammonia Mono-ammonium 

acid phosphate 

HaPO. + 2NHa = (NlL)JlPO. 
Di-ammonium 

phosphate 

HaPO. + 3NHa = (NlL).PO. 
Tri-ammonium 

phosphate 
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These three ammonium phosphates contain nitrogen and phos
phorus in the percentage given below, with the equivalent percentage 
of ammonia and phosphoric acid. They are readily soluble in water 
and are valuable constituents of some concentrated fertilizers 
(p. 354). 

Nitrogen 
(N) 

Percent. 
Mono-ammonium phosphate 12.2 
Di-ammonium phosphate •..•.• 21.2 
Tri-ammonium phosphate ...•. 28.2 

Ammonia 
(NH.) 

Per cent. 
14.7 
25.4 
34.0 

Phosphorus Phosphoric acid 
(P) (p.o.) 

Pet' cent. Pet' cent. 
26.9 61.7 
23.5 54.1 
20.8 47.9 

(6) Three potassium phosphates are formed by the combination 
of phosphoric acid and potassium hydroxide, KOH (caustic pot
ash); namely, mono-potassium phosphate (KH2PO.), di-potassium 
phosphate (K2HPO.), and tri-potassium phosphate (KsPO.). The 
percentages of potassium and phosphorus, with the equivalent per
centages of potash and phosphoric acid are given below. These 
three potassium phosphates are easily soluble in water and are 
useful in making concentrated fertilizers. 

Potassium 
(K) 

Per cent. 
Mono-potassium phosphate 28.7 
Di-potassium phosphate ....... 44.9 
Tri-potassium phosphate ..•... 55.2 

Potash 
(K.O) 

Per cent. 
34.4 
54.1 
66.2 

Phosphorus Phosphoric acid 
(P) (P.O.) 

Per cent. Per cent. 
22.8 52.4 
17.8 41.0 
14.6 33.6 

(7) Iron phosphate, FePO., and aluminum phosphate, AIPO., 
are noted for their insolubility in water. When iron or alumi
num compounds, such as oxides, are present in large amounts 
in soils, they may act upon and convert any soluble calcium 
phosphate applied into the insoluble phosphate of iron or alu
minum, practically causing the complete loss of the soluble 
phosphate for immediate crop uses. This loss can be prevented by 
keeping in the soil an abundance of calcium carbonate (p. 40). 
These insoluble phosphates are changed by calcium carbonate into 
insoluble calcium phosphate, which can become more readily avail
able. Some of these phosphate compounds are among our most im
portant commercial products (p. 173). 

POTASSIUM 

Experiments have shown that when potassium compounds are 
lacking in the soil plants suffer severely, though they may not die. 
Potassium forms a larger part than any other mineral element in 
the ash of plants. 
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Source of potassum.-The element potassium is never found 
in nature uncombined, only in compounds. It is a constituent of 
many minerals. The partial decomposition and solution of the 
rocks that contain these minerals give rise to the presence of p0-
tassium compounds everywhere in the soil. These are taken up by 
plants and used as food. When vegetable material is burned, the 
potassium forms a part of the unburntd ash, in which it is present 
as potassium carbonate, KaCO.. When wood-ashes are treated with 
water and leached, the potassium carbonate along with some other 
compounds is dissolved, forming "lye"; and this evaporated to 
dryness leaves impure potassium carbonate, which was years ago 
an article of commerce known as pot-ash on account of being made 
in iron pots. In this way came the word, potassium, the Latin form 
of which is Kalium. K, the first letter of the Latin word, is there
fore used as the chemical symbol of potassium. 

The word potash is almost universally used in agricultural litera
ture in referring to potassium compounds. In the analysis of these 
compounds, it became the custom to give the results of analysis not 
as potassium (K) but as potassium oxide (KIO), which was called 
potash. This old custom has unfortunately persisted; so when we an
alyze a fertilizer for potassium, we do not often state the result as p0-
tassium (K) but as potash (K.O). In the interest of accuracy of 
statement, it would be desirable if we could abolish the use of the 
word potash in analytical and agricultural chemistry and use only 
potassium. It is wholly incorrect to say that potassium chloride, 
for example, contains 50 per cent. of potash (KIO), since it con
tains no oxygen at all. Of course, under such circumstances it 
simply means that the amount of potassium (K) in the compound 
is equivalent to 50 per cent. of K.O. Another expression, actual 
potash, is also used in fertilizer analysis to express K20. In stating 
amounts, we shall commonly make use of both forms K.O and K. 

Compounds of potassium.-Some of the chief characteristics 
of a few potassium compounds are of interest as valuable plant
foods. Their commercial forms, as used in making fertilizers, in
clude carbonate, chloride, sulfate, nitrate and silicates. 

(1) Potassium carbonate, KICO. (known also as carbonate of 
potash), contains 56.6 per cent. of potassium, which is equivalent 
to 68 per cent. of potash (K20). It is strongly alkaline (p. 21), 
easily soluble in water, two parts by weight of water dissolving one 
part of carbonate. The only form of carbonate once used in the 
feeding of plants was that contained in wood-ashes (p. 189). 

(2) Potassium chloride, KCl (known commonly in commercial 
forms as muriate of potash), contains 52.5 per cent. of potassium, 
which is equivalent to 63.2 per cent. of K.O. It is easily soluble in 
water, three parts by weight of water dissolving one part of the 



MEDIUM 

Grades used in studying effect of soil reaction on production of scabby potatoes. Highest yields of marketable potatoes were 
on soils with a pH reaction between four and eight tenths and five and four tenths-just sufficiently acid to guard against 
serious losses from scab. The use of liming materials to reduce acidity may easily result in the production of scabby potatoes, 

unless proper precautions are taken to guard against losses due to scab. 
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chloride, closely resembles common salt in appearance and taste, 
is a valuable source of plant-food (p. 188) and is more exten
sively used in fertilizers than any other potassium compound. 

(3) Potassium sulfate, K2SO. (known commercially as sulfate 
of potash), contains 45 per cent. of potassium, which is equivalent 
to 54 per cent. of K 20. While it is easily soluble in water, it is less 
so than carbonate or chloride, one part by weight of sulfate re
quiring eight to ten parts of water for solution. This compound has 
special value as a source of potassium in plant nutrition, since it 
must be used with some crops which are injured by the chloride 
(p. 188). 

(4) Potassium nitrate, KNO. (known commercially as nitrate 
of potash, niter, and saltpeter), contains 38.6 per cent. of potassium, 
which is equivalent to 46.6 per cent. of KaO. It is about as easily 
soluble in water as the chloride. This compound possesses addi
tional value in plant nutrition on account of its being in the nitrate 
form (p. 165). 

(5) Potassium phosphates.-(p. 180.) . 
(6) Silicates .-Potassium is present in soils in several mineral 

combinations with oxygen, silicon, aluminum and other metals. 

CALCIUM 

Calcium is essential to the growth of plants. Its compounds are 
commonly called lime compounds, as the result of a former usage 
by chemists. The term lime should properly be used only when 
speaking of the compound calcium oxide, CaO, so we shall generally 
use the word calcium in speaking of so-called lime compounds. 

Source.-Calcium, like the other mineral elements, has its 
source in the crust of the earth, where it occurs in a variety of 
compounds, especially carbonate and various silicates. 

Compounds of calcium most useful in agriculture are car
bonate, phosphates, nitrate, and sulfate. They are more fully dis
cussed in connection with indirect fertilizers (p. 192). 

(1) Calcium carbonate, CaCO. (known in commerce as car
bonate of lime, ground limestone, etc., p. 195), contains 40 per 
cent. of calcium, which is equivalent to 56 per cent. of lime (CaO). 
The carbonate is the chief constituent of limestone, marble, chalk, 
shell-marl, coral, shells, etc., (p. 195). Calcium carbonate is only 
slightly soluble in pure water, but in water that contains all the 
carbon dioxide it can hold at ordinary temperatures, it is soluble to 
the extent of one part by weight in 1,000 parts of water, formi~g 
calcium bicarbonate, CaH2 (CO.)z. Calcium carbonate has basiC 
(p. 20) properties, neutralizing acids and forming salts, as illus-
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trated by the following reaction which takes place in the soil when 
nitric acid is formed (p. 139): 

100 
CaCo. 

Calcium 
carbonate 

126 
+ 2HNO. = 

Nitric 
acid 

164 
Ca(NO.). + 
Calcium 
nitrate 

44 18 
CO. + H.O 

Carbon Water 
dioxide 

(2) Calcium oxide, CaO (commercially known as quicklime, 
burnt lime, caustic lime, stone-lime, lump-lime, building-lime, etc., 
p. 193), contains 7l.4 per cent. of calcium. It is made by burning 
calcium carbonate, the carbon dioxide being driven off as indicated 
by the following equation: 

100 56 44 
CaCO. + 

Calcium 
carbonate 

heat = CaO + Co. 
Calcium Carbon 

oxid& dioxide 

This shows that when we bum 100 pounds of pure calcium 
carbonate, we obtain 56 pounds of calcium oxide, 44 pounds of 
carbon dioxide gas going into the air. Calcium oxide has basic 
properties (p. 22), that neutralize acids and form salts, as illus
trated by the following reaction which occurs in the manufacture 
of calcium (lime) nitrate (p. 165): 

56 
CaO 

Calcium 
oxide 

126 
+ 2HNo. 

Nitric 
acid 

164 
= Ca(NO.). + 

Calcium 
nitrate 

18 
H.O 

Water 

(3) Calcium hydroxide, Ca(OHh (commonly called slaked 
lime, hydrate lime, etc., p. 194), contains 54 per cent. of calcium 
which is equal to 75.7 per cent. of CaO. One part by weight of 
calcium hydroxide is soluble in 800 to 1,000 parts of water, thE: 
solution being known as lime-water. It is formed when calcium 
oxide is treated with water-when it undergoes the change known 
as slaking according to the following chemical reaction: 

56 
CaO + 

Calcium 
oxide 

(quick lime) 

18 
H.O = 

Water 

74 
Ca(OH). 

Calcium hydroxide 
(slaked lime) 

Slaked lime may therefore be properly regarded as quicklime 
(CaO) diluted with about one-third of its weight of water, except 
that the water is not merely mixed, but is chemically combined 
with the lime. 
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Air-slaked lime is calcium oxide that has absorbed moisture from 
the air and changed into hydroxide. The operation is slow, depend
ing largely on the amount of moisture in the air. As the slaked lime 
is formed it slowly absorbs carbon dioxide from the air, forming 
carbonate, as s~own by the following reaction: 

74 44 100 18 
Ca(OH). + Co. = 

Carbon 
dioxide 

CaCo. + HaO 
Calcium hydroxide Calcium Water 

or slaked lime carbonate 

Air-slaked lime is, therefore, generally a mixture of hydroxide 
and carbonate; but in case of long exposure the change to carbonate 
becomes complete. It is thus seen to be of uncertain composition, 
since it may vary from nearly pure hydroxide to nearly pure car
bonate. 

Calcium hydroxide is an alkaline base (p. 22) which changes 
red litmus to blue. It is therefore useful in neutralizing acids. 

_( 4) Calcium phosphates (p. 33). 
(5) Calcium nitrate (p. 31 and p. 165). 
(6) Calcium sulfate, CaSO •. 2H20 (known in commerce under 

various names, as gypsum, land-plaster, sulfate 01 lime, etc.), con
tains about 23 per cent. of calcium. When this is heated to about 
1200 C. (248 0 F.), three-fourths of the water is driven off and 
the resulting product forms a powder, called plaster of Paris. This 
takes up water readily and hardens or "S.2ts." Gypsum has been 
extensively used in agriculture. When used in stables mixed with 
manure, it combines with ammonium carbonate, to form ammonium 
sulfate and calcium carbonate, as shown in the following reaction: 

136 
CaSO. 

Calcium 
sulfate 

96 
+ (NIL).Co. 

Ammonium 
carbonate 

132 
= (NIL}.sO. + 

Ammonium 
sulfate 

100 
CaCo. 

Calcium 
carbonate 

Calcium sulfate in the form of gypsum (CaSO •. 2H20) is soluble, 
one part by weight in about 400 parts of water. 

MAGNESIUM 

In chemical behavior, magnesium and its compounds resemble 
calcium in many ways but are not commonly used in agriculture for 
fertilizing purposes. 

Source.-Magnesium compounds are present in varying 
amounts in all agricultural soils. One source of commercial supply 
is the German potash mines (p. 186). 
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Compounds of magnesium.-The most familiar compounds of 
magnesium are oxide, hydroxide, carbonate, chloride, nitrate, phos
phates, sulfate and silicates. 

(1) Magnesium carbonate, MgCOa often occurs mixed with 
calcium carbonate in so-called dolomitic limestone. 

(2) Magnesium oxide, MgO (commercially known as calcined 
magnesia) is best known as a constituent of burnt lime prepared 
from magnesian limestone, in which it occurs in amounts that vary 
approximately from 10 per cent. up to 40 per cent. or more. Its 
presence in large amounts is objectionable for many purposes, since 
it slakes much more slowly than calcium oxide. 

(3) Magnesium hydroxide, Mg(OH)2, is formed by treating 
magnesium oxide with water. This compound, unlike calcium hy
droxide, is only slightly soluble in water. It is present in slaked 
magnesian lime. 

(4) Magnesium sulfate, MgS04, known commonly as Epsom 
salts, is contained in some of the German potash salts (p. 186), in 
which likewise magnesium chloride, MgCI2, is found. 

( 5) Magnesium silicates.-The minerals, serpentine and talc, 
are hydrated silicates of magnesium, varying in their percentage 
of water. Magnesium occurs also in some of the complex silicates. 

SULFUR 

Sulfur compounds are always found in plants and are essential. 
They are not always present in soils in sufficient abundance to 
meet agricultural demands. 

Source.-Sulfur is found in a great many minerals in com
bination with other elements. Under the usual conditions of soil 
formation, all sulfur compounds are sooner or later changed into 
sulfates. These are the only forms in which agricultural plants 
utilize sulfur. 

Compounds of sulfur found in soils, some of which are present 
in fertilizers in combination with other essential constituents, 
are the following: (1) Potassium sulfate (p. 40), (2) calcium 
sulfate (p. 42), (3) sodium sulfate (p. 45), (4) magnesium sulfate 
(above), (5) ammonium sulfate (p. 31). The sulfur in these 
compounds varies from 18 to 26 per cent. 

Sodium sulfate, Na2S04 (known also as Glauber's salt and sul
fate of soda) is found in soils of dry regions, being a promiDf~nt 
constituent of "white alkali" and "alkali dust"; it is an undersirable 
component, since it is a plant poison when present beyond certain 
limits; it is, however, less poisonous to plants than common salt. 

Ferrous or iron sulfate, FeS04, (commonly catled green-vitriol 
or copperas), is sometimes found in considerable amounts in soils 
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that have been under water, then drained and brought under culti
vation. It is a plant poison when present beyond certain amounts. 
Such soils bears poor crops until, by treatment generously with 
calcium carbonate and thorough cultivation, the iron sulfate is 
changed into harmless forms of combination. 

IRON 

Though used in small amounts, iron compounds are essential 
to the growth of plants. This element does not, however, have 
general interest for us in connection with the use of fertilizers, be
cause most agricultural soils have an abundance and need no addi
tions, so far as we know at present. An exception occurs in various 
Hawaiian pineapple lands. They contain iron but in such insoluble 
forms that fertilization with small amounts of soluble iron salts is 
necessary. 

Source.-Numerous minerals contain iron and furnish the 
supply now in our soils. Iron compounds impart characteristic 
colors to soils (p. 83). 

Compounds of iron.-The form in which iron is most com
monly found in soils is in combination with oxygen and hydrogen 
either as iron (ferric) oxide, Fe20 B, as hydroxide, Fe(OH). or some 
similar form of combination, known as hydrated oxides, of which 
there are many forms. These compounds are reddish brown or yel
low and resemble iron rust in composition. Whatever kind of com
pound iron in the soil may originaJly exist in, it is sooner or later 
changed into one of the f.arms mentioned. Iron (ferrous) sulfate 
has already been mentioned in connection with sulfates. The iron 
compounds commonly present are only slightly soluble in water, 
but sufficiently so to furnish all that is needed by plants unless the 
soil contains an abundance of calcium carbonate. Iron compounds 
in solution are changed by soluble calcium phosphate into the in
soluble iron phosphate. 

CHLORINE 

Source.-Chlorlne is always found in soils and plants, but only 
in the form of compounds. Large amounts are present in sea water 
and in special deposits in the earth. 

Compounds of chlorine.-In combination with hydrogen, 
chlorine forms hydrochloric (or muriatic) acid (HCI), and in com
bination with metals it forms salts called chlorides (p. 26), the 
most familiar of which are (1) potassium chloride (p. 188), (2) 
sodium chlorid~ (3) magnesium chloride. 

Sodium chloride, NaCI, common salt, contains 60.7 per cent. of 
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chlorine and 39.3 per cent. of sodium. Its ready solubility in water 
is a familiar fact of everyday experience. Agricultural salt is an 
impure form of sodium chloride whose agricultural importance is not 
great. When used at all, it is as an indirect fertilizer (p. 192). 
Salt is generally a constituent of the alkali soils of dry regions. 

SODIUM 

Source.-Inasmuch as sodium generally occurs in soils as 
sodium chloride, its origin and relations are essentially the same as 
those of chlorine. 

Compounds of sodium.-The most abundant compound of 
sodium is the chl8ride. Sodium sulfate is the chief constituent of 
the "white alkali" of arid regions. Sodium carbonate is a con
stituent of the "black alkali" spots in soils of arid regions, the dark 
color being due to the action of the alkali on the organic matter 
of the soil. The most important agricultural compound of sodium 
is the nitrate (p. 212), the value of which is due to the nitrogen. 

SILICON 

Source.-Next to oxygen silicon is the most abundant element 
in the earth's crust and, therefore, in soils. It is a constituent of 
many of the most common rocks and is of more interest agricultur
ally for its relations to soil texture than to plant nutrition directly. 

Compounds.-Silicon is found in various compounds; for in
stance (1) silicon dioxide and (2) silicates. 

(1) Silicon dioxide, SiOa, commonly known as silica, is found 
in rocks and soils as quartz and is the chief constituent of sand. It 
contains about 47 per cent. of silicon. 

(2) Silicates.-Some compounds in this class are complex, con
taining several different metals in combination with some form of 
silicic acid. The simplest forms are represented by potassium and 
sodium silicates (KaSiOs, NaaSiOs), which dissolve in water and are 
then known as water-glass. Common feldspar contains potassium 
or sodium or calcium in combination with aluminum and silicic acid, 
as, for example, KAlSisOs, NaAISisOs, etc. Pure clay or kaolin is 
aluminum silicate combined with water; it is a hydrated alumiuum 
silicate (HaAla (SiO,)a. HaO). 

HYDROGEN 

Hydrogen is present in plants in much smaller amounts than is 
carbon or oxygen, constituting only 6 or 7 per cent. of the dry 
matter of plants. 



46 FERTILIZERS AND CROP PRODUCTION 

Source.-Hydrogen is rarely found in nature in other than 
combined form. We can conveniently classify its compounds as 
(1) water hydrogen, (2) mineral hydrogen, (3) organic hydrogen. 

(1 ) Water, the most abundant hydrogen compound, contains 
?ne-ninth of its weight as hydrogen. This is the source of hydrogen 
10 plants. . 

(2) Mineral sources.-Many compounds in the crust of the 
earth contain hydrogen. Minerals that contain water in some form 
of combination are called hydrated. 

(3) Organic hydrogen.-All plant and animal tissues contain 
hydrogen in many different organic compounds. 

Among the important uses of hydrogen is the synthetic produc-
tion of ammonia (p. 163). . 

OXYGEN 
Oxygen, which occurs naturally in both combined and uncom

bined forms is the most abundant of all chemical elements, forming 
a large part of earth, air and water. 

Source of oxygen.-For convenience, we can consider its forms 
under four divisions: (1) Atmospheric oxygen, (2) oxygen in 
minerals, (3) oxygen in water and (4) oxygen in organic matter. 

(1) Atmospheric oxygen.-In the air oxygen is found free or 
uncombined, being simply mixed with the other constituents. It 
constitutes about one-fifth of our entire atmosphere, which means 
that in the air resting upon one acre of the earth's surface there 
are over 10,000 tons of oxygen. 

(2) Oxygen in minerals.-Nearly one-half of the crust of the 
earth consists of oxygen in various combinations with many other 
elements. 

(3) Oxygen in water.-Eight-ninths of wat~r by weight consists 
of oxygen. 

(4) Oxygen in organic matter.-Over one-third of all animal 
and vegetable substances consists of oxygen. 

CARBON 
Source.-The source of supply of carbon as plant-food is the 

carbon dioxide of the air. Carbon may properly be called, in a 
chemical sense the central element of all animal and vegetable sub
stances, for it' is a necessary constituent of every living organism. 
Carbon constitutes about 4S per cent. of the dry matter of plants, an 
amount greater than any other element. 

Compounds of carbon.-While the number of carbon com
pounds is innumerable, we need consider only one. 
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Carbon dioxide, CO2 , commonly known as carbonic acid gas, 
is a compound that contains 27.3 per cent. of carbon and 72.7 per 
cent of oxygen. Under ordinary conditions it is present in the air 
to the extent of about 3 parts in 10,000. Though present in so small 
proportions, we have in the atmosphere resting upon one acre 
more than 28 tons of this gas, containing over 70 tons of carbon, 
an amount sufficient to supply many times the needs of any crop. 
To furnish the carbon in a tree containing 10,000 pounds of dry 
matter would require about 15,000,000 cubic yards of air. There 
is, however, no danger that the carbon dioxide of the air will ever 
be appreciably reduced in amount, because the supply is being con
stantly replenished in various ways, as by the burning of fuel, the 
breath of animals and all natural processes of decay of organic 
matter. Thus, one ton of good coal produces, in burning, over 3 
tons of carbon dioxide gas. The people in a town of 10,000 in
habitants daily breathe out not less than 5 tons of this gas, an 
amount that would furnish enough carbon to grow several acres of 
any large-yielding crop. Carbon dioxide is an important constituent 
of the air contained in the soil. 



V 

ACTION OF NUTRIENT CONSTITUENTS IN 
PLANT NUTRITION 

IT is a matter of practical interest and importance to know 
in what way nutrient elements are of value in the growth of plants. 
We know that in the animal body certain food constituents perform 
definite duties peculiar to each. In a similar way, each constituent 
of plant-food performs some function or accomplishes some task 
peculiar to itself. We may regard the plant as a factory in which 
the labor is carefully and systematically distributed; each plant
food element may be regarded as a specialist and as having specific 
duties to perform in the field of its specialty. These specialists are 
mutually interdependent and must all work together in order to 
produce best results. If one element is overabundant or deficient, 
the harmony of action is disturbed and the output is likely to be 
abnormal in amount or quality. 

We shall find it interesting also to notice how the elements are 
distributed in plants in a way to indicate the location and, to some 
extent, the character of their activities. 

While the organic or air-derived elements (carbon, hydrogen, 
nitrogen, oxygen) contribute most of the material of which plants 
are made, we shall see that the mineral elements have functions in 
plant nutrition so important as to make their presence absolutely 
essential and that no one element can take the place of any other 
except, perhaps, to a limited extent in some special cases under 
unusual conditions. 

. NITROGEN 

In the study of plant nutrition, especially as applied to crop 
growing, probably no element has received so much attention as 
nitrogen. It is present in the dry matter of plants to the average 
extent of only 1.5 per cent., and yet its compounds are of the highest 
value in agriculture as well as in commercial industries. Its agri
cultural importance is indicated by the following facts: (1) This 
element is an essential constituent of plant nutrients; (2) the 
amounts ordinarily available in nature for immediate use are small; 
(3) it is one of the elements of the soU most heavily used by crops; 

48 
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(4) of all forms of plant-foods in fertilizers, it is and always has 
been the most expensive; (5) it is the most elusive of plant-food 
constituents, since it changes sooner or later into some form easily 
lost to soil and plant. 

Action of nitrogen in plants.-The nitrogen-containing com
pounds in plants are of peculiar importance in relation to the life 
and growth, since in the form of proteins (p. 14), they constitute 
an essential part of the important substance known as protoplasm 
(p. 122), which is the living part of plant-cells. On account of this 
relation no other substance, when properly applied, can so quickly 
show its beneficial effect upon plant growth. 

Its influence upon plant growth is shown by several striking 
effects, more or less closely associated, but which for convenience 
we will consider under separate heads, as follows: (1) Growth of 
foliage, (2) flowering process, (3) retarding maturity of plants, (4) 
color of plants, (5) regulation of plant growth, (6) quality of 
crops, (7) health of plants, and (8) composition of plant. 

(1) Effect 0/ nitrogen on growth o//oliage.-An abundance of 
nitrate promotes growth, as shown by extreme luxuriance of stem 
and .leaf. This effect is of the highest importance, because as a 
necessary preliminary for complete development of plants, we must 
have a good growth of leaf and stem, since the leaves especially 
constitute the working laboratory of the plant. In the case of many 
crops succulent foliage is the product for which the crop is grown, 
for example, celery, lettuce, cabbage, cauliflower, grasses, etc. Lack 
of nitrogen results in a general decreased or stunted growth. In the 
case of a grain crop, like wheat or barley, the stems will be short 
and the leaves small; the weight of straw in comparison with the 
weight of grain will be less than in case of a crop grown under nor
mal conditions of nitrogen supply. 

(2) Effect 0/ nitrogen upon the flowering process.-The growth 
of flowers is retarded by an abundance of nitrogenous plant-food. 
Ordinarily, most plants at a certain stage of growth cease to produce 
new branches and leaves and no longer increase those already 
formed, but commence to produce flowers and fruits for the devel
opment of seed. If a plant is provided with all the nitrate nitrogen 
it can use just at the time its flower-buds begin to develop, other 
conditions being kept normal, the process of flower formation may 
be checked, while the activity of growth may be transferred back to, 
and renewed in, stems and leaves, which take on new vigor, mul
tiply and show remarkable luxuriance. Should flowers be devel
oped under such conditions, they are likely to be sterile, and to 
produce either no seed or only unproductive ones. 

(3) Effect 0/ nitrogen retarding the maturing 0/ plants.-From 
what has preceded, it can be inferred that the effect of furnishing 
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crops large amounts of available nitrogen is to retard the maturing 
process, since the vegetative activity is then carried on in the 
leaves and stems at the expense of flower and fruit. A crop 
grown on a soil excessively rich in nitrogen always tends to ripen 
slowly; it shows overgrowth of leaves and stems, which, in the 
case of a grain crop, often results in lodging badly before ma
turity, due to the formation of long-jointed, soft, weak stems. 
Delayed maturity may subject a crop to danger from frost. 

(4) Effect of nitrogen on color of plants.-The presence of 
abundant nitrogen in plants is usually accompanied by deep green 
foliage, which is regarded as a sign of vegetative activity and 
health. The substance that makes plants green is called cltloro
pltyl (p. 122), which is present in the living, active cells of plants. 
Nitrogen in combination with other elements is a prominent con
stituent of chlorophyl. Protoplasm and chlorophyl are intimately 
associated and their united action is responsible for combining 
nutrient elements into the compounds manufactured in the plant. 
Therefore, it can be readily seen why nitrogen is closely connected 
with the production of green color in plants and why this is a sign 
of vegetative vigor and activity. 

(5) Effect of nitrogen in tlte regulation of general plant-growtlt. 
-As a result of the influence of nitrogen on plant foliage, we may 
say the amount of nitrogen regulates the general growth of the 
whole plant and, therefore, tlte amount of nutrient constituents tltat 
a plant can use. For example, it does not matter how large amounts 
of available phosphorus and potassium compounds may be in a 
soil; the amount of these constituents used by a crop is more or less 
regulated by the amount of nitrogen within reach of the crop. This 
is one of the reasons why nitrogen is so highly important in plant 
feeding. 

(6) Effect of nitrogen on quality of crops.-The quality of 
crops is affected by the amount of nitrogen used. Large applica
tions cause softness of tissues, which may be desirable or unde
sirable, according to the kind of crop. In the case of crops in 
which decided succulence, tenderness and crispness are desired, 
such as lettuce, celery, asparagus, etc., relatively large amounts of 
nitrogen are needed. Cabbages and similar vegetables, given 
large amounts of nitrate grow rapidly and have delicious, tender 
crispness, but their keeping quality is impaired. In cases of crop!! 
for immediate consumption one can, therefore, use larger amounts 
of nitrogen than when the crop is to be stored long. The quality 
of grain i:; seriously affected by too much nitrogen. Wheat, for 
example, is lighter, weighs less per bushel. Some fruits and vege
tables show poorer shipping quality when grown with an excess of 
nitrogen. 
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(7) Effect of nitrogen on the resisting power of plants.-Exces
sive nitrogen is likely to make crops less resistant to the attack of 
fungous diseases. This is a matter of common experience. Nursery 
stock grown on land fertilized exclusively for years with large 
amounts of farm manure is susceptible to plant diseases and, in 
some cases, also to attack of some insects. Rust is more abun
dant on wheat crops too heavily fed with nitrogen. Greenhouse 
crops are grown on soils rich in nitrogen and much trouble is 
experienced with plant diseases. Shrubbery and young trees which 
have been pushed too rapidly in the growth of new wood by 
excessive feeding with nitrogen, are less resistant to the effects of 
severely cold weather. 

(8) Effect of nitrogen on the composition of plants.-While the 
changes in composition of plants due to use of increasing amounts 
of nitrogen are not large, the fact of such a tendency is well es
tablished, showing that both straw and grain of plants grown with 
large amounts of nitrogen contain somewhat more of this element 
than do plants grown with less. 

Distribution of nitrogen in plants.-In the growing plant, 
the nitrogen is present in larger proportions, first in the leaves and 
finally in the seeds; it is found as a living constituent of the proto
plasm (p. 122) and as a reserve food in the cells. Nitrogen is 
prominent in the living parts of plants; in the inactive or formerly 
living portions, it appears as a remnant. These statements are 
illustrated in Table 6. 

PHOSPHORUS 

Phosphorus compounds (p. 84), found everywhere in soils, 
are of great value to plants. All plants used as food contain small 
amounts of phosphorus compounds, which they obtain from the 
soil. The phosphorus present in bones in the form of calcium 
phosphate is taken by animals as vegetable foods. The phos
phorus compounds in the foods consumed by animals are largely 
passed into the excrements. Soils often .become deficient in avail
able phosphorus compounds, especially in regions where grain 
crops are grown continuously for long periods. Phosphorus com
pounds are present in seeds in larger amounts than in any other 
portion of plants. 

Action of phosphorus in plants.-In connection with crop 
growth, phosphorus compounds produce several important effects 
of practical interest, as follows: (1) Effect on germination of seed, 
(2) effect on root development, (3) effect on early ripening, (4) 
effect on relation of grain and straw, (5) effect on nitrogen in 
'train, alld (6) relation to protoplasm. 
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(1) Effect of phosphorus on germination of seecl.-Available 
phosphorus compounds favor rapid development of the young seed
ling. A familiar practice with prog:-essive farmers is to give a 
crop, corn for example, a generous application of soluble phos
phate at planting time· to insure prompt growth of seed and to 
establish the plant in the soil under conditions favorable to con
tinued development. Superphosphate has marked favorable effect 
on wheat sown in fall. 

TABLE 6--POUNDS OF NITROGEN IN 1,000 POUNDS OF DRY MATTER 

Variety and part 01 plant 
ApPLES 

Lbs.ol 
nitrogen 

Flesh of apple................ 3.8 
Skin ........................ 4.7 
Core ........................ 10.4 
Leaves (old) ................ 8.1 
New wood .................. 9.7 

RAsPBERRIES 

Berries ...................... 12.1 
Leaves ..................... 23.3 
New wood .................. 7.6 
Old wood ................... 4.3 

ASPARAGUS Tops 
May 5 •..•.•..••............ 23.1 
Aug. 18 •••.•.•.•.•.......... 13.2 
Berries •.••.•.•••.•.........• 24.5 

Lb,.ol 
Variety and par' 0/ plan. ";tro,tn 
GARDEN PEAS 

Seeds ......•.•..•.••...••••• 44.S 
Pods ........................ 18.7 
Leaves ............••....•••• 38 ~ 
Vines •..••••••.••••••••••••• 12.2 

BEETS 

Roots ....................... 31.0 
Tops ..............•.•.•.•... 30.1 
Young tops and roots •...•.•.. 41.3 

WHEAT 

Grain ............•..•••••••• 23.0 
Straw ...........•..••..••••• 6.0 

PEAS 
Seeds ....................... 41.8 
Straw .••...•.•.....•.•.•.... 16.6 

(2) Effect 01 phosphorus on ,oot development.-The applica
tion of available phosphate to a crop increases the development of 
roots. The effect on seed germination, stated in the preceding para· 
graph, is due to the stimulation of the growth of roots, thus giving 
the young plant a favorable start. The use of available phosphate 
is, therefore, of special value in case of root crops, especially on 
heavy soils which tend to limit root development. Lack of phos
phorus results in poor development of roots, as well as of leaves and 
stems in cereals. . 

(3) Effect of phosphorus on early ,ipening of crops.-Phos
phates tend to favor the early maturing of crops. The formation 
of grain begins sooner when soluble phosphate is freely used. 
Other conditions being favorable, it has been shown there may be 
fully a week's difference in the ripening of field crops due to the 
generous application of soluble calcium phosphate. This maturing 
effect is due to the close relation phosphorus has to seed produc
tion. Plants do not come to maturity and do not produce seeds, 
unless supplied with available phosphorus compounds. It is not 
'surprising, therefore that such compounds are always found in 
larger amounts in seeds than in any other part of plants. 
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The ripening effect of phosphorus is the reverse of th3;t of 
available nitrogen, which, when applied abundantly, tends to pro
long the season of growth and delay the maturing process. 

(4) Effects of phosphorus on relative production of grain and 
straw.-Available phosphates, generously used, increase the pro
portion of grain to straw, and tend to strengthen the latter-the 
reverse of the action of nitrogen. 

(5) Effect of phosphorus on nitrogen content of grain.-When 
available phosphorus compounds are liberally supplied to grain 
crops, the grain produced contains a smaller percentage of nitrogen 
than under ordinary conditions; reverse of the effect of nitrogen. 

(6) Relation to protoplasm.-Phosphorus is an essential con
stituent of protoplasm and therefore is connected with cell activi
ties. It is essential to grain formation, is associated with cell 
division, and takes part in the change of starch into sugars. 

Distribution of phosphorus in plants is largely and intimately 
associated with seed production, as suggested by a recapitulation 
of the statements already made: (1) Stimulation of seed germina
tion and more rapid development of young seedlings; (2) ten
dency of generous application of soluble phosphates to favor early 
maturing of crops; (3) the necessity of abundance of soluble phos
phorus compounds to produce good yields of grain and to promote 
increase of grain in relation to straw; (4) the effect of soluble 
phosphates upon the composition of the grain, reducing the per
centage of nitrogen. 'these facts are still further emphasized when 
we examine the plants with reference to the phosphorus content 
of their various parts. 

TABLE 7-POUNDS OF PHOSPHORUS IN 1,000 POUNDS OF DRY MATTER 

Variety and part of plant 
,ApPLES 

Flesh of apple .......••....... 0.6 
Skin ......................... 0.7 
Core ...........••..•......••. 1.3 
Leaves (old) ................. 0.5 
New wood •••.••......••••.•• 1.3 

RAsPBERRIES 

Berries ...••.•••.••...•....... 2.5 
Leaves ....................... 2.0 
New wood •.....••...•....•.. 1.0 
Old wood ........•........... 0.4 

ASPARAGUS Tops 
May 5 ..•••.•.•.............. 3.2 
Aug. 18 •••••••••..•.•...••.•• 1.4 
Berries ..•.................... 3 . .> 

PEAS 

Seeds ••••.•..••••••.•...•.•.. 4.4 
Straw •••••••••••••••••••••••• 1.9 

Variety and part of plant 
GARDEN PEAS 

Seeds ........................ 4.8 
Pods .....•...............•... 1.5 
Leaves ....•.................. 2.2 
Vines ......•.......... : . . . . .• 1.1 

BEETS 

Roots ...••••.........•.•..... 2.7 
Tops ......•.................. 3.2 
Young roots and tops .•.......• 4.4 

WHEAT 

Grain .....•.•.......•.......• 4.1 
Straw ........................ 1.2 

OATS 

Grain ..•.•......•........•.•. 2.8 
Straw ...............•..•••... 0.9 

CORN 

Kernels . . . . . . . . . . . . . . . . . . . . .. 2.8 
Leaves and stalks ............. 1.9 
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POTASSIUld 

Action of potassium in plants.-Potassium compouDds an 
essential to several important acthities in plant life. GeneraDy 
speaking. they are most abundant in young and growing parts 
.. here v-egetative acthity is greatest and kast abundant in the old~ 
parts that have ceased to grow. The effects of pob.:.-'.ium upon 
plant growth and products are sbowu in 5e'\-eral ways: (1) Forma
tion of carbohydrates, (2) formation and traoslettnce of sUrch. 
(3) growth of stems and Iea\"es, (4) 8~y fruits, (5) plant~Ils. 
(6) relation to plant acids, (7) prolonging the gnnring period, (8) 
plant resistance to disease, and (9) legnmiooos crops.. 

(1) I_,_nlCe o/potoss;"", .10_/.."..41;0. 0/ c.,l>o1tJd,tIl~s.
One of the main forms of acthity in the cells of Iea\~ is the forma
tion of carbohydrates. In order that a plant may produce ~ 
sugar, ceIluIose and other carbohydrates. potassium compounds are 
necessary. In some way, not yet dearly understood, potassium 
t'nabks the plant to mrnbine the carbon, bydrogt'D and mygm 
furnished by carbon dioDde and water. Thus it inft~nces and 
makes possible the procrss of assimilation by which these elemtn
tary constituents are built into carbohydrate products. 

(2)E8~ct 0/ potassiJnla OII/t1TWI4I;OII ad IrtllU/c'uace 0/ sl.,el. 
-Potassium aids in doing important work also in the transfer
ence of starch from one part of a plant to another. As 6nt pr0-
duced in the leaf the starch is insoluble" but it is ~ into 
soluble compouDds 1rithin the plant-cells. Then it can pass through 
the cen-waIIs gradually and btrr be c:arrWd into the fruit or the 
seed .. here it accumulates and c:han.,"15 hack. to its usual insoluble 
condition.. Potassium. as wen as calcium, in association with other 
clements, is essential to render as9staDce in some way in the per
formance of these important duties. 

(3) Effect 0/ pot~ 011 trtnrtll 0/ staas ad kct'Cs.-Potas
sium compouDds are important in plant nutrition because they 
have a marked inftuence upon the dn-elopmmt of 1ea\"tS and of 
woody parts of stems. lThen they are c:ldicient the stems are likely 
to be weak and brittle, and the 1ea\"tS to be not normal in colOI', 
showing a tendency to die t'3rly from the margin toward the center. 
The cIose relation of this plant-food constituent to the de\-eJopment 
of 1ea\"tS and stems is suggested by the fact that larger amounts of 
potassium compounds are found in these portions of plants than 
in any other part. This fact is CODSistent also with the func
tion potassium compounds perform in the manufacture of 
carbohydrates. 

(4) Effect 0/ poIosm,,. .,.,. Icsll7 jntiIs.-It is commooly 
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believed that potassium compounds are requisite to a normal devel
opment of the fleshy portions of fruits. This is supported by 
analysis of several varieties of grapes shown in Table 8. 

TABLE 8-POUNDS OF POTASSIUM IN 1,000 POUNDS OF DRY MATTER 

Variety Berries 
Delaware .•...•............ 17.4 
Concord ................... 14.0 
Catawba .................. 13.S 
Diamond .••..••••.••....•• 11.2 

Leaves 
8.3 

13.S 
9.1 
8.9 

New wood 
S.3 
S.S 
S.O 
7.2 

(5) Effect 0/ potassium on turgor 0/ plant-cells.-In order that 
plant-cells may satisfactorily do their work of manufacturing plant 
compounds from food constituents, it is necessary that they be 
somewhat swollen and turgid (p. 125). Potassium compounds are 
believed to be the agents mainly associated with the maintenance 
of this condition. 

(6) Relation 0/ potassium to plant acids.-Potassium acid salts 
are present in numerous sour plant juices. In these cases, potas
sium is combined as an acid salt (p. 14) with such organic acids 
as tartaric, oxalic, citric, etc. For example, the acidity of grapes 
is due to the acid salt, potassium acid tartrate (KHC.H.O.); the 
sourness of sorrel comes from acid potassium oxalate (KHC20.). 

(7) Effect on seed.-Potassium compounds are influential in 
relation to seed formation, increasing the weight of individual grains 
in the case of cereals and producing heavy, plump kernels. 

(8) Effect 0/ potassium in prolonging period 0/ growtk.-A 
relative excess of potassium compounds supplied to a crop tends 
to prolong the period of growth in stems and leaves and thus delay 
the maturing of the crop. In this respect it resembles the effect of 
nitrogen. 

(9) Effect 0/ potassium on resistance to disease.-Potassium 
compounds enable plants to withstand more effectively attacks of 
fungous diseases. For example, in the absen~e of sufficient potas
sium, wheat is prone to rust. Grasses on soils poor in potassium 
compounds are subject to various fungous diseases. In general, 
crops which do not receive their full supply of potassium are more 
susceptible to disease, and, in this condition, the resisting power is 
weakened still more if the plant receives large amounts of available 
nitrogen. 

(10) Effect 0/ potassium. on leguminous crops.-Potassium 
compounds produce a pronounced, favorable effect on the growth 
of the leguminous crops, Clovers, alfalfa, beans, peas, etc. When 
they are applied to soils deficient in this plant-food element, as 
sandy and gravelly lands, the effects upon the growth of legumi-
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nous crops are usually marked. In what way potassium does this 
work is not definitely known, but it has been suggested that potas
sium stimulates the formation of carbohydrates in the nodules and 
thereby makes them better fitted to support the nitrifying bacteria 
(p. 146). 

Distribution of potassium in plants.-The data in Table 9 
illustrate the relations of potassium to the various parts of plants. 

TABLE 9-POUNDS OF POTASSIUM IN 1,000 POUNDS OF DRY MATTER 

Variety and part 01 plant 
ApPLES 

Flesh of apple ............... 6 .• 
Skin ........................ 8.5 
Core ........................ 10.0 
Leaves (old) ................ 3.5 
New wood .................. 4.5 

GRAPES 

Berries ...................... 13.0 
Leaves .....................• 10.0 
New wood .................. 4.5 

RASPBERRIES 

Fruit ....................... 13.0 
Leaves ...................... 9.0 
New wood .................. 4.1 
Old wood ................... 3.0 

PEAS 

Seeds ......•............•... 9.5 
Straw •.••••.••••••••••••••.. 10.3 

Variety and par' 0/ pion' 
GARDEN PEAS 

Seeds ........•.••••••••••••• 14.3 
Pods ..........•.•••••••...•• 14.1 
Leaves ...........•••••...•.• 28.4 
Vines .....•......•.•.......• 30.0 

BEETS 

Roots ....................... 52.0 
Tops .................••..••• 41.2 
Young tops and roots ••..••••• 60.0 

WHEAT 

Grain .•.... ... ... ... •••••.•• S.4 
Straw ....................... 4.8 

OATS 

Grain ....•..•.....•.•••••••• 4.0 
Straw ..............••......• 9.3 

CORN 

Kernels ...•.••..••..•......• 3.2 
Leaves and stalks ...••.•••••• 16.0 

CALCIUM 

Some of the practical relations of calcium compounds in the 
growing of crops have been long appreciated in practice, though the 
exact reasons for the results obtained were not understood, and 
especially so far as the plant itself was concerned. We are here 
interested, not in th~ action of calcium compounds on the soil, 
(p. 200), but in the plant as a source of nutrition. 

Action of calcium on plants.-Some of the functions of cal
cium in plant nutrition are fairly well known, at least by inference, 
though the evidence may be, perhaps, not yet regarded as actually 
established beyond doubt. They are: (1) Effect on cell-walls, (2) 
effect on transportation of starch, (3) effect on root-hairs, and 
( 4) relation to acids. 

(1) Effect of calcium on cell-walls.-:One of the probable, im
portant functions of calcium compounds is to aid in the growth 
and solidification or strengthening of cell-walls. 

(2) Effect of calcium on transportation of starch.--Calcium, as 
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in those tissues that have attained their growth, and in which the 
work of food-making in the chlorophyl-containing cells of leaves 
is going on. It is less abundant in those organs of the plant in 
which the manufactured foods are stored, and in dead parts such 
as old wood. 

It is seen that while nitrogen, phosphorus and potassium are 
absorbed rapidly in the early stages of plant growth but decrease 
during later growth, the process is different with calcium. As plant 
growth advances, the absorption of calcium continues. While much 
of the nitrogen and phosphorus, present before the leaf falls, is 
transferred back to the stems or to the seed, calcium remains in 
the leaf. These statements are illustrated in Table 10. 

TABLE Io-POUNDS OF CALCIUM IN 1,000 POUNDS OF DRY MATTER 

Variet, and part 01 plant 
ApPLES 

Fruit ........................ 0.3 
Leaves ...................... 22.0 
New wood .................. 1.8 

PEACHES 

Fruit pulp ................... 0.6 
Stones....................... 0.4 
Leaves ...................... 34.8 
New wocd ................... 1.9 

PEARS 

Fruit........................ 0.6 
Leaves ...................... 20.3 
New wood ................... 11.4 

PLUMS 

Fruit pulp ................... 0.7 
Stones ...................... 1.0 
Stems ....................... 18.1 
Leaves ....•........•.•.•..•.. 30.3 
New wood .................. 17.6 

Variet, and part 01 plant 
BEETS 

Roots ........•.••..•.••••••• 1.6 
Leaves ...•..............•••. 21.4 

TURNIPS 

Roots ....................... 6.1 
Leaves ...................... 27.3 

WHEAT 

Grain ......•.•..••.••••••••• 0.5 
Straw ....................... 2.1 

OATS 

Grain •......••.•••..•••••..• 0.1 
Straw ..............••••.•.•• 3.0 

CORN 

Kernels ..................... 0.3 
Leaves and stems............. 4.3 

PEAS 
Seeds ....................... 1.0 
Straw ....................... 15.4 

MAGNESIUM 

Magnesium was formerly regarded as of secondary importance 
in relation to plant nutrition, but increased knowledge of what it 
does has modified this opinion. It is absolutely indispensable to all 
plants. While magnesium and calcium have points of close chem
ical resemblance, neither one can take the place of the other in 
their relations to plant life. 

Action of magnesium in plants.-The work of magnesium 
in plants is less understood even than that of calcium. Four points 
for us to consider are: (1) Relation to seeds, fruit, etc., (2) relation 
to chlorophyl, (3) relation to oil formation, (4) effect as poison. 
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TABLE II-POUNDS OF MAGNESIUM IN 1,000 POUNDS OF DRY MATTER 

Variety and part 01 plant 
ApPLES 

Fruit •........................ 0.6 
Leaves ....................•.. 6.3 
New wood .........••........ 0.3 

PEACHES 

Fruit pulp ••••••..•.•••••.•.•• 1.0 
Stones ...•................... 0.1 
Leaves ....................... 8.8 
New wood ................... 0.3 

PEARS 
Fruit ......................... 0.6 
Leaves ....................... 4.2 
New wood ................... 1.8 

PLUMS 

Fruit pulp ..•..•.•.••.•.•...•• 0.9 
Stones ........................ 0.9 
Stems ........................ 4.3 
Leaves ....................... 8.0 
New wood .•...•.•..••••.•... 3.2 

Variety and par' 01 pia,,' 
BEETS 

Roots ........................ 1.8 
Leaves ..................... .. 10.l 

TuRNIPS 
Roots ........................ 1.8 
Leaves ....................... l.8 

WHEAT 

Grain ........................ 1.6 
Straw .......••••.••••••••.••• 0.8 

OATS 

Grain .....••.••••.•...•...•.. 1.6 
Straw ........•...•••••••..••• 1.3 

CORN 

Kernels ...................... 1.3 
Leaves and stems .............. 1.8 

PEAS 

Seeds •••..•..•••••••••..•...• 1.3 
Straw ........................ 1.6 

SULFUR 
It is well established that in the entire absence of sulfur com

pounds (sulfates) plants do not grow. Sulfur is used by crops in 
about the same amounts as phosphorus. 

Action of sulfur in plants.-While much remains to be learned 
about the relations of sulfur to plant nutrition, a few facts are 
available that bear on the subject, for instance: (1) Relation to 
proteins and (2) relation to certain oils. 

(1) Relation of sulfur to proteins.-Sulfur is always a con
stituent of protoplasm and also of plant proteins. Experiments 
show that crops rich in protein may be increased by the use of 
sulfates. 

(2) Relation 0/ sulfur to odorous oils.--Sulfur is a constituent 
of mustard oil, which imparts characteristic flavors to cruciferous 
plants, such as mustard, horseradish, turnip, cabbage, etc. It is also 
contained in garlic oil, the highly odoriferous compound character
istic of onions, garlic, leeks, etc. 

Distribution of sulfur in plants--8ulfur compounds occur 
much more largely in leaves and stems than in other parts of plants, 
as shown in Table 12. 

IRON 

Action of iron in plants.-UnIess green plants receive enough 
iron compounds, no chlorophyl, that is green coloring matter, 
(p. 122) can be formed, consequently no normal growth. AI· 
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though no iron compound appears to be a constituent of proto
plasm or of any coloring-matter in chlorophyl, yet the presence of 
an iron compound is necessary for the production of green color 
in leaves, stems, etc. Under some conditions plants fail to assimi
late iron and remain white or nearly so, when they are said to be 
suffering from chlorosis, which is regarded as the result of a diseased 
condition. Sometimes a shoot develops so rapidly that iron com
pounds do not reach the growing parts quickly enough, and then 
the newly formed leaves are white instead of green. 

TABLE 12-POUNDS OF SULFUR IN 1,000 POUNDS OF DRY MATTER 

Variety and part of plant 
WHEAT 

Grain ..............••...... 0.170 
Straw ...•.........•........ 0.119 

OATS 

Grain ..•..•••••••...•••...• 0.189 
Straw .•..••••••••.•.•••...• 0.195 

Variety and part of plant 
CORN 

Kernels ..................... 0.170 
Leaves and stalks ......••.•• 0.126 

CABBACE LEAVES •••••••••••••• 1.82 
HORSERADISH •• • • • • • • • • • • • • • •• 2.00 

TURNIPS 

Roots ..••••...•...••••...•. 0.82 

Distribution of iron in plants.-Plants take iron from the soil 
in smaller amounts than any other necessary constituent. From 
the data in Table 13 it is seen that iron is present generally in 
leaves in larger amounts than elsewhere in plants. 

TABLE I3-POUNDS OF IRON IN 1,000 POUNDS OF DRY MATTER 

Variety and part of plant 

WHEAT 

Grain ..•..•......•........•.• 0.2 
Straw ..................•.•... 0.2 

OATS 

Grain .........••............. 0.3 
Straw ...••......••........... 0.6 

CORN 
Kernels .....• • . . . . . . . . . . . • • •. 0.1 
Leaves and stalks ............. O.S 

Variety and part of plant 

PEAS 
Seeds •.•...........•........ 0.14 
Straw ..................•••.. 0.6 

BEETS 

Roots ....................... 0.4 
Tops ...................•.... 1.5 

TURNIPS 

Roots ............••........• 0.4 
Tops •.•..•••.••......•..•••• 1.3 

SODIUM 

Sodium appears as a regular, though small, constituent of plants. 
Action of sodium in plants.-The weight of evidence appears 

to show that sodium is not essential to plant growth. The func
tions of potassium in plant nutrition cannot be performed by 
sodium, although it has been shown that, in the presence of an 
abundance of sodium salts, some plants use less potassium than 
otherwise, especially when potassium salts are not abundant. 
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Sodium compounds have been observed to increase crops, especially 
when there is lack of poh1.sh in the soil. 

Distribution of sodium in plants.-Sodium is found mostly 
in the lower parts of plants, little being present in seeds, as il
lustrated in Table 14. 

TABLE 14-POUNDS OF SODIUM IN 1,000 POUNDS OF DRY MATTER 

Variety and part 0/ plant 
WHEAT 

Grain •.••................... 0.3 
Straw ..••...•.......•....... O.S 

OATS 

Grain ........•.............. 0.4 
Straw ....................... 1.8 

CORN 

Kernels . . . . . . . . . . . . . . . . . . . . • 0.2 
Stems and leaves ............. O.S 

Variet y and par' 01 plan' 
PEAS 

Seeds........................ 0.2 
Straw ....................... 1.6 

BEETS 

Roots ........................ 9.% 
Leaves ..•.•..•••.•.•••••.•.• 22.4 

TURNIPS 

Roots •.•.••.•••.•..••••••••• 6.0 
Leaves ...................... 8.3 

CHLORINE 

All plants contain some chlorine, generally as sodium chloride. 
The necessity of chlorine in plant nutrition may be regarded as 
still an unsettled question, although the weight of evidence ap
pears to be against the need of this element in normal plant growth. 

Action of chlorine in plants.-Chlorine compounds are needed, 
if at all, in only small amounts. Beyond a limited amount, sodium 
chloride (salt) acts as a poison to plants, the chlorine and the 
sodium both acting injuriously. The ability of plants to withstand 
the injurious action of salt is shown by strand and marine plants, 
which contain much more salt than inland plants and, indeed, an 
amount that would kill inland plants. Some experiments indicate 
that a small amount of sodium chloride may be helpful to some 
crops. 

Distribution of chlorine in plants.-Chlorides accumulate 
chiefly in the lower portions of plants, apparently as accidental con
stituents. Table 15 illustrates the general location of chlorine in 
plants. 

SILICON 
Action in plants.-The present general belief is that silicon 

performs no essential function in plant life, its constant presence 
being due simply to the fact that its compounds are in thp. soil 
solution and are taken into the plant as accidental constituents. 
Silicon compounds are present in such relatively large amounts, 
especially in the straw of cereals, it was taken for granted that they 
must perform some essential function. The function assigned to 
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TABLE IS-POUNDS OF CHLORINE IN 1,000 POUNDS OF DRY MATTER 

l' ariety and part 01 plant 
OATS 

Grain ......••............... 0.3 
Straw ....................... 3.1 

CORN 

Kernels . . . . . . . . • . . . . . . . • • . . .• 0.1 
Leaves and stalks ............• 0.7 

PEAS 

Seeds ..••...•.•.•.........••• 0.4 

Variety and part 01 plant 

Straw .......•.......•..•.... 2.9 
BEETS 

Roots ....................... 7.5 
Leaves ....................•• 25.0 

TURNIPS 

Roots ...........•...•••....• 4.0 
Leaves .......••....••..•.... 11.8 

them was that of contributing to the stiffness of straw, but it has 
been shown that plants fully mature, with normal erectness in 
stems, when no silicon is present. It has been suggested by ex
perimental work that soluble silicates may cause an increased 
assimilation of phosphoric acid by the plant, but there is no evidence 
that silicon can take the place of phosphorus in plant nutrition. 

Distribution of silicon in plants.-Silicon is found in largest 
amounts in the older portions of plants, the leaves, stalks, straw, 
chaff, etc., especially when vegetative activity has diminished in 
those parts, as illustrated in Table 16. 

TABLE 16---POUNDS OF SILICON IN 1,000 POUNDS OF DRY MATTER 

Variety and part 0/ plant 
WHEAT 

Grain .•....••••........•.... 0.2 
Straw ...........•........... 14.5 

OATS 
Grain ••.....•............... 4.9 
Straw .....•................. 13.4 

CORN 
Kernels ....•................• 0.1 
Leaves and stalks ........•••.• 6.1 

Variety and part 01 plant 
PEAS 

Seeds ................•...•.. 0.1 
Straw ....................... 1.~ 

BEETS 

Roots .................••..•• 0.6 
Leaves ..............••..•... 2.3 

TURNIPS 

Roots ..•.....•..•.•••..••••• 0.6 
Leaves ..• ...... .......... .•• 1.8 

CARBON 
The element carbon may properly be called, in a cheInical sense; 

the central element of all animal and vegetable substances, a neces
sary constituent of every living organism. It constitutes about 4S 
per cent. of the dry matter of plants, an amount greater than any 
other element in plants. 

Action of carbon in plants.-Carbon is a constituent of prac
tically all organic compounds among which are starch, cellulose, 
proteins sugars oils acids, etc. Hence, its chief function is to 
furnish 'the large a~ount of carbon found in plant compounds. 
Plants obtain their carbon chiefly by taking in carbon dioxide 
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through their leaves directly from the surrounding air. In the cells 
of the leaves, the carbon dioxide, by means of energy furnished 
by the sun's rays, is separated into its two elements, its carbon 
uniting with other elements to form the various compounds men
tioned, most of the· oxygen being returned to the air uncombined. 
The process of starch formation from COl and HaO is represented 
by the equation: 6C02 +50:r=CqH1oO.+60.. This process is 
called photosynthesis because it depends upon light. 

Effect of fresh and rotted manure. 7. One-quarter day, three-quarters sand 
with fresh manure. 8. Same soil mixture with wen rotted manure. 9. Sand with 

fresh manure. 10. Sand with wen rotted manure. 

In an indirect way, carbon dioxide performs another service for 
plants, since the carbon dioxide· usually contained in soil water in 
considerable amounts has a pronounced dissolving action upon some 
of the mineral plant-food constituents of the soil, especially potas
sium and phosphorus compounds. 

Distribution of carbon in plants.-Carbon is distributed as 
various compounds throughout all parts of plants; unlike the min
eral elements, it is not concentrated in anyone place. It is true, 
however, that some of the specific carbon compounds are locally 
concentrated, as, for example, sugar and starch in grain, fruit, roots, 
tubers, etc. 

OXYGEN 
The element oxygen constitutes about 42 per cent. of the dry 

matter of plants and is, therefore, second only to carbon in respect 



ACTION OF NUTRIENT CONSTITUENTS 65 

to its abundance in vegetable matter. If, however, we consider the 
green plant and take into consideration the oxygen of the water in 
the plant, oxygen constitutes a far larger proportion of growing 
plants than any other single element; indeed, it amounts to more 
than all the other constituents put together. Oxygen is present as 
an important constituent of all important plant compounds. 

Action of oxygen in plants.-Oxygen serves at least two func
tions in plants. ( 1) It supplies the oxygen needed to make the 
various organic compounds. This oxygen comes largely, if not 
wholly, from water and not from atmospheric oxygen. (2) Free 
oxygen supports oxidation processes on which most plants depend 
for energy. It comes mainly from the atmospheric supply, but 
during photosynthesis is produced also in the green parts of the 
plant. Green plants do not thrive in the absence of oxygen. Seeds 
require free oxygen for germination. In the process of flowering, 
the absorption and chemical action of oxygen in the blossom are 
so marked in some cases as to develop a measurable increase of tem
perature. Oxygen is needed in the soil for the activity of roots and 
of micro-organisms as well as for effecting important chemical 
changes in the soil constituents. 

Distribution of oxygen in plants.-Oxygen is distributed all 
through the plant in the various compounds of which it forms a part. 

HYDROGEN 

Action of hydrogen in plants.-The chief function of hydro
gen in plants is to furnish the supply needed for the various com
binations formed in the plant. The source of supply of hydrogen 
in plant nutrition is water. 

As a constituent of water, hydrogen along with oxygen per
forms many important duties in connection with growing plants, 
so its action will be considered under the subject of water (p. 101). 

Distribution of hydrogen.-Like the two other air-derived 
elements, carbon and oxygen, hydrogen is not concentrated in any 
particular part, but is distributed through the whole plant. 

Up to this point we have learned that there are ten chemical 
elements essential to plant growth; we have studied in a preliminary 
way such compounds of these elements as are to have a special 
interest for us in connection with plant-feeding; we have seen that 
each plant-food constituent performs a special kind of work and 
produces specific effects in relation to plant growth; and finally 
we have observed that all the constituent elements must work to
gether; that while some are used relatively in large, and others in 
small amounts, yet all are necessary and no one can take the place 
of another. 
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VI 

FUNCTIONS AND PHYSICAL PROPERTIES OF 
SOILS 

General relations of soils and plants.-The soil performs two 
distinct functions in relation to plants: (1) It furnishes a dwelling 
place, in which, under conditions more or less favorable, plants 
begin and continue growth from seed to maturity. (2) It is inti
mately associaterl with the nutrition furnishing directly the mineral 
constituents (p. 15) plants use and serving as a medium for con
veying to them a portion of the air-derived constituents (p. 12). 

Soil and subsoil.-When we speak of the soil in connection 
with agriculture, we mean the superficial layer of earth in which 
plant roots can grow and from which they largely obtain their 
inorganic food supply. It is made up of disintegrated, powdered and 
partially decomposed rocks, mixed with varying amounts of organic 
matter formed mostly by decay of vegetable substances. 

We distinguish by the name of subsoil the layer of earth below 
the soil proper. While the change from soil to subsoil is gradual, 
certain properties of the two are distinct; for instance: (1) Owing 
to the prevalence of root growth in the upper layers, the soil con
tains more decaying organic matter (p. 96) than the subsoil, this 
tends to make it darker in color. (2) Owing to the greater amount 
of organic matter, micro-organisms are largely confined to the soil, 
diminishing rapidly in the subsoil and finally disappearing altogether 
(p. 130). (3) The texture (p. 71) of soil and subsoil usually dif
fers, the water carrying the finest particles into the subsoil and leav
ing the coarser particles in the upper layer. (4) The soil is usually 
richer than the subsoil in available plant-food, since conditions in 
the upper layer are more favorable for the conversion of unavailable 
into available forms. 

Formation of soil.-While soil formation is a matter of gen
eral interest and often of much importance in connection with the 
plant-food supply in soils, we do not need to give more than a brief 
outline to its consideration. The principal part of the soil was once 
solid rock, which as the first step toward the formation of soil was 
broken up and powdered. The conversion of rocks into soil has 
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been accomplished by means of various agencies physical and 
chemical, and biochemical. The chief agents, acting mechanicaUy 
in rock disintegration are: (1) Heat, (2) cold, (3) flowing water: 
( 4) moving ice (glaciers), (5) wave action, (6) winds, (7) vegetable 
growths, and (8) animals. The more prominent chemical and bio
chemical agencies are: (1) Oxygen of air, (2) the dissolving effect 
of water, especially when containing carbon dioxide (p. 47), (3) 
the decomposition of vegetable and animal matter by micro
organisms (p. 130), and (4) other forms of micro-organic action. 
Some of these agencies are more or less intimately associated. 

That the soil has come from rocks is conclusively shown by the 
fact that we are able often to identify minute crystalline fragments 
of the characteristic minerals originally present in the rock from 
which the soils have come. The extent to which a soil consists of 
undecomposed, powdered rock-minerals and of products of rock 
decomposition depends upon the kind of rock and the intensity of 
action of the decomposing agents. In the case of some resistant 
crystalline rocks, the original rock constituents may not be re
moved by chemical decomposition more than one-half, while, in 
extreme cases, 90 per cent. of the rock may be changed. In the 
case of limestone rocks, the change of original material is always 
much greater, depending largely upon the purity of the limestone. 
Not only are the constituents of rocks decomposed, but the com
pounds into which they are changed by decomposition are frequently 
soluble and are carried from the surface into the lower portions of 
the soil. . 

A soil for agricultural purposes depends for its value upon 
(1) the original material from which it has been derived, (2) the 
state of fineness to which it has been reduced, and (3) the extent of 
loss it has undergone through chemical decomposition and leaching 
of essential pla:qt:food constituents. In the processes of soil de
composition, there is a large proportional loss of compounds that 
contain calcium, magnesium and potassium. 

PHYSICAL PROPERTIES OF SOILS 

Under this head, we study those soil factors which contribute 
to make a suitable dwelling place for plants or, more particularly, 
for plant roots. It is, therefore, pertjnent to inquire: (I) What 
important work do roots perform for plants? (2) What are the 
soil conditions essential for doing their work? 

Function of plant roots.-The important things that roots do 
for plants in relation to the soil are: 

(I) Mechanical support.-Roots serve to hold plants firmly in 
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place. They penetrate the soil downwards and sideways, and brace 
plants firmly in upright positions. 

(2) Absorbents of food materials.-From the soil, roots absorb 
water containing dissolved nutrient materials (p. 124). Roots are 
the feeding organs of plants in relation to inorganic plant-food. 

Soil conditions essential for work of roots.-In order that 
plant roots may do to the best advantage the work for which they 
are designed, the soil must offer favorable physical conditions, 
among which are the following: 

(1) Firmness anq, mellowness.-For the most favorable condi
tion of root growth, a soil should be firm in order to support the plant 
in its place, and mellow in order to enable the delicate rootlets to 
penetrate easily in their search for water and dissolve plant~food. 

(2) Moisture.-Roots are the organs by which the large 
amounts of water required for plant growth are taken up. Hence 
the soil must be sufficiently moist to furnish the needed water. 

(3) Warmth.-Root cells do not perform their work below cer
tain temperatures and therefore require a soil 'of some degree of 
warmth. 

( 4) Ventilation.-Roots must breathe; they must therefore be 
supplied with atmospheric oxygen. This means that the soil must be 
well ventilated by being kept in a somewhat porous or open condi
tion, as opposed to too great compactness. 

From the preceding statements it is obvious that the physical 
properties which agricultural soils should possess are (1) firmness, 
(2) mellowness, (3) ability to hold enough moisture, not too much, 
(4) the power of absorbing and retaining heat, and (5) a porous, 
open condition that permits sufficient circulation of air, but not 
too much. These physical properties are dependent upon the 
mechanical conditions which, in turn, are governed by the fineness 
and arrangement of the particles of which the soil is made up. 

Soil texture.-The physical properties of soils are, in large 
measure, primarily dependent upon the size of the individual parti
cles. In speaking of the size of the individual particles, we use the 
word texture. The fineness of division required in the particles of 
a good agricultural soil is not easily appreciated. According to 
reliable estimates, a single ounce of good soil contains many thou
sand millions of separate particles. If the surfaces of all the par
ticles in one cubic foot of soil could be spread out in one continuous 
surface, they would cover an area of one to three acres, varying 
according to the fineness of the particles; so it must be kept in 
mind that this great spread of surface in each cubic foot of such 
soil can be made accessible to the root systems of plants. It should 
be mentioned in passing that soil particles vary greatly in shape; 
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some are rounded and smooth; others are irregular, angular, jagged 
or somewhat rounded or smoothed fragments. 

The mineral or inorganic constituents of the soil vary in size 
from large stones and coarse sand to finest dust. The number of 
particles of anyone size varies greatly in diverse soils. The relative 
amounts of coarse and fine particles can be used as a basis for classi
fying soil material into textural groups, since the physical properties 
are largely affected by the proportions of different-sized particles. 

Classification of soil materials according to texture.-The 
inorganic materials to be considered in the physical make-up of 
soils may be divided into the following groups or classes, according 
t9, fineness or coarseness of texture: (1) Coarse part, (2) sand, (3) 
sIlt and (4) clay. These textural groups are known as "soil sepa
rates." 

(1) The coarse part includes all material larger than one milli
meter (one twenty-fifth of an inch) in diameter and is divided into 
two parts, (1) gravel and stone, all material larger than two milli
meters (two twenty-fifths of an inch) in diameter, and (2) fine 
gravel, all material smaller than two millimeters and larger than one 
millimeter in diameter. 

(2) Sand, as applied to the texture of soils, includes those par
ticles whose size is between one millimeter and one-twentieth of a 
millimeter (one twenty-fifth and one five-hundredth of an inch) in 
diameter. This group is subdivided into four subgroups or grades: 
(a) coarse, (b) medium, (c) fine and (d) very fine sand, which may 
be regarded as roughly corresponding in size, respectively, to the 
grains in coarse, medium and fine granulated sugar and fine table 
salt. 

Sand, in the ordinary chemical sense, consists, when pure, of 
grains of quartz or silicon dioxide (Si02), also called silica (p.4S); 
the quartz particles come from the original rock material of the 
earth. They are more or less rounded as the result of constant 
rubbing and wearing under the action of moving water and are gen
erally made up in large part of quartz or silica because of the hard
ness of the original rock from which the particles come. Such 
material resists chemical and physical action; the remnants due to 
such action are left largely as more or less coarse sand particles. But 
sand, as applied to soil texture, usually contains also worn fragments 
of resistant minerals other than silica. Generally speaking, the finer 
the sand particles, the larger is likely to be the amount of mineral 
fragments other than silica, and therefore, of plant-food material. 
Sands are generally more or less colored by admixture of iron com
pounds (p. 83). In the case of sands on seashores bordered by 
coral rock, the grains consist largely of calcium carbonate. 

Whatever their origin or the composition of the constituent 
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grains, sands are distinguished by one physical peculiarity; namely, 
the particles in a mass lack coherence when dry and easily fall apart. 

(3) Silt includes soil particles that vary between one-twentieth 
and one two-hundredth of a millimeter (one five-hundredth and one 
five-thousandth of an inch) in diameter. In its physical properties, 
it is intermediate between sand and clay. When wet, silt feels fine, 
smooth and sticky like clay. If a soil that contains a large amount 
of silt and clay is shaken up with water and then allowed to stand, 
the silt settles slowly, while the clay remains suspended through the 
water a much longer time. A good illustration of silt is seen in the 
fine deposit in ditches and drains in which water moves slowly. 

Deep cracks characteristic of soil in bad physical condition. Water passes rapidly 
into the air. 

( 4) Clay, as applied to soil texture, refers only to the size of the 
particles without reference to chemical composition. It includes all 
those whose size is less than one two-hundredth of a millimeter 
(one five-thousandth of an inch) in diameter. 

Considered chemically, pure clay is a compound that contains 
aluminum, silicon, hydrogen and oxygen, known as kaolinite or hy
drated aluminum silicate (AI2Si2H 40.), which results largely from 
the decomposition of feldspar. Particles that have the clay texture 
generally contain silicate or real clay particles in large proportions, 
because the original silicate minerals from which the particles come 
are not sufficiently resistant to withstand the forces that grind them 
into the fineness of clay texture; but they also contain, in variable 
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though not large proportions, small grains of silica or quartz and 
fragments of broken-down minerals other than silicates. The red
dish color commonly associated with many clays is due to the pres
ence of iron compounds. 

Clay particles in mass possess characteristic properties in 
marked contrast to those of the sand texture; the larger the propor
tion of particles of clay texture in a soil, the stronger will be the 
manifestation of the characteri!;!tics peculiar to clay texture; namely, 
puddling, plasticity, shrinking, suspension and flocculation. 

(a) Puddling. When wet clay is worked or stirred, its con
stituent particles unite and become impervious to water. This proc
ess is called puddling. 

(b) Plasticity. Clay is plastic in moist condition; it can be 
molded into any desired shape, which it retains on drying, and does 
not, like sand, fall apart into separate particles. 

(c) Shrinking. When wet clay dries, it shrinks considerably 
and becomes so hard and tough that the mass can be broken or made 
fine only with difficulty. Owing to this property, the surface of wet 
clay soils splits into numerous characteristic cracks on drying. 

(d) Suspension in water. When clay is stirred up with water, 
the finer particles remain long in suspension and the water may 
remain turbid for days or even weeks before all the particles com
pletely settle and leave the water clear. This property is well illus
trated by the water of some turbid rivers. 

( e) Flocculation is discussed on page 78. 
The characteristic properties of clay particles are due not so 

much, if at all, to chemical composition, as to fineness of division 
and to the resulting colloidal condition of the particles themselves. 
On being powdered, a mass consisting of pure clay (kaolinite) shows 
the physical properties of clay only when the size of the particles is 
reduced beyond a certain degree of fineness; large particles in mass 
possess no plasticity and on drying fall apart easily into powder, 
behaving much like quartz particles of the same size. On the other 
hand, when reduced to particles as small as those of clay, pure quartz 
shows all the characteristics of clay particles of the same size. It 
is generally true that in the finest particles of soils kaolinite particles 
predominate, because the material from which this is formed by 
chemical decomposition naturally undergoes extensive powdering 
by the action of water and weathering. In the case of san~ particl~s, 
the grains are likely to be made up of quartz, because thIS matenal 
is so hard as to resist the agencies that produce fine particles in the 
case of less resistant material. Grains of quartz or silica are there
fore more abundant in the coarser parts of soils. While we can 
distinguish chemically between pure sand (quartz) and pure clay 
(kaolinite), the chemical distinction does not apply sharply to the 
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relations to texture of the materials, sand and clay, because particles 
of clay texture generally contain some quartz. 

Classification of agricultural soils on the basis of texture.
The physical. properties of soils vary according to the varying 
proportions of the diverse-sized soil particles they contain. While 
there is an indefinite number, soils for our purpose, can be con
sidered under three general types or classes, (1) sandy, (2) clay 
and (3) loamy. 

(1) Sandy $oil$.-In soils characterized as sandy, the amount 
of silt and clay particles is relatively small (usually less than 20 
per cent.), the larger portion consisting of sand particles of various 
grades of fineness. Soils made up wholly of sand have little or no 
agricultural value. Soils with so high a percentage of sand particles 
as to be distinctly sandy have the following characteristics: (a) 
They permit water to pass downward too rapidly; (b) they admit 
air too freely, causing too rapid destruction of organic matter; (c) 
they absorb heat too rapidly, which results in excessively rapid 
evaporation of soil moisture, marked heating of the soil, and, in 
consequence, a premature ripening and even burning or drying of 
crops; (d) their absorbent and retaining powers with reference to 
soluble compounds are slight, so plant-food leaches rapidly when 
rainfall is abundant. 

With increase of slit, clay and so-called colloidal organic matter, 
these properties are favorably modified. The texture of sandy soils 
can be changed by application of clay soil, but rarely is this pro
cedure economically practicable. Little can be done to make a 
sandy soil into a good crop-bearing medium. 

It is common to speak of sandy soils as light, because the parti
cles move freely; they are loose and easy to work, offering little re
sistance. 

(2) Clay $oil$.-In their physical properties, clay soils that 
contain large proportions (30 per cent. or more) of fine-textured 
particles are the reverse of sandy soils, as indicated by the following 
statements: (a) They hold water tenaciously and have a tendency 
to be deficient in ease of drainage; (b) they ar~ much less accessible 
to air, and on this account organic matter decomposes slowly; (c) 
they' are commonly known as cold soils; (d) clay soils are often 
called heavy because the particles stick together; they easily become 
compact, are hard to work and do not allow plant roots to penetrate 
easily; (e) after rains, clay soils quickly bake and harden on the 
surface so that when worked later the soil breaks into hard lumps; 
(I) when worked in too wet a condition, clay soils become "pud
dled," that is, the crumb-structure (p. 76) is destroyed and the 
individual clay particles are brought into the closest possible con-
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tact. This has the effect of making the soil practically impervious 
to water and air, thus interfering seriously with drainage and ven· 
tilation. 

A clay soil may be made less compact by mixing with it sand 
that is not too coarse. This also renders it more porous and 
admits air and water more easily. The adverse physical properties 
of clay soils are also favorably modified by increasing the amount 
of organic matter (p. 96). 

(3) Loamy soils, intermediate in texture between sand and 
clay, contain a mixture of the various textural groups in such pro· 
portions that the properties of no one group predominate. In loamy 
soils the particles of sand, silt and clay textures are present in such 
relative amounts that the excessive porosity of the sand texture 
and the undesirable compactness of clay are favorably modified. 
Loams usually possess a desirable structure (p. 76), but are more 
or less sticky when wet. It is obvious there must be many varieties 
of loamy soils, their differences being caused by variation in the 
proportions of their various textural soil particles. Thus, we have 
sandy loams, silt loams, clay loams, gravelly loams, stony loams, etc. 

(a) Sandy loams consist of somewhat more than one·half sand 
with less than one-half of silt and clay. They are among the light· 
est soils adapted to crop growing and are usually found useful for 
such crops as com, cotton, small fruits and vegetables. 

(b) Silt loams consist largely of silt with relatively small pro· 
portions of clay and sand. They are intermediate in physical prop· 
erties between sand and clay, being more permeable to water than 
clay and less so than sandy soils. The subsoils of many of the 
western prairies belong to this type. While difficult to till, when 
properly drained, they are well adapted for general farm crops. 

(c) Clay loams contain larger proportions of clay than silt loams 
do. As a rule they are somewhat difficult to manage, since they are 
inclined to be stiff and sticky, but they are usually regarded as being 
best adapted of all soils for general farming. When properly man· 
aged, they retain their crop-producing powers for many years. 

(d) Gravelly loams consist of coarse-grained particles which 
vary in proportion from one-fourth to two-thirds, mixed with sandy, 
silt or clay loam. Fruit and forest trees do well on some kinds of 
gravelly loam. 

(e) Stony loams consist of sandy, silty or clay loam mixed with 
stones, the latter varying in proportion from one-fourth to three
fourths. The stones interfere with ordinary methods of tillage 
so such soils are best utilized for some kinds of fruit and forest 
trees. 

Soil structure.-By structure of soils we mean the manner in 
which the soil particles are arranged or grouped with reference to one 
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another. The particles may be separated for the most part, each 
being free from the surrounding particles as in the case of sand; 
or they may perhaps be held together by colloidal material to 
form a group in which they remain united under ordinary condi
tions. When soil particles thus adhere, in larger or smaller grains, 
the structure is known as the granular structure or the crumb struc
ture. Granules are of all sizes; they may become so enlarged as 
to interfere with favorable conditions for managing the soil in crop 
growing. They are then called clods. The tendency to form a 
crumb-like structure is strong in clay soils and practically absent 
in sandy soils. 

The farmer usually recognizes structure in a practical way by 
the manner in which the soil behaves under the plow, whether it 
plows hard or easy. 'When a spading-fork is pushed into a soil 
that is just moist enough to work well and a mass of earth is re
moved and turned over the granular, crumb-like structure readily 
reveals itself. A good loam falls apart easily into the characteristic 
soil crumbs. A clay loam may need some strokes of the fork to 
make it crumble and the resulting crumbs will be larger than in 
loam less clayey. Sandy soils and sandy loams fall apart so readily 
that a forkful may fall apart and run between the tines. A clay soil 
is lumpy and falls apart only by vigorous strokes and then not 
into fine crumbs. 

Factors that influence soil structure.-It is of practical im
portance to know what conditions are favorable to the crumb or 
granular structure and what to the single-grain structure; and it is 
desirable especially to study those factors which a farmer can make 
use of in modifying and controlling the soil structure. Control of 
structure is desirable in connection with loams, silts and clays; the 
modification of coarser-textured sandy soils is difficult to change 
appreciably by practicable means. The following conditions are 
among those that affect soil structure: (1) Variation of moisture, 
(2) freezing, (3) cultivation, (4) organic matter, (5) growth of 
roots, (6) soluble salts, (7) animal life, (8) hard rains. 

(1) Variation of moisture.-It has been observed that the al
ternate drying and wetting of a fine-textured soil is favorable to 
the production of the crumb structure. When other conditions 
are uniform, the greater the number of times a soil changes from 
one condition to the other the smaller will the size of the granules 
become. Continued wetness or continued dryness does not favor 
the crumb structure. 

(2) Freezing.-In the freezing of wet soils, the water forms 
crystals in the larger, open spaces between the soil particles, and 
the soil mass is broken up or separated, resulting in a condition 
that favors granular structure. 
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(3) Cultivation.-Manipulation of the soil by plowing or other 
forms of tillage, when the moisture content is not too great or too 
small, favors the formation of the granular structure. On the 
other hand, tillage when the soil is too wet or too dry is unfavorable. 

(4) Presence 0/ organic matter.-The presence of decomposing 
organic matter in soils favorably affects the soil structure (p. 76). 

(5) Growth 0/ roots.-It is a matter of common observation 
that crops differ in their effects upon soil structure. Plants with 
fine roots, like grass, wheat, etc., leave the soil in better working 
condition or tilth than coarse-rooted plants do. 

(6) Soluble salts.-Certain compounds like calcium hydroxide 
(slaked lime), calcium sulfate (gypsum), calcium carbonate, 
mineral acids, common salt, etc., have the power of causing fine 
particles to unite and form aggregations. For example, if fine 
clay is mixed with water to form a turbid mixture and left to 
itself, it may remain turbid several days before the finest particles 
settle to the bottom and leave the water clear. If, however, we 
put into the mixture a little calcium oxide, which at once forms 
hydroxide (p. 41), or add hydroxide directly, the fine particles in 
suspension will be quickly affected. First, the particles will come 
together and form little flakes or floccules which soon settle, leav
ing the liquid clear. This process is known as flocculation. Cal
cium carbonate being less soluble than the hydroxide has much 
less flocculating power. This action is one of practical importance 
in connection with fine-textured soils, because it favors the granu
lar structure. It is one of the important effects of liming (p. 192) 
clay soils. 

Some substances, on the other hand, produce just the opposite 
effect, known as deflocculation,' they break up the crumb struc
ture, and cause the grains to separate, or they prevent the forma
tion of the crumb structure. Among such deflocculating compounds 
are sodium carbonate and potassium carbonate which are found in 
many alkali soils. Long-continued use of nitrate of soda (p. 291) 
on clay soils may result in the formation of sodium carbonate in 
amounts sufficient to cause deflocculation. 

(7) Animal Ii/e.-The soil crumbs formed by the action of 
earthworms are familiar. Ants and animals with burrowing habits 
also influence soil structure. 

(8) Hard rains.-The effect of driving, heavy rains is readily 
seen on the surface of a cultivated clay soil. The granular struc
ture is destroyed, and when the surface dries, a crust is formed 
which affects seriously the properties of the soil in relation to the 
growth of plant roots. These unfavorable effects are prevented by 
any kind of covering that protects the soil, such as mulches, sod, etc. 
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THE INORGANIC CONSTITUENTS OF SOILS 

ALL agricultural soils contain two general classes of constitu
ents, ( 1) mineral or inorganic and ( 2) organic. The inorganic 
part comes from the rocks of the earth's crust; the organic portion 
has its origin in vegetable and animal matter. 

Composition of earth's crust.-We can obtain an approxi
mate idea of the general composition of soils by noticing the av
erage composition of the earth's superficial crust, the material 
which enters most largely into soils; this is approximately as given 
in Table 17. 

TABLE I7-CONSTITUENTS OF EARTH'S CRUST 

Element Per cent. 
Oxygen ...................... 47.0 
Silicon ....................... 28.0 
Aluminum ................... 8.0 
Iron ........................ 4.5 
Calcium .....•.....•....•...• 3.5 

Element Per cent. 
Magnesium ............•..... 2.5 
Sodium ..............•...... 2.5 
Potassium .•................. 2.5 
Sulfur, phosphorus and other 

constituents ................ 1. 7 5 

It is seen that oxygen, silicon and aluminum, the materials 
most abundant,--over 83 per cent. oJ the rock constituents from 
which soils are formed-do not contribute any material to the 
nourishment of plants. 

Mineral compounds in soils.-When rocks are converted into 
soil, those portions that undergo chemical change generally form 
certain definite chemical compounds, then cease to change further 
to any marked extent under the conditions present. The arrange
ment in Table 18 shows in general the various kinds of chemical 
compounds usually present in soils. 

Some of these compounds are present only under exceptional 
or abnormal conditions; others are always present in all agricul
tural soils. The points that deserve particular attention are the 
special compounds, the amounts present in soils, the ways in which 
they may be removed and their action on other soil constituents or 
on the soil as a whole. 

79 
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(1) Calcium.-(a) Compounds. Calcium is present in all good 
agricultural soils as carbonate (CaCO.) in larger proportion than 
in any other form. It is also generally present, but to a much less 
extent, as phosphate, nitrate, sulfate and in some of the complex 
silicates. The carbonate may be regarded as the commonly avail
able form or source of plant-food calcium; in most silicates calcium 
is of little importance as an immediate source of plant-food, al
though pure calcium silicate (CaSiO.) is regarded as furnishing 
available calcium. 

TABLE 18--cHEMICAL COMPOUNDS IN SOILS 

Name of element 
Calcium ......... . 
Potassium ..•.••••• 
Sodium ......... .. 
Magnesium ...... . 
Iron ............•• 
Aluminum 
Manganese ........ 

Forms of combination 
Carbonate, sulfate, silicate, phosphate, nitrate 
Carbonate, sulfate, silicate, phosphate, nitrate, chloride 
Carbonate, sulfate, silicate, phosphate, nitrate, chloride 
Carbonate, sulfate, silicate, phosphate, nitrate, chlorilk 
Oxide, hydroxide, hydrated oxides, phosphate, silicate 
Oxide, hydroxide, hydrated oxides, phosphate, silicate 
Oxide, hydroxide, hydrated oxides, phosphate, silicate 

(b) Amount in soils. Calcium carbonate ranges in variable 
amounts from a fraction of 1 per cent. to over 50 per cent. in some 
limestone soils. Soils are not capable of raising good crops when 
the calcium carbonate drops below 0.2 per cent. In most cases 
an amount in excess of 1 per cent. (equal to 30,000 pounds an 
acre in the upper foot of soil) is considered desirable. Coarse 
sands and soils with high percentages of organic matter usually 
contain insignificant amounts of calcium carbonate; clay soils also 
are commonly deficient. The subsoil may Qften contain less than 
the soil. Marly soils are mixtures of clay and finely divided cal
cium carbonate. Shell-marl is sometimes found in deposits that 
consist of nearly pure calcium carbonate, generally mixed with 
varying amounts of impurities. In alkali soils calcium compounds 
are present in considerable amounts, especially the sulfate. The 
chloride may be present also. 

(c) Removal. Calcium carbonate in soils is constantly under
going solution by the carbon dioxide present in soil water, also by 
acids formed in the decomposition of organic matter (p. 89). In 
this dissolved form it may escape from the soil in the drainage 
water (p. 118). Calcium is also removed by crop and weed in 
rather large amounts, varying in the case of diverse kinds of plants. 
On account of its important relations to soils and to plant growth, 
it is essential that the amount present be not allowed to diminish 
much below 1 per cent. This involves the occasional addition of 
calcium compounds to cultivated soils (p. 192). 
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largely changed into unavailable iron and aluminum phosphates 
and so is practically lost to the immediate use of crops. (3) Dis
solved in water that contains carbon dioxide it may react with 
insoluble potassium compounds to form soluble potassium car
bonate. ( 4) The action of soluble calcium compounds in floccu
lation of fine clay particles has been noticed (p. 78). (S) After 
calcium carbonate is changed into soluble carbonate in the soil 
water, it is often redeposited under specific conditions in solid 
form and acts as a cement to hold together the finer particles of 
silt and clay, thus changing the structure of the soil particles 
favorably. 

(2) Potassium.-(a) Compounds. Potash is present in soils in 
both soluble and insoluble compounds. The soluble forms include 
sulfate, chloride (muriate), nitrate, and probably phosphate and 
carbonate. The insoluble forms are generally silicate compounds 
present in such minerals as potassium or orthoclase feldspar (about 
14 per cent. of potassium), leucite (about 18 per cent. of potas
sium) and several others (p. 38). In ordinary soil analysis, the 
percentage of potassium given is the acid-soluble, which roughly 
represents the amount available, but which is usually only a small 
part of the total potassium present. 

(b) Amount in soils. Potassium is present in soils in amounts 
ranging from a few hundredths of 1 per cent. to 3 per cent. or 
more, only a small proportion of which is generally available. A 
good agricultural soil does not generally contain less than 0.2 per 
cent. of acid-soluble potassium (equal to about 6,000 pounds an 
acre in the upper foot). Potassium is generally abundant in clay 
soils and deficient in muck, peat and sandy soils. In alkali soils 
it is often abundant, running in some cases as high as 17 per cent. 
in the upper 12 inches, though it is usually between 1 and 7 per 
cent.; in these soils it exists in the forms of sulfate, carbonate 
and chloride. 

(c) Removal. Potassium compounds are removed from soils by 
drainage water (p. 113) in amounts somewhat less than by means 
of crops (p. 111). 

(d) Relation to texture. Generally speaking, potassium is 
found in largest amounts in the finer soil particles. 

(3) Sodium is present in the soil in combinations much like 
those of potassium, generally in smaller amounts. Its compounds 
are prominent, and often predominant, constituents of alkali soils. 
The compounds present in such soils are one or more of the follow .. 
ing: Sulfate, carbonate, bicarbonate, chloride, nitrate and phos
phate (p. 80). In the case of excessive use of sodium nitrate in 
the absence of acid-forming compounds, amounts of sodium car
bonate may be formed to such an extent as to injure seriously the 
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crumb structure of soils (p. 77). The amount of sodium does 
not appear to vary much in diverse-textured particles. 

( 4 ) Magnesium is usually present in soils in much the same 
forms of combination as calcium, but generally in much smaller 
amounts. Soluble magnesium compounds are believed to injure 
plants when present in amounts nearly equal to calcium. The 
sulfate and chloride of magnesium, often prominent constituents 
of alkali soils, are poisonous to plants in even comparatively small 
amounts, especially if the amount of calcium compounds is rela
tively deficient. Magnesium compounds in soils act like the cor
responding calcium compounds in neutralizing acids. Magnesium 
is removed from the soil in much less amounts than calcium, either 
by drainage water or crops. The amount of magnesium is greatest 
in the finest particles, decreasing with those of coarser texture. 

(5) Iron is more or less prominently present in soils in the form 
of hydroxide, Fe(OH)., and oxide, Fe.O. and in hydrated oxides, 
which are intermediate in composition between hydroxides and 
oxides-forms familiar under the general term iron rust. These 
compounds are red, yellow or brown and form the main coloring 
matter of soils. They are generally products of decomposition of 
complex iron-containing silicates that undergo chemical change when 
air has abundant access to moist soils. In some cases, as in clay 
subsoils, in soils rich in iron compounds, in muck-beds, etc., where 
air is largely excluded, iron compounds poisonous to plants are 
formed and, if present in sufficient amounts, make a soil sterile; 
for example, sulfur compounds of iron known as sulfides ma.y be 
changed into the injurious compounds, iron sulfate (p. 44) and 
free sulfuric acid. This condition can be usually prevented or over
come by generous use of calcium carbonate or quicklime (p. 192). 
The amount of iron compounds present in soils varies greatly, but 
the cases are rare in which a soil does not contain enough iron to 
supply the needs of crops indefinitely. The amount of iron re
moved from soils by drainage water or crops is generally less than 
that of any other soil constituent. Iron compounds may be useful 
in forming insoluble iron phosphate and thus preventing the risk 
of loss of phosphorus by drainage. Iron compounds, like those of 
calcium, may act as cementing material to hold together smaller 
particles of silt or clay. The amount of iron, greatest in the finest 
soil particles, diminishes as the particles increase in size. 

(6) Aluminum is present in soils chiefly as silicate, hydrated 
oxide, and phosphate. It is especially prominent in soils derived 
from clay (kaolinite); and present in largest amounts in the par
ticles of finest texture. Any value which aluminum may possess in 
crop growing is confined to its action on other soil constituents. 

(7) Silicon is present in soils in much larger amounts than any 
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of the preceding constituents. With oxygen it makes up about 
75 per cent. of the mineral compounds present in soils. Silicon 
occurs as the characteristic constituent of all silicates. It is also 
present in soils to a variable extent as silicon dioxide (SiO.), com
monly called silica, familiar as the mineral, quartz. White quartz 
sand consists of silica and in all sandy soils silica is a prominent 
constituent. 

(8) Phosphorus is present in soils in smaller amounts than any 
of the elements thus far discussed. A soil that contains 0.25 per 
cent. of total phosphorus (equal to 7,500 pounds an acre in the 
upper foot of soil) is rich in this constituent; the usual amounts in 
agricultural soils lie between 0.03 and 0.11 per cent., only a part 
of this being available. In the finer particles of soils, phosphorus 
compounds are present in larger amounts than in coarser particles. 

Phosphorus is present in soils mainly as phosphates of calcium, 
iron, aluminum and magnesium. Iron and aluminum phosphates 
(p. 37) are so insoluble as to be practically unavailable plant
food; however, in these forms, they are not easily leached from 
soils. Insoluble or tri-calcium phosphate (p. 33) is a more readily 
available form. On soils that contain large amounts of iron and 
aluminum compounds, the soluble phosphoric acid in fertilizers is 
changed into a form of iron and aluminum phosphate unless there 
is considerable calcium carbonate in the soil. Phosphates are re
moved. largely from soils by crops and, to some extent, by drain
age water, though in much smaller amounts than any other 
important plant-food constituent. 

(9) Sulfur is present in agricultural soils as sulfate. In special 
cases, which may be regarded as abnormal, it may exist temporarily 
as sulfide. It is found in relatively small amounts in most soilg 
but in proportions large in comparison with the amounts used by 
crops. It is a prominent constituent of alkali soils in combination 
as sulfate of potassium, sodium, magnesium and calcium sulfate. 
Sulfates are found in drainage water in amounts greater than are 
used by crops and in some soils may become deficient. However, 
when commercial fertilizers are applied in the form of potassium 
sulfate, or acid phosphate, which may be about half calcium sulfate 
(p. 196), considerable amounts of sulfate are added to the soil. 

AMOUNTS OF PLANT-FOOD CONSTITUENTS 
IN SOILS 

In studying the results of chemical analysis of soils, the follow
ing analysis of a soil known to be good for crop production and 
therefore recognized as fertile will serve as an illustration. 
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Nitrogen (N) ..... 0.20 per cent. 
Phosphorus (P) •.. 0.07 " (equal to 0.16 per cent. phosphoric acid, p.o.) 
Potassium (K) .... 0.35 (" 0.42 " potash, K.o) 
Calcium (Ca) •.••• 0.60 ( 1.50 calcium carbonate, CaCOa) 
Sulfur (5) .•...... 0.06 "( 0.18 "sulfate, SO.) 

An examination of these figures suggests the following 
statements: 

(1) Soil constituents that plants use for food are present in 
soils only in relatively small proportions. The great bulk consists 
of such inert materials as compounds of silica, aluminum, etc. 

(2) The combined amounts of nitrogen, phosphorus and potas
sium, even in fertile soils, are usually less than 1 per cent. 

(3) Although the figures do not furnish the information, it is 
true that, of the nutrient compounds in soils, only small amounts 
are in forms immediately available. 

TABLE Ig-PROPORTIONS OF TOTAL PLANT-FOOD CONSTITUENTS IN 
AGRICULTURAL SOILS 

Constituent Pe,. cent. 
Nitrogen .....••••.•• 0.10 to 0.30 
Phosphorus (P) ...... 0.03 to 0.11 (= 0.07 to 0.25 

phosphoric acid, P.O.) 
Potassium (K) ....... 0.8 to 1.60 (1.00 to 2.00 

potash K.o) 
Calcium (Ca) ••••.••• 0.20 to 1.50 (0.50 to 3.75 

calcium carbonate, CaCO.) 
Sulfur (5) ••••••••••• 0.02 to 0.20 (0.06 to 0.60 

sulfate SO.) 

Pounds in one ac,.e to depth 
0/ 9 inches 

2,500 to 7,500 
750 to 2,750 (1,750 to 

6,250, p.o.) 
20,000 to 40,000 (25,000 to 

50,000, K.o) 
5,000 to 37,500 (12,500 to 

93,750, CaCO.) 
500 to 5,000 (1,500 to 

15,000, SO, ion) 

Variation of plant-food constituents in agricultural soils.
In examining the results of analysis of large numbers of crop
producing soils, it will be found that the proportion of each plant
food constituent varies widely in diverse soils. It is desirable to 
state t;he results of soil analysis not only in the form of percentages 
but also as pounds per acre. In analyzing soils, samples are taken 
to a specified depth, which varies, but is usually 6, 9 or 12 inches. 
The samples taken to a depth of 6 or 7 inches represent the portion 
usually plowed, in which the roots mostly grow. At depths of 9 
or 12 inches portions of soil are included in which plant-roots pene
trate more or less and the analysis of which gives an idea of the 
amount of plant-food near enough at hand to be utilized easily. 
In stating the results of soil analysis, it is necessary, therefore, to 
state the depth to which the sample of soil is taken; this is par
ticularly important in stating the results as pounds per acre. It will 
suffice for our purpose to give results based on a depth of 9 inches, 
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and to assume that the soil in one acre to that depth weighs, on an 
average, 2,500,000 pounds. In soils of good crop-producing power, 
the amounts of constituents usually lie between the limits indicated 
in Table 19. 

In extreme cases, figures run below and much above these. 
Thus, potassium may in some cases run above 100,000 pounds an 
acre and calcium ·still higher, while phosphorus may exceed 10,000 
pounds, and nitrogen in muck and peat soils may run above 50,000. 



VIII 

THE ORGANIC CONSTITUENTS OF SOILS 

IN addition to inorganic, rock-derived materials, soils contain 
variable amounts of organic matter, which has its origin for the 
most part in the former generations of plants, including micro
organisms, that have grown in the soil and undergone decomposi
tion; to a less extent, soil organic matter comes also from animal 
remains. In the case of agricultural soils, the upper layer is con
tinually receiving supplies of organic matter in the form of leaves, 
plant residues left in the soil (roots, stubble, etc.), green-crop 
manures (pp. 256-265), farm manures (pp. 235-255), dead cells 
of micro-organisms and various kinds of vegetable and animal 
waste materials. This organic matter, whatever its original source 
or character, is found in soils in all conditions or stages of decom
position, varying from the fresh material to that which has under
gone more or less extensive chemical changes, and which appears 
in the forms known as leaf-mold, peat, muck, humus, vegetable 
mold, etc., according to the nature and extent of the changes it 
has undergone. Sooner or later, decomposition so alters vegetable 
or animal matter in soils as to form a dark-colored mass, in which 
all trace of any characteristic tissue structure in the original mate
rial disappears. The decomposed material is more or less completely 
incorporated as an integral part of the soil mass; in this condition 
it is called humus. 

The presence of decomposing and decomposed organic matter 
in agricultural soils is essential, generally speaking, as an aid in 
furnishing conditions which enable crops to use applied fertilizers 
most efficiently. The organic matter of soils may affect the pro
duction of crops in more ways than any other soil constituent, 
because (1) it is a source of plant-food, (2) it helps to make avail
able some of the insoluble mineral plant-food, and (3) it influences 
favorably the physical conditions of soils. (4) It may also, on the 
other hand, contain compounds which under some conditions are 
poisonous to plants. 

On account of the extreme importance of organic soil constit
uents, we shall study (1) the changes that organic matter under
goes in soils, (2) the conditions that influence such changes, (3) 
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extremely variable, since it is a complex mixture of numerous com
pounds, the kinds and amounts of which constantly vary. In 
general, the decomposition products of organic matter are governed 
by the source and character of the original material and by the 
conditions that determine the kind and extent of decomposition, 
such as moisture, air supply, temperature, kind of micro-organisms 
and mineral constituents, factors which, in turn, are affected by 
tillage, drainage, fertilization, irrigation, inoculation, etc. 

Without going into too great detail, it is desirable that some 
few fundamental facts regarding the composition of fresh organic 
matter be stated and then the general changes traced through which. 
the compounds of the fresh material go during the processes of 
decomposition. 

Fresh organic matter is made up mostly of three general classes 
of compounds: (1) Nitrogen-free organic compounds (carbon, hy
drogen and oxygen), which include (a) carbohydrates, sugars, 
starches, etc., (b) celluloses, ligno-cellulose or lignin (p. 14), (c) 
fats or oils and waxes, and (d) organic acids. (2) Nitrogen
containing compounds, mostly proteins (contain nitrogen, usually 
sulfur, and, in some cases, phosphorus, in addition to carbon, hy
drogen and oxygen). (3) Inorganic or mineral constituents need 
not be considered as they are present in only small amounts. These 
three classes of compounds in fresh organic matter undergo decom
position in soils and furnish variable, complex mixtures, which may 
contain some or all of the following products of decomposition, 
according to the kind and extent of change. 

(1) Nitrogen-free compounds, the largest part of soil organic 
matter, consist largely of various indefinite, little-understood, dark
colored substances, more or less acid in character, rich in carbon 
(so-called humic-acid compounds) and, in smaller amounts, of cer
tain definite organic acids (acetic, butyric, etc.). They come in 
largest amount from the cell uloses, starch and sugar of fresh organic 
matter. 

(2) Nitrogen compounds are present in decomposing and 
decomposed organic matter in much smaller amounts than nitrogen
free products. They include (a) dark-colored, insoluble nitrogen
containing carbon compounds, (b) ammonia, and (c) nitric acid. 

(3) Inorganic compounds include the ·mineral constituents or 
salts, mainly as calcium, magnesium and potassium compounds, such 
as phosphate, carbonate, sulfate, etc., always present in small 
amounts in fresh organic matter. 

Decomposition of organic matter.-The process of decom
position by which fresh organic matter is changed into different 
forms of combination is a biochemical process primarily brought 
about by micro-organisms, chief among which are bacteria 
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(pp. 130-153), fungi and actinomyces (p. 154). Decomposition is 
of two general kinds, one takes place in the presence of the oxygen 
of the air (aerobic, p. 136) and the other with exclusion of air 
(anaerobic, p. 137). The composition and amount of the products 
of decomposition in the soil differ greatly in the two processes. 

(1) Decomposition in presence of air.-With abundance of 
air (oxygen), organic matter (chiefly carbon, hydrogen, nitrogen 
and oxygen) decomposes into simpler compounds, and practically 
all passes away, when the process is complete, in the form of 
gaseous compounds (carbon dioxide, ammonia, free nitrogen, water, 
etc.), without leaving any organic residue. This is illustrated when 
leaves or twigs fall upon the ground. Without darkening much, 
such organic materials, under favorable conditions of moisture and 
temperature gradually undergo a process akin to burning or union 
with oxygen and in time disappear, leaving about the same constitu
ents that would be found in the ashes produced by rapidly burn
ing the same material. This process can be easily observed in its 
various stages in forests in the case of fallen trees; in the course 
of time, under the action of fungi, bacteria, etc., the solid wood 
softens, becomes "rotten," loses all signs of structure of grain or 
fiber, and sinks down into a shapeless heap; the material may re
main nearly white or may become reddish or brownish. The pile 
slowly flattens out and in time all traces of organic matter 
disappear. 

Other conditions being uniform, this destructive form of de
composition takes place to a greater or less extent in soils according 
to the amount of air present. It is a fact of practical experience 
that vegetable or animal matter disappears much more rapidly in 
light, porous, well-drained, well-ventilated soils than in compact or 
over-moist soils where the air supply is generally limited. Other 
conditions being the same, organic matter disappears more rapidly 
at higher temperatures, as illustrated in case of a warm, dry 
climate. 

(2) Decomposition in absence of air.-Away from air (oxy
gen), as when leaves or twigs fall into a swamp or a pond and are 
buried under water, the organic matter decomposes slowly and 
only partially, leaving a comparatively large amount of incom
pletely decomposed organic material, since the loss of organic 
compounds through change into gaseous products is comparatively 
small. In connection with this process, the following facts are of 
interest: 

(a) Visible effects of decomposition. Signs of change in the 
original organic material are made visibly evident, first, by change 
in the color of the substance through various shades of brown to 
black, and, second, by the loss of any characteristic shape or tissue 
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structure that the material may have had originally, resulting in 
the formation of a finely granular or powdery mass when dry, or 
a gelatinous mass in colloidal condition when wet. 

(b) Increase of carbon and resistance to change. In the con
version of vegetable material into the dark-colored compounds that 
constitute a large part of well-decomposed organic matter, hydro
gen and oxygen pass from the organic matter in the form of gases 
in a much larger proportion than does carbon; consequently, the 
carbon accumulates and the decomposed organic matter is richer 
in carbon and poorer in hydrogen and oxygen than the original 
organic material. It is also a fact of interest that these dark
colored, high-carbon compounds show· increasing resistance to fur
ther decomposition, the resistance becoming more pronounced as 
the percentage of carbon in the substance increases. On this 
account the dark-colored material long remains in the soil. This 
resistance to decomposition finds an explanation in the composiaon 
of the material. The micro-organisms first use up the least resistant 
compounds of the fresh organic matter. In the remaining more 
resistant portions, it is increasingly difficult for the organisms to 
obtain food so their activity diminishes. In time, when only the 
most resistant compounds are left, decomposition practically ceases 
from lack of food supply. 

(c) Increase of nitrogen and insolubility. Proteins, in absence 
of air, are decomposed with greater difficulty and less completeness 
than starch, sugar, some forms of cellulose, etc. Nitrogen, there
fore, tends to accumulate, so the decomposed organic matter con
tains a larger percentage of nitrogen than the original material. 
The nitrogen compounds slowly change into dark-colored sub
stances of variable composition and the nitrogen is left in forms 
of combination not easy to decompose further. More or less soluble 
nitrogen is made insoluble by being taken into the body substance 
of the micro-organisms themselves. In this anaerobic process of de
composition, nitrogen compounds tend to become less available as 
plant-food. 

Decomposition of organic matter in soils.-(I) Compounds 
undergoing change.--Of the many compounds involved in the de
composition of organic matter in soils, some are changed quickly, 
others slowly. The first compounds acted on include starches, 
sugars and proteins soluble in water, after which come the normal 
celluloses (p. 13) and insoluble proteins. The compounds that 
more strongly resist decomposition are the ligno-cellulose or lignin 
(woody-fiber), oils or fats, waxes and resins. The residues from 
these compounds therefore constitute the material from which 
humus mostly comes. 

(2) Relation of carbon to nitrogen.-When organic matter de-
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on the surface of well-drained alkaline or neutral forest soils. Of 
a similar nature is the brown, powdery material often found inside 
dead, hollow trees. Such materials represent a stage of decompo
sition, in the presence of air, intermediate between the fresh 
organic matter and the gaseous products formed by complete action. 
Leaf-mold and similar materials are as indicated different from 
humus in two ways: (1) Leaf-mold is either neutral or alkaline, 
while humus is acid; (2) it is easily changed in air by micro
organisms into simple compounds, while humus is only slowly 
changed. 

(2) Peat consists of plant remains in the early stages of de
composition under water and therefore. away from air. The original 
structure of the plant tissues is more or less plainly visible. Peat 
is generally formed in extensive deposits, often of considerable 
depth. Decomposition is usually delayed or prevented by exclusion 
of air through saturation with water, but takes place when the mass 
dries out somewhat; consequently there are usually alternating 
periods of active .decomposition and suspension of such changes. 
The partially decomposed material may be prevented from under
going further change by the accumulation of acid decomposition 
products which poison the micro-organisms. The alternate satura
tion and drying of the mass furnish conditions which delay or ad
vance decomposition. The plant-food material in peat is only 
slowly available. Two general classes of peat are recognized, (1) 
grass peat from swamp-grass, etc., and (2) moss-peat from sphag
num moss. 

(3) Muck, known also as meadow-peat, swamp-muck, etc., 
consists of plant remains that have undergone more complete de
composition that peat, though the line of division between muck 
and peat is not sharp. It more nearly approximates the condition 
of the dark constituents of humus. Muck is brown or black and 
shows much less of the original structure of plant tissues than does 
peat. Its plant-food constituents are not quickly available, but 
are more so than those of peat. Drainage, liming (p. 192), appli
cation of phosphorus and potassium compounds, and tillage make 
peat or muck soils productive. 

Active and inactive organic matter.-In soils organic matter 
is said to be active when its less resistant portions are changing 
its own nutrient constituents from insoluble to soluble forms, and 
furnishing products that become available compounds (p. 6). 
When the more active stages of decomposition have passed, there 
remains a portion which so strongly resists further change it may 
require years for complete decomposition. This portion is known 
as inactive or slowly available organic matter. While not a source 
of quickly available plant-food, it is useful on account of its effect 
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upon the physical properties of the soil (p. 97). The application of 
fresh organic matter to soils is generally attended with much more 
rapid and effective results than the use of such inactive materials as 
peat and muck. 

Acids in decomposing organic matter.-In the decomposition 
of organic matter, acid compounds deserve special attention on ac
count of their important, practical relations. For convenience they 
may be considered under the following heads: (1) Acids in plant 
juices, (2) organic acids from carbohydrates, fats, waxes, resins, 
etc., (3) miscellaneous organic acid compounds, (4) carbon dioxide, 
(5) nitric acid. 

(1) Acids in plant juices.-Plant juices are generally acid ow
ing to the presence of the organic acids or acid salts they contain. 
These are commonly called vegetable acids. They are present in 
the fresh organic matter and, although they are decomposed sooner 
or later, they probably persist long enough to produce some solvent 
effect in the soil. 

(2) Organic acids from carbohydrates, fats, waxes, resins, etc.
In those portions of soils well aerated and warm, sugar, starch, 
part of the cellulose, etc. are converted by micro-organisms rapidly 
into definite organic acids. It is a familiar experience that carbo
hydrate materials sour easily and oils become rancid. For example, 
acetic acid, familiar in vinegar, ensilage, fermenting pea-vines, 
fruit-refuse about canning works, etc., results from carbohydrate 
decomposition. Many of the acids formed in this way are of 
definite, well-known composition. They or their salts may be de
composed into carbon dioxide and water in the presence of abundant 
air and warmth, and, may, therefore, not be present in soil organic 
matter that has reached an advanced stage of decomposition under 
these conditions. 

(3) Miscellaneous organic acid compounds.-When the organic 
matter of the soil is in an advanced stage of decomposition organic 
compounds more or less acid in character occur in a variable num
ber. These compounds, as well as others of different chemical 
character, are found in that part of the organic matter called "humic 
acid." This substance was supposed to be made up of a few well
defined compounds, but numerous other organic compounds have 
been shown to have acid properties. When these acid compounds 
are treated with any acid-neutralizing compound such as calcium 
carbonate (limestone) or calcium hydroxide (slaked lime), the 
acids are neutralized and fOIm compounds insoluble in water. 

(4) Carbon dioxide gas is always formed (p. 47) by the de
composition of organic matter in soils and is largely taken up by 
the soil water. Soils in which considerable amounts of organic 
matter are undergoing decomposition are rich in this gas, the soil 
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air often containing two or three hundred times as much carbon 
dioxide as does ordinary air. 

(5) Nitric acid is produced as the final product of the bacterial 
change (p. 132) of the protein compounds present in fresh organic 
matter. 

Poisonous compounds or toxins formed from organic mat
ter.-Research chemists in the Bureau of Soils, United States 
Department of Agriculture, have isolated from the organic matter 
of soils numerous decomposition products. Among them are some 
that appear to be useful plant-foods, while some act as poisons, or 
are toxic, to plants grown in water solutions that contain these com
pounds in small amounts. Some of them are definite organic acids. 
So far as indications point at present, organic toxic compounds in 
the soil are rendered partially or completely harmless to plants by 
good drainage, aeration; tillage, crop rotation, liming and fertilizers, 
conditions that have been recognized as essential to good farming. 

Action of organic matter on soil constituents.-Under agri
cultural conditions, vegetable and animal matter is distributed 
through the soil and comes into intimate contact with many of the 
soil particles. These particles to some extent are modified in com
position during the process of decomposition of the organic matter, 
especially by the acid compounds present at various stages. The 
chemical changes produced in soil constituents by these acids may 
be summarized as follows: 

(1) Potassium compounds in some insoluble forms are changed 
into soluble compounds, such as potassium carbonate, potassium 
nitrate, and combinations of potassium with organic compounds. 

(2) Phosphorus compounds, especially insoluble calcium phos
phate, are changed into soluble form. Probably even the insoluble 
iron and aluminum phosphates may be dissolved to some extent. 

(3) Organic acid compounds combine with calcium, magne
sium, etc., to form insoluble compounds. as already stated; this has 
the effect of preventing rapid loss of the decomposed organic matter 
by leaching. 

(4) Nitric acid combines with calcium, potassium, sodium, etc., 
to form nitrates. 

(5) Carbonates.-The carbon dioxide of the soil, which comes 
largely from the decomposition of organic matter dissolves insoluble 
soil constituents and makes them available. Important among 
these are .calcium carbonate and phosphate, and compounds of po
tassium, magnesium, etc. 

(6) Neutralization 0/ acids.-In combining with acid com
pounds in organic matter, the basic inorganic constituents of the 
soil usually form neutral salts; the free acids originally in fresh 
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organic matter and those produced during decomposition are thus 
neutralized and the soil is prevented from becoming acid. 

From the foregoing statements, it is readily seen that the Gvaila
ble supply 0/ plant-food in soils is closely Gssociated witll the pres
ence and decomposition 0/ 0,ga1lic matter. 

Relation of soil character to decomposition of organic mat
ter.-The rapidity with which organic matter is decomposed and 
the length of time the products remain in soils are points closely 
associated with soil conditions. In warm, light, porous soils, which 
easily admit abundance of air, the fresh organic matter is more 
rapidly decomposed and with greater loss than in compact, cold, 
moist soils, which are not well ventilated. In the case of compact 
soils, decomposition is slow and continues long. On account of less 
free admission of air, organic matter is more abundant in pastures 
and meadows than in cultivated soils. 

Physical characteristics of decomposition products.-Owing 
to its colloidal condition so-called decomposed organic matter 
(humus) in soils has certain characteristic physical properties which 
give it peculiar value in relation to crop production. Those of 
special interest are (1) absorbing power, (2) expansive nature, (3) 
lightness, (4) cementing power. 

(1) Absorbing powe,.-Decomposed organic matter acts much 
like fine charcoal or a sponge in absorbing and retaining water, gases 
and solutions. For example, a cubic foot of soil rich in such material 
can hold twice as much water as the same amount of sand. 

(2) Expansive powe,.-Decomposed organic matter shrinks 
when dried and expands similarly when it takes up water. 

(3) Lightness.-A given volume of the organic portion of the 
soil averages about half as heavy as an equal volume of the mineral 
portion. 

(4) Cementing power.-Though much less sticky than clay, 
decomposed organic matter is enough so to possess moderate cement
ing power; it holds together the coarse particles of light sandy soils, 
and also separates the crumbs in clay soils, thus favoring granular 
structure and promoting lightness. 

Amount of organic matter in soils.-The amount of organic 
matter in soils varies widely. It is generally larger in the soil than 
in the subsoil, decreasing with depth; it is usually greater in clay 
than in sandy soils, and in meadows or pastures than in cultivated 
soils; it is generally greater in moist than in dry soils. In good soils 
where rainfall is fairly abundant, it averages about 2 per cent., 
varying from below 1 to over S per cent. In subsoil the average is 
about o.SO per cent. In deep acid peat or muck soils the amount 
may rise as high as SS per cent. In soils of dry climates it is usually 
below 1 per cent. In connection with such soils it is an interesting 



THE ORGANIC CONSTITUENTS OF SOILS 97 

fact that, while the amount of humus is small, the percentage of 
nitrogen in the humus is high, while the nitrogen is largely retained, 
since the carbon in the organic matter is largely destroyed by the 
action of micro-organisms under the conditions of high temperature 
and low moisture. 

Action of organic matter in soils.-Organic matter is of ex
treme importance in connection with· crop growing on account of 
the useful effects it produces in soils. Some of these are purely phys
ical, some chemical, and some biological. These are summarized 
as follows: 

(1 ) Water-holding power.-Organic matter in the form of 
humus increases the power of a soil to take up and retain water 
and soluble materials in the water. On account of its colloidal con
dition, it also absorbs gases (ammonia, carbon dioxide, etc.) more 
abundantly than does any other soil constituent. Soils with a gener
ous supply of decomposed organic matter resist the effects of drouth 
better than others. 

(2) Structure.-Because of its colloidal properties organic mat
ter as humus greatly improves the mechanical condition of soils. 
It promotes. crumb-like structure, making heavy soils less sticky and 
easier to work, enabling them to receive, distribute and hold water 
more effectively, improving ventilation, and making it easier for 
roots to penetrate. It serves to bind sandy soils, diminish excessive 
porosity and ventilation, enables them to take up and retain mois
ture, prevent abnormal leaching of plant-food, helps roots to get a 
firmer hold, and prevents or lessens drifting by winds and erosion 
by rains. 

(3)Warmth.-The warmth of a soil is largely dependent upon 
the color. Other conditions being uniform, the darker a soil, the 
more readily it absorbs the sun's heat. Soils well supplied with de
composed organic matter are darker and therefore warmer and 
more uniform in temperature than others. This is of special ad
vantage when an early start is desired in a crop, as in early market 
gardening. 

(4) Availability of mineral nutrients.-The action of decom
position of organic matter which produces acid compounds that 
dissolve mineral constituents of the soil, is of special value in rela
tion to potassium and phosphorus compounds, the available forms 
of which are mostly associated with the organic matter. 

(5) Relation to soil nitrogen.-Most of the soil's nitrogen comes 
from organic material. Therefore, organic material constitutes the 
main, natural source of the soil's nitrogen supply. The nitrogen 
decomposed in organic matter is held in slowly available form, and 
gradually undergoes conversion into nitrate under normal soil con
ditions. 
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(6) Relation to micro-organisms.-Organic matter furnishes 
the food essential to the growth of micro-organisms. Other conditions 
being uniform, the greater its amount in soils, the greater the work 
of micro-organisms. Its effect upon the moisture and temperature of 
soils makes the conditions favorable for the growth of micro
organisms. Material like farm manure not only furnishes food for 
bacteria, but adds new supplies of micro-organisms to those already 
in the soil. Such materials as green-crop manures and ordinary 
organic fertilizing materials (cottonseed-meal, tobacco waste, tank
age, etc.) are valuable more for the food they furnish bacteria al
ready in the soil than for the numbers of bacteria they add. 

Loss of organic matter insoils.-It is well known in farm 
experience that soils lose their organic matter. The effects of this 
loss are shown in various ways, as by increased compactness, de
creased power to receive and hold moisture, greater difficulty of 
working and in diminished productivity. Generally speaking, any 
condition favorable to increased action of the destructive, aerobic 
micro-organisms (p. 136) hastens the disappearance of soil organic 
matter, especially when such conditions are accompanied by a failure 
to furnish fresh supplies of such material. Among the specific con
ditions that hasten such losses are the following: 

(1) Abundance of air.-In very porous soils where air pene
trates freely, decomposition of organic matter by micro-organisms 
is rapid, especially when accompanied with high temperature and 
moderate moisture. When green-crop manures are plowed under 
there is often danger that they may not be sufficiently covered with 
soil or properly compacted, especially when the growth of organic 
material is large; under such conditions micro-organisms may 
decompose it too completely. 

(2) Moderate amount of soil moisture.-Too rapid action is 
prevented in a wet soil on account of the exclusion of air. The 
presence of only a moderate amount of moisture favors action of 
micro-organisms. • 

(3) High temperature.-Temperatures above 75° F. favor rapid 
action of decomposition organisms. Organic matter is used up more 
rapidly in warm climates than in cool. In temperate climates fresh 
organic matter is most rapidly transformed into humus during sum
mer. 

( 4) Too much cultivation has the effect of making the condi
tions of air-supply and moisture favorable for rapid decomposition 
of organic matter. 

(5) Supply of micro-organisms.-When a soil contains abun
dant micro-organisms that decompose organic matter, action goes on 
more rapidly than when the supply is small. It is well known that 
green-crop manures, which add only small numbers of bacteria to 
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soils, undergo decomposition more rapidly if two or three tons of 
partially fermented farm manure are spread on the surface before 
plowing under. The manure furnishes large numbers of the desired 
kinds of bacteria. 

(6) Abundance of calcium carbonate.-In a soil well supplied 
with any basic compounds such as calcium carbonate or the hydrox
ide (slaked lime), the acids f<?rmed by decomposition are neutral
ized as fast as formed and the decomposing organic matter is kept 
neutral. Under these conditions, no free acids accumulate to poison 
the decomposition organisms. These continue their work unim
peded. Organic matter is decomposed more rapidly in such soils 
than in soils that contain little or no basic or neutralizing material. 
There acids accumulate quickly and retard or step decomposition. 

(7) Lack of organic matter.-It is obvious that in a cultivated 
soil if no fresh supply is furnished the organic matter must be ex
hausted in time. Failure to supply organic matter by the regular 
routine of crop-growing is due, first to removing the entire crops, 
leaving little or no organic material in the soil, and, second, to such 
kinds of crop-rotation as do not supply organic matter. 

(8) Summer-fallowing, allowing a field to lie bare for an entire 
crop season, furnishes conditions of temperature and moisture which 
favor rapid destruction of organic matter with conversion of organic 
nitrogen into nitrate, and danger of loss by leaching before the soil 
is occupied by a crop. 

. Accumulation of organic matter in soils.-Reverse condi
tions prevent loss of organic matter in soils and favor increase. 
Generally speaking, those conditions favor retention of organic 
matter in soils which prevent or delay decomposition. Stated more 
in detail, the following conditions promote accumulation of organic 
matter in soils: 

(1) Limited air supply.-Absence of air in slow decomposition 
has already been discussed (p. 137). 

(2) Low temperature.-Micro-organisms that decompose or
ganic matter work more slowly as the temperature drops below 
75° F. 

(3) Excessive supply of water has the effect of excluding air 
and keeping temperature low, thus preventing or delaying decom
position. 

(4) Absence of cultivation has the effect of diminishing air 
supply in the upper layer. 

( 5) Absence of micro-organisms that cause decomposition neces
sarily prevents changes in organic matter. 

(6) Lack of calcium carbonate or other basic compounds per
mits the accumulation of acids which poison the micro-organisms 
and delay or prevent regular decomposition. 
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(7) Addition of organic materials.-The supply of organic mat
ter in soils may be kept up by addition to soil of (a) green<rop 
manures, (b) crop residues (stubble, roots, etc.), (c) farm manure 
and waste materials, (d) organic matter in commercial forms, such 
as dried blood, cottonseed-meal, etc., (e) application of muck, peat, 
etc., (f) animal manure dropped in pastures. 

Keeping up supply of organic matter in soils.-In consid
ering the conditions under which organic matter is used up or is 
maintained in cultivated soils, it is obvious that the supply will not 
take care of itself, but must be given special attention. Speaking 
in general terms, there must be, in the first place, a sufficient supply 
of organic material; then, the conditions of decomposition, espe
cially as to supply of air and moisture, must be so regulated that 
on the one hand, the process will not go on too rapidly and result in 
needless loss of organic material, or, on the other hand, proceed so 
slowly as to waste time in properly influencing soil and crops. In 
addition, care must be taken by use of calcium carbonate to prevent 
an accumulation of acid products of decomposition to a degree that 
will unfavorably affect crops. 

Relation of humus to use of fertilizers.-Many thousand tons 
of commercial fertilizers have been and are being applied without 
evidence of any appreciable effect upon yield or quality of crops, 
simply because used upon soils deficient in organic matter. The 
reason is readily understood when we bear in mind the fact that 
absence or deficiency of soil organic matter produces a set of physi
cal, chemical and biological conditions, under which plants cannot 
grow to best advantage. Such a condition, for example, as com
pactness of soil, can be best remedied, not by application of con
centrated fertilizers, but by a generous and wise supply of organic 
matter. In general, the use of commercial fertilizers on soils defi
cient in organic matter aggravates the abnormal conditions, does 
harm more often than benefit, and results in direct financial loss. 



IX 

RELATIONS OF WATER TO SOILS AND CROPS 

GENERALLY speaking, the moisture supply is a large, domi
nating factor in plant growth. When other conditions are favorable, 
the efficiency of fertilizers in crop growing is dependent upon the 
water supply furnished by soils. Plants utilize food material only 
when it is in solution in water. It is well-known that the effect 
of an applied fertilizer may be wholly lost in a dry season, al
though it is also true that a well-fed crop withstands drouth better 
than one poorly fed. We shall consider the subject under the 
following divisions: 1, Functions of water in plant growth. 2, 
Distribution of water in soil. 3, Loss of soil water. 4, Control of 
soil water. 

FUNCTIONS OF WATER IN PLANT GROWTH 

Water performs the following functions in relation to plant 
growth: (1) It dissolves plant nutrients in the soil; (2) acts as a 
carrier of dissolved nutrients from soil to plants; (3) furnishes the 
hydrogen and oxygen used in large amounts by plants; (4) keeps 
the cells of plants turgid, an essential for plant nutrition; (5) and 
influences the temperature of plants by evaporation from leaves. 

Solvent action of soil water.-The mineral constituents of 
the soil are somewhat soluble even in pure water, still more in water 
which contains carbon doxide and oxygen in solution, as in case of 
rain water in soils rich in decomposing organic matter. Various 
compounds in soils differ greatly in regard to solubility in soil water, 
but all in some degree continuously undergo solution, changing 
their plant-food constituents from unavailable to available forms. 

Action of water as a carrier.-Water takes dissolved mineral 
plant-food in through the roots (p. 124) and through the plant 
from one part to another; carries through the plant the gaseous 
food constituents taken from the air; transfers within the plant 
the various soluble products formed by the plant, carrying them 
from one part to another for storage or assimilation (p. 124), as 
development requires, much as the blood in the animal body car
ries to every tissue and organ the nutriment needed. 
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Water as a source of plant-building furnishes materials 
which are used in large amounts. It is used either directly as 
water or it is decomposed into its two constituents, hydrogen and 
oxygen, which are then used to form new compounds (cellulose, 
starch, sugar, oils, proteins, etc.). Hydrogen makes up 6 to 7 
per cent. of plant dry matter, all primarily from water. Oxygen 
present in the dry matter of plants is in considerably larger propor
tions than hydrogen, practically all supplied by water. If we con
sider plants in their fresh state, the proportion of water they 
contain as such is large, much larger than all other constituents 
together. The amount of unchanged water in a fresh crop at full 
growth averages about 80 per cent. of the weight. In general the 
limits of water in growing plants may be placed between 60 and 
95 per cent. 

Action of water on plant-cells.-Plant-cells maintain the con
ditions of highest activity only when well distended or swollen; 
this condition is technically called turKor (p. 125). Absence of a 
sufficient supply of moisture is indicated by wilting, which is 
caused by the shrinking of the cells, due to lack of water. The 
swollen condition of plant-cells gives firmness to the soft parts of 
plants, enabling small, soft stems to carry branches, leaves, flowers 
and fruit of considerable weight. 
, Large amounts of water required for plant growth.-Crops 
require large amounts of water, (lst) because plants average about 
80 per cent. of water in weight and (2d) because large amounts of 
water pass through the plant and transpire from the leaves into 
the air (p. 105). Most of the water that enters a plant through 
the roots is finally transpired as water vapor into the air from the 
surface of leaves; this process is known as transpiration. The 
amount of water thus transpired is immensely greater than that 
retained in the plant. In hot, dry weather some plant! exhale 
their own weight of water during 24 hours. The amount of mois
ture transpired varies with ( 1) the kind of crop, according to 
whether it has a large or a small leaf surface; (2) character of the 
climate; (3) size of crop: (4) amount of moisture supply and 
other conditions. For each pound of dry matter in a mature crop, 
the amount of water transpired during the growing season may 
vary from 200 to 900 pounds. The usual variations for com
mon crops are between 300 and 500 pounds in the northern United 
States. Expressed in another way, the total amount of water 
transpired during growth by an average crop on one acre varies 
from 400 to 1,000 tons, which is equivalent to a mass of water 
covering the ground to a depth of 3.5 to 9 inches. When com
parison is made at any given time during the season, soils that 
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remain uncropped are found to contain more moisture than soils 
that bear crops. 

DISTRIBUTION OF WATER IN SOILS 

Water exists in soils in three conditions: (1) Free, (2) capillary, 
and (3) hygroscopic. 

Free water (known also under the names of gravitational, hy
drostatic, ground and bottom water) is readily apparent to the eye 
and the touch. It saturates the soil and fills the spaces between 
the soil particles. It is evident in surface soil after rain, when it 
can be easily recognized by sight as water. Under the influence of 
gravity, it moves downward into the subsoil until it reaches a fixed 

~~ 
~ ... ~~::>t.,;.N!"':~"'H~~ 

Good drainage eDcourages the roots to strike downward aDd 
when drouth comes the plants do Dot suffer. 

level, where the pore-spaces are already full of water. This level 
varies greatly in diverse locations; in some, it may be many feet; in 
others, within a few inches of the surface, in some cases it is at or 
above the surface. This level of free water in soils is usually known 
as the water-table. The upper surface of free water can be ascer
tained by digging a hole in the ground until water stands in it. The 
level at which water stands in wells is the water-table. This free 
water is the source of springs and ordinary wells. In swamps and 
standing bodies of water, the water-table is at or above the surface 
of the ground. 

Free or ground water is of use to plants when it is below the 
layer of root growth, but near enough to the surface to be pumped 
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-up by capillary attraction to the upper layers of soil. When so near 
the surface as to saturate any portion of the soil penetrated by crop 
roots it may be regarded as unavailable, since it may injuriously 
affect growth of most crops,· because (1) it shuts off needed air 
supply; (2) makes ~e soil cold; (3) prevents formation of nitrate 
nitrogen (p. 144), while favoring decomposition and loss of any 
nitrate present; (4) promotes the formation of compounds poison
ous to plants; (5) and retards decomposition of organic matter and 
produces other conditions unfavorable to crop growth. In such 
cases, the water-level must be lowered by a proper system of drain
age (p. 108). Some plants, such as cranberry and rice, grow 
naturally when their roots are under water. 

Capillary water surrounds soil particles in the form of a thin 
film and is held by colloidal matter to some extent. This furnishes 
the principal source of available water supply for crops; it is the 
most effective form for dissolving and holding the soluble plant 
nutrients. The capillary form of water moves from moist por
tions of soils into those less moist. The usual tendency, therefore, 
under ordinary conditions is for capillary water to move from lower 
to upper layers of soil. The distance that capillary water can move 
depends upon the arrangement of the soil particles and the resulting 
air-space. The stirring of soils of close structure, like clays for 
example, usually increases the air-space, the extent to which capil
lary water can move, and the water-holding power of the soil. In 
coarse, sandy soils, where the air-space is large, stirring has the 
opposite effect, since it decreases the extent of capillary movement 
and the water-holding power. 

The amount of capillary water in soils depends upon (a) the 
size of the soil particles, (b) the structure, and (c) the amount of 
colloidal material. The finer the soil particles, the larger is the 
amount of capillary water. Loose, open structure, as in sands, is 
unfavorable to water-holding power; the close structure of clay 
soils may have the capacity for capillary water increased by pro
moting crumb-structure to a certain extent. 

Hygroscopic water is that held intimately by the colloidal 
material of the soil. It is not moved by capillary attraction or 
by gravity since it is not in the liquid state. It is the moisture that 
remains when soil is dried in air. It forms the smallest proportion 
of the three forms of soil water. Plants do not appear to be able 
to make use of hygroscopic water. 

LOSS OF SOIL WATER 

Water in soils is lost (1) by percolation, (2) by evaporation, 
and (3) by growing plants. 
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Percolation.-When a soil is saturated with water, that is, 
when all the spaces between the soil particles are completely filled, 
the water tends to go down under the attraction of gravity until 
it reaches the water-table. This downward movement is called 
percolation. Its amount depends upon several conditions: (a) 
Texture and structure of soil, (b) amount of rainfall, and (c) the 
presence or absence of growing plants on the surface. In soils of 
fine texture, such as clay, percolation is slow, the pore spaces being 
small and often stopped up with colloidal material. Ir. soils of 
coarse texture, like sand, the downward movement of watel \s much 
quicker. The larger the spaces between soil particles, the more 
rapid will percolation be. Soils covered with growing plants retain 
in the upper layer more water than bare soils. The amount of 
percolation is greater in case of heavy rainfalls than in light. 
Where rainfall is fairly abundant, loss of water by percolation may 
amount to one-half of the rainfall. 

Evaporation.-A large amount of water is lost to soils by direct 
evaporation from the surface of the soil. It is influenced by (a) 
temperature, (b) humidity, (c) winds, etc. A combination of dry 
air, high temperature and strong winds affords the most favorable 
conditions for surface evaporation. Loose, open soils lose water by 
evaporation to a greater extent than do soils of close structure. 

Transpiration.-The amount of water transpired by plants 
(p. lOS) is essentially evaporation from the surface of the portion 
of plants above the soil, more particularly the leaves. Little can 
be done by soil treatment to influence this loss. When the amount 
of water transpired is greater than that supplied by the soil, plants 
wilt. 

Water-holding power of soils.-Soils vary greatly in their 
capacity to hold water, depending upon: (1) the general character 
of soil and subsoil, (2) the amount of humus. Soils take up and 
hold water largely in proportion to the colloidal material they con
tain~ Fine-textured soils and subsoils like clay take up water slowly 
and hold it tenaciously, while coarse-textured soils like sand ad~it 
water freely and let go of it easily. Compact soils receive and hold 
the water less satisfactorily than soils that possess a crumb-like 
structure. 

CONTROL OF SOIL MOISTURE 

In crop growing, one of the most important operations is so to 
control soil moisture that crops will be sufficiently supplied with 
water as they need it. This object can be accomplished within cer
tain limits, depending upon the special existing conditions, such as 
amount of rainfall, character of the soil, and kind of crop. Control 
of soil moisture is brought about by decreasing the amount of water 
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lost, increasing the water-holding power of soils, removing SI 

fluous soil water, and direct addition of water in the following \'I 

(1) Tillage, (2) mulching, (3) organic matter, (4) fertilizers 
drainage, (6) irrigation. Our treatment of these methods 
necessarily be in the nature of a summary. In their app1ic~ 
farmers in each case must be guided by the special existing c' 
tions, such as local conditions of soil, climate, season, crop, 
general character or system of farming. 

Rain enters the soil by gravity. circulates by capullarity and unless prevent 
a mulch (right) passes into the air by evaporation. 

Tillage.-Under this general term are included the' 
operations of soil handling or manipulating requisite for crop i 
tion, such as plowing, harrowing, rolling, cultivating, hoeing, f 

(1) Plowing.-Only depth and time need be considere 
In general, depth of plowing is regulated (a) by season, (b 
acter of soil, (c) length of time soil has been cropped and ( 
of crop. As a rule, clay soils should be plowed deeper tha' 
soils. The longer a soil has been cropped, the deeper sh 
the plowing. Fall plowing is usually deeper than spring I 
Deep plowing is attended with more effective results than : 
plowing in soils well supplied with organic matter, especially 
of light, sandy soils, which should not be plowed deeply 
so supplied. One advantage of late fall plowing, especiall) 
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gions where fall and winter rainfall is not abundant, is the saving 
of moisture by preventing loss through evaporation and by enabling 
the soil to take in more water from winter rain and snow than if 
unplowed. Early spring plowing, accompanied by cultivation, is 
effective in holding soil moisture. The amount of moisture in a soil, 
especially in heavier soils, must be considered in connection with 
plowing. If plowed when too moist, such soils become puddled 
(p. 74), and when they dry, are hard and lumpy. This condition 
injures the water-holding power of the soil. 

(2 ) Harrowing and rolling carry further and complete the pul
verizing effect of the plow; rolling, in addition, compacts the sur
face, retarding percolation, though increasing evaporation. 

(3) Cultivation.-The operations included under this head affect 
moisture conditions, especially in control of weeds, which inter
fere with crop growth, especially if they are prevalent when crops 
are getting started. They compete for water as well as for plant
food. Cultivation, at the same time, helps to keep the soil in good 
physical condition in relation to granulation and aeration. . 

Mulching.-Any material put on the surface of the soil to 
prevent evaporation or to suppress weeds is a mulch. Originally, 
the term was applied to such materials as straw, leaves, farm manure, 
etc., later it included the earth-mulch. Its present use extends to 
,ther materials. The formation of a loose, superficial layer of earth 

. ;. loil-mulch) by cultivation has been a universal practice for the 
::: ~struction of weeds and the conservation of soil moisture. It is 

)Ubtful if such a mulch, under usual conditions, lessens evaporation 
I any marked extent. Stirring of the surface by cultivation brings 
.ore moist soil into contact with the air and tends to increase 
raporation. 

The latest kind of mulch is a special, impervious paper, devised 
Id first used in Hawaii to control weeds in raising sugar-cane and 
ter to the growing of pineapples. Marked increase of crops has 
!sulted from the use of the paper mulch. To what extent a similar 
ulch can be satisfactorily utilized with other crops under other 
imatic conditions has not yet been ascertained, but preliminary 
cperimental work by the Bureau of Plant Industry, United States 
lepartment of Agriculture, has given encouraging results not only 
I relation to conservation of moisture by weed control but also in 
Icreasing germination, hastening maturity and producing crops 
Iperior in size, quality and cleanliness. 

Organic matter.-The value of decomposing organic matter 
I soils as a material for holding moisture has been considered 
1 page 96. 

Fertilizers.-Fertilizers that contain soluble compounds, such 
; sodium nitrate, potassium chloride, common salt, etc., may exert 
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tion which is followed by results that affect other soil conditions 
favorable to plant growth, such as ventilation, warmth, etc. The 
soil is also made more firm by drainage. 

(2) Air supply increased.-This results through removal of 
water from the pores of soils and also from increase of pore-space 
by granulation of soil particles. 

(3) Temperature favorably affected.-Soils have a higher aver
age temperature after drainage than before. Well-drained soils 
become warm more quickly in spring, permit earlier seeding and 
remain warm later in fall than do undrained ones; therefore, the 
effect of drainage is to increase the length of the growing season. 
Wet soils are late and their growing season is likely to be relatively 
short. The increased warmth promotes both chemical changes and 
activity of micro-organisms in soils. 

(4) Growth of desirable micro-organisms favored.-The growth 
of micro-organisms that require air (p. 136), among them the or
ganisms that promote decomposition of organic matter and those 
that produce nitrate nitrogen (p. 139), are favored by drainage. 
In wet soils that lack ventilation, denitrification is likely to take 
place (p. 137). 

(5) Effect upon supply of food.-Drainage promotes those bio
chemical changes which result in changing unavailable into avail
able plant-food. 

(6) Removal of injurious compounds.-Drainage, along with 
heavy irrigation, is the most reliable method of removing from 
alkali soils the salts accumulated in amounts so large as to be 
injurious to plants. 

(7) Increase of available water supply.-Drainage, while re
moving an excess of water, nevertheless increases the amount of 
water that plants can use, especially in case of fine-textured soils. 
Soils saturated only part of the time undergo wide variations in 
moisture, being at one time excessively wet and at another ex
cessively dry. When such soils are drained, crops do not suffer 
from deficient supply of moisture in dry spells, since their change 
in structure resulting from drainage enables them to retain moisture 
longer. Although the total amount of water in a soil is diminished 
by drainage, the supply, as a whole, available for plants is increased 
for the growing season. 

(8) Effect on root growth.-In well-drained soil, roots grow 
deeper than in undrained soil. This results in their coming in 
contact with an increased area of soil, and enables them to obtain 
more mineral food and moisture and therefore to withstand drouth 
for a longer time. 

There are other advantages that good drainage brings, but those 
mentioned are sufficient to show its extreme importance. Stated in 
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practical terms, good drainage results in surer and larger crops 
than poor or no drainage, while it enables one to control to better 
advantage the times of seeding and harvesting as well as all the 
operations of tillage. 

In the case of soils that do not grow good crops, one of the first 
inquiries to make in ascertaining the cause is in regard to drainage. 
On a badly drained soil, efforts to raise crops meet with poor reward, 
so, in the interests of profitable crops, this condition must be made 
right before one can expect to reap the reward of tillage, fertilizers, 
etc. 

Irrigation consists in the direct application of water to soils. 
It finds its most extensive applications necessarily where rainfall 
is less than 10 to 20 inches a year. However, in some special cases 
where crops of high value are concerned or where special market 
conditions prevail, irrigation has proved profitable when the annual 
rainfall is 40 inches or more. From the few experiments made 
it is doubtful if irrigation will find extensive applications outside 
of dry climates, except in a limited way under special conditions. 
The general subject cannot be treated satisfactorily here, so the 
reader interested in it is referred to special works. 

The relation of soil moisture to special crops.-Soil moisture 
is of practical importance especially in the control it exerts in deter
mining locally what crops can best be grown. Generally speaking, 
the amount in a soil often affects the time of sowing or planting, 
ripening, the yield, and in some cases, the quality of a crop. For 
example, early market-garden crops are best grown on light soils 
that hold comparatively small amounts of water; later crops of the 
same products are grown on loams with two or three times the water
holding capacity. In such cases, earliness is at the expense of 
yield, the later crops produce more heavily. In respect to influence 
on quality, it is well known that potatoes grown on light soils are, in 
general, superior in cooking quality to those grown on heavy soils. 
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For example, our estimate of the plant-foods removed by a wheat 
crop is based on a yield of 25 bushels of grain an acre. If the yield 
in a particular case is 120 bushels, the amount of plant-foods 
removed will be one-half that given in the table· if the yield in 
another particular case is 50 bushels, the plant-f~od used by the 
crop will be twice that given in the table. 

Average crops of com, oats, wheat and red clover remove from the soil an amount 
of calcium that would take 208 pounds of limestone to replace. Where these crops 
are grown in rotation, this means an average loss of fifty-two pounds an acre a year. 
Losses that result from rains vary, but easily amount to 500 pounds or more an 

acre a year. 

In those cases where unused portions of a crop go back directly 
to the soil, as with the leaves of fruit-trees, small fruits, the leaves 
and stems of many vegetables, etc., we have given results in most 
cases for only the portion of the crop actually removed from the 
soil, although in some cases we have included also information for 
the portions of the crop not removed. 

When a crop is sold as taken from the field, the amount and 
composition of the crop are a direct measure of the loss of plant
food. When a crot> is fed to animals on the farm and the manure 
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put back on the soil on which the crop was grown, then only a small 
part of the plant-food constituents is actually lost. 

Loss of plant-food by leaching.-Plant-food constituents in 
soils dissolve in soil water to a greater or less extent. When rain
fall is in excess of what the soil can hold, the portions dissolved in 
water pass away in the drainage. While a small amount of dis-

TABLE 2D--PLANT-FOOD CONSTITUENTS IN A CROP 
GROWN ON ONE ACRE 

I 

Portion of Nitrogen 
PhosPhoric acid 

Potash (K.O) Kind of crop Yield (P.O.) 
crop Ibs. Ibs .. Ibs. 

CORN ........... Grain 25 bu. 23.2 9.1 ( 4. P) 5.5 ( UK) 
Stalks, etc. 1,500 Ibs. 15.0 4.5 ( 2. P) 21.0 (17.4K) 
Cobs 250 " 1.0 0.2 ( O.IP) 1.1 ( 0.9K) 

-
39.2 13.8 ( 6.1P) 27.6 (22.9K) 

WHEAT ......... Grain 25 bu. 30.0 12.8 ( 5.6P) 6.0 ( 5. K) 
Straw 2,500 Ibs. 12.5 3.8 ( UP) 15.0 (12.5K) 

--
42.5 16.6 ( UP) 21.0 (17.5K) 

OATS ........... Grain 25 bu. 16.0 6.5 ( 2.9P) 4.8 ( 4 K) 
Straw 1,250 Ibs. 8.0 2.5 ( UP) 15.6 (13 K) 

--
24.0 9.0 ( 4.0P) 20.4 (17 K) 

ApPLES ......... Fruit 300 bu. 6.0 3.0 ( l.3P) 15.0 (12.5K) 
(30 trees per Leaves 1,000 Ibs. 10.0 1.5 ( 0.7P) 3.5 ( 2.9K) 

acre) New wood 100 " 0.5 0.2 ( O.IP) 0.3 ( 0.2K) 
-
16.5 4.7 ( 2.1P) 18.8 (15.6K) 

CABBAGE ........ 10 tons 60.0 20.0 ( 8.8P) 80.0 (66.4K) 

BEANS , .......... Seeds 25 bu. 60.0 18.0 ( 8. P) 19.5 (16.2K) 
Straw 2,000 Ibs .. 28.0 6.0 ( 2.6P) 38.0 (31.5K) 

-
88.0 24.0 (10.6P) 57.5 (47.7K) 

PEACHES ........ Fruit 400 bu. 22.2 11.0 ( 4.8P) 45.5 (37.7K) 
(100 trees per Leaves 5,300 Ibs. 47.7 8.0 ( 3.5P) 42.0 (35. K) 

acre) New wood 1,500 " 8.6 2.0 ( 0.9P) 2.5 ( 2. K) 
--
.78.5 21.0 ( 9.2P) 90.0 (74.7K) 

TuRNIPS ........ Roots 10 tons 50.0 20.0 ( 8.8P) 90.0 (74.7K) 

Pbosphorus, P. Potassium, K. 
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solved material is carried away in the surface drainage of sloping 
or hilly land, most of the water that falls on cultivated land is 
carried first into the subsoil with its dissolved material and then. 
to a greater or less extent, passes from the soil permanently in the 
form of drainage water. The dissolved soil constituents in drain
age water sooner or later find their way to the sea. It has been 
estimated that about 5,000,000,000 tons of mineral matter in solu
tion are annually transported by rivers from land to sea. While 
all soil constituents are in some degree soluble in soil water and 
therefore liable to removal from soils, some are much more so 
than others. Among those most readily soluble are some of the 
most important plant-food constituents whose liability to loss in 
drainage water are considered on pages 118 and 119. 

Losses by leaching depend upon various conditions, most im
portant of which are: (1) Amount and time of rainfall, (2) absorb
ing and holding power of the material in soil and subsoil. (3) 
amount of organic matter in the soil, and (4) form or compounds 
in which the plant-food constituent is present. 

(1) Loss by leaching in relation to amount and time of rain
faU.-Large amounts of rainfall increase the amount of soluble 
plant-food removed in drainage water. Rainfall during summer, 
when the amounts of soluble plant-foods in soils are largest, causes 
greater loss by leaching than at other times of year, other condi
tions being the same. 

(2) Loss by leaching in relation to the absorbing and holding 
power of soil particles.-The tenacity with which soils absorb and 
hold moisture, due to colloidal condition (p. 000), is influential in 
controlling the amount of plant-food material lost in drainage. On 
this account, clay soils lose plant-food less easily than do sandy 
soils. Some of the plant-food compounds have more or less chem
ical action in many soils, especially clay, which tends to decrease or 
prevent leaching (p. 113). . 

(3) Loss by leaching in relation to organic matter in soils.
One of the important properties decaying organic matter has in 
soils is its solution-absorbing and -holding power. Keeping in the 
soil generous amounts of organic matter is one of the most effective 
means of decreasing losses of plant-food materials in drainage 
water. The lighter the soil, the greater the need and the more 
pronounced the effect. 

(4) Loss by leaching in relation to form of plant-food constit
uents in soil.-Some compounds are not easily held by any soil 
constituent; others are. All nitrates are easily soluble in water 
so do not form insoluble compounds with any soil constituents; 
therefore, of all compounds of nitrogen, nitrates are most easily 
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lost in drainage water. Other compounds of nitrogen, potassium 
and phosphorus are considered under another head (p. 118). 

Remedies for loss of plant-food by leaching.-In addition 
to keeping soils supplied with abundant humus and making the sur
face of cultivated soils open to rainfall, the most effective method 
of diminishing the losses of plant-foods due to leaching is to keep 
the ground occupied with growing plants as much as possible. 
The roots are able to use the plant-food as it becomes soluble 
during the growing season. During periods when the ground would 
otherwise long lie bare, cover-crops should be grown when practi
cable. In this way the soluble plant-food will be taken up by the 
cover-crop and its loss by leaching largely prevented. 

Loss of plant-food by mechanical agencies.-Soil particles 
are carried bodily from soils into streams, especially in bare, hilly 
regions. The amount of plant-food material thus removed is large 
in the aggregate. The portion thus removed by water running 
over the surface consists of the finest soil particles which contain 
the largest part of the quickly available plant-food of the soil. 
Their removal also affects most seriously the physical condition of 
the soil. Loss of soil particles by flowing water is promoted when 
land lies bare and uncultivated, unprotected by any covering of 
trees or other vegetable growth. Losses which occur thus may be 
largely reduced or prevented by one or more courses of treatment, 
according to special conditions: (a) By keeping the surface of the 
soil under cultivation" well stirred so rains sink in instead of run
ning off the surface; (b) keeping the soil occupied with crops as 
much as possible during the time when rains are most abundant; 
(c) keeping the soil well supplied with organic matter; Cd) proper 
under-drainage; (e) in case of hilly land, handling the soil so as tc 
make furrows, ridges or terraces, according to special conditions, 
around the hill in such a way as to catch and hold the rain-water. 
Steep hills should be covered with trees or fine-rooted crops, like 
some of the grasses, as a protection against mechanical loss. 

Soil particles on the surface are also lost through transportation 
by wind. In some regions, this is serious. It may be remedied 
(a) by covering the surface with growing plants, (b) maintaining 
a good supply of organic matter, (c) windbreaks, and Cd) any form 
of mulch. 

(4) Loss of plant-food by conversion into gases.-The only 
form of plant-food liable to appreciable loss as gas is nitrogen. 
When nitrate nitrogen is decomposed into free nitrogen (p. 144), 
the plant-food value is lost. It is possible also that ammonia nitro
gen may be lost to soils by passing into the air when the soil is hot, 
dry and lacking in humus. Ordinarily, under agricultural condi
tions that commonly prevail, the amount of nitrogen lost either 
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from decomposition of nitrate or from escape of ammonia into the 
air may be regarded as insignificant. Another source of nitrogen 
loss is the" burning of animal or vegetable matter. When stubble 
or any other form of vegetable material or any animal substance is 
'lurned the nitrogen is rendered useless as plant-food by being 
converted into free nitrogen. . 

How plant-food compounds are held by soils.-If a plant
food compound, such as potassium chloride, calcium acid phosphate, 
ammonium sulfate, etc., is dissolved in water and this solution 
poured upon a 6~inch layer of ordinary soil so as to enable one to 
catch the solution that drains through the soil, it will be found 
that most of the plant-food constituents are retained in the soil. 
This retention is due in part to chemical and, in part, to physical 
causes. It varies with the compounds applied and with those in 
the soil, as well as with the fineness of the soil particles. 

Obviously these processes are of practical interest in connection 
with a study of the plant-food losses by leaching. The process by 
which soluble compounds are held in soils is called fixation. It 
may be due to chemical or physical causes or both. 

(1) Chemical fixation applies to cases in which soluble com
pounds, applied to the soil, undergo chemical reaction with one or 
more constituents of the soil and are thereby changed into other 
compounds less soluble. 

(a) Nitrogen compounds. Nitrate ni:rogen is not chemically 
held in soils because all nitrates are easily soluble in water, and, 
therefore, cannot form insoluble compounds by reaction with any 
soil constituent. 

Ammonia nitrogen, whether as gaseous ammonia, ammonium 
carbonate or a neutral ammonium salt like ammonium sulfate, is 
capable of reacting with certain soil constituents and entering into 
combinations not easily leached from the soil. The same is true of 
soluble organic nitrogen compounds. The fixation of ammonia and 
of soluble organic nitrogen compounds is associated with colloidal 
material in soils. While compounds of ammonia and of organic 
nitrogen are retained in soils so long as they maintain their insoluble 
condition, they are sooner or later changed into nitrate nitrogen 
(p. 139) and then they are easily removed by leaching. 

(b) Phosphorus compounds. The amount of phosphorus com
pounds found in drainage water is small. This is easily explained 
by the fact that phosphoric acid can form insoluble compounds 
with several constituents common in soil~lcium carbonate and 
compounds of iron and aluminum in clay. When we put soluble 
calcium phosphate (CaH4 (POt h, p. 33) on a soil that contains 
carbonate of .calcium, it first goes into solution and is distributed 

, through the soil water near the surface; soon the calcium of the 
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carbonate combines with the soluble calcium phosphate and forms 
throughout the soil fine particles of the di-calcium or "reverted" 
phosphate (Ca2H2(P04h, p. 33); or, on soils that contain large 
amounts of calcium carbonate, more calcium may unite with the 
phosphate to form tri-calcium phosphate (Cas(P04h, p. 33). 
Whether the di- or tri-calcium phosphate is formed, the phosph~l.te is 
soon distributed throughout the upper layer of soil in a state of fine 
division, to form a coating on the soil particles with which the 
soluble phosphate comes in contact before being changed to the 
insoluble form. In this condition it is soluble in water that con
tains in solution carbon dioxide or weak organic acids. Under nor
mal soil conditions, it goes into solution gradually to meet the 
demands of growing plants. 

In acid soils and soils that contain only small amounts of 
calcium carbonate, the application of a soluble phosphate is fol
lowed by the formation of iron and aluminum phosphates (p. 83), 
which are only slightly and slowly soluble in soil solutions. The 
foregoing facts suggest the desirability of keeping soils well sup
plied with calcium carbonate in order to prevent the formation of 
the too slowly available iron and aluminum phosphates. Recent 
investigations have, however, shown marked losses of phosphorus 
in case of light, open textured soils treated with large amounts of 
farm manure for such crops as cabbage, asparagus, tobacco, etc. 

(c) Potassium compounds. Most soils contain constituents 
which by means of chemical action have the power to change soluble 
potassium compounds into forms that do not dissolve too easily in 
soil water. Soils that contain abundance of clay and humus pro
duce this change in greater degree than do light soils. When soluble 
potassium compounds, such as the chloride, sulfate and carbonate, 
are applied to soils, they remain largely in the surface soil, though 
some portions pass into the subsoil, but little goes into the drainage. 
In this condition the potassium remains until dissolved gradually 
in the soil water to supply the roots of growing plants. 

(2) Physical ftxation.-\Vhen finely powdered charcoal is 
shaken up in a colored liquid, the dissolved coloring-matter may be 
so completely removed that the solution becomes colorless. Char
coal has the power to attract and condense upon its surface the 
dissolved coloring-matter. This is not a chemical but a purely 
physical action because none of the substances that take part in 
the action undergoes any change in composition. This process is 
technically known as adsorption. Fine powders in general, includ
ing soil particles, have the power to withdraw from solution and 
hold dissolved substances, the degree of power varying with the 
substance dissolved and the adsorbing solid. This process is of 
importance in soils, since in fine-grained soils considerable dissolved 
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material is held, instead of being leached out. Plant-food com
pounds held in this way are in condition to permit of their ready 
use by the root-hairs that come into contact with the soil particles. 
While physical fixation by adsorption may play a more or less 
active part in holding any dissolved soil constituent, it is of especial 
interest in connection with nitrates which are held to some extent 
by adsorption. This is shown by the fact that when we add to a 
clay soil a given quantity of nitrate salt, such as sodium nitrate, 
and then treat the soil with successive portions of distilled water, 
we are able to leach out only a small part of the nitrate applied. 
It may be added that the finer the soil particles the greater is the 
adsorbing power; for this reason clay soils possess this power to 
a greater extent than do sandy soils. 

Kinds and amounts of plant-foods removed from soils.
In the case of loss by mechanical agencies, such as erosion by water 
and transportation by wind, the soil particles, with all the kinds of 
plant-food contained in them, are carried away bodily; there is no 
selective action to remove one constituent more than another. But 
in case of loss by leaching, there is some selective action, which is 
dependent upon the solubility of the plant-food compounds in soil 
water. While all soil constituents are in some degree soluble and, 
therefore, likely to be removed from soils in soil water by leaching, 
some are much more so than others. The soil compounds most 
soluble are the chlorides, nitrates and sulfates of sodium, magnesium 
and calcium, and also calcium as bicarbonate. 

(1) Calcium compounds.-Of all soil constituents, calcium is 
usually found in drainage water in largest amounts. In case of 
cultivated soils well supplied with calcium carbonate, the annual 
loss of this compound per acre in drainage water is often over 500 
pounds (equivalent to 280 pounds of calcium oxide) and may exceed 
1,000 pounds (equivalent to 560 pounds of calcium oxide). These 
large losses are due, in part, to the solubility of calcium carbonate 
in soil water that contains in solution carbon dioxide and, in part, 
to the important chemical reactions in the soil in which calcium 
carbonate takes part. Thus, when any acid material is formed in 
or applied to soils, calcium carbonate is usually the first compound 
to be acted upon, with the resulting formation of calcium salts 
that dissolve in water. The formation of organic acids in the decay 
of vegetable matter and the production of nitric acid by nitrifica
tion (p. 139) convert calcium carbonate into soluble forms. The 
application of materials that contain ammonium or potassium sul
fate, chloride, nitrate, etc., results in the decomposition of insoluble 
calcium compounds with the formation of the corresponding calcium 
salt. All of these salts are soluble in water. 

(2) Nitrogen compounds.-Little nitrogen is lost from soils 
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except in the form of nitrate. Nitrate nitrogen may be lost an
nually in drainage water under various conditions from a few 
pounds an acre of crop-covered soils to 100 pounds in case of bare 
soils. Organic and ammonia nitrogen are seldom found in drainage 
water in significant amounts, but are sooner or later converted into 
nitrate nitrogen, which then may be lost. 

(3) Phosphorus compounds.-For reasons already considered 
(p. 116), relatively small amounts of phosphorus compounds are 
lost in drainage water, only a few pounds an acre at most. If 
considered with reference to large areas, however, the aggregates 
are large, amounting for the area of the United States to 400,000 
tons annually. 

(4) Potassium compounds.-The amount of potassium com
pounds in drainage water may exceed 7S pounds an acre annually, 
but is usually less. The loss is increased when large amounts of 
soluble potassium compounds are applied, and especially on sandy 
soils. As compared with phosphorus compounds, the loss of potas
sium compounds is considerably greater under ordinary conditions. 

GAINS OF PLANT-FOODS BY SOILS 

To make up the losses of plant-food which soils suffer from 
various causes considered, various sources of supply may be 
utilized, chief of which are: (1) Application of fertilizers, (2) 
plant-food contained in rain-water, (3) 
nitrogen added by micro-organisms, 
( 4) plant-food brought from subsoil, 
(S) plant-food added through manure 
from purchased feedirig-stuffs. 

Application of fertilizers.-The 
application of substances that con
tain any form of plant-food material, 
whether a product of the farm or a com- ~o 
mercia! product, serves to furnish plant-
food to take the place of that removed. C). ~ 
The amount of plant-food thus supplied a ( 
depends, of course, upon the composi- Diagram of plant cells showing 
tion and amount of the material added. nuclei. 

Plant-food in rain-water.-Dew 
and rain bring to the soil annually, from 3 to 10 pounds of nitrogen 
an acre, usually S or 6 pounds, chiefly in the form of ammonia and 
nitrate nitrogen. The variations in the amount of nitrogen thus 
supplied must necessarily be wide, according to rainfall, proximity 
of large towns, climate, etc. 

Sulfur in the form of sulfuric acid is added annually to the 
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soil in. rain-water in varying amounts, from a few pounds to 40, 
averagmg about 25 pounds. 

Nitrogen added by means of micro-organisms is treated in 
the next chapter (p. 121). 

Plant-food fromsubsoil.-Considerable amounts of plant-food 
are brought to the surface soil where plants can use it, (a) 
as the result of growing deep-rooted crops, (b) by means of grad
ually increasing the depth of plowing, and (c) through the usual 
upward and downward movementsofthesoil water,dryperiodscaus
ing the soil solution to ascend to the region of growing plant-roots. 

Plant-food added through purchased feeding-stuff's.-When 
a farmer purchases feeding-stuffs for his animals and applies the 
resulting manure to his soil, he obtains the double feeding and 
fertilizer value. 

Of these various methods of making up losses of plant-food 
constituents, the materials in most mineral fertilizers, in rain-water 
and in the nitrogenous products of certain micro-organisms are the 
only ones actually added to the soil, the others coming from the 
subsoil or the soil itself. What plant-food is applied as animal or 
vegetable materials is simply restoration of what was previously 
a part of the soil. 

Cross-section of root magni
fied. p, layers of soft, thin
walled cells; e, cells fonning 
outer covering of root or 
epidermis layer; h h, roo'-

hairs. 
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HOW PLANTS TAKE AND USE THEIR FOOD 

IN order to understand more clearly the direct relation of 
nutrient· materials to plant growth, supplied either naturally or 
artificially, it is desirable to know something of the way in which 
plants take and make use of these materials. 

We have already seen (p. 12) that plants obtain 
their food from two sources, air and soil. We will 
now study in more detail how the plant obtains and 
uses its food supplies, under the following divisions: 
(1) Plant-cells as manufactories, (2) how plants ob
tain and use carbon, (3) relation of roots to food sup
ply, (4) absorption of soil solution, (5) turgor of 
plant-cells, (6) selective power of plants, (7) forms 
of food constituents used, (8) feeding-power of crops. 

Plant-cells as manufactories.-The ability of a 
living plant to make use of nutrient materials and to 
develop through various stages of growth from seed 
to maturity depends upon the work performed in the 
millions of the small individual cells of which plants 
are made up. We may regard an ordinary living plant 
as a chemical laboratory or factory that contains im
mense numbers of small rooms, which we call plant
cells, each of which contains everything essential for Diagram of 
its work of production, and in which there is at one root, show
time or another intense industrial activity. While ing various 

plant-cells vary in size, shape and other details, it will ~:rl~:t uarDe ~ 
answer our purpose to describe certain general prop- with root cap 
erties of fundamental importance that belong to living at the tip. 
cells in common. 

We can think of a plant-cell as a small, bladder-like sac, con
sisting essentially of two parts, the covering and the cell contents. 
The important thing to know in this connection about the cell
covering or wall is that, in the young, growing portions of plants, it 
is a thin, firm, strong and elastic membrane, through which water, 
gases and dilute solutions of various compounds, but no solid par
ticles, however small, can pass. Each active plant-cell is filled with 

121 
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a semi-liquid substance, known as protoplasm, which is a complex 
mixture of many compounds, such as water, proteins, carbohydrates 
and other organic compounds, together with inorganic compounds 
in solution. Protoplasm is the living part of plant<ells-which 
makes life processes possible. In and through this substance chem
ical changes take place in cells, resulting in processes of assimila
tion, breaking down of one set of compounds to form new ones. 
In the presence, and from the substance of protoplasmic material 
are formed all the organic compounds found in plants-sugar, 

starch, cellulose, proteins, oils, 
acids, poisons, flavoring com
pounds, etc. 

How plants obtain and 
use carbon.-As previously 
stated (p. 63), nearly one
half of the dry matter of plants 
consists of carbon from' the 
carbon dioxide of the air. The 
air is absorbed by the plant 
through special small openings 

~ 
or breathing-pores distributed 
thickly on the under surface of 
leaves. The air with its car
bon dioxide passes into these 

Stoma or breathing mouth through which openings and then through the 
air passes into leaf and 'other green tissues. plant into the spaces that sur-

round the plant-cells, which ab
sorb the gas as needed. Inside the plant-cell the carbon is sepa
rated from the oxygen and made to combine with other elements 
to form new compounds, while most of the separated oxygen passes 
back into the air. 

The ability of the cell-protoplasm to utilize the carbon of carbon 
dioxide depends mainly upon two agents, chlorophyl and sunlight. 
Chlorophyl is the name of the green coloring-matter in plants. It is 
contained most abundantly in the cells of leaves, mixed as small 
green particles with the protoplasm. It has the power to absorb sun
light,' and through the energy thus obtained and with the aid of pro
toplasm, carbon dioxide and water are decomposed into their constit
uent elements, carbon, oxygen and hydrogen; the carbon then unites 
with other elements to form new compounds, which appear in the 
cell first as a carbohydrate, probably starch. This process of 
assimilating or fixing carbon is known as photosynthesis. Its action 
does not take place in the absence of sunlight, as shown by the 
white color of plants grown in the dark. The rapidity of fixation 
of carbon depends upon the intensity of sunlight, temperature, 
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supply of water, the amount of carbon dioxide in the air, the number 
of breathing-pores in the leaves and the supply of other kinds of 
plant-food (nitrogen, phosphorus, potassium, etc.). As previously 
stated (p. 60), the presence of a small amount of some soluble 
iron compound is necessary for the formation of chlorophyl. 

Relation of roots to food supply.- _ 
The plant-food constituents contained in - --
soil (water, nitrate nitrogen, compounds 
of potassium, phosphorus, calcium, iron, 
magnesium, etc.) enter plants through the 
roots. Plants can use these constituents 
only in the form of solution because solid 
particles, however small, are unable to 
pass through the thin walls of plant-cells. 
The soil water dissolves some of the 
plant-food material with which it comes 
in contact and this nutrient solution 
passes into the root-hairs, but not through 
all portions of the root surfaces. If a 
growing plant is carefully removed from 
the soil so as to disturb its roots as little 
as possible, slender, white, hair-like 
branches are found near the tips of the 
smallest rootlets that branch out from the 
larger roots and penetrate the soil in all 
directions. These root-hairs are so 
numerous that over thirty thousand may 
in some cases be found on one square 
inch of root surface. They are often so 
numerous and fine as to have a fuzz-like 
appearance. It has been estimated that 
the area of root surface is commonly in
creased five to twelve, and in extreme 
cases over fifty, times by the root-hairs. 
In a soil well supplied with water and 
other available plant-food, the number of 
root-hairs is much larger than in the case 
of soils lacking in moisture and other 
nutrients. The feeding-power of a plant 

Cross sections of leaves. 
Above, grown in full light; 
below, grown in partial shade. 

is therefore, greater in rich, well-watered soils than in dry, poor 
ones. 

Each root-hair is a long, single-celled tube, the walls of which 
are so exceedingly thin and delicate as to allow solutions but not 
solid particles to pass through. The tip of each rootlet is con
stantly pushing through the soil in search of food, and new hairs 
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are continually being formed just back of the growing tip the old 
ones ceasing their activity and disappearing as the result ~f death 
and decay . 

. Another fa.ct of in~erest and,importance is the intimate way in 
whIch these httle .hans come mto the closest contact with the 
colloidal coating of the soil particles. They not only grow between, 

but actually apply themselves closely to the 
soil particles which they frequently almost 
inclose. In this way the cell-wall of the 
root-hair is brought into closest possible 
contact with the coating of colloidal material 

__ 6""" 

and the thin film of water that surrounds 
the soil particles. After being taken into 
the root-hairs, the nutrient soil solution is 
passed on to the roots and carried through 
other sets of cells up to the leaves, where its 
constituents are utilized in various manu-
facturing operations. , 

Absorption of .soil solution.-The 
movement of gases, pure water, or that of 
solutions through a membrane, is called 
diffusion. It applies to the passage of 
soil water into the root-hairs; also to the 
movement of gases and solutions between 
cells. The one main condition which de
termines whether water, or a solution will 
pass through the membrane into or out of a 

Seedling which shows root cell; namely the relative concentration of 
hairs and growing tip. the solution in the cell and the one outside. 

Under ordinary conditions, the solution or 
cell-sap in the root-hairs is more concentrated than the soil solu
tion; that is, it contains a smaller proportion of water to the sub
stances dissolved in it; water then passes from the soil into the 
root-hairs. The solution passes by the same process, from root
hairs into other cells in the roots and from these into still other sets 
of cells, until finally it reaches the leaves which are using materials 
in the cell-sap to manufacture needed materials for plant tissues and, 
other products. 

The water not used or needed is passed from the leaves into the 
air by transpiration (p. IDS). This transpiration concentrates the 
cell-sap in the upper portion of the plant and thus fosters the move
ment of water upward to replace the water lost. At any time if 
the soil solution is more concentrated than the cell-sap, water passes 
from the root-hairs into the surrounding soil water. 

A fact of practical importance to remember in this connection is 
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that when the solid matter in a soil solution is greater than 1 part 
in 500 parts of water (for example, 1 pound in 60 gallons of water), 
the solution is approaching a concentration beyond which it may 
cause many plants to suffer. This is shown when leaves turn yellow 
on the edges, become spotted and drop off, or growth is checked, 
shortened and dwarfed, and leaves often become puckered and 
twisted. The roots and root-hairs are also shortened and deformed. 

Root-hairs on wheat when very 
young and four weeks later. All 
the water and food from the soil 
enter the plant through the root
hairs. Note how closely the 
root-hairs adhere to the soil par-

ticles. (After Sachs) 

Turgor of plant-cells is intimately 
connected with the process of diffusion. 
The passage of water by diffusion 
causes cells to fill up to such a degree 
as to produce pressure from within on 
the cell-wall and to make a more or 
less rigid, swollen condition. This is 
maintained by continued absorption of 
water, which takes place so long as the 
cell-sap is more concentrated than the 
solution outside the cells. On the other 
hand when soil water is more concen
trated than cell-sap water leaves the 
plant-cells, passes into the soil, the 
plant-cells lose their fullness, the tis
sues wilt or become limp, and, if the 
withdrawal of water is carried too far, 
the plant may die. We have practical 
illustrations of loss of turgor in plant
cells when a strong solution of nitrate 
of soda, for example, comes in contact 
with a green leaf; water passes by dif
fusion from the cells to the stronger 
solution outside to such an extent as 
to cause the leaf to wilt and present a 
scorched or burned appearance. A 
similar result takes place when a concentrated fertilizer, rich in 
salts such as sodium nitrate, ammonium sulfate, potassium chloride, 
sulfate, etc., is applied in too large amounts to a soil. Under these 
conditions, more water leaves the plant than enters and the plant wilts. 

In hot, dry weather, when there is insufficient water in the soil 
to supply the place of that transpired from the leaves, plant-cells 
lose their turgor and the leaves show more or less wilting; in such 
cases, the wilting acts as a protection in preventing more water 
from going off too rapidly, since the openings in the leaves, or 
breathing-pores, through which the water passes into the air, be
come much smaller through loss of turgor in the celIs around ·the 
openings. 
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Selective power of plants.-It is well known that plants use 
some soil constituents in much larger amounts than others, so it is 
a matter of practical interest to consider briefly how a plant obtains 
its food supplies in the proportions needed. The soil solution con
tains various constituents, some of which nourish plants and some 
do not-. Through the process of diffusion, plants exercise a certain 
kind of power of selection, distinguishing between nutritive and 

How plant-food gets into the soil Car
bon is taken in through the stomata. or 
mouths, on the UDderSde of the leaf. 
AD the mineral elements, including the 
nitrates, are in solution in the water 
and pass in this way into the plant 
through the mot-bairs near the tip end 
of the growing moL Later most of 
this same water passes out of the leaves 

as vapor. 

non-nutritive constituents and be
tween those used in smaller and 
those used in larger amounts. The 
amount of each constituent present 
in the soil solution taken into a 
plant is detennined primarily by 
the amount of each constituent 
used by the plant in its manufac
turing work; the process of dif
fusion automatically acts to keep 
up the supply. 

When a plant-food constituent 
is taken from its solution within 
the plant-cell and built by the pro
toplasm into some new form, a 
new supply of that particular con
stituent passes into the cell from 
the solution outside as soon as the 
amount of that constituent in the 
solution within the cell becomes 
Jess than in the solution outside 
the cell. For example, when a 
single food element like potassium 
present in the cell-sap is taken 
from the solution by the proto
plasm in the cell then the solution 
contains less potassium. Then 
there will be a fresh inflow of p0-
tassium from the weaker solution 
outside until the proportion of 
potassium is the same in the solu

tion within and without the cell. Should the potassium be used as 
fast as it is absorbed, then absorption will continue rapidly enough 
to maintain the supply. 

In the case of a constituent like sodium, of which plants use 
only small amounts at most, new supplies are called for to a much 
more limited extent, the ceD-sap holds all it can and no more is 
admitted to the plant from the soil. In the case of potassium and 
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sodium, the soil solution usually contains more sodium than potas
sium salts, but in spite of this more potassium enters the plant. 
Therefore, the amounts of various plant-food constituents that 
come into roots through the root-hairs are regulated not merely by 
the amounts present in the soil solution but more largely by the 
amount of each constituent utilized in manufacturing operations. 
This power of taking from soil solution any plant-food constituent 
or constituents needed is called 
the selective power of the plant. 
It exists within the living cells 
themselves. All materials dis
solved in soil water pass by dif
fusion through the ~waIIs of the 
root-hairs into the plant, but they 
will not continue to enter unless 
they are made use of by the proto
plasm. 

Forms of constituents used. 
-We ordinarily think of com
pounds in soil solutions being ab
sorbed by plants in the exact form 
in which they exist in the soil so
lution. For example, we usually 
suppose that the sodium nitrate in 
a soil solution passes as such into 
the plant, but it does not neces
sarily. When a plant is grown in 
a water solution and sodium ni
trate (NaNOs) is supplied, the 
compound is split into sodium 
(Na) and nitrate radical (NO.); 
the nitrate is used by the proto- ~~D 

How the sap current moves. 
plasm, while the sodium is re
jected. It combines with any car
bon dioxide present and appears 
as sodium carbonate in the solution outside the plant. As a result,' 
the surrounding solution soon becomes alkaline. In other cases, as 
with potassium chloride (KCI) or sulfate (K2SO.), the plant uses the 
potassium and rejects most of the acid portion (CI or SO.), the " 
presence of which results in making the surrounding solution acid. 
We must regard each individual element or radical in the soil 
solution as being taken up and used independently by plants; the 
supply of each by itself comes in accordance with the demand 
made on each for manufacturing operations. Each element or base 
or acid is used and supplied more or less independently of the others. 
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Feeding-power of crops.-We are in the habit of speaking of 
some crops as "weak-feeding" and others as "strong-feeding." In 
these expressions we recognize the fact that some crops obtain 
abundant supplies of plant-food from soils on which other crops 
suffer for lack of nutrients. For example, corn, oats and cabbage 
often grow well on soils where onion or wheat crops give poor yields. 
Stated in the briefest way, a crop depends for its feeding power on 
its ability to absorb plant-food from the soil. This depends upon 
several factors, chief among which are the extent or area of the 
root-hairs and the activity of the plant's chemical processes. Plants 
which have large root systems and a proportionately large number 
of root-hairs are in condition to absorb more plant-food than those 
which have small root systems. The rapidity with which plants use 
their food in making new growth and in elaborating various com
pounds affects their feeding power. The larger the amount of con
stituents used in the plant, the larger must be the amount absorbed. 
A crop in its most rapid stage of growth absorbs more plant-food 
material than at other times. 

Effects of plant-food distribution on root growth.-Experi
ments have proved that root development varies according to the 
location of the plant-food. For example, when the plant-food is 
uniformly mixed through the soil, the roots grow evenly throughout 
the entire soil mass; when placed about one inch below the surface, 
the roots form a mat in this layer and those that extend beyond 
are not much branched; when placed about the middle, between 
top and bottom, the root system shows great expansion at this 
point; when at the bottom, the roots are slender and with few 
branches until they reach the food where they form a mat; when 
placed in a layer around the sides of the vessel holding the soil, the 
outside roots are greatly branched, but the inner ones are only 
slightly developed; when placed as a core down the middle of the 
cylinder of soil, the inner roots are greatly developed, the outer 
ones are less so, Root growth takes place where the food supply is. 
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XII 

THE RELATIONS OF MICRO-ORGANISMS TO 
PLANT-FOOD 

THE soil was once regarded as the abiding place of mostly non
living matter. Such changes as were known to occur, especially 
obvious ones like the decay of organic matter, were regarded as 
purely chemical without any relation to biological activities. We 
now know that soils, especially cultivated soils, teem with unseen 
life, and that many of the most important chemical processes that 
-take place within are due to the action of living organisms found 
mostly upon the colloidal film that surrounds the inorganic soil 
particles. These living beings, though minute, are subject to the 
same general conditions as prevail among higher organisms in re
lation to the biochemical problems of nutrition, reproduction and 
death. 

Because the use of a microscope is required to enable one to 
see them satisfactorily, they are spoken of under the general term of 
micro-organisms. Their relations to crop production form a field 
of investigation which has yielded results of far-reaching practical 
value to plant nutrition. These relations appear to be of increas
ing importance as our knowledge enlarges. 

The numerous soil micro-organisms in which we are here inter
ested may be considered under four general divisions: 1, Bacteria; 
2, Actinomyces; 3, Fungi; 4, Protozoa. Of these bacteria are, in 
their beneficial effects, of the greatest nutrition importance. Bac
teria, actinomyces and fungi belong to the vegetable kingdom, 
protozoa represent the simplest form of animal life. 

BACTERIA 

Bacteria are the simplest and smallest known forms of plant 
life. Each individual consists of a single cell. On account of their 
power of rapid multiplication under favorable conditions, they are 
capable of producing extensive chemical changes, especiaUy in ani
mal and vegetable materials. Before taking up their detailed 
study, it is desirable to obtain some knowledge of their general 
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characteristics, such as (1) size, (2) forms, (3) reproduction, (4) 
effects, and (5) conditions of growth. 

Size.-Individual bacteria average in diameter about one 
twenty-five thousandth of an inch and vary from one thousandth 
to less than one fifty-thousandth of an inch. This means that if 
twenty-five thousand bacteria of average size were placed side by 
side, they would extend only one inch. 

Forms.-Bacteria appear in three general varieties of form, 
round or ball-shaped (coccus), rod-like (bacillus or bacterium) 
and cork-screw or spiral form (spirillum). Each of these shapes 
varies more or less with diverse kinds of bacteria. In the first 
shape they may exist as separate balls, or in pairs, chains or square 
and cubical masses. Those that appear in rod-like form may be 
much like lead-pencils in shape, long and slender, or relatively 
thick and short. The rods may be separate or strung together, end 
to end. The cork-screw shaped variety may closely resemble a 
cork-screw or may be much like a comma, a letter S, or a watch
spring. There are, however, numerous variations from these regular 
forms. Some bacteria have one or more little threadlike, external 
appendages, which by working rapidly back and forth enable the 
organisms to move about. 

Reproduction.-Bacteria reproduce by simple division; that 
is, when a cell grows it increases more in one direction, so as to 
lengthen out slightly. A partition forms across the cell, thus pro
ducing two cells in place of the old one. Then each of these 
subdivides, and so on continuously. In some kinds the whole cell 
is transformed into a spore, which bears much the same relation to 
bacteria as a seed to a higher plant, or an egg to an animal. Spores 
are not so easily killed as are bacteria, therefore, spore-producing 
bacteria reproduce under conditions which would kill fully-devel
oped bacteria. Under favorable conditions the rapidity of growth 
of bacteria is beyond comprehension. In some cases, one cell 
divides into two cells every thirty minutes, that is, passes through 
its cycle of life from birth to reproduction; if such a rate were kept 
up for twenty-four hours, the one cell would multiply into more 
than three hundred trillions (300,000,000,000,000). Owing to the 
exhaustion of food supply, accumulation of poisonous products and 
the consequent death of many cells, such rapidity of increase does 
not occur under ordinary conditions. 

Effects produced by bacteria.-In the course of their growth, 
bacteria produce many kinds of change in the materials in which 
they live, and which they use as food. The immediate cause of 
each change is a specific substance known as an enzym, produced 
by the bacteria, which is a non-living, chemical substance, capable 
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of causing marked changes in many complex organic compounds, 
the. enzym itself undergoing little or no change. 

The special function of enzyms is generally to assist bacteria 
in procuring food. Bacteria, like the hair-root cells, take their food 
materials only in soluble form through the cell-walls; substances 
not in solution cannot enter, so in such condition are useless as 
food. In order to utilize insoluble materials, such as cellulose 
and insoluble proteins, many bacteria produce enzyms internally. 
These pass out of their cells, act on insoluble materials which 
when made soluble pass into the bacterial cells for use as food. 
Bacteria convert such food materials into new forms of combina
tion, and produce various kinds of substances, sugars, acids, 
alcohols, soluble nitrogen compounds (peptones, amino acids, am
monia, nitrous acid, nitric acid, free nitrogen), aromatic compounds 
and numerous other products. Some bacterial products are in
tensely poisonous, others highly useful. 

Conditions of growth.-The life and growth of bacteria 
are affected by (1) food, (2) temperature, (3) oxygen, (4) mois
ture, (S) light, (6) chemical and physical conditions, (7) products 
of bacterial action, (8) presence of other forms of life. 

(1) Food.-The bodies of bacteria consist of proteins, carbo
hydrates, oils, etc., and, therefore, like higher plants, for satisfac
tory growth they require as food soluble compounds that contain 
nitrogen, carbon, hydrogen, sulfur, oxygen, and, in addition, 
small amounts of inorganic or mineral compounds (phosphorus, 
potassium, magnesium, etc.). Compounds contained in vegetable 
and animal matter form the usual sources of supply of food for 
bacteria. Various kinds of bacteria show decided preferences for 
one or another kind of food compounds. For example, some thrive 
only on organic nitrogen, others on ammonium compounds, others 
on nitrate and still others on nitrite nitrogen. When bacteria live 
in or on some other organism and derive their nourishment there
from and at the expense of their "host" they are called parasites 
(para, beside, and sitos, food); many plant and animal diseases 
are due to the parasitic action of bacteria. 

(2) Temperature.-Various bacteria flourish best within defi
nite narrow limits of temperature. The most favorable range of 
temperature for bacterial activity lies between 70° F. and 10So F. 
(21 ° and 40° C.), or, perhaps, for most soil bacteria within the 
narrower range of 60° to 80° F. (IS.So to 2S.So C.). In general, 
activity decreases as the freezing point of water (32° F. or 00 C.) 
is approached, when all signs of active life cease; but intense cold, 
unless applied for a long time, usually does nothing more than 
render bacteria inactive; on warming again, they become active. 
Above 110° F. (43 0 C.) bacteria gradually lose their vigor and 
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many are killed at 1300 to 1400 (54 0 to 60 0 C.) in ten minutes, 
or in less time at higher temperatures. At the temperature of 
boiling water (212 0 F. or 1000 C.) most bacteria are killed, but 
many bacterial spores are not killed except at considerably higher 
temperatures and may even then require one to three hours. Dry 
heat is less effective than moist. When bacteria are not actually 
killed by heat, their vitality may be greatly weakened, as mani
fested by diminished activity. 

(3) Oxygen.-Bacteria vary greatly in respect to their ability 
to live with or without oxygen. Some called aerobes or aerobic 
can live only when well supplied with air. They cause the ele
ments of organic matter to unite with oxygen; that is, they oxidize 
organic matter, so are useful in making available the plant-food 
materials in organic matter. Bacteria that cause rapid decompo
sition and also those that produce nitrification, as well as certain 
kinds that fix nitrogen are aerobic. 

Other bacteria called anaerobes or anaerobic soon die or cease 
being active if exposed to the air. These take oxygen away from 
(reduce) organic matter, decompose it and tend to change it into 
gaseous compounds. Bacteria that convert cellulose into soluble 
compounds are anaerobic. Both aerobic and anaerobic bacteria 
are found in soils, manure heaps and other places. In many cases, 
as in manure piles, the air is used by aerobes and conditions 
thus made suitable for anaerobes. 

(4) Moisture.-Many bacteria become dormant though still 
retaining life, on being dried, then become active again when mois
ture is supplied. Some are killed at once by drying. In the de
composition of vegetable matter in soils bacterial action is said to 
be little when the percentage of moisture drops below 25 per cent. 

(5) Light.-Sunlight kills most bacteria when exposed directly 
to the sun's rays for a few hours. Spore forms are less easily 
affected. In the case of bacteria in soil and water, direct sunlight 
affects only those bacteria in the topmost layer. Diffused sun
light and artificial light may lessen the activity of bacteria. 

(6) Chemical and physical conditions.-The presence of an 
acid destroys, or prevents the growth of, those kinds of bacteria 
which flourish only in a neutral or slightly alkaline medium. Hence, 
a soil that contains free acid or acid salts is unfavorable to some 
bacteria; in strongly acid condition, molds flourish instead of bac
teria. Under conditions that prevail in such places as brackish 
swamps, humus-free soils and sand beaches, certain kinds of bac
teria are not found. Many chemical compounds have the effect 
of either killing or. checking the growth of bacteria. Those com
pounds that simply retard the rapidity of growth of bacteria are 
called antiseptics,. those that destroy bacterial life are called di.r-
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in/ectants. The addition of acid phosphate, kainite and similar 
substances to stable manure is usually for the primary purpose of 
checking or preventing bacterial action. Many compounds which, 
in dilute solutions,. serve as food, act as poisons when present in 
concentrated form; for example, nitrifying bacteria use soluble 
organic matter as food, but their activity is retarded when too 
much is supplied. 

Certain physical surroundings are unfavorable. For example, 
b(1cteria do not flourish in pure clay or sand or in soil filled with 
stagnant water. These are, however, connected with conditions 
of temperature, air supply, etc. 

(7) Products 0/ bacterial action tend to accumulate as results 
of chemical changes due to the work of bacteria in transforming 
chemical compounds. When they reach a certain degree of con
centration, they often act as poisons in reducing or stopping con
tinued bacterial activity. In many cases the products of one kind 
of bacteria are poisonous to other kinds. To illustrate, lactic acid 
bacteria, characteristic of sour milk, convert milk-sugar into lactic 
acid, but cease to act when about 1 per cent. of lactic acid has 
been formed, even though only a part of the milk-sugar is changed. 
Lactic acid stops the activity not only of these organisms but also 
that of many other bacteria that require a neutral or slightly alka
line reaction, such as change insoluble protein, milk-casein into 
soluble nitrogen compounds. If we add to sour milk some calcium 
carbonate and thus neutralize the lactic acid, the bacteria renew 
their activity and produce acid until the mixture again contains 
about 1 per cent., when they stop; but, if enough calcium carbon
ate is added, the action will be continued until all the milk-sugar 
is changed. Many soil bacteria act in the same way; they pro
duce acids until the accumulation is sufficient to check or stop 
their activity, but in soils well supplied with calcium carbonate 
the action can go on as long as food supply and other conditions 
are favorable. 

(8) Presence 0/ otker forms 0/ Ii/e.-The soil may contain 
protozoa (p. 1 S4) which are believed to feed upon living bacteria 
to such an extent as to interfere seriously with the proper per
formance of certain bacterial functions in the soil. 

Soil bacteria.-One of the important functions of soils is to 
furnish a favorable living place for bacteria, especially for forms 
that do useful and necessary work in connection with nutrition of 
crops. Many kinds of bacteria are present in soils; some useful, 
others injurious, many apparently neither. 

(1) Distribution.-In fertile soils bacteria are exceedingly 
numerous; in dry, sandy soils and those that contain no humus, 
their numbers are few. At the surface of soils, are comparatively 
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few bacteria; in the upper layer, just beneath the surface, are 
many, three feet down only a few, below five or six feet practically 
none. In open soils, such as sandy soils and sandy loams, that 
permit free circulation of air, those organisms abound that require 
air (aerobic); in heavy clay soils, in which circulation of air is· 
limited, aerobic bacteria are not abundant but rather those that 
thrive in the absence of air (anaerobic). Other conditions that 
influence the kind and number of bacteria in soils are food supply, 
altitude, exposure, plant growth, methods and extent of cultivation, 
kinds of fertilizers applied, drainage, liming, crop-rotation, supply 
of organic matter, etc. Crops with heavy foliage, such as cabbage, 
beets, etc., by shading the soil, affect conditions of temperature, 
moisture and light differently from such crops as wheat. Gener
ally speaking, bacteria are found most abundantly in soil where 
there is vegetable matter to furnish food, provided other conditions 
of chemical and physical environment are favorable to their 
existence. ' 

(2) Changes produced.-Soil bacteria effect important changes 
in the mineral and organic plant-food constituents of soil. They 
are also instrumental in making atmospheric nitrogen available as 
plant-food. Some bacteria also convert available forms of plant
food into less available condition. The effects of various kinds of 
soil bacteria include: (1) Changes in the organic soil constituents, 
(2) fixation of atmospheric nitrogen, (3) changes in the mineral 
soil constituents. 

CHANGES IN ORGANIC SOIL CONSTITUENTS 

Of the so-called organic constituents, carbon, hydrogen and 
oxygen are obtained directly or indirectly from the air (p. 12) 
without the intervening action of bacteria. But the nitrogen of 
the air, as such, is not directly available to plants, although it 
constitutes the sole and original source of supply. The means of 
changing portions of atmospheric nitrogen into plant-food material 
have depended largely upon bacteria. The nitrogen thus originally 
obtained from the air has been transformed into plant and animal 
tissues and these have gone into the soil, there to be acted upon 
by micro-organisms, largely bacteria:, and worked over into forms 
which plants can use again as food. . 

The changes by which plant and animal substances are made 
useful in the soil as sources of available plant-food are not only 
highly interesting but extremely important in their applications to 
practical crop production. Thus, the conversion of the vegetable 
matter of green crops, roots, and all vegetable waste material into 
soil humus depends chiefly upon the action of bacteria (pp. 130-
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153). . Likewise, the fermenting or "rotting" process by which 
animal and vegetable materials in farm manures are profoundly 
changed in composition is due chiefly to the work of bacteria. The 
bacterial changes produced in organic matter are largely in the 
direction of converting insoluble into soluble plant-food material 
in one or another of the following ways: (1) Decomposition, (2) 
ammonification, (3) nitrification, (4) denitrification, (5) sulfofi
cation. 

Decomposition.-The term decomposition is used here to in
clude those chemical and physical changes which vegetable and 
animal matter undergo when their complex compounds (proteins, 
carbohydrates, etc.) are changed into simple compounds by means 
of the action of various living organisms, especially bacteria. The 
subject has already been briefly discussed in relation to the organic 
matter in soils (Chapter VIII, p. 87). The processes of bacterial 
decomposition vary greatly, depending on the kind of organic sub
stance and various other conditions, but especially on the presence 
or absence of oxygen (air). As previously stated, (p. 136), they 
may be divided into two general kinds: (1) Decomposition in air 
(aerobic), and (2) decomposition away from air (anaerobic). The 
character of the chemical changes produced by each process is 
different. 

(1) Decay or decomposition in presence of air (aerobic).
Going more into detail than on page 136, the following changes 
occur: 

(a) Non-nitrogenous organic compounds (the carbohydrates, 
oils and organic acids). (1) The carbohydrates, sugar and starch, 
are decomposed rapidly by various kinds of bacteria and fungi, 
being converted into various intermediate simpler compounds, 
among which are organic acids, such as acetic, the characteristic 
acid of vinegar. But whatever intermediate changes occur, the 
final products of decay are carbon dioxide and water. (2) Ligno
cellulose, the carbohydrate that constitutes the bulk of vegetable 
cell-walls, is less quickly attacked by decay bacteria than are 
sugar and starch. While several species of aerobic bacteria can 
dissolve the celluloses some fungi (p. 154) are also capable of 
doing the same, and, under ordinary conditions, the decay of the 
celluloses is due to the combined action of fungi and aerobic 
bacteria, mainly through enzyms. The intermediate and final 
products of cellulose decay are much the same as those of sugar 
and starch. In connection with the decay of vegetable matter in 
both soils (p. 93) and manure piles (p. 232), the dissolving of 
the tough cellulose that covers the cells is a matter of practical 

. value, because it sets free the various carbohydrate and nitrog-
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enous food constituents contained in the cells and makes them 
accessible to other bacteria. (3) Oils are changed into acids and 
these finally into carbon dioxide and water. (4) Organic acids 
ultimately form carbon dioxide and water. Some of the inter
mediate decomposition products of the non-nitrogenous organic 
compounds are used as food by other bacteria. 

(b) Proteins. When protein compounds decay they form a 
succession or series of simpler nitrogen-containing compounds (1) 
albumoses or proteoses, (2) peptones or peptids and (3) amino 
acids. Sooner or later the nitrogen becomes ammonia (ammonifi
cation, p. 138). The carbon, oxygen and hydrogen of proteins are 
finally converted into carbon dioxide and water, the sulfur into 
sulfuric acid and the phosphorus into phosphoric acid. 

(c) :Mineral constituents originally present in vegetable matter 
are left as a residue, comparable to ashes, mainly as salts of cal
cium, magnesium, potassium, sodium, etc., such as phosphate, sul
fate, carbonate and chloride. 

(2) Decomposition in absence of air (oxygen, anaerobic).
Bacteria, different in kind from the aerobic and different also in 
the results of chemical change produced, are responsible for the 
process of anaerobic decomposition of organic matter in soils, 
known as humification. The general differences in the results are 
as follows: 

(a) The anaerobic process is shown by the difference in the rate 
of decomposition in organic matter in loose, as compared with close, 
soils, or at the surface of a soil as compared with that at consider
able depths, or on the outside of a compacted manure pile as com
pared with the inside, or in a well-drained, as compared with a 
water-logged soil. 

(b) Chemical changes less complete. In anaerobic decomposi
tion the chemical changes do not go so far as in aerobic; the 
complex organic compounds, whether nitrogenous or non-nitroge
nous, are not so completely decomposed into simple compounds. 
While some carbon dioxide, water and ammonia are formed, the 
carbon, hydrogen, oxygen and nitrogen are more largely found in 
the form of intermediate compounds of considerable complexity of 
composition. 

(c) Products resistant to further change. The dark-colored, in
termediate organic compounds formed by anaerobic decomposition 
are not easily decomposed by other bacteria, even when exposed 
to air, as already explained in connection with organic matter in 
soils (p. 92). 

(d) Offensive and poisonous compounds. Many compounds 
formed by anaerobic decomposition of organic matter, and particu-
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.larly of nitrogenous substances that contain sulfur and phosphorus, 
are peculiarly offensive in odor (~iving rise to the application of 
the term putrefaction to the process). Many of them are poison
ous, for instance: Hydrogen sulfide or gaseous sulfureted hydrogen 
(H2S), phosphine or gaseous phosphureted hydrogen (PH.), skatol 
and indol (which furnishes characteristic odors in human excre
ments), etc. 

(e) Difference in gases formed. While in anaerobic decompo
sition some of the same gases are formed as in anaerobic--carbon 
dioxide, water, ammonia and nitrogen-they are formed in much 
smaller amount, while other gases, such as marsh gas (CH.), phos
phine, hydrogen sulfide, etc., which do not occur appreciably, if at 
all in decay are present. 

Owing to the variety of conditions which influence one or another 
kind of bacterial activity, the general process of decomposition of 
organic matter in soils, is one of extreme complexity. In each kind 
of decomposition many kinds are at work at one time or another. 
While the chemical changes during the processes of decomposition 
go through an orderly progression, many of the changes in the vari
ous classes of compounds go on at the same time under the action 
of different kinds of bacteria, working approximately side by side, 
the products of some retarding or hastening the activity of others. 

Ammonification is a term applied to the general process by 
which organic or protein nitrogen is converted into ammonia. In 
the decomposition of organic matter the nitrogen compounds are 
sooner or later changed into ammonia partly or completely; there
fore ammonification is essentially the process of decomposition, 
limited to protein compounds, under conditions favorable to the 
formation of ammonia, this product being the result of the last 
stage of the decomposition of nitrogen-containing organic com
pounds or proteins. The production is accomplished by many kinds 
of ammonifying bacteria. Some are aerobic, others anaerobic. The 
various kinds differ in their chemical processes and rapidity of 
action. Numerous fungi found in soils also produce ammonia. 

The formation of ammonia from organic nitrogen compounds 
in soils depends upon various conditions, such as the kind of 
protein, the kind of soil bacteria or fungi, and all the physical and 
chemical conditions that modify or influence micro-organic activity. 
The bacteria that cause ammonification are usually abundant in 
air, rain-water, stables, manure piles and surface soils. The proc
ess is one of extreme importance in crop growing because upon 
it depends the formation of nitrate nitrogen in soils. While some 
agricultural plants appear to be able to use compounds of am
monia as food directly, it is generally believed the most effective 
form of nitrogen as a direct source of plant-food is the nitrate. The 
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ammonia produced by the action of micro-organisms combines, 
under conditions present in normal soils, with carbon dioxide and 
water to form ammonium carbonate, 

Carbon Ammonium 
Ammonia dioxide Water carbonate 

2NHa + CO. + R20 = (NlL).Co. 

Nitrification is the name of the bacterial process by which 
nitric acid (HNO.) or nitrate nitrogen, is formed. The term is 
ordinarily used in its broadest sense to indicate the conversion of 
organic nitrogen into nitrate; therefore, when so used, it includes 
the process of ammonification. It is also used in a more limited 
sense to indicate the conversion of ammonia into nitrate. In any 
case, ammonia is the form of nitrogen directly used in the process 
of nitrification. 

(1) Chemical changes 01 nitriftcation.-The conversion of am
monia into nitric acid takes place as the result of two distinct 
bacterial chemical operations, one kind of bacteria being respon
sible for the first operation and another for the second. The 
operations consist of (1) the change of ammonia into nitrous acid 
(HN02 ) or nitrite nitrogen and (2) the change of nitrous acid 
into nitric acid (HNOs) or nitrate nitrogen, represented as follows: 

17 48 47 18 
(1) NHa + 30 = RNO. + H.O 

Ammonia Oxygen Nitrous acid Water 

47 16 63 
(2) RNO. + 0 = RNa. 

Nitrous acid Oxygen Nitric acid 

These reactions show that the process of nitrification is, chemi
cally, an oxidation process, adding oxygen to nitrogen. In the 
production of nitrous acid from ammonia, one pound of nitrogen 
in ammonia combines with about 2.3 pounds of oxygen. In the 
final stage about 1.15 pounds more oxygen is added to produce 
nitric acid. Stated in another way, 1 pound of nitrogen in am
monia combines with about 3.5 pounds of oxygen to form nitric 
acid. On the basis of ammonia, instead of nitrogen alone, 1 pound 
of ammonia is capable, in nitrifiCation, of producing 2.75 pounds 
of nitrous acid and 3.7 pounds of nitric acid. It will be observed 
that the addition of oxygen has the effect of diluting the nitrogen, 
or reducing its percentage, as shown by comparing the percentage 
of nitrogen in ammonia (82.35), in nitrous acid (29.8) and in 
nitric acid (22.2). 
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As shown above, the final product of nitrification is free nitric 
acid (HN08 ). In a soil well supplied with calcium carbonate, the 
nitric acid quickly combines with the calcium to form calcium 
nitrate, as represented by the following reaction: 

126 
2HNO. 
Nitric 
acid 

100 
+ CaCO. = 

Calcium 
carbonate 

164 
Ca(NO.). 
Calcium 
nitrate 

44 18 
+ CO. + ILO 

Carbon Water 
dioxide 

Therefore, in good agricultural soils, the nitric acid is present 
as a salt of calcium, potassium (KNO.), magnesium (Mg(NO.).), 
or sodium (NaNOs), according to special chemical conditions 
present in a soil. 

It is to be kept in mind that if the best conditions for further 
formation of nitrate nitrogen and for the growth of plants are to be 
maintained, the nitrification process results in producing an acid, 
which calls for some constituent to combine with and neutralize it. 
For example, each pound of nitric acid formed calls for nearly a 
pound of calcium carbonate. 

(2) Character of bacteria of nitrijication.-The nitrous or ni
trite bacteria capable of changing ammonia into nitrous acid, are 
known as Nitrosomonas and Nitrosococcus. 

The nitric or nitrate bacteria that change nitrous acid (HN02 ) 

into nitric acid (HNOa), are called Nitrobacter. These two groups 
are together often called nitrifying bacteria or nitrijiers. 

The nitrous and nitric organisms appear to be influenced largely 
by the same conditions, favorable and unfavorable, and, therefore, 
are usually found working together, because nitrous acid, almost 
as rapidly as it is formed from ammonia, is changed into nitric acid. 
Only under abnormal soil conditions are appreciable amounts of 
nitrous acid found. 

Nitrifying bacteria are found in all cultivated soils, water, 
manure, and sewage. They are not abundant in soils either exces
sively poor or excessively rich in organic matter as, for example, in 
forest soils, muck deposits, arid deserts, etc. In soils of high pro
ductive power the nitrifying ability of the bacteria is often greater 
than in soils of less productive power. 

While much remains to be learned in regard to the conditions 
under which nitrifying bacteria work with greatest effectiveness, 
many soil conditions favor or retard the process; for instance, (a) 
location, (b) moisture, (c) food, (d) oxygen, (e) temperature, (f) 
light, (g) non-acid condition or soil reaction. 

, (a) Location. Nitrifying bacteria are most numerous in the 
upper layers of soils, because the conditions are there most favorable 
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for their growth. Probably two-thirds of the nitrate nitrogen pro
duced in soils is in the first foot of the upper surface and the re
mainder is in the next foot below. The depth at which these bacteria 
occur depends upon the looseness and warmth of the soil. 

(b) Moisture. In a dry soil nitrification does not take place. 
Therefore, in drouth, this process is likely to cease in the upper lay
ers of soil. In a wet soil, on the other hand, where water is stag
nant, the process does not occur actively. 

(c) Food. The nitrogen of organic matter in soils forms the 
primary source of nitrogenous food for the nitrifying bacteria; in 
the more limited sense of nitrification, ammonia constitutes the 
nitrogen food supply. The complete absence of organic nitrogen 
does not stop the process of nitrification so long as there is a supply 
of ammonia. It is possible, however, to have so much soluble 
organic nitrogen present that the nitrifying organisms will stop 
growing, as in the case of a manure pile. An excess of soluble 
carbohydrate material also interferes with activity. In cultivated 
soils organic matter is rarely present in such amounts as to interfere 
with the process of nitrification, even when applications of 20 tons 
of farm manure per acre are applied two or three years in succes
sion; interference may happen in greenhouse and market-garden 
soils, where immense applications of stable manure (50 to 100 tons 
an acre) are often made. The use of sewage-irrigation also fur
nishes a striking illustration of the effec~ of soluble organic materials 
on nitrification. Phosphoric acid compounds are essential for the 
satisfactory growth of these organisms and probably also potassium 
and other mineral compounds. 

(d) Oxygen. The formation of nitrous and nitric acids from 
ammonia consists essentially in combining oxygen with nitrogen 
chemically. Hence, nitrifying organisms cannot work vigorously 
without a generous supply of air. Therefore they are most abun
dant in those layers of the soil where there is most air. Water
saturated soils prevent nitrification by shutting off the air. Limited 
air supply is one of the important factors which explains slow nitri
fication on heavy sod land and in clay soils. All operations con
nected with the cultivation of soils greatly promote the change of 
ammonia into nitrate nitrogen, because the oxygen of the air is 
brought into closer contact with the nitrifying bacteria. 

(e) Temperature. Nitrifying bacteria are most active between 
the temperatures of 54° and 99° F. (12° and 37° C.), the most 
favorable temperature being 80° F. to 90° F. The process may go 
on slowly as low as 37° F. (3° C.) and as high as 120° F. (49° C.). 
Activity rapidly increases with rise of temperature above 54° F. 
(12e> C.), so that at 99° F. (37° C.) nitrification takes place about 
ten times as rapidly as at 54° F. (12° C.). In northern latitudes, 
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nitri~cation slovys ?own ?uring the fall :-nd stops during the winter, 
starting up agam In sprmg and becommg most active during mid. 
summer. In warm climates, the process continues at all times of 
year. One reason why crops start earlier in spring on light soils 
because the greater warmth of such soils favors the more rapid 
formation of nitrate. 

Response to applications of nitrogen. This BaJdwin tree has nceived ten poundil or 
nitrate of soda annually since 1921. The yieJd in 1929 was three and five-eighths 

bushels. Compare with facing picture. 

(f) Light. Darkness is essential to the activity of nitrifying 
bacteria, since the direct rays of sunshine destroy bacterial life. 
These organisms are, therefore, not found on the exposed surface 
of bare fields. They are more active in soil shaded by growing 
crops than in unprotected soil. Nitrification is promoted on warm 
nights, and in warm dark places, as under boards, stones, etc. 

(g) Non-acid condition or soil reaction. Nitrifying bacteria are 
extremely sensitive to acids, which act injuriously like poisons on 

. them. The final product of nitrification, free nitric acid, if allowed 
to accumulate without being neutralized, stops further nitrification. 
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so large as to make the reaction of the soil solution distinctly alka
line, the action of nitrifying bacteria is suspended, but will begin 
again when the calcium hydroxide has been changed into carbonate 
and the alkaline condition thereby changed to neutral. 

Denitrification.-The bacterial process of denitrification, 
chemically considered, produces results the reverse of those pro
duced by nitrification. Denitrification, a deoxidation or ,eduction 
process, consists in taking oxygen away from nitric acid (HNO.), 
first to form nitrous acid (HN02 ) and then either ammonia (NH.) 
or nitrogen gas (N). There is also another form of denitrification 
by which oxygen is removed and the nitrate nitrogen is changed 
into insoluble organic nitrogen compounds or proteins. These three 
general forms may be represented as follows: 

(1) Complete denitrification: (a) Nitric acid (HNO.), (b) 
nitrous acid (HNOz), (c) nitrogen gas (N). 

(2) Partial denitrification: (a) Nitric acid (HNO.), (b) nitrous 
acid (HNOz), (c) ammonia (NH.). 

(3) Assimilation or conversion into organic nitrogen compounds: 
(a) Nitric acid (HNO.), (b) protein compounds. 

The term denitrification strictly applies only to the first form, 
the process by which nitrate nitrogen is changed into uncombined 
or free nitrogen gas, which in this form is lost as plant-food to soil 
and crops. When nitrate nitrogen is converted into nitrous acid, 
ammonia or organic nitrogen, these compounds remain in the soil, 
and, under favorable conditions, are again changed back into nitrate 
nitrogen. 

Generally in soils and in animal manures and on straw are found 
several kinds of bacteria which have the power to decompose nitrate 
nitrogen in one of the ways mentioned. It is desirable to know 
something of the conditions under which complete denitrification 
occurs and thus learn how to avoid large losses of nitrate nitrogen. 
Two general conditions favor the process of denitrification: (1) 
Lack of air and (2) superabundance of soluble organic matter. 

(1) Lack of ai, in ,elation to denitriftcation.-Denitrilying bac
teria require some oxygen for their activity. When this need is not 
supplied by air, they take the oxygen from the nitrates in the soil. 
This fact affords an explanation of the decomposition of nitrate ni
trogen in the lower layers of soils, as well as in surface soils satu
rated with stagnant water. It explains also why heavy, compact 
soils tend to suffer loss from denitrification to a greater extent than 
open, sandy loams. Of course, no denitrification can occur, even 
in the absence of air, when the soil contains no nitrate and no readily 
decomposable organic matter. Any condition that promotes circula
tion of air in soils, such as thorough tillage, good drainage and appli
cation of lime, diminishes the danger of denitrification. In the use 
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of fertilizers it is obvious that the application of. a nitrate to a soil 
in which, for any reason, the supply of air is deficient is in danger 
of being followed by conversion of the nitrate nitrogen into free 
nitrogen. 

(2) Superabundance of organic matter in relation to denitrift
cation.-An important condition for active denitrification is the 
presence of an abundant supply of soluble organic matter, especially 
carbohydrates, in soils. When large amounts of nitrate are applied 
to soils along with an excessive quantity of fresh farm manure, there 
is likely to be large loss of nitrate by denitrification. Similar loss 
may come from plowing under heavy crops of green-manures. Gen
erous applications of partly rotted farm manure along with nitrate 
may cause no loss wnen the soil is kept well supplied with air. 
Denitrification becomes a source of serious loss only under certain 
conditions, as when a large amount of nitrate is applied to undrained 
or sour land, when used with excessive amounts of fresh farm 
manure, or whenever large amounts of fresh organic matter, rich in 
soluble carbohydrates, accumulate in the soil. 

Denitrification by assimilation.--One form of denitrification 
has been given above as assimilation by conversion of nitrate nitro
gen into proteins, though this process may not be regarded as of 
denitrification proper. All micro-organisms, like other plants, re
quire some nitrogen as an essential constituent of their bodily 
substance. In supplying this need they take soluble, nitrogen
containing compounds (nitrate, nitrite, ammonia, proteins with their 
decomposition products) and convert them into the insoluble organic 
compounds of which their bodies are composed. It is inevitable, 
therefore, when such processes as bacterial decomposition, ammoni
fication, nitrification, denitrification and many others go on actively 
in soils, that the bacteria greatly increase and that all these organ
isms appropriate for the growth of their own bodies soluble nitrogen 
compounds, which are changed into insoluble organic nitrogen com
pounds. Under favorable conditions of growth, the enormous in
crease of bacteria present in a soil may in this way render insoluble 
fairly large amounts of soluble nitrogen. In addition, fungi and 
actinomyces similarly appropriate nitrate nitrogen. Nitrogen thus 
taken from soluble forms is held mostly until the micro-organisms 
die and their bodies decompose, yielding again ammonia and nitrate. 
This process may be desirable under conditions where considerable 
nitrate accumulates in a soil and be in danger of leaching before 
being used by crops. The change then serves to hold insoluble 
organic compounds for future use and decreases loss by leaching. 



146 FERTILIZERS AND CROP PRODUCTION 

FIXATION OF ATMOSPHERIC NITROGEN 

Nitrification does not increase the total amount of nitrogen 
present in a soil. The amount of nitrate produced is strictly limited 
to the amount of nitrogen compounds already in the soil; no more 
nitrogen is present in the soil after than before the process occurs. 
The form of combination is changed; that is all. But other kinds 
of bacteria have the ability to add nitrogen to the soil's supply, 
transforming the atmospheric free nitrogen into combined forms 
of nitrogen that can be used as plant-food. The process is called 
nitrogen fixation. The free nitrogen of the atmosphere can undergo 
fixation through the action of two classes of nitrogen-fixing or 
nitrogen-gathering bacteria: (1) Bacteria that live in the soil itself, 
independent of the presence of growing plants, and (2) bacteria 
dependent upon the presence of certain higher plants upon whose 
roots they live and work. Those in the first class are known as 
non-symbiotic,. those in the second class as symbiotic. The word 
symbiotic means living together and is applied to cases where two 
different organisms live together in mutual relations that are of 
advantage to both. 

Nitrogen fixation by independent or non-symbiotic bac
teria.-Soils that lie unused, either without any vegetation or cov
ered with grass, appear to accumulate appreciably increased amounts 
of nitrogen in one or two years. This fact has been explained by 
the discovery that certain bacteria are able to make use of atmos
pheric nitrogen contained in the soil for their growth, and to 
combine it with other elements in their bodies. This process is 
known as azofication. The bacteria most active in thus fixing 
atmospheric nitrogen in normal soils belong to the Azotobacter 
group. As the result of several investigations the amount of nitrogen 
fixed by azofication has been estimated to vary between 15 and 40 
pounds an acre annually. 

Among the conditions that influence azotobacter are: (1) Plen
tiful supply of carbohydrates favor azofication; (2) so does shortage 
of nitrate; large amounts appear to lessen it. (3) Soluble com
pounds of calcium, phosphorus, potassium, sulfur, iron and manga
nese in the soil furnish needed inorganic constituents. ( 4) The 
organisms are unfavorably affected by acid soil, working best near 
the neutral points in acid soils, another group of nitrogen-fixing 
bacteria (known as Clostridia), may function; (5) when vegetation 
like grass is grown continuously for years and permitted to decay 
on the soil surface, azofication takes place to a marked degree. 

Nitrogen fixation by dependent or symbiotic bacteria.
The practical experience· of hundreds of years led farmers to be-
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each tubercle. The tubercles are also the direct result of bacterial 
action; when there are no legume bacteria, there are no root nodules, 
and there is no utilization of free nitrogen by the plant. 

Legume bacteria are comparatively common in soils, especially 
where leguminous crops have grown well; they are found also in 
the water of. streams and lakes. They gain entrance into plant
roots by first working their way through the thin cell-walls of root
hairs. Then they make their way into and through the tissues of 
the nearest root-branch, where they multiply rapidly and accumu
late in enormous numbers, causing the growth of the nodule for 
their accommodation. In reality root-nodules are rootlets develop
ing in abnormal forms on account of the presence of Iaitrogen-fixing 
bacteria within their cells. Nodules are found only on the younger 
parts of roots. When legumes mature, the root-tubercles decay and. 
any bacteria that remain in them go back to the soil, where they 
remain, if conditions are favorable, until an opportunity comes to 
enter again the roots of a new leguminous crop. The percentage 
of nitrogen in root nodules is generally high as compared with other 
portions of the plant. 

(2) The relation 0/ nitrogen-fixing bacteria to leguminous plants 
is one of mutual helpfulness or of real symbiosis (living together). 
For their nourishment the bacteria require considerable amounts of 
sugar or other soluble carbohydrate and also mineral salts, which 
are generously supplied in the plant juices of legumes. The bac
teria, in some way not yet understood, supplement this food supply 
from the soil air with nitrogen which they build into nitrogenous 
compounds within their cells. It is supposed that these com
pounds are diffused through the cell-walls and absorbed into 
the general circulation of the leguminous plant where they are 
used for building protein compounds characteristic of legumes. It 
is thus seen that leguminous plants furnish the nitrogen-fixing bac
teria a needed food and home, and the bacteria reciprocate by 
changing free nitrogen, not usable directly by legumes, into usable 
nitrogen compounds, which they pass over to the plant in exchange 
for the bacterial food and lodging. 

(3) Kinds 0/ nitrogen-fixing legume bacteria.-The root-nodules 
on leguminous plants are produced by organisms, known as Bacillus 
radicicola, which exist in several varieties or strains. The organisms 
that promote the growth of nodules on clover roots do not form 
nodules on roots of alfalfa, cowpeas and most other leguminous 
plants. It appears, in general, that the bacteria that grow on the 
rootlets of one kind of legume are not well suited to the growth of 
other legumes, and that, therefore, best results are obtained when, 
for example, organisms growing on clover are used for that crop, 
those growing on alfalfa for alfalfa, etc. In some cases the same 
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organism appears to work equally well for various, closely related 
legumes. Thus, alfalfa, bur clover, the sweet clovers, and yellow tre
foil use the same strain; the various clovers (mammoth, red, alsike, 
crimson, hop, white) use one strain in common, etc. Pieters, A. J., 
"Green Manuring," p. 140. N. Y. 1927. 

(4) Conditions 0/ action o/legume bacteria.-The soil condi
tions that in general favor nitrification also favor the presence of 
nitrogen-fixing legume bacteria-abundance of calcium carbonate, 
soluble carbohydrates, air and moisture. In soils ill-drained, 
strongly acid, lacking in organic matter, the bacteria tend to be 
weakened or killed. The nodule-forming bacteria require abun
dance of sugar or other carbohydrate food, soluble potassium and 
phosphorus compounds, but they develop to best advantage when 
provided with a minimum supply of available nitrogen-containing 
compounds (nitrates, ammonia, proteins, etc.). The bacteria use 
available forms of nitrogen compounds, when within reach, in pref
erence to using free nitrogen. Therefore, when supplied with avail
able nitrogenous compounds, they fail to use atmospheric nitrogen; 
so in order to make them use free nitrogen, it is necessary to deprive 
them of available nitrogen compounds. Moreover, in a soil that 
contains an abundance of available nitrogen, or in one to which a 
nitrate has been generously applied, the formation of root-nodules 
is prevented in part or entirely. As a matter of practical applica
tion other conditions being favorable, it follows that the nitrogen
gathering powers of legume bacteria are fully realized only when 
the soil contains a minimum amount of available nitrogenous 
plant-food. 

(5) Amount 0/ atmospheric nitrogen gathered by bacteria.
Numerous investigations have been made to ascertain the amount 
of nitrogen obtained from the air by legume bacteria in the grow
ing of leguminous crops. Under most favorable conditions, the re
sults indicate that it is possible for a leguminous crop, including 
roots, to secure from the atmospheric supply as a maximum 400 
pounds of nitrogen an acre in one season. The amount varies 
greatly according to several conditions, such as kind of legume, 
number of legume bacteria in the soil, amount of available nitrog
enous plant-food in the soil, seasonal conditions, etc. 

(6) Distribution 0/ nitrogen gathered by legume bacteria.
The nitrogenous compounds which the legume bacteria produce 
with the use of atmospheric nitrogen may be utilized in three dif
ferent ways. First, the legume absorbs them largely in promoting 
growth. Second, to some extent, they may go into the soil and be 
utilized by some other crop. Third, when the legume crop dies or 
is plowed into the soil, the nodules readily undergo decomposition, 
their nitrogen being made available for the following crop. 
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(7) Relation of legumes to the amount of soil nitrogen.-The 
effect of legumes on the amount of nitrogen in the soil is not defi
nite. There may be a gain of soil nitrogen or a loss or no change, 
depending on various conditions. When leguminous crops, grown 
under conditions that favor the assimilation of atmospheric nitro
gen, are incorporated in the soil, there is usually a gain of nitro
gen, which may reach 50 to 100 pounds an acre in one year. When 
a legume crop is removed, especially if grown on soil rich in nitrate, 
there may be a loss of soil nitrogen, since the nitrogen in the legume 
is then taken from the soil rather than from the air. In some 
cases, the amount of nitrogen that remains in the roots and stubble, 
after the removal of the crop-producing portion, has been found 
equal to the amount of nitrogen furnished by the soil. This means 
that the amount of nitrogen removed by the harvested crop is 
equal to the nitrogen obtained from the air. Under such circum
stances, the soil is no poorer in nitrogen, for the growth and re
moval of the crop because the nitrogen in the crop residues again 
becomes available through decomposition and nitrification. In other 
words, it is possible to make legume bacteria furnish from the air 
practically all of the nitrogen in the harvested portion of the crop. 
The relative amounts of nitrogen taken by legume crops from the 
soil and from the air vary greatly according to many conditions, 
such as the kind of legume, the number of nitrogen-gathering bac
teria in the soil, the amount of nitrogenous plant-food in the soil, 
seasonal conditions, etc. As compared with non-leguminous crops, 
legumes generally deplete soil nitrogen less. 

(8) Effect of leguminous crops on succeeding crops.-It has 
been found that non-leguminous crops usually grow better on a soil 
previously occupied by a legume. This is probably because the 
organic nitrogen in the parts left in the soil is more readily changed 
to nitrate nitrogen than in the case of non-leguminous crops, a 
property that emphasizes the value of legumes in crop rotation. 

(9) Independent action of legume bacteria.-Bacteria from the 
root-tubercles of legumes are able to fix free nitrogen under favor
able conditions with abundant supply of available carbohydrate 
and inorganic nutrients, even when they grow independently in the 
soil and are not connected with leguminous plants, but the amount 
thus fixed is small compared with that when they work in the root
nodules of leguminous plants. 

(10) Nitrogen-fixing root-nodules in relation to non-leguminous 
plants.-Root-nodules that contain nitrogen-gathering bacteria are 
not confined to the Leguminosre but occur on some plants outside 
this family, such, for example, as the alder (Alnus mitchelliana). 

Soil inoculation for legumes.-The use of nitrogen-fixing 
legume bacteria has been made a practicable means of furnishing 
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provided with root-nodules. In obtaining the inoculating soil, one 
removes the upper layer of earth for two or three inches and takes 
the soil below this for several inches, or that portion of the soil in 
which the root-nodules are most plentiful. The amount of soil 
used for inoculation is usually 300 to 500 pounds an acre. This 
is applied in any convenient manner to the surface of the field to be 
inoculated and should be harrowed into the upper layer of the soil 
promptly, preferably in cloudy weather, because, as previously 
stated (p. 133), bacteria are weakened or killed by exposure to 
direct sunlight. The disadvantage of this method of inoculation 
is the possibility of carrying undesirable weeds and germs of plant 
diseases from one soil to another. The precaution should always 
be observed, therefore, to use only soil from a field free from such 
defects. It is obvious that only soil which is in good tilth and easily 
permits reduction to fine powder can be used advantageously for 
inoculation. 

Another plan, useful especially in case of large seeds such as 
peas and beans is to moisten the seeds with a 10 per cent. solution 
of glue and while still wet to sift over them a coating of dry, pow
dered, inoculating soil. The seeds are shoveled over a few times, 
screened to keep them from sticking together, and planted within 
a daYi or they may be spread out to dry and kept away from direct 
sunlight if it is desired to prepare them some time before planting. 

(2) Inoculation by pure cultures.-A pure culture is a prepara
tion of one kind of micro-organism, free from the presence of 
every other kind. Many efforts have been made to prepare cul
tures for each of the leguminous crops and commercial prepara
tions are offered for sale. The difficulty to be overcome is to prepare 
the pure cultures so the bacteria will remain alive and retain their 
full vigor for a reasonable length of time. Pure cultures are ap
plied directly to seed, by sprinkling after dilution with the pre
scribed amount of water. Specific directions are furnished with 
each preparation as to the method of use. 

Inoculation is not a means of providing crops with a complete 
fertilizer, as some people believe; it simply helps, under certain 
conditions, to add to a crop's available nitrogen supply. Inocula
tion is only one of several factors necessary to the successful growth 
of leguminous crops; practically all other conditions essential for 
the growth of any crop are required. 

Inoculation may be expected to give good results on soils well 
aerated and abundantly supplied with available phosphorus, potas
sium, calcium and other mineral compounds: (a) Where leguminous 
crops do not grow well, (b) where the roots of such crops do not 
~ave nodules, or (c) where a leguminous crop is to be grown for the 
first time. 
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It usually fails to produce results: (a) Where the leguminous 
crop inoculated flourishes already, ( b) where the soil is strongly 
acid, (c) where the supply of available potassium and phosphorus 
compounds is deficient, (d) where the soil is supplied with too much 
available nitrogen, (e) where the physical conditions of the soil are 
unsatisfactory in respect to texture, aeration, drainage, etc., or (f) 
where seasonal conditions are not favorable. 

Sulfofication.-Vegetable and animal matter contains com
pounds of sulfur. When such material undergoes bacterial decom
position, the sulfur is converted from its organic combination, first, 
into hydrogen sulfide (H2S) and free sulfur (S); second, these 
products are further changed by other bacteria (in some cases by 
fungi) into sulfurous acid (H2SO.) and sulphuric acid (H2SO.). 
This second change is a process of oxidation (p. 153) known as 
sulfofication. Chemically, the change is of the same type as takes 
place in nitrification, when nitrogen combines with oxygen to form 
nitrous acid (HN02 ) and nitric acid (IINOs). Sulfuric acid, when
ever formed, may combine with some of the soil constituents to 
form sulfates of calcium, magnesium, potassium, etc. In some 
cases the sulfur in calcium sulfate (gypsum) is changed into hydro
gen sulfide gas by anaerobic bacteria. 

CHANGES IN INORGANIC CONSTITUENTS BY 
SOIL BACTERIA 

Through direct action of bacteria or through the action of their 
products, extensive chemical changes occur in the inorganic constit
uents of soils, as well as in fertilizers applied to soils. Attention has 
already been called to the fact that acids of various kinds are 
prominent among the products of the bacteria that cause decompo
sition, nitrification, sulfofication, etc. The most common acid 
product is carbon dioxide gas, others are nitrous, nitric, sulfuric 
acids, and numerous organic acids. Carbon dioxide when dissolved 
in water, and all free acids formed by bacterial action bring about 
the following changes: (1) Calcium and other insoluble carbonates 
are made soluble. (2) Insoluble phosphates are made soluble, 
whether native or applied as ground rock (floats), ground 
bone, !!lag phosphate, farm manure, ground fish, tankage, to
bacco stems, green-crop manure, etc. (3) In some cases, bac
teria use soluble phosphorus compounds to build their bodies and 
thus convert insoluble organic forms into soluble .ones by their 
death. (4) Insoluble potassium compounds are made soluble. 

These statements serve to show that extensive and far-reaching 
chemical changes are wrought by bacterial action. It is obvious 
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that the more favorable the soil conditions are for the growth the 
more intense will be the activity of bacteria and the greater the 
changes brought about. 

ACTINOMYCES 

Actinomyces are thread-like micro-organisms which resemble 
bacteria in some respects and fungi in others. They are abundant 
in the soil, constituting on an average, about one-fifth of the micro
organisms present (Conn). They are usually more abundant in 
meadows and pastures than in tilled soils. Actinomyces are prom
inent in the work of decomposing both nitrogenous and non
nitrogenous organic compounds in the soil. They are more effective 
than many other organisms in decomposing resistant materials such 
as lignin. 

RELATIONS OF FUNGI TO SOILS 

The chlorophyl-free microscopic plants known as fungi, com-
monly called molds, are plants considerably larger and more com

-plex in structure than bacteria. Fungi are of interest in connection 
with soils on account of their relations to processes of 
decomposition. 

Many soil fungi assist in decomposing organic matter, espe
cially in the early stages of decomposition and are particularly ac
tive in acid soils in which many bacteria cannot work. They can 
convert insoluble into_ soluble nitrogen compounds and make these 
into the insoluble protein of their own bodies and so temporarily 
reduce the amount of available nitrogen in soils, but they give it 
back again when they die and undergo bacterial decomposition. 
The decomposition of carbohydrates, including cellulose, is carried 
on vigorously by fungi. When farm manure is allowed to become 
loose and dry, the action of bacteria is replaced by that of fungi, an 
undesirable condition commonly known as "fire-fanged" (p. 232). 

RELATIONS OF PROTOZOA TO SOILS ... ,," 
Protozoa~ the simplest forms of animal life, consist of single 

cells, but much larger than and differing from bacteria in certain 
fund~enta1 ways. What part protozoa have in activities that take 
plat/! in the soil is not definitely known. It has been suggested that 
some kinds feed upon bacteria that produce ammonia, diminishing 
the'amount of this nutrient to such an extent that crop growth is 
JlPpreciably lessened. 
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XIII 

CLASSIFICATION AND DEFINITION OF 
PLANT-FOOD MATERIALS 

THE terms employed to describe and classify fertilizers and fer
tilizing materials are often used loosely and without discrimination. 
For example, we find the words "fertilizer" and "phosphate," used 
with the same meaning. Many use the terms "fertilizer" and 
"manure" with different meanings, restricting the former to com
mercial plant-food materials and applying the latter exclusively to 
farm manure. By many the expressions, "plant-food" and "fer
tilizer" are always used as synonymous. It is desirable that the 
use of these terms should be reduced to some kind of system and 
definiteness. We shall attempt to define them as clearly and 
sharply as possible in accordance with what we regard as the best 
usage. 

A fertilizer is any substance, which under favorable conditions 
when added to a soil, will produce a better growth 01 crops, whether 
through direct or indirect action on the crop or on the properties of 
the soil. 

By reference to the definition of a plant-food (p. 5), it will 
be seen that the terms, plant-food and fertil!zer, do not necessarily 
mean the same. Thus, all fertilizers are not plant-foods; indirect 
fertilizers which are added to soils to modify physical or chemical 
conditions are not necessarily plant-foods; for example, a large part 
of the material we add to soils in farm manures and green-crop 
manure is not used as plant-food at all, but it is useful in supplying 
the soil with organic matter, which performs important functions. 
(pp. 97-99). 

The materials which come under the head of fertilizers are 
numerous in kind, different in source, forms and the manner in 
which they act. 

CLASSIFICATION OF FERTILIZING MATERIALS 

It is impossible to arrange materials used as fertilizers in sharply 
divided classes. In any system that can be devised there are un
avoidably cases where some materials belong to more than one 
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TABLE 2I-CLASSIFICATION OF FERTILIZING MATERIALS 

FERTILIZING 

MATERIALS 

(Fertilizers, 
manures, etc.) 

I. Direct 01 
nutritive 

(A) Farm-
produced 

(B) Commer-
cial 

(artificial, pre-' 
pared, manu
factured, chem
ical, etc.) 

(1) Organic { (a) Excrements 

(animal) (b) Refuse (bones, 
carcasses, etc.) 

r (a) Straw, chaff, 

(2) 0"""" {b leaves, stalks. 
Kitchen wastes 

(vegetable) ~c? Green crops 
(d) Muck, peat; etc. 

(3) Inorganic 

(1) Organic 
(animal) 

(2) Organic . 

{

(a) 
(b) 

{

(a) 

(b) 

(e) 

l 

Ashes 
Deposits of marl, 
limestone, etc, 

Packing - house 
by-products 
Stockyard refuse 
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division. The tabulated classification (Table 21), while not free 
from this objection, and also otherwise imperfect, will be found 
helpful in giving a fairly clear, general idea of the number and 
relations of the various terms used in speaking of fertilizers. At the 
same time, it furnishes in outline a suggestive though incomplete 
statement of the general sources of fertilizing materials. 

A direct or nutritive fertilizer is one that contains essential 
plant-food or nutrient elements available (p. 6) at once or that are 
easily made so under favorable soil conditions. The plant-food mate
rials are in such forms or compounds that they can be immediately 
absorbed and used by plants, or else change into such forms in time 

be ~ Partial view of experimental plots at the Nebraska Experiment Station. 

mean 
fertiIizQsed by crops during the growing season: Direct fertilizers 
conditi(! immediately in soil water, or readily change in the soil 
of the )rdinary conditions into such soluble form, and are therefore 
manure(ition to be taken up by plants either immediately or within 
the soi1 time. For example, meat tankage contains organic nitrogen 
(pp. 9i' in an insoluble form, which plants cannot use, but, under 

The. soil conditions, this insoluble nitrogen undergoes bacterial 
numerolosition, ammonification and nitrification, sooner or later ap
which t: in the quickly available form of nitrate nitrogen .cP. 139). 

indirect or stimulant fertilizer (known also as a soil 
CLAnent) is one which favorably influences plant growth, not 

fJishing any needed element of plant-food, but chiefly by 
It i:ing in the soil some effect beneficial to plant growth. Among 

dividea~neficial effects are: (1) The conversion of unavailable into 
avoidalle plant-food in the soil j (2) changing the physical conditions 
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of the soil so that favorable factors of structure (p. 76) are substi
tuted for unfavorable ones, as illustrated by the flocculation (p. 78) 
of puddled clay by calcium compounds; (3) neutralizing acids and 
other injurious substances in soils (p. 200); (4) making neutral or 
alkaline soils acid and ·therefore favorable to certain plants such as 
rhododendron and blueberry. 

Indirect fertilizers may not contain any essential element used in 
plant growth, or they may contain essential plant-food elements 
already in the soil in sufficiently large amounts to supply the needs 
of crops indefinitely. For example, common salt (sodium chloride), 
when used, is scarcely ever applied because crops are in actual need 
of sodium or chlorine. The various forms of lime are usually ap
plied, not because soils contain an insufficient amount to furnish 
crops the needed calcium but to make acid soils neutral or prevent 
soil acidity, and perform other functions beneficial to crop growth. 
In a similar way, green-crop manures give beneficial effects often 
much more largely from their influence upon the mechanical and 
chemical factors of the soil (making conditions more favorable for 
plant growth) than from the amounts of nitrogen, potassium and 
phosphorus compounds they supply. 

Farm-produced fertilizers include all materials commonly ob
tained on farms. They include (1) solid and liquid excrements of 
farm animals, (2) materials used for bedding, (3) unused portions 
of crops, including crop residues left in the soil, (4) all kinds of 
animal and vegetable waste, such as kitchen garbage, carcasses of 
animals, bones, human excrements, etc., (5) green-crop manures, 
(6) ashes, (7) muck and marl (found on many farms). 

Commercial fertilizers are preparations or mixtures of plant
food materials, commonly sold under special trade-names. They 
are also known as artificial, prepared or manufactured. When they 
consist only of commercial chemical compounds they are known as 
chemical fertilizers or manures. The term "chemicals" is often 
applied to such materials as sodium nitrate, ammonium sulfate, and 
salts of potassium. 

The materials used in making commercial fertilizers include sub
stances found in, or prepared from, natural deposits, synthetic prod
ucts and, in addition, by-products of numerous industries, obtainable 
Qnly through the channels of trade. While commercial fertilizers 
usually contain numerous constituent elements, their chief value 
depends on the presence of only three forms of plant-food, nitrogen, 
phosphorus and potassium compounds. Their agricultural value 
varies in accordance with the forms and amounts of these plant
food compounds. Commercial fertilizers are known as complete 
,and incomplete. 
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Complete fertilizers, also called general fertilizers, are those that 
contain the three plant-food constituents, nitrogen, phosphorus and 
potassium compounds. 

Incomplete fertilizers, known also as special fertilizers, contain 
only one or two of the three important plant-food constituents. 

Plan of treatment.-In the remaining chapters of Part III 
we shall discuss the sources and general character of the materials 
used as fertilizers, considering them in the following order: 

(1) Commercial fertilizing materials that contain compounds 
of 

(a) Nitrogen, 
(b) Phosphorus, 
( c ) Potassium. 

(2) Farm-produced fertilizing materials 
(a) Farm manure, 
(b) Green-crop manure. 

(3) Indirect fertilizers: 
(a) Calcium or lime compounds, 
(b) Miscellaneous materials. 

In treating the subjects of farm manure, green-crop manure and 
indirect fertilizers, it has seemed better to consider the practical 
applications along with the more general features of interest instead 
of postponing it to later chapters. 



XIV 

MATERIALS THAT CONTAIN NITROGEN 

THE general character and relations of the nitrogen<ontaining 
materials used as fertilizers will be discussed in the order indicated 
by the following outline: 

1. Processes of manufacture: (1) The nitric oxide or arc 
process, (2) the cyanamid process, (3) the synthetic ammonia 
process, (4) relation of synthetic nitrogen compounds to plant-food, 
( 5) efficiency of production by different processes. 

2. Inorganic compounds: (1) Sodium nitrate, (2) sodium
potassium nitrate, (3) potassium nitrate, (4) calcium nitrate, (5) 
ammonium nitrate, (6) ammonium sulfate, (7) ammonium sulfate
nitrate ("Leunasaltpeter"), (8) ammonium chloride, (9) ammonium 
nitrate and calcium carbonate ("Calnitro"), (10) ammonium phos
phate, (11) ammonium nitrate, ammonium sulfate and ammonium 
phosphate ("Leunaphos"). 

3. Organic compounds: (1) Calcium cyanamid, (2) urea, 
(3) "Calurea." 

4. Vegetable materials: (1) Cottonseed-meal, (2) castor
bean pomace, (3) linseed-meal, (4) vegetable pomaces. 

5. Animal materials: (1) Dried blood, (2) dried meat, (3) 
tankage, (4) dried fish, (5) hoof-meal and horn-dust, (6) garbage
tankage, (7) sewage-sludge, (8) commercial dried manures, (9) 
nitrogenous guanos, (10) hair and leather, (11) wool and silk waste. 

The nitrogen<ontaining materials used as fertilizers are known 
commercially as "ammoniates," an inaccurate term based originally 
on the erroneous supposition that the nitrogen in all such materials 
is present as ammonia. Some of the more important facts of gen
eral interest in relation to these materials follow. 

MANUFACTURED COMPOUNDS 

At first the materials in this class came from natural deposits 
and from the by-products of some manufacturing operations. At 
present they are, and will continue to be in increasing amounts, the 
..products of direct synthetic processes of manufacture from atmos
pheric nitrogen. 

162 
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Processes used in producing synthetic compounds from air 
nitro gen.-Among the several processes developed for utilizing 
air nitrogen in the production of nitrogenous compounds are (1) 
the nitric acid arc process, (2) the cyanamid process, and (3) the 
direct synthetic ammonia process. 

(1) The Nitric Acid Arc Process was first developed commer
cially in Norway by Birkeland and Eyde about 1903. Briefly 
stated, the general process consists of the following steps: (1) Ordi
nary air is passed through a powerful electric arc or flame, which 
combines more or less of the oxygen and nitrogen in the form of 
nitric oxide (N 2 + O2 = 2NO), (2) this nitric oxide, on exposure 
to air, combines with more oxygen to form nitrogen dioxide 
(2NO + O2 = 2N02 ). (3) Though there are some intermediate 
steps, which need not be considered here, before all of the N02 is 
converted into HNO., treatment with water converts this last oxide 
into dilute nitric add (3N02 + H 20=2HNOs + NO). (4) The 
last step is to concentrate the nitric acid. 

The nitric acid is used in the preparation of the nitrate com
pounds, calcium nitrate, . sodium nitrate, potassium nitrate and 
ammonium nitrate. 

(2) The Cyanamid Process, devised by two German chemists, 
Frank and Caro, was put into operation commercially in 1906. 

The two principal materials used in the preparation of cyanamid 
are calcium carbide (the substance familiar in the production of 
acetylene gas) and pure nitrogen obtained by liquefaction of air 
and distillation. The carbide, in the condition of a fine powder, is 
placed in a heated retort, into which the nitrogen is passed. The 
cyanamid produced is removed from the retort in the form of a 
hard cake, which is cooled out of contact with the air, then crushed 
to a powder and lightly sprayed with water and oil before packing. 
The chemical change that takes place in the manufacturing opera
tion may be represented as follows: 

CaC. + N. = CaCN. + C 
Calcium 
carbide 

Calcium Carbon 
cyanamid 

(3) The Synthetic Ammonia Process, known in its first form 
as the Haber-Bosch or German process, was first operated commer
cially in 1913. Several modifications of the process have been 
developed in various countries, but the fundamental reaction in all 
is essentially the same, as expressed in the equation, 

N. + 3H. = 2NH. 
Nitrogen Hydrogen Ammonia 
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A mixture pf hydrogen and nitrogen is passed under pressure (1500 
to 15,000 pounds, per square inch) at a temperature of 400 0 to 
700 0 C. over some special substance like reduced iron oxide, which 
promotes the chemical combination of the two gases. The ammonia 
formed is condensed as liquid ammonia or dissolved in water to 
form commercial aqua ammonia (ammonium hydroxide, NH.OH). 

Relation of Synthetic Nitrogen Compounds to Plant-Food.
The three compounds produced by fixation of air nitrogen, cyana
mid, nitric acid and ammonia, may be regarded as fundamental 
compounds in relation to the commercial supply of nitrogen-con
taining plant-food. Calcium cyanamid, when treated with steam 
under pressure, forms ammonia, as shown by the equation, 

CaCN. + 3H.O 
Calcium Water 

cyanamid 

= CaCO. + 2NIL 
Calcium Ammonia 

carbonate 

Ammonia, whether formed from cyanamid or by direct synthesis, 
can be converted into nitric acid by passing it over some special 
substance promoting the reaction in the presence of oxygen, as 
expressed by the equation, 

NIL + 20. = RNOo + ILO 
Ammonia Oxygen Nitric acid Water 

Ammonia is used to form all the ammonium compounds (sulfate, 
nitrate, phosphate and chloride) used in fertilizers. Nitric acid is 
employed in the production of nitrates, such as calcium, sodium, 
. ammonium and potassium. 

Either cyanamid or ammonia may be used in the production of 
urea. 

Efficiency of production by different processes.-In the 
processes by which air nitrogen is converted into different nitrogen
containing compounds, electric power is required. The synthetic
ammonia process requires least power, the cyanamid process uses 
about three times as much and the arc (nitric acid) prQ.cess about 
fifteen times as much. At present the largest production comes from 
the synthetic-ammonia process and the least from the arc process. 
Production by the arc process is mostly confined to Norway. Plants 
for the production of cyanamid and synthetic ammonia are found 
in America, Japan and several countries of Europe. At present 
there are over forty cyanamid and over sixty synthetic ammonia 
manufactories. The production capacity of world increased from 

.1,500,000 tons in 1927-8 to 3,500,000 in 1930. The world consump
tion for 1931 has been estimated at 2,000,000 tons. 
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Sodium nitrate (commercial nitrate of soda) is obtained from 
two sources of supply, deposits in Chile and manufacture from 
air nitrogen. Chilean nitrate, commonly known as Chile saltpeter; 
is found in immense beds of a rock-like deposit, called caliche, 
mostly 2 to 10 feet below the surface. In this the sodium nitrate 
is present in varying proportions, mixed with numerous other com
pounds. The nitrate is separated from the other materials by 
dissolving in water and crystallizing, after which the product is 
drained, dried and put in bags, ready for market. Improved proc
esses of preparation have been recently introduced, lessening the 
cost. 

Sodium nitrate is being manufactured from air nitrogen in 
increasing amounts in the United States. The Chilean nitrate con
tains nitrogen varying from 15 to 16 per cent., as compared with 
16.47 per cent. in pure sodium nitrate (NaNOs, p. 31). The manu
factured nitrate contains 16 per cent. or more of nitrogen. While 
sodium nitrate tends to absorb moisture from the air and become 
sticky, it can be treated so that, under ordinary conditions, it 
remains dry and granular, resembling granulated sugar in appear
ance. In this physical condition the grains remain separate and 
run freely when applied as a fertilizer by hand or machine. 

Sodium-Potassium nitrate, sold under the trade name Nitra
Po, is prepared from some of the crude Chilean caliche containing 
potassium nitrate in considerable amount. The refined product 
is a mixture of sodium nitrate and potassium nitrate which contains 
about 14.8 per cent. of nitrogen and 10.8 per cent. of potassium 
(equal to 13 per cent. of potash). 

Potassium nitrate (KNOs, p. 31) is known under such names 
as nitrate of potash, niter and saltpeter. Its use in fertilizers has 
been limited on account of the demands for various manufacturing 
purposes, especially gunpowder. With the decreased cost of nitric 
acid, as a result of the synthetic process of manufacture from air 
nitrogen, potassium nitrate is more extensively manufactured and 
used in fertilizers. It can be made by treating potassium chloride 
with nitric acid. It is a valuable plant-food, furnishing both nitrogen 
and potassium. The product sold as fertilizer contains about 13 
per cent. of nitrogen and 44 per cent. of potash (equal to 36.5 
potassium), while pure potassium nitrate contains 13.85 per cent. 
of nitrogen and 46.6 per cent of potash (equal to 38.7 per cent. 
of potassium). 

Calcium nitrate (Ca(NOsh, p. 31), in the commercial form, 
known also as Norwegian saltpeter, lime nitrate, nitrate of lime, 
basic calcium or lime nitrate, etc., is prepared by combining nitric 
acid, prepared by the use of air nitrogen, with calcium oxide (lime) 
or carbonate. Chemically pure calcium nitrate contains about 17 
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per cent. of nitrogen and 24.4 per cent of calcium; the commercial 
calcium nitrate used as a fertilizer in the United States contains 
over 15 per cent. of nitrogen and about 20 per cent. of calcium. 
Calcium nitrate attracts moisture rapidly and dissolves. The com
mercial calcium nitrate used as a fertilizer is a white salt, granular 
in texture, somewhat coarser than granulated sugar, running freely 
when handled. . 

Ammonium nitrate (NH.NOa, p. 31), when pure, contains 
35 per cent. of nitrogen, one-half in the form of nitrate and one
half in the form of ammonia. It is made by combining ammonia 
and nitric acid (and produced from air nitrogen), the ammonia 
being absorbed in 30 to 50 per cent. nitric acid and the resulting 
solution concentrated (NHa+ HNOa = NH.NOa). Ammonium 
nitrate has the advantage over other inorganic nitrogen-containing 
compounds of furnishing the most concentrated form of plant-food 
nitrogen. It has the disadvantage of absorbing moisture from the 
air rapidly, but this can be largely prevented by mixing a saturated 
solution of ammonium nitrate with powdered limestone or precipi
tated calcium carbonate and spraying the mixture into a granulat
ing chamber. This mixture contains 20.5 per cent. of nitrogen and 
about 35 per cent. of calcium carbonate. In America it is known 
as Ammonium Nitrate Limestone; in Germany, as Lead-Nitro, and 
in England, as Nitro-Chalk. The German product is colored green 
for ready identification. 

Ammonium sulfate or sulfate of ammonia (NH.)zSO., p. 
31) contains, when pure, 21.2 per cent. of nitrogen (equal to 
25.75 per cent. of ammonia, NHa). The commercial product used 
in fertilizers contains about 20.5 per cent. of nitrogen (equal to 25 
per cent. of ammonia). 

The ammonium sulfate of commerce was originally produced 
as a by-product in the manufacture of illuminating gas and coke 
from coal, one ton of coal yielding 8 to 25 pounds of ammonium sul
fate, containing 1.7 to 5.3 pounds of nitrogen. 

Ammonium sulfate is being made in increasing amounts by ab
sorbing ammonia in sulfuric acid (2NH. + HzSO.= (NH.)zSO.). 

Ammonium sulfate used in fertilizers is a grayish-w.bite sub
stance, consisting of small needle-shaped crystals. It does not 
absorb moisture readily. In physical condition, it is free-running 
and well adapted to use in sowing by hand or machinery. 

Ammonium sulfate-nitrate, commercially known as Leuna
saltpeter, consists of ammonium sulfate and ammonium nitrate, 
containing about 26 per cent. of nitrogen. About three-fourths of 
the nitrogen is present as ammonia and one-fourth as nitrate. The 

-material absorbs moisture from the air, but much less readily than 
untreated ammonium nitrate does. 
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Potassium and ammonium nitrate, made in Germany and 
sold under the trade-name, Kali-ammon-saltpeteT, contains about 
16 per cent. of nitrogen, half as nitrate and half as ammonia nitro
gen, with about 28 per cent. of potash. This is equal to 23 per cent. 
of K. 

Ammonium Chloride (NH4CI, p. 26) is formed by the re
action of hydrochloric acid.and ammonia (HCI + NHs = NH4CI). 
Pure ammonium chloride contains 26.2 per cent. of nitrogen (equal 
to 31.8 ammonia). It absorbs moisture easily. The commercial 
product contains about 24 per cent of nitrogen. 

Leunaphos is the trade name of a mixture of ammonium nitrate, 
ammonium sulfate and ammonium phosphate, containing about 25 
per cent. of ammonia (equal to 20.5 nitrogen) and 15 per cent. of 
phosphoric acid, P 20 5, (equal to 6.6 phosphorus). , 

Leunaphoska, Nitrophoska, Ammo-Phos-Ka (see p. 180). 
Calcium Cyanamid (CaCN 2, p. 32), sometimes called nitro-lime 

and lime-nitrogen, is a synthetic, non-protein organic compound. 
When chemically pure it contains 35 per cent. of nitrogen, but the 
commercial product is not pure; its percentage of nitrogen averages 
about 21. It usually contains as impurities over 25 per cent. of 
calcium hydroxide (p. 294), 12 per cent. of carbon, some calcium 
carbonate and other compounds and it is alkaline in reaction. It is 
a fine grayish-black powder treated with oil in order to prevent 
being dusty and disagreeable to handle during application. It does 
not absorb moisture, for which reason it is well adapted to distribu
tion by machine. 

When calcium cyanamid is applied to soils, its nitrogen is not 
directly used as cyanamid nitrogen, but the compound undergoes 
gradual change in the presence of soil moisture, forming ammonia 
and calcium carbonate, as follows: 

CaCN. + 
Calcium 

cyanamid 

3H.O = CaCO. + 2NHa 
Water Calcium Ammonia 

carbonate 

Urea (CON2H 4 ) is a non-protein organic compound, one of the 
normal constituents of the urine of mammals. It is one of the 
commercial products of synthetic ammonia manufacturing plants 
for use in fertilizers. It can be made directly from cyanamid or 
from ammonia and carbon dioxide. Urea has the highest per
centage of nitrogen in any of the nitrogen-containing compounds 
used in fertilizers, about 46 per cent. (equal to nearly 56 per cent. 
of ammonia). It absorbs moisture quickly. Urea is a white, crys
talline material, resembling granulated sugar in appearance, and is 
readily soluble in -water. 
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Calurea is a mixture of urea and calcium nitrate, containing 34 
per cent. of nitrogen, about four-fifths of the nitrogen coming from 
urea and one-fifth from nitrate. It contains about 9 per cent. of 
calcium. It is a white, crystalline material in a granular condition 
that enables it to be distributed easily. 

VEGETABLE MATERIALS THAT CONTAIN 
NITROGEN 

The materials in this class are the seed residues obtained in oil 
factories and are limited in amount by the yield of the crops from 
which the seed comes. 

Cottonseed-meal is the ground residue from cottonseed, after 
the oil is extracted. It has been extensively used as a fertilizer, 
especially in the South. When of good quality, it contains 6.5 to 7 
per cent. of nitrogen and 3 per cent. of phosphoric acid (equal to 
1.3 phosphorus) and 2 per cent. of potash (equal to 1.65 potas
sium). When mixed with cottonseed-hulls, these percentages are 
lower . 

. In addition to its plant-food constituents, it is valuable in fer
tilizers, because when used in sufficient quantity it produces a de
sirable mechanical effect in a mixed fertilizer, absorbs moisture, 
prevents caking and insures a loose condition of particles. When 
used as a food for cattle, for which it is highly valued, a large pro
portion of the plant-food constituents is recovered in the manure, 
thus making this the most economical way of utilizing it as a 
fertilizer. When applied directly to the soil, it is a valuable fer
tilizer, but cannot be generally used in this way profitably when it 
costs over $25 a ton. 

Castor-bean pomace, a by-product of castor-oil factories, is 
chiefly used for fertilizing purposes. It is generally less rich in 
plant-food constituents than cottonseed-meal, containing nitrogen 
in percentages usually varying between 4.75 and 5.25 and averaging 
near 5 per cent. along with 2 per cent. of phosphoric acid (equal to 
0.9 per cent. phosphorus) and 1 per cent. of potash. 

Linseed-meal, the residue left after extracting oil kom flax
seed, is most extensively used as cattle-food. It is too high-priced 
for common use as a source of nitrogen in commercial fertilizers. 
It contains about 5.5 per cent. of nitrogen, together with nearly 2 
per cent. of phosphoric acid (equal to 0.9 per cent. of phosphorus) 
and 1.5 per cent. of potash (equal to 1.35 per cent. of potassium). 

Tobacco-Waste.-See p. 190. 
Other vegetable nitrogen-containing meals obtained in limited 

. amounts are s~y bean meal, the ground cake of the soy bean; 
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copra meal from cocoanut; rape meal from rape seed; cocoa cake, 
the material remaining after pressing out the oil of dried and pow
dered seed kernels of the cocoa or chocolate tree in the manufacture 
of cocoa-butter; various vegetable or fruit pomaces, such as apple, 
tomato, pumpkin, etc. 

ANIMAL NITROGENOUS MATERIALS 

The materials in this class come mostly from the meat-packing 
industries; they are animal by-products more or less rich in nitrogen 
and are known in general terms as blood, tankage and offal. In the 
United States much of the nitrogen used in commercial fertilizers 
formerly came from this source. 

Dried blood used in fertilizers is prepared for market by evap
orating, drying and grinding. The color varies from red to black, 
according to the temperature and method employed in drying. Red 
dried blood is of higher grade than black, contains more nitrogen, 
is more uniform in composition and has only a small amount of 
phosphorus compounds. It usually contains 13 to 1 S per cent. of 
nitrogen. Black dried blood is often mixed with hair, dirt and 
various kinds of animal refuse and therefore varies greatly in com
position, the percentage of nitrogen ranging from 6 to 12. It also 
contains more or less phosphoric acid, sometimes as much as 4 per 
cent. (equal to 1. 7 S per cent. of phosphorus). Black dried blood 
is somewhat tough or leather-like in texture and decays in the soil 
less rapidly than the red. This grade is most extensively used in 
fertilizers. 

Dried meat is known under various trade-names, such as animal 
matter, ammonite, azotin, meat-meal, etc. It consists of the dried, 
ground, inedible soft portions of animal carcasses, such as tendons, 
membranes and other portions of meat, from which fat has been 
extracted, and also of by-products from beef-extract manufacture. 
It comes mainly from slaughter-houses and rendering-plants and 
varies considerably in composition, usually containing 10 per cent. 
of nitrogen and often as much as 13 or 14 per cent. It also usually 
contains 3 to 4 per cent. of phosphoric acid (equal to 1.30 to 1. 7 S 
per cent. of phosphorus). 

Tankage consists of a mixture of miscellaneous slaughter-house 
refuse unavailable for other commercial purposes-bone, flesh, 
tendons, intestines, lungs, blood, hair, hides, horns, hoofs, etc. The 
mixed materials are treated with gasoline or cooked in tanks under 
pressure to remove fat, after which they are dried and ground. 
Tankage varies greatly in composition because the proportions of 
the various materials used vary greatly. When bone materials are 
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in excess, it is usually called bone-tankage; and when the softer, 
more highly nitrogenous materials predominate, it is often called 
meat-tankage. In the case of small slaughter-houses, the tankage 
varies much more in every way than that prepared by large packing
houses and rendering plants. 

Two general varieties of tankage are recognized, nitrogenous or 
concentrated tankage and crushed or mixed tankage. In the first 
kind, the waste water or liquid that results from the cooking of 
bones and meat refuse is evaporated. It makes a product high in 
nitrogen, often over 12 per cent., but with little phosphorus. This 
product, which by itself is usually sticky and difficult to handle, may 
be ground and mixed with dry, inert materials to give it a good 
mechanical texture, or it may be used in mixing with ordinary 
tankage to increase the percentage of nitrogen. In mixed or 
crushed tankage, the composition varies greatly, the nitrogen ranging 
from 4 to 10 per cent. and the phosphoric acid from 7 to 12 per cent. 
(equal to 3 to 5 per cent. of phosphorus). Owing to the extreme 
variations in composition, tankage should be bought only on a 
guaranteed percentage of nitrogen and phosphoric acid. 

Processed tankage is the name applied to a product made from 
inert nitrogenous materials by treatment under steam pressure, with 
or without the use of sulfuric acid, to increase the availability 
of nitrogen as plant-food. The process is used with such materials 
as horns, hoofs, leather, etc. 

Base-Goods Ammonia is the name applied to the nitrogen 
which comes from such waste products as hair, wool waste, feathers, 
all kinds of leather waste, garbage tankage, peat and any other 
nitrogen-containing materials, which have been mixed with phos
phate rock and sulfuric acid, in the process of making super
phosphate, and allowed to react in a closed place (den). The 
materials lose their identity completely and the nitrogen is converted 
into readily-available form. 

Dried ground fish and acidulated fish (sometimes called fish
guano) consist of by-products coming mainly from fish-oil works, 
fish-canning factories, fish-salting plants, etc. The material obtained 
from the manufacture of fish-oil is the residue left after extracting 
the oil, a process which removes from the fish little ~f value as 
fertilizer. The fresh fish are cooked by steam, then pressed to re
move the oil, and dried either in the air or by steam, after which 
the mass is ground. The scrap is sometimes sprinkled with dilute 
sulfuric acid (oil of vitriol) by which decomposition is checked, the 
bones softened and to some extent dissolved. Dried fish varies in 
composition, containing 8 to 9.5 per cent. of nitrogen with an aver-

, age of about 8.80 and 5 to 9 per cent. of phosphoric acid (equal to 
2.2 to 4 phosphorus). The product coming from canning-works 
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consists more largely of skin, bones, etc., and is therefore more 
variable in composition, containing usually more phosphorus and 
less nitrogen. Acidulated dry fish usually contains slightly smaller 
percentages of nitrogen and phosphorus than the untreated fish. 

Hoof-meal and horn-dust, by-products of slaughter-houses. 
They contain 10 to 15 per cent. of nitrogen and about 2 per cent. 
of phosphoric acid (equal to 0.9 per cent. of phosphorus). These 
materials are usually processed to make the nitrogen more available. 

Garbage-tankage is material obtained by drying city garbage, 
which consists of mixed animal and vegetable refuse. Sometimes it 
is prepared for use as fertilizer by charring, but usually the grease is 
extracted and the residue dried and ground. Its composition 
varies greatly. In some cases the tankage is treated with dilute 
sulfuric acid, then mixed with calcium phosphate and potash salts 
to produce a complete commercial fertilizer. Garbage-tankage may 
contain 2.5 to 3 per cent. of nitrogen, 1.50 to 3 per cent. of phosphoric 
acid (equal to 0.65 to 1.3 per cent. of phosphorus) and 0.75 to 1.50 
per cent. of potash (equal to 0.6 to 1.25 per cent. of potassium). 
This material is regarded as low-grade plant-food. In both com
position and availability, its value is variable, so it should be pur
chased only on a guarantee of composition. 

Sewage Sludge is a prodtict of sewage-disposal plants, result
ing from the treatment of sewage by bacterial and chemical proc
esses. The dried product from some municipal plants is sold as a 
fertilizer. It may contain as much as 5 per cent. of nitrogen and 3 
per cent. of phosphoric acid. 

TABLE 22-COMPOSITION OF COMMERCIAL PULVERIZED ANIMAL 

MANURES 

Sheep Goat Pig Cattle Poult,y 
Pe, cent. Pe, cent. Pe, cent. Pe, cent. Pe, cent. 

Nitrogen 2.50 1.35 1.75 1.34 4.50 
Phosphoric acid ... 1.50 1.40 1.75 0.90 3.20 
Potash ........... 1.50 3.60 1.00 0.85 1.35 

Commercial manures from animal excrements, dried and 
ground, consist largely of manure obtained at stock-yards, with 
some admixture of dirt and refuse. They comprise cattle, pig, 
sheep, goat and poultry manures. In some cases, the potash is in
creased by addition of potassium salts. They should be purchased 
only on a guaranteed analysis. Table 22 shows about how they run 
in composition, the average and variations being given in case of 
sheep and pig manures. 

Nitrogenous guanos are formed in warm, dry regions from the 
excrements and bodies of dead birds, fragments of fish, feathers, 
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seaweed, etc. The birds live largely on fish so the resulting excre
ments are rich in nitrogen. Peruvian guano, deposited on groups 
of islands off the coast of Peru, was once used extensively and still 
comes into market in limited amounts. It contains about 10.5 per 
cent. of nitrogen and 10 per cent. of phosphoric acid (equal to 4.4 
per cent. of phosphorus). 

Hair and leather.-Hair is often found mixed with dried blood 
and tankage. It is rich in nitrogen-about 15 per cent.-decom
poses with extreme slowness so may be regarded as practically use
less for feeding crops. The same is true of fur-waste and feathers. 

Leather in the form of scraps and ground leather is a waste 
product of various industries. When treated with superheated 
steam, dried or partially roasted, ground fine, it is. then called 
leather-meal. Roasted leather, finely ground, has been used to 
adulterate dried blood, which it resembles in color. Leather con
tains 7 to 8 per cent. of nitrogen. It undergoes decomposition in 
soils with extreme slowness. 

Wool and silk wastes include by-products of industries which 
are wool and silk, such as manufacture of woolen cloth, carpet
making, felt materials, silk goods, etc. Pure silk and wool contain 
about 15 per cent. of nitrogen, but the waste materials are usually 
mixed with so much cotton or other materials that the percentage 
of nitrogen may be reduced as low as 5. 

Such materials as horns, hoofs, hair, leather, wool, silk, etc., 
contain nitrogen in a form which obstinately resists the action of 
micro-organisms and which therefore is practically unavailable as 
plant-food during the growing season of a crop. However, such 
materials are utilized and their nitrogen made available by mixing 
them with rock phosphate and sulfuric acid when superphosphate 
is made. 
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MATERIALS THAT CONTAIN PHOSPHORUS 

THE materials that furnish the phosphorus compounds used in 
fertilizers are, for the most part, phosphates of calcium (lime). 
(pp. 32-37.) Most of the phosphates used in America come 
from three sources, (1) mineral or rock phosphates, (2) basic slag 
and (3) bones of slaughtered animals, the two latter furnishing, 
however, only a small proportion compared with the first. The 
manufactured product called superphosphate is the form which, 
whatever the source of the original material, is most extensively 
used in commercial fertilizers. Rock phosphate when ground so 
fine as to be dust-like is called It floats"; it is used in comparatively 
small amounts for direct application to soil. 

We will, for convenience, study the phosphorus-containing mate
rials in accordance with the following outline: 

1. Inorganic materials: (1) Rock-phosphates, (2) apatite, (3) 
guano phosphates. 

2. Manufactured products: (1) Superphosphate (acid phos
phate) (a) plain, (b) concentrated, (c) nitrate-superphosphate 
(2) potassium phosphate, (3) "Nitrophoska," (4) "Leunaphoska," 
(S) Ammo-Phos-Ko. 

INORGANIC PHOSPHORUS-CONTAINING 
MATERIALS 

By far the largest part of the phosphorus compounds used as 
fertilizers comes from inorganic materials. 

Rock-phosphates are commonly known as Florida, Tennessee, 
South Carolina rock or phosphate because these states have been 
the main sources of supply. Under the term of rock phosphates 
we include those deposits which consist more or less largely of tri
calcium phosphate combined with calcium fluoride (3CaS(PO')2. 
CaFa). These are found in many different places, varying in form, 
condition and purity. They contain tri-calcium phosphate varying 
in amount from below 4S to 90 per cent. (equal to 20 to 40 per cent. 
phosphoric acid (PaO.) or 9 to 18 phosphorus), the usual propor
tions are between SS and 77 per cent. tri-calcium phosphate (equal 
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mined. Pebble phosphate is made up of white, gray, brown, amber 
and black, hard, irregular-shaped and rounded granules embedded 
to the extent of 10 to 50 per cent. in a matrix of clay and sand. 
They vary from small grains to one and one-half inches or more 
in diameter. A small part is colloidal. The deposits vary in thick
ness from 5 to 50 feet and are overlaid with a covering of sand and 
clay of varying thickness. The process of mining is the open pit. 
The covering of sand and clay is removed by steam-shovels or by 
streams of water under high pressure. The layers of pebble phos
phates are broken up, usually by hydraulic streams, the pebbles are 
washed free from sand and clay and finally dried at a high tem
perature in rotating ovens. The phosphate thus prepared contains 
from 68 to 77 per cent. of tri-calcium phosphate (bone phosphate of 
lime, B.P.L.) equal to 31.3 to 35.4 phosphoric acid (P.05 ) or 13.6 
to 15.4 phosphorus. This material is shipped to factories where it 
is converted into superphosphate (p. 34). 

"Hard Rock" phosphate occurs in layers having a maximum 
thickness of 50 feet, being made up of fragmentary rock, boulders 
of varying size and pebbles. It is mined by the open-pit process. 
When washed free from impurities and dried, it averages somewhat 
richer in tri-calcium phosphate (B.P.L.) than the pebble phosphate, 
varying from 76 to 81 per cent. equal to 35 to 37 phosphoric acid 
or 15 to 16 phosphorus. 

The Tennessee deposits, two kinds, brown and blue, occur in 
veins and pockets of phosphate rock. The brown phosphate con
tains 70 to 79 per cent of tri-calcium phosphate (B.P.L.), equal to 
32 to 36 phosphoric acid or 14 to 16 phosphorus. The blue variety 
contains from 65 to 70 per cent. of tri-calcium phosphate. 

Colloidal Phosphate is the name applied to finely-divided mate
rial obtained in the preparation of Florida hard-rock phosphate. 

Apatite is a crystalline mineral containing calcium phosphate 
and, in addition, one of the elements, fluorine or chlorine (3Ca. 
(P04 )2.CaF2). When pure it contains about 40 per cent. of phos
phoric acid (equal to 88 per cent. of tri-calcium phosphate or 17.5 
per cent. of phosphorus). Apatite is a definite chemical compound 
and is probably the original source of phosphorus in all other phos
phorus compounds. It is more widely distributed than any other 
form of phosphate. Its use in making fertilizers is limited because 
it is extremely hard and does not dissolve easily in acids. It is 
mined in a small way in Canada and Norway. Apatite, as taken 
from the ground, is mixed more or less with other substances present 
in the earth; it therefore varies in composition according to the 
amount of impurities, usually ranging from 32 to 41 per cent. of 
phosphoric acid (equal to 70 to 90 tri-calcium phosphate or 14 to 
18 phosphorus). Canadian apatite is usually high in phosphorus. 
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Guano phosphates.-Guanos containing considerable percent
ages of phosphorus were for some years extensively used until largely 
displaced by superphosphate. Small amounts still come into the 
market, mainly from the West Indies and from islands in various 
parts of the Pacific Ocean. 

MANUFACTURED P~OSPHATE PRODUCTS 

Superphosphate (acid phosphate).-Under this head we con
sider the products made by converting an insoluble phosphate into 
a soluble one by means of an acid. The process was first applied 
to bones, but at present rock-phosphate is most extensively em
ployed. While formerly the term superphosphate applied only to 

Lastitig effect of phosphorus in clay soils. Fertilizer applied three years previously 
(right and left), none in center. Left, thirty-three bushels to the acre; rig'd, 

thirty-eight; center, eighteen. 

mixtures consisting chiefly of soluble or mono-calcium phosphate 
(CaH.(PO.)a) and hydrate calcium sulfate (gypsum), the use of 
the term now includes more concentrated products containing no 
admixture of gypsum. Specific names are used to designate such 
compounds as ammonium phosphate and potassium phosphate. 

Superphosphate is made by treating some torm of tri-calcium 
phosphate (usually rock-phosphate) (1) with sulfuric acid, (2) with 
sulfuric acid and phosphoric acid or (3) with phosphoric acid, pro
ducing two grades or concentrations of superphosphate, (1) plain 
superphosphate, containing 16 to 20 per cent. of phosphoric acid and 
(2) concentrated superphosphate, containing 40 to 46 per cent. of 
phosphoric acid. 

Plain Superphosphate is made by mixing the finely ground phos
phate material with about an equal weight of sulfuric acid of a 
definite dilution. The first chemical action to take place is the 
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formation of free phosphoric acid and calcium sulfate (gypsum), 
as represented by the following reaction: 

(1) 2Ca.(PO.). 
Tri-calcium 
phosphate 

+ 6H.SO. 
Sulfuric 

acid 

= 4H.PO. + 
Phosphoric 

acid 

6CaSO. 
Calcium 
sulfate 

In the second chemical change, the phosphoric acid acts upon an 
additional portion of tri-calcium phosphate to form the soluble or 
mono-calcium phosphate, the calcium sulfate remaining unchanged, 
as indicated in the following equation: 

Superphosphate 

(2) Ca.(PO.)o 
Tri-calcium 
phosphate 

+ 4H.PO. + 
Phosphoric 

acid 

6CaSO. 
Calcium 
sulfate 

3CaH.(PO.). 
Mono-calcium 

phosphate 

. 
+ 6CaSO • 

. Calcium 
sulfate 

(gypsum) 

The mixed mass, more or less wet and hot, is allowed to stand until 
the chemical changes are completed; the calcium sulfate takes up 
water and the whole mass solidifies, after which it is crushed fine and 
stored. In those phosphate materials in which the impurity is largely 
calcium carbonate, more acid is used, the product contains more 
gypsum, is therefore drier and more easily powdered. In order to 
avoid the presence of free sulfuric acid in acid phosphate, somewhat 
less sulfuric acid is used than is actually required to dissolve the 
phosphate completely. Superphosphate generally, therefore, con
tains some undissolved tri-calcium phosphate, which, on standing, 
reacts with the soluble phosphate and forms some di-calcium 
(reverted) phosphate as shown by the following equation: . 

(3) CaH.(PO.). 
Mono-calcium 

phosphate 

+ Ca.(pO.). = 
Calcium 

tri-phosphate 

2CaaH.(pO.). 
Calcium 

di-phosphate 

The impurities in rock-phosphates that interfere most seriously 
with their conversation into satisfactory superphosphate are 
compounds containing iron and aluminum. These interfere with satis
factory results in two ways: (1) The resulting mixture is of jelly
like consistency, and is hard to handle or convert into a dry, fine 
powder, (2) iron and aluminum compounds tend to cause the for
mation of reverted phosphate (p. 34), in which the very insoluble 
iron and aluminum phosphates form an undesirably large propor
tion. This chemical reaction is illustrated thus: 

(4) 2CalL(PO.). 
Mono-calcium 

phosphate 

+ Fa.o. = 
Ferric (iron) 

oxide 

2FePO. + 
Ferric 

phosphate 

2CaHPO. 
Calcium 

di-phosphate 

+ 3H.o 
Water 
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Superphosphate is, therefore, a mixture of soluble, reverted and 
insoluble phosphate of calcium, containing also about one-half its 
weight of gypsum, together with some free phosphoric acid and 
small amounts of other compounds. 

With pure tri-calcium phosphate (Ca.(PO.).), 100 pounds 
would require about 63 pounds of pure sulfuric acid, and would 
produce about 7 S. pounds of soluble calcium phosphate and 88 
pounds of gypsum (calcium sulfate and water). Therefore, in 100 
pounds of the completed superphosphate made from pure materials, 
there would be about 54 pounds of gypsum and 46 pounds of sol
uble calcium phosphate (equal to 28 per cent. of phosphoric acid 
or 12 of phosphorus). But we usually have a considerably larger 
proportion of calcium sulfate and a correspondingly smaller pro
portion of soluble calcium phosphate, because the phosphate material 
usually contains some calcium carbonate and other constituents that 
reduce the proportion of soluble phosphate and increase that of 
gypsum and other compounds in the completed product. In the 
actual manufacture of superphosphate containing 16 per cent. of 
phosphoric acid, 1,000 pounds of insoluble phosphate material 
make 1,500 pounds of superphosphates. 

In making insoluble into soluble phosphate, it is seen, therefore, 
that the process is one of dilution so far as the percentage of phos
phorus is concerned. Whatever the percentage of phosphorus in 
an insoluble phosphate, whether rock, bone, or other form, the per
centage of phosphorus in the completed product is less than two
thirds what it was before dilution by treatment with sulfuric acid. 

There are two well-recognized grades of the ordinary or plain 
superphosphates in common use, one containing about 16 per cent. 
of phosphoric acid (equal to 7 of phosphorous) and the other, 20 
per cent. of phosphoric acid (equal to 8.8 of phosphorus). Formerly 
the usual percentage was 14. Both grades may contain 1 to 3 per 
cent. of phosphoric acid in the citrate-soluble (reverted) form and 
about the same amount of insoluble. 

In appearance superphosphate is generally a grayish powder, 
the shade varying with the color of the original phosphate material 
used in the manufacture. 

Concentrated Superphosphate is known as double or treble or 
triple superphosphate. There are two methods of preparation. In 
the first method, the phosphate, generally high-grade rock, is treated 
with dilute sulfuric acid, as in the preparation of plain superphos
phate, producing dilute phosphoric acid and calcium sulfate (gyp
sum), as represented in equation (1), page 177. The gypsum, 
being in the form of a finely-divided solid or precipitate, is easily 
separated by setting up filtration from the solution of phosphoric 
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acid. The phosphoric acid is then concentrated and mixed with 
more phosphate rock, when the following reaction takes place: 

Ca.(PO.). 
Tri-calcium 
phosphate 

+ 4H.PO. = 
Phosphoric 

acid 

3CalL(PO.). 
Mono-calcium 

phosphate 

In the second method of preparation, no sulfuric acid is used but 
only commercially prepared phosphoric acid which is added directly 
to the phosphate material. This method has the advantage that 
there is no calcium sulfate to get rid of. In either case, the final 
product is the same, mono-calcium phosphate, free from calcium 
sulfate. The percentage of phosphoric acid in concentrated super
phosphate, thus prepared, depends upon the percentage of phos
phoric acid in the phosphate material used. In most of these 
products now on the market, the percentage of phosphoric acid varies 
from 40 to 47 (equal to 17.6 to 20.7 phosphorus), as compared with 
60.7 per cent. of phosphoric acid (equal to 26.5 phosphorus) in 
chemically pure mono-calcium phosphate. Liquid phosphoric acid 
is commercially prepared in any degree of concentration by treat
ing finely-ground phosphate rock with sulfuric acid and concen
trating the products, or by the electric-furnace process, or by 
smelting phosphate rock in a blast-furnace, volatilizing the phos
phorus and then converting it into pure phosphoric acid. 

The commercial manufacture of pure phosphoric acid has made 
possible the preparation of ammonium phosphate (p. 37) and 
potassium phosphate (p. 37), as well as the concentrated super
phosphate. 

Ammoniated Superphosphate.-Superphosphate plain or con
centrated, alone or in a mixed fertilizer can be treated with am
monia, either anhydrous liquid ammonia or ammonium hydroxide 
containing 25 to 30 per cent. of ammonia, the ammonia being 
sprayed into the material. The ammonia reacts quickly with the 
superphosphate and with any free sulfuric acid present, forming 
ammonium sulfate and mono-ammonium phosphate. This treat
ment is advantageous in various ways. It adds several per cent. 
of nitrogen at a minimum cost without appreciable dilution of 
superphosphate or increased formation of tri-calcium (citrate-insol
uble) phosphate unless excessive amounts of ammonia are used. 
It improves in a marked degree the mechanical condition of super
phosphates and of mixed fertilizers containing superphosphates, giv
ing a dry product that drills readily and that can be stored without 
caking. The rotting of bags by superphosphate is prevented or 
greatly decreased. In the manufacture of superphosphate, time 
of curing may be lessened by using an excess of sulfuric acid in 
dissolving the phosphate rock and then treating with ammonia. 
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When ammonia solution (containing 25 to 30 per cent. of 
ammonia) is used in excess of 2 or 3 per cent. with superphosphate, 
the resulting product contains water to such an extent that its me
chanical condition is unsatisfactory. This is avoided by using an
hydrous liquid ammonia. The use of anhydrous ammonia in excess 
of 3 per cent. in treating plain superphosphates or in excess of 7 
per cent. in treating concentrated superphosphates, causes the for
mation of tri-calcium phosphate. 

Nitrate-superphosphate.-Nitric acid is used to dissolve in
soluble phosphate and form a superphosphate, as indicated by the 
following reaction: 

Ca. (PO.). + 4HNOa 
Tri-calcium Nitric 
phosphate acid 

= CalL(PO.). + 
Mono-calcium 

phosphate 

2Ca(NOa). 
Calcium 
nitrate 

The resulting product is a mixture of the soluble compounds of 
mono-calcium phosphate and calcium nitrate. 

Potassium phosphates can be prepared by the combination of 
phosphoric rock and a potash silicate acid and potassium hydroxide. 
Experimental work has been done to produce potassium phosphate 
by smelting phosphate. 

Ammo-Phos-Ka is the name of a series of complete fertilizers, 
containing from 40 to 50 per cent. of plant-food. In the prepara
tions now offered, the percentage of nitrogen varies from 9 to 12; 
the available phosphoric acid from 16 to 30; the potash, from 10 to 
18. 

Nitrophoska is a trade-name applied to a series of complete 
German fertilizers of which eight grades are now on the American 
market. They contain nitrogen in the form of nitrate and ammonia, 
phosphoric acid as ammonium phosphate, and potassium as chloride 
or sulfate or a mixture of the two. All are readily soluble in water. 
They are all highly concentrated, containing from 45 to 60 pounds 
of plant-food in 100 pounds of material. The percentage of nitro
gen varies from 10 to 16.5 (equal to 12 to 20 of ammonia); the 
phosphoric acid, from 11 to 30 (equal to 4.8 to 13.2 of phosphorus) ; 
the potash, from 12 to 26.5 (equal to 10 to 22 of potassium). 

Leunaphoska is a trade-name used for a mixture of compounds 
containing leunasaltpeter (ammonium nitrate and sulfate), together 
with ammonium phosphate and a potassium salt. 

Ammonium Phosphate is made by combining ammonia and 
liquid phosphoric acid thus:-(3NHa + HaPO.= (NH.)aPO.). 
The product sold under the trade name of Ammophos, is a mixture 
of ammonium phosphate and ammonium sulfate and is made in two 
grades known as "20-20" and "13-48." It is a grayish-white, gran
ular material. It does not absorb moisture. The first grade con-
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tains more ainmonium sulfate and less ammonium phosphate, the 
percentage of ammonia being 20 per cent. (equal to 16.5 nitrogen) 
and that of phosphoric acid (P20.) being 20 per cent. (equal to 8.8 
phosphorus). The second grade contains mo!'e ammonium phos
phate and less ammonium sulfate, the percentage of ammonia being 
13 (equal to 10.7 per cent. of nitrogen) and that of phosphoric acid 
48 (equal to 21 phosphorus). 

Another commercial product is known as Diammonphos 
( (NH')2HPO.), containing about 25.5 per cent. of ammonia (equal 
to 21 nitrogen) and 53 per cent. of phosphoric acid (equal to 23.3 
phosphorus) . 

Basic-slag phosphate, known also as Thomas phosphate pow
der, basic-iron slag, phosphate slag, etc., is a by-product of steel 
manufactured from iron ores containing a considerable amount of 
phosphorus compounds, when an excess of calcium oxide (lime) is 
used in the process. It is a heavy, black powder, of a fineness that 
enables 70 per cent. or more to pass through a one-hundredth inch 
mesh sieve and 90 per cent. or more through a 50-mesh sieve. It 
usually contains about 16 to 20 per cent. of phosphoric acid (equal 
to 7 to 8.8 phosphorus). 

The exact composition of basic-slag phosphate is not satisfac
torily settled as yet. Among the chief constituents, other than phos
phorus, are compounds containing calcium (35 to 45 per cent.) , 
magnesium (3.5 to 4 per cent.) , iron (13 to 14 per cent.) , manganese 
(6 to 7 per cent.), silicon (3 per cent.). The percentages given are 
only approximate. The exact form of combination in which the 
phosphorus occurs is a matter of some dispute. So far as present 
evidence goes, it is probable that most of the phosphorus is a double 
silicate and phosphate of calcium (CaO).P20 5.Si02, while smaller 
amounts exist as tetra-calcium phosphate (CaO)4'P20 S (p. 33). 
In regard to the form in which calcium is combined in basic-slag 
phosphate, generally less than 2, and often less than 1 per cent., is 
present as calcium oxide or so-called free lime, while the amount 
of carbonate is insignificant. The calcium therefore exists largely 
as phosphate and silicate. The use of basic slag-phosphate as a 
fertilizer is considered on page 290. 

ANIMAL PHOSPHORUS-CONTAINING MATERIALS 

In large packing-houses, all bones of appreciable size are utilized 
for various commercial purposes, and only the discarded fragments 
and small bones that cannot be otherwise utilized go into fertilizing 
material. Bones furnished to agriculture practically all of the phos
phorus applied as fertilizer until the advent of rock-phosphate. 

Bones and bone products used for fertilizing purposes are known 
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The amount of phosphorus and nitrogen in bones varies with 
different conditions, such as kind of animal, age, location of bone, 
etc. For example, fish bones are much richer in nitrogen than beef 
bones. Bones of young animals contain more nitrogen and less 
phosphorus, than those of older animals. The large, hard bones, 
the ones bearing greatest strain, are richer in phosphorus and less 
rich in nitrogen than the smaller, more compact bones. However, 
the differences found in the percentages of nitrogen and phosphorus 
in the bones used for fertilizing purposes are due more largely to 
differences in methods of treatment than to differences of composi
tion in the original bones. 

Raw bone includes any bone that has been ground in its natu
ral state without previous treatment by steaming, boiling, etc. It 
is usually marketed under the names bone-meal, raw bone-meal, 
coarse ground bone, etc. Raw bone contains the fat naturally pres
ent in bones, objectionable for the following reasons: (1) The 
presence of fat makes it practically impossible to grind bone fine 
enough for use as a fertilizer. (2) The fat protects the particles of 
bones from bacterial action and makes decomposition in the soil 
slow. (3) It is believed that some of the decomposition products of 
fat, when present in soils, are poisonous to plants. (4) The fat itself 
has no value as plant-food, but by its presence reduces the per
centage of nitrogen and phosphorus in bone. 

Raw bone of good commercial quality should contain 3.5 to 4.5 
per cent. of nitrogen, and 20 to 25 per cent. of phosphoric acid 
(about equal to 45 to 55 per cent. of tri-calcium phosphate or to 
9 to 11 of phosphorus). 

Steamed bone products include materials sold under various 
commercial names, such as bone-meal, fine bone-meal, pure ground 
bone, bone-flour, bone-dust, precipitated bone phosphate, etc. The 
various terms refer usually to fineness of division rather than to 
differences of composition. Fineness affects value as fertilizing 
material; the finer the particles, the more quickly do the plant-food 
constituents become available. Most bone products used for agri
cultural purposes have been treated by some process which removes 
the fat, to be used in soap-making, and usually more or less nitro
gen for making gelatin or glue, according to the process employed. 
On account of the large demand for bones for various purposes and 
their consequent increase of value, there has been some temptation 
to adulterate bone products, both raw and steamed, with such sub
stances as calcium carbonate, gypsum, coal-ashes, ground oyster
shells, ground rock-phosphate, etc. 

Fat is removed from bones by extraction either by steam or 
gasoline or both. . Extraction by treatment with gasoline has the 
advantage of removing little or no nitrogenous material, but tre::tt-
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ment with boiling water or with steam takes out some of the nitro
gen compounds. By treating the fat-free bones at a much higher 
temperature and pressure (50 to 60 pounds), the cartilaginous part 
of the bone is converted into gelatin, which dissolves in water and 
separates from the mineral portion of the bone. The removal of 
fat makes it much easier to grind the bone fine, so does removal of 
part of the cartilage from the fat-free bone. Steamed bone-meal or 
bone-flour generally has a somewhat gritty feeling and a character
istic odor. 

The composition, as well as the fineness, of bone products is 
affected by the character of treatment. Fat-free bone-meal contains, 
according to samples on the market, 1.8 to 3.5 per cent. of nitrogen 
and from 22 to 28 per cent. of phosphoric acid (about equal to 
48 to 62 per cent. tri-calcium phosphate or 9.7 to 12.3 phosphorus). 
In case of bone treated for the manufacture of gelatin or of glue, 
the nitrogen is often reduced below 2 per cent. and sometimes below 
1 per cent., while the phosphoric acid may go as high as 28 to 30 
per cent. (about equal to 62 to 66 tri-calcium phosphate or 12 to 13 
phosphorus). Bone-flour prepared from bone after the extraction 
of fat with naphtha may contain as much as 6 per cent. of nitrogen. 
Some products appear on the market under the name of bone-meal, 
containing less than 2 per cent. of nitrogen and only 16 to 17 per 
cent. of phosphoric acid. In view of the possibility of so great 
variations, it can be readily understood how important it is to pur
chase these materials only under definite guaranteed percentages 
of nitrogen and phosphorus. The degree of fineness should also be 
guaranteed. 

Precipitated Bone is the product formed by dissolving bone in 
hydrochloric acid (one of the processes in the manufacture of gel
atin) and precipitating the dissolved phosphate with enough calcium 
carbonate or hydroxide to form the reverted calcium phosphate 
(p.36). 

Bone-tankage, while more or less rich in nitrogen, contains 
varying amounts of phosphorus, according to the relative proportions 
of bone and meat present. Tankage consisting almost entirely of 
bone is, of course, about like bone in composition. It also follows 
that in a genuine bone-tankage the higher the percentage of phos
phorus, the lower is the percentage of nitrogen. The bone in tank
age may be usually regarded as having the same agricultural value 
as boiled or steamed bone of the same degree of fineness. The 
materials of tankage are often found to be rather too coarse. 

The phosphoric acid in tankage may vary from 6 to 20 per cent. 
(about equal to 13 to 44 per cent. tri-calcium phosphate or 2.6 
to 8.8 per cent. phosphorus). Bone-tankage proper may be re
garded as containing 15 to 20 per cent. of phosphoric acid, (about 
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equal to 44 per cent. of tri-calcium phosphate). Tankage should 
be purchased only on a guaranteed percentage of nitrogen and 
phosphoric acid. 

Bone-black, known also as animal charcoal and bone-charcoal, 
manufactured from bone, finds its chief use in sugar-refineries. It 
is made by heating carefully selected bones in closed vessels, with 
exclusion of air. By this process, the fat, nitrogen and water are 
removed leaving mostly tri-calcium phosphate and carbon. \Vhen 
ground it is coarse, granular and thus becomes commercial bone
black. The presence of the carbon, coating the particles of phos
phate, makes it slow to change to available plant-food, offering 
resistance to bacterial or other dissolving agents. When bone-black 
has been used repeatedly it becomes useless in sugar-refining and is 
sold as a fertilizer either for direct use or to be made into super
phosphate, known as dissolved bone-black. Good bone-black may 
contain 30 per cent. of ph.Jsphoric acid (about equal to 66 per cent. 
of tri-calcium phosphate or 13 per cent. phosphorus). At present 
it forms an insignificant part of the phosphorus used in fertilizers. 
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MATERIALS CONTAINING POTASSIUM 

THE largest amounts of materials containing potassium com
pounds come from Germany and France; less extensive supplies 
are furnished by Poland, Spain, Italy and the United States. 

PRODUCTION IN GERMANY AND FRANCE 

After having been used for the purpose of mining rock-salt, 
the mines near Stassfurt in northern Germany were abandoned about 
1839. Later a further exploration of the beds by means of borings 
revealed large quantities of potassium compounds, especially chlo
ride (muriate), and, about 1861, operations were begun to work 
the deposits for the commercial production of potassium compounds. 
As they exist in the deposits, these are more or less impure, being 
mixed with chlorides and sulfates of calcium, sodium, and magne
sium. The average grade of the crude material contains about 10 
per cent. of potassium (equal to 12 per cent. of potash). The ma
terials after removal from the mines are ground, dissolved in water 
and allowed to crystallize fof purification and concentration. By this 
process the impurities are more or less removed, depending on the 
degree of concentratioIi and purity desired in the finished products, 
of which there are several grades. These are, therefore, more or less 
manufactured rather than natural products and include chiefly 
chloride and sulfate, though some of the materials used for fertilizers 
are the crude products as taken from the deposit, ground fine, or 
mixtures of the refined and crude salts. 

In general, the German potassium products, as they appear 
in the market, are gritty powders, varying in fineness and color 
(white, dirty-white, gray or pink). They dissolve readily in water. 
Most of them have a tendency to absorb water and so become moist 
when exposed in damp places. They should therefore be stored 
only in dry places if kept long. While these potassium materials 
are used to a considerable extent in the United States in chemical 
industries for the manufacture of other potassium compounds, much 
the larger proportion is used for fertilizers. 

Deposits containing potassium salts were discovered in Alsace 
186 
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in 1904 and commercial production began in 1910. The material 
consists largely of a mixture of potassium chloride and common 
salt, the potassium varying from about 12 to 18 per cent. (equal to 
about 14 to 22 per cent. of potash). The French purified product 
averages higher in potassium than the German and, owing to the 
smaller admixture of other saIts, cost of production is less. The 
chief product of the Alsatian mines is potassium chloride (muriate). 

Statistics of 1930 show that the United States imported 980,000 
tons of potash saIts, equal to 342,000 tons of potassium oxide 
(K20), valued at $24,500,000. Most of this was used for fertilizers. 
During this same year the United States produced 106,000 tons of 
potash salts, equal to 61,270 tons of potassium oxide (K20). 

PRODUCTION IN THE UNITED STATES 

During the World War, when this country was forced to depend 
wholly upon domestic supplies of potassium, it succeeded in obtain
ing from various sources a maximum of 60,000 tons of potash, 
enough to furnish about one-fifth of the normal agricultural needs. 
At present about 82 per cerit. of the potassium-containing materials 
used in the United States comes from Germany and France; the 18 
per cent. produced by domestic manufacture comes mainly from two 
sources, (1) Searles Lake, CaliL, where potassium and borax 
compounds are prepared from the natural salt brine of the lake, and 
(2) as a by-product from the manufacture of industrial alcohol 
from sugar-cane molasses. 

Other sources of domestic supply utilized under war conditions, 
when the price of muriate of potash (commercial potassium chlo
ride), increased to $500 a ton from a pre-war price of $40, were 
(1) the kelps of the Pacific coast, (2) the flue-dust of blast-furnaces 
and of cement factories, (3) alunite (potassium aluminum sulfate) 
at Marysville, Utah and (4) the natural brine of Jesse Lake, Ne
braska. The return of normal prices made production unprofitable 
in most cases. 

The future of successful potassium supply in large amount from 
domestic sources depends primarily upon profitable production ill 
competition with German-French products. At present, the most 
promising prospect appears to be the commercial development of 
extensive deposits of potassium compounds in western Texas and 
south-eastern New Mexico in association with rock-salt deposits. 
These deposits lie at depths of 350 to 1800 feet below the surface. 
The potassium is present, mostly as polyhalite, a sulfate of potas
sium, calcium and magnesium, containing, when pure, 13 per cent. 
of potassium (equal to 15.6 per cent. of potash). This can readily 
be converted into refined compounds containing high percentages of 
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potassium, such as sulfate of potassium, and sulfate of potassium 
and magnesium. Mixtures of crude and refined products can be 
prepared to furnish any desired percentage of potassium between 
12 and 52. Experiments indicate that crude polyhalite, finely 
ground, is effective as a fertilizer in direct application to plants. 
The United States government has been carrying on extensive re
search work in connection with the Texas-New Mexico deposits as 
well as with other possible sources of production of potassium com
pounds. 

Surface deposits of potassium-containing minerals, widely dis
tributedin the Uniwd States in inexhaustible amounts, await 
successful methods of treatment for the economic production of po
tassium compounds for agricultural use. Among these minerals are 
the green-sand marls of New Jersey, Delaware, Maryland and Vir
ginia; the potash feldspars of New England and of the Appalachian 
and Rocky Mountain States; the potash shales of Georgia; the 
leucite of Wyoming. These minerals contain potash varying 5 to 
20 per cent. For example, green sands contain 6 to 8 per cent. of 
potash; potash shales, 8 to 9 per cent.; orthoclase feldspar, 17 per 
cent. ; leucite, 22 per cent. 

The more common sources of agricultural potassium are: (1) 
Potassium chloride, (2) potassium sulfate, (3) potassium and mag
nesium sulfate, (4) potassium-magnesium carbonate, (5) manure 
salts, (6) kainite, (7) potassium nitrate, (8) potassium phosphate, 
(9) wood-ashes, (10) tobacco waste, (11) by-products of sugar
mills. 

Potassium chloride KCI, (p. 38), commercially known as 
muriate of potash, is one of the prepared products derived from the 
imported crude materials of the German and French potash mines, 
purified by special treatment. It is found in the market in two 
grades of purity, containing 76.8 and 80 per cent. of potassium 
chloride or 48 to 50 per cent. of potash (equal to 39.8 and 41.5 
potassium). The chief impurity in the commercial muriate is 
common salt, which may vary from 7 to 20 per cent. There are 
also small amounts of calcium and magnesium compounds. 

A high-grade commercial potassium chloride, known under the 
trade-name of Trona Potash, is prepared from the waters of Searles 
Lake in California. It contains an average of 96 to 98 per cent. of 
potassium chloride or 60.5 to 61.7 per cent. of potasb (equal to 51 
to 52 potassium). 

Potassium sulfate (K:zS04, p. 40), commercially known as 
sulfate of potash, is one of the German manufactured products. It 
comes into the market usually in two grades, containing 90 and 96 
per cent. of pure potassium sulfate, which is about equal to 48.5 
to 52 per cent. of potash or 40.5 to 43 per cent. of potassium. The 
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usual form in commerce contains about 48 per cent. of potash 
(K20). The sulfate is used in much smaller amounts than the 
muriate. The impurities in commercial potassium sulfate are small 
amounts of sulfates and chlorides of calcium, magnesium and so
dium. It should not contain more than 2.5 per cent. of chlorine. 

Potassium and magnesium sulfate, sulfate of potash and mag
nesia, known also as double potash-manure salts, is a product pre
pared in the manufacture of the high-grade sulfate, usually 
containing about 50 per cent. of potassium sulfate, which is equal 
to about 27 per cent. of potash or 22.5 potassium. It contains not 
less than 25 per cent. of magnesium sulfate and not more than 2.5 
per cent. of chlorine. It is used for tobacco and fruits. 

Potash manure salts or fertilizer salts is a term applied to 
low-grade potassium chloride (muriate), containing 20 to 30 per 
cent. of potash (equal to 16.5 to 25 potassium). In addition to 
potassium chloride, these materials contain large amounts of com
mon salt, considerable amounts of sulfate and chloride of magne
sium, with small amounts of other compounds. 

Potassium-magnesium carbonate is a manufactured product 
used in fertilizing tobacco and various fruit crops. The material, 
being in dry, finely-powdered condition, is ready for application at 
any time. It contains 35 to 40 per cent. of potassium carbonate 
(K2COS, p. 38), which is equal to 24 to 27 per cent. of potash or 
20 to 22.5 per cent. of potassium. It contains about the same 
amount of magnesium carbonate. 

Potassium carbonate in high-grade forms, 93 to 98 per cent. 
pure, contains 63.2 to 66.6 per cent. of potash (equal to 52.5 to 
55.2 potassium). It is used in the growing of tobacco. 

Kainite is a name applied to crude or untreated natural products 
coming from potash mines. The material is a variable mixture of 
several different compounds. The composition of the products in-

. eluded under kainite necessarily varies widely, depending upon the 
composition and proportions of the individual constituents. Ger
man kainite is largely a mixture of potassium chloride, magnesium 
chloride, magnesium sulfate and sodium chloride. French kainite 
contains potassium chloride mixed with a large amount of sodium 
chloride. The mixture that comes into market under the name of 
kainite contains 12 to 14 per cent. of potash, equal to 10.3 to 11.6 
potassium. 

Potassium nitrate.-(See p. 40.) 
Potassium phosphate.-(See p. 37.) 
Wood-ashes at one time constituted the chief supply of potas

sium in commerce and agriculture. Not only is the available sup
ply now small but the percentage of potassium present averages 
less than formerly. So-called Canada, hard-wood, unleached ashes, 
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supposed to represent the best quality, formerly contained over 5 
per cent. of potash (equal to 4 per cent. of potassium); the percent
age is now more often under 4 per cent. (or 3.5 per cent. of potas
sium) and may drop to one-half this amount. It is obvious that 
wood-ashes should be purchased only under a definite guaranteed 
percentage of potassium. In wood-ashes the potassium is mostly in 
the form of carbonate (K2COa• p. 38). When of good quality, 
wood-ashes contain 5 to 7 per cent. of potash (or 4 to 6 per cent. 
of potassium) and I.S to 2 per cent. of phosphoric acid. Owing to 
their high price there has been considerable temptation to adul
terate wood-ashes, making a mixture of potassium chloride and 
some form of lime (calcium hydroxide or carbonate) and leached 
ashes, and sometimes other products of a worthless character. 
Leached wood-ashes contain about 1 per cent. of potash (0.8 per 
cent. of potassium) and 1 to I.S per cent. of phosphoric acid, with 
2 S to 30 per cent. of calcium (lime) compounds. In genuine wood
ashes, the calcium compounds may vary from 20 to 50 per cent, but 
usually run between 30 and 35. In freshly burned ashes, calcium 
oxide (quicklime) is the chief calcium compound, but, in the case 
of ordinary wood-ashes, this is likely to be changed largely into 
carbonate by the time it is applied to soils. 

Wood-ashes, even when pure and unleached, vary greatly in 
composition, according to the kind of wood, part of tree, age, method 
of burning, and care with which they are stored. Hard wood usually 
produces ashes containing more potassium than those from soft 
wood. When ashes have been exposed to the weather or leached, 
they contain much less potassium than when kept dry. Wood-ashes 
from lime-kilns and brick-kilns are often mixed with valueless 
refuse to such an extent as to possess little value as plant-food, 
though lim~kiln ashes usually contain larger amounts of calcium 
compounds than ordinary wood-ashes. Ashes from spent tan-bark 
of tanneries are low in plant-food value. The amount of potassium 
or phosphorus in coal-ashes is insignificant. For discussion of ashes 
in relation to their use as a fertilizer, see page 189. 

Cotton-hull ashes are used as a fertilizer in tobacco growing. 
The percentage of potash varies from below 20 to over 35, averag
ing about 25. Phosphoric acid is present also, the average being 
about 3 per cent. 

Tobacco-waste from the manufacture of commercial tobacco 
products, consists of tobacco stems, stalks and waste materials which 
were at one time thrown away. It contains considerable potassium 
as well as nitrogen. Sometimes it was burned and the ashes used 
for fertilizer; such ashes are rich in potassium, but the nitrogen is 
lost by burning. Tobacco-waste ground fine makes a desirable 
source of potassium and nitrogen, where immediate availability is 
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not required. It is also useful in adding to mixed fertilizers on ac
count of the beneficial effect on the mechanical condition of the 
mixture. 

Tobacco-waste appears in three forms, stalks, stems and dust. 
Stalks include the main stalk and the branches. Stems include the 
leaf-stalk and the ribs that make up the skeleton of the leaf, to
gether with such other portions of the leaves as are rendered use
less by handling during manufacture. Tobacco dust includes fine 
particles that result from handling the leaves, mixed with more or 
less dirt. These materials give best results as plant-food when 
ground fine. 

Tobacco-waste products vary much in composition. The nitro
gen in stems varies from 2 to 3 per cent.; in stalks, from 3 to 4 per 
cent.; and in dust, from about 2 to 2.5 per cent. From one-third 
to one-half of the nitrogen in tobacco is present as nitrate. 

Phosphoric acid is present in small amounts, usually running 
between 0.5 and 1 per cent. (0.22 and 0.44 phosphorus). 

Potash is contained in tobacco stems in amounts ranging from 5 
to 10 per cent. (about 4 to 8 potassium), the usual variations lying 
between 6 and 9 per cent.; while, in stalks, the percentage is smaller, 
usually between 4 and 5 per cent. (about 3 to 4 potassium). 

Tobacco products possess, in addition, insecticidal value, which 
makes them especially useful in the growing of small fruits and 
greenhouse crops. 

Sugar-factory wastes.-The unmarketable molasses produced 
in the process of sugar-making contains potassium compounds in 
considerable amount. For example, ashes from beet molasses may 
contain as much as 38 per cent. of potassium (45 per cent. potash), 
most of which is in the form of carbonate, with small amounts of 
chloride and sulfate. Low-grade molasses is sometimes mixed with 
other materials and applied directly to soils, but this practice should 
be accompanied with the application of generous amounts of cal
cium carbonate on account of the production of acids resulting from 
the fermentation of the sugar. 

Reference has already been made to the production of potassium
containing material as a by-product in connection with the manu
facture of industrial alcohol from sugar-cane molasses. The liquid 
remaining after removal of the alcohol from the fermented molasses 
by distillation is evaporated and the potassium recovered, partly as 
chloride, partly as sulfate and some as carbonate. This material, 
known under the trade-name of "Vegetable Potash" contains about 
33 per cent. of water-soluble potash (equal to 27.4 of potassium). 
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CALCIUM (LIME) COMPOUNDS AND OTHER 
INDIRECT FERTILIZERS 

AN indirect fertilizer (p. 159), is a material which favorably 
influences crop growth through its effect on the soil rather than 
through direct addition of plant-food. Such materials are known 
also as soil stimulants, tonics, and amendments. The action varies 
for different materials, each producing effects more or less specific. 

Indirect fertilizers are of increasing interest and importance. 
Their intelligent use is attended with satisfactory results in crop 
growing, but blind, indiscrimir.ating use may work harm to soil and 
crops and loss to farmers. It is, therefore, desirable that the sub
ject be treated fully. 

CALCIUM (LIME) COMPOUNDS 

The various calcium compounds to be considered are used as 
indirect fertilizers to bring about in the soil chemical, physical and 
biological changes that are beneficial to plant growth through the 
action of the calcium they contain. Calcium compounds are not often 
used solely to supply calcium directly as plant-food to crops. The 
operation of applying them to soils is commonly called liming. 

COMPOSITION OF CALCIUM (LIME) COMPOUNDS 

The chemical element calcium (Ca) is the one common, char
acteristic constituent of all so-called lime compounds, in which we 
find calcium combined with one or more other chemical elements. 
We are to keep in mind that it is this element, calcium, which accom
plishes the desired purpose, whatever compound of calcium we 
apply as an indirect fertilizer. The various calcium compounds 
available for agricultural use as indirect fertilizers are: (1) Calcium 
oxide, (2) calcium hydroxide, (3) calcium carbonate, (4) gypsum 
or hydrated calcium sulfate. Other materials that contain calcium 
are chiefly used to supply plant-food other than calcium. They in
clude ground phosphate rock or "floats" (p. 235), wood-ashes 
(p. 189), and basic-slag phosphate (p. 36), already discussed. 

192 



CALCIUM (LIME) COMPOUNDS 193 

Calcium oxide or lime.-The word lime is ordinarily used to 
designate a compound consisting, when pure, of calcium (71.4 per 
cent.) and oxygen (28.6 per cent.). It is known in chemistry as 
calcium oxide (CaO). At one time it was erroneously supposed that 
it (lime) was present in all compounds of calcium, so all calcium 
compounds were called lime compounds. This inaccurate use has 
continued, especially in commercial practice. 

Calcium oxide, in impure forms, is known under several com
mercial names, such as lime, burned lime, quicklime, caustic lime, 
stone-lime, lump-lime, unslaked lime, etc. The value of commercial 
lime depends, for many purposes, upon its freedom from impurities, 
that is, upon the amount of calcium oxide it contains. 

Commercial lime is prepared by heating at a sufficiently high 
temperature any form of carbonate of lime (calcium carbonate), 
the carbon dioxide (carbonic acid) being driven off as a gas and 
calcium oxide remaining as a solid residue (p. 41). 

The materials most commonly used as a source of commercial 
lime are limestone, oyster shells and shell-marl. The percentage of 
calcium oxide present (the purity of a lime) depends upon (1) 
the purity of the original carbonate material used, (2) the com
pleteness of the burning, and (3) subsequent care in keeping dry. 
The impurities commonly found in commercial lime are compounds 
containing magnesium, silicon, iron and aluminum. The three most 
common forms of commercial lime are: (1) Burned-lime, (2) mag
nesium burned-lime, and (3) oyster-shell lime. 

(1) Burned-lime, the ordinary lump-lime commonly used by 
masons, is prepared by burning limestone (calcium carbonate) of a 
high degree of purity. When freshly pt;epared it should contain 90 
to 98 per cent. of calcium oxide. That sold for agricultural use 
contains 60 to 90 per cent. of calcium. Commercial quicklime can 
be obtained in coarsely pulverized or granulated form. This is 
much used in building and is a convenient form to use on soils. 

(2 ) Magnesium burned-lime is prepared from limestone that 
contains more or less magnesium carbonate, the proportions vary
ing greatly in different varieties. CommerCial lime prepared from 
such material contains 55 to 85 per cent. of calcium oxide and 10 
to 40 per cent. of magnesium oxide. The presence of considerable 
proportions of magnesium oxide affects unfavorably the slaking 
properties of lime. 

(3) Oyster-shell lime.-Oyster shells contain 90 to 95 per cent. 
of calcium carbonate and, when properly burned, produce a high
grade lime, containing from 85 to 95 per cent. of calcium oxide. 

In addition to the preceding forms of commercial lime, two others 
of less importance are gas-house lime and acetylene-lime. Quick
lime is used at gas-works to remove impurities from the gas and 
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after being so used it is often sold to farmers. Gas-house lime is not 
quicklime, since the calcium oxide is largely changed into other 
forms, such as hydroxide (slaked lime) and carbonate. In addition 
there are the impurities absorbed from the gas, some of which: 
sulfides and sulfites, are injurious to seeds. These are changed into 
the harmless form of sulfate (land-plaster) on exposure to the air. 
Gas-house lime should, therefore, be allowed to lie exposed to the 
air before use or should be put into the soil some weeks or months 
before putting in a crop. Its composition varies greatly. 

Acetylene-lime is the solid residue formed in the manufacture of 
acetylene gas from calcium carbide; it consists largely of a mixture 
of calcium carbonate and hydrate (slaked lime), the proportions 
depending upon the length of exposure to air. The material has the 
disadvantage of being wet and of holding some acetylene gas. It 
can be used in liming soils where its cost is slight, but in order to 
allow acetylene gas to escape it is well to expose it to the air for 
some weeks before applying to the soil or to apply to the soil a few 
weeks before putting in seeds, because the gas is injurious to seeds. 

Calcium hydroxide or slaked lime.-When calcium oxide or 
quicklime comes in contact with water, it undergoes the change known 
as slaking (or, erroneously, slacking); its calcium oxide (CaO) 
combines with water (H20) and is changed into a compound known 
chemically as calcium hydroxide (Ca(OH)z) or commercially as 
slaked lime, water-slaked lime, caustic lime, or hydrated lime; 100 
pounds of calcium oxide combine with about 32 pounds of water and 
produce 132 pounds of calcium hydroxide (slaked lime, p. 41). 

Slaked lime may be conveniently regarded, therefore, as quick
lime diluted by combination with about one-third of its weight of 
water. Calcium hydroxide or pure slaked lime contains 24.3 per 
cent. of water and 75.7 per cent. of calcium oxide, which is equiv
alent to 54 per cent. of calcium. The chemical change that occurs 
when lime slakes or combines with water is accompanied by marked 
physical changes; the lime swells in bulk, crumbles to a very fine 
powder and generates much heat. The rapidity with which commer
cial burned lime slakes depends upon its composition and the 
amount of water used. The use of too much water or the sudden 
chilling of a partially slaked lime by cold water results in the pro
duction of a coarse, granular lime in place of the desired form of 
fine powder. Commercial limes that contain less than 10 per cent. 
of impurities slake more . quickly than those that contain larger 
amounts of impurities. Magnesium burned limes slake imperfectly. 

One bushel of burned lime of good quality, on slaking, increases 
in bulk to two or three bushels of slaked lime. The weight per 
bushel decreases roughly about one-half, for example, from 80 to 
40 pounds. The bulk and weight of slaked lime depend upon the 
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composition of the burned lime used, upon the amount of water 
added, and upon some special conditions of the slaking process. 

Slaked lime suspended in or mixed with water to form a milky 
liquid, is known as milk of lime. Slaked lime dissolved in water 
forms a clear solution known as lime-water. 

The calcium hydroxide or slaked lime easily absorbs carbon 
dioxide gas from the air and changes gradually into calcium car
bOMle. Just as commercial burned lime is impure calcium oxide, so 
commercial slaked lime is impure calcium hydroxide. Ordinary 
water-slaked lime is, therefore, a mixture of calcium hydroxide and 
calcium carbonate with such impurities as may have been present 
in the lime before slaking. 

The slaking of lime also takes place when lime is exposed to 
the air, this process being known as air-slaking. When lumps of 
burned lime stand exposed for some time, the outer layer gradually 
absorbs moisture from the air and goes through the process of 
slaking, forming a fine powder. In the air-slaking process, more 
or less calcium carbonate is also formed. Hence, air-slaked lime 
usually contains larger amounts of carbonate and less of hydroxide 
than water-slaked lime. The rapidity with which limes air-slake 
depends upon various conditions. Dry, fine, air-slaked lime may at 
best contain as much as 7S per cent. of calcium oxide; but it varies 
much and is practically all carbonate if it has been long exposed 
to air. 

Calcium carbonate is commonly known as carbonate of lime. 
In this form calcium oxide (CaO) is combined with carbon dioxide 
(CO,), thus forming calcium carbonate (CaCO.), which contains 
S6 per cent. of calcium oxide (equivalent to 40 per cent. of calcium) 
and 44 per cent. of carbon dioxide. (p. 47.) 

As we may regard slaked lime as calcium oxide diluted by com
bination with water, so we may regard calcium carbonate as calcium 
oxide (lime) diluted by combination with carbon dioxide; 100 
pounds of calcium oxide combine with about 80 pounds of carbon 
dioxide and produce 180 pounds of calcium carbonate. The car
bonate is, therefore, a more dilute form of calcium than the oxide 
or hydroxide. 

Limestone of high grade of purity, chalk and also many kinds of 
marble consist largely (9S to 98 per cent.) of calcium carbonate, 
(equal to 30 to 40 calcium). Limestone of low grade may contain 
as little as 60 per cent. of calcium carbonate (equal to 24 calcium). 
Limestone rocks contain varying proportions of magnesium car
bonate, ranging from a fraction of 1 per cent. to over 40 per cent. 
High-<alcium lime products contain not more than 2.S per cent. of 
magnesium. When the percentage of magnesium carbonate exceeds 
40, the limestone is called magnesian or dolomitic. Shells, coral rock, 
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~hell-marl, ~ir-slaked lime, etc., contain calcium carbonate in vary
mg proportIons. 

Ground or pulverized limestone is the main form of calcium 
carbonate applied to soils. Ground shell-marl is also used and, in 
its purest condition, rimy contain as much as 98 per cent. of calcium 
carbonate. 

Calcium sulfate, hydrated, (p. 42), known also as gypsum, 
hydrated sulfate of lime, land-plaster, etc., is a compound of calcium, 
with sulfuric acid and crystallization water (CaSO •. 2H20) ; 100 
pounds of pure hydrated calcium sulfate contain about 32.5 pounds 
of calcium oxide (equivalent to 23 pounds of calcium), 46.5 pounds 
sulfuric acid, and 21 pounds of water. Hydrated calcium sul
fate or gypsum may be regarded as a more diluted form of calcium 
than either the hydroxide or the carbonate. To contain as much 
calcium as is present in 100 pounds of calcium oxide or pure lime 
requires about 310 pounds of gypsum. 

Hydrated calcium sulfate in its commercial form of gypsum or 
land-plaster contains varying amounts of impurities, the presence 
of which decreases the percentage of calcium. Some land-plaster 
consists of only 50 per cent. pure sulfate of calcium, while the best 
contains over 95 per cent. It should therefore be purchased only 
on the basis of a guaranteed analysis. It should be used only in 
finely-ground condition. It is well to remember that most com
mercial super-phosphates contain about half their weight of 
gypsum. 

Comparative composition of calcium compounds.-It is of 
practical importance to have a clear idea of the relative amounts of 
calcium contained in the principal compounds used to supply this 
constituent in agriculture, since it is the element calcium that these 
compounds are used to furnish. It is desirable to know the equiv
alent amounts of calcium in the various compounds. Knowing that 
calcium oxide (lime) contains 71.4 per cent. of calcium, calcium 
hydroxide (slaked lime) contains 54 per cent of calcium, and cal
cium carbonate contains 40 per cent. of calcium, we can prepare 
the following table, which enables one to find the equivalent amount 
of any of these three calcium compounds in terms of any other. 

To illustrate the use of Table 23, one wishes to know how much 
calcium carbonate is equivalent to a ton of burned lime containing 
95 per cent. of calcium oxide. First find the number of pounds of 
calcium oxide in the ton of burned lime by multiplying 2,000 by 0.95, 
which gives 1,900 pounds; then multiply 1,900 by 1.78 (the amount 
of calcium carbonate equivalent to 1 pound of calcium oxide), which 
gives 3,3':2 pounds as the desired amount of calcium carbonate. To 
take another example, how much calcium is contained in 1,000 
pounds of limestone containing by analysis 90 per cent. of calcium 
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carbonate? The stated amount of limestone contains 900 pounds 
(1,000 X .9) of calcium carbonate, which multiplied by 0.4 (the 
amount of calcium equivalent to 1 pound of calcium carbonate) 
gives 360 pounds as the desired amount. 

TABLE 23-FACTORS SHOWING EQUIVALENT AMOUNTS OF VARIOUS 

CALCIUM COMPOUNDS 

To find from a given amount of Multiply by 
(1) Calcium carbonate the equivalent amount of calcium, 0.40 
(2) " " " calcium oxide, 0.56 
(3) " " " calcium hydroxide, 0.74 
(4) Calcium hydroxide " " calcium, 0.54 
(5) " " calcium oxide, 0.76 
(6) " " calcium carbonate, 1.35 
(7) Calcium oxide " calcium, 0.71 
(8) " " .. .. calcium hydroxide, 1.32 
(9) .. calcium carbonate, 1.78 

(10) Calcium " " " calcium oxide, 1.40 
(11 ) " " " calcium hydroxide, 1.85 
(12) " " calcium carbonate, 2.50 

MAGNESIUM COMPOUNDS 

Compounds containing magnesium are magnesium carbonate 
(MgCOs), magnesium hydroxide (Mg(OH)2) and magnesium oxide 
(MgO). In the so-called lime materials used in agriculture, they 
are present in smaller amounts than calcium, varying from a frac
tion of one per cent. up. Most of the ground limestone used on soils 
does not contain more than 10 per cent. of magnesium carbonate. 
Limestone containing 20 to 25 per cent. of magnesium carbonate is 
not objectionable and may even be desirable directly as plant-food 
on some soils deficient in magnesium. Carbonate and sulfate of 
magnesium have been used to a limited extent as indirect fertilizers. 
Their action is like that of common salt and calcium compounds in 
changing unavailable into available potassium. Kainite is about 
one-sixth magnesium sulfate. The sulfate of potash and magnesium 
is about one-third magnesium sulfate. The use of magnesium sul
fate or carbonate cannot be recommended except in those rare cases 
of soils that are deficient in magnesium. 

The magnesium compounds in limestone, burned lime and slaked 
lime neutralize acids and bring about other effects the same as cal
cium compounds. There are, however, quantitative differences in 
the chemical reaction of the compounds of magnesium as compared 
with those of calcium, due to difference in combining weights 
(p. 18). For example, in neutralizing acids, 1 pound of magnesium 
carbonate is approximately equal to 1.2 pounds of calcium carbon-
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ate; 1 pound of magnesium hydroxide, to 1.3 pounds of calcium 
carbonate; and 1 pound of magnesium oxide, to 1.4 pounds of cal
cium oxide. In view of these quantitative differences, it may be 
desirable, having a given amount of magnesium compound, to know 
how much calcium it is equal to in neutralizing power. This can be 
ascertained by use of Table 24. 

TABLE 24-FACTORS SHOWING EQUIVALENT AMOUNTS OF CALCIUM 

AND MAGNESIUM COMPOUNDS 

To find from IJ gilltll amoun' 01 l".l,i,l, b, 
(1) Magnesium carbonate the equivalent amount of calcium oxide, 0.66 
(2) .. .. I .... calcium hydroxide, 0.88 
(3) .. .. .. calcium c:arbonate, 1.19 
(4) Magnesium hydroxide .. calcium oxide, 0.97 
(5) .. .. .. c:alcium hydroxide. 1.28 
(6) .. .. .. calcium c:arbonate, 1.72 
(7) Magnesium oxide .. .. c:alcium oxide, 1.40 
(8) .... .. .. c:alcium hydroxide, I.8S 
(9) .... II II calcium c:arbonate, 1.50 

To illustrate the use of the table, a limestone shows an analysis 
of 45 per cent. of calcium and 20 per cent. of magnesium carbonate. 
To what percentage of calcium carbonate is the sum of the two 
equivalent? Multiply 20, the amount of magnesium carbonate, 
by 1.19, the factor given in the table; the result is 23.80, which, 
added to 45, gives 68.80 as the answer. 

In another case, a slaked magnesian lime contains 50 per cent. 
of calcium oxide and 25 per cent. of magnesium oxide. What is the 
equivalent of these two compounds, expressed as total calcium car
bonate? First, convert the calcium oxide into the equivalent amount 
of calcium carbonate by multiplying 50 by the conversion factor 
1.78 (Table 23), which gives 89. Next multiply 25 by the conver
sion factor 2.50 (Table 24), which gjves 62.50. These two results 
(89 and 62.50) added together give 151.50 as the total amount of 
calcium carbonate equivalent to the given amounts of oxides of 
Inagnesium and calcium. 

Weight of a bushel of lime.-It is the custom in some places 
to sell lime by the bushel. It should be purchased only by weight, 
because the weight of a bushel varies greatly according to a variety 
of conditions, chief among which are porosity of the limestone 
burned and the conditions of burning. The average weight of a 
bushel (heaped measure) of stone-lime is given as 75 to 93 pounds, 
but it may vary from 60 to 120 pounds. Magnesium stone-lime 
usually runs somewhat lower. Oyster-shell lime varies from 40 to 
75 pounds a bushel and averages about 60. 
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Chemical changes and solubility of calcium compounds.
Some of the facts already stated about the changes that calcium 
compounds undergo need reviewing for the sake of emphasizing 
their importance and relations. Some additional facts regarding the 
solubility of calcium compounds deserve special mention at this 
point. 

(1) Change of quicklime to slaked lim e.-Calcium oxide (CaO) 
or quicklime, as previously stated, combines with water (H20) to 
form calcium hydroxide (Ca(OH).) or water-slaked lime; the 
attraction between quicklime and water is intense. Quicklime put 
on or in soils is changed into slaked lime before chemkal action on 
the soil constituents takes place. When, therefore, we speak of the 
action of quicklime in soils, we usually mean the direct action of 
slaked lime formed from quicklime. 

(2) Change of slaked lime to carbonate.-Slaked lime or cal
cium hydroxide and carbon dioxide have strong mutual attraction 
and combine to form the carbonate (CaCO.). Perfectly dry quick
lime is not acted upon by carbon dioxide; it must first be changed 
into hydroxide by combination with water. When quicklime air
slakes, the first action is combination with water to form hydroxide, 
after which carbon dioxide is taken from the air by the hydroxide 
and carbonate is formed. \"llether applied to soils as quicklime or 
slaked lime, it is sooner or later changed into carbonate and does 
its principal work in the form of carbonate. In general, when we 
speak of the action of calcium compounds in soils, we usually mean 
the carbonate if we do not specify some other form. 

(3) Solubility of calcium compounds in 'water.-The extent to 
which calcium compounds dissolve in water at ordinary tempera
tures is a matter of practical importance in connection with soils. 
Quicklime does not dissolve as such in water but changes into the 
hydroxide, which dissolves at the rate of one part in about 600 to 
800 parts of water, the solution being known as lime-water. It is 
the calcium in this solution which combines so readily with carbon 
dioxide to form carbonate. Calcium carbonate dissolves only 
slightly in pure water, but, when water is saturated with carbon 
dioxide, one part of carbonate dissolves in about 1,000 parts of 
carbonated water, less carbonate dissolving in water containing less 
carbon dioxide. One part of hydrated calcium sulfate or gypsum 
is soluble in 400 to 500 parts of water; it is more soluble in water 
containing in solution common salt or nitrate of soda. 

WHAT CALCIUM COMPOUNDS DO IN SOILS 

When applied judiciously, calcium -compounds produce several 
specific effects, resulting in improvement of soils and increase of 
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crops; however, injurious effects may attend their use under some 
conditions, especially when certain forms are used in too large 
amounts. For convenience, the effects of calcium compounds may 
be grouped under three heads: ( 1) Chemical, ( 2) biological and 
( 3) physical. . 

CheIl).ical effects of calcium compounds.-The direct bene
ficial chemical effects of calcium compounds in soils may be divided 
into two general classes: (1) They make available some insoluble 
forms of plant-food, especially compounds containing potassium or 
phosphorus; and (2) they change into harmless forms, or neutralize 
the injurious effects of many compounds that interfere with the 
growth of plants. 

(1) Action on insoluble potassium compounds.-One of the 
most important effects of calcium compounds is the conversion of 
insoluble into soluble forms of potassium; the soluble calcium takes 
the place of the potassium in the insoluble compounds and thus 
enables the potassium to form some new soluble form or combina
tion. All of the conditions under which this change occurs are not 
understood and cases occur in which insoluble potassium com
pounds are not affected. The extent of this action is primarily de
pendent upon the amount and kind of potassium compounds in a 
soil. As would be expected, good results are more noticeable in 
clay soils, while sandy soils, which are often deficient in potassium 
compounds, are little affected. The effect of calcium in making 
potassium available is shown most prominently in the case of crops 
that require relatively large amounts of potassium, such as clover 
and other leguminous corps. It is probable that gypsum affects a 
soil more in this respect than in any other way. 

(2) Action on insoluble pkospkates.-Calcium compounds, es
pecially hydroxide and carbonate, change insoluble phosphates into 
forms that can be more readily utilized as plant-food. This action 
is based on the following chemical facts: The phosphates of iron and 
aluminum are more or less prevalent in soils; these compounds be
come soluble only with extreme slowness under ordinary condi
tions. Calcium compounds, especially hydroxide and carbonate, 
change these insoluble phosphates into tri-caIcium phosphate, which 
is much more readily soluble in water containing carbon dioxide, 
than in water that does not contain it. (p. 35.) The application 
of the calcium compounds mentioned is, therefore, of marked value 
in this way in case of soils rich in iron and aluminum compounds 
but poor in calcium carbonate. 

(3) Neutralization of acid soils.-SoiIs which show acidity (p. 
94), whether in the form of free acids ("sour" soils) or whether 
simply deficient in basic constituents (p. 20), are beneficially 
changed in character by the application of calcium compounds in the 
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form of quicklime, slaked lime, or carbonate, but not by sulfate 
(gypsum or land-plaster). 

(4) Action on soil toxins.-In addition to specific acids, soils 
may contain compounds that act as poisons to plants. For example, 
magnesium compounds, when present in large proportions, may act 
in this way; so on some soils the application of magnesium com-

Nonh 
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Soil sampling diagram for forty acre field. In making samples fol
low the direction of the arrows. The larger numbers along the lin~ 
indicate the number of three foot paces to take in locating the 
points where the samples are to be collected. Numbers in the squares 
indicate where twenty-three surface samples are taken; those in the 

circles. where five subsoil samples are gathered. 

pounds in magnesium limestone, kainite, etc., may work injury. This 
condition can be overcome by the use of sufficient amounts of cal
cium compounds. Other poisonous substances, in the form of 
acid organic compounds in soils, are derived from plants as products 
of the decay of organic matter in soils (p. 95). Their injurious 
effects are overcome or prevented by the presence of enough calcium 
hydroxide or carbonate in the soil. In some cases, injurious soluble 
salts in alkali soils are rendered less harmful by calcium compounds. 
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The "black alkali" in soils of arid regions, due largely to sodium 
carbonate, is changed by sulfate into (1) harmless calcium carbon
ate and (2) sulfate of soda, which is less poisonous to plants than 
is sodium carbonate. 

(5) Favorable to decomposition of organic matter.-The decom
position of organic matter is favored by the presence of calcium 
compounds. 

(6) Economy of plant-food.-It has been demonstrated that 
in the presence of abundance of calcium carbonate, smaller per
centages of nitrogen, phosphorus and potassium compounds are 
generally required for crop production than when calcium is defi
cient. 

(7) Effect of calcium sulfate on ammonium carbonate.-Am
monium carbonate easily escapes into the air, but in the presence of 
abundance of calcium sulfate (gypsum) it is changed into the stable 
form of ammonium sulfate, and the calcium becomes useful as 
carbonate. Quicklime and slaked lime do not possess this property, 
but, on the contrary, change all ammonia compounds into gaseous,· 
free ammonia. Calcium carbonate does not have this unfavorable 
effect under agricultural conditions. . 

(8) Unfavorable chemical effects of calcium compounds.-The 
chemical effects thus far mentioned are for the most part beneficial, 
but unfavorable results, which cause loss of plant-food or result 
in special undesirable conditions, may attend the injudicious use 
of certain calcium compounds under some circumstances. 

(a) Loss of nitrates: The formation of nitrates may be so has
tened by calcium compounds, especially the caustic forms when 
used in large amounts, as to furnish nitrates more rapidly or more 
abundantly than crops can use. Under such conditions nitrates 
are likely to be lost by passing into the drainage water. 

(b) Acidity of soils and sulfate: The excessive use of calcium 
sulfate (land-plaster)-1,OOO-2,OOO pounds per acre-may result 
in adding acid to a soil. The calcium of this compound is removed 
fr()m the soil, the sulfuric acid being left behind to combine with 
some basic material. If it continues to accumulate, in the course 
of time, it will obviously be present in sufficient quantities to con
tribute appreciably to the acidity of the soil. It must be emphasized, 
therefore, that land-plaster never neutralizes soil acidity, but may 
help to make a neutral soil acid. 

(c) Loss of sulfur: Excessive use of calcium and magnesium 
compounds may cause loss of sulfur which in surface soils, may 
become serious when no sulfur compounds are supplied to the soil 
by rainfall or direct application. 

Biological effects of calcium compounds.-In general, cal
cium compounds tend (1) to make soil conditions favorable for the 
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humus is more quickly used up with the result that quick injury by 
drouth may follow due to lack of water-holding power. To prevent 
this, the calcium compound should be worked more deeply into the 
soil. 

PRACTICAL USE OF CALCIUM COMPOUNDS 

Having learned their composition and various effects we must 
now consider the more important points connected with their practi
cal use under the following divisions: (1) How to learn if a soil needs 
calcium, (2) how much and how often to apply, (3) at what time 
to apply, (4) what forms to use, (5) how to apply, (6) commercial 
classification of calcium compounds for agricultural purposes. 

Morgan soil-test block used to obtain soil 
extracts for tests of soils. 

How to learn whether soil needs calcium, either in the form 
of lime or of calcium carbonate. One or more of the following 
four tests may be used. The first two are merely tests for acidity. 
The third is more a specific test for calcium carbonate in the soil. 
But the fourth is specific in the sense that it shows the need of soil 
for either alkali or available calcium in order to produce condi
tions favorable for growth of the crop desired. 

(1) Litmus test jor acidUy.-(See p. 21.) 
(2) pH determination on soil extract.-Convcnient apparatus 

and reagents for colorimetric pH determination in soil extracts, with 
directions for use, may be o1;>tained from dealers.l The significance 
of the pH in soil extracts is as follows: 

1 Kits for the pH test can be obtained from tIle LaMotte Chemical Products 
Company, McCormich Bldg., Baltimore, Md., the Albert Dickson Company, Cbi
cago, Ill., or Hellige, Inc., 179 E. 87th St., New York. The theory and technique 
of pH determinations by various methods are given in detail in "The Determination 
of Hydrogen Ions," W. Mansfield Clark. Published by William '4nd Wilkins, Balti
more. 
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pH above 8.2, stro'ngly alkaline. 
pH 7.5-8.2, medium alkalinity. 
pH 7.0-7.5, slightly alkaline. 
pH 7.0, neutral. 

(3) Dilute ammonia test. 

pH 7.0-6.5, slightly acid. 
pH 6.5-5.8, moderately acid. 
pH 5.8-5.2, medium acidity. 
pH 5.2 -4.7. strongly acid. 
pH less than 4.7, very strongly acid. 

(4) Growing of crops responsive to calcium carbonate.-The 
foregoing tests have the advantage of rapidity and simplicity and, 
when both are used on the same soil, they give reliable indications, 
but there are cases in which the results may leave one in doubt or 
prove misleading. Though requiring time and care, the most reliable 
test is to raise on the soil some crop that requires calcium carbonate 
in generous amount, such as red clover or beets. This test is made 
by growing the crop on smaIl portions of an acre, where the soil is 
uniform, one portion receiving some calcium compound like slaked 
lime or the carbonate and the other portion receiving none. In 
other respects the two portions of soil are treated alike; it is well 
to supply both with plant-food. In the case of red clover, the need 
of calcium carbonate is usually indicated when the crop after start
ing vigorously in the spring appears later to stand stilI in growth and 
finally disappears in part or wholly. Beets make poor growth on 
soils deficient in calcium carbonate. It has also been frequently no
ticed that horse-sorrel and some other weeds make vigorous growth 
on soils deficient in calcium carbonate, though such growth does not 
always show calcium carbonate deficiency. 

Amount and frequency of application.-The amount of cal
cium compounds to apply is largely governed by three factors: (1) 
the character of the soil, (2) the kind of crops grown and (3) the 
form of calcium used, but in nearly all cases the general rule may 
be followed of making applications in smaller quantities at more 
frequent intervals rather than large amounts once in several years. 

(1) Character of soil.-On poor soils and in case of light, dry 
soils, the amount of calcium compounds applied should be compara
tively small, varying from 900 to 2,700 pounds of pulverized lime
stone (carbonate) an acre (equivalent to about 700 to 2,000 pounds 
of slaked lime and 500 to 1,500 pounds of quicklime). On heavy 
clay soils and on soils that contain large amounts of decaying, acid, 
organic material, the application may vary from 1,880 to 7,000 
pounds of pulverized limestone an acre (equivalent to about 1,300 
to 5,000 pounds of slaked lime and 1,0(:)0 to 4,000 pounds of quick
lime), accordin~ to frequency of application, degree of soil acidity, 
etc. Soils rich in organic matter can utilize calcium compounds, in 
large amounts, more fully and with less danger of injury to soil or 
crops than can soils deficient in organic matter. 

In 5 or 6 year rotations, one liming will suffice under usual 
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conditions. It is preferably done at the time when the largest 
amount of organic matter is in the soil, as for example when a green 
crop or sod is plowed under. In general the importance of supply
ing the soil with abundance of vegetable matter along with the use 
of calcium tompounds cannot be emphasized too strongly. 

(2) Kind oj crops grown.-Some crops are little affected by the 
amount of calcium carbonate present within wide limits. Therefore 
the amounts applied may vary widely without materially af
fecting plant growth, other conditions being favorable. However, 
most of the crops commonly grown are usually benefited by occa
sional use of calcium compounds in generous amount. Some few 
crops appear to be indifferent to the presence or absence of calcium 
carbonate in the soil, while a few plants are generally injured when 
much is present-watermelon, radish, potato, blue lupine, serra
della, blackberry, raspberry and a few others of little importance. 
It should be stated that calcium carbonate may be applied in much 
larger amounts than quicklime or slaked lime without risk of injury 
to crops. 

(3) Form of calcium compounds used.-In applying calcium 
compounds, we must keep in mind that the constituent of value sup
plied is calcium. When we put on a more dilute form, as the car
bonate or the hydroxide (slaked lime), we must use more than when 
we apply the more concentrated form, quicklime or calcium oxide. 
From the data given (p. 197) we can make the following simple rule 
to find out how to make the necessary calculations, assuming that the 
various forms are fairly alike in purity of composition: To find out 
how much slaked lime is equal to a given amount of quicklime, mul
tiply the number of pounds of quicklime by 1.3; to find out how 
much calcium carbonate is equal to a given amount of quicklime, 
multiply the number of pounds of quicklime by 1.8. 

When to apply calcium compounds.-Generally speaking, 
the matter of convenience may guide one as to what particular time 
of year to apply calcium compounds. Usually spring is more con
venient than fall. The character of rotation will decide in many 
cases. In general the application should be made when it can be 
done to best advantage in the rotation, for example, before seeding 
to clover or in connection with the use of a green-crop manure. 
When practicable, autumn is the best time to apply the caustic 
forms, quicklime or slaked lime, on land to be used for spring sown 
crops and on permanent grass lands. The power of these com
pounds to injure seeds is gradually lost by lying in the soil, since 
they are changed into harmless carbonate. Calcium carbonate can 
be applied at any time without risk of injuring seeds or crops. In 
case of fall seeding, quicklime or slaked lime can be scattered after 
plowing and then harrowed in thoroughly. For many crops, the 
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caustic forms of calcium may be applied in spring with little risk 
of injury to seeds, provided it is worked into the soil completely and 
uniformly. In the case of sour soils, application in spring is oft(n 
beneficial. Lime always works downward in the soil. When ap
plied before plowing .or digging it is buried several inches below 
the surface so only the soil below this inverted layer is benefited, 

• the surface layer not at all. Therefore the important rule: Always 
apply lime after plowing or digging, then harrow or rake it in the 
surface. 

When fertilizers that contain ammonia compounds are to be 
applied to a soil receiving quicklime or slaked lime, it is well to 
apply the latter at least two weeks before the fertilizer in order to 
avoid risk of loss of ammonia. Stable manure should be thoroughly 
incorporated in the soil when the caustic compounds of calcium are 
to be used; on soils that possess little power of retaining ammonia, 
like light, sandy soils, farm manure should not be applied until some 
weeks after caustic calcium compounds are used. 

What form of calcium to use.-The particular calcium com
pound to be used must be determined by the conditions attending 
each farmer, among which the following are the most important: 
(1) The cost of the calcium, (2) the character of soil, (3) the kind 
of crop, (4) the rapidity of action desired, (5) fineness of division, 
and (6) convenience of handling. 

(1) Cost.-When the material must be freighted or drawn a 
long distance, quicklime in the form of commercial stone-lime or 
granulated lime should be found cheapest, since it is the most con
centrated form, containing per 100 pounds more of the desired ele
ment, calcium, than any other form suited to agricultural use. 

Table 24A shows at what price one should be able to buy lime. 
The prices assume high grade of purity and equal fineness of 
division. 

TABLE 24A-COMPARISON OF PRICES FOR VARIOUS CALCIUM 
COMPOUNDS 

Cost of one ton of 
quicklime (CaO) 

$8.00 
7.00 
6.00 
5.00 
4.00 
3.00 

Equivalent prices at 'Which should be ,""based one 'Oil 0/ 
Slaked lime CarboMte Gypsum 

(CaH£).) (CaCO.) (CaSO • .2H,J)) 
$6.05 $4.50 $2.60 

5.30 3.95 2.30 
4.55 3.40 1.95 
3.0 2.0 1~5 
3D5 2.25 1.30 
2.30 1.70 100 

This table shows, for instance, that when quicklime costs $5. a 
ton delivered the cost of calcium in other forms should not exceed 
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$3.80 for slaked lime, $2.80 for carbonate and $1.65 for gypsum. In 
the writer's neighborhood high grade carbonate (fine-ground marl) 
costs $4. to $5. a ton, delivery extra, thus making the calcium in 
it cost nearly twice as much as in quicklime. 

Calcium-containing materials are sold as agricultural lime, pre
pared lime, hydrated lime, etc. Some of these are slaked lime, some 
carbonate and some mixtures of both. In some cases their coarse
ness reduces their efficiency. As their prices, $8. to $10. a ton, are 
higher than the best grade of lump lime, farmers are advised not 
to buy them. Some of them may be used without slaking but this 
convenience costs too much. When its cost and limitations are con
sidered, gypsum can hardly be used profitably except, perhaps when 
applied directly to manure (p. 236). 

(2) Character oj soil.--On light, sandy or porous soils and on 
any soils low in amount of organic matter, application of caustic 
forms of calcium compounds tends to hasten the decomposition of 
organic matter, unless used in amounts of less than 1,000 pounds 
an acre. It is safer, therefore, to use on such soils the carbonate 
which can be applied in large amounts without risk of injury. On 
heavy, clay soils and on soils rich in organic matter, caustic forms 
of calcium can be used in large amounts (1 to 2 tons of quicklime) 
without danger of decomposing humus too rapidly. The effect that 
quicklime and slaked lime have on organic matter should always 
be met by keeping an abundant supply of vegetable matter in the 
soil by means either of farm manure or of green-crop manures. On 
some soils that contain large amounts of magnesium compounds, it 
is desirable to avoid the use of lime rich in such compounds. How
ever, on most soils, no trouble occurs from the presence of such 
compounds in the material used for liming. 

(3) Kind oj crop.-In the case of crops which are so sensitive 
to an alkaline condition of soil as to be injured, the use of carbonate 
is preferable. For crops that flourish best in neutral or slightly 
alkaline condition of soil, quicklime or slaked lime can be used with 
the precaution of avoiding application of excessive amounts 
(p. 207). 

(4) Rapidity oj action.-Quicklime is changed into slaked lime 
before it becomes chemically active under ordinary soil conditions. 
Properly slaked, quicklime forms a finer powder than it is possible 
to obtain with ground limestone or marl; it can therefore be more 
thoroughly and uniformly distributed through the soil, a condition 
that enables it to act more quickly. Moreover, freshly-slaked lime 
consists mostly of calcium hydroxide, which is more soluble in water 
than is calcium carbonate, and the usual difference of solubility 
is made greater by the extreme fineness of the slaked lime. This 
solubility is an important factor when a freshly limed soil receiv~ 
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abundance of rain, because a considerable amount of hydroxide 
goes into solution and on this account is more quickly and uniformly 
distributed through the soil. Then, again, calcium hydroxide, on 
account of its somewhat greater solubility, is more active than the 
carbonate in prodHcing chemical changes in the soil. It is true that 
sooner or later the slaked lime changes into carbonate, but even 
under favorable conditions some weeks are required to complete the 
change and during the intermediate period the slaked lime must be 
regarded as more active chemically than the carbonate. 

(5) Fineness of division has been referred to in the preceding 
paragraph. Quicklime in the form of commercial lump-lime or 
stone-lime must be slaked in order to permit even distribution in the 
soil. In properly slaked lime we have as fine a powder as it is 
possible to get; practically all of it passed through a 200-mesh sieve. 
Ground limestone and marl are not nearly as fine as well-slaked 
lime. For the more prompt action of ground limestone, not less 
than 75 per cent. should pass through a IOO-mesh sieve. Fineness is 
of added importance in case of magnesian limestone. Where quick 
action is not desired, some farmers have used coarser limestone with 
apparent success, 60 per cent. passing a SO-mesh sieve, but none 
coarser than required to pass a lO-mesh sieve. When it will answer 
the purpose, limestone less finely ground has the advantage of lower 
cost. 

(6) Convenience of kandling.-The slaking of lump-lime and 
the distribution of the slaked lime cause some inconvenience and 
unpleasantness in handling. This disagreeable feature can be less
ened by mixing the slaked lime with earth bt:fore distributing or by 
the use of ground burned lime, which is used for building purposes, 
and which is sold at reasonable prices. This can be handled with 
comparatively little trouble because it is usually put up in tight bags 
and does not require slaking before application. Much of the dis
agreeableness of distributing fine, slaked lime can be avoided by 
using a lime-spreader. Ground limestone or marl is also convenient 
to handle and is less disagreeable than slaked lime. 

How to apply calcium compounds to soils.-In applying cal
cium compounds to soils, three facts should be kept in mind: ( 1 ) 
The lime should be distributed for the most part in the upper layer 
of the soil, say within.3 or 4 inches of the surface; (2) it should be 
distributed as uniformly and thoroughly as possible through the 
soil; (3) in the case of quicklime, it should be put into the soil while 
mostly in the form of slaked lime or hydroxide and before being 
changed more than slightly into carbonate. 

The most convenient form of lime to apply is probably the 
. ground quicklime, furnished for building purposes, which can 
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usually be distributed with a fertilizer-drill. There are, however, 
special lime-spreaders which are more convenient. 

Freshly burned lump-lime may be slaked in a large pile near 
the field and then distributed; but when one has no special means 
for distributing the slaked lime, it is more convenient and comfort
able under ordinary conditions to distribute the lump-lime in small 
piles over the field after the land is prepared for a crop. A little 
water (equal to about one-third the weight of the lime or about 4 
gallons of water for one bushel of lime), is slowly sprinkled on each 
heap and the lime covered with fine earth. To secure the finest 
powder possible, the slaking should not take place rapidly; the use 
of too much water should be avoided. When thoroughly slaked, the 
powder is mixed with more fine earth to make it less disagreeable to 
handle and distributed with a shovel as evenly as possible, after 
which it is promptly harrowed into the soil thoroughly. The size 
and frequency of the heaps of lime may be regulated by remember
ing that 20-pound heaps placed 20 feet apart make about one ton 
to the acre; or 25 heaps of quicklime with one bushel in each, make 
about one ton. After being spread, slaked lime should not be al
lowed to lie upon the surface overnight or during showers, owing 
to its tendency to cake and form lumps or crust, thus changing it 
from a fine powder into coarse particles or lumps. 

Air-slaking is not advised, because it takes too long and the prod
uct is more largely carbonate than slaked lime proper. 

MISCELLANEOUS MATERIALS USED AS INDIRECT 
FERTILIZERS 

In addition to calcium and magnesium compounds and green
manure crops, many materials have been used as indirect fertilizers, 
some of undoubted value under special conditions and others of 
doubtful value or capable of positive harm. It is not desirable that 
we should discuss all these, but we will select for brief notice a few 
about which there is occasional inquiry for information. The ma
terials to be discussed are the following: (1) Muck, peat, etc., (2) 
common salt, (3) magnesium compounds, (4) sulphate of iron, (5) 
soot, (6) coal ashes. 

Muck, peat, etc.-The properties and composition of these 
materials have been already considered (p. 93). Their chief func
tion as indirect fertilizers is due to their organic matter. The nitro
gen they contain is slowly available. The effect of these materials 
is mainly physical, lightening clay soils and making them more 
porous, while rendering sandy soils more compact and more tena
cious in holding water. In order to produce much effect on soils 
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large amounts of· muck or peat need to be added, 20 to 40 tons or 
more. Muck is more quickly effective than peat and easier to in
corporate evenly into the soil. These materials cannot usually be 
economically employed unless close at hand and easy to handle. 
They should be removed and allowed to air-dry before distribution. 
Green crops will generally be found the most efficient source of 
organic matter. Muck and peat are best employed to mix with 
stable manure as an absorbent or as part of a compost mixture. 
While performing a useful service in saving urine in the stable, the 
insoluble nitrogen of the muck and similar materials is made avail
able more quickly when mixed with stable manure than when the 
muck is put into the soil directly. 

A good bed of muck or peat on a farm should be regarded as an 
important source of soil fertility, though largely indirect. It should 
be utilized systematically in one's plans for improving the soil. The 
value of these materials, when they are rightly utilized, can hardly 
be overestimated. 

Common salt.-Common salt, consisting largely of sodium 
chloride (p. 44), has been used from time immemorial in agricul
ture, but its method of action has been litee understood until re
cently and probably not fully even now. The form mostly used at 
present is known as "agricultural salt," which is refuse salt, too 
impure to utilize in regular commercial ways. The chief action of 
salt is believed to be that of changing the potassium already in the 
soil from an insoluble to a soluble form of combination. It also 
appears to economize the amount of potash used by crops in the case 
of root crops. Its extensive use on asparagus is of doubtful value . 
aside from the setting free of potassium. In some cases experiments 
appear to show that salt renders insoluble phosphates soluble, while 
other experiments show the reverse. If used at all, it should be 
employed at first only experimentally on a small scale. The amount 
to use may vary from 200 to 600 pounds an acre. Larger appli
cations at one time should be avoided. 

Another effect of salt is to hold soil moisture and regulate to 
some extent the upward movement of water. The extent of this 
action is of theoretical interest more than of practical importance. 
Salt injures the quality of such crops as tobacco, sugar-beets, pota
toes on account of the chlorine in it. One-third of kainite is com
mon salt. 

SuHate of iron.--Sulfate of iron is mentioned chiefly because 
its agricultural use has not been justified by reliable experimental 
evidence. Claims, based on inference rather than on the results of 
rigid experimental investigation, have been made to the effect that 
the bright coloring of apples and certain flowers is due to the 
presence of iron compounds. When viewed in the present state of 



Efftct of soil on rhododendron. A. Plant potted for thirteen months in fertile garden soil mixture. B. Similar plant in same soil 
mixture but treated only once with one-third gram aluminum sulphate in ten cubic centimeters of water. C. Plant in neutral 
garden soil (equal parts by bulk of loam, sand ·and well rotted cow manure) . It made no growth in about thirteen months. D. 
Siprllar pla:nt in strongly acid soil (two parts peat to one of sand) . Whenever practicable it is better to ~lant in acid soil than 

in nrutral 60il to be acidified artificially. 
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our knowledge, the use of these compounds to supply iron to crops 
can be regarded as wasted effort. And when we consider the ex
tremely minute amounts used by plants, all agricultural soils con. 
tain relatively immense amounts of iron compounds. 

Soot.-While soot is to be regarded primarily as a nitrogenous 
fertilizer, containing on an average about 3 per cent. of nitrogen 
in the form of ammonia compounds, though varying from O.S to 
11 per cent., it also possesses important properties as an indirect 
fertilizer. On account of its dark color, it absorbs heat when 
sprinkled on the surface of soil and appreciably raises the tempera-

In testing the effects of soils and fertilizers on plants of varioul kinds, metal and 
tile cylinders sunk in the ground but with their rims high enough above the lur
face to prevent splashing by rain have been found to provide more natural 

conditions than flower pots and crocks exposed to the air. 

ture of the surface soil. Soot is effective in lightening heavy soils. 
Another property, not a part of its action on soil, is its killing value 
in case of slugs and small snails, which sometimes injure grain and 
other crops in their early stage of growth. Its use is of necessity 
limited on account of lack of supply. It can be used, when obtain
able, as a top-dressing in spring on cereal crops. 

Coal ashes.-Coal ashes possess marked value for their power 
to lighten heavy soils, and may be advantageously used for this 
purpose when near at hand and obtainable without further cost 
than that of hauling and spreading. 

Aluminum suHate as a soil amendment.-Probably the most 
important horticultural discovery of the present century is the treat
ment that assures the successful cultivation of blueberry, rhododen
dron, azalea, mountain laurel, trailing arbutus, gentian and various 

. other plants which languish and die when planted in neutral or 
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alkaline soils. Starting with blueberry, F. V. Coville, botanist of 
the United States department of Agriculture, conducted experiments 
which proved that these subjects require soils with positive acid 
reaction. He also proved that neutral and alkaline soils may be 
made congenial to them by being acidified. The chemical he 
recommends is aluminum sulfate, at the rate of "up to a pound" to 
the square yard for loams of ordinary fertility. The sulfate is 
spread on the ground, evenly mixed with the surface soil by raking 
and made to soak a foot deeper by rain or copious watering with a 
hose. See Directions for Blueberry Culture, United States Depart
ment of Agriculture Bulletins 334 (1916) and 974 (1921); also 
The Effect of Aluminum Sulfate on Rhododendrons and Other Acid 
Soil Plants, Smithsonian Report for 1926 pp. 369-382. (Publica
tion 2897, 1927).-Editor. 

Test for lime deficiency.-The dark color of the water in muck 
and peat swamps, and of forest ponds, lakes and streams is usually 
caused by decomposed organic compounds which have leached out 
of the soil. Somewhat the same kinds of leachings impart the still 
darker color to water that seeps from manure piles exposed to the 
weather. In cultivated soils they are less evident because they are 
either more dilute ,or are lacking through having been neutralized 
by alkalies. When calcium carbonate occurs in the soil or is sup
plied in sufficient quantities it unites with these organic acid com
pounds to form new compounds. When calcium compounds, 
especially the carbonate, are lacking or in small supply the organic 
acid compounds are not neutraliied and so tend to make the soil olcid. 

This acidity may be readily determined by testing the soil for 
calcium compounds as follows: Half fill a glass bottle with water, 
preferably distilled or rain water because such water not having 
had contact with the soil is free of calcium. To this add a table
spoonful of soil and one or two teaspoonfuls of strong ammonia that 
has been diluted with four or five times as much water. Shake 
thoroughly and allow to stand over night or for several hours. If 
organic acid compounds are present the liquid will be dark brown 
or black or if not it will be more or less clear. The dark color is 
caused by the solution of combined ammonia and acid compounds. 
When calcium carbonate is present in the soil it combines with the 
organic acids to form new compounds which are insoluble in am
monia, but when calcium is lacking in the soil the organic acid COIn

pounds continue uncombined and reveal their presence by means 
of the ammonia test for calcium. 



WheD lIlUlIIJlae-deficient soil is treated with manganese suUate it produces the striking contrast here shown. Ltft, String beans; 
Rigla,. soybeans (20) without sulfate (1) sulfate added. 
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FARM MANURE: COMPOSITION AND CHANGES 

FARM MANURE consists of a mixture of three general classes of 
constituents: (1) Domestic animal dung or feces, (2) urine, and 
(3) materials used for bedding and often, in addition, miscellaneous 
waste farm products. 

Farm manure is known under a variety of names, such as ma
nure, mixed manure, barn manure, stable manure, farmyard or barn
yard manure, etc. Usage of terms is not uniform. The term, 
mixed manure, is generally applied to a mixture of manures of 
various animals with addition of bedding. The manure from any 
particular class of animals is designated by the name of the animal, 
as horse manure, sheep manure, etc. We shall use the general 
terms, farm manure, manure, mixed manure, barn manure, etc., 
with a single meaning, namely, the mixed excrements, solid and 
liquid, of farm animals in general, containing material added for 
bedding. We shall use the term excrements, as applying to the 
feces and urine not mixed with other materials. The manurial 
products from individual classes of animals will be indicated by 
the name characteristic of the animal producing the excrements. 

In connection with the use of farm manure as a source of nu
trient materials, we are interested in the following points: (1) 
Composition of mixed farm manure, (2) conditions affecting com
position, (3) care of farm manure, (4) fertilizing value, (5) 
methods of use. 

PLANT-FOOD COMPOSITION OF MIXED FARM 
MANURE 

We shall appreciate later how difficult it is to give a representa
tive statement of the composition of a material which must of 
necessity vary greatly. The mixture may contain the excrements 
of one kind of animal or of several kinds. The bedding may be of 
several different materials. It seems desirable to start with some 
idea of the composition of mixed farm manure, including the 
approximately extreme limits of variation and what we may regard 

216 
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as a fair average. We shall limit our study of the composition of 
farm manure mainly to the nitrogen, phosphorus and potassium 
compounds. 

TABLE 2S-PERCENTAGE OF PLANT-FOOD CONSTITUENTS IN MIXED 
FARM MANURE 

Nitrogen 
Per Pounds in 
cent. one ton 

Lowest .. 0.4 8 
Highest .. 0.8 16 
Average . 0.5 10 

Pllosphoric acid (p.o.) 

Per Pounds in 
cent. one ton 

0.2 (O.09P) 4 (l.8P) 
0.4 (0.18P) 8 (3.SP) 
0.25 (O.UP) 5 (2.2P) 

Potaslt (K.o) 

Per Pounds i" 
cent. 

0.4 (0.33K) 
0.8 (0.66K) 
O.S (0.42K) 

one 'OM 
8 ( 6.6K) 

16 (I3.3K) 
10 ( 8.3K) 

P, phosphorus. K, potassium. 

It will be convenient to remember that one ton of average 
mixed stable manure contains approximately 

10 pounds of nitrogen (12 lbs. ammonia). 
5 pounds of phosphoric acid (2.2 lbs. phosphorus). 

10 pounds of potash (8.3 lbs. potassium). 

CONDITIONS AFFECTING COMPOSITION OF 
FARM MANURE 

Variation in the plant-food composition of farm manure is 
produced by numerous causes, chief among which are the follow
ing: (1) Composition of fresh excrements, (2) kind and amount of 
bedding material in manure, (3) losses of plant-food constituents. 

Variation in composition of fresh excrements of animals.
A study of the plant-food composition of the fresh excrements of 
various kinds of farm animals is desirable because this is the first 
factor in determining the nutrient value of farm manures. The 
composition of the excrements of farm animals varies greatly ac
cording to several conditions, among which the following are of 
special importance: (1) The liquid and solid portions, (2) the kind 
of animals, and (3) the composition of the food consumed. 

Composition of solid and liquid excrements of various farm 
animals.-While the excrements of animals of the same kind vary 
greatly, and even of the same animal at different times, it is de
sirable that we have an approximate idea of their general plant-food 
composition. The following data (Table 26), taken from the most re
liable sources avaHable, will serve to show the approximate amounts 
of nitrogen, phosphoric acid and potash in the fresh excrements of 
farm animals. We state in round numbers (1) the usual limits of 
variation of each constituent in the solid and liquid portions re-



Effect of manure in continuous corn culture. Plot at the Ie ft received five tons of manure; that at the right, nothing. 
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spectively and (2) what may be regarded as the approximate 
averag~ composition of solid and liquid portions, (a) separate and 
(b) mixed.. In the case of water in fresh excrements, we give only 
the approximate average. In one column we state the approximate 
average percentage of the total excrements which the liquid and 
solid excrements respectively form. 

TABLE 26-PERCENTAGE OF PLANT-FOOD CONSTITUENTS IN FRESH 
ANIMAL EXCREMENTS 

Kind of 
Excrement Water Nitrogen 

Phosphoric 
Potash Animal acid 

Portion Per cent . Per cent. Per cent. Percent. Per cent. 

Solid 80 75 0.55 (0.50-0.60) 0.30 (0.25-0.35) 0.40 (0.30-0.50) 
Horse •. Liquid 20 90 1.35 (1.20-1.50) trace US (1.QO-I.SO) 

Mixed - 78 0.70 0.25 0.55 

Solid 70 85 0.40 (0.30-0.45) 0.20 (0.15-0.25) 0.10 (0.05-0.15) 
Cow •.. Liquid 30 92 1.00 (0.80-1.20) trace 1.35 (1.30-1.40) 

Mixed - 86 0.60 0.15 0.45 

Solid 60 80 0.55 (0.50-0.60) 0.50 (0.45-0.60) 0.40 (0.35-0.50) 
Pig ..... Liquid 40 97 0.40 (0.30-0.50) 0.10 (0.07-0.15) 0.45 (0.20-0.70) 

Mixed - 87 0.50 0.35 0.40 

Solid 67 60 0.75 (0.70-0.80) 0.50 (0.45-0.60) 0.45 (0.30-0.60) 
Sheep ... Liquid 33 85 1.35 (1.30-1.40) 0.05 (0.02-0.08) 2.10 (2.00-2.25) 

Mixed - 68 0.95 0.35 1.00 

Hen .••. Mixed - 55 1.0:) (0.55-1.40) 0.80 (0.35-1.()() 0.40 (0.25-0.50) 

Attention is called to the following points, brought out in a 
study of the data embodied in Table 26: 

(1) Distribution of excrements between solid and liquid por
tions.-The relative amounts of solid and liquid portions in fresh 
excrements vary greatly in the various classes of animals. In the 
case of horses, the solid portion is about four times as much as the 
liquid; in the case of pigs, the solid is only one and one-half times 
as great as the liquid portion. These amounts are, of course, only 
approximate averages; the proportions of solid and liquid excre
ments vary widely with the same animal under different conditions. 

(2) Percentage of water.-There is a marked difference in the 
average amount of water in the excrements of various kinds of 
farm animals. In the solid portion, the excrement of sheep con
tains least moisture (60 per cent.); that of cows, most (85 per 
cent.). In the liquid portion, the amount of water is least (85 
per cent.) in the case of sheep and greatest (97 per cent.) in the 
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case of pigs. In the case of poultry, there is no separation of solid 
and liquid excrements, but the amount of moisture in the com
bined excrement is much less than even in the solid portion of the 
excrement of the other animals under consideration. 

(3 ) Comparison of composition of solid and liquid portions.
In comparing the composition of solid and liquid portions of animal 
excrements, we notice the following differences: (a) In respect to 
nitrogen, the liquid portion is much richer except in case of pigs; 
(b) in respect to phosphoric acid, the solid portion contains prac
tically all, and the liquid portion only small amounts; (c) in re
spect to potash, the liquid portion is much richer except in case of 
pigs. The richness of the liquid excrement in plant-food constitu
ents is made more striking if we compare them in respect to their 
composition in the water-free or dried condition, as illustrated in 
Table 27, in which only general average results are given: 

TABLE 27-COMPOSITION OF DRIED OR WATER-FREE EXCREMENTS 

Kind 0/ Portion 0/ 
Animal Excrement Nitrogen Phosphoric acid Potash 

Per cent. Per cent. Percent. 
Horse .......... Solid 2.20 1.20 (0.53P) 1.60 ( l.33K) 

Liquid 13.50 12.50 (lOAOK) 

Cow ..•....•... Solid 2.65 1.35 (0.60P) 0.65 ( 0.54K) 
Liquid 12.50 17.00 (l4.10K) 

Pig ............ Solid 2.75 2.50 (1.10P) 2.00 ( 1.65K) 
Liquid 13.00 4.00 (1.75P) 15.00 (12.45K) 

Sheep .......... Solid 1.90 1.25 (0.5SP) 1.15 ( O.95K) 
Liquid 9.00 0.35 (0.15P) 14.00 (1l.60K) 

P, phosphorus. K, potassium. 

Amounts of excrements produced by farm animals.-In 
order to make our discussion more complete, it is essential to con
sider not only the nutrient composition of the excrements of farm 
animals but that we should also know the total amounts and value 
of plant-food constituents annually produced by farm animals. 

The amounts of fresh excrements produced by farm animals 
are subject to wide variations, being controlled by the kind of 
animal, age, amount of food, activity, etc. It will, however, be of 
some service to give approximate averages which can be used as a 
comparative basis of reference in estimating amounts of manure 
that can be reasonably expected from animals. The relative 
amounts of dung and urine vary with many conditions, so the 
proportions given below can be regarded as only rough approxi-
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TABLE 29--PLANT-FOOD CONSTITUENTS PRODUCED ANNUALLY IN 
EXCREMENTS BY FARM ANIMALS PER 1,000 POUNDS OF LIVE 
WEIGHT 

Value 0/ 
plant-

·Kind 0/ Nitrogen Phosphoric acid Potash /ood con-
animal Solid Liquid Solid Liquid Solid Liquid stituents 

Pounds 

Horse ... 79 
Cow .... 76 
Pig ..... 101 
Sheep ... 62 
Hen .... 85 

P, phosphorus. 

Pounds Pounds 

49 43 (19 P) 
80 38 (17 P) 
49 92(40 P) 
57 42 (I8.5P) 

68 (30 P) 

K, potassium. 

Pounds 

12 (5.3P) 
2 (0.9P) 

Pounds 

58 (48K) 
19 (16K) 
73 (61K) 
38 (32K) 
32 (27K) 

Pounds 

45 (37K) 
108 (90K) 

55 (46K) 
88 (73K) 

$22.15 
26.30 
29.00 
22.15 
15.00 

Table 29 can be made of additional interest by the supplemen
tary table (30), in which the above data are presented in the form 
of percentages; for example, we state what percentage of the total 
nitrogen in the combined excrements is contained in the solid 
portion and what percentage in the liquid. 

TABLE 3O--RELATIVE AMOUNTS OF PLANT-FOOD CONSTITUENTS IN 
SOLID AND LIQUID EXCREMENTS 

Percentage 0/ total Percentage of total Percentage 0/ total 
nitrogen phosphorus in potassium in 

Solid Liquid Solid Liquid Solid Liquid 
Horse •••••••• 0. 62 38 100 0 56 44 
Cow ............ 49 51 100 0 15 85 
Pig ............. 67 33 88 12 57 43 
Sheep .......... 52 48 95 5 30 70 

Average ......... 57 43 95 5 40 60 

Somewhat striking differences exist in the case of various classes 
of animals. In general, most of the phosphorus appears in the 
solid excrement. In the case of horses and pigs, the yield of nitro
gen is much greater in the solid excrement; in case of cows and 
sheep, the yield is approximately equally distributed between the 
solid and liquid portions. In the case of potassium, the excrements 
of horses and pigs show a larger amount in solid than in liquid, 
while the reverse is true of the excrements of cows and sheep, large 
proportions appearing in the urine as compared with the dung. 

From the data in Table 31 the approximate amounts of plant
food constituents produced annually in the fresh excrements by a 
single animal of a given weight can be readily calculated. For 
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illustration, a table such as this one can be prepared and 
easily extended to include an animal of any special weight. We 
repeat the precaution that undue dependence must not be placed 
upon data thus obtained, since they are not intended to apply 
accurately in detail to all cases. They should be regarded only as 
serving for' a convenient, rough basis, to be used when other 
desirable details are lacking. 

TABLE 3 I -APPROXIMATE PLANT-FOOD CONSTITUENTS PRODUCED 
ANNUALLY IN EXCREMENTS BY FARM ANIMALS OF GIVEN WEICHT 

Value 0/ 
Kind of Phosphoric planf-/ood 
animals Weight Nitrogen acid Potasl. constituents 

Pounds Pounds Pounds Pounds 
Horse ..... 900 115 38 (17P) 93 (77 K) $19.90 

1200 154 52 (23P) 124 (l03K) 26.65 

Cow ..... 800 125 30 (13P) 102 (85 K) 21.10 
1100 172 42 (19P) 140 (1l6K) 29.00 

Pig ....... 100 15 11 (5 P) 13 (11 K) 2.95 
200 30 21 (9 P) 26 (29 K) 5.90 

Sheep .... 100 12 5 (2 P) 13 (11 K) 2.30 
150 18 7 (3 P) 19 (16 K) 3.45 

Hens (100) 400 34 27 (l2P) 13 (11 K) 6.00 
500 43 34 (15P) 16 (13 K) 7.50 

P, phosphorus. K, potassium. 

Influence of food upon composition of excrements.-Hav
ing studied the relation of the liquid and solid portions of 
excrements to the plant-food composition of fresh excrements in 
the case of various kinds of farm animals, we come now to take 
up the relation of the food consumed to the composition of the 
excrements. In the case of farm animals in general, the plant
food composition and value of the fresh excrements are, as a rule, 
more dependent upon the composition of the food consumed than 
upon any other single factor. The nitrogen, phosphorus and p0-
tassium compounds taken in the food into the body pass from the 
body more or less largely in the form of excrements. It is there
fore obvious why the amounts of these constituents present in the 
excrements depend chiefly upon the amounts present in the food 
consumed. There can be in excrements no more nitrogen, phos
phorus or potassium than is contained in the food materials taken 
into the body; but these constituents, as they are found in excre
ments, are on the whole in more readily available forms as plant
food than in the original food before it is digested. 
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Plant-food constituents in animal foods.-The amounts of 
nitrogen, phosphorus and potassium compounds in excrements 
primarily depend, as already stated, upon the amounts of these 
constituents in the food eaten. Concentrated foods, such as 
cottonseed-meal, linseed-meal, gluten-meal, etc., yield the largest 
quantity of one or more plant-food constituents; then follow legu
minous plants, such as alfalfa, clover, etc.; next come cereals, and 
lastly root crops. 

Of two foods costing the same price and having equal feeding 
value, it is economy for farmers to use that one which contains "the 
largest amount of plant-food materials. 

Proportion of fertilizing materials in foods recovered in 
fresh excrements.-In the case of farm animals in general, with
out special reference to kind or age, it is a fair estimate that, on an 
average, about 80 per cent. of the nitrogen and phosphorus and 90 
per cent. of the potassium and 50 per cent. of the organic matter of 
the food consumed is recovered in the manure. Generally speak
ing, the excrements of working and fattening animals contain from 
85 to 95 per cent. of the plant-food constituents present in the 
food eaten; in the case of cows giving milk and of young, growing 
animals, 50 to 75 per cent. When animals are not giving milk nor 
increasing in weight, the plant-food constituents in food and ex
crement are equal. 

Digestibility of food in relation to plant-food value.-The 
solids of animal excrements consist largely "of the undigested por
tions of food eaten. These undigested portions have not been acted 
on in the digestive process. This is a point of practical importance, 
because the portions of food not dissolved in animal digestion are 
likewise not easily made soluble in the soil by the ordinary proc
esses of bacterial action. The plant-food constituents in the solid 
excrements are therefore not quickly available for supplying crops. 
In the process of digestion, the portions that appear in the solid 
excrement, though remaining mostly undissolved, are mechanically 
changed and improved, because they are converted into a finer 
state of division, having gone through a process of softening and 
grinding. On this account the plant-food constituents in solid 
excrements undergo decomposition in the soil and become avail
able more quickly than the same constituents in the food before it 
is used by animals. 

Another point worthy of notice in this connection is that in 
passing through animals the food becomes mixed with intestinal 
bacteria, which are responsible, in large measure, for the processes 
of decay that take place in the excrements, and make the plant
food available. From what has preceded, it is obvious that the 
larger the amount of indigestible matter in food, the larger is the 
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amount of solid excrement and, therefore, of slowly available plant
. food. Coarse, bulky fodder materials produce large amounts of 
solid excrement; concentrated, ground foods produce smaller 
amounts of solid excrement. 

The urine contains those portions of plant-food which have 
been digested and utilized in the animal body; its constituents are 
all in soluble form and are either directly available as plant-food or 
readily become so. . The nitrogen, phosphorus and potassium com
pounds in the urine are, therefore, more valuable as plant-foods 
than the insoluble, slowly available constituents contained in solid 
excrement. It therefore follows that the more digestible a food is, 
the larger is the proportion of its plant-food constituents that appear 
in the urine and the greater will be the plant-food value of the 
manure produced. Generally speaking, the richer the food is in 
nitrogen, the more digestible is the nitrogen and the larger the 
amounts of nitrogen in urine. The nitrogen compounds of the 
food are usually more extensively and completely transformed in 
digestion than are the phosphorus compounds and appear in the 
urine in larger amounts than in the solid excrements. 

Relation of bedding to composition of farm manure.
Having considered the various conditions that influence the plant
food composition of the fresh excrements of animals, we are ready 
to take up the first factor of importance outside of the excrements 
that modifies the composition of manure; namely, the bedding or 
litter. This is used in stables primarily to furnish clean and com
fortable places for animals to lie down. In relation to manure, 
bedding is used chiefly for the following purposes: (1) To absorb 
and retain the urine, thus preventing loss by drainage, (2) to 
increase the amount of slowly decomposable matter in manure in 
order to check and control the decomposition, (3) to increase the 
amount of organic matter and plant-food, (4) to retain ammonia 
and prevent its escape into the air, (5) to make manure easier to 
handle, and (6) to influence in some cases both the physical and 
the chemical action of manure. 

The materials most commonly used are some kind of straw, 
such as wheat, oat, rye or barley. When easily procurable, muck 
and peat-moss are often used. Sawdust and shavings are used in 
cities owing to the relatively high cost of straw. The straws com
monly used as bedding contain, on an average, about 0.5 per cent. 
of nitrogen, 0.3 per cent. of phosphori<: acid (0.13 phosphorus) ~nd 
0.7 per cent. of potash (0.6 potasSIUm). In general, bedding 
materials are not rich in plant-food constituents. 

In respect to absorbing power, ordinary straw can take up two 
or three times its weight of water. Fine-cut straw has much greater 
absorbing power than coarse straw; thus, straw in pieces an inch 
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long absorbs about three times as much liquid as uncut straw. 
Peat-moss of good quality can absorb and retain as much as ten 
times its weight of water. It also has the advantage of being able 
to absorb and retain ammonia. Muck is also an excellent absorbent. 
Manure containing liberal amounts of peat-moss or muck can be 
applied fresh, even to light soils, without disadvantage. Peat, or 
muck, adds nitrogen to manure. Though not in readily available 
form, it is made more available by fermentation (p. 198). One 
slight disadvantage connected with the use of peat or muck is that 
the manure is a little more difficult to handle. The absorbing 
power of sawdust and shavings is two or three times that of ordinary 
straw; they add to manure about half as much nitrogen as straw 
and approximately equal amounts of phosphorus and potassium. 
Fine dry earth, especially clay or loam with plenty of humus, is 
found a convenient and efficient absorbent. 

TABLE 32-PLANT-FOOD IN MIXED EXCREMENTS AND BEDDING FOR 
ONE YEAR PER 1,000 POUNDS OF LIVE WEIGHT 

Weight of 
Weight Value 0/ Kind 0/ mixed Weight 0/ 
of total Nitrogen 

Phosphoric 
Potash plant-animal excre- bedding acid 

ments manure food 

Pounds Pounds Pounds Pounds Pounds Pounds 
Horse 18,000 6,000 24,000 158 61 (27P) 145 (120K) $28.50 
Cow 27,000 3,000 30,000 171 47 (21P) 148 (123K) 29.50 
Pig 30,500 6,000 36,500 180 122 (54P) 170 (141K) 35.35 
Sheep 12,500 7,000 19,500 154 65 (29P) 175 (145K) 29.60 
Steer 15,000 3,000 18,000 135 54 (24P) 72 (60K) 22.15 
Hen 8,500 - 8,500 85 68 (30P) 34 (28K) 15.15 

P, Phosphorus. K, potassium. 

The amount of bedding used in farm manure varies greatly 
according to various conditions. The chief point to keep in mind 
is to use enough to absorb the urine completely. The use of too 
much bedding material, especially of low grade, decreases the per
centage of plant-food constituents, increases the cost of· handling 
and may unfavorably affect the fermenting process (p. 145). 
Table 32 shows the average amounts of bedding used in connection 
with the excrements of various classes of farm animals. The data 
~re based upon the average amounts of excrements produced an
nually per 1,000 pounds of live weight. Assuming that the bed
ding is good average straw and contains 0.5 per cent. of nitrogen, 
0.3 per cent. of phosphoric acid and 0.7 per cent. of potash, we 
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indicate the amount of plant-food constituents furnished by the 
bedding. With the exception of the data for steers, the figures in the 
last column are obtained from the table on page 225 by adding 
the value of plant-food in the bedding and in the fresh excrements. 
The data in the table are based on the assumption that all the 
excrements, both liquid and solid, are saved without loss. The 
values given represent, therefore, conditions more favorable than 
those prevailing in actual practice. 

Approximate Plant-Food Value of Average Manure.-From the 
data in the preceding table, we obtain the following average values 
for one ton of manure in the case of different farm animals: Horse, 
$2.40; cow, $2.00; pig, $1.95; sheep, $2.75; steer, $2.45; hen, 
$3.55. 

COMPOSITION OF FARM MANURE AS AFFECTED 
BY LOSS Oll' PLANT-FOOD CONSTITUENTS 

Up to this point we have considered how the composition of 
farm manure is influenced by the composition of the fresh excre
ments and the bedding materials, the two factors which control the 
composition of the manure so far as its usual constituent materials 
are concerned. We should not need to go further in our study of 
composition of farm manure, if all excrements were saved without 
loss and if no chemical changes took place in the manure; but losses 
of plant-food do take place under ordinary conditions and neces
sarily affect the composition of the manure. Such losses may be 
due to one or all of three causes: (1) Loss of urine in stable, (2) 
loss of soluble plant-food by leaching, (3) loss of nitrogen by de
composition. 

Loss of urine.-It has long been known that, taking the aver
age for farm animals in general, one-half of the value of the nitro
gen and two-thirds of that of the potash excreted are found in the 
urine; or, expressed on the basis of the total plant-food in urine 
and dung, about 50 per cent. of the value is in the urine. When 
inefficient efforts, or none at all, are made to save the urine by use 
of absorbent materials (p. 235), it can be read:ly understood that 
large proportions of plant-food are lost and, as already pointed out 
above, the portions thus lost are the most readily available forms 
of plant-food in the manure. Too often these valuable constituents 
are allowed to run to waste through cracks of the stable floor. 

Loss by leaching.-As a result of leaching by exposure to rain, 
the losses of plant-food in farm manure, have been studied at sev
eral experiment stations in America and Europe. All results indi
cate marked loss of .valuable cot\Stituents, including, not nitrogen 
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is leached from much of the stable manure used on American farms, 
which means an average loss of at least $1.25 a ton. 

Process of decomposition and loss of constituents.-It is a 
familiar farm experience to observe that stable manure rapidly 
undergoes characteristic changes, such as increase of temperature, 
development of marked odors, shrinkage in bulk and darkening in 
color. These changes are brought about by the action of various 
micro-organisms (p. 130) especially bacteria, yeasts and molds. 
The processes by which they are produced are complicated, espe
cially since several different kinds of action may be going on at the 
same time. We cannot attempt to do more than to call attention 
briefly to some of the more important changes that take place dur
ing the decomposition of manure in so far as they relate' to losses 
of material. 

The constituents in which we are most interested are the follow
ing: (1) Phosphorus compounds, (2) potassium compounds, (3) 
nitrogen compounds and (4) nitrogen-free organic compounds (car
bohydrates, starch, .sugar, etc.). 

(1) Phosphorus compounds are rarely, if ever, in danger of loss 
as the result of the decomposition of manure by micro-organisms. 
TAe insoluble phosphorus compounds contained in the solid excre
m~nt are more or less largely changed into available forms of plant
food. Therefore, decomposition affects the phosphorus compounds 
in manure mainly in a favorable way. 

(2) Potassium compounds in manure undergo no loss as the 
result of decomposition changes. The potassium in the liquid por
tion of manure is usually converted into alkaline potassium car
bonate sooner or later and in this form is useful in neutralizing 
acids formed by the decomposition of starch, sugar, etc. Insoluble 
potassium compounds in solid portions of excrements are changed 
during decomposition into more easily available forms of plant-food. 

(3) Nitrogen compounds.-The most serious loss that takes 
place when manure undergoes decomposition is in relation to the 
nitrogen compounds. Results of experimental work indicate that 
under most favorable conditions about one-sixth of the nitrogen in 
manure is lost during decomposition and that, under ordinary con
ditions, not more than one-half of the nitrogen contained in fresh 
manure is likely to reach the soil. We can consider separately the 
nitrogen in the urine, which is soluble, and that in the solid excre
ment and bedding, which is largely insoluble. 

(a) Decomposition of urinary nitrogen.-The smell of ammonia 
about horse stables is an experience familiar to every farmer; it is 
especially noticeable in warm weather when one first enters in the 
morning a stable which has been shut close during the night. The 
urine of animals contains certain nitrogen compounds which are the 
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first to undergo bacterial change, resulting in the formation of am
monium carbonate, (NH.)2COa• This compound easily decom
poses, forming ammonia gas, water, and carbon dioxide, as shown 
by the following equation: 

(NIL)oCo. = 2NHa + H.Q + Co. 
Ammonium Ammonia Water Carbon 
carbona te gas dioxide 

Ammonium carbonate decomposes easily at higher temperatures 
and rapidly passes into the air; it also goes into the air more easily 
when the liquid containing the ammonia is exposed to evaporation 
by distribution over more extended surfaces. 

The bacteria that convert urinary nitrogen into ammonia are 
always abundant in stables, and their action is extremely rapid, 
especially in warm weather. Urine mixed with loose dung, like that 
of horses, undergoes decomposition even more rapidly than when 
kept separate. Urine that is richer in nitrogen compounds, as in 
case of horses,produces ammonia more rapidly than that contain
ing less nitrogen, as in case of pigs, for example. 

Urinary nitrogen is subject to serious loss on account of its rapid 
conversion into ammonium carbonate, which easily decomposes into 
products that escape into the air unless precautions are taken to 
prevent. The loss of such ammonia can be prevented or largely 
reduced by the presence of sufficient moisture and by the use of 
absorbents, (p. 235). 

(b) Decomposition of nitrogen in solid excrement and bedding. 
-The nitrogen compounds present in the solid excrements of ani
mals are largely insoluble, since they have already resisted the at
tack of the digestive fluids and of intestinal bacteria in animals and 
are, therefore, not easily changed further by the process of decom
position. The nitrogen compounds contained in bedding, such as 
straw or similar material, are, in part, at least, somewhat more 
easily decomposed than the nitrogen of solid excrement, but only 
slowly when compared with urinary nitrogen. 

The rapidity of change, the kinds of products formed, and the 
amounts of nitrogen lost by the insoluble nitrogen compounds of 
manure during decomposition, depend mainly upon the amount of 
air in the manure. We have already had occasion to point out the 
effect of admitting or excluding air upon the decomposition of or
ganic matter (p. 136) and to call attention to the differences in the 
process of decomposition in air (aerobic, p. 136) and decomposition 
without air (anaerobic, p. 137). Essentially the same results follow 
when these decomposition processes are applied to the insoluble 
organic nitrogen compounds of manure. The effect of presence or 
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absence of air we will consider in connection with the following 
changes that may take place in the insoluble nitrogen of the solid 
portion of manure: (1) Formation of ammonia, (2) formation of 
free nitrogen, (3) conversion of soluble into insoluble nitrogen com
pounds, (4) production of nitrate nitrogen. 

(1) Formation of ammonia from insoluble nitrogen in manure. 
-The organic nitrogen contained largely in insoluble and rather 
inert forms in the solid portions of animal excrements and of bed
ding (straw, shavings, peat, etc.), is acted upon by numerous kinds 
of micro-organisms. 

When abundance of air is admitted to the manure, as happens 
in a loose heap or on the outside of an ordinary pile of manure, 
aerobic bacteria are active, and the insoluble nitrogen compounds 
are broken down with comparative rapidity, especially in case of 
favorably warm temperature; under these conditions ammonia is 
formed rapidly and, at the temperature developed in the manure 
heap, is likely to be lost in considerable amounts by escape into the 
air. Moreover, the ammonia that does not thus escape into the 
atmosphere may be decomposed into free nitrogen and water by 
other bacteria (p. 132) and thus lost to the manure as plant-food. 

When air is excluded from manure, which is the case on the 
inside of a well-compacted, moist manure pile, the insoluble nitro
gen is attacked by micro-organisms that slowly change it into 
various other nitrogen compounds and sooner or later into ammonia. 
When formed under these conditions, the loss of ammonia by escape 
into the air is slight, unless the manure pile is allowed to become dry 
or is forked over and exposed directly to the air. 

(2) Formation of free nitrogen from ammonia may occur when 
air is freely admitted to manure, as already stated. Free nitrogen 
may also be produced by denitrification when nitrate nitrogen 
formed on the outside of a manure pile has been washed into the 
inside by rain. 

(3) Conversion of soluble into insoluble nitrogen compounds. 
-Throughout all parts of a manure pile, immense numbers of 
bacteria are vigorously at work as long as conditions are favorable, 
and, it should be remembered, these bacteria must have nitrogen as 
food for their own use. When they can obtain it in soluble forms, 
they use these by preference. Therefore, in the process of decompo
sition of manure, bacteria appropriate to their own use ammonia or 
other soluble nitrogen compounds, which they convert into insoluble 
forms by storing it in their own bodily substance. The nitrogen 
thus used is, however, not lost, because it is again changed into sol
uble forms when the bacteria die and themselves undergo process 
of decomposition. The amount of insoluble nitrogen thus formed 
yaries according to various conditions, but it may be stated that, in 
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general, the longer that manure is kept under conditions preventing 
access of air, the larger is the proportion of insoluble nitrogen and 
the smaller the proportion of soluble nitrogen. For this reason, old 
or well-rotted, is less active than fresh manure, which is rich in 
ammonia. 

(4) Production of nitrate nitrogen.-Since nitrate nitrogen is 
formed only in the presence of oxygen, it can be produced only in 
those portions of manure that contain abundant air supply. In a 
moist, well-compacted pile of manure, nitrate is not produced except 
in the outer layers. If exposed to rain this is washed into the 
interior and then, in the absence of air, it may be converted into free 
nitrogen and lost or may be changed into insoluble nitrogen in the 
bodies of the active bacteria. Farm manure is not likely to contain 
much nitrogen in nitrate form, unless it has undergone a long process 
of fermentation under special conditions not commonly prevalent 
in manure piles. In the use of farm manure it is expected that the 
production of nitrate will take place chiefly after the manure has 
been incorporated in the soil. 

(5) Changes in nitrogen-free organic compounds in manure.
Thus far we have not considered what happens during the process 
of decomposition to the large amount of nitrogen-free material, 
which constitutes so large a part of the dry matter in solid excre
ment and in bedding. The changes and results are essentially the 
same as those that take place in the decomposition of organic 
matter in soils. 

The constituent forming the larger part of the nitrogen-free 
organic compounds is the ligno-cellulose or fiber present in rela
tively large amounts in the undigested, coarse portion of solid 
excrements and in the straw or similar material used for bedding. 
When air has free access, the fibrous material is largely changed into 
carbon dioxide and water; it is, in fact, practically burned up and 
largely disappears (p. 136). This occurs to some extent on the out
side of a loose manure pile. The chief kind of change, however, 
is that which takes place on the inside of the pile in the absence 
of air. It is caused by anaerobic organisms. The material is 
changed into a dark-brown or black mass and all traces of original 
structure sooner or later disappear, the fibrous substances disinte
grating into a dark, fine, soft mass. Owing to these characteristic 
changes, the process of manurial decomposition is commonly called 
"rotting." Fermented or decomposed manure is often known as 
"rotted" or "well-rotted" manure. 

This change is accompanied by shrinkage in bulk, owing to 
actual loss of material. More or less of the carbon in the original 
carbohydrate material is changed into carbon dioxide gas and its 
hydrogen into free hydrogen or marsh gas (CH.). It may be stated 
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that, in general, from one-quarter to one-half of the dry matter orig
inally present in manure is lost during the process of decomposition, 
the amount varying according to the conditions of decomposition 
and the length of time the process continues. 

(6) "Fire-fanging."-In this connection an abnormal process 
occurs in loose and dry manure, as for example, a mixture of horse 
manure and straw. There is throughout the manure a white ap
pearance, as if it had been sprinkled with flour, due to the growth 
of certain fungi. Manure in which such fungous growth has taken 
place is said to be "fire-fanged." Its value has been impaired. 

Summary of decomposition changes of manure.-Enough 
has been said to show that the changes undergone by manure are 
varied and complex; many of them are taking place at the same 
time and, in some cases, changes that are reverse in character. To 
give a more comprehensive view of all these changes, we will briefly 
summarize the main facts. 

(1) Decompositwn of urinary nitrogen.-The first change to 
occur is the formation of ammonia in urine; loss of ammonia by 
volatilization is likely to occur unless the process is carefully man
aged by keeping the manure moist and compact. 

(2) Decomposition of insoluble nitrogen.-The insoluble or
ganic nitrogen compounds contained in solid animal excrements and 
in bedding undergo anaerobic decomposition with formation, sooner 
or later, of ammonia. 

(3) Conversion of soluble into insoluble nitrogen.-Bacteria 
use ammonia and other soluble compounds of nitrogen in consid
erable amounts as food. This nitrogen is stored in their bodily sub
stance· in insoluble forms; nitrogen transformed in this way is not 
lost, but becomes available when the bacteria die and undergo 
decomposition. 

(4) Formation,JJJ free nitrogen.-Under some conditions, the 
nitrogen of ammonia and of nitrates is decomposed with formation 
of free nitrogen and is consequently lost as plant-food. 

(5) Decomposition of nitrogen-free organic compounds.-The 
portions of manure represented by fibrous materials like ligno
cellulose are disintegrated into a dark-brown or black mass of fine, 
soft humus material, in which all traces of original fibrous struc
ture disappear sooner or later. During this change, carbon and 
hydrogen disappear in the form of gaseous compounds to such an 
extent that from one-fourth to one-half of the original dry matter 
in the manure is lost. For this reason, manure shrinks in bulk 
during decomposition. 

Differences in fresh and decomposed manure.-In speaking 
of partially decomposed or rotted or fermented manure, we usually 
mean, as nearly as it is possible to describe,' manure in which the 
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fibrous material has been largely decomposed into a somewhat 
crumbly, dark-colored mass, the original structure of the materials 
having more or less largely disappeared. Assuming that the fresh 
manure is a normal mixture of urine and solid excrement and that 
the conditions of decomposition have been under good control, 
fresh and decomposed manure differ in composition as follows: 

(1) Decomposed manure richer in plant-food constituents.
We have seen that fresh manure shrinks much in bulk, one ton 
of fresh manure forming only one-half to three-fourths of a ton of 
decomposed manure. Since this loss falls upon the organic nitro
gen-free constituents which contain no plant-food, the plant-food 
constituents are, as a result, concentrated in the portion remaining. 

(2) Nitrogen in fresh manure more largely soluble.-The nitro
gen in decomposed manure is more largely in insoluble form than 
that in fresh manure. The urinary nitrogen in fresh manure is 
entirely in solution; but, during the decomposition of manure, bac
teria use more or less of it as food and convert it into insoluble 
form as an integral part of their bodies. 

(3) Phosphorus and potassium more soluble in decomposed 
manure.-The soluble phosphorus and potassium in fresh manure 
largely remain so during decomposition, while the insoluble forms 
of these two constituents present in solid excrement and bedding 
become more or less soluble. 

Relation of air to decomposition of manure.-Before leaving 
this portion of our discussion, we wish to emphasize the importance 
of controlling the air supply of manure during the process of decom
position. We have already seen that serious losses of nitrogen in 
the form of ammonia and of free nitrogen are due to forms of 
micro-organisms that require abundance of oxygen, and that larger 
amounts of carbohydrate or nitrogen-free materials are converted 
into gaseous form in the presence of abundant air. 

The bacterial processes that use atmospheric oxygen take place 
with great rapidity and intensity when the air supply is large. The 
process is one of oxygen consumption, a form of burning, and results 
in the production of heat, the temperature increasing with the air 
supply. Farmers commonly speak of this process in manure as 
"heating" or "hot" fermentation. The temperature may rise as 
high as 150° F. (65.5° C.) in the outer layers of a manure pile 
just under the surface or on the inside of a loose pile. At tempera
tures above 130° F. (54.5° C.), ammonium carbonate is decom
posed and ammonia escapes into the air. When the air supply is 
limited or excluded, as on the inside of a compact heap, the tem
perature is usually below 100° F. (37.8° C.). 

The presence of moisture in large amounts tends to exclude air 
and therefore favors anaerobic instead of aerobic decomposition. 
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It is largely the difference in moisture and, consequently, the 
amount of air present, that makes the manure of different animals 
decompose with different degrees' of ease or rapidity. The manure 
of horses and sheep, on account of dryness, porosity and ready 
accessibility to air, decomposes easily; such manures are called 
"hot." The manure of cattle and pigs contains a high percentage 
of water, ferments.slowly and is called "cold." Moist manure, like 
that of cattle, forms a hard, impervious coat on the surface when 
it dries. This protects the interior from rapid loss of moisture 
and also makes it less accessible to external bacteria. 



XIX 

FARM MANURE: CARE, VALUE AND USE 

THE fundamental object in caring for farm manures is to pre~ 
vent loss of plant-food constituents as far as possible. Even under 
favorable conditions, it is practically impossible to prevent some 
loss of nitrogen, probably, 15 to 20 per cent. However, there is 
no difficulty in conserving all the phosphorus and potassium com
pounds. In considering methods of caring for farm manures, cer
tain conditions must be observed in all methods; so before taking up 
details of special methods, we will consider some of the more obvious 
means of preventing loss of plant-food, mainly suggested by the 
discussion in the preceding chapter. 

PREVENTION OF LOSS OF PLANT-FOOD IN STABLE 
MANURE 

The usual losses of plant-food in farm manures can be largely 
avoided by observing the following conditions: (1) Use of mechan
ical and chemical absorbents, (2) regulation of the process of fer
mentation, (3) protection from leaching. 

Use of absorbents.-Urine must be saved from mechanical 
loss, and, after amomnia is formed in it, this must be kept from 
escaping into the air. Such losses are prevented or lessened (1) 
by means of water-tight floors and stable gutters, and (2) by means 
of mechanical and chemical absorbents. For mechanical absorp
tion, materials must be used which will take up the liquid and hold 
it securely without danger of loss from dripping when the manure 
is handled, (see discussion of bedding p. 224). Several chemical 
materials are also used, which have a minor value as mechanical 
absorbents, but are more useful because they can for:m, with am
monia, chemical compounds which do not escape into the air. Of 
such materials, those most commonly used are land-plaster (gyp
sum), kainite and superphosphate. Such materials as wood-ashes 
or lime, either slaked or unslaked, should in no case be mixed with 
stable manure, because they produce rapid decomposition and loss 
of nitrogenous compounds. The use of ground rock-phosphate 
("floats") with manure will also be discussed in this connection. 

235 
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(1) Land-plaster or gypsum (CaSO •. 2HzO, p. 236) has been 
used for a long time. Its chief value is not that it possesses 
unusual power as a mechanical absorbent of liquid or of ammonia, 
a common belief, but that by chemical action it changes the 
easily volatile ammonia into a more stable form. This change can 
be represented as follows: 

CaSO. + 
Calcium 
sulfate 

(NlL).CQ. = (NIL).SO. 
Ammonium Ammonium 
carbonate sulfate 

+ CaCo. 
Calcium 

carbonate 

Ammonium sulfate is a compound in which the ammonia is 
held fast and is not in danger of. loss by escape into the air. The 
calcium carbonate thus formed is beneficial to the soil (p. 166). 
There is, however, one objection to the use of land-plaster; during 
the anaerobic fermentation in the manure, it is possible that the 
sulfate may become converted into sulfide of calcium, which acts 
as a poison to plants. This possible danger is probably one that 
does not deserve serious consideration. 

In order to be effective in manure, the land-plaster must be 
finely ground and moist. One method is to sprinkle it on the urine 
or moist dung. Some men prefer to apply it on the stable floor 
after cleaning and before spreading the bedding. To be of most 
use, the amount applied should be fairly large, not less than 100 
pounds for one ton of manure, which is rather more than is usually 
recommended. The amounts used daily for single animals would be 
approximatf;!ly as follows: Horses, 2 to 3 pounds; cattle, 3 to 4 
pounds; pigs, 8 ounces to 1 pound; sheep, 2 to 4 ounces; 100 hens, 
8 ounces to 1 pound. The comparatively high cost of gypsum and 
its smaller efficiency, compared with superphosphate, make its use 
somewhat expensive. 

(2) Kainite sprinkled on manure tends to attract and hold 
moisture. As in case of calcium in land-plaster, the potassium 
and magnesium compounds in kainite tend to change ammonium 
carbonate into more stable compounds, such as ammonium chloride 
and sulfate. Kainite has the advantage of being easily soluble. 
1t is therefore more readily distributed through the manure and 
more completely utilized than land-plaster. The application of SO 
pounds of kainite is recommended for one ton of manure. One 
precaution should be observed in the use of kainite or any similar 
material; it should be kept from direct contact with the feet of 
animals, since it is irritating. It is therefore best applied to fresh 
manure and covered with bedding or it may be applied and carefully 
mixed with the manure daily when the stable is cleaned. 

, (3) Superphosphate (acid phosphate, p. 177) contains gypsum 
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(land-plaster), and, to this extent, its action is the same as that of 
land-plaster. The soluble calcium phosphate in superphosphate 
combines chemically with and holds ammonia firmly. Superphos
phate is more effective than either land-plaster alone or kainite in 
holding ammonia. To be effective, about 50 pounds of plain super
phosphate (containing 16 to 20 per cent. of phosphoric acid) or 
25 pounds of a concentrated superphosphate (containing 40 to 4S 
per cent.) should be used for one ton of manure. Superphosphate, 
like kainite, should be kept from coming into direct contact with 
the feet of animals. The objection may be made that the soluble 
phosphoric acid of the superphosphate is changed into an insoluble 
form by combination with ammonia. This objection is not serious, 
since the phosphoric acid again becomes easily available in the soil. 
The use of superphosphate with manure should for reasons of effi
ciency and economy supplant land-plaster. 

A mixture of acid phosphate and kainite may be used at the rate 
of 25 to 50 pounds of each for one ton of manure. This mixture has 
the advantage of increasing the amounts of phosphorus and potas
sium, so that the treated manure contains plant-food constituents 
in proportions nearer to those commonly used on crops instead of 
being over-rich in nitrogen and poor in phosphQrus. An ideal 
compound both to stabilize ammonia and add potassium, is mono
potassium phosphate (p. 37) when this is obtainable at a reason
able price. Fifty pounds are used to a ton of manure. 

(4) Ground rock-phosphate or "floats" has been extensively 
used in connection with stable manure at the rate of 100 pounds 
for one ton of manure. This, however, has no chemical action in 
combining with ammonia, therefore, its behavior is that of a me
chanical absorbent, like any other inert, finely divided substance. 
The chief advantage appears to be that insoluble phosphate applied 
to fresh manure becomes slowly available to crops to which the 
manure is applied. 

(5) Sulfurous acid.-Another compound recommended for 
use on manure to prevent losses during the decomposition process 
is a solution of sulfurous acid sprinkled on manure freely. It 
combines with ammonia and soon changes to ammonium sulfate, 
which is in no danger of loss by escape into the air. 

Regulation of the decomposition process.-We have seen 
that the plant-food constituent lost in bacterial decomposition of 
manure is nitrogen and that this is lost by escape into the air in 
the form of either ammonia or of free nitrogen. We have also seen 
that the largest nitrogen losses in decomposition take place when 
the manure is dry and loose, furnishing ready access of air to all 
parts. While the loss of 15 to 20 per cent. of the nitrogen originally 
present in the manure is practically unavoidable, additional loss can 
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be largely prevented by controlling the conditions of decomposition; 
(1) by keeping the manure compact, (2) by keeping it moist, (3) 
by use of preservatives, and (4) by using old manure as a founda
tion of the manure pile. 

(1) Keeping manure compact.-The rapid decomposition that 
results in loss of nitrogen from manure is caused by organisms that 
require an abundant supply of oxygen. In cutting down the supply 
of air in manure, this kind of destructive decomposition is pre
vented or kept under control. It is essential to keep the mass of 
manure, whether stored in a pile or some other way, as compact 
as possible; this can be done by trampling after every addition is 
made to the mass. In the case of manure piles, the sides and tops 
should be kept as smooth as practicable in order to exclude air. 
Under conditions of proper compactness, the temperature does not 
become high enough during fermentation to cause serious loss of 
nitrogen. 

(2) Keeping manure moist.-The effect of an abundance of 
moisture in the manure pile is twofold: (1) It tends to keep the 
temperature down and thus prevents destructive decomposition 
of nitrogen compounds, and (2) it shuts out the air and thus pre
vents rapid decomposition. Water should be added to a manure 
heap whenever signs of hot decomposition are apparent. One must, 
however, avoid adding an excess of water, by which is meant more 
than can be absorbed and held without draining away from the pile. 

By keeping manure sufficiently compact and moist, one prevents 
serious loss of nitrogen without checking the slower forms of fer
mentation. 

In connection with this treatment, attention should be called 
to the decided advantage of mixing various kinds of fresh farm 
manures when they are available. Thus, horse or sheep manure, 
which is dry and porous and quick to decompose, should be mixed 
with cow or pig manure, which is moist and compact, and slow to 
decompose. 

(3) Use ofpreservatives.-We have already (p. 235) discussed 
the use of some substances which, when added to manure, combine 
with and firmly hold ammonia, which prevents it escaping into the 
air. Some of these materials, especially superphosphate and kainite, 
have the additional power of retarding decomposition; they are 
poisonous to micro-organisms. When used in moderate amounts, 
rapid decomposition is prevented. On the whole, however, it ap
pears advisable to depend largely upon keeping the manure compact 
and moist to prevent rapid decomposition. 

(4) Use of old manure as foundation of pile.-Experiments 
have shown that losses of nitrogen by decomposition can be largely 

. controlled by using as a foundation of a new manure pile a layer 
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of well-rotted farm manure, a foot deep or more. The probable ex
planation of the beneficial results of this treatment lies in the fact 
that the old manure gives off abundant amounts of carbon dioxide 
gas and expels, or, at least, dilutes the air in the fresh manure, thus 
diminishing the rate of decomposition by reducing the air supply. 

Protection from leaching.-When farm manure is to be stored 
long, it should be kept under shelter, if possible. When conditions 
compel its storage outdoors, precautions can be taken to lessen 
greatly the loss by leaching. The pile should be made high enough 
to absorb and hold all the rain that falls on it without leakage. The 
sides of the pile should be kept as straight and smooth as possible, 
the top should slope toward the center a little, and the heap should 
be made as compact as possible. It is not the rain that falls on 
the pile which causes loss, but the water which runs through the 
pile and drains away at the bottom. 

SPECIAL METHODS OF CARING FOR FARM 
MANURE 

Among special methods of storing and handling manure we 
select the following as the most practicable: (1) Covered yards, (2) 
deep-stall system, (3) composting, (4) special treatment of poultry 
manure. 

Covered manure yards are well-roofed sheds, with or without 
sides, and provided with water-tight floors, which may be used 
for storing stable manure during decomposition when it cannot 
otherwise be advantageously disposed of. The manure can be piled 
and kept under control by properly compacting and moistening when 
necessary. Another use of covered manure yards amounts practi
cally to putting the barnyard under cover, allowing the animals to 
run there. The manure from the stables is spread uniformly over 
this yard daily. The trampling of the manure by the animals 
keeps it compact and moist, and the decomposition is easily kept 
under proper control. Under this system the losses of nitrogen dur
ing decomposition are comparatively small, the manure is con
venient for handling and the plant-food is in a good condition of 
availability. Excellent results, have been obtained also by using 
the covered barnyard as a place for keeping cows except during 
milking-time. Mangers for feeding are provided and enough bed
ding distributed to keep the animals clean. A simple modification 
of this system is to put horse and cattle manure under shelter, as 
for example in the basement of the barn, where swine can work it 
over, adding their excrements and keeping the mass compact and 
moist. 
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Another modification of covered manure yard or shed is an in
closed structure, located conveniently near the stables, with a water
tight floor sloping slightly from the sides to the center. Thick walls 
and a shaded location will contribute much to control of the 
conditions of decomposition. A convenient plan for such a building 
is to have it wide enough to form piles of manure on each side and 
leave space enough in the center to drive through with a wagon. 
Upon the floor is daily placed the manure taken from the stables 
and a pile built up five or six feet high. In starting the pile, it will 
be found advantageous to place as the foundation a six-inch layer 
of well-decomposed manure. The pile is kept moistened if nec
essary. Should liquid drain from underneath it should be put back 
on the pile or absorbed by muck, dry earth, or some other good 
absorbent. 

After a pile has been completed, it is allowed to decompose about 
a month in warm weather or two months in cold, when it is well to 
fork it over in order to make the decomposed product more uniform 
in character and also to hasten the process somewhat by a moderate 
air supply. Water is added after the turning if the pile shows signs 
of being dry. It is also well after turning manure to cover the pile 
with land-plaster, dry earth, muck or similar material to the depth 
of one or two inches in order to retain ammonia that might other
wise escape into the air. Slightly modified, this method may be used 
for making compost. Along with the stable manure may be thrown 
in any waste organic material from the house or the farm. After 
the layer is about a foot deep, it is covered one or two inches deep 
with dry earth, muck, inverted sod or similar material, and then 
another layer of manure, etc. The same precautions are taken to 
keep the pile moist and cool, and the process is the same in other 
respects. 

Deep-stall system.-A method of storing manure prevalent in 
Europe is to allow the manure to accumulate under animals in 
something like box-stalls, the floor of the stall being below the gen
erallevel of the bam floor. The fresh manure is daily distributed 
in a uniform layer over the stall floor and covered with abundance 
of litter. The results are good in respect to the character of the 
manure produced, but the method is objectionable on sanitary 
grounds, at least for use with dairy animals. 

Composting.-This method consists, in general, of forming a 
heap of fresh manure in alternate layers with absorbent materials, 
keeping as moist as necessary and turning over occasionally. The 
details vary in individual cases in respect to the absorbent and other 
materials used, the thickness of layers, size of heap, frequency of 
turning over, location outdoors or under shelter, etc. 

One method of making a compost heap is to use as a foundation 
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Bones can be compos ted and reduced to a condition that enables 
one to grind them easily. This is done by mixing them with quick
lime or unleached hard-wood ashes, covering with a thick layer of 
earth or muck to absorb ammonia and allowing to remain for some 
weeks. 

Attention is briefly called to a method treating manure, straw 
or any kind of organic material with a mixture of quicklime, un
leached wood-ashes; salt, saltpeter, land-plaster and night-soil. 
Carefully applied this treatment would undoubtedly cause rapid 
changes, but special care, by a generous use of absorbent materials, 
would be needed to prevent loss of nitrogen. Quicklime or slaked 
lime can be used in small amounts in any compost heap where rapid 
action is desired, but extreme caution must be used to keep the heap 
compact and moist, and absorbent materials must be employed in 
abundance. The use of lime in this way will insure effective action 
of the compost when applied to soil. We should, however, advise 
the use of finely ground carbonate of lime in larger amounts rather 
than the use of small amounts of quicklime or slaked lime. 

Special treatment of poultry manure.-Poultry manure is of 
sufficient importance to deserve a paragraph by itself. On account 
of its high percentage of nitrogen, poultry manure easily loses nitro
gen by decomposition, especially in warm weather. It is therefore 
important to mix the manure while fresh with materials that will 
retard decomposition and act as absorbents. For this purpose, the 
following mixture is recommended: For 10 pounds of poultry 
manure, use 4 pounds of sawdust or dry muck, 4 pounds of acid 
phosphate, and 2 pounds of kainite, and at proportional rates for 
larger amounts of manure. One ton of such a mixture contains 
about 10 pounds of nitrogen, 65 pounds of phosphoric acid and 
30 pounds of potash, furnishing a complete fertilizer of good quality 
adapted to general farm use. 

FERTILIZING VALUE OF FARM MANURES 

Until the development of the fertilizer industry and the utiliza
tion of leguminous crops, animal manures have always been the 
main source of supply of plant-food. In many countries this is 
still true. In the light of our modem knowledge relating to soil 
fertility and the feeding of crops, the long-continued use of farm 
manures has been well justified. Some of the main reasons why 
stable manure has special value are the following: (1) As a source of 
plant-food, (2) as a source of organic matter, (3) as a promoter 
of useful organisms, (4) as a promoter of crop growth, (5) long
continued effects, (6) conservation of fertility, (7) commercial and 
agricultural value, (8) unbalanced character of farm manure. 
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As a source of plant-food.-Stable manure contains nitrogen, 
phosphorus and potassium compounds, which are the constituents 
usually most needed in cultivated soils. When farm manure is 
properly cared for and applied, the plant-food constituents possess 
varying degrees of availability, portions of each being ready for 
immediate use and other portions becoming gradually available 
during the growing period of crops and, to some extent, during two 
or three or more seasons in succession. Generally speaking, farm 
manures are deficient in phosphorus in comparison with nitrogen 
and potassium and, in addition, nearly all of the phosphorus is in 
the solid portion of the manure and more or less largely insoluble, 
at least in the case of fresh manure. 

As a source of organic rnatter.-The organic matter is an im
portant factor in giving added value to the action of stable manure 
in the soil. When manure is applied fresh, the organic matter is grad
ually decomposed in the soil and its decomposition products tend to 
make available some of the insoluble plant-food constituents in 
those portions of the soil that come into contact with the decom
posing substance and its products. In well-rotted manure, the 
organic matter is largely decomposed already. In addition to the 
value of its plant-food constituents, stable manure has, therefore, 
special value in helping to maintain the soil's supply of organic 
matter with all the attendant results in relation to iurnishing 
colloidal material, improving soil texture, water-holding power, 
warmth, resistance to effects of wind, etc. 

As a promoter of useful organisms.-Farm manures favor
ably influence the germ life of soils. Certain organisms thus added 
to the soil convert organic nitrogen into ammonia, others change 
ammonia into nitrate nitrogen, and still others decompose carbo
hydrate materials like cellulose. Manures also supply food ma
terial for the various organisms desirable in soils. 

As a promoter of crop growth.-Numerous experiments, in 
which stable manure and commercial fertilizers have been com
pared, have shown beyond question that the plant-food in properly
handled manure, in the long run, has a crop-growing value equal 
to the same amount of plant-food in the form of commercial fer
tilizers, while the organic matter gives farm manure a decided ad
vantage in the many cases where organic matter is deficient in soils. 
The crop-growing ability of most soils may be maintained indefi
nitely by the exclusive and abundant use of stable manure; but 
whether this is the most economical source of plant-food depends 
upon special conditions, which must be taken into consideration by 
each individual farmer. 

Long-continued effects of stable manure.-A generous 
application (20 tons) of good stable manure shows a favorable in-
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ftuence on crops' for several years following. Even more striking 
results in showing long-continued effects have been obtained by 
abundant applications of manure for several years in succession 
and then discontinuing or largely reducing the amount applied. 
The lasting effect is due, in part, to the fact that some farm ma
nure plant-food constituents become soluble slowly and, in part, 
to the fact that some of the organic matter furnished may remain 
for several years and aid in gradually making available some of 
the insoluble plant-food in the soil. 

Stable manure and conservation of fertility.-When it is 
kept in mind that about 80 per cent. of the plant-food constituents 
of the food of animals can be found in the fresh manure and SO per 
cent. in decomposed manure, it is readily appreciated that the crops 
raised on a farm and fed to the animals belonging to the same 
farm do not constitute such an exhausting drain on fertility as when 
crops are removed from the farm. The loss of plant-food in the 
feeding of animals and in caring for the manure falls most heavily 
on the nitrogen compounds, which can be readily and inexpensively 
replaced by means of leguminous crops (p. 259), or by purchase of 
foods high in nitrogen to be fed on the farm. 

Commercial and agricultural value.-The value of a ton of 
farm manure expressed in dollars and cents has been the subject of 
much discussion. From our knowledge of the extensive variations 
found in the composition of manure, it is obvious that, even when 
we know the amounts of plant-food constituents present, we are far 
from being able to place a precise value upon the manure which 
shall express its agricultural value, that is, what it is worth to the 
farmer in the growing of crops. 

Commercial values assigned to manures are based upon the total 
amounts of plant-food contained and do not generally take into 
consideration the availability of the plant-food constituents or the 
agricultural value of the organic matter present. These factors 
depend so much for their value to the farmer upon the kinds of 
crops grown, the condition of his soil, etc., that it varies according 
to the circumstances of each case. On page 221 we have given 
conservative commercial estimates of value based on the plant-food 
constituents of fresh manures. In general, it should be true that 
the agricultural value is somewhat greater than is expressed in a 
statement based solely on plant-food constituents, since organic 
matter has some value. In regard to stable manure, the composi
tion and history of which we have no means of knowing, any esti
mate of value nearer than 25 or SO per cent. must be regarded 
largely as guesswork. 

Unbalanced character of farm manure.-Farm manure il! 
generous amounts, especially when used fresh, generally stimulates 
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the growth of stems and leaves in a marked way, a condition char
acteristic of a high proportion of available nitrogen relative to 
available phosphorus and potassium. Under ordinary conditions, 
farm manure is regarded as a nitrogenous plant-food and as un
balanced with reference to the needs of most crops, relatively 
lacking in available phosphorus and potassium. This behavior of 
fresh manure of good quality is explained in large part when we 
consider that much of its nitrogen is in the form of ammonia, or 
soon becomes so. Under favorable soil conditions the ammonia is 
rapidly changed into nitrate, thus providing relatively large amounts 
of nitrate nitrogen long before the phosphorus, most of which is pres
ent in slowly available condition, becomes useful to plants. When we 
take into consideration the relatively small amounts of available 
phosphorus in most soils, this condition aids also in explaining 
why fresh manure when applied in large amounts, so often acts as 
a one-sided, highly nitrogenous fertilizer. 

The question naturally arises as to why well-decomposed ma
nure does not produce the effects of overfeeding with nitrogen as 
much as, or even more than, fresh manure. \Ve have been in the 
habit of thinking of well-decomposed manure as containing much 
nitrate nitrogen; as a matter of fact, its nitrogen is likely to be, on 
the whole, more largely in forms much less quickly available than 
nitrogen in the urine contained in fresh manure. We have already 
pointed out the fact (p. 228) that, during the process of decompo
sition in a manure pile, bacteria are using large amounts of available 
nitrogen for their own food and are storing it away in their own 
body substance as insoluble protein, which becomes available only 
when the bacteria die and undergo decomposition. It is for this 
reason that well-decomposed farm manure is not likely to contain 
large amounts of nitrate nitrogen and that its nitrogen, on the 
whole, is much less quickly available than the urinary nitrogen of 
fresh manures. However, the case is somewhat different with 
available phosphorus and potassium, which are present in well
decomposed manure in larger amounts than in fresh manure. For 
these reasons, well-decomposed manure is to be regarded as more 
nearly approaching what we call a balanced combination of plant
foods than is fresh manure. 

METHODS OF USING FARM MANURE 

The effectiveness of farm manure as a fertilizer depends upon 
a number of conditions. No fixed rules for greatest efficiency 
can be given which will apply untformly under all circumstances. 
We can, however, state certain known facts so the individual farmer 
may apply them in specific cases. He must adapt his practice to 
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the particular conditions under which he is working. Among the 
points of greatest practical importance are the following: (1) Ad
vantages and disadvantages of use of fresh manure, (2) use of 
decomposed manure, (3) kind of soil, (4) kind of crops, (5) 
amounts to use, (6) methods of distribution, (7) when to apply, 
(8) depth to cover, (9) effective methods of general use. 

Advantages of use of fresh manure.-Among the advantages 
of applying farm manures to the soil in as fresh condition as 
possible are prominent: 

(1) Plant-food utilized.-Under most conditions, the applica
tion of manure when fresh utilizes the largest amount of plant
food. Losses of plant-food through leaching or destructive forms 
of decomposition are prevented. When used as a top-dressing, the 
portions leached by rain go directly into the soil; or, in case of 
rain, the manure may dry with little loss from rapid decomposition. 
Mixed with the soil, fresh manure decomposes readily in warm or 
mild weather, its constituents being made gradually available as 
plant-food without risk of loss of nitrogen in the form of ammonia, 
except in some cases of light, porous soils exposed to high tem
perature. 

(2) Plant-food of soil made available.-Not only are the plant
food constituents of farm manure, when applied fresh to soil, made 
more available, but the insoluble plant-food compounds of the soil 
itself are made more soluble wherever the decomposing manure 
comes into contact with the soil particles. 

(3) Desirable organisms supplied.-Fresh manure contains 
various kinds of organisms effective in causing desirable chemical 
changes in the organic matter of the soil, and which the manure 
carries to the soil. 

(4) Lightening heavy soils.-Fresh manure is most efficient for 
improving the texture of heavy clay soils, since it contains organic 
matter utilized in the soil with all the consequent benefits. 

(5) Prolonged efJects.-The plant-food constituents in fresh 
manure include both those quickly and those slowly available. The 
soluble portions are immediately available or soon become so in 
the soil; the insoluble portions become available gradually, fur
nishing plant-food supplies continuously, not alone during one 
growing season, but through several. 

(6) Favors growth of foliage.-Fresh manure used alone and in 
large amounts (p. 243) favors vigorous growth of stems and 
leaves. It is, therefore, useful in the case of many crops that 
furnish as their marketable pr~uct the stems and leaves, which 
are especially dependent upon rapid growth of foliage. 
. Disadvantages of use of fresh manure.-The principal dis-
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advantages that may attend the use of fresh farm manures under 
certain conditions are the following: 

(1) Unfavorable effects on soil.-Excessive application of fresh 
stable manure, especially on light, porous soils during hot, dry sea
sons, may either not ferment at all or may ferment too rapidly 
according to special conditions. If the manure contains large 
amounts of coarse vegetable matter from bedding, which persist
ently resists decay, a condition common in leached manure, the 
soil may be made so loose and open that the manure and the soil 
both lose moisture to such an extent that decomposition will stop 
and the soil be left in a condition unsuited to crops. On the other 
hand, if the soil contains enough moisture to favor decomposition, 
the action will take place so rapidly under the conditions of air 
supply and temperature that the soil will be heated and dried out 
to such an extent as to be left with greatly diminished water-holding 
power, owing to increased openness; the coarser the manure, the 
greater the injurious effect on the soil. 

(2) Unfavorable effects on crops.-Under the conditions de
scribed in the latter portion of the preceding paragraph, when fresh 
manure containing abundance of urine is applied to light, open 
soils and undergoes extremely rapid decomposition, direct injury, 
known as "burning out," may be done to crops. This results from 
the rapid fermentation of urinary nitrogen in the presence of a 
large· air supply and high temperature. Large amounts of ammo
nium carbonate and its nitric acid compounds are quickly produced 
and become so concentrated by the rapid evaporation of water as 
to "burn" plants (p. 125), causing them to wilt and die. When 
the soil solution becomes so concentrated that it contains one part 
of soluble compounds, especially such as ammonia and nitrate, in 
about 400 parts of water, it is likely to damage tender rootlets. 
When applied as a mulch about young plants, fresh manure may 
give off enough ammonia to injure foliage 

(3) Carrier 01 weed seeds and disease germs.-Fresh manure 
may carry to a soil weed seeds and germs of plant diseases. This 
disadvantage is usually overcome by making application of such 
manure to crops not affected by the disease germs present or which 
are least troubled by weed seeds or which furnish an opportunity 
for destroying the weeds. 

(4) Not adapted to certain crops.-Direct applications of fresh 
manure, especially in large amounts and on any but heavy soils, are 
undesirable for cereal and some other crops, since the quickly 
available nitrogen furnished by the urinary nitrogen of fresh ma
nure may injure the crop by causing too rank a growth of stems 
and leaves to the detriment of the quality or quantity of the mar
ketable part of the crop. 
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Advantages ·of use of decomposed manure.-We have al
ready called attention to the principal differences between fresh 
and partially fermented manure in respect to chemical compo
sition and physical characteristics. Generally speaking, the phos
phorus and potassium. in partially decomposed manure are avail
able to a larger extent than in fresh manure and are present in 
somewhat higher percentages. The nitrogen as a whole is in a 
generally less available condition. Such manure possesses the fol
lowing obvious advantages: 

(1) More even action.-Whenever action of plant-foods is de
sired calling for available nitrogen in moderate amounts and for 
readily available phosphorus and potassium, rather than for the 
action of quickly available nitrogen in relatively large amounts, 
partially decomposed manure is well adapted to meet such needs. 
Instead of being a highly nitrogenous fertilizer in its effects, par
t:ally decomposed manure may properly be regarded as a more 
evenly balanced combination of plant-foods. 

(2) Advantage on light soils.-Decomposed manures are useful 
to furnish organic matter to improve with its colloidal material the 
mechanical condition of light soils without risk of producing in
creased openness and consequent "burning out," which may result 
from the use of fresh manure. The decomposed organic matter in 
old manure increases the water-holding power of light soils. 

(3) Convenience in handling.-Decomposed manure, being more 
concentrated than fresh, is less bulky for the same amount of plant
food and in this respect offers some advantage in convenience of 
handling. 

(4) Desirable micro-organisms supplied.-Decomposed ma
nures supply to soils beneficial organisms and also aid in making 
conditions favorable for increased activity of some desirable soil 
organisms. 

(5) Decomposition 0/ weed seeds.-When manure undergoes 
decomposition, the weed seeds are largely rendered harmless, their 
power of germination being destroyed. 

Kind of soil in relation to use of manure.-Generally speak
ing, farm manure, whether fresh or partly decomposed, can be used 
to advantage on soils deficient in organic matter. When it is 
desirable to introduce weJI-decomposed organic matter into the soil 
at once, decomposed manure can be used on any soil. When it is 
desired to have the decomposition of organic matter take place in 
the soil for the double purpose of making the insoluble plant-food 
available and leaving instead a residue of humus in the soil, then 
fresh manure is preferable, especially on clayey soils. Fresh ma
nure must be used with caution and preferably in comparatively 
sinall applications at one time on light, open soils, especially when 
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there is likelihood of hot, dry spells of weather. In relation to 
plant-food action, fresh manure is safer on heavy than on light 
soils, especially in large applications. 

Kind of crops in relation to manure.-Farm manures, while 
beneficial for the growth of practically all common farm crops, re
quires for best results the observance of certain precautions in their 
use, especially with a few special crops. 

It may be stated, as a preliminary, that in all cases where the 
direct application of fresh stable manure may do harm to the crop 
on account of the quickly available urinary nitrogen, the unde
sirable effects can be avoided by making generous application of the 
manure to a suitable crop preceding the one which is more sensitive. 
The first crop profits by the direct application, the unused residue 
being left for the sensitive crop, as will be illustrated later. An
other method is to apply the manure in the fall previous to grow
ing the sensitive crop in the spring following. Still another method 
is to apply generous amounts of acid phosphate and potassium 
chloride or sulfate. 

(1) Grass-lands are generally much benefited by top-dressing 
with farm manure, either fresh or fermented. The manure serves, 
in addition to furnishing plant-food, to form a mulch, often favor
ing somewhat earlier growth. 

(2) Root crops usually respond most satisfactorily to generous 
applications of stable manure. However, some precautions must 
be observed in the case of suger-beets and potatoes. Fresh farm 
manure used in excessive amounts especially on light soils and 
loams, may cause beets to grow large but with a low percentage 
of sugar; but on clay soils fairly large amounts (20 tons) of par
tially rotted manure may be used directly without harm. In case 
of potatoes, direct use of stable manure favors the development of 
scab, and excessive amounts of fresh manure produce overgrowth 
of tops at the expense of the yield of tubers. 

(3) Corn, millet and leafy crops, in general, which produce large 
amounts of foliage and stems, utilize to advantage generous amounts 
of stable manure when directly applied, whether fresh or rotted. 

(4) Cereals are injured by large direct applications of fresh 
manure, the straw growing large at the expense of the grain and 
lodging easily. Wheat and barley are particularly sensitive in this 
respect. 

(5) Tobacco, when directly treated with large amounts of stable 
manure, produces large leaves of coarse texture and poor quality 
for use. 

(6) Flax may also be unfavorably affected in quality by dIrect 
applica,tion of too much farm manure. 



250 FERTILIZERS AND CROP PRODUCTION 

(7) Garden crops in general respond satisfactorily to generous 
applications of manure. 

(8) Young trees, shrubbery, rose-bushes, etc., are greatly bene
fited by applications of stable manure, moderate in case of fresh 
manure, generous in case of well-rotted. 

(9) As a mulch in connection with any growing plant, good 
stable manure is highly effective and useful. Rotted manure is, of 
course, superior to fresh manure for mulching purposes on account 
of its greater water-holding power. Moreover, fresh manure, rich 
in urinary ammonia, when applied as a mulch about green plants, 
may injure the foliage, especially in warm weather. The ammonia 
volatilizes and burns the foliage. 

Amount of farm manure to use.-No statement can be made 
to meet all conditions in respect to the amount of stable manure to 
use in the growing of crops. Obviously it will depend upon a 
variety of conditions, such as physical character of the soil, amount 
of available plant-food in the soil, condition and composition of 
the manure, kind of crop, frequency of application, etc. In gen
eral, 5 tons an acre may be regarded as a light application; 10 tons, 
moderate; 20 tons or more, heavy. It should be kept in mind that 
the larger amounts are better utilized when the soil is kept well 
supplied with calcium carbonate. In some cases, as on grass-lands, 
or where manure is used in the first part of a well-planned rotation, 
large amounts are applied once in 4 or 5 years. Generally speaking, 
the most economical results are obtained by making smaller appli
cations at more frequent intervals. The frequent use of light 
applications keeps the soil in a more uniform condition of fertility, 
and the nitrogen is utilized more completely, with less risk of loss 
by leaching. 

TABLE 33-AMOUNT OF PLANT-FOOD IN STABLE J4ANUU 

5 tOIlS 

Potlnds 
Nitrogen ......... SO 
Phosphoric acid... 25 (UP) 
Potash .........•• SO (42K) 

P, phosphorus. K, potassium. 

10 t01ll 

POtlnds 
100 

SO (22P) 
100 (83K) 

15 tom 

Povnds 
150 

75 (33P) 
150 (lZSK) 

20 tom 
PoflrUb 
ZOO 
100 (44P) 
ZOO (166K) 

In this connection one should take into consideration the amount 
of plant-food contained in manure. Taking good farm manure of 
average composition, one ton contains about 10 pounds of nitrogen, 
5 pounds of phosphoric acid and 10 pounds of potash. On this basis 
we prepare the Table 33. 

In applying 5 tons of. good farm manure to an acre of ground, 



Spreading phosphated manure on clover sod in early fall. In spring, after plowing, two tons of pulverized limestone to 
the acre will be harrow\!d in. 

N 
<.1\ -
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one is putting on the same number of pounds of nitrogen contained 
in 300 pounds of sodium nitrate, or in 1,000 pounds of fertilizer 
containing 5 per cent. of nitrogen; the same number of pounds of 
phosphorus as in 150 pounds of 16 per cent superphosphate, or in 
300 pounds of a fertilizer containing 8 per cent. of phosphoric acid 
(3.5 phosphorus); and the same amount of potassium as in 100 
pounds of high-grade potassium chloride or sulfate, or in 400 pounds 
of kainite, or in 500 pounds of a fertilizer which contains say 10 
per cent. of potash (8.3 potassium). When we consider the appli
cation of 20 tons of manure an acre, we are putting on large 
amounts of plant-food as compared with the amounts usually ap
plied in the form of commercial fertilizers. But a mere statement 
of the number of pounds of plant-food applied to an acre in the 
form of farm manure is misleading, if we fail to consider at the 
same time the availability of the plant-food thus applied. Even 
under favorable conditions, it is doubtful whether we can reason
ably expect more than one-third to one-half of the total plant-food 
in manure to be used by crops during the first season. Therefore, in 
considering the amounts of plant-food to supply crops in the 
form of farm manure during the growing season, it is usually safe 
to count on using two or three times as many pounds of nitrogen, 
phosphorus and potassium as are used with success in the form of 
commercial fertilizers of the best quality under similar conditions 
of soil and crop. 

Methods of distribution.-In distributing farm manure on 
fields, three methods are commonly employed: (1) Distributing in 
heaps; (2) broadcasting from wagon or manure spreader; (3) 
applying in hill or row with seed. 

(1) Distributing manure in heaps, small or large, over the field 
and permitting it to lie until convenient to spread, whether the 
time be weeks or months, while possessing the one advantage of 
temporary convenience, is open to several pronounced objections: 
(a) The labor of handling is increased; (b) the spots of ground 
under the heaps receive the leachings-the quickly available part 
of the manure-and are thus differently fertilized, as shown by 
results in unevenness of crops in respect to growth and maturing; 
(c) the manure may undergo rapid decomposition and lose much 
of its easily available nitrogen. Storing manure in large heaps on 
the field is less objectionable in respect to loss of nitrogen, provided 
that the heaps are kept moist, compacted, carefully covered with a 
thin layer of fine earth, so managed as to prevent loss by drainage, 
and are not allowed to lie too long before final distribution. In 
this connection the droppings of animals at pasture-if undis
turbed, invariably produce uneven results of fertilization. In order 
to distribute these heaps of excrements it is well occasionally to go 
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over the field with a drag or some implement which will scatter 
the droppings more uniformly. 

(2) Applying manure broadcast may be done by hand directly 
from a wagon, but on farms where large amounts are to be handled 
a manure spreader may be regarded as an economic necessity, since 
it distributes manure evenly and saves time and labor. Broad
casting is preferably practiced on fairly level fields where the 
manure is allowed to lie some time before plowing. If so applied 
on steep hillsides and allowed to lie before covering there is danger 
of leaching and washing down the slope, especially when the soil is 
frozen. Similarly, serious losses may be experienced in case of 
fields subject to flooding. 

The method of broadcasting manure directly from wagons has 
two marked advantages: (1) There is economy of time and labor 
in handling as compared with distributing in heaps before broad
casting; and (2) any leachings from the manure except on slopes 
and when the ground is frozen before being plowed under pass 
directly into the soil in uniform amounts over the field, so no 
unevenness of crops results as in the case of leachings from distri
bution in heaps. 

(3) A pPlying in hill or row is practiced when it is desired to 
have the effect of the manure concentrated where it will benefit the 
growing plants most quickly. It is especially applicable for forcing 
some kinds of garden crops. For example, when a shovelful or 
more of manure is put in each hill in planting cucumbers, melons, 
squashes, etc., the same amount of manure can be made to go 
further than when broadcasted. Rotted manure gives excellent 
results when used in this way. 

When to apply manure.-Farm manure can be applied within 
wide limits as to time, depending on various conditions. Generally 
speaking, least risk of loss of ammonia occurs when manure is 
applied to soil only a short time before plowing. One plan in con
siderable favor is to draw and distribute on the field in a uniform 
layer of any desired depth the fresh manure daily or at intervals as 
frequent as convenience permits, care being taken to treat the 
manure in the stable in some one of the ways already described 
(pp. 235 to 240). 

Direct distribution from stable to field has several pronounced 
advantages: (1) It economizes time and labor in handling. (2) It 
relieves the barn and its vicinity from the presence of accumulating 
manure. (3) It is generally more convenient, especially during 
fall and winter, since farmers have more time then than in the 
spring when all kinds of work are pressing. (4) On the whole, this 
method brings to the soil the largest amount of plant-food, since 
risk of loss due to destructive fermentation, leaching, etc., is avoided. 
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(5) The soluble ·portions of manure are gradually, completely and 
uniformly mixed with the soil. ( 6) The amount of nitrogen lost 
as ammonia is small if the manure has been properly treated in 
the stable. 

Experiments indicate that manure spread in thin layers over 
fields loses little nitrogen either in the form of ammonia or of free 
nitrogen, provided it is not in a state of decomposition so active as 
to contain much ammonia when applied. In dry weather the ma
nure quickly dries and decomposition stops; in wet weather the 
soluble portions are washed into the soil beyond danger of loss 
by escape into the air. There is, however, one distinct disadvantage 
in allowing manure to lie on the surface of the soil until its soluble 
nitrogen compounds have been largely dissolved and removed even 
though not lost to the soil. The soluble nitrogen compounds, as 
contained in fresh manure, are essential factors in the decompo
sition of the insoluble constituents of manure, so when they are 
once separated, as in leaching, the insoluble portion does not fer
ment as readily in the soil as when these are present. On this 
account it is desirable, especially in case of light, porous soils, not 
to allow the manure to lie on the surface long, but to apply only a 
short time before being plowed in. It is possible also on light soils 
which leach easily that some small amount of the nitrogen may be 
lost to the soil by drainage if the manure is spread some months 
before it is plowed. In the case of fields subject to flooding and 
of steep hillsides, the manure is best applied just before plowing. 

Depth to cover manure in soll.-In heavy soils manur.-! should 
be plowed under about 4 inches; if covered too deeply in such soils, 
decomposition is delayed or prevented by exclusion of air. In 
light, porous soils the manure may be covered more deeply. Gen
erally speaking, well-rotted fine manure gives best results near the 
surface, while coarse manure gives better results more deeply 
covered. 

Effective methods of using farm manure.-Among the best 
methods of utilizing farm manure in feeding crops and making 
soil conditions favorable to plant growth, are the following: 

(1) Use in rotations with commercial Jertilizers.-Farm manure 
is often applied directly to the crop in a rotation that utilizes it to 
best advantage; with the succeeding crops of the rotation commer
cial fertilizers are used to supplement the plant-food needs according 
to the indications of experience. For example, farm manure is 
often applied directly to a corn crop, which is followed by wheat 
or any crop that might be injured by direct use of farm manure 
(p. 247) and for which an application of quickly available com
mercial fertilizer is used. It is generally used once in large appli-
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cation in 3 to 5-year rotations, and commercial fertilizer, in some 
form, is applied during the intervening period. 

(2) Fortifying farm manure with concentrated plant-food ma
terials.-The manure is treated in the stable or in the pile im
mediately after removal from stable with some such material as 
fine-ground rock-phosphate ("floats"), bone-flour, acid phosphate, 
potassium salts (especially kainite), etc. (p. 235). This treatment 
increases the amount of phosphorus or potassium or both and, 
properly regulated, has the effect of making the proportions of 
plant-food constituents of the treated manure more nearly like 
those present in commercial fertilizers used with success. 

(3) Farm manure and calcium carbonate.-The action of farm 
manure is made more effective by keeping the soil well supplied with 
calcium carbonate. The application of manure to a "sour" soil 
increases rather than remedies the condition; with insufficient cal
cium carbonate in soils, there is loss of time and material in apply
ing stable manure. 



xx 
GREEN-CROP MANURES 

Green-crop manures or green-manures are crops grown to be 
plowed under and thus make soil conditions more favorable for the 
growth of succeeding crops. They are known as cover-crops when 
grown to occupy the ground only part of the growing season, 
during winter, or when used in orchards, the object being, in part, 
to protect the soil during the latter part of summer and over winter, 
and, in part, to furnish organic matter for the soil. Green crops 
are known also as catch-crops when following other regular crops 
or when used to take the place of a crop that has failed. The 
plowing under of sod and of stubble and roots is a form of green
crop manuring. 

The beneficial effects of green-crop manures were observed long 
before it was known in what particular ways they act to produce 
better crops and numerous experiments have served only to' con
firm and emphasize as well as explain more fully the fact that 
green-crop manures favorably affect succeeding crops. The subject 
will be treated under the following divisions: 

1. Effects. 
2. Various crops used. 
3. Conditions and methods of use. 

EFFECTS OF GREEN-CROP MANURES 

The beneficial effects obtained by the use of green-crop manures 
are briefly summarized under the following heads: (1) Organic 
matter, (2) conservation of soluble plant-food, (3) addition of ni
trogen, (4) transfer of plant-food from subsoil to surface, (5) con
centration of plant-food, (6) effect on bacterial life in soil, (7) 
increase of available plant-food, (8) improvement of subsoil, (9) 
relation to surface of soil, (10) effect on growth of orchard trees. 

A few crops used as green-manures are able to produce all of 
these effects· all are able to furnish material for humus, to diminish 
the loss of ~oluble plant-food and while growing to influence the 
surface by their presence while many, in addition, increase the 
actual supply of soil nitrogen. 

256 



GREEN-CROP MANURES 257 

Organic matter.-The most extensive action of any green-crop 
manure is to furnish a supply of organic matter, the amount varying 
according to the crop and the extent of growth. The usual range of 
yield of green vegetable matter, including roots, may be placed 
between 5 and 10 tons an acre, though higher and lower yields may 
occur; this consists approximately of 1 to 2 tons of dry matter, 
and 4 to 8 tons of water. There is no other way in which such 
large amounts of organic matter can be added to the soil so cheaply 
under agricultural conditions commonly prevailing. The decompo
sition of the vegetable matter is attended by all the beneficial effects 
characteristic of this important soil constituent (p. 95). The roots 
are first to decompose, then the more succulent portions of the 
green tops and finally the more woody parts. 

Conservation of soluble plant-food.-On land not occupied 
with crops for a considerable time, as in case of land lying fallow 
after the removal of a crop during summer or early fall, there is 
danger of loss of nitrate nitrogen in one or both of two ways: (1) 
Nitrates are easily lost in drainage water and (2) under some con
ditions they are decomposed into free nitrogen (p. 144). Experi
ments have fully established the fact that when the soil is occupied 
by a crop, the soluble plant-food goes into drainage water in much 
smaller amounts, if at all, but is taken into the plants and becomes 
a part of the crop growth. Moreover, under such conditions, nitrate 
nitrogen is in little danger of being lost as free nitrogen. The 
soluble plant-food is transferred into the crop, in which form there 
is little danger of loss under ordinary conditions. Crops having ex
tensive root systems are especially efficient in thus collecting, con
centrating and holding plant-food. Nitrogen as nitrate may be lost 
annually to the extent of 40 pounds or more an acre on fallow 
ground. The losses are greatest on light soils. Other conditions 
being the same, during the warm summer months, especially July 
and August, when nitrification is taking place most rapidly in the 
soil, nitrate nitrogen is los~ more rapidly than at other times of year. 
When wheat is grown continuously on the same soil, without any 
cover-crops between, there may be lost from the soil 4 to 6 pounds 
of nitrogen for each pound used by the crop. 

Addition of nitrogen.-Owing to their ability to use atmos
pheric nitrogen in their growth when their roots are properly sup
plied with nodules (p. 147) leguminous crops used as green-crop 
manures add to the amount of nitrogen in the soil. They contain 
50 to 100 pounds and more of nitrogen an acre, not including stubble 
and roots, the amount depending upon the kind, yield, maturity, 
etc., of crop. Including all the vegetable growth of the crop, roots 
as well as tops, the total amount of nitrogen usually runs from 
100 to over 150 pounds an acre. Not all of this nitrogen is taken 
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from the air, but a considerable portion is known to be, the exact 
amount varying according to the crop and conditions of growth. 
The nitrogen compounds in the vegetable matter of green crops 
undergo decomposition in the soil, with final conversion into nitrate 
nitrogen. For example, if the amount of nitrogen added is SO 
pounds, this is equal to 300 pounds of sodium nitrate. 

Concentration. of plant-food.-In the case of plants whose 
roots penetrate the subsoil, nitrogen, phosphorus and potassium 
compounds are collected from all parts of the soil; then when the 
crop decomposes in the upper layers of the soil, this food is con
centrated within a more limited area of the soil than previously. 
In the case of leguminous crops, the concentration of nitrogen be
comes greater than in other cases, since we have not only the 
nitrogen collected from the subsoil but also that taken from the air. 

Increase of available plant-food.-The action of growing roots 
appears to be effective in making some unavailable plant-food 
(phosphorus and potassium) readily available. This is taken into 
the plant and, in case of green-crop manures, returned to the soil 
in forms more available than before use by the crop. 

Transfer of plant-food from subsoil.-Crops with long roots 
gather from the subsoil considerable amounts of plant-food, thus 
lifting it to the surface and making it available for the use of 
succeeding crops. Alfalfa is famous for the length of its roots, 
sending them down under favorable conditions anywhere from 12 
to 30 feet or more. 

Effect on bacterial life in soil.-The various kinds of bacteria 
that convert organic nitrogen into ammonia and nitrate nitrogen 
are found to flourish in the presence of the organic matter fur
nished by green crops. In soils left fallow for part of the year, as 
in case of continuous wheat growing, bacteria prevail which actively 
decompose humus and set nitrogen free. These bacteria are found 
to disappear mostly in soils in which green crops, and especially 
leguminous crops, are incorporated as a part of a system of crop
rotation. 

Improvement of subsoll.-Those plants having long tap-roots 
penetrate the subsoil deeply and when the roots decay, extensive 
passageways are opened for the percolation of water and circulation 
of air. 

Relation to surface of soll.-When used as cover<rops green 
crops serve to protect the surface of the soil from washing, espe
cially on hilly lands, and, in case of light soils, from being blown 
about by high winds. On soil during winter they hold drifting snow, 
keep the soil warmer and prevent injury to roots caused by alter

'nately freezing and thawing. In some cases where the foliage is 
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broad-leaved and extensive, the soil is shaded and protected from 
needless loss of moisture by direct evaporation. 

Effect on growth of orchard trees.-Cover-crops in orchards 
compete with trees for plant-food, including water. In the case of 
soils that contain nitrate nitrogen in such proportions as to make 
a prolonged, succulent growth of new wood, liable to injury by freez
ing in winter, cover-crops serve to use the surplus nitrogen, check 
the growth of trees late in summer and induce early maturity in 
wood. 

CROPS USED AS GREEN-MANURES 

From the preceding statements; it is obvious that the purposes 
of green-crop manures are most completely fulfilled by those crops 
which, in addition to heavy foliage and deep roots, have the power 
to utilize and store atmospheric nitrogen. The particular kind of 
crop used as green-manure must depend upon the conditions present 
in each case, such as climate, soil, kind of rotation, special objects 
to be attained, the value of the green-crop for forage, etc. 

The crops used as' green-manures can be conveniently divided 
into two groups: (1) The first includes those plants which contain 
more or less nitrogen obtained from the air, and which, therefore, 
when incorporated in the soil, actually add nitrogen to the soil's 
previous supply. These are commonly known as nitrogen-gatherers 
of which those in actual use belong to the leguminous family of 
plants. (2) The second group includes non-leguminous plants, the 
nitrogen of which is taken directly from the soil, and which give 
back to the soil only the nitrogen taken from it. These, commonly 
known as nitrogen-consumers, include such crops as rye, buckwheat, 
oats, rape, mustard, weeds, etc. 

Nitrogen-gathering or leguminous green-crop manures.
In the United States and Canada several leguminous crops are 
grown for partial or complete use as green-manures, among which 
the following are of most practical interest: Red clover, alfalfa, 
cowpeas, alsike, crimson and. white clover, Canada peas, soy-beans, 
peanuts, vetch, velvet beans, Japan clover, sweet-clover, beggar
weed, horse-beans, field-beans, lupine, sainfoin, serradeIla, and 
lentil. Of these legumes, those most commonly grown as green
manures are field peas, cowpeas, soy-beans and vetch. The clovers 
and alfalfa serve the purpose of green-manure when the entire crop 
or the stubble and roots are plowed under. The various crops 
mentioned can be grown under best conditions only in more or less 
definitely limited areas. In the northern portions of the United 
States, red clover, mammoth clover, alsike clover, field-peas and 
common vetch are most commonly used; in regions having a moder
ate to warm temperate climate, cowpeas and crimson clover are 
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extensively groWn; in many parts of the West, alfalfa, clovers, cow
peas and soy-beans largely furnish green-crop manures. 

For details in regard to the value and cultivation of leguminous 
crops for green-manure, see page 259. 

CONDITIONS AND METHODS OF USE OF GREEN
CROP MANURES 

In addition to the statements already made, the following de
tails should be briefly considered before leaving the subject of 
green-crop manures: 

(1) When green-crop manures should be used. 
(2) What crops should be used. 
(3) Preparation for growing green-manure crops. 
( 4) Relations to different soils. 
(5) Time of plowing' under. 
(6) Crops to follow green-manure crops. 
( 7) Effect on suceeding crops. 

When green-crop manures should be used.-The indiscrimi
nate use of green-crop manures cannot be recommended. Used 
properly when conditions call for them, they are extremely effective; 
but, when used under some conditions, they may be either useless 
or else harmful. Green-crop manures can be used profitably to 
improve soils poor in nitrogen and organic matter, since such soils 
are always defective in physical conditions. They are especially 
efficient on many light, sandy soils and also on heavy clay soils. 
In orchards, they may be advantageously used as cover-crops. 

On soils in good physical condition that grow good yields of 
crops, green-crop manures should be used only at intervals suffi
cient to maintain the supply of organic matter and nitrogen. This 
is best done ordinarily by using some leguminous crop as part of a 
regular rotation. 

When farm manure can be had in abundance, as on dairy or 
stock farms, it is found most profitable to raise as green-manures 
only those crops which, like red clover and alfalfa, can be largely 
utilized for feeding animals, depending upon the roots and stubble, 
but supplementing with farm manure, as sources of organic matter 
and nitrogen supply. 

The uSe pf green-crop manures in dry regions is not practicable 
without irrigation, since with insufficient moisture, the vegetable 
matter decays with extreme slowness, leaving the soil filled with 
air spaces and promoting loss of water by evaporation. 
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What crops should be used as green-manures.-It is obvious 
that those crops should be used best adapted to the climate, soil, sys
tem of farming and the special purpose one has in view. Leguminous 
crops should be given preference when they can be grown satis
factorily. The particular legume to use must be determined mainly 
by the choice of the one that can be grown most advantageously 
under the conditions present in each case. In this connection, the 
prominent characteristics of the various plants will be briefly re
viewed. 

Some are perennials, some biennials or annuals; some are sum
mer or warm-weather crops and others are cool-weather crops, 
adapted to late fall and early spring growth. Thus, mammoth, 
alsike and white clovers and alfalfa are perennial; sweet clover is 
biennial, while red clover, though it may persist for three years, is 
more often grown for only two years continuously and may there
fore be regarded as a practical biennial. These crops make slow 
growth at first-a serious objection to their use in cases where 
quick results are needed, as with soils deficient in humus. 

Of the annual legumes adapted to use as cover-crops, the follow
ing are summer annuals: Cowpeas, soy-beans, peanuts, beans, velvet 
beans, common vetch and field-peas; while the following are winter 
annuals: Crimson clover, hairy vetch, and, in the South, common 
vetch and field-peas. 

In regard to the extent of root systems, red clover, mammoth 
clover, alfalfa and sweet clover are deep-rooted, and the roots alone 
may form from one-third to one-half of the plant; the other legu
minous plants have comparatively short root systems, constituting 
approximately one-sixth to one-tenth of the plant. All these as 
well as other individual characteristics must be taken into consid
eration in making a choice of the crop that will best adapt itself 
to the needs and conditions of the farmer. 

Preparation for growing green-manure crops.-While most 
of the green-manure crops are not difficult to grow under proper cli
matic conditions, and several of them even on poor soils, yet some 
precautions should be observed if one is to expect success. The 
points to which special attention should be given are summarized 
as follows: 

(1) Preparation of soil.-The soil should be put into fine tilth 
before seeding, especially in the case of leguminous crops. 

(2) Use 01 calcium compounds.-Application of ground lime
stone or of slaked lime should be made if there is marked indication 
of acidity (p. 95). 

(3) Addition 01 plant-Iood.-In case of poor soils, it is desirable 
to use a small application of fertilizer (pp. 360 to 363). In case of 
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non-leguminous crops, a complete fertilizer should be used; in case 
of leguminous crops, phosphorus and potassium are particularly 
desirable, with a small amount of nitrogen to insure the crop a good 
start (p. 346). 

(4) Inoculation 01 soit.-For leguminous crops, especially when 
grown for the first time, it is often necessary to inoculate the soil 
for the special crop grown in order to promote the development 
of root-nodules and the formation of compounds from atmospheric 
nitrogen (p. 150). 

(5) Relations to various soils .-Light, sandy soils are generally 
most benefited by the use of green-crop manures, because they are 
usually poor in plant-food, lacking in humus, porous, and unable 
to hold moisture sufficiently for production of good crops. Green 
crops that will supply nitrogen, moisture and organic matter should 
be used. The bacterial decomposition of organic matter is rapid, 
owing to the porous condition and consequent supply of air, and in 
such soils the organic matter is used up rapidly. Therefore, green 
crops must be used more frequently. 

In growing green crops on light soils, one serious difficulty often 
encountered is the limited amount of moisture available for crop 
growth. In case of cover-crops, the preceding crop may take so 
much water from the soil as to prevent the germination of seed and 
thus make it difficult to start the green corp. Then, again, green 
crops may use up so much soil moisture for their growth that, 
while the green crop grows well, the following crop may suffer from 
lack of moisture. The excessive drying out of a soil generally re
sults also in marked decrease of the soil bacteria necessary for the 
decomposition of organic matter and the conversion of its nitrogen 
into nitrate. It follows, therefore, that green crops should Dot be 
seeded in an excessively dry soil. 

The incorporation of a large amount of organic matter in a 
light soil increases the porosity and therefore the rapidity of evap
oration of water. Hence, care should be taken not to turn under 
too large an amount of vegetable matter at one time. In the case 
of bulky crops, especially if the crop is so mature as to be some
what dry, it is well to remove a considerable portion of the crop, 
turning under only stubble and roots. Excessive evaporation of 
water may be lessened in light soils after turning under a green 
crop by compacting the surface with a roller. 

While light soils are peculiarly benefited by a proper use of 
green-crop manures, heavier soils are also improved under many 
conditions. Some of the more striking differences we will briefly 
notice. Increase of water-holding power in heavy soils is less im
portant than in light soils. Decomposition of green crops in heavy 

.soils is slower, the organic matter lasts longer and green-crop 
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manures are therefore needed less often. Loss of nitrate nitrogen 
in drainage water is smaller in case of heavy soils; cover-crops 
are more effective in saving nitrate from loss by drainage in light 
soils. Loss of nitrate nitrogen as free nitrogen, except in case of 
water-logged soils, is of less frequent occurrence in heavy soils. 
Another point of difference is that in heavy soils spring growth is 
less rapid than in light soils, which must be taken into consideration 
in the selection of green crops. More care is required in selecting 
green-manure crops for heavy soils. The plowing under of green
manure should be less deep in heavy soils than in light soils, smce 
too deep covering retards decomposition of the vegetable matter 
and promotes the accumulation of. organic acids in the soil. The 
decomposition of green-manure may be hastened by spreading over 
the surface of the green crop 2 or 3 tons of partially decomposed 
farm manure an acre, just before plowing the crop under, thus 
inoculating the soil with vigorous bacteria that cause decomposition 
of organic matter. 

Time of plowing green crops under is of much importance 
and is dependent upon several conditions, among which are the 
season of growtli, the condition and character of the soil, the degree 
of maturity of the green crop, as well as weather and seasonal con
ditions. Generally speaking, green crops should be plowed in when 
they are still green and full of moisture, since they then decay most 
quickly, especially in light soils. If a green crop is allowed to be
come so mature as to contain large amounts of dry, coarse and 
woody stems, decomposition takes place slowly and the material 
remains long unchanged in the soil, resulting in drying the soil by 
increased evaporation caused by abnormal looseness of soil and, 
consequent upon this condition, a serious decrease of those soil 
bacteria that produce decomposition of organic matter. There is 
more danger of this condition in light than in heavy soils. A similar 
result may occur if a green crop is plowed under when a soil is dry. 

Best results can come only when there is enough moisture in the 
soil to insure prompt decomposition of vegetable matter. Slow 
decomposition with injurious results is likewise experienced when 
a large amount of green matter is plowed under in warm, dry 
weather, or when a hot dry spell follows the plowing in. On the 
other hantl, when a green crop is turned under in late summer or 
fall, and cool, wet weather follows, slow decomposition with produc
tion of acidity may result. The ideal condition for rapid decompo
sition of green-crop manures, without loss of nitrogen, is abundance 
of moisture and heat. When fall-sown crops are to follow the 
green-crop t 'n'lre, it is desirable to turn the green crop under 
4 to 6 weeks belore planting time, harrowing frequently or compact
ing the soil in some other way. Fall plowing of green crops for 
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spring planting may be of advantage in respect to the increase of 
nitrate nitrogen in the northern states. 

In plowing under green-manure crops, the material is evenly 
distributed from the surface downward to the bottom of the furrow, 
instead of being covered so as to form a continuous layer between 
the top soil and subsoil. This is accomplished by turning the soil 
partly over instead of turning the furrow over flat. 

Crops to follow green-manure crops.-In general, it is well to 
follow green-manures with cultivated crops, such as corn, potatoes, 
tobacco, cotton, etc. The cultivation of such crops produces con
ditions that favor the decomposition of the vegetable matter and the 
consequent increase of available plant-food. Rye and oats generally 
thrive on green-crop manures, while wheat and barley appear to give 
variable results, especially the first season after plowing under a 
green crop. 

Effect on succeeding crops.-Numerous experiments with 
various green-crop manures on many crops, under a great variety 
of conditions of soil and climate, have demonstrated that when 
properly- used, the succeeding crops are generally much increased. 
As illustrations of the results of some of these experiments, red
clover increased the yield of corn 20 bushels an acre, of oats 10 
bushels or more, of potatoes over 30 bushels; cowpeas increased 
the yield of seed-cotton 700 pounds an acre, of oats 10 bushels, 
while cowpea stubble and roots increased the yield of sorghum 2 
tons an acre and wheat 4 bushels for four years in succession; 
crimson clover increased the yield of potatoes 20 bushels an acre the 
first year and 27 bushels the second. 

It is noticeable that the effects of leguminous green-crop manures 
last through several seasons. There is, however, a possibility that 
some crops immediately following leguminous green-manures may 
be unfavorably affected. For example, when a large amount of 
organic nitrogen is incorporated in the soil by a green crop followed 
by hot, moist weather, favoring rapid decomposition with formation 
of nitrate nitrogen, the crop may get too much available nitrogen 
for normal growth and develop too luxuriantly in stems and leaves, 
as in the case of excessive applications of farm manure; under these 
conditions the ripening of fruit is delayed, and there is generally a 
decreased yield; with grains like wheat and barley, the straw 
is excessive in growth, lodging easily, and the yield of grain is 
diminished. 



PART IV 
FACTORS THAT GUIDE SELECTION OF 

FERTILIZING MATERIALS 



XXI 

CONDITIONS THAT INFLUENCE EFFECTIVE
NESS IN THE USE OF FERTILIZERS 

IN using fertilizers, whether commercial or farm-produced, 
whether direct or indirect, it is highly desirable to know as far as 
possible something of the conditions under which they can be used 
with most effective results. It is necessary to discuss this subject 
as a preliminary to the consideration of two fundamental questions 
of practical importance which sooner or later come to every farmer: 
(1) Under what conditions is it necessary to use fertilizers? (2) 
What fertilizers will give greatest profit? These questions are per
tinent also to all fertilizing materials but are asked most frequently 
with reference to commercial fertilizers, so will be considered more 
particularly with reference to them. Farmers who purchase with
out reference to the conditions affecting their efficiency, on the sole 
basis of the hope of obtaining larger crops and greater net income, 
inevitably run the risk of throwing away money by buying what 
may not give good commercial returns, due either to applying con
stituents not needed or to the application of needed materials under 
conditions so abnormal as to make impossible proper utilization by 
crops. Many millions of dollars have been spent for fertilizers 
without any adequate return. 

In Part I, the more prominent· facts underlying our knowledge 
of plant nutrition, including the relation of plant-foods to soils have 
been studied. In presenting the facts, effort has been made also to 
keep in mind the fact that the effectiveness of plant-foods in rela
tion to crop production, especially when applied in the form of 
purchased fertilizers, is unavoidably connected with and dependent 
upon numerous other factors. It is our purpose now to review and 
summarize the more important data, preliminary to taking up a 
detailed study of the practical use of fertilizers in crop-growing. 

When considered in the most comprehensive way, several kinds 
of factors enter into the successful growing of crops, such as (1) 
the personal knowledge and ability of the grower himself, (2) the 
negative factors that appear in the form of insect pests, plant 
diseases, etc., (3) most important for our purpose, the natural 
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factors that directly determine the conditions of plant growth, and 
( 4) artificial methods of control, including (a) tillage, (b) crop 
rotations and (c) fertilizers. Tillage has been already discussed 
(p. 106) -as much as the limits of this book permit. 

External natural factors of crop production.-The natural 
factors that directly control plant growth proper may be conven
iently divided into two sets, those external to the soil and those 
directly centered in the soil itself. 

In the first set of factors, we have: (1) Good seed, (2) sunshine 
(light and heat), (3) physiological peculiarities of plant or crop, 
that require adaptation of crops to conditions of climate, etc., and 
( 4) sufficient rainfall favorably distributed in time. 

Without detailed discussion, it is obvious that fertilizers bring 
no profit when any of these factors is responsible for poor crops. 
In general, it is assumed, in the treatment of the subject, that 
farmers consider such fundamental conditions carefullr before they 
attempt to grow any particular crop, though there are probably 
many exceptional cases, especially when new crops or new varieties 
are .being grown experimentally for the first time. It is obvious, 
also, that some of these conditions are not under one's control and, 
when they are unfavorable, it is hopeless to work against them. 

Good seed is one condition that can be controlled, a fact being 
increasingly emphasized. By careful selection and breeding, varietJes 
of seed have been obtained especially adapted to certain climatic 
conditions, so that one variety will produce two or three times as 
large a crop as another, when both are grown under the same soil 
conditions. For example, the provincial department of agriculture 
developed varieties of early maturing wheat well adapted to the 
conditions of the short hot summers of tlie Canadian Northwest. 
Some of the experiment stations have produced variations in corn 
such that one variety contains much more protein, while another 
contains much more oil. Similarly, beets grown from some varieties 
of seed contain less than 5 per cent. of sugar, while those grown 
from other selected varieties commonly contain 12 per cent. and 
sometimes over 16 per cent. 

It is well known that in various lots of the same variety of seed 
important differences are found. Generally speaking large, plump, 
well-ripened seeds give better crop yields than small seed or those 
immature or shrunken. The importance of seed selection has been 
especially well illustrated in the case of corn growing, the yield 
having been greatly increased as the result of care and intelligence. 

Purity of seed is another important condition. The necessity 
of freedom from weed seeds needs no discussion. In case of douot: 
farmers· should purchase only from reliable parties under a guaran· 
tee of purity and should have their seeds tested in respect to purity. 
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This work of testing is generally performed gratuitously at the 
agricultural colleges or experiment stations. 

Soil factors of crop production.-The conditions required in 
soils to promote the growth of crops are: 

(1) Abundance of available plant-food. 
(2) A suitable physical structure, (a) which combines mellow

ness and firmness, permitting plant-roots to extend their growth 
freely; (b) which enables the soil to receive water easily, distribute 
it uniformly, hold it with sufficient tenacity, and give it up as needed 
by plants; (c) which permits some circulation of air, furnishing 
needed supplies of oxygen; and (d) which enables the soil to absorb 
heat and maintain a degree of warmth suited to plant growth. 

(3) The presence of beneficial micro-organisms and conditions 
favorable to their growth. 

( 4) The absence of substances injurious to plants, including 
acids, inorganic salts, and organic compounds. 

A soil may contain an abundance of available plant-food and 
yet fail to grow satisfactory crops, if any serious defect exists in 
the soil structure or if toxic substances are present. When it comes 
to the economical use of certain forms of plant-food supplies and 
the conversion of unavailable into available forms, we must also 
take the micro-organisms present into consideration and the con
ditions affecting their existence and growth. We may briefly repeat 
nere what has already been more fully stated in Part I, that the 
physical conditions most favorable to the growth of plant-roots 
are the precise conditions most favorable to the growth of desirable 
agricultural micro-organisms. 

We have previously learned (p. 71) that the physical structure 
of a soil is largely governed by the texture or fineness of particles 
and by the arrangement of the soil particles, the best structure being 
that known as the granular or crumbly structure. To a large extent, 
soil structure is under control and is influenced by tillage (p. 108), 
decaying organic matter (p. 108), drainage (p. 108), root growth 
(p. 97), soluble salts (p. 78), etc. Anyone of the numerous 
conditions unfavorably affecting soil structure may, therefore, make 
useless the application of fertilizers. 

Selecting the special conditions or factors which most commonly 
affect the extent to which crops are influenced by plant-foods and 
which are largely controllable, the following should be emphasized 
in this connection as of special importance: (1) Soil organic matter. 
(2) Soil acidity. (3) Soil structure. (4) Soil moisture. 

To have plant-food utilized by plants to best advantage and, 
for reasons presented in the earlier chapters, we must have an 
abundance of decaying organic matter (p. 97), a soil free from 
acid compounds in case of most crops (p. 94), an abundance of 
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soil moisture (p. 77), and a soil structure that permits the best COD

ditions for root growth (p. 71). Though it is obvious that these 
conditions are more or less interdependent, we have arbitrarily' 
separated them for the purpose of emphasis. As a preliminary 
step in ascertaining when it is necessary to use fertilizers, one must 
first make sure that· the soil conditions are satisfactory in these 
respects. If any defects in these respects exist, they must be cor
rected. This may be done, according to the special demands pe
culiar to each case, by supplying organic matter through the 
agency of farm manure (p. 243) or of green crops (p. 259), drain
ing (p. 109), irrigating (p. 110), liming (p. 192), improved tillage 
(p. 106), etc. 

Relation of soil conditions to available plant-food.-The 
fact cannot be too strongly emphasized that the conditions of the 
soil to which attention has been called in connection with efficiency 
of applied fertilizers are just the conditions most effective in chang
ing the unavailable or slowly available forms of soil plant-food into 
readily available forms. As one of their chief purposes, the best 
methods of soil management seek to utilize the slowly available 
plant-food supplies present in the soil, to make them gradually 
available during the crop-growing season in amounts sufficient to 
meet the needs of crops in part or in whole. 

With the foregoing statements in mind, it can readily be appre
ciated how hopeless it is to try to answer some of the questions 
asked by farmers, one of the most common of which is: "What 
fertilizer will give me the best results for this or that particular 
crop?" It is, of course, impossible to give any definite, reliable 
answer to such a general question, involving so many different fac
tors, none of which is clearly known. As we have repeatedly pointed 
out, the composition, the physical properties and the biological 
conditions of the soil, the extent and manner in which it has been 
previously cropped, fertilized and managed, the kind of crop one 
wishes to grow, all of these conditions need to be known, and even 
then it will require some practical experimenting on the part of the 
individual farmer to determine what forms and amounts of fer
tilizers can be used most economically. 

Our knowledge of the functions and proper use of fertilizers has 
been largely increased in the past as the result of experimental in
vestigation, and even more rapid advances are now being made; 
yet it must be confessed that, with all these additions of knowledge 
and experience, there is yet no simple way of determining beyond 
doubt when and how best to use fertilizers in crop growing. The 
conditions involved are extremely complex and do not usually per
mit any reliable, shortcut methods of reaching satisfactory con-

. clusions. 
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In selecting fertilizers for use, we need to consider numerous 
questions of fundamental importance, among which are the follow
ing: 

1. Conditions under which fertilizers should be used. 
2. The specific constituents of plant-food needed. 
3. The amount of each fertilizing constituent needed. 
4. The forms in which it is best to supply plant-food constitu-

ents. 
S. Facts about commercial fertilizers. 
6. Home-mixed fertilizers. 
7. Methods and seasons of applying fertilizers. 
8. Crop-rotation in relation to the use of fertilizers. 
9. Plant-food mixtures for various crops. 



XXII 

CONDITIONS THAT REQUIRE FERTILIZERS
PLANT-FOOD CONSTITUENTS NEEDED 

IN the case of fertile virgin soils, abundant crops are raised 
without application of any form of fertilizing material, direct or 
indirect, but under such treatment, even the richest soils sooner or 
later begin to show decreased yield. Then the farmer begins 
to use farm manure and other resources of the farm to check the 
decrease. 

Assuming that this is all that is needed at first, there comes a 
time in most systems of farming when all the resources of the farm 
capable of furnishing fertilizing materials are insufficient to main
tain the former yield of crops. Assuming that the conditions affect
ing the efficiency of plant-food materials do not require attention, 
the next step necessary to maintain crop yield is the use of purchased 
plant-foods or commercial fertilizers. Stated in a broad way, a 
farmer must resort to commercial fertilizers when he has exhausted 
all the resources of the farm in producing his own fertilizing ma
terials and finds that commercial fertilizers increase crops and profit. 
Under conditions of good soil management, when his crops cannot 
get from the soil as much nitrogen or phosphorus or potassium or 
other plant-food constituents as they need for profitable produc
tion, and when the resources of the farm in furnishing plant-food 
materials have been utilized to their fullest extent without main
taining desirable crop yield, he may resort successfully to the use 
of commercial fertilizers. In order to make such use a paying 
operation, one must secure an increase of crop more than sufficient 
to pay for the cost and the labor of applying the fertilizer used. 

Before resorting to commercial fertilizers, if economy of pro
duction is to be realized, one must be sure that lack of crop yield 
is not due to some unfavorable soil conditions other than deficient 
supply of plant-food. (See Chapter XXI.) 

It is, therefore, readily seen that it is not a simple matter to 
tell when one should use commercial fertilizers. The general rule 
will be to use them when their application is attended with in
creased profit due to larger crops. It is obvious that this condition 
can be ascertained only by actual trial or experiment. (p. 279.) 
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Indications of various kinds may suggest the need of applying 
purchased plant-food materials, so we will consider these in con
nection with our discussion of what plant-food constituents are 
needed. 

How to ascertain what specific plant-food constituents are 
needed.-When it has been settled that a soil needs the addition of 
purchased plant-foods in order to grow crops more successfully, 
the question at once presents itself as to what kinds of plant-food 
are required. Is nitrogen needed or is it phosphorus, or is it 
potassium? In some special cases, may it not be sulfur, or man
ganese or some other constituent not present in the soil in sufficient 
amount? How can we ascertain what kind of plant-food is re
quired? Several methods have been employed, some of which are 
suggestive, but there is in reality no simple method upon which we 
can rely for all soils and under all conditions. Experience and 
practical judgment often count for much but may lead one wholly 
astray. Among the ways of finding what particular plant-food 
constituent or constituents a soil needs, we will consider the fol
lowing: (1) Analysis of soils, (2) appearance of crops, (3) special 
character of certain soils, (4) suggestions furnished by previous 
cropping, (5) fertilizer experiments. 

Analysis of soil as indication of plant-food needs.-It was 
formerly thought that chemical analysis would readily furnish in
formation from which the amounts of nitrogen, phosphorus and 
potassium necessary to assure an abundant crop could be calculated 
and applied to the soil. A trained analytical chemist can easily 
determine the amount of each plant-food constituent in a soil and 
show the total amounts held as a store for the future, but such 
results fail to furnish information sufficient for practical purposes 
as to how much of these total amounts is unavailable or slowly 
available or immediately available for crop growth. Usually, a 
soil analysis is made by treating a sample of soil with a dilute acid; 
it is supposed that the amounts of plant-food constituents thus 
dissolved approximate the proportions more readily available for 
the use of plants. When these results are compared with actual 
crop growths on the field from which the sample of soil analyzed 
is taken, wide discrepancies often occur. The actual value of 
soil analysis in determining positively and definitely the plant-food 
needs of a soil has been and is still a matter of dispute. All in
vestigators agree that when analysis shows that the total amount of 
any plant-food constituent is present in small amount or wholly 
absent, the results of soil analysis are negatively helpful in en
abling one to reach conclusions. Soil analysis is found useful in 
careful investigation, especially in connection with field experi
ments, but, as previously stated, the two methods do not necessarily 
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furnish results that agree. Studies have been made to learn what 
relations might exist between water-solutions of soDs and available 
plant-food, but the results have not been sufficiently reliable as a 
guide to applying fertilizers. 

Another consideration will illustrate how misleading the result 
of a soil analysis by itself may be. A soil may be shown by 
analysis to have large amounts of available plant-food constituents 
and yet fail to grow satisfactory crops owing to defects in physical 
or other conditions of the soil such as discussed in the preceding 
chapter. 

Soil analysis, however, is an essential part of any complete 
soil investigation, and, taken in connection with other data, fur
nishes valuable information. In the case of a region where soils 
have been extensively studied, it may furnish desired informatien 
in the case of individual farms characteristic of the region. But 
an ordinary soil analysis, taken by itself, is generally insufficient 
as a basis in deciding what kind and amounts of plant-food to use 
for crops. 

Appearance of crops as indication of needs of plant-food.
To one experienced in watching the behavior of crops, much may 
often be learned regarding the plant-food conditions by closely 
observing the appearance of the plants. The precaution should 
be given that this method is not infallible, because an abnormal 
condition of appearance caused by deficient plant-food may like
wise be caused by some other condition not necessarily so connected. 

(1) Nitrogen.-(a) Deficiency. When the physical condition 
of the soil is favorable and when there is sufficient rain and sun
shine, without excess, a pale-green or yellow color of leaves or 
stems, or a slow, small growth of leaf or stalk, is commonly an 
indication of nitrogen starvation, due usually to an insufficient supply 
of available nitrogen. The same effects may be caused by some 
forms of plant disease or by some insect pests, due probably to 
inability of plants to use their nitrogen supply even when present 
in abundance. 

The yellow appearance of crops in time of drouth is largely 
due to the inability of the plants to obtain needed plant-food 
because there- is insufficient moisture to dissolve and carry it or, in 
some cases, because the soil solution becomes so concentrated as 
to injure plant roots. In the case of heavy soils, a cold, wet spring 
delays nitrification (p. 139) to such an extent that the soil does 
not furnish available nitrogen rapidly enough to meet the demands 
of the young crop, a condition shown by the unhealthy, pale ap
pearance of the plants. A change to warm and less wet weather or 
~n application of sodium nitrate under such circumstances usually 



Soil house where crop samples grown in these cylinders are dried, ground and stored. These experiments were instituted in 1898 
and are continuous to date. 
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produces sudden and marked change in the color and growth of 
the crop. 

Lack of nitrogen may be indicated also when trees drop their 
leaves early, or when plants ripen prematurely or fruit trees are 
stunted, bearing little or no fruit. 

(b) Abundance of nitrogen.-A bright, deep-green color, with 
a vigorous growth of leaves and stalks, is, in case of most crops, a 
sign that available nitrogen is not lacking, but does not necessarily 
indicate that more nitrogen could not be used to advantage 

(c) Excess of nitrogen.-An excessive growth of leaves and 
stalks, accompanied by an imperfect development of bud, flower or 
fruit, generally indicates too much nitrogen in relation to phos
phorus and potassium. The application of large amounts of fresh 
farm manure furnishes relatively large quantities of urinary nitro
gen, which, under favorable soil conditions of warmth, moisture, 
ventilation, etc., may be so rapidly changed into nitrate as to fur
nish the crop an excessive supply. This has been a common ex
perience with farmers. The results have been manifested in the 
case of grain crops by large growth of straw and small yield of 
grain, the crop showing a tendency to "lodge" (p. 50); in the 
case of crops like potatoes, there is an enormous growth of tops 
with comparatively few and small tubers. Such excess of nitrogen 
has ·been reported also as the result of plowing under leguminous 
crops too frequently. 

This condition can be remedied by avoiding large applications 
of nitrogen-containing materials or by accompanying such appli
cations with the addition of phosphorus or potassium compounds 
or both. As will be pointed out later (p. 413), some crops require 
large amounts of nitrogen for best results in growth and quality; 
amounts which would injure cereal crops, for example, are not too 
much for the needs of such crops as celery, asparagus, lettuce, etc. 

(2) PkospkoTus.-Under favorable soil and climatic conditions 
when grain crops mature early and furnish smooth, plump, and 
heavy kernels, a good supply of available phosphorus in the soil 
is indicated. Slow maturing of grain crops, with light, shrunken 
kernels, is usually due to an excess of nitrogen in relation to phos
phorus, as in case of fresh farm manure. Lack of phosphorus is 
also indicated when the growth of straw in cereals is normal but 
the yield of. grain is below normal. 

(3) Potassium.-When such crops as corn, cabbage, grass, p0-
tatoes, tomatoes, beets, etc., have a vigorous, strong, healthful growth, 
there cannot be a deficiency of potassium compounds in the soil. An
~ther indication of the presence of abundance of potassium is the 
growth of fleshy fruits of fine flavor and texture. Deficiency of potas-
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sium is often indicated by weakness and brittleness in stalks and 
leaves and in some cases by the sensitiveness of plants to disease. 

As already stated, such special indications may often be helpful, 
so the conditions of crops should be carefully studied with all the 
facts in mind. In interpreting such signs too narrowly, and with
out taking all conditions into consideration, such as season, dis
eases, insects, etc., there is always danger of being misled. Then, 
too, unfavorable indications shown by crops may be due to condi
tions which are temporary and which will adjust themselves, as, for 
example, in case of unfavorable weather. 

Plant-food needs in relation to character of soil.-In certain 
special kinds of soils, such as clay, sandy and peaty soils, the 
character of the soil often furnishes valuable information as to 
what kind of plant-food may be lacking. 

(1) Clay soils, owing to their origin (p. 73), are usually well 
supplied with potassium compounds but are likely to be deficient 
in phosphorus and often in calcium compounds. Therefore, treat
ment of many clay soils with phosphorus will supply that element, 
while application of calcium compounds may be sufficient to insure 
a generous supply of potassium for crops. 

(2) Sandy soils, as might be judged from their origin (p. 72), 
often lack an adequate supply of potassium and often require phos
phorus also. The same is true of many gravelly soils, owing to 
their liability to lose plant-food by leaching. 

(3) Peaty soils are rich in nitrogen in forms not quickly avail
able and are often deficient in potassium and phosphorus. There
fore, the application of potassium and phosphorus compounds to 
drained swamp-lands is usually attended with marked advantage 
in crop yield. 

In the numerous mixed types of soils, where no one character 
is pre-eminent, these suggestions find no application. Most soils 
are of the mixed types. . 

Kind of plant-food suggested by previous cropping.-The 
growing of the same kind of crop continuously on the same land 
may be exhausting in regard to one or more elements of plant-food. 
For example, when wheat is grown year after year on the same 
soil, the available nitrogen and phosphorus are used in larger pro
portions than potassium. When such deficiency actually occurs, 
application of nitrogen and phosphorus compounds is called for. 
On old wheat-growing soils, it is generally true that special benefit 
comes from applying phosphorus compounds. The continuous 
growth of grass crops takes large amounts of potassium compared 
with phosphorus. 

Fertilizer experiments.-During the past the most common 
method employed in soil investigations to ascertain what constitu-
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ents of plant-food a particular soil needs to produce increased crops 
of a given kind has been to apply various plant-food constituents 
to various portions of a soil and observe whether or not any in
crease of crop results. Theoretically, this is the simplest and most 
direct method and should give helpful results. While it frequently 
does so, it does not always, and in some cases, may give results 
that are contradictory, meaningless or misleading. When such ex
periments are carried on systematically for long periods by skilled 
investigators and the results checked by all possible precautions, 
useful results are obtained. Such experiments carried on for a 
single season may be wholly misleading, especially if some abnor
mal weather conditions happen to be present. Under ordinary 
conditions and in the hands of one willing to give the work reason
able attention, the method may be helpful for the purpose in view. 

Another method of soil-testing is to grow plants in boxes or 
pots filled with the soil to be experimented with, applying various 
fertilizers and combinations in varying amounts. Under some cir
cumstances helpful results are often obtained. A modification of 
this method is known as the "paraffin-basket" method of soil 
testing. Another method is to grow plants in water solutions con
taining the variO\.~s plant-food constituents. Without going into 
the details of these methods of experimenting, it is sufficient for 
our purpose to say that they are not suitable for use in the hands 
of farmers for the purpose of ascertaining with any satisfactory 
degree of certainty or accuracy the plant-food needs of a soil. 

Amounts of plant-food constituents needed.-How can we 
ascertain how much nitrogen, phosphorus, potassium or other con
stituent it may be necessary to apply to a soil to insure available 
plant-food enough to produce a satisfactory crop? This matter of 
amounts of plant-food to use is one of great complexity; no simple 
way is known to answer the question. If we could know how much 
available nitrogen, potassium and phosphorus could be furnished a 
given crop by the soil during the growing season, we could estimate 
from data sim:lar to those given in Table 20 (p. 113), the amounts 
of these plant-food constituents that would be needed for a certain 
yield of the crop, and by comparing these figures, we could ascer
tain whether the soil supply would meet the demands of the crop. 

The factors that largely determine the amounts of plant-food 
constituents needed are: (1) The amount of available plant-food 
present in the soil, (2) the amounts of plant-food constituents re
quired by the crap grown, and (3) the special kind of farming 
practiced. We will briefly consider these points. 

(1) The amount of available plant-food in the soil.-The 
methods of experiment mentioned above are not adapted to use 
except for investigational work in the hands, or under the direction. 
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within reach of the plant-roots during the growing season of the 
crop. However, such figures do not in every case represent the 
quantities of plant-food removed from the soil. Thus, in the case 
of leguminous crops, a portion of the nitrogen is generally obtained 
from the air, so for such crops less nitrogen need be applied than 
the composition of the plant indicates. While such figures are 
useful as valuable suggestions, we cannot rely upon them as strictly 
accurate guides in telling us how much nitrogen or phosphorus or 
potassium to furnish a crop. 

(3) The special kind of farming practiced.-The amount of 
plant-foods required for the economical growing of crops must 
depend to some extent upon the specific character and methods of 
farming employed. In the case of market-garden crops, where it 
is desired to secure maximum crops at the earliest possible time of 
season, it is the practice to apply amounts of fertilizers that would 
be regarded as wastefully excessive in general farm practice. Again, 
the farmer who utilizes an intelligent form of crop-rotation can 
raise crops with less expenditure for fertilizers than can the one 
who does not use a desirable system of rotation, as we shall point 
out later more in detail (p.336). 

From what has preceded, it is clear that we have no reliable 
method for determining accurately beyond question the plant-food 
needs of soils. The application of fertilizers in crop growing is still, 
and will probably always be, more or less largely empirical, resting 
on experience and observation. The matter of soil fertilization is 
really more than the feeding of crops, since other conditions affect 
plant growth. \Vhen we apply plant-foods to soils, we not only 
place the material within. reach of the growing plant, but the pres
ence of the added material in the soil usually produces modifica
tions of a physical, chemical or biological character in the soil 
itself, and these modifications influence plant growth to an extent 
we cannot easily measure. It is this multiplicity of effects pro
duced by a fertilizer that often makes difficult the correct inter
pretation of soil experiments. 

While we cannot tell with any degree of accuracy in each special 
case how much plant-food to apply to a soil for best results, we 
are not left in hopeless confusion when it comes to the practical 
growing of crops. We know many facts of importance and 
we have the results of long-continued experience and observation 
that afford a basis for agricultural practice. While specific rules 
of general value cannot be given we can study the facts that have 
been accumulated and use them as suggestions for application to 
individual cases. 



XXIII 

FACTORS THAT GOVERN SELECTION OF 
PLANT-FOOD MATERIALS 

WE have seen in Part III that we can obtain nitrogen, phos
phorus and potassium, each in several forms. When we come to 
make use of fertilizing materials as sources of plant-food, we must 
decide which specific forms we shall purchase. What principles, all 
things considered, will guide us in making the best choice? We 
can be guided by: (1) Availability of plant-food, (2) effect upon 
soil, (3) adaptation to crops, (4) comparative cost. 

AVAILABILITY OF VARIOUS FORMS OF 
PLANT-FOOD 

As a rule, commercial fertilizers are used for their chief effect 
upon crops during the single season immediately following appli
cation. Farmers generally give to each crop by itself the plant
food supplies they think may be needed, and avoid furnishing any 
crop more material than it can use to best advantage in one year. 
This is especially true of those who do not own the farms they 
work and who plan each year's work by itself without reference to 
the future. On the other hand, the farmer who owns his land fre
quently desires to use materials the plant-food of which will be 
utilized gradually by crops and furnish a continuous supply 
through several successive seasons. For some crops it is a con
venience and an advantage to use slowly acting forms of fertilizers. 
It will thus be seen that if one desires a fertilizer which will act at 
once and be largely used by the immediate crop, he will need to 
purchase his plant-food in forms different from those used by the 
man who desires longer-continued action. 

Availability of different forms of nitrogen.-We have dis
cussed in other pages the composition and general properties of the 
nitrogen-containing materials used as sources of plant-food (pp. 29, 
162). We will now consider them particularly with reference to 
the quickness with which plants can use their nitrogen placed within 
reach of growing roots. 
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trate nitrogen in point of availability as plant-food. The compound 
that most commonly occurs in commercial fertilizers, ammonium sul
fate, is easily soluble in water, about as much so as sodium nitrate 
(p. 166), and has, therefore, the advantage of quick distribution 
in the soil. Some plants can absorb and directly use ammonia 
nitrogen somewhat as they do nitrate; but, to whatever extent this 
may be true, ammonia nitrogen is changed in the soil rapidly into 
nitrate (pp. 138, 144) and under normal soil conditions the am
monia is largely changed into nitrate before it reaches the plant. 
Ammonium compounds are not leached from soils as readily as 
nitrates (p. 118) and are therefore likely to give better results in 
wet seasons. The action of the ammonia nitrogen is somewhat more 
gradual and prolonged than that of nitrate and is, therefore, pre
ferred when the effect of the plant-food is to be extended through 
a longer period of crop growth. 

(3) Ammonium nitrate (p. 31) combines the properties of 
both the nitrate and the ammonia nitrogen, the quickness of one 
and the moderation of the other. 

(4) Calcium nitrate (p. 165) closely resembles sodium nitrate in 
solubility and availability in furnishing plants with nitrogen. 

(5) Urea (p. 167) is readily soluble in water and completely 
available. It does not leach from soil as easily as nitrates. While 
urea nitrogen may be directly assimilated by some plants to some 
extent, it undergoes bacterial decomposition into ammonia and the 
conversion into nitrate under usual soil conditions, before utilization 
by crops. 

(6) Cyanamid nitrogen (p. 285) in calcium cyanamid has been 
shown to have about the same degree of availability when com
pared for a growing season as that shown by ammonia nitrogen. 
This would be expected from the fact that, after it is applied to 
soils, its nitrogen changes into ammonia. Calcium cyanamid itself 
is not used as food by plants, but must decompose first into am
monia and then change to nitrate. 

(8) Nitrogen contained in animal and vegetable materials is not 
readily soluble in water and not in condition for immediate use by 
plants. As explained (pp. 138, 144), these materials first un
dergo bacterial decomposition, changing through a series of com
plex compounds into simpler forms, and finally into ammonia, and 
this in turn, by the nitrification process, into nitrate nitrogen. We 
thus see that the availability of organic nitrogen depends upon the 
rapidity with which it undergoes bacterial decomposition, and this in 
turn depends upon (1) the source of the organic nitrogen, (2) the 
fineness of division of the organic material, and (3) the soil condi
tions that affect bacterial decomposition, such as the presence of the 
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right kinds of bacteria, proper degree of warmth, moisture, air 
supply, calcium carbonate, etc. 

Generally speaking, the better forms of these materials can be 
used to advantage on crops whose period of growth is prolonged 
during the season, since they furnish a gradual supply of nitrate 
nitrogen as they undergo decomposition and nitrification. It is 
generally a wise plan to have in fertilizers some nitrate nitrogen 
for the immediate use of the young plants and furnish the re
mainder of the nitrogen in the form of ammonium compounds and 
organic matter, the nitrogen of which becomes available after the 
nitrate is used. 

Of the various materials that contain organic nitrogen, dried blood 
and "base-goods" nitrogen (p. 286) become most quickly available. 
Of nearly equal value to blood in availability are finely ground fish, 
cottonseed-meal, and castor-pomace. Acidulated fish is somewhat 
more available than untreated fish. Tankage, on account of its 
variable composition and fineness, varies in availability, but may 
be generally regarded as considerably slower than dried blood. 
The availability of the organic nitrogen in bone varies greatly, 
depending on the fineness and previous treatment. In raw, 
coarse bone, the nitrogen is slow to become available. The re
moval of fat by steaming or boiling makes the nitrogen more 
available for two reasons: In the first place, the presence of the 
fat interferes with the decomposition of the organic nitrogen, and, 
second, the bone can be much more finely ground after removal of 
fat. Horn and hoof meal (p. 286), when fine, appear to undergo 
decomposition about as rapidly as ground fish. Their availability 
can be increased by treatment with sulfuric acid. Leather (p. 286) 
in raw condition is practically valueless as a source of nitrogen on 
account of the extreme slowness with which it decomposes. Even 
when roasted or steamed and ground fine, it has little value. How
ever, in such form when carefully treated with strong sulfuric acid, 
it acquires a degree of availability about equal to that of ground 
fish. The nitrogen in unprocessed hair and wool-waste is of much 
the same character of availability as that in raw leather. 

Farm manure, as already shown (pp. 215-234), varies in avail
ability according to a variety of conditions. The nitrogen in urine 
becomes quickly available, almost as readily as ammonia; under 
favorable conditions, it requires only a few hours to change the 
nitrogen of urine into ammonium carbonate. The nitrogen in the 
solid portion of animal manure is not quickly available, not as 
quickly as the nitrogen in the food before consumption, because in 
the process of animal digestion the less-resistant portions of nitro
gen compounds are retained in the body, while the more-resistant 
pnrtions remain undigested and Qass from the body as solid excre-
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ment. The nitrogen in green crops varies with diverse conditions, 
but, in general, is more quickly available than that in the solid 
portion of animal manure; the decomposition may be hastened 
by treatment, previous to plowing under, with good quality of 
mixed farm manure or with liquid manure, which furnishes the 
micro-organisms that produce decomposition. kluck, peat and 
similar materials usually contain little nitrogen that becomes readily 
available (p. 93). When such materials are used on soils as a 
source of nitrogen, they should be applied in rather large amounts. 
Their decomposition may be hastened by treatment with freshly 
slaked lime at the rate of 1,000 to 1,500 pounds an acre. 

Availability tests of nitrogen-containing materials.-Nu
merous experiments have been made to determine the comparative 
plant-food value of nitrogen in the more common animal and vege
table materials, both by comparative tests in growing crops and 
by chemical methods. While the results of vegetation experiments 
have not been uniform, they serve as a fair guide in regard to the 
plant-food availability. Taking results secured with nitrate ni
trogen as 100, Table 34 can be made: 

TABLE 34-COMPARATIVE PLANT-FOOD VALUE OF NITROGEN IN 

VARIOUS MATERIALS 
Material A vailability or 

containing nitrogen Crop-producing value 
Sodium nitrate .............................................. 100 
Ammonium sulfate ........................................... 95 
Dried blood ................................................. 70 
Cottonseed-meal ............................................. 70 
Castor-pomace .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70 
Fish, driec! and ground ....................................... 68 
Hom and hoof meal ......................................... 65 
Leather, dissolved with acid ................................... 65 
Garbage tankage .....................•.....................•. 55 
Leather, steamed .....•........... ~ . . . . . . . . . . . . . . . . . . . . . . . . . . 15 
Leather, roasted •.•............•..•.......................... 10 
Leather, raw •••.........•.................................... 2 

It must be understood that these figures are only approximate. 
They indicate what is fairly true when the materials are used on the 
same crop under the same set of conditions. 

Numerous attempts have been made to apply chemical methods 
to organic material in order to distinguish slowly from quickly 
available forms of nitrogen in such a way as to determine approxi
mately the relative availability for crop use. The most promising 
method as yet tried is treatment of the water-insoluble portion 
of organic matter with potassium permanganate, with and without 
an alkali. For example, a mixture of dried blood and cottonseed-
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meal is found by this method to contain about 72 per cent. of 
available nitrogen, while a mixture of treated leather, garbage tank
age, and peat contains only 44 per cent. The method is useful, at 
least, in enabling chemists to distinguish readily available from 
unavailable nitrogen, even if it cannot show exactly how much nitro
gen a crop can use during a growing season. 

Availability of. various forms of phosphorus or phosphate 
compounds.-The composition and general properties of phos
phorus compounds have been previously treated (pp. 173-185); 
we will discuss here only those points that relate particularly to 
the availability of the various phosphorus compounds which form the 
chief source of plant-food supply. As a general statement, it 
can be said that the avail~bility of phosphates, as determined by 
experiments, is in the following order: (1) Mono-calcium phosphate, 
(2) di-calcium phosphate, (3) precipitated tri-calcium phosphate, 
bone meal, basic slag, (4) bone ash and rock phosphate (floats). 

(1) Phosphates, soluble in wate" are the only phosphorus com
pounds directly absorbed by plant-roots. They include in fertilizer 
materials superphosphates (mono-calcium phosphate) and phos
phates of ammonium and of potassium (pp. 37,180), the compounds 
used to furnish quickly-available phosphorus for feeding crops. 
Mono-calcium phosphate dissolves under ordinary conditions at 
the rate of about 1 part in 100 parts of water. This is the chief 
phosphorus compound of superphosphates (acid phosphates). 

(2)Di.-calcium ph(}sphate or "reverted" phosphate (pp. 32-
36 )-When applied to soils, soluble phosphate compounds gener
ally undergo a change in composition, forming with the calcium 
carbonate of the soil di-calcium phosphate (p. 33), known also 
as "reverted" and "citrate-soluble" phosphate. "Precipitated" bone 
(p. 33) consists largely of citrate-soluble phosphate. This com
pound is less soluble in water than the superphosphate, but is fairly 
soluble in water containing carbon dioxide, as in the case of soil 
water. While one part of reverted phosphate requires 7,500 parts 
of pure water to dissolve it under usual conditions, it requires only 
1,800 parts of carbonated water. In the case of soils that contain 
large amounts of iron or aluminum compounds and only small 
-amounts of calcium carbonate, the reverted phosphate is an iron or 
aluminum compound, which is so little soluble in water as to be 
practically unavailable as plant-food for prompt use. This condi
tion means loss of applied soluble phosphate, at least, in large part, 
so far as the season's crop is concerned; it can be prevented by 
keeping the soil well supplied with calcium carbonate (pp. 192-
214). 

The question naturally arises as to why it is not better to apply 
phosphorus directly in the form of "reverted" phosphate instead 
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of applying it as soluble phosphate, which soon changes to the 
reverted form. Even though phosphate applied in soluble form 
becomes reverted in soils before it can be used by a crop, it is better 
to apply it in the soluble rather than the reverted form. When the 
soluble phosphate is applied to the soil, it goes into solution as 
quickly as the amount of water in the soil permits and is at once 
distributed uniformly among the soil particles; when it reverts 
and goes into the precipitated form, the soil particles are coated with 
this finely divided phosphate and under these circumstances it is in 
the best possible condition for undergoing solution in the soil water 
and coming into contact with plant roots. On the other hand, if 
the phosphate is applied in the reverted form, even if finely divided, 
it is impossible to distribute it as thoroughly and uniformly as in 
the case of a solution. 

(3) Tri-calcium phosphate or insoluble phosphate (pp. 33 and 
36) is less easily soluble in water than the preceding forms. One 
part requires about 50,000 parts of pure water for solution under 
ordinary conditions, but the solubility in water is considerably in
creased by the presence of carbon dioxide and also of some materials 
applied to soils as fertilizers. Among these are sodium nitrate, am
monium sulfate and potassium sulfate; aluminum and iron com
pounds make it less soluble. The presence of decaying organic 
matter, which furnishes carbon dioxide and free acids, creates con
ditions which make the insoluble phosphate dissolve more quickly, 
and so become more readily available as plant-food. Tri-calcium 
phosphate was formerly generally regarded as of little value as a 
practical source of phosphorus for plants, but recently it has come 
to be increasingly valued under certain conditions, especially where 
soils are well supplied with decaying organic matter and calcium 
carbonate. The presence of calcium carbonate is of special value 
in preventing the formation of the insoluble iron or aluminum phos
phates. One form in which insoluble phosphate is extensively used 
is that of finely-ground "raw" or untreated phosphate rock, com
monly known as "floats" (p. 235). Other things being equal, 
availability of such insoluble phosphate depends upon the fineness 
of its particles; extreme fineness is essential to promote more uni
form distribution in soil and to offer more extensive surface for 
attack of dissolving agents. On definitely acid muck soils insol
uble phosphate in the form of "floats" may give as good crop yields 
as the dissolved phosphate, other conditions being favorable. The 
availability of insoluble phosphate appears to vary for. diverse crops. 
For example, turnips, rye, buckwheat, alfalfa and sweet clover ap
pear often to use fine-ground insoluble rock-phosphate with bene
ficial results. Barley and corn appear generally to do better with 
superphosphate. Ground rock-phosphate on acid soils gives excel-
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lent results in some cases. Results, however, often depend upon 
various soil conditions as much as upon the kind of crop. 

(4) Bone.-The availability of the tri-calcium phosphate in 
animal bone is greater than in ordinary tri-calcium phosphate from 
mineral sources when the condition of fineness is the same. This is 
because the phosphate in bone is intimately associated with organic 
nitrogenous material that decomposes easily under favorable soil 
conditions and the insoluble phosphate is made gradually soluble 
during this process of decomposition. The phosphate in raw bone 
becomes available less easily than in bone from which the fat has 
been removed, because the fat serves to retard the decomposition 
of the bone and also to make impossible equally fine grinding. 
Increased fineness of bone increases the availability. Under favor
able conditions, it is believed that one-third to one-half of the 
phosphate in bone becomes available for crops during the first 
growing season after application. The balance becomes available 
approximately in the course of two or three years. So much de
pends upon soil conditions that great variation inevitably occurs. 
, (5) Basic-slag phosphate, on the basis of experimental evidence, 
is believed, to be about one-half as quickly available as soluble 
calcium phosphate, but, of necessity, much depends on special soil 
conditions and crops. This material has shown good results on acid 
soils and especially on swampy and wet soils. Its degree of avail
ability is dependent also upon its fineness of division. 

Availability of potassium compounds.-All the potassium 
salts commonly used in agriculture are easily soluble in water (p. 
38). They are, therefore, in condition to be distributed promptly 
and uniformly when the soil contains sufficient moisture. In this 
dissolved condition they are ready for direct use by plant roots. 
However, after potassium salts are applied to a soil, considerable 
time may elapse before the crops can use the solution. Meanwhile, 
they are undergoing reactions or exchanges with some of the soil 
constituents, by which the potassium changes into compounds less 
easily soluble (p. 117). This fixation prevents excessive loss of 
potassium by leaching. In the soil water the potassium again slowly 
changes back to soluble compounds as rapidly as called for by crop 
demands. 

EFFECTS OF FERTILIZING MATERIALS UPON 
SOILS 

The thought of farmers has naturally not gone further than to 
apply plant-food materials to soils to furnish nutriment for crops. 
But we are coming to understand that the application of a chemical 
compound to the soil may, and usually does, do much more than 
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furnish plant-food. What we may call secondary effects often 
influence the chemical, physical and biological properties of the soil, 
and, therefore, may affect crops in ways not anticipated. The 
secondary effects thus produced by fertilizers deserve consideration, 
because they bear upon the selection of fertilizing materials. The 
effects of organic materials have been previously discussed (pp. 97-
100). Here we will confine our attention more particularly to 
inorganic compounds. . 

Effect of sodium nitrate on soils.-In applying sodium nitrate 
as a fertilizer, we have had in mind only the effect of nitrate nitrogen 
upon plants; we have not usually considered the sodium as con
tributing anything to the welfare or injury of soil or crop. 

(1) Beneficial effect.-Sodium in sodium nitrate may be valu
able in crop growing, not because it is in any way necessary to the 
direct nutrition of plants, but because of its action upon the insol
uble potassium compounds in the soil, in which sodium changes 
places with potassium and a soluble potassium compound results. 
To such an extent may this action take place in many soils, espe
cially clays, that an application of sodium nitrate brings so much 
potassium into solution as to make unnecessary the application of 
soluble potassium compounds. 

(2) Injurious effect.-When sodium nitrate is used alone con
tinuously for long it may destroy the granular crumb structure of 
the soil (p. 76). Under such conditions the soil remains wet and 
puddles badly (p. 74), if disturbed before it dries. Such land 
becomes intolerably sticky after rains and dries into hard, un
manageable lumps, so much so that it is often difficult to secure a 
start for young plant roots except in very favorable seasons. These 
effects are caused by the sodium contained in the nitrate and left 
behind after the nitrate is taken into the plant. It may be explained 
that plants do not take the whole compound of sodium nitrate into 
their roots (p. 127), but take the nitrate and leave practically all of 
the sodium behind in the soil. This residue combines readily with 
carbon dioxide in the soil water and becomes sodium carbonate. 

It is well known that alkali carbonates, such as sodium car
bonate, produce deflocculation (p. 78), that is, cause the soil 
grains or crumbs to fall apart into the very fine particles composing 
the larger crumbs. In such cases the finest material of the soil is 
slowly removed in the course of years. Bad soil structure, thus 
produced, is difficult to correct. The use of calcium compounds, 
such as hydrate or carbonate, under these conditions only make 
matters worse. The most effective remedy is the application of 
superphosphate or ammonium sulfate or gypsum to furnish acid to 
neutralize the alkali of the sodium carbonate and convert it into 
a harmless compound. This condition is prevented by using am-



292 FERTILIZERS AND CROP PRODUCTION 

monium sulfate along with sodium nitrate in furnishing nitrogen, 
or by substituting calcium nitrate for sodium nitrate. 

(3) Effect on soil acidity.-In the preceding paragraph we 
have noted the production of sodium carbonate in the soil as a 
result of the use of .sodium nitrate. This carbonate neutralizes 
acids and prevents a soil becoming acid. It therefore saves the 
calcium carbonate of the soil. Generally speaking, the effect of 100 
pounds of sodium nitrate in the soil, when used by plants, saves 
over 100 pounds of calcium carbonate. 

Effect of ammonium sulfate on soils.-Ammonium sulfate 
produces in soils a chemical condition which is the reverse of that 
formed by sodium nitrate. The ammonia is changed in the soil 
into nitric acid (p. 139), leaving free or uncombined sulfuric acid, 
which combines with calcium carbonate present in the soil. The 
result is that by long-continued use of ammonium sulfate as a fer
tilizer, we gradually use up the calcium carbonate of the soil and 
have an increasingly acid soil. Under such circumstances, addi
tional application of ammonium sulfate or of organic nitrogen does 
no good, because the nitrogen is not changed into nitrate nitrogen 
by bacteria in the presence of acids (p. 133). Therefore, crops 
cannot thrive. In such cases the simplest remedy is to apply calcium 
(lime) compounds, either the carbonate or slaked lime (p. 142). 
This condition can be prevented by the application of calcium car
bonate or by using along with ammonium sulfate some sodium or 
calcium nitrate. Obviously it is well never to use either sodium 
nitrate or ammonium sulfate exclusively for long periods, but to 
alternate them, or, better, always use them together, unless other 
materials are applied to prevent the injurious action of either when 
used alone. 

Effect of use of ammonium chloride on soils.-Ammonium 
chloride leaves in the soil hydrochloric acid, which combines with 
calcium carbonate in normal soils to produce by prolonged or ex
cessive use loss of bases, especially calcium. 

Effect of calcium nitrate.-After the nitrate of calcium nitrate 
has been absorbed by plant-roots it leaves calcium in the soil. This 
becomes carbonate under normal conditions. On this account cal
cium nitrate is a more desirable compound to use than sodium 
nitrate, which leaves sodium carbonate. 

Effect of ammonium nitrate and potassium nitrate on 
soils.-When ammonium nitrate is applied to soils, the nitrate is 
used as such and the ammonia is converted into nitrate and then 
absorbed. Under conditions which enable plants to use all the 
nitrogen of this compound, no residue is left in the soil, so that, 
theoretically at least, the soil is left in the same condition as before, 
so far as the effect of the ammonium nitrate is concerned. The 
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ammonium nitrate itself undoubtedly has some direct chemical 
and physical effects upon some of the soil constituents before it is 
used by plants, but we are here considering more particularly the 
effects of compounds left as residues after the plant has absorbed 
the plant-food constituents. 

Effect of previous crop on barley. 1. Following alfalfa on hill soil. 3. Follow
ing timothy on hill soil. 9. Following alfalfa on productive soil. 11. Follow
ing timothy on productive soil. 15. Following clover on productive soil . 
.,. Following alfalfa on hill soil, alfalfa fertilized with nitrogen. Other plots 

received no nitrogen. 
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In the case of potassium nitrate both constituents may be 
regarded as being used by the growing plant and, under ordinary 
conditions, leaving no residue. 

Effect of calcium cyanamid on soils.-Since calcium cyanamid 
contains a considerable amount of calcium hydroxide and calcium 
carbonate, it adds to the soil a direct acid-neutralizing agent. The 
nitrogen of cyanamid is changed to ammonia and then to nitric 
acid, which combines with the calcium to form calcium nitrate. 

Effect of urea on soils.-Urea is changed in normal soils to 
ammonia and then to nitric acid, which combines with calcium to 
form calcium nitrate. In calurea. the presence of calcium carbon
ate furnishes directly the calcium for the nitric acid to form 
calcium nitrate. 

Effect of leunasalpeter. leunaphos ammo-phos and leuna
phoska on soils.-These materials contain ammonium sulfate 
(p. 166) and have, therefore, the same effect on soils. tending with 
prolonged or excessive use to add to the acid content of the soil 
in the absence of a sufficient amount of calcium carbonate. 

Effect of superphosphates on soils.-\Vbether we use a super
phosphate (p. 173) made by dissolving rock-phosphate or bone, we 
have a mixture of mono-calcium phosphate and hydrated calcium 
sulfate (gypsum, land plaster). We have previously seen that the 
soluble phosphate is more or less quickly changed in normal soils 
into di-ca1cium or "reverted" phosphate through combination with 
calcium. When this compound again becomes soluble, it is prob
ably absorbed as a whole without leaving any residue, or if any 
is left, it is calcium, which under normal soil conditions, becomes 
carbonate. The amount of gypsum applied to a soil in a superphos
phate is insufficient to have a marked effect, in relation to soil 
acidity. Some popular prejudice has existed against superphosphate 
(acid phosphate), based on the belief that it produces or increases 
soil acidity. Careful experiments have shown that this prejudice 
is not justified by facts. Superphosphate has no tendency to make 
a soil acid. 

Effect of ammonium and potassium phosphates on soils.
These compounds contain only available plant-food constituents and 
leave no residue in the soil. 

Effect of rock phosphate, colloidal phosphate. etc. on soils.
These materials have little or no direct effect upon soils. They 
consist largely of tri-calcium phosphate (p. 33). When, however, 
tri-ca1cium phosphate is changed into mono-ca1cium phosphate and 
the phosphoric acid is taken up by plants, calcium is left in the soil 
to combine with any acid present. , 

Effect of bone meal on soil.-Bone meal contains tri-calcium 
'phosphate and calcium carbonate. It has, therefore, the same effect 
on soils as these two compounds, neutralizing acids. 
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Effect of basic slag on soils.-Basic slag contains 40 to 50 
per cent. of calcium and magnesium compounds, largely in the form 
of oxide, and has therefore the same effect as an equal amount of 
quicklime in neutralizing soil acidity or in making a neutral soil 
alkaline or in affecting the physical condition of a soil. 

Effect of potassium compounds on soils.-It would naturally 
be thought that when we apply to soils potassium chloride or sulfate, 
the plant after absorbing the potassium and rejecting most of the 
hydrochloric or sulfuric acid would tend to bring about an acid con
dition in the soil as the result of continued application of such 
potassium compounds. We have previously stated (p. 117) that 
when these potassium salts are applied to soils they are usually 
converted into insoluble compounds, their acids combining with cal
cium or magnesium to form the chloride or the sulfate of these ele
ments. These compounds are found extensively in drainage waters. 
In this way, the acid constituents of applied potassium chJoride 
and sulfate are removed from soils to such an extent as to prevent 
accumulation and acidity. Of course the presence of an abundance 
of calcium carbonate in soils favors the rapid formation and re
moval of any excess of hydrochloric or sulfuric acid. 

Effect of potassium carbonate on soils.-Potassium carbon
ate, the chief potassium compound in wood-ashes (p. 189), when 
applied to soils is a quick and powerful neutralizer of acids on 
account of its easy solubility and alkalinity. If used in excess, the 
effect is the same as in case of sodium carbonate (p. 78), to destroy 
the crumb structure of the soil. 

ADAPTATION OF FORMS OF PLANT-FOODS TO 
CROPS 

Each crop possesses individual characteristics, which vary from 
others in many ways. Among these differences are the habits of 
root growth, so-called "feeding-power" (p. 128), season of growth, 
etc. On account of such variations, some forms of plant-food con
stituents are better adapted to promote normal growth than others. 
Another difference found in some cases is that the character and 
commercial quality of the crop are affected favorably by one plant
food compound and unfavorably by another containing the same 
plant-food constituent. In furnishing fertilizers it is desirable, as 
a matter of their most effective use, to consider these individual 
peculiarities so far as we have learned them. 

Adaptation of fertilizers to feeding-habits of crops, season 
of growth, etc.-In discussing those individual characteristics, 
we can conveniently divide crops into several different classes; the 
members of each class, while differing in many ways, have in com
mon certain resemblances of importance in this connection. The 
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classes are: (1) Cereal, (2) leguminous, (3) grass, (4) orchard, 
( 5) root, and (6) garden crops. 

(1) Cereal crops are comparatively shallow-rooted. Starting 
near the surface, the main roots send out feeding roots in every 
direction, occupying the upper layer of soil extensively before the 
end of the growing season and also reaching more deeply down into 
the soil. On account of location of the root system, fertilizers are 
most effectively applied in the upper layer of soil. The nearer 
very soluble forms of compounds are placed to the surface the 
better, provided rain can be relied upon to dissolve them. Such 
cereals as barley, oats, rye and wheat need a large proportion of 
their nitrogen during the early part of the growing season. At 
this time there is likely to be a lack of nitrate nitrogen because 
nitrification does not get well started until the weather has warmed 
the soil (p. 139). On this account, the application of nitrate in 
spri~g to these crops is usually found most beneficial. 

In the case of corn, which has a long growing season, making 
its best growth after the other cereals have matured, nitrogen is 
better applied for the most part in the form of organic materials, 
since nitrification is most active by the time the corn crop makes 
its largest demands. For this reason farm manure gives good re
sults. All cereals are generally benefited by application of super
phosphate. Oats and corn appear to be able to utilize some forms 
of plant-food in 'soils to better advantage than wheat does. Barley 
should have comparatively small applications of soluble nitrogen 
compounds, since the quality of the grain for malting purposes is 
injured by too much nitrogen in the early stages of growth. Owing 
to the comparative shallowness of the root system, barley cannot 
forage for phosphorus as well as other cereals and therefore should 
be furnished with a supply. 

(2) Leguminous crops for the most part, have comparatively 
long roots, which in some cases go deeply into the soil j they are 
able to absorb plant-food compounds from different portions of 
the soil. Their chief distinguishing characteristic is their power to 
make use of atmospheric nitrogen (p. 146), which reduces greatly 
the amount of nitrogen that needs to be furnished. In starting 
some of the leguminous crops on poor soils, alfalfa particularly, 
application of a nitrate is helpful. On most soils, the fertilizing 
materials found most effective on leguminous crops are calcium, 
potassium and phosphorus compounds. 

(3) Grass crops, generally shallow-rooted, obtain their food 
supplies from a comparatively narrow range of soil. Grasses in 
permanent meadows and pasblres are greatly benefited by fertiliz
ers. Nitrogen in soluble forms is especially useful because the 



FACTORS THAT GOVERN SELECTION 297 

chief part of the crop consists of stems and leaves, the growth of 
which is largely dependent on nitrogen (p. 49). In grass lands 
where the crop has occupied the soil for over a year, decomposition 
changes are less active because the air supply is reduced; nitrifi
cation is, therefore, slow and the crop is generally in condition to 
respond promptly to nitrogen feeding. 

(4) Orchard crops are capable of collecting food from a wide 
extent of soil and at considerable depth. They should have a 
continuous supply of plant-food materials in moderate amounts 
and in fairly soluble form, but they should not be so fertilized as 
to make too rapid growth of new wood, or to prolong their growth 
too late in the fall. 

(5) Root crops do not have the ability to range'through wide 
reaches of soil; each plant must take its food from a comparatively 
limited area. It is important, therefore, to supplement the soil 
food supply with fertilizers in fairly soluble forms. Turnips appear 
to respond to phosphate compounds, while carrots, beets, parsnips, 
etc., are benefited by readily available forms of nitrogen. 

(6) Garden crops include plants that differ greatly in their 
habits and seasons of growth. The chief purpose for which these 

'crops are grown is the production of leaves and stalks, in most 
cases, of a tender, succulent character. The desired quality is 
dependent on rapidity of growth; therefore, abundance of soluble 
nitrogen is essential. Enough available phosphorus and potassium 
must be assured to enable the nitrogen to accomplish its work most 
effectively. Farm manure in large amount is often used. 

Adaptation of fertilizers to quality of product.-In the pre
ceding paragraphs we have shown that some crops thrive better on 
sodium nitrate at certain stages of growth than at others. But 
there are some cases in which the quality of the product is affected 
favorably by some constituent of plant-food in the form of one com
pound and unfavorably by another containing the same constituent. 
This is strikingly shown in the case of tobacco. The quality of 
tobacco is injured by chlorine. Potassium carbonate or sulfate, not 
chloride, is, therefore, used in tobacco fertilizers. It has been stated 
that the quality of sugar-beets is better with potassium sulfate than 
with chloride. This probably refers to the character of crystalliza
tion, which causes less sugar to remain in molasses. Much has been 
said about the effect of potassium salts upon potatoes. So far 
as facts are available at present, it is believed that on light soils, 
either chloride or sulfate of potassium can be used with equally 
satisfactory results; but, on clay soils and especially in wet seasons, 
the use of chloride appears to produce potatoes which contain less 
starch and which are heavy or watery when cooked, while sulfate 
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produces potatoes that contain more starch. Probably many new 
facts in this line remain to be discovered. If so they will enable us 
to control more or less directly the quality of crops. 

COMPARATIVE COST OF PLANT-FOOD 
MATERIALS 

The materials used to supply plant-foods to crops vary in cost 
for the same plant-food constituent. Considerable saving in the 
purchase of fertilizing material can be made by a careful selection 
based upon a study of market values. In many cases the less costly 
form will answer the farmer's purpose as well as the more expen
sive. Other things being equal, it is economy to purchase the 
cheapest form that will meet one's needs. Prices are constantly 
varying so we can discuss the subject only in an illustrative way. 

Nitrogen-containing materials.-In discussing cost of nitro
gen, we can illustrate by making use of prices at which a consumer 
can at present (1931) purchase materials in Central New York 
State. The figures in the last column of Table 35 show the cost 
of one pound of nitrogen in various materials. 

TABLE 3S-PERCENTAGE AND RETAIL COST OF NITROGEN IN 

DIFFERENT MATERIALS 
Cose 0/ OM 

Retail price Pe,. cent. 0/ Pound. of nit,.o- pound of 
Material pe,. ton nit,.ogen gen in one ton nit,.og'" 

dolla,.s 
Ammonium sulfate ..••••• 40.50 
Calcium cyanamid ..•..•.• 48.25 
Leunasalpeter •.••••...... 60.00 
Urea .................... 125.00 
Sodium nitrate ..•••.••.•• 51.00 
Calcium nitrate •••••••..• 51.00 
Dried blood ..••.•..••... 85.00 
Animal tankage •••••.•.•• 38.00 

20.5 
21.5 
26.0 
46.0 
15.0 
15.0 
12.0 
7.0 

410 
430 
520 
920 
300 
300 
240 
140 

",,'. 
9.9 

11.2 
11.5 
13.6 
17.0 
17.0 
35.4 
27.1 

Phosphorus-containing materials_The market materials that 
contain only phosphorus without nitrogen or potassium are super
phosphate, basic-slag phosphate and ground phosphate-rock or 
"floats." These are, of course, not comparable in respect to cost. 
For soluble compounds of phosphoric acid, we have plain and con
centrated superphosphates. At present market prices of $17.50 for 
16 per cent. superphosphate, $22.50 for 20 per cent., and $44.25 for 

. 40 per cent., the cost of one pound of phosphoric acid is about the 
same, in superphosphates and two grades of Ammo-Phos. 
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TABLE 3&-PERCENTAGE AND COST OF PHOSPHORIC ACID IN 

VARIOUS MATERIALS 

Retail 
Pounds of Cost of one 

Per cent. ~f Per cent. phosphoric Po.unds of pound of 
price phosphorIC 0/ .d nttrogen . 

per ton acid nitrogen. act in one ton Phosphor- Nltro-
tn one ton ic acid gen 

cents 
Superphosphate $17.50 16 0 320 5.49 
Superphosphate 22.50 20 0 400 5.62 
Superphosphate 44.25 40 0 800 5.53 
Ammo-Phos. 65.50 20 16.5 400 330 6.10 12.45 
Ammo-Phos. 76.00 46 10.7 920 214 5.60 11.45 

Materials that contain nitrogen and phosphorus.-The com
parison· of prices in cases of materials that contain more than one 
plant-food constituent is somewhat more complicated, but the results 
are readily comparable in materials like bone, tankage, fish, etc., as 
shown in Table 37. 

TABLE 37--PERCENTAGE AND COST OF NITROGEN AND PHOSPHORUS 

IN BONE, TANKAGE, ETC . 

.Per cent. Percent. .Pounds Cost of 
Retail of of phos- of Pounds one pound Cost of 
price nitro- phoric nitrogen of P.o. of one pound 

Material per ton gen acid per ton per ton nitrogen of P.O. 
dollars (P.O.) cents cents 

Ground 
steamed bone 29 1.0 24.0 20 480 20.0 4.0 

Raw bone •..• 34 3.3 20.0 66 400 22.0 4.4 
Bone-tankage .. 26 4.0 18.0 80 360 17.1 3.5 
Bone-tankage .. 28 6.5 9.0 130 180 16.8 3.4 
Fish scrap 

ground •.••• 48 8.0 5.0 160 100 26.7 5.4 

The cheapest forms of organic nitrogen are found in nitrogen
ous tankage. Phosphorus is likewise cheapest in tankage. 

Potassium-containing compounds.-Of all commercial plant
food materials, potassium compounds have varied least in price, 
owing to the German monopoly of the supply. Table 38 gives a 
fair idea of the relative prices of the various materials: 

Their cost makes wood-ashes a luxury as a source of potassium, 
and the cost is still high even if we make generous allowance for 
the calcium and phosphorus compounds. For most crops, chloride 
answers every purpose and costs least. Commercial potassium car-
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bonate is little used at present; this can be used by those who want 
a substitute for the potassium carbonate in wood-ashes. 

Whether we consider unmixed fertilizing materials or mixed 
commercial fertilizers, the constant aim should be to purchase the 
largest amounts of nitrogen, phosphorus and potassium in available 
form that we can buy for one dollar, instead of as many pounds as 
possible of material without reference to what plant-food these 
represent. 

TABLE 38--PERCENTAGE AND COST OF POTASSIUM IN VARIOUS 
MATERIALS 

Retail Pourads ira Cod 01 OM 

price Per cerat. Per cerat. oraetora pormd 
Material per tora 01 K.o olK K.o K K.o K 

dollars cents "rats 
Potassium 

chloride 
(muriate) .. 53 50 41.5 1000 830 5.J 6.S 

Potassium 
sulfate .... 66 48 40 960 800 6.9 8.1 

Potassium 
carbonate .. 127 60 50 1200 1000 10.4 12.7 

Kanite ...... 22 12 10 240 200 9.1 11.0 
Wood-ashes 22 5 4 100 80 n 27 



XXIV 

FACTS ABOUT COMMERCIAL FERTILIZERS 

COMMERCIAL FERTILIZERS are manufactured preparations, made 
by mixing plant-food materials of various kinds, and commonly sold 
under special trade-names. They are also known as artificial, pre
pared or manufactured fertilizers or manures. When they consist 
only of inorganic materials, they are often called chemical fertilizers 
or manures. The term "agricultural chemicals" is often applied to 
such materials as sodium nitrate, ammonium sulfate, calcium cy
anamid, calcium nitrate, potassium chloride, potassium sulfate, 
superphosphates, etc. 

The materials used to make commercial fertilizers include manu
factured products, substances found in, or prepared from, natural 
deposits, and, in addition, by-products of numerous industries, ob
tainable only through the channels of trade (pp. 162-212). 

While commercial fertilizers contain numerous constituent ele
ments, their chief value depends, in most cases, on compounds of 
nitrogen, phosphorus and potassium j in exceptional conditions, 
some other constituent may be included, such as manganese or 
sulfur. The agricultural value varies in accordance with the forms, 
and relative proportions of the various plant-food compounds. 

Commercial fertilizers are either complete or incomplete. Com
plete fertilizers, also called general fertilizers, contain the three 
plant-food constituents, nitrogen, phosphorus and potassium. In
complete fertilizers contain only one or two of these three. 

The quantity of commercial fertilizers used in the United 
States is estimated to be not less than 5,000,000 tons a year It 
therefore deserves thorough discussion in all of its relations to con
sumers under the following headings: (1) Meaning of guarantee
analysis, (2) high-grade and low-grade fertilizers, (3) brand names 
of fertilizers, (4) meaning and use of commercial valuations, (5) 
fertilizer laws-{)bjects, methods, (6) advantages and disadvantages 
in use of commercial fertilizers. 

MEANING OF GUARANTEE-ANALYSIS 

In most states where fertilizers are used, manufacturers are 
required by law to state on each package the percentage of nitrogen, 

301 
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phosphorus (phosphoric acid, PaO.), and potassium (potash, KaO) 
which the fertilizer contains; in some states they are also required 
to state the source or form of nitrogen and potassium. 

Formerly many and various terms were used, sometimes eight 
to ten different ones being employed to specify the amount of nitro
gen, phosphoric acid and potash guaranteed to be present in the 
fertilizer. The old method was confusing and, in some cases, mis
leading. At present, the usual form of guarantee-analysis states 
simply the percentage of nitrogen, phosphoric acid and potash, as 
for example: Nitrogen, 5 per cent.; available phosphoric acid, 10 
per cent.; potash, 5 per cent. In some cases the equivalent per
centage of ammonia may be added and after the term, potash, sul
fate or muriate (chloride). 

Formerly the figures were frequently given with fractions. The 
tendency now is to give the guarantee-analysis only in whole 
numbers. 

Terms used in stating guarantee of nitrogen in commercial 
fertilizers: (1) Nitrogen, (2) ammonia, (3) nitrogen equal (or 
equivalent) to ammonia, (4) nitrogen from animal matter, (5) 
nitrogen from organic matter, (6) total available nitrogen. 

(1) Nitrogen, as used in statements of guaranteed analysis, 
refers to the total amount of nitrogen present in the fertilizer with
out reference to the form of combination in which it exists. It does 
not state whether the nitrogen is present as nitrate, ammonia, or 
organic nitrogen, but simply that, whatever form it is in, the speci-
fied amount is as given. . 

(2) Ammonia was formerly used exclusively in stating the 
amount of nitrogen in fertilizers and is still used extensively in 
commercial market quotations, and among dealers in fertilizers, re
gardless of whether' or not the material in question contains any 
ammonia compound. The use of the term in a guarantee-analysis 
is misleading because most farmers suppose that nitrogen and am
monia are the same. A pound of ammonia contains less than a 
pound of nitrogen because ammonia consists of nitrogen in combi
nation, with hydrogen (p. 29); 100 pounds of ammonia contain 
82 1/3 pounds of nitrogen and 17 2/3 pounds of hydrogen, or, 
stated another way, 100 pounds of nitrogen will make 121Yz pounds 
of ammonia. The figure giving the percentage of nitrogen as am
monia is, therefore, higher than that for nitrogen. In purchasing 
fertilizers, farmers should insist on a guaranteed statement of the 
percentage of nitrogen and should pay no attention whatever to the 
ammonia percentage. 

The National Fertilizer Association now recommends that the 
guarantee-analysis give the percentage of nitrogen, with or without 
adding the equivalent of ammonia. 
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(3) Nitrogen equal or equivalent to ammonia is an expression 
which means simply that, if the nitrogen were present as ammonia, 
there would be the percentage stated; it does not necessarily mean 
that any form of ammonia is present. 

(4) Nitrogen from animal matter, occasionally found in guar
antees, means that the fertilizer contains such materials as dried 
blood, ground meat, fish, bone, horn or hoof meal, etc., but does 
not necessarily exclude useless untreated leather and hair. 

~ t 

~ ~ 
. ~ 

MOISTURe:._ •••••• ___ JOt.15~ 
AMMONIA •••••••• _ •• _ •••• .21D225' 
AVAILABLE PHOS,ACIO_ •••• .st09'/ 
EQUIVALENT TO BONE PHOSPHATE : 

OF LlME •••••••••• .l7.6t.19.&'Ii 
INSOLUBLE PHOS'ACID. •• J.25t02~ 
TOTAL PHOS,ACIO •• _ •••• .9.25toli ' 
POTASH ••••• _ •• _._ ••••• 1.62to2.16 
EQUIVALENT TO SULPHATE • ..3to4% 
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,I 
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"THE REA~EANJNG il 
~ 

PHOSPHORIC ACII) 6.~ 
.. ,I 

NITROGEN 1,64%. 
_POTASH 1.62." .di 

The bag and the plant·food in it. 

(5) Nitrogen from organic matter furnishes little information. 
It implies that the fertilizer contains animal or vegetable matter or 
both but does not exclude unavailable forms of organic nitrogen, 
such as leather, hair, muck, etc. 

(6) Total available nitrogen implies that all the nitrogen in the 
fertilizer is available as plant-food, but gives no information as to 
whether it is quickly or slowly so. 

Terms used in stating guarantee of phosphorus as phos
phoric acid.-While all the needed information in regard to the 
amount of phosphorus in a fertilizer can be stated in two or three 
forms, twice as many are often used. Among the various forms of 
statement that have been used are the following: (1) Phosphoric 
acid, (2) soluble phosphoric acid, (3) citrate-soluble phosphoric acid, 
( 4) "reverted" phosphoric acid, (5) "precipitated" phosphoric 
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acid, (6) avaiiable phosphoric acid, (7) soluble and available 
phosphoric acid, (8) insoluble phosphoric acid, (9) total phos
phoric acid, (10) phosphoric acid equal (or equivalent) to bone 
phosphate of lime. 

Phosphorus as phosphoric acid or phosphate compounds is 
usually present in fertilizers in the form of three compounds, (a) 
water-soluble acid calcium or mono<alcium phosphate (p. 33), 
(b) di-calcium or "reverted" phosphate (p. 33), insoluble in water 
but soluble in dilute ammonium citrate solution and (c) tri<alicum 
or insoluble phosphate (p. 34), not soluble in either water or 
ammonium citrate solution. The total phosphoric acid includes 
all the phosphorus in the fertilizer whether present in one, two or, 
as is usually the case, all three of these forms. Available phos
phoric acid includes the sum 0/ the water-soluble and "reverted" or 
citrate-soluble, and is equal to the total phosphoric acid minus the 
insoluble. Therefore, all the needed information can be furnished 
by stating simply the amount of phosphoric acid in these three 
forms-soluble, citrate-soluble and insoluble, and can usually be 
further simplified by specifying only "available." 

(1) Phosphoric acid, as used to state the amount of phosphorus 
in the form of phosphate compounds, is a compound which consists 
of phosphorus and oxygen (P.O.) never found by itself in ferti
lizers but only in combination with calcium (lime), ammonium or 
potassium. As already explained (p. 32), it is simply an arbi
trary term long used by chemists to state the percentage of phos
phorus. Following the usage of substituting nitrogen for ammonia, 
it would be really simpler and more consistent to state the amount 
as actual phosphorus than phosphorus in combination with oxygen, 
as we now do. 

(2) Soluble phosphoric acid means the phosphorus existing as 
acid calcium phosphate (CaH.(PO.)., p. 33), (whlch is soluble in 
water) or as ammonium phosphate or potassium phosphate. 

(3) Citrate-soluble, "reverted" and "precipitated," are terms 
used to indicate phosphorus when present as di<alcium phosphate 
(Ca.H.(PO.h, p. 33). 

(4) Available phosphoric acid, or soluble and available, in
cludes the sum of water-soluble and citrate-soluble (the mono- and 
di-calcium phosphates as well as ammonium and potassium phos
phates). 

(5) Insoluble phosphoric acid applies to that present as tri<al
cium phosphate (Caa(PO.)., p. 33). 

(6) Total phosphoric acid means the sum of the soluble, reverted 
and insoluble, or all phosphorus present whatever the form. 

(7) Phosphoric ccid, equal to bone phosphate o/lime (B. P. L.), 
. is an expression wJ~ch usually means simply nothing more than 
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insoluble. The expression is misleading, since it is often taken by 
farmers to mean that the phosphorus is derived from bone. The 
most it means is that if the given amount of phosphorus were present 
as insoluble or tri-calcium phosphate, there would be the percentage 
of bone phosphate of lime indicated. It is misleading in another 
way, in that it gives a percentage more than twice as large as that 
given for phosphoric acid and gives many farmers the impression 
that they are getting much more phosphorus than they are. The 
practice is objectionable on every ground from the farmer's stand
point, and should be abandoned by all manufacturers, as it has 
been already by the more progressive. 

Terms used in stating guarantee of potash.-It would be 
simpler, and more consistently accurate if we were to abandon the 
term potash and use simply potassium in place of it (p. 38). The 
compound designated as potash, potassium oxide (K20), is never 
found in fertilizers and is merely an arbitrary method of expressing 
results of chemical analysis. Fertilizers contain potassium mainly 
in the form of chloride (muriate) and sulfate, also occasionally as 
carbonate and phosphorus. While many terms were formerly used 
in stating the amount of potash in a fertilizer, the present usage is, 
for the most part, confined to the word potash, followed in paren
thesis by sulfate, muriate, chloride, or carbonate to indicate the 
specific compound. When more than one of these compounds is 
present, this is indicated, as, for example, potash (muriate and 
sulfate). . 

The potash guaranteed is for potassium compounds dissolving 
in water, according to legal requirements. If this requirement 
were not made, it would be possible to use ground minerals contain
ing insoluble, potassium compounds unavailable and therefore 
worthless as fertilizing material. 

Suggestions to farmers regarding guaranteed analysis.
Whenever a farmer purchases either a mixed fertilizer or separate 
fertilizing materials, he should purchase only under a guarantee of 
specified percentage of each plant-food constituent. Moreover, he 
should insist that the guarantee be in the following terms: 

(1) Nitrogen, and this alone, should be given for all forms of 
nitrogen. An added statement as to whether the n:trogen is in the 
form of nitrate, ammonia, cyanamid, urea, dried blood, cottonseed
meal, ground leather, etc., is desirable for full information. 

(2) Available phosphoric acid (or phosphorus), or preferably, 
water-soluble and reverted separately, should be given for super
phosphate and other soluble phosphate materials, while for bone, 
untreated rock -phosphate, etc., only total phosphoric acid (or phos
phorus) is really necessary. 

(3) Potash or potassium oxide (or potassium) should always 
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be given, though it is desirable to know, in addition, whether the 
potassium is present as sulfate, free from chlorine, or as chloride 
only. 

(4) In examining the guaranteed analysis of a fertilizer, give 
attention primarily to. the nitrogen, available phosphoric acid (or 
phosphorus) and potash (or potassium) and require the guarantee 
to be in these terms before purchasing. 

How to find equivalent values of a plant-food constituent in 
various compounds.-If a guarantee-statement of analysis is given 
only in the form of ammonia, it is always desirable to know just 
how much nitrogen the given amount of ammonia is equal to; 
similarly, if only bone phosphate of lime (Ca.(PO.).) is guaran
teed, it is important to know how much phosphorus (P) or phos
phoric acid (P20a) it is equal to; and if potassium sulfate (K.SO.) 
only is guaranteed, we should know how much potassium (K) or 
potash (K20), it is equal to. The conversion factors below enable 
one easily and quickly to make the arithmetical calculation neces
sary in the cases that more commonly occur. A larger number of 
factors is found on pages 197, 198. 

To illustrate the use of the factors, suppose, for example, we 
wish to change 10 pounds of ammonia into an equivalent amount 
of nitrogen; we multiply the amount of ammonia (10 pounds) by 
the number found in the last column, 0.82, opposite (1) in the 
first column. The result is 8.2 pounds of nitrogen. 

Or, suppose we wish to know how much phosphoric acid 
(P20 a) is in 10 pounds of tri-calcium phosphate (bone phosphates 
of lime, B.P.L.); we multiply 10 by factor (4), namely, 0.46. The 
result is 4.6 pounds. 

CONVERSION FACTORS FOR SHOWING EQUIVALENT AMOUNTS OF A 
PLANT-FOOD CONSTITUENT IN DIFFERENT FORMS 

To find from a given amount of 
(1) Ammonia the equivalent amount of nitrogen', 
(2) Nitrogen.... .." ammonia, 
(3) Tri-calcium phosphate ("B.P.L.") the equivalent amount of phosphorus, 

Multipl, b, 
0.82 
1.21 
0.20 

( 4)"" .. ".. .. phosphoric acid, 0.46 

(5) Phosphoric acid (p.o.) 
(6)" .. .. .. 
(7) Phosphorus (P) .. 
(8) .. " .. 
(9) Potash (KsO) .. 

(10) " " .. 
(11) .. 
(12) Potassium chloride .. 
l13) " suHate .. 

.. .. 

.. 

.. .. 
II .. 

tri-calcium 
It .. pbosphate, 0.22 

.. phosphorus, 0.44 

.. phosphoric acid, 2.J 
.. .. tri-calcium 

phosphate, 5.0 
.. .. potassium, O.1lJ 
.. .. potassium chloride, 1.60 

.. potassium sulfate, 1.85 

.. potash, 0.63 

.. potash, 0.54 
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BRAND NAMES OF FERTILIZERS 

Commercial fertilizers are commonly sold under special names 
or brands. Some names indicate that the fertilizer is intended for 
some special crop, such, for example, as "Complete manure for 
potatoes and vegetables," "Canner's special pea and bean fertilizer," 
"Universal grain grower," "Grass and lawn top-dressing," etc.; 
others are simply fanciful names without any special significance, 
designed only to catch the imagination of buyers, as, for example, 
"New rival," "Climax phosphate," "Farmer's friend," "Electric 
phosphate," "Excelsior guano," "Golden harvest," "Hustler," "Re
liance," etc., etc. Some years ago, manufacturers of fertilizers 
offered for sale in New York State nearly 2,300 brands, but, as 
soon as it was required by law to pay a license fee on each brand, 
the number at once dropped below 500. 

Misleading names.-Attention has already been called to the 
misuse of names in connection with superphosphate, which was 
formerly often sold under some name stating or implying it to be 
dissolved bone. To illustrate further, a so-called "natural fertilizer" 
once on the market contained, all told, about 0.75 per cent. of 
plant-food and none in easily available form; another, "Special for 
Lawns and Fruits," contained 0.52 per cent. as its total. At one 
time ground phosphate rock ("floats") was sold extensively at $20 
to $28 a ton under the name of "Natural Plant-Food." 

Misuse of names for special-crop fertilizers.-When a brand
name indicates that a fertilizer is especially adapted for a particular 
crop, the question can properly be asked: To what extent does a 
"potato" fertilizer, for example, meet all the great variety of fer
tility conditions in the many localities where it is sold? To take 
a single illustration, which fairly represents conditions that quite 
commonly prevail in the fertilizer trade, there were sold in one state 
to farmers during one season 10 brands that were, according to 
name, designed for the exact needs of potato crops. The composi
tion varied widely,-the nitrogen from 1.65 to 5.75 per cent., the 
phosphoric acid from 6 to 10 per cent., and the potash from 4 to 
10 per cent. A similar condition prevails with reference to other 
special-crop fertilizers. 

Proper method of using brand-names.-Fertilizer manufac~ 
turers, in increasing numbers, are adopting a method of using for 
a brand-name a combination of figures representing the composition, 
as, for example: "Five-Eight-Eight," "Four-Eight-Seven," "3-8-4," 
"2-9-5," etc. The first number stands for nitrogen, the second for 
available phosphoric acid and the third for potash. From every 
point of view this is a desirable system. The emphasis is placed on 
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the composition; as it should be, and not on a name which may 
mean nothing. 

MEANING AND USE OF COMMERCIAL VALUATION 
OF FERTILIZERS 

The commercial valuation of a fertilizer or of any fertilizing 
material consists in calculating the approximate value or money
cost of the chief plant-food constituents (nitrogen, phosphorus and 
potassium) in one ton under market conditions. 

Retail cost and commercial valuation.-The chief factors 
that enter into the retail cost of fertilizers, or the price the farmer 
pays, are: (1) Retail cash cost of unmixed materials, as, for 
example, sodium nitrate, dried blood, superphosphate, potassium 
chloride, sulfate, etc.; (2) cost of manufacture (mixing and bag
ging); (3) freight; (4) storage, commissions to agents and dealers, 
selling on long credit, losses by bad debts, etc. While'these factors 
enter into the total or retail cost, a commercial valuation includes 
only the first factor, viz., the retail cash cost of unmixed materials 
in the market. A commercial valuation, therefore, usually gives a 
figure considerably lower than the selling price of a fertilizer. 

How a commercial valuation is made.-In order to calculate 
the cost of the plant-food constituents in one ton of fertilizer, it is 
necessary to know two things, first, the number of pounds of each 
plant-food constituent and, second, the price of one pound. 

(1) To find number of pounds of a plant-food constituent in 
100 pounds one must have the statement of analysis, either the 
figures given in the guarantee-analysis, or, preferably, the figures 
given in an official state analysis. The figures giving the per cent. 
are, of course, the pounds per 100 of nitrogen, phosphoric acid and 
potash. 

(2) Price of each constituent is obtained by consulting a price 
list, which is issued annually by the experiment station or some 
state department in charge of fertilizer inspection; this list is com
monly known as a "schedule of trade-values adopted by experiment 
stations" or "commercial state values of fertilizers." Table 39 
gives such a schedule published by the Massachust!tts Experiment 
Station for 1931. The figures in this schedule represent the average 
prices at which, in the six months preceding March, the respective 
ingredients, in the form of unmixed materials, could be bought at 
retail for cash in Boston, New York, Philadelphia, etc. The figures 
adopted by experiment stations usually present wholesale prices 
plus about 20 per cent., except for available phosphoric acid. These 
prices represent approximately what the farmer would have to pay 
for the plant-food constituents if he were to buy them in unmixed 
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forms in Boston, New York, or some other trade center. It must, 
of course, be kept in mind that these trade values, especially for 
nitrogen, change from time to time, so in making commercial valua
tions, one should obtain the latest schedules from the local experi
ment station. 

TABLE 39"-SCHEDULE OF TRADE-VALUES FOR PLANT-FOOD CONSTITU

ENTS IN FERTILIZEPS FOR 1931 

Form of Plant-Food 

NITROGEN 

Price per 
pound 

In ammonia compounds ....... ' .........•............... 
In nitrates ............................................ . 
Organic nitrogen in urea and calurea .................... . 

" " " fish ................................ . 
" blood, meat and hoof-meal .......... . 

" " fine l bone and tankage .............. . 
" " coarse bone and tankage ............. . 
" " pulverized manures ................. . 

" " mixed fertilizers .................... . 
" " " cottonseed meal, castor 

cents 
11.25 
15 
14 
38 
24.5 
26.5 
19 
19 
27 

pomace, etc. ••....................... 27 

PHOSPHORIC ACID 

Soluble in water ....................................... 5.5 
Soluble in neutral ammonium citrate (reverted) ........... 4.5 
In fine l bone, tankage and fish .......................... 5.5 
" coarsel bone and tankage ............................ 4.5 
" pulverized manures, seed residues and ashes ............ 4.0 
Insoluble, in mixed fertilizers ............................ 2.0 

POTASH 

Price per 
unit 

(20 pounds) 

$2.25 
3.00 
2.80 
7.60 
4.90 
5.30 
3.80 
3.80 
5.40 

5.40 

1.10 
0.90 
1.10 
0.90 
0.80 
0.40 

As sulfate ...••........................................ 5.9 1.18 
" muriate ............................................ 4.4 0.88 
" carbonate .......................................... 10.0 2.00 
" nitrate ............................................. 4.0 0.80 

Total in pulverized manures, seed residues, etc. ............ 4.0 0.80 

1 Fine bone and tankage refer to particles which, as sampled, will pass through a 
sieve with circular openings one-fiftieth of an inch in diameter. Coarse bone and 
tankage refer to that portion which will not pass through such a sieve. 

Knowing (1) the number of pounds of nitrogen, phosphoric 
acid and potash in a fertilizer and (2) the price of each of these 
constituents, one can make a commercial valuation by using either 
of two methods, by pounds or by units. 

1. Method by pounds. (a) Multiply the given per cent. (pounds 
per 100) of each constituent (nitrogen, phosphoric acid, potash) 
by the respective schedule price; (b) add the results and (c) mul
tiply the sum by 20. 
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Example: What is the commercial valuation of one ton of a 
commercial fertilizer, having the guaranteed analysis indicated be
low? 

Trade-sclted Ill' 
Per cellt. or ,nc, 

poullds per 100 Cellts per lb. 
Nitrogen . . . . . . . . • . . . . . . . . • . . . . . . 4 X U = 
Available phosphoric acid ......... 8 X 5.5 = 
Potash .. . . . . . . . . . . . . . . . . . . . . . . .. 10 X 4.4 _ 

YalUlJtio" lor 
100 pounds 

Cell" 
60 
44 
44 

Tobl valuation for 100 pounds ...................................... . 148 
Total valuation for one ton or 2000 pounds = 148 cents X 20 = $20.60 

2 . Method by units. The popular term "unit," as applied to 
fertilizers, means 1 per cent. on the basis of 2,000 pounds, that is, 
20 pounds. One unit of nitrogen, for example, is 20 pounds or 1 
per cent. of a ton. To use the unit method of calculating the valua
tion of a fertilizer, multiply the percentage of each plant-food con
stituent by the cost of one unit and add the results. When nitrogen 
costs 15 cents a pound, a unit is worth $3.; when available phos
phoric acid costs 5.5 cents a pound, a unit costs $1.10; when potash 
costs 4.4 cents a pound, a unit is worth 0.88. Applying these 
values to the preceding examples, the commercial valuation is thus 
indicated: 

Per cellt. 
Nitrogen ......................... 4 
Phosphoric acid .................. 8 
Potash .......................... 10 

Cod o/ullit 
X $3.00 = 
X 1.10 = 
X 0.88 = 

$12.00 
8.80 
8.80 

Valuation of one ton .........•.................. = $20.60 

This method can be simplified by using the factors in Table 
40. 1. Multiply the figure that represents the per cent. of each 
plant-food constituent by the factor found opposite the price of 
one pound in Table 40. 

2. To make use of Table 40 consult the schedule of prices 
(Table 39), select from it the figure showing the given price and 
multiply this by the number giving the percentage of that constitu
ent in the fertilizer. For example, when nitrogen in nitrate sells 
for 16 cents a pound, multiply the percentage of nitrogen by 3.2, 
which gives the commercial valuation of the nitrogen in one ton 
of the fertilizer. When nitrogen in any form costs 20 cents a pound, 
multiply the percentage by 4; the percentage of any constituent 
costing 10 cents a pound would be multiplied by 2; 5 cents a pound, 
by 1; 4 cents a pound, by 0.8, etc. . 

Valuations based on guarantees made in other than usual 
terms.-In considering methods of making valuations, we have 
assumed that guarantees are given in terms of nitrogen, phosphoric 
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acid and potash. If, however, other terms are used, such as am
monia, bone phosphate of lime, sulfate of potash, etc., it will be 
necessary to calculate the figures given in the guarantee into equiva
lent amounts of nitrogen, phosphoric acid or potash before going on 
with making the valuation. The method of calculating equivalent 
amounts is given in Table 40 below or by Table 45 (p.352). The 
same tables can be used for calculating the amounts of phosphorm; 
equivalent to phosphoric acid, potash to potassium, etc. 

TABLE 4o--FACTORS TO USE IN MAKING VALUATIONS FOR VARYING 
SCHEDULE PRICES OF PLANT-FOODS 

Price per Factor by Price per Factor by Price per Factor by 
pound 01 which to pound of which to pound of which to 

plant-food multiply plant-Iood multiply plant-food multiply 
constituent percentage constituent percentage constituent percentage 

Cents Cents Cents 

2 0.4 6 1.2 15 3.0 
2~ 0.5 6Y. 1.3 16 3.2 
3 0.6 7 1.4 17 3.4 
3~ 0.7 7Y. 1.5 18 3.6 
4 0.8 8 1.6 19 3.8 
47:i 0.85 9 1.8 20 4.0 
4~ 0.9 10 2.0 21 4.2 
4~ 0.95 11 2.2 22 4.4 
5 1.00 12 2.4 23 4.6 
57:i LOS 13 2.6 24 4.8 
5~ 1.10 14 2.8 25 5.0 

Commercial value in relation to agricultural value of ferti
lizers.-The agricultural value of a fertilizer is measured from the 
standpoint of the farmer, by its crop-producing power. The com
mercial value does not necessarily have any relation to crop-produc
ing power. This is well illustrated in the case of nitrogen in dried 
blood, ground fish-scrap and sodium nitrate. According to commer
cial value at the present writing, a pound of nitrogen in fish costs 
38 cents, in dried blood, 24.5 cents, and in nitrate, only 15 cents, 
whereas, in most cases, the nitrate nitrogen is of superior agricul
tural value. Again, a fertilizer that contains large amounts of 
available phosphorus and a small amount of nitrogen, may have less 
money value than a fertilizer rich in nitrogen, and yet the phos
phorus and not the nitrogen might be the constituent that would be 
most profitable for a given farmer to purchase. 

Use of commercial valuations.-When used with a proper 
understanding of its limitations, a commercial valuation is helpful 
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as a means of comparing fertilizers. It enables one to make a 
comparison on the basis of the selling price of a fertilizer and the 
commercial value of its unmixed constituents. This is illustrated 
in the case of four fertilizers representing different grades of 
analysis. 

TABLE 4I--COMPARISON OF SELLING PRICE AND COMMERCIAL 

VALUATION 

I" 100 pou"ds o//ertilizer 
Phosphoric Total pla"t-

Nitroge" acid Potash food 
Lbs. Lbs. Lbs. Lbs. 
1.20 
1.70 
2.50 
4.00 

8.20 
8.50 
8.80 
9.00 

2.60 
3.50 
6.00 
7.20 

12.00 
13.70 
17.30 
20.20 

SeUi"g 
Price 

per to" 

$23.00 
24.85 
28.30 
32.80 

'ComMercial 
Valuatio" 

$15.22 
17.95 
23.18 
29.10 

Di6ereru:, 
hI/wee" 
Jemll, 

price alld 
commercial 
valualiofl 

$7.78 
6.90 
5.12 
3.70 

In the low-analysis fertilizer, the selling price is $7.78 above 
the cost of the ingredients; the difference decreases as the fertilizer 
grows richer in plant-food constituents, until in the high-analysis 
fertilizer, the selling price is only $3.70 above the cost of the con
stituents. Expressed another way, the purchaser is getting a great 
deal more plant-food for his money in the high-analysis fertilizer, 
each pound of plant-food costing less. GeneraUy speaking, those 
fertilizers cost least to the farmer in which there is least difference 
between selling price and commercial valuation. 

While the comparative values are wholly commercial, they fur
nish valuable information, which is in most cases a safe guide. To 
be of greatest use, commercial valuations must be used and inter
preted in connection with the composition, as given by the analysis. 
A choice between different fertilizers must not rest wholly on a 
comparison of valuation and selling price; the composition of the 
fertilizer in relation to the farmers' needs must be considered. For 
example, a fertilizer with a high percentage of nitrogen and a low 
percentage of phosphoric acid would show a higher valuation than 
one low in nitrogen and high in phosphoric acid, and yet the phos
phoric acid might be just the plant-food that would give best yields 
on a given field and crop. 

One disadvantage connected with the use of commercial valua
tions is the fact that ordinary chemical analysis does not show 
the forms or sources of the xnaterials; this really applies only to 
nitrogen and more particularly to the organic forms of nitrogen. 
Thus, when an analysis gives no inforxnation as to whether the nitro-
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gen is dried blood or ground leather or muck, a commercial valua
tion may be misleading to this extent. But in actual use it has been 
found that in a large majority of cases a commercial valuation is a 
safe guide in respect to the agricultural value when applied to 
brands with the same general composition. 

It is worth while for farmers to learn how to make commercial 
valuations and apply them before purchasing fertilizers; it will have 
a broadening and educating effect and will increase one's interest in, 
and intelligent appreciation of, the resemblances and differences 
between commercial fertilizers. 

FERTILIZER LAWS 

States· in which commercial fertilizers are used extensively have 
passed laws regulating their sale. This has been necessary as a 
matter of protection to farmers, for few commodities offer so tempt
ing a field for fraud. It was the discovery of numerous cases of 
gross imposition that led to the passage of laws. While these laws 
vary somewhat in details, they are alike in essentials. At one time 
fertilizers were sold without any statement regarding their composi
tion; so a farmer was wholly unable by himself to know whether 
he was getting plant-food or useless dirt, and it was too costly to 
pay for a chemical analysis. 

Provisions of fertilizer laws.-Among the various items re
quired by fertilizer laws, the chief point of interest is a guaranteed 
statement of analysis. Manufacturers are required to give a state
ment of chemical composition, (p. 302) guaranteeing the percentage 
of nitrogen (or ammonia), available phosphoric acid (total phos
phoric acid in bone, tankage, etc.), and water-soluble potash, con
tained in each brand offered for sale. In some states calcium (lime) 
materials are included in official inspection, the minimum percentage 
being expressed as calcium oxide and magnesium oxide. This state
ment of composition is usually made on the bag or parcel that con
tains the fertilizer or on an official tag attached to the bag. The 
enforcement of the law is usually in the hands of experiment sta
tions, but in some states it is managed by a department of agricul
ture. Samples of the fertilizers sold in the state are collected 
annually, generally from goods in the hands of dealers and consum
ers. These samples are analyzed and the results of chemical 
analysis published for free distribution. 

Manufacturers are required to pay a tax which may be in the 
form of a license-fee for each brand offered for sale or in the form 
of a tax on each ton sold. The proceeds are used to pay the cost of 
carrying out the provisions of the law. 

In some cases manufacturers are required to state the source 
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and character of the materials contained in each fertilizer, a highly 
desirable provision. 

In some states legal prosecutions are instituted in those cases 
where any constituent is below the guarantee more than a specified 
amount. In some states, the manufacturer is required to refund 
to the purchaser an amount sufficient to cover any deficiency found 
in the guaranteed amount of plant-food. In most states, reliance 
for the protection of farmers is placed upon the effect of publicity 
in widely distributing the results of chemical analysis instead 
of upon legal prosecutions. 

Advantages of fertilizer laws.-In general, fertilizer laws af
ford a large measure of protection to farmer~, as well as to honest 
manufacturers. Fraudulent fertilizers are exposed and driven from 
the market. Careless or dishonest manufacturers suffer either 
temporary or complete loss of business. Larger amounts of high
grade plant-food materials are now used than formerly, as the result 
of legal inspection. There is greater uniformity in the composition of 
each brand of commercial fertilizers, owing to more effective means 
and care used in mixing. The number of brands of fertilizers 
offered for sale, as well as the number of manufacturers in pro
portion to business, has been diminished. Of especial importance 
has been the value of the educational effect upon the many farmers 
who insist on seeing and studying bulletins that give official analyses 
of fertilizers before they make purchases. The chemical analysis of 
a fertilizer, which was formerly meaningless to most farmers, is 
now appreciated to the extent, at least, of distinguishing nitrogen, 
available phosphoric acid and potash. The interest awakened by 
consulting bulletins of fertilizer analysis has led many farmers to 
study the various forms and uses of plant-food materials and this 
has served as an introduction leading to a desire for widened infor
mation relating to other details of crop-growing. Thus, the fertilizer 
bulletin has often proved a source of genuine intellectual stimula
tion, a fact which should not be underestimated. 

ADVANTAGES AND DISADVANTAGES OF COMMER
CIAL MIXED FERTILIZERS 

In closing discussion of this subject, some of the more impo~t 
facts will be briefly summarized relating to the advantages and dis
advantages in the use of commercial fertilizers. 

Advantages of using commercial mixed fertilizers are: (1) 
Convenience, (2) opportunity for choice, (3) uniformity, (4) com
pleteness of mechanical mixture. 
. (1) C onvenience.-Commercial fertilizers are widely distrib-
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uted, are easily obtained, and can be purchased in any desired 
amount and at any time. . 

(2) Opportunity for choice.-Fertilizers of different brands 
represent a great variety of proportions of plant-food constituents, 
among which one can generally find what he needs for his soil and 
crops, provided he has ascertained by experience what combination 
gives him best crop returns. 

(3) Uniformity.-There is an advantage in being able to obtain 
the same mixture from year to year, when it best suits one's needs, 
and to feel assured of having the same kinds of plant-food materials 
in the same proportions. Generally speaking, the same brand of 
fertilizer, especially in case of the large manufacturers, has been 
running very uniform from year to year. 

(4) Completeness 01 mechanical mixture.-It is possible for 
manufacturers to prepare fertilizers evenly and thoroughly mixed, 
finely ground, dry, and in condition for convenient use. Occasion
ally, however, a small manufacturer through carelessness or inade
quate machinery, may fail to make good mechanical mixtures, so 
the plant-food constituents are not uniformly distributed, nor the 
materials sufficiently fine and dry. Fertilizers sent out when in
completely dry soon harden in the package and are extremely diffi
cult to handle. 

Disadvantages of using commercial mixed fertilizers.
Definite disadvantages that accompany the exclusive use of com
mercial fertilizers include (1) lack of knowledge of materials, (2) 
lack of economy, (3) lack of educational incentive. 

(1) Lack 01 knowledge 01 materials.-Farmers are unable with
out help to know whether they are purchasing in a mixture the ma
terials claimed to be present. So far as the guarantee~analysis 
gives information regarding the source of nitrogen, the farmer in 
most cases is purchasing blindly. This objection is overcome in 
those cases, in which the purchaser has a chance to buy mixed fer
tilizer, accompanied by the statement of the various ingredients 
used in making the fertilizer and the number of pounds of each 
ingredient in one ton of the mixed product. 

(2) Lack 01 economy.-In general, the most expensive way to 
purchase plant-food is in the form of complete commercial fertilizers. 
Results of an investigation made by the writer showed that when 
nitrate nitrogen could be purchased by farmers at 14 cents a pound, 
the nitrogen in mixed fertilizers cost on an average, over 20 cents 
a pound, and, in the grades of fertilizers most extensively sold, 
the cost varied from 18 to 36 cents; Similar disproportions were 
found in case of phosphorus and potassium. 

(3) Lack of educational incentive.-The most serious disad-
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vantage in the use of commercial fertilizers, as actually used in most 
cases, is that farmers are not stimulated to acquire needed informa
tion in regard to plant-foods and their proper use. 

General reliability of commercial fertilizers.-In closing this 
chapter, it is only fair to say that it is the writer's belief, based on 
observation and experience derived from connection with fertilizer 
inspection for forty years, that the manufacture of commercial 
fertilizers today is more carefully managed, and the products more 
reliable in every way, than at any previous time. This relatively 
satisfactory condition is in part due to the National Fertilizer Asso
ciation, which has been effective in co-operating with other state 
and national official agencies to require accurate statement of the 
composition of commercial fertilizers. 

HIGH-GRADE AND LOW-GRADE FERTILIZERS 

Commercial fertilizers vary greatly in respect to the percentages 
of nitrogen, phosphoric acid and potash they contain. Mixed fer
tilizers or unmixed fertilizer materials containing large amounts of 
these constituents are known as kigk-grade or kigk-analysis; those 
that contain small amounts, as low-grade or low-analysis. Between 
these are all possible gradations of composition. As an approximate 
generalization, complete mixed fertilizers that contain in 100 pounds 
less than 15 pounds of nitrogen, available phosphoric acid and 
water-soluble potash are now regarded as low-grade " those that con
tain 15 to 20 pounds, as medium-grade; those that contain 20 to 
30 pounds, as kigk-grade; those that contain over 30 pounds, as 
concentrated or "multiple-strength." 

Since 1920 there has been a marked increase in the number of 
mixed fertilizers that contain more than 15 pounds of plant-food in 
100 pounds, and since 1925 those classed as high-grade have rapidly 
gained in number. Since 1927 mixed fertilizer of the concentrated 
grade have appeared in increasing numbers, some containing as high 
as 60 pounds of plant-food in 100 pounds, 1,200 pounds in one ton. 

Cost of plant-food lowest in high-analysis fertilizers.-It is 
generally more economical to buy commercial fertilizers that con
tain the larger amounts of plant-food. As a rule, the higher the 
analysis, the lower is the cost of a pound of plant-food to the pur
chaser. In illustration of this statement, four fertilizers are taken 
for comparison from a price list and data given in Table 42. 

The obvious conclusion based on the figures in Table 42, is that 
the plant-food in the highest-grade fertilizers costs least to the pur
chaser. The lower cost of high-analysis fertilizers results from 
decreased cost for bags and freight. 
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In some states laws have been passed requiring that mixed com
plete fertilizers shall contain not less than a definite total percent
age of plant-food constituents (nitrogen, phosphoric acid and 
potash). In one state, for example, this minimum requirement is 16 
per cent. This means that no complete fertilizer that contains less 
than a total of 16 per cent. of plant-food constituents can be sold. 

TABLE 42-COMPOSITION OF FERTILIZERS AND COST OF PLANT-FOOD 

In 100 pounds of fertilizer Cost ofl pound of plant-food 
Total Retail 

Phosphoric Plant- price of Phosphoric 
Nitrogen acid Potash food 1 ton Nitrogen acid Potas.', 

Lbs. • Lbs. Lbs. Lbs. Dollars 
1 8 4 13 19.50 19.1 7.0 5.6 
2.50 8 5 15.50 24.90 18.0 6.6 5.3 
3.30 10 6 19.30 30.00 17.2 6.3 5.0 
4.12 15 5 24.12 35.55 16.0 5.9 4.7 



XXV 

HOME-MIXED FERTILIZERS 

COMMERCIAL FERTn.IZERS are made of well-known materials, 
most of which can be purchased by farmers. The question was 
raised some years ago whether farmers could purchase dnmixed 
plant-food materials, such as sodium nitrate, ammonium sulfate, 
dried blood, ground fish, superphosphate, ground bone, potassium 
chloride and sulfate, etc., and mix these materials for their own use. 
Several experiment stations have given careful attention to the 
study of home-made mixtures, pronounced- their use to be satisfac
tory, and progessive farmers have followed their guidance. The 
number of farmers who mix their own fertilizers has increased 
from year to year. The amount of money possible to save by 
home-mixing depends upon several factors, such as the amount of 
fertilizer needed, the cost of labor, efficiency of mixing, formulas 
and materials used. 

We will discuss the subject under the following divisions: 
1. Utensils needed to mix materials. 
2. Method of mixing. 
3. Use of fillers and driers. 
4. Purchasing unmixed materials. 
5. Materials that should not be mixed together. 
6. Advantages and disadvantages of home-mixing. 
7. Co-operative purchase of unmixed and mixed fertilizers. 
8. How to calculate amounts of materials for home-made mix

tures. 

UTENSILS NEEDED IN MIXING MATERIALS 

The conveniences needed to mix fertilizers on the farm are: (1) 
A tight, ha}'d, dry floor under shelter; (2) platform scales; ( 3 ) 
shovel; (4) iron handrake or hoe; (5) tamper to break hard lumps; 
(6) sand or coal-screen; (7) grinding-machine; and (8) mixing
machine. A few of these conveniences call for !:pecial attention. 

(1) The tamper can be made by nailing two upright handles to a piece of wood 6 inches thick and 15 to 18 inches long. If one has 
318 
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a good grinding-machine, breaking of coarse lumps by pounding 
may not be necessary. 

(2) The screen can be 5 to 6 feet long, 1.0 to 2.0 feet wide, 
with 3 to 6 meshes to the inch. 

(3) Grinding-machine.-For making coarse material finer, a 
good feed-grinding mill will answer. Where one has power on the 
farm and mixes large amounts of fertilizing materials, it will pay 

Implements for home mixing. 

to purchase a special grinding-machine. Some machines will grind 
limestone fine. The principal use of a grinding-machine is to pul
verize lumpy or caked materials. The materials used in fertilizers 
have all been ground once, but may become lumpy on standing. They 
can usually be broken by being passed through a feed-mill regulated 
so as to permit wheat to pass. For lumps of superphosphate such a 
mill should be set so as to crack com but not wheat. If one tries 
to grind superphosphate, ground tankage or fish-scrap, the material 
is likely to become sticky and unmanageable. This trouble can be 
avoided by setting the feed-mill sufficiently open to disintegrate 
lumps without grinding the material. 
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(4) Mixing-machine.-While mixing can be done by shoveling 
the materials over and over, it is easier to use a rotating box. A 
large, revolving churn with slats across the inside can be used, or 
a box or a drum with small projecting inside shelves which carry 
the materials around to the top and then drop them from the upper 
half to the bottom repeatedly. When large amounts of materials 
are to be mixed, a· rotary mixer, such as used for mixing concrete, 
might be found economical to purchase. 

Method of mixing materials.-The various operations in mix
ing fertilizer materials are: (1 ) Weighing materials, (2) screening 
out lumps, (3) crushing lumps, (4) mixing, (5) storing. 

(1) Weighing materials is the first operation, the desired amount 
of each material being weighed, separately. Calculating amounts 
is considered on pp. 328-335. 

(2) Removing lumps.-If any material is lumpy, it is sifted 
through the sand-screen and the coarse portions separated. The 
driest material is screened last. Screens should be kept clean. 

(3) Crushing lumps.-The lumpy portion is made fine with 
a tamper or a shovel, or preferably by·passing through a grinding
machine. The powdered lumps are added to the screened portion. 
The mill should always be cleaned at once after using. Some lumpy 
materials like sodium nitrate easily disintegrate when sprinkled 
lightly with water, and allowed to stand some hours and then raked 
over. 

(4) Mixing.-When the materials are properly fine they are 
ready for mixing. When a mixing-machine is not used, the most 
bulky material, usually superphosphate, is spread out upon the 
floor in a uniform layer about 6 inches deep; upon this is spread 
evenly the material next in bulk, usually that containing nitrogen; 
and then the least bulky material, generally potassium salts. Care 
is taken to make the material in each case cover the one beneath 
evenly over the whole surface. Beginning at one side and working 
across, one should shovel the whole pile over, pushing the shovel 
into. the bottom of the pile every time. When the whole pile has 
been carefully shoveled over once in this way, the mixed pile is 
leveled, the scattered material about the edges swept to the pile and 
the whole again shoveled over. This process should' be repeated 
three or four times or until uniformity of color and absence of 
streaks indicates that the mixing has been thorough. The mixture 
can finally be passed through the screen once, if desired. 

When a mixing-machine is used, the various materials in proper 
amounts, when ready for mixing, are put into the machine, the door 
. closed and the machine rotated for some minutes. The amount 
}Dixed in a machine depends chiefly on the size of the mixer. Care 
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should be taken never to fill such mixers more than half full; other
wise the mixing may not be thorough. 

(5) Storing.-For storage and general convenience in handling, 
it is well to weigh the mixed fertilizer into sacks that hold 100 to 
150 pounds. The filled bags should be stored in a dry place. 

USE OF FILLERS AND DRIERS 

There is a popular belief that all fertilizers contain some inert, 
valueless material added solely for the purpose of making weight. 
While this may be true in some cases, it is not necessarily true in 
most fertilizers. This belief in the universal use of fillers in fer
tilizers is based upon the methods of stating the results of chemical 
analysis. For example,a high-grade fertilizer that shows an analy
sis of 5 per cent. of nitrogen, 10 of phosphoric acid and 10 of potash 
contains, all told, only 25 pounds of plant-food constituents in 100 
pounds of material, or to use the figures for phosphorus and po
tassium, only 17.7 pounds of plant-food constituents. The ques
tion is: What are the other 75 pounds? This seeming difficulty is 
easily explained when we consider that the method of stating the 
results of chemical analysis gives only a part of what is in the 
fertilizer. For example, nitrogen is present in fertilizers only in 
combination with other elements; in sodium nitrate, for each pound 
of nitrogen used, we add to a fertilizer about 1.5 pounds of sodium 
and 3.5 pounds of oxygen; or, expressed in another way, sodium 
nitrate consists of only one-sixth nitrogen so, in order to get one 
pound of nitrogen, it is necessary to use 6 pounds of sodium nitrate. 
Similarly, it requires about 10 pounds of dried blood to furnish one 
pound of nitrogen (p .. 290). Each material used is a compound, 
or diluted form, of nitrogen, phosphorus or potassium. For a va
riety of reasons it is impossible to use either pure nitrogen, phos
phorus or potassium in fertilizers, so we must use those compounds 
or diluted forms best aQapted to feeding plants and at the same 
time be sufficiently plentiful and cheap to make their use practicable. 

While worthless materials may be· added as fillers to make low
grade fertilizers, there is also a legitimate use of so-called fillers, 
namely, as driers or conditioners for the special purpose of insuring 
a suitable mechanical conditi<>n in order to make the fertilizer dis
tribute easily when·applieg. Materials like the nitrate of ammo
nium, calcium and sodium, ammonium chloride, urea, etc., absorb 
moisture so the mixtures in which they are present are likely to 
harden on standing. This can be prevented by using in the mix-· 
ture some dry, inert material that will absorb moisture and keep 
the mass from caking. For this purpose nothing is better than 
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fine, dry muck or peat. One can also use finely-ground rock-phos
phate, garbage tankage, cocoa shells, sewage sludge, castor pomace, 
fine sand, gypsum, coal ashes, fine cinders, sawdust and even fine, 
dry earth. It will not do, however, to use quicklime (calcium ox
ide), slaked lime (calcium hydroxide) or wood-ashes in certain fer
tilizers (p. 323). When a mixture contains sufficient amounts of 
ammoniated superphosphate, bone-meal, fine tankage, cottonseed 
meal or calcium cyanamid (about 2 per cent.), no filler or drier will 
be needed, since these materials generally insure a good mechanical 
condition. When a home-mixed fertilizer is prepared some weeks 
or months before it is to be used,. especially when it contains con
siderable amounts of nitrates or urea or ammonium chloride, it will 
usually be well to put into the mixture some material to act as a 
drier in order to prevent caking. 

PURCHASING UNMIXED MATERIALS 

In buying unmixed materials, attention should be given to cer
tain points often the subject of inquiry among farmers. Some of 
the more important are: (1) Where to purchase, (2) how, (3) 
when, (4) what grade, (5) co-operative buying, (6) use of "unit" 
system, (7), fineness an~ dryness. 

Where to purchase unmixed materials.-Agricultural col
leges and experiment stations and the United States Department 
of Agriculture, as well as county farm-bureau agents, usually fur
nish on request a list of the addresses of reliable dealers in plant
food materials. Many dealers in fertilizer materials located in 
commercial centers throughout the United States make a specialty 
of handling unmixed materials. Owing to the increasing demand 
for these materials, local dealers have increased in number in lo
calities where fertilizers are extensively used. 

How to purchase unmixed materials.-Before purchasing, 
farmers are advised to obtain for themselves prices at which they 
can actually buy specific plant-food materials from several different 
sellers, local and state. This precaution will prevent the possibility 
of paying more than the prevailing price at the time. 

When to purchase materials.-By watching market varia
tions rePorted in agricultural papers, it is possible to save some
thing. It often happens that the lowest prices prevail in early 
winter. On all accounts, this will be found the be~t time to buy 
and mix materials, since home-mixing should be completed before 

. the beginning of spring work. It is well to obtain information 
about the purchase of materials in November or December. In those 

. sections where garden crops are grown mostly during the winter 
months, action will, of course, be taken earlier. 
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What grade of materials to' buy.-It will invariably be found 
more economical to purchase high-analysis plant-food materials. 
While bulk is often desirable in applying fertilizers, the object in 
purchasing should be to obtain the most available nitrogen, phos
phorus and potassium for one dollar. 

Co-operative buying.-In purchasing unmixed plant-food ma
terials, considerable economy can be effected by several farmers 
in a community ordering supplies together. This method has been 
advantageously used by many granges and farmers' clubs. The 
unmixed materials are bought in quantity and distributed to indi
viduals, each of whom does his own mixing. This method effects 
saving of freight and may obtain the benefit of lower prices on 
car lots. Such methods always depend upon cash payment and 
usually result in the most economical purchase of plant-food pos
sible. Co-operative organizations are increasing in number and ef
ficiency for furnishing fertilizer materials, mixed fertilizers and 
other supplies to farmers at advantageous prices. 

Use of "unit" system in purchasing materials.-Fertilizer 
materials should always be purchased on the basis of a guaranteed 
statement giving the amount of nitrogen, phosphoric acid and pot
ash. Two methods are used in buying plant-food materials. One 
is based directly on the percentage composition, the other on the 
"unit" system (p. 310). In quoting prices, a dealer offers potas
sium sulfate, for example, at $1 per unit of potash, 20 pounds of 
potash, which is equal to 5 cents. a pound. We get at the same 
result on a ton basis and a specific percentage guarantee. For 
example, potassium sulfate that contains 50 per cent. of potash is 
quoted at $50 a ton; 50 per cent. of a ton is 1,000 pounds, so a 
pound costs 5 cents. The unit system is somewhat simpler, be
cause, to find out the price of one pound, it is necessary only to 
divide the price of one unit by 20. The unit basis is the one 
commonly used in trade quotations and in commercial transactions. 

Fineness and dryness important.-Materials to be used in 
mixing should be in finely-powdered form and dry so that they 
may be easily and completely mixed and that the mixture be in 
good mechanical condition for applying. Usually, unmixed ma
terials that have stood long cake more or less and will need screen
ing and grinding bef~re mixing. The precaution should be taken 
to store unmixed and mixed materials in a dry place. 

MATERIALS THAT SHOULD NOT BE MIXED 
TOGETHER 

Plant-food materials cannot be mixed indiscriminately without, 
in some cases, incurring risk of loss or unfavorably affecting the 
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mechanical condition; so it is important to know what mixtures 
should be avoided for the following reasons: (1) Loss of ammonia 
nitrogen, (2) loss of nitrate nitrogen, (3) reversion of soluble 
phosphoric acid, (4) unfavorable mechanical effect. 

Mixtures that cause loss of ammonia nitrogen.-Alkaline 
compounds easily set free ammonia from ammonium compounds, 
such as ammonium sulfate. If in sufficiently concentrated form 
they may also decompose animal matter, setting free ammonia, 
especially when stored in a damp, warm place. When mixtures of 
such materials are immediately placed in the soil, the ammonia is 
held (po 000), but when they stand in the air, the ammonia is lost. 
The following list indicates materials that should not be mixed for 
this reason: 

Calcium oxide (quicklime) 0 ••••••• 

Calcium hydroxide (slaked lime) ... 
Potassium carbonate (in wood-ashes) 
Basic-slag phosphate ............ . 
Calcium cyanamid ........... 0 .. . 

Basic calcium nitrate . 0 ••••••••••• 

Should not 
be mixed 

with 

Ammonium sulfate, nitrate, 
chloride, phosphate 

Animal materials (bone, tankage, 
blood, fish scrap, farm manure, 
etc.) 

Nitrogenous guanos 
Urea, calurea 
Leunasalpeter, leunaphot, etc. 

Loss of nitrate nitrogen.-Under one condition, now rare, loss 
of nitrate nitrogen may occur. When moist superphosphate, so 
carelessly made as to contain considerable amounts of free sulfuric 
acid, is mixed with sodium, ammonium, or calcium nitrate and kept 
in a warm place, some free nitric acid may be formed and escape 
into the air. Any such possibility of loss can be obviated by adding 
to the materials before mixing a sprinkling of finely powdered lime
stone, which will neutralize any sulfuric acid present. 

Reversion of soluble phosphoric acid.-When certain calcium 
compounds are mixed with a soluble phosphate, as contained in 
any superphosphate, and in ammonium or potassium phosphates, 
the soluble phosphate is changed to di-calcium phosphate (reverted) 
or to tri-ca1cium phosphate or both (p. 33). The following form of 
statement indicates what mixtures are to be avoided on this ac-
count: 

Calcium oxide ..•..•• 
Calcium hydroxide ••• 
Calcium carbonate ... 
Wood-ashes .•...•... 
Basic calcium nitrate .. 
Calcium cyanamid ... 
Basic slag phosphate .. 

Should not 1 be mixed Soluble phosphates 
with 

For the same reason, similar magnesium, iron and aluminum 
compounds should not be mixed with soluble phosphates. 
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Unfavorable mechanical effect.-Several of the materials used 
in making fertilizers absorb moisture. When materials that con
tain quicklime or slaked-lime, are mixed with such moisture-absorb
ing materials, they tend, on standing, to harden and make a solid 
mass, difficult to handle. If, however, the mixture is distributed 
soon after being made, this trouble is avoided. Another method 
to prevent hardening in such cases is to add one-fourth or more of 
its weight of fine, dry muck, or 100 to 240 pounds of some organic 
material, such as cottonseed meal, ground fish or animal tankage, 
to the mixture. The materials which for this reason should not be 
mixed, or mixed only just before using on the soil, are: 

. . .. 1 Should not be {SOdi?m ni~rate CalcIUm oXide (quicklime)..... . d .th Calcum rutrate 
Calcium hydroxide (slaked lime) mlX~ wbl f' Potassium salts .. 
B · I . ·t t except Just e ore K··t aSlc ca cum ru ra e ......•.... J li. alru e . app cation BaSIC slag phosphate ......•... .1 Potash manure salts 

to SOl Urea 

ADVANTAGES AND DISADVANTAGES OF HOME
MIXING 

Among specific advantages that may result from purchasing 
unmixed materials and mixing them on the farm, are: (1) Economy, 
(2) definite knowledge of materials used, (3) variations of mixtures 
to suit specific conditions, (4) educational value. 

(1) Economy in home-mixed fertilizers.-The average retail 
price of one ton of a mixed commercial fertilizer is, considerably 
higher than the retail cost of the unmixed materials, (p. 000). This 
difference, which represents the cost of mixing, freight, profit, com
missions, etc., varies according to the grade of fertilizer; in the case 
of high-grade goods, the difference averages less than $5, while in 
low-grade fertilizers it averages $7 or $8. It is obvious that at least 
a considerable portion of this difference can be saved by purchasing 
unmixed ingredients. 

To the cost of materials, farmers can properly add the cost of 
their labor in mixing. In reality this is a small matter, since this 
work can be done when there is least demand on the farmer's time. 
For the farmer who purchases low-grade mixed commercial fertiliz
ers, there is a possibl~ saving of $10 a ton, and it is safe to count 
on $5 at least. For those who purchase high-grade fertilizers, the 
saving will usually be $5 or more a ton, and not less than $3. For 
those who use 10 tons or more of fertilizer, the saving effected by 
home-mixing can be seen to be considerable in the aggregate. 

(2) Definite knowledge of materials used.-When separate ma
terials are purchased, the farmer can more easily ascertain whether 
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they are what they are purchased for. Ground leather cannot be 
passed off for sodium nitrate or ammonium sulfate. In mixed goods, 
all mysteries of inferior composition are beyond detection by the 
eye. Unmixed materials are usually more uniform in composition 
than the mixed. The farmer may get better forms of plant-food in 
unmixed than in mixed products. 

(3) Variation ()f conditions to suit specific needs.-By careful 
observation and some experimenting, each farmer can make mix
tures with those proportions of plant-foods which best meet the 
conditions of his soil and crops. In purchasing unmixed materials, 
one can apply a single plant-food constituent at a time, a method 
found useful under some conditions. This practice is becoming 
more common, for example, in the top-dressing of some crops with 
a nitrate. 

(4) Educational value.-There is little of educational value in 
using an unknown mixture. To purchase intelligently unmixed 
fertilizing materials ultimately leads in most cases to a well
grounded knowledge of agricultural science. One will seek to know 
what the various forms of plant-food materials are, what they do, 
from what sources they are derived, how they can be obtained and 
how they can be used to best advantage. One becomes a student 
and an investigator and, of necessity, takes a deeper interest in his 
work. His entire system of farming is lifted to a higher plane and 
his intelligently applied labor yields more profitable results. 

Disadvantages of home-mixing.-The disadvantages sug
gested in connection with home-mixing are: (1) Difficulty of pur
chasing small amounts of unmixed materials, (2) injury to crops 
from incomplete mixing, (3) imperfect mechanical condition, (4) 
injury to crops by application of concentrated materials. 

(1) Difficulty of purchasing small amounts of unmixed mate
rials exists no longer; for dealers are ready to sell materials in small 
or large amounts. The advantage of purchasing large amounts can 
readily be realized by co-operation of farmers in purchasing their 
supplies together. 

(2) Injury to crops from incomplete mixing.-Farmers are told 
by sellers of mixed fertilizers about the difficulty of mixing fertiliz
ing materials, with the consequence of uneven application to the 
soil, some portions getting little or no plant-food and others too 
much, the results of which make uneven crops and reduced yields. 
The fact that a farmer who once intelligently undertakes mixing 
his own fertilizers seldom goes back to commercial mixed fertilizers 
is sufficient evidence of accomplished success. 

(3) Imperfect mechanical condition.-W1u1e it is true in the 
, best-made commercial fertilizers that the degree of fineness may be 

better than in home-mixed materials, home-made mixtures with the 



Wheat in a five year rotation on limed land. During thirty-five years the left plot averaged 11.7 bushels; the right plot, 
26.5 bushels. The former was unfertilized; the latter received nitrogen, phosphorus and potash at a cost of $6.20. This 

fertilizer also increased the average total hay yield by one ton and a third. 
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precautions given can be made sufficiently fine for aU practical pur
poses and fully as satisfactory as those found in many mixed fer
tilizers. 

(4) Injury to crops by application of concentrated materials.
When materials like sodium nitrate, superphosphate and potassium 
chloride or sulfate are put together, we have a mixture of concen
trated materials, which may do harm to seeds when the mixture is 
applied. This difficulty is overcome by placing the fertilizer where 
it does not come into direct contact with seed and also by using 
fertilizer distributors which can place small amounts. 

CO-OPERATIVE PURCHASE OF FERTILIZERS 
In some towns, farmers combine to buy unmixed plant-food ma

terials, each one doing his own mixing. In other cases, a farmers' 
organization decides upon one or more definite formulas, found by 
experience to suit the local needs, and sends manufacturers specifi
cations for furnishing the same ready mixed and sacked, letting the 
contract to the lowest responsible bidder. The mixtures are checked 
by official analysis. 

Successful co-operative organizations furnish their members with 
unmixed fertilizer materials and also mixed fertilizers at a marked 
reduction of cost. 

DEFINITION OF ANALYSIS AND FORMULA 
Formerly the terms, analysis and formula, as applied to ferti

lizers, were used with the same meaning. A distinction is now made. 
Analysis means the statement that gives the percentage of nitro

gen, phosphoric acid,· and potash, in their various forms, in a fer
tilizer material or mixture. 

Formula is 'applied to a statement that gives the amount and 
composition or grade of the' various constituent materials contained 
in a fertilizer mixture. The term, open formula, is used of a com
mercial fertilizer mixture, the ingredients of which are stated. For 
example, an open-formula commercial fertilizer is stated to contain 
200 pounds of sodium nitrate, 150 pounds ammonium sulfate, 600 
pounds of 16 per cent. superphosphate, 400 pounds of 2-20 bone 
meal and 650 pounds of kainite. 

HOW TO CALCULATE FORMULAS FOR HOME
MADE MIXTURES 

It is necessary to decide first what the percentages of nitrogen, 
available phosphoric acid and potash shall be in the desired fertilizer 
mixture and then what materials shall be used in making the mix-
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ture. The usual percentages in fertilizer materials are given in 
Table 43, p. 332. 

For example, a farmer wishes to make a fertilizer that contains: 
4.0 per cent. of nitrogen 
8.0" " " available phosphoric acid 
8 " " " potash 

and for this purpose has the following materials: 
Sodium nitrate containing 15 per cent. of nitrogen 
Superphosphate containing 16 per cent. of available phosphoric acid 

. Potassium chloride, containing 50 per cent. of potash 

How much of each of these materials is it necessary to take to 
make one ton of a mixture with the above analysis? 

The process necessary to solve the problem may be conveniently 
divided into four steps or operations, as follows: 

(1) The first step consists in finding the number of pounds of 
nitrogen, phosphoric acid and potash in one ton of a fertilizer having 
the analysis given above (4-8-8). This is done by multiply
ing the number representing the per cent. by 20, as follows: 

Per cent. 
(pounds per 1 00 ) 

Nitrogen ................... 4 X 
Available phosphoric acid..... 8.0 X 
Potash ........•..•........• 8 X 

20 
20 
20 

Pounds per ton 

= 80 
= 160 
= 160 

(2) The second step consists in finding (a) how many pounds 
of sodium nitrate containing 15 per cent. of nitrogen will be required 
to furnish 80 pounds of nitrogen; (b) how many pounds of acid 
phosphate containing 16 per cent. of available phosphoric will be 
required to furnish 160 pounds of available phosphoric acid; and 
(c) how many pounds of potassium chloride containing 50 per 
cent. of potash will be required to furnish 160 pounds of potash. 

(a) Since 100 pounds of sodium nitrate contains 15 pounds of 
nitrogen, it will require, to furnish 80 pounds of nitrogen, as many 
times 100 as 15 is contained in 80, or 5.33. This calculation may 
be represented as follows: 

80 -:- 15 X 100 or 80 X 100 = 533 
15 

pounds of sodium nitrate. 
(b) Since 100 pounds of superphosphate contains 16 pounds of 

available phosphoric acid, it will require as many times 100 as 16 
is contained in 160, to furnish 160 pounds of available phosphoric 
acid: 

160 -:- 16 X 100, or 160 ~ 100 1000 

pounds of superphosphate. 
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(c) Since 100 pounds of potassium chloride contains SO per 
cent. of potash, it will require, to furnish 160 pounds of potash, 15 
many times 100 as 50 is contained in 160; 

160 -:- SO X 100, or 160 X 100 320 
SO 

pounds of potassium chloride. 
(3) The third step consists in adding the amounts of plant-food 

materials (533 + 1000 + 320), which equal 1,853 pounds. The 
amount can be made up to 2,000 pounds by adding 147 pounds of 
filler or drier (p. 321). 

The method of operation can now be stated in the form of rules. 
Rule: To find amounts of materials to use to make fertiliz

ers.-(I) Find the number 0/ pounds 0/ nitrogen, available phos
phoric acid and potash contained in one ton 0/ the mixture by 
multiplying in each case, respectively, the number giving the per 
cent. by 20. 

(a) Per cent. nitrogen X 20 = pounds of nitrogen in one ton of fertilizer 
(b) " " phosphoric acid X 20 =" .. phosphoric acid" .. .. u .. 
(e) .... potash X 20=" .. potash U .. ".. .. 

(2) Find the number 0/ pounds 0/ given material required to 
furnish the number 0/ pounds 0/ each plant-food constituent in one 
ton 0/ mixture, as follows: Multiply by 100 the number 0/ pounds 
0/ each plant-food constituent contained in a ton and divide the re· 
sult by the number giving the percentage 0/ the respective plant
food constituent in the material used. 

(a) Lbs. nitrogen in 1 ton X 100 -:- % nitrogen in material used = 
Lbs. nitrogen material required 

(b) " phos. acid in 1 ton X 100 -:- % phos. acid in material used = 
Lbs. phos. add material required 

(e) " potash in 1 ton X 100 -:- % potash in material used = 
Lbs. potash material required 

(3) Find the total amount 0/ plant-food materials by adding 
together the results obtained in the preceding step. 1/ the sum is 
less than 2,000, add enough fine, dry muck or other inert material 
to make 2,000 pounds. 

Calculation of materials based on acre application.-8uppose 
a farmer wishes to apply per acre 30 pounds of nitrogen, 80 pounds 
of available phosphoric acid and SO pounds of potash, in the re
spective forms of sodium nitrate, superphosphate and potassium 
chloride, containing the usual percentages (15 of nitrogen, 16 of 
available phosphoric acid and SO of potash), how can he determine 
the amount of each material necessary to use? This practically 
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involves only the second step in the preceding process. The opera
tion is indicated briefly, as follows: 

(a) 30 (lbs. nitrogen) X 100 -;- 15 (% nitrogen in nitrate) = 200 lbs. of 
sodium nitrate 

(b) 80 (Jbs. phos. acid) X 100 -;- 16 (% phos. acid in superphosphate) = 
500 lbs. of superphosphate 

(c)50 (lbs. potash) X 100 -;- 50 (% potash in chlori!Ie) = 100 lbs. of potassium 
chloride 

The results added together make an application of 800 pounds 
of the mixture per acre. In such cases as this, if one desires to make 
larger amounts, each material is increased two, three or as many 
times as suits one's purpose or convenience. 

Short method for calculating amounts of materials.-By 
using the figures in Table 43, considerable labor can be saved, 
especially when one knows the percentage of plant-food constitu
ents in the materials. The tabular figures can best be understood 
by giving an example. Suppose one wishes to make a mixture 
like the one already given (p. 329) as an illustration (4-8-8), 
using the same materials (nitrate with 15 per cent. of nitrogen, 
superphosphate with 16 per cent. of phosphoric acid, and potas
sium chloride with 50 per cent. of potash). To find how much 
sodium nitrate to use, look down the percentage column in Table 
43 until 15 is reached and find opposite it the number 133.3; we 
then multiply this by 4, the per cent. of nitrogen that the mixture 
is to contain. For the 16 per cent. phosphoric acid in acid phos
phate, we find 125, and multiply this by 8, the per cent. of phos
phoric acid in the mixture; and for 50 per cent. of potash we find 
40, which we mUltiply by 8, the per cent. of potash in the mixed 
fertilizer. The operations are indicated as follows: 

Percent. 
in 

mixed 
ferti-

Plant-food constituent liser 
Nitrogen •••..•...••....•. 4 
Phosphoric acid ........... 8.0 
Potash ................... 8 

X 
X 
X 

Factors 
found 

in 
table 
133.3 
125 
40 

Amount 0/ materials to use 
= 533 pounds of sodium nitrate = 1000 .. "acid phosphate 
= 320 " potassium chloride 

Total material ............ ~. . . .. • . . .. . .. . . . . 1853 

The data in Table 43 are based on the "unit" system, in which 
each per cent. represents 20 pounds of the plant-food constit
uent in 2,000 pounds of fertilizer material (p. 310). Each factor 
in the table shows the number of pounds of material that must 
be put into a ton of fertilizer, in order to make the fertilizer contain 
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one per cent. of the plant-food constituent (nitrogen, phosphoric 
acid, or potash). One per cent. is the same as 20 pounds per ton. 

Some additional illustrations of use of the table are given: (1) 
How much dried blood that contains 12 per cent. of nitrogen should 
be used to furnish nitrogen for one ton of a fertilizer that contains 
3 per cent. of nitrogen? Opposite 12 (per cent. column) we find the 
factor 166.7, which, multiplied by 3, gives 500 pounds as the amount 
of dried blood to use. (2) How much superphosphate, that contains 

TABLE 43-FACTORS FOR QUICK CALCULATION OF AMOUNTS OF 
MATERIALS TO USE IN MIXING FERTILIZERS 

Percent. Per cent. Per cent. Per u"t. 
0/ plant- of plant- 0/ plant- of plant-
food con- Factor to food con- Factor to food co,,- Factor to food con- Factor to 
stituent use in stituent use in stituent use in stituent we in 
in mate- multi- in mate- multi- in mate- multi- in mate- mulli-
rial used plying rial used plying rial used plying rial used Plying 

1 2000 9 222.2 16.5 121.2 26 77 
1.5 1333.3 9.5 210.5 17 117.7 28 71.5 
2 1000 10 200 30 66.7 
2.5 800 
3 666.7 10.5 190.5 18 111 32 62.5 
3.5 571.5 11 182 18.5 103 34 58.8 
4 500 11.5 174 19 105.3 35 57.2 
4.5 444.5 12 166.7 19.5 102 36 55.6 
5 400 12.5 160 20 100 38 52.6 
5.5 363.6 13 154 20.5 97.6 40 SO' 
6 333.3 13.5 148.2 21 95.3 42 47.6 
6.5 307.7 14 143 21.5 93 44 45.5 
7 285.7 14.5 138 22 91 45 44.4 
7.5 266.7 15 133.3 23 87 46 43.5 
8 250 15.5 129 24 83.3 48 41.7 
8.5 235.3 15 125 25 80 SO 40 

46 per cent. of available phosphoric acid, must be used to furnish 
phosphoric acid for one ton of a fertilizer that contains 16 per cent. 
of phosphoric acid? Opposite the· figure 46 we find 43.5 which, 
multiplied by 16, gives 696 pounds of superphosphate. (3) How 
much kainite that contains 12Yz per cent. of potash, should be used 
to furnish potassium in a fertilizer that contains 5 per cent. of 
potash? Opposite 12Yz we fin:! the factor 160, which, multiplied 
by 5, equals 800 pounds of kainite. (4) How much ammonium 
nitrate that contains 32 per cent. of nitrogen, should be used to 
furnish nitrogen in one ton of fertilizer that contains 8 per cent • 

. of nitrogen? The factor opposite 32 per cent. is 62.5, which mul
tiplied by 8 gives sao pounds. 
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Calculations to be made when composition is stated in other 
than usual terms.-In our previous discussion we have assumed 
that the composition of materials is stated in terms of nitrogen, 
available phosphoric acid and potash. If, however, the guarantee of 
nitrogen is given as ammonia, the amount of nitrogen can be easily 
calculated by consulting Table 46 (p. 356). Similarly, if other 
changes are to be made to get the amounts of plant-food in terms of 
nitrogen, phosphoric acid, phosphorus, potash or potassium, the 
data for making the needed calculations can be found in the same 
table. In most cases, however, guarantees supplied by manufac
turers are in usual form. 

Added illustrations of home-made mixtures.-The procedure 
is more complicated when we use materials that contain more than 
one plant-food constituent, as bone-meal, fish scrap, potassium 
nitrate, ammo-phos, etc.; or when we use more than one material 
to supply one plant-food constituent, as nitrogen in part from 
nitrate, in part from ammonia and in part from urea. 

Example 1. To make one ton of a mixture that contains 3 per 
cent. of nitrogen, 6 of phosphoric acid and 3 of potash (3-6-3), 
in which one-half (1.5) of the nitrogen is in the form of sodium 
nitrate and one-half, ammonium sulfate, the phosphoric acid being 
supplied by 20 per cent. superphosphate and the potash by high
grade potassium chloride, how many pounds of each material must 
be used? 

First, consult Tables 35, 36, 38 to ascertain the percentage com
position of materials used (sodium nitrate, 15 per cent. of nitrogen; 
ammonium sulfate 20.5 per cent of nitrogen; potassium chloride, 
50 per cent. of potash). Then make use of Table 43 as already 
directed. Th~ process is indicated as follows: 

(1) 
(2) 
(3) 
(4) 

1.5 X 133.3 
1.5 X 97.6 
6 X 100 
3 X 40 

Total 
Filler 

= 200 pounds of sodium nitrate 
= 146 " ammonium suHate 
= 600 " superphosphate 
= 120 " potassium chloride 
= 1066 

934 

2000 

Example 2. Make one ton of a mixture that contains 4 per cent. 
of nitrogen, 8 of phosphoric acid and 4 of potash (4-8--4), in 
which one-fourth of the nitrogen is in ·the form of sodium nitrate, 
one-fourth, ammonium sulfate, one-half, fish scrap, the phosphoric 
acid being supplied by 40 per cent. triple superphosphate' and the 
potash by kainite. The operations are indicated as follows: 
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(1) 1 X 133.3 = 133.0 pounds of sodium nitrate 
(2) 1 X 97.6 = 98.0 .. .. ammonium sulfate 
(3) 2 X 250 = 500.0 .. fish scrap 
(4) 8 X 50 = 400.0 .. .. triple superphosphate 
(5) 4 X 166.7 = 667.0 .. kainite 

Total = 1798.0 
Filler 202 .. 

Amount of material that contains one pound of plant
food.-It is often a matter of convenience to know without mak
ing detailed calculations how many pounds of fertilizing material 
are required to furnish one pound or more of plant-food (nitrogen, 
phosphorus or phosphoric acid, and potassium or potash). In 
Table 44 is given in one column the percentage of plant-food in the 
fertilizing material, and in the next the number of pounds of such 
material required to furnish one pound of plant-food. 

TABLE 44-AMOUNT OF FERTILIZING MATERIAL THAT CONTAINS ONE 

POUND OF PLANT-FOOD 

"" .. "" .. "" .. l-a .. 
!~ 

;: ",- ;: 

!~ 
;: It 

"'"" ~.~ "'"" "'"" ~·E 0"" 
I .. ~.01'" I .. -a.eg I .. -aoOtg loot () it; .. ::I~ it; .;:.::1_ 11 ·E·::I "";- 1-; ·1~ ~E ~;i ~E ~;i .. -1:;; ~I 

- It ....... ! "-.." ""-o,o! "-" ....... ! i.!..~ -...15 io-t 0_ Eo~ "'- Eo~ "'- 0" 0-
;: C)-a- ;: Ci)-~ ;: 1):;1:> • ~,;c. . .. . .. . .. ... 

- ;S .;l~ - ;S ..,"" i.~ - ::0 E .-= f.,;: ~·i~ ~~"" e .~ ~ .. 
~2 ;:·s ;: ~2 ~2 It ·S It t 2 ··il 

;S "";S ~ ~ ~ ;S "";s : ",,::0 
.. <::0 ~~~ .. '" ~ 3 ~~t ,~ ,t~ , .. , .. , .... 

1 100 11 9.1 21 4.76 34 2.94 
2 50 12 8.33 22 4.55 35 2.86 
3 33.33 13 7.7 23 4.35 36 2.78 
4 25 14 7.15 24 4.17 40 2.5 
5 20 15 6.67 25 4 42 2.38 
6 16.67 16 6.25 26 3.85 44 2.27 
7 14.3 17 5.9 27 3.7 45 2.22 
8 12.5 18 5.55 28 3.57 46 2.17 
9 11.1 19 5.27 30 3.33 48 2.08 

10 10 20 5 32 3.13 50 2 

To show how Table 44 is used, the following illustrations are 
given: (1) How many pounds of ammonium sulfate that contains 
20 per cent. of nitrogen are required to furnish (a) 1 pound of 
nitrogen, (b) 10 pounds, (c) 100 pounds? Ans. (a) 5 pounds, (b) 
50 pounds, (c) 500 pounds. (2) How many pounds of superphos
phate that contains 16 per cent. of available phosphoric acid' fur
nish (a) 1 pound of phosphoric acid, (b) 2 a pounds, (c) 100 pounds? 
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Ans. (a) 6.25 pounds, (b) 125 pounds, (c) 625 pounds. (3) How 
many pounds of kainite that contains 12 per cent. of potash furnish 
(a) 1 pound of potash, (b) 30 pounds, (c) 100 pounds? Ans. (a) 
8.33 pounds, (b) 250 pounds, (c) 833 pounds. 

In order to find how many pounds of fertilizing material are 
required to furnish any number of pounds of plant-food, multiply 
the figure given in Table 44 by the number of pounds of plant-food 
desired. 



XXVI 

ROTATION OF CROPS 

CROP-ROTATION is a systematic arrangement for growing various 
crops successively on the same soil. The general object is to uti
lize the plant-food in the soil most economically and, at the same 
time, maintain the soil in such condition, physical, chemical and 
biological, as will promote the growth of maximum crops. The 
particular system of rotation to be used must depend upon kind 
of soil and character of farming. A fruit-grower, a dairyman, a 
wheat-grower, a cotton-grower, etc., would each follow a different 
system of rotation. 

The rotation of crops as a system is in contrast with the one
crop system by which the same kind of crop is grown continuously 
year after year on the same soil. Under the one-crop system, soils 
sooner or later show decrease in crop production, usually due, in 
part, to a diminished supply of available plant-food and, in part, 
to detedoration of the soil in such a way as to render it unfavorable 
in one or more of its relations, physical, chemical, and biological. 

We shall consider the subject under the following divisions: 
(1) Reasons underlying crop-rotation, (2) effect on crop produc
tion, (3) general principles of crop-rotation. 

REASONS THAT UNDERLIE CROP-ROTATION 

The practice of growing different crops in systematic succession 
on the same soil is the outgrowth of observation and experience. 
The beneficial effects in the way of increased crop production were 
observed long before the reasons for the effects were understood. 
Some of the advantages of crop-rotation are probably not clearly 
understood yet. We can better comprehend the reasons if we 
know what such a system can accomplish when effectively con
trolled; among the principal things it may do are: (1) Changes 
location of feeding-range of plants; (2) changes demand for in
dividual plant-food constituents; (3) makes most advantageous use 
of remains of preceding crops; (4) provides economical supplies of 
nitrogen; (5) maintains supply of organic matter in soil; (6) keeps 
soil in good physical condition; (7) provides advantageous 
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means of utilizing both farm manure and commercial plant-foods; 
(8) keeps soil advantageously occupied with crops most of the 
time; (9) prevents or reduces injury caused by toxic substances 
in soils; (10) aids in controlling injuries done by insects, weeds 
and fungi; (11) often saves labor; (12) systematizes farming. 

Changes.in location of feeding-range.-A properly planned 
rotation provides for alternation of crops whose root systems oc
cupy different portions of the soil-deep and shallow. The plant
food is thus taken from differ~nt layers, also more or less from 
subsoil. By this treatment the available plant-food in anyone 
layer is less quickly reduced and, therefore, applications of ferti
lizers are called for in smaller amounts or less frequently. In 
some soils potassium and calcium are more largely in the subsoil, 
while nitrogen and phosphorus are mainly in the upper layer. To 
illustrate the two types, wheat crops obtain their supply of food 
from surface soil, clovers go deeply for more or less of their food. 

Variation in demand for special forms of plant-food.
Some crops use more nitrogen than others, some more potassium, 
etc. The continuous growing of one crop which consumes large 
amounts of potassium would sooner or later tend to reduce the 
available supply in relation to phosphorus and nitrogen; if such a 
crop were followed by one that requires less potassium, the latter 
might grow satisfactorily when the former did not. This was 
formerly given as the chief reason for crop-rotation. While it may 
be valid in some cases, it is not now regarded as of great funda
mental importance. 

Advantageous use of preceding crop residues.-After a crop 
of clover, it is better to grow wheat and then oats rather than the 
reverse, because the ability of oats to acquire plant-food is greater 
than that of wheat. If oats were grown first, wheat might be at a 
disadvantage unless fresh supplies of plant-food were furnished. 
Crop residues are therefore best utilized by a judicious arrange
ment of crops. 

Economical supply of nitrogen.-In a four- or a five-year 
rotation system with one application of good farm manure, a le
guminous crop will maintain the soil nitrogen practically undi
minished under ordinary cropping conditions. Such a system 
reduces to a minimum the purchase of commercial forms of nitrogen. 

Maintenance of organic matter in soil.-When hoed or grain 
crops are continuously grown, the organic matter of the soil gradu
ally becomes less, because the crop residues are insufficient to take 
the place of the organic matter that has undergone complete decom
poJition. Loss of organic matter, if not replaced, sooner or later 
unfavorably affects the physical, chemical and biological conditions 
of the soil, with consequent reduction of crop yield. The use of 
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green-crop manures and of farm manure in a rotation provides 
means for maintaining an abundant supply of organic matter. 

Good physical condition of soil.-Each class of crops exer
cises a specific action upon the mechanical condition of soils. Grass 
crops tend to make a soil compact; grain and hoed crops tend to 
keep the soil structure in open condition. Proper rotation gradu
ally alternates these conditions. The frequency and extent of 
compacting and loosening can be made to vary with the character 
of the soil. Sandy soils need crops that compact; clay soils need 
more those crops that lighten. 

Advantageous use of farm and commercial plant-foods.
Proper systems of crop-rotation furnish economical results when 
farm manure is applied to the soil once at least in a rotation of 
four or five years. As previously suggested, most of the additional 
nitrogen needed can be supplied by leguminous crops. The bal
ance of crop-feeding being mainly with potassium and phosphorus 
compounds, little commercial nitrogen will be required. When 
commercial plant-foods are used, they are usually applied to best 
advantage on the shallow-rooted crops, the so-called weak feeders. 

Occupation of soil by crops.-Crop-rotation makes it pos
sible .to keep the land occupied with a crop of some kind most of 
the time. This is an advantage in preventing the loss of plant-food 
by leaching. Thus, when grass seed is put in with a grain crop, 
the grass crop occupies the land when the grain crop is removed. 
When corn follows grass, the land is kept covered by the grass until 
plowed for corn. Where long seasons permit, it is possible to grow 
in rotation more than one crop in a year. 

Antidote to soil toxins.-Soils on which crops are grown may 
contain substances toxic to plants (p. 201), products of decomposi
tion of soil organic matter. Change of crops in some way modifies 
conditions so that these toxins do not injure the succeeding crop 
when of a different kind. 

Control of injuries from insects, weeds and fungi.-Each 
crop appears to be associated with certain weeds that grow with it; 
continuous growing of the same crop favors increase of the weeds 
characteristic of that crop. By changing from one crop to another 
different in character, as for example, from small grains to a cul
tivated crop, the weeds that flourished with the previous crop are 
often killed easily by cultivation. Similarly, rotation frequently is 
a great aid to farmers in preventing or lessening destruction caused 
by insects and plant diseases. Diseases and insects that infest one 
crop cannot flourish when a crop of another kind takes the place of 
the first. Where one crop is grown continuously, the propagation 
.of insects and disease germs carries them through from one year 



Effect of fertilizer on wheat. For fifty years the plots in these trials have been handled in the same way in a rotation 
system that has not varied. Top (left) potassium only; (middle) phosphorous and nitrogen; (right) potassium and nitrogen. 
Center (left) pbosphorus and potassium; (middle) nothing; (right) phosphorus, potassium and nitrogen. Bottom (left) 
complete fertilizer containing forty-eight pounds of nitrogen; (middle) manure, ten tons; (right) complete fertilizer containing 

seventy-two pounds of nitrogen. 
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to another. If crops of other kinds occupy the soil three or four 
years, these destructive enemies disappear more or less completely. 

Saving of labor by crop-rotation is shown in various ways. 
For example, when a. grain crop is seeded to grass, the two crops 
are served by one operation of preparing the land. Crop-rotation 
means variety of crops in place of one special crop. With a variety 
of crops, labor is ·more uniformly distributed through the season 
instead of coming all at the same time. 

Systematizing farming.-When once a system of crop-rota
tion is established, the management of a farm is much simplified. 
It means planning years ahead for each field of the farm. 

EFFECT OF ROTATION ON CROP YIELD 

Judicious use of crop-rotation invariably proves more profit
able than the one-crop system. One of the best illustrations known 
is the experience of the Rothamstead experiment station in England, 
where experiment on the same field have been continuously carried 
on for over 60 years. While it has been possible with the use of 
fertilizers to grow good root crops without rotation, grains like 
wheat and barley are benefited by rotation but leguminous crops 
run out completely when grown continuously on the same soil. 
Wheat on the one-crop system gave a yield of about 12 bushels an 
acre, while in comparison in a 4-year rotation (turnips, barley, 
clover, wheat) the yield was over 28 bushels; similar differences 
were obtained in the case of barley grown with and without 
rotation. 

GENERAL PRINCIPLES OF CROP-ROTATION 

From statements. made regarding the beneficial effects 
to be realized by well-planned rotations, we can derive a few general 
principles, as follows: (1) Essentials of a rotation system, (2) 
conditions that affect rotation systems, (3) order of crops in rota
tion, and (4) examples of successful rotation systems. 

Essentials of rotation system.-In planning rotations under 
usual conditions, four general classes of crops should be provided 
for, as follows: 

(1) One crop to be sold, or money crop, usually removing con
siderable amounts of plant-food. 

(2) One leguminous crop to add nitrogen, collect subsoil phos
phorus and potassium and furnish organic m~tter. 

(3) One crop to feed farm animals, the plant-food of which is 
largely restored to the soil in manure. 
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(4) One cultivated or hoed crop to destroy weeds and improve 
physical condition. 

In illustration of these statements, we can use the familiar 
three-year rotation of potatoes, wheat and mixed clover and timothy. 
Potatoes and wheat furnish two money crops; potatoes, the culti
vated crop; wheat-straw and hay, two feeding-crops; clover, the 
crop for supplying nitrogen, etc. 

Conditions that affect rotation systems.-In addition to other 
requirements a system of rotation must obviously be adapted to 
special conditions among which are: 

(1) Climate definitely prescribes the particular kinds of crops 
that can be selected for a given locality. 

(2) Soil.-Attention has already been called to the fact that 
certain crops give better results on particular types of soil. 

(3) Kind o//arming.-The crops in rotation systems will vary 
according to whether the farming is general or special and accord
ing to each specialty. Different details are demanded, for example, 
by dairying, stock-raising, grain-raising, cotton-growing, fruit
growing, etc. 

(4) Commercial conditions.-One is limited also, in addition, to 
crops that can be sold readily and at profitable prices. Accessi
bility to market, involving transportation facilities, must also be 
taken into consideration. 

(5) Condition 0/ soil in relation to weeds, injurious insects and 
plant diseases must be considered. 

Order of crops in rotation system.-N 0 strict arrangement of 
specific crops in rotation can be prescribed, but the facts presented 
already furnish some helpful suggestions; for instance: 

(1) Shallow-rooted and deep-rooted crops should be alternated. 
(2) Crops which furnish organic matter should be alternated 

with those which favor its rapid decomposition. 
(3) There should be in every rotation system not less than one 

leguminous crop in order to increase the supply of plant-food in 
the soil. • 

( 4) Crops in rotation should vary as much as possible in such 
respects as the amounts and kinds of plant-food requirements, 
character of root growth, and the time of year during which they 
cover the soil. 

(5) In connection with the preceding statements, we may add 
that whenever commercial plant-foods are used, they should be 
applied to the special crop that will be most benefited by them, 
usually the shallow-rooted, weak-feeding crop, such as wheat. 
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EXAMPLES OF SUCCESSFUL ROTATION 
SYSTEMS 

Well-known systems in extensive use are the following crops in 
rotations: 

(1) Three-year. rotation in potato-growing: (1) Potatoes, (2) 
wheat or oats, (3) clover and timothy. 

(2) Four-year rotation in corn-growing: (1) Corn, (2) corn, (3) 
oats or wheat, (4) clover and timothy. 

(3) Five-year rotation for general farming: (1) Corn, (2) oats, 
(3) wheat, (4) clover and timothy, (5) clover and timothy. 

(4) Seven or eight-year rotation where alfalfa is grown: (1) 
Alfalfa 4 years, (2) corn 2 years, (3) wheat or oats 1 or 2 years. 

(5) Three-year rotation in cotton-growing: (1) Corn accom
panied by cowpeas planted between rows or sown broadcast when 
last cultivated, (2) oats followed by cowpeas the same season, (3) 
cotton. 

(6) Five-year rotation in dairy-farming: (1) Corn, (2) corn, 
(3) oats seeded with clover and timothy, (4) hay, (5) pasture. 



PART V 
PRACTICAL USE OF FERTILIZERS IN 

GROWING INDIVIDUAL CROPS 



XXVII 

PRELIMINARY CONSIDERATIONS ABOUT 
THE PRACTICAL USE OF FERTILIZERS 

SOME of the fundamental conditions that underlie successful 
crop growing are suggested by the following topics: 

(1) Factors that affect the efficiency of fertilizers. 
(2) Small and large applications of plant-food. 
(3) Relative amounts of plant-food constituents in fer-

tilizers. 
( 4) Limitations of usefulness of fertilizer formulas. 
(5) Plant-food formulas for crops. 
(6) Methods and times of applying fertilizers. 

FACTORS AFFECTING THE EFFICIENCY OF 
FERTILIZERS 

In order that plants may make efficient use of plant-food and 
grow satisfactorily, the following conditions are essential: 

( 1) Good seed. 
(2) Sunshine (light and warmth). 
(3) Adaptation of crops to special conditions of soil and climate. 
( 4) Sufficient rainfall, properly distributed. 
(5) Suitable physical structure of soil in respect to (a) mellow

ness and firmness, (b) receiving, distributing, holding and giving 
up water, (c) circulation of air, (d) absorbing and holding heat. 

(6) Beneficial micro-organisms in the soil and conditions favor-
able to their growth. 

(7) Absence of substances injurious to plants, especially (a) 
add compounds for most cultivated crops and (b) alkalis in soils 
where blueberr:es and~ther acid-requiring plants are to be grown. 

(8) Abundance of available plant-food within reach of growing 
roots. 

Most of these conditions are under control. The most effective 
and economical controls are: 

(a) Seed selection with reference to variety, vitality, purity, 
and freedom from disease. 
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(b) Adaptation of crops to soil· and climate. 
(c) Where irrigation is practicable, moisture supply is under 

control. . 
(d) The physical structure of the soil is controlled, according 

to special conditions, by (1) drainage, (p. 108), (2) thorough 
tillage of proper character and at suitable times (p. 106), (3) 
proper rotation of crops (pp. 336-342), (4) periodical incorpora
tion of organic matter (pp. 256-265), (5) maintaining supply of 
calcium carbonate in soil (p. 195). 

(e) The presence in soils of beneficial micro-organisms (nitrify
ing, ammonifying, nitrogen-gathering) is secured when necessary 
by inoculation through treatment with farm manure, use of soil, 
or special preparations, according to circumstances (pp. 1 SO, 151). 
Conditions favorable to maintain desirable organisms in soils 
(pp. 89-100) are provided by keeping the physical structure in 
good condition. 

Assuming that the preceding conditions are satisfactory, crops 
are able to make efficient use of plant-food within reach. Unfavor
able conditions in anyone respect may prevent a crop from utiliz
ing the plant-food ready for use. When climate and the physical 
conditions of soil are suitable for crop growth, the primary prob
lem of crop production is crop-feeding. Sufficient supply of avail
able plant-food to meet crop demands is maintained most effectively: 
(1) By the careful saving, management and use of farm animal 
excrements, liquid and solid, and organic farm refuse (pp. 215-
254); (2) desirable rotation of crops (pp.336-342); (3) use of 
leguminous crops or crop residues as green-manure to add nitrogen 
and organic matter to the soil as well' as change insoluble plant
food materials into available form (pp. 256-265); (4) maintain
ing in the soil a sufficient supply of calcium carbonate (pp. 205-
210); (5) the use of plant-food materials bought in such amounts 
and forms as to supplement. most economically local needs. 

SMALL AND LARGE APPLICATIONS OF 
PLANT-FOODS 

In practice farmers use fertilizers in amounts varying from 
100 to 3,000 pounds an acre and in some cases even more. While 
the usual purpose in using fertilizers is to supplement the soil's 
supply of plant-food, there are two points of view (1) helping crops 
to start, and (2 ) helping them during growth . 

. Fertilizers to start crops.-It is well-known that amounts of 
plant-food materials as small as 100 pounds an acre, properly placed, 
often have a marked effect in starting crops. The explanation com
monly accepted is that in teml;lerate climates~ the available plant-food, 
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especially of nitrate nitrogen, is at its lowest on cropped soils early 
in spring, and that it may be insufficient to give the new crop what 
it needs for a quick start; therefore, to help the young crop until 
the soil can furnish new supplies, a small application of quickly 
available plant-food is advisable. It must also be kept in mind 
that the roots of young plants have a limited reach and that they 
best utilize the most soluble forms of plant-lood. Therefore, the 
application of comparatively small amounts of easily soluble plant
food materials at this time, just where the young rootlets can quickly 
reach it, furnishes nutrition when most needed. 

The oat crop illustrates the foregoing explanation. Soon after 
germination, there is usually a week or ten days when growth is at 
an apparent standstill, known to farmers as the "pouting" time. 
Generous application of nitrate nitrogen and soluble phosphates 
usually shortens or prevents this behavior, which suggests the ab
sence of soluble plant-food within reach of the rootlets. After the 
feeding-roots have gone deeper and the various agencies have begun 
actively to furnish available plant-food, the soil's supply is expected 
to meet the crop demands during the remainder of the season. 

Fertilizers to help crops continuously.-In some cases, 
farmers practically ignoring the supply contained in the soil, apply 
as much available plant-foods as a large crop will use, or even in 
considerable excess of this, in order to make sure of enough. This 
is a still more popular practice in the case of market-garden and 
greenhouse crops to insure not only large crops, but often to hasten 
maturity in order to get the advantage of high prices early in the 
season. This system, however, is not profitable in the case of 
ordinary farm crops. 

RELATIVE AMOUNTS OF PLANT-FOOD 
CONSTITUENTS IN FERTILIZERS 

In using fertilizer for crop production, compounds that contain 
available nitrogen, phosphoric acid and potash, must be in sufficient 
supply and, further, these constituents must be present in relative 
proportions that are not too wide. In discussing the functions of 
plant-food constituents (p. 84) attention was called to the fact 
that, while each one exerts on the growth of plants special effects 
peculiar to itself, these constituents are mutually interdependent, 
balancing, supplementing and limiting one another. Excess or de
ficiency of anyone may interfere with the ability of the plant to 
make normal use of one or more of the others. In the preparation 
and use of fertilizers, the relative proportions or balance of nitrogen, 
phosphoric acid and potash are, therefore, important, as they affect 
the results and the consequent economy of their use. 
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It is of interest to know some of the methods used to deter
mine the proportions of these plant-foods in making fertilizers for 
various crops and to discuss the significance of such variations. 
\Vhile chemical analysis furnishes helpful suggestions, it is not a 
satisfactory or practical basis when used without reference to 
various other conditions. Another principle, still influential, was 
to make the application of fertilizers correspond to the chemical 
composition of the plant (p. 281). Much emphasis has been placed 
by some investigators upon the two phrases, "feeding the soil" and 
"feeding the crop," meaning the use of fertilizers on the basis of 
soH analysis and of plant analysis, Some fertilizer manufacturers 
claim that their analyses are based upon feeding the plant and not 
the soil. A knowledge of the amounts of plant food material used 
by various crops is desirable, useful and necessary in studying the 
needs of crops, but, for reasons already pointed out, this knowledge 
is insufficient to serve by itself as a basis to enable us to determine 
the relative amounts of plant-food constituents to use. 

The present use of plant-food materials, in relation to the 
amounts applied, is based, (I) in part, upon the amounts of plant
food removed by crops, (2) in part, upon the character of soil, 
and, (3) in larger measure, upon laboratory investigations and 
actual field tests first carried out by agricultural experiment sta
tions and then applied in successful farm practice by progressive 
farmers. 

If we compare the proportions of nitrogen, phosphorus and 
potassium in most fertilizers with the proportions of these con
stituents in crops to which applied, we notice that the nitrogen is 
usually much less, the phosphorus much more, than the proportions 
called for by the composition of the crops. For example, phos
phorus is used by crops in smaller amounts than either nitrogen or 
potassium and yet, in nearly all fertilizer analyses, we find that it is 
generally in considerable- excess of the other two constituents. In 
departing from the proportions of constituents found in plants, 
certain facts are taken into consideration, among them the 
following: 

(1) A smaller amount of nitrogen is applied in fertilizers than 
the crop uses, on the assumption that the soil will furnish consider
able, especially as the growing season advances and conditions 
become favorable to decomposition and nitrification processes. This 
assumption, to be safe, should be based upon actual knowledge of 
previous soil behavior and treatment. The use of farm manure 
and leguminous green-manure, for example, justifies the assump
tion. Generally speaking, clay soils contain more nitrogen than 
sandy soils, while muck or peaty soils, though rich in nitrogen, do 
not furnish any appreciable amount of quickly available nitrogen 



PRELIMINARY CONSIDERATIONS 349 

until they have been tilled and, in many cases, limed. Soils that 
lack organic matter usually need nitrogen. 

(2) The amount of phosphorus in a fertilizer is usually in
creased much above the proportion called for by plants, especially 
in the case of cereals, because most soils contain phosphorus in 
relatively small amounts and much of it generally in forms not 
quickly available except as the result of treatment with organic 
matter, lime, etc. The fact that a soluble phosphate reverts in most 
soils before it is used by crops probably has had something to do 
with this use of relatively large amounts of phosphorus. 

(3) The proportions of potassium are made to vary with the 
character of the crop as well as with the character of the soil. On 
most clay soils, when kept well supplied with calcium carbonate 
and organic matter, or when treated generously with sodium or 
calcium nitrate, little potassium need be used in fertilizers. Larger 
amounts are called for by leafy crops, root crops and some others 
than by cereals. Light, sandy soils are often deficient in available 
potassium, while muck soils are generally found to respond favor
ably to generous applications. 

From the preceding discussion, it can be readily appreciated 
that making a properly balanced fertilizer, best adapted to soil and 
crop is a matter of complexity. The same fertilizer may not be 
equally useful on different farms even for the same crop. 

LIMITATIONS OF USEFULNESS OF FERTILIZER 
MIXTURES 

When we come to designating a definite analysis or a specific 
mixture of plant-food materials for a particular crop, we want to 
make it clearly understood now, if we have not succeeded in doing 
so before (p. 275), that no particular analysis or mixture of plant
foods can be prescribed for anyone crop under all conditions or for 
every crop on a given soil. In the very nature of the case the 
question of quantities and proportions of plant-foods to be used 
must always remain more or less a matter of individual experience 
and observation. Moreover, it must be remembered that one's 
practice cannot remain continuously the same. The soil of each 
field is undergoing constant change in the extent and character of 
its needs. For exampie, the fact that the application of super
phosphate gives large crop yields for one year does not mean that 
this treatment will continue to give the same results indefinitely. 
Sooner or later crop yields will drop, unless attention is given to 
th(' supply of nitrogen or potassium or calcium, or organic matter, 
or all of these, or, perhaps, some other constituent like sulfur or 
manganese. 
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The chief use of a fertilizer with a specific analysis is as a sug
gestion or starting-point. Beginning with a suggested analysis, the 
progressive farmer will constantly study results and let the expe
rience of one year suggest to him his plan for the year following. 
It is unwise to be permanently attached to anyone combination 
of plant-foods, unless one has proved by long-continued experiment 
that it gives the best possible results under conditions that prevail 
on the individual farm or field for particular crops. In making 
variations in the amounts and forms of plant-foods to be used, home-

On acid land limestone makes a difference · between a good crop of sweet clover 
and no crop. When this forty acre fie1d was limed a strip was left unlimed as a 

demonstration. 

mixing becomes important. The disadvantage of being wedded to 
a single mixture of plant-foods is well illustrated in the case of a 
certain market-garden crop raising community. The farmers had 
all come to use one specific plant-food mixture, until carefully con
ducted experiments proved that they were using twice as much 
potassium as they needed and in many cases were applying the mix
ture in amounts twice as large as was consistent with the best profit. 

STANDARDIZATION OF ANALYSES 

The number of fertilizer mixtures that contain nitrogen, phos
phorus and potassium compounds formerly aggregated several thou
sand. In the interest of both consumers and manufacturers it was 
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found that a large proportion of these mixtures could be grouped 
under a comparatively small number of analyses, systematized and 
standardized. As the result of several regional conferences begun 
in 1922 and continued at intervals since, agronomists, fertilizer
control chemists, representatives of the fertilizer industry and others 
interested agreed that specific analyses, limited in number, be 
selected as standard. These standard analyses are simply advisory 
and have varied greatly. from time to time. Farmers have been 
urged to use them and manufacturers have been requested to co
operate as far as practicable in furnishing them. In several indi
vidual states or groups of states standard analyses have been 
adopted for such recommendation, suitable for the crops and con
ditions in each. The movement is still in a transitional stage but 
it is probable that, ultimately, in the states using commercial fer
tilizers, individual states will settle upon a limited number of 
analyses, found by experience as best adapted to the crops and 
conditions of each. 

PLANT-FOOD RATIOS IN FERTILIZERS 

In connection with the adoption of definite fertilizer analyses, 
it was found desirable, for the sake of uniformity, to suggest a 
series of plant-food ratios, on which could be based the various 
analyses adopted. For example, a ratio indicated as "1-2-1" 
means 1 part of nitrogen, two parts of available phosphoric acid 
(P.O.) and 1 part of water-soluble potash (K20). On the basis of 
this ratio, we could have such fertilizer analyses as 3-6-3, 
4-8-4, 5-10-5, 6-12-6, etc. On the basis of other ratios, 
such as 1-1-2, 1-2-3, 1-3-2, 2-3-1, etc., a countless num
ber of ratios and analyses is possible. Therefore, in order to have 
some definite system by which to work out ratios and analyses and 
avoid having an excessive number, the "triangle" system has been 
suggested as furnishing a simple and practical basis. Without going 
into details, it is sufficient to state that 63 different ratios are pos
sible, as a basis for preparing fertilizer analyses, as shown in 
Table 45. 

In Table 45 each figure in all the ratios is a whole number and 
the sum of the constitqent figures of each ratio equals 10. 

It is not proposed that all of these ratios be used but that from 
them can be selected all that are desired as a basis for fertilizer 
mixtures needed in actual farm practice. The analyses of very few 
commercial fertilizer mixtures in use correspond to any of these 
ratios except in the case of some high-analysis mixtures, which have 
recently come into market, but some modifications can bring many 
of the present mixtures under the triangle system. 
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Regional conferences of Central Western States and of New 
England have selected fertilizer ratios based on the triangle method 
which include the following: 1-3-6, 1-5-4, 1-6-3, 1-7-2: 
2-4--4, 2-3-5, 2~5-3, 2-6--2, 3--4--3, 4--2-4, 4--3-3, 
5-3-2, 2-~, 0-2-8, 0-5-5, 0-6-4, 0-7-3. The 
analyses based on these ratios contain 20 per cent. or more of ni
trogen, phosphoric acid and potash, taken together. For example, 
the lowest analysis based on the 1-3-6 ratio is 2-6--12' on the 
2 • ' -4--4 ratIo, 4--8-8; on the 4--2-4 analysis, 8--4--8, etc. 
In further illustration, we could have the following analyses based 
on the 2-6--2 ratio: 3-9-3; 4--12-4, 5-15-5, 6--18-6, 
etc. 

TABLE 45-POSSIBLE FERTILIZER RATIOS BY TRIANGLE SYSTEM 

N-P.O. N-K.o P.o.-K.o N-P.f).-K.f)I----...... 
1-9-0 1-0-9 0-1-9 1-1-8 2-2-6 3-4·3 5-2-3 
2-8-0 2-0-8 0-2-8 1-2-7 2-3-5 3-5-2 5-3-2 
3-7-0 3-0-7 0-3-7 1-3-6 2-4-4 3-6-1 5-4-1 
4-6-0 4-0-6 0-4-6 1-4-5 2-5-3 4-1-5 6-1-3 
5-5-0 5-0-5 0-5-5 1-5-4 2-6-2 4-2-4 6-2-2 
6-4-0 6-0-4 0-6-4 1-6-3 2-7-1 4-3-3 6-3-1 
7-3-0 7-0-3 0-7-3 1-7-2 3-1-6 4-4-2 7-1-2 
8-2-0 8-0-2 0-8-2 1-8-1 3-2-5 4-5-1 7-2-1 
9-1-0 9-0-1 0-9-1 2-1-7 3-3-4 5-1-4 8-1-1 

METHODS AND TIMES OF APPLYING 
FERTILIZERS 

While this subject will be considered in more detail in connec
tion with individual crops in succeeding chapters, it is desirable to 
present here some of the main points of general importance. 

The efficiency of the plant-food in a fertilizer is lost for the 
season's growing crop in so far as it does not come within the 
feeding range of the plant roots. The soluble constituents of fer
tilizers diffuse through the soil mostly up and down, slightly in a 
lateral direction, so the method of application is best which distrib
utes the plant-food materials most thoroughly and uniformly 
throughout the portion of soil in which the feeding-roots forage. 
The various phases of the subject are receiving much experimental 
attention from agronOInists, manufacturers of fertilizer-distributing 
machinery and producers o( fertilizers. The points to be noticed 
here are: (1) Special machinery, (2) placement of fertilizers, (3) 
precautions in applying concentrated fertilizers, (4) application of 
soluble materials, (5) distribution of insoluble fertilizers, (6) time 
of application. 
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Special machinery for distributing fertilizers.-The impor
tance of distributing fertilizers in the most efficient manner has been 
fully appreciated. Extended studies have been made, covering the 
various conditions that affect distribution by machinery. The drilla
bility of fertilizers is greatly affected by such conditions as (1) the 
degree of moisture of the air, varying with the amount of ma
terial in the fertilizer that absorbs moisture easily; (2) the size, 
shape and uniformity of the particles of the fertilizer material. The 
evenness of distribution varies with the kind of distributor and the 
drillability of the fertilizer. Implement manufacturers have de
vised desirable forms of drills and planters provided with special 
attachments for efficient distribution, and several kinds of ma
chines have been designed to distribute fertilizers either in the 
rows, beside the rows, or broadcast uniformly over the entire 
surface, while some forms are adjustable to make use of all three 
methods. Wagons are made for the distribution of farm manure 
(p. 253) some of them provided also with arrangements for distrib
uting fertilizers and lime. 

Placement of fertilizers.-In the placement or application of 
fertilizers, four methods are employed, depending on the kind of 
crop and fertilizer: (1) Broadcast, during the preparation of the 
soil before planting; (2) in the seed-row, before or at the time of 
planting; (3) top-dressing or side-dressing, at some time during 
the growing season; (4) in solution. For crops whose root sys
tems extend sideways in every direction and occupy a horizontal 
layer of soil, broadcasting after plowing followed by harrowing 
before planting, is desirable. This applies, for example, to fer
tilizers used for cereal crops, orchards, green-manure crops, forage 
crops, meadows and pastures. 

In the case of crops whose root systems extend downward 
rather than horizontally and which are grown in hills or rows, dis
tribution in or near the plants is usually preferred, as for potatoes, 
roots, crops, many garden crops, etc. In applying fertilizers in the 
seed-row, the fertilizer should be spread in a band six inches wide 
or more, not in a narrow line; and, under no circumstances, should 
there be direct contact of the fertilizer with the seed, especially in 
case of concentrated fertilizers. Direct contact of any soluble fer
tilizer constituent with se,td is sure to prevent germination or burn 
the sensitive rootlets in the first stage of growth. To prevent such 
injury and yet to place the fertilizer where it can be reached by the 
rootlets, it can be placed a little below the level, on one or both 
sides, of the seed, one to three inches from the seed. 

Top-dressings or side-dressings with fertilizers are applied to 
advantage at stages of growth which differ with various crops. 

Application of fertilizers in solution is used in some cases. In 
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the intensive growing of garden crops, overhead irrigation is em
ployed in some places and the fertilizer is applied in the irrigation 
water. The soluble fertilizer, such as nitrate, ammonium salts, 
urea, soluble phosphates, potash salts, etc., is placed in a bag, sus
pended in the tank of irrigation water. As much as 200 pounds of 
fertilizer per acre can be effectively applied by this method. After 
the application, pure water is run on the leaves of the growing plants 
to wash off the solution and prevent possible injury from drying 
of the solution on the leaves. 

In transplanting such plants as cabbage, celery, strawberry, 
sweet potato, tomato, tobacco, etc., soluble fertilizer can be applied 
in the water used on the plants at the time of resetting. The use 
of a nitrate (sodium or ammonium), or urea has been found helpful 
to stimulate growth--one or two ounces of the plant-food material 
dissolved in four to eight gallons of water. 

Precautions in applying concentrated fertilizers.-Special 
attention should be called to certain dangers that may result from 
careless use of concentrated fertilizer materials and mixed fertilizers. 
This has increased with the concentration of plant-food constitu
ents. Formerly, the plant-food materials in a mixed fertilizer rarely 
exceeded 18 to 20 per cent. At present the total often exceeds 20 
per cent. but in some cases as high as 60 per cent. 

When a concentrated or high-grade fertilizer or any plant-food 
material likely to burn vegetable tissue is applied, it is essential 
to keep from coming into direct contact in the soil with the seed. 
If, for example, a small lump of such a- fertilizer should be left 
near seed in the soil, a strong solution of the fertilizer will soon 
form and reaching the seed, be likely to prevent germination. In 
a similar way, if a young rootlet pushes into such a concentrated 
solution, injury follows. It is obvious that the proper way to avoid 
such trouble is to see that the fertilizer is in a drillable condition, 
that it is uniformly distributed through the soil and that it is not 
applied in so large amounts as to make meeting these conditions 
difficult. 

If one has not the machinery for distributing concentrated 
fertilizers uniformly, a good way of handling them before applica
tion is to dilute them by mixing thoroughly equal parts of the fer
tilizer and some inert substance like fine, dry muck, peat, sand, 
lifted coal ashes, etc. Such a mixture can be distributed more uni
formly and with much less risk of injuring seeds or roots than in 
concentrated form. This method of dilution is especially desirable 
when one wishes to make only small applications. For example, 

, it is difficult to distribute uniformly 7S pounds of sodium nitrate ~ 
dry form over an acre. Dilute it by thorough mixing with 200 or 
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300 pounds of fine,dry inert material, and its uniform distribution 
ceases to be difficult. 

In top-dressing partly grown crops with unmixed plant-food 
materials or with concentrated mL'{ed fertilizers, it is highly desira
ble that the materials be diluted with inert matter. It is also essen
tial that these surface applications be made not too near the growing 
plant and under no circumstances touching any part of the plant. 
Those who have not had experience in handling these active com
pounds have often scattered the material over the ground near the 
plant, after which a heavy shower has come, dissolved it suddenly, 
spattered the concentrated solution over the plant, caused more 
or less serious burning wherever plant tissue is touched and usually 
caused the death of the plant. It is always desirable to work a 
top-dressing of such strong materials lightly into the soil; this will 
prevent the possibility of the destructive effects caused by heavy 
rain. Generally speaking, it is safer to make two or three light top
dressings than one heavy application. It is generally not desirable 
to apply sodium nitrate and similar materials alone as a top-dressing 
in amounts exceeding 100 pounds an acre at one time on most crops. 

Distribution of soluble fertilizers.-Readily soluble materials 
can be distributed over the surface and lightly worked in. When 
the first rainfall comes, they are distributed throughout the soil 
completely and uniformly. 

Distribution of insoluble fertilizers.-Materials largely insol
uble are preferably well mixed through the soil. Thus, dried blood, 
bone-meal, tankage, fish-scrap and other organic materials of similar 
character are best placed at a sufficient depth in the soil to promote 
decomposition and nitrification. If too deep decomposition may be 
slow or the nitrate nitrogen, when formed, may be leached and 
carried beyond the reach of the roots. 

Time of application.-Readily soluble plant-food materials 
which are not reasonably well retained by the soil, are best applied 
only when the crop is ready to utilize them. If put on too long 
before crop growth is well started., there is danger, especially on 
light, open soils, of their being carried more or less beyond the 
range of the crop roots. Nitrate nitrogen, in case of light soils, is to 
be treated with special care in this respect. Ammonia is liable to a 
similar loss, as soon as converted into nitrate. Nitrates are espe
cially useful for early spdbg applications in case of crops that need 
an early, prompt start. Care should be taken not to apply them 
too late in the season in case of most crops, since the maturing of 
the crop will be retarded and there will be an excessive growth of 
stems and leaves. 

Fertilizers which do not dissolve readily are preferably applied 
early in the season and worked into the soil so they can undergo 



356 FERTILIZERS AND CROP PRODUCTIO:-' 

decomposition. It is important that nitrogen-containing materials 
be controlled so they shall exercise their maximum effect before the 
maturing season of the crop arrives; otherwise, the season of growth 
may be prolonged so late in the fall as to result in injury to the 
crop either in yield· or quality or both. In case of trees, liability 
to injury by severe cold is increased. 

TABLE 46--FACTORS FOR CALCULATING AMOUNTS OF A PLANT-FOOD 
CONSTITUENT IN DIFFERENT FORMS 

1. In compounds containing NITROGEN 

To find from a given amount of 
Ammonia (NH.) 
the equivalent amount of: Multiply 

by 
Nitrogen .. . . • . . . • . . . . . . . . .. 0.824 
Ammonium nitrate .......... 2.35 
Ammonium sulfate .......... 3.88 
Calcium cyanamid ........... 2.35 
Calcium nitrate •....•....... 4.82 
Potassium nitrate ••.......... 5.94 
Sodium nitrate ••...•........ 5.00 
Urea ...••.................. 1.76 

From Ammonium nitrate (NH.NO.) 
Ammonia ...•.....•......... 0.425 
Ammonium sulfate .......... 1.65 
Calcium cyanamid ........... 1.00 
Calcium nitrate ............. 2.05 
Nitrogen ......•..•......... 0.175 
Potassium nitrate •.•......... 1.26 
Sodium nitrate ..•..•........ 1.06 
Urea •••.••••••••..••.•..... 0.75 

From Ammonium sulfate ((NH.)rSO.) 
Ammonia •...••..•.......... 0.257 
Ammonium nitrate .......... 0.61 
Calcium cyanamid .........•. 0.61 
Calcium nitrate ........••... 1.24 
Nitrogen •........•......... 0.21 
Potassium nitrate ....••.•••• 0.76 
Sodium nitrate ..•....•.••.•• 0.64 
Urea •.••••••...•..•.••.•••• 0.45 

From Calcium cyanamid (CaCN.) 
Ammonia •.•..•............• 0.425 
Ammonium nitrate .......•.• 1.00 
Ammonium sulfate .....•.... 1.65 
Calcium nitrate .......•...•• 2.05 
Nitrogen .... . . . . . . . . . • • . . .. 0.35 
Potassium nitrate ..•...••... 1.26 
Sodium nitrate •.••••........ 1.06 
Urea •.•...•........••••.•.• 0.75 

To find from a givefl amo",d of 
Calcium nitrate (Ca( NO.).) 
the equivalent amount 0/: Multiply 

by 
Ammonia ....•••••••.•••..•• 0.21 
Ammonium nitrate .•..•....• 0.50 
Ammonium sulfate •••.•....• 0.80 
Calcium cyanamid •••••..•.•. 0.50 
Nitrogen •.••••..•.••••.•••• 0.17 
Potassium nitrate •••.•...••• 0.62 
Sodium nitrate •••.••.•.•••.• 0.52 
Urea ••••••••••••••••...•••• 0.37 

From Nitrogen (N) 
Ammonia ••...•..••••••••••• 1.214 
Ammonium nitrate •••••••••. 2.86 
Ammonium .Iulfate ••.••.•••• 4.71 
Calcium cyanamid .•••.•..•.. 2.86 
Calcium nitrate ••.••..•..•.• 5.86 
Potassium nitrate .••••••••••• 7.21 
Sodium nitrate ••.•••..•••••• 6.07 
Urea ••••..•.••••••••..•.••• 2.14 

From Sodium nitrate (NaNO.) 
Ammonia .••.•.•••••••.••••• 0.20 
Ammonium nitrate •••••••••• 0.94 
Ammonium sulfate •••••..••• loSS 
Calcium cyanamid •••.••••••. 0.94 
Calcium nitrate •.•••.•••..•• 1.93 
Nitrogen ................... 0.165 
Potassium nitrate ••••••.•••• 1.19 
Urea ....................... 0.70 

From Urea (CON.H.) 
Ammonia ................... 0.567 
Ammonium nitrate •••••••••• 1.33 
Ammonium sulfate ••••••.••• 2.20 
Calcium cyanamid ........... 1.33 
Calcium nitrate •••••.••••••• 2.73 
Nitrogen •.•.•.•••••••••.••• 0.467 
Potassium nitrate ••••••.•••.• 1.68 
Sodium nitrate .............. IAZ 
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TABLE 46-Continued 
2. In c:ompounds c:ontaining PHOSPHORUS (phosphoric: ac:id) 

To find from a given amount 0/ 
Phosphorus (P) 
the equivalent amount 0/: Multiply 

by 
Phosphoric acid ............. 2.29 
Mono-calcium phosphate ..... 3.77 
Tri-calcium phosphate, bone 

phosphate of lime (B.P.L.) 5.00 

Prom Phosphoric acid (P.O.) 

Phosphorus ................. 0.437 
Mono-calcium phosphate ..... 1.65 
Tri-calcium phosphate .....•. 2.18 

To find from a given amount of 
Mono-calcium phosphate 
(CaH.(PO.).) the equiva- Multiply 
lent amount 0/: by 

Phosphorus ................. 0.265 
Phosphoric acid ............. 0.61 
Tri-calcium phosphate 

(B.P.L.) ................. 1.32 

Prom Tri-calcium phosphate 
(Ca3(PO')2) (Bone phos
phate 0/ lime, B.P.L.) 

Phosphorus ................. 0.20 
Phosphoric acid ............. 0.46 
Mono-calcium phosphate 0.76 

3. In c:ompounds c:ontaining POTASSIUM (potash) 

To find from a given amount of 
Potassium (K) the equiva- Multiply 
lent amount 0/: by 

Potash ...................... 1.205 
Potassium carbonate ......... 1.77 
Potassium chloride .......... 1.90 
Potassium nitrate .. ......... 2.59 
Potassium sulfate ......••.... 2.23 

From Potash (KaO) 
Potassium .................. 0.83 
Potassium carbonate ......... 1.47 
Potassium chloride .........• 1.59 
Potassium nitrate ............ 2.15 
Potassium sulfate ............ 1.85 

From Potassium chloride (KCI) 
(Muriate) 
Potash . . . . . . . • • . . . . . . . . . . .• 0.63 
Potassium .................. 0.524 
Potassium carbonate ......... 0.926 
Potassium nitrate ............. 1.355 
Potassium sulfate •••...•..•.. 1.17 . 

To find from a given amount oj 
Potassium nitrate (KNO.) Multiply 
the equivalent amou.lt 0/: by 

Potash ..................... 0.465 
Potassium ..........•....... 0.386 
Potassium carbonate ......... 0.683 
Potassium chloride .......... 0.738 
Potassium sulfate ............ 0.86 

From Potassium sui/ate (K"sO.) 
Potash ..................... 0.54 
Potassium .................. 0.448 
Potassium carbonate ......... 0.793 
Potassium chloride .......... 0.855 
Potassium nitrate ........... 1.16 

Every farmer should regard every fertilizer as an experiment or, 
perhaps, rather as the beginning of a series of experiments, which 
will sooner or later lead him to make the most economical use of 
plant-food materials that his conditions will permit. 

All things considered, the ideal system is to apply plant-foods 
not as mixtures but as separate materials. In this system the 
farmer applies nitrogen, phosphorus and potassium separately, 
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usually in different seasons, in accordance with the results of obser
vations and experience. The successful application of such a sys
tem demands a close study, not only of crops, but of the science of 
plant-feeding. It has the advantage of enabling the farmer to 
make the most economical use of all plant-food materials in crop
growing. 



XXVIII 

LEGUMINOUS CROPS 

PLANTS botanically classed as the Leguminosre, commonly called 
the bean or pulse family, are numerous in kind and widely dis
tributed. Those of agricultural interest are clovers, beans, peas, 
lentils and vetches. For several reasons, they are of the highest 
value and possess characteristics which distinguish them from all 
other crops. 

GENERAL CHARACTERISTICS 

The more important points of general interest relating to legu
minous crops are considered under the following divisions: (1) 
Relation to nitrogen, (2) relation to subsoil, (3) uses, (4) adapta
tion, (5) agricultural varieties. 

Relation to nitrogen.-These plants possess the peculiar power 
or ability to make use of atmospheric nitrogen and thus to add to 
the soil's supply of this plant-food (pp. 146-152). By the adop
tion of some leguminous crop as part of a rotation, it is easily pos
sible to reduce appreciably the amount of costly plant-food nitrogen 
that one needs to purchase. However, it is essential that the soil 
be provided with the proper nodule-forming organisms (pp. 146-
152). 

Relation to subsoil.-Many legumes are deep-rooted so serve 
the important purpose of collecting phosphorus and potassium com
pounds, which are carried into the upper porti(:ms of the plants 
and given to the upper layers of the soil by decomposition. 

Various uses.-Leguminous crops, more than any others, are 
devoted to a great variety of efficient uses in agriculture: (1) They 
are the most valuable green-crop manures known; (2) they are 
among the most useful forage crops; (3) many of them furnish 
hay of the highest nutrition-; and (4) some of them are useful as 
pasturage and in lawns. 

Adaptation.-Some species can be grown under a wide range of 
soil and climatic conditions; others are much more limited. In 
the Northern United States, the species most commonly grown are 
clovers, field peas, alfalfa and common vetch; in regions having 
a mild to warm climate, cowpeas and crimson clover are extensively 
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grown; in many parts of the West, those most grown are alfalfa, 
clovers, cowpeas and soy-beans. . 

Agricultural varieties.-The number of leguminous plant va
rieties grown is large, though in many cases only they are used 
in a limited way; the varieties best known and most extensively 
used are the following: Clovers (red, mammoth red, alsike, crimson, 
white,), alfalfa, field-peas, cowpeas, soy-beans, velvet-beans, pea
nuts and vetch. 

SOIL CONDITIONS 

Under this head, we will consider: (1) Calcium compounds, 
(2) organic matter, (3) kinds of soils, (4) preparation. 

Calcium compounds.-Leguminous crops do not thrive on soils 
appreciably acid (p. 149). Therefore, to grow them, the soil should 
be well supplied with calcium (lime) carbonate (pp. 205-211), 
applied with the crop or preferably the season previous. They 
are also relatively large consumers of calcium as plant-food. 

Organic matter.-A generous supply of decomposing organic 
matter is also a requisite for the most abundant yield. 

Kinds of soil.-The kinds of soil on which legumes grow best 
vary widely. Some thrive only on one kind, others grow well on 
various types. In general, they require well-drained soils, but 
mammoth-red, alsike and white clovers grow well in lands too 
moist for other clovers. Deep-rooted crops, like red and mam
moth red clovers, alfalfa, sweet clover, cowpeas, soy-beans, do best 
only when the subsoil is free from hardpan and fairly open. 

Preparation of soil.-In general, much care is required in 
preparing the soil. For the small-seeded crops, the soil should be 
in fine tilth; so it is a good plan, when practicable, to let them fol
low a hoed crop. This also has the advantage of lessening the 
growth of weeds, which often give serious trouble in such newly
seeded crops as alfalfa and soy-beans. 

TABULATED DATA ABOUT LEGUMINOUS CROPS 

In Table 47 are data as a convenience for quick reference. 
More detailed specifications are given when needed in connection 
with a discussion of each special crop. 

While some species are perennial, they run out sooner or later 
when left undisturbed as in meadow or pasture, the time depending 
upon character of the soil, frequency of cutting, amount and kind 
of fertilizers applied, etc. 

The amount of seed used varies greatly; less is used when sown 
in rows than when broadcasted or when sown with some other crop. 
Generally, larger amounts of seed are used for green-crop manures 



TABLE 47-DATA RELATING TO LEGUMINOUS CROPS 

Amount 0/ seed Depth 
per acre 0/ 

Root Dura- Green Forage, plant-
Variety Soil system tion manure etc. Usual season 0/ planting ;ng 

Clover, red .....•••••••••••• Well-drained Years Inches 
clay to light Deep 2-3 12-15 lbs. 8-12 lbs. Early spring and late summer V,-1 t"' 

" mammoth red •.•••.• Moist clays and ttl 
loams Deep 3-4 15-20 " 12-15 " Early spring and late summer 1-2 Cl 

alsike ••••••••••••.• Moist clays and ~ 

loams Not deep 3-5 12-15 " 8-15 " Early spring V,-1 ::::: ..... 
" crimson •••••••••••. Light Not deep 1 15-20 " 12-15 " June-October 1-2 Z 

white •.••••••••••.• Moist clays and 0 
loams Not deep 4-5 12-15 " 10-12 " Early spring V,-1 ~ en 

sweet •••.•••••••.•• Clay to light Deep 2 2-4 pks. 10-12 " March-September V,-1 (') 
Alfalfa .....••••.•••••••..•. Well-drained ~ 

clay to light Very deep 4-10 25-35 lbs. 20-25 " Early spring or late summer 1-1V, 0 
Field-pea ..••••..•••••••... Moist clays and '"d en 

loams Not deep 2-3 bu. 2-3 bu. Early spring 2-4 
Cowpea •.•••••••••••••.•••. Generally on 

soils not too wet Deep 1 1V,-2 " 1-1V, " May-June 1-2 
Soy-bean •••••••••••••••••• Clays, loams, 

etc. Deep 1 1-1V, " 2-3 pks. May-June 1-2 
Velvet-bean ••••••••••• , •••• Light, sandy Deep 1 1-4 pks. 1-4 " Spring 1-2 
Vetch ••••••••••••••••••••• Clays, loams, 

etc. Not deep 1-1V, bu. 1-1V, bu. May-August 1-2 

tH 
0--
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than for forage or hay and less when the crop is grown for seed. 
More seed is needed on soils in poor tilth or lacking in available 
plant-food, than on fertile soils. 

In respect to depth of planting, it should be remembered, in 
general, that small seeds need only slight covering; larger seeds 
usually deeper. 

The time of planting is often governed by the special purpoSE' 
in raising the crop, whether as green manure, green forage, seed, 
bay, etc. 

SUGGESTIONS ON USE OF FERTILIZERS 

Leguminous crops require abundant supplies of phosphorus, po
tassium and calcium compounds in order to utilize atmospheric 
nitrogen. It has been stated that no plant-food nitrogen should be 

.AIfaHa field prepared for seeding by corrugated roller. 

furnished, because, when available nitrogen is at hand in the soil, 
these plants will utilize this in preference to atmospheric nitrogen. 
While this is true with reference to the main period of growth, it is 
usually desirable in case of most soils, and always in case of poor 
soils, to furnish some available nitrogen, such as nitrate, in order 
to give the young plants a prompt and vigorous start. Application 
of nitrogen is essential on soils not provided with the proper nod· 
ule-forming organisms, but every effort should be made to insure 
the presence of these bacteria (p. 147) to raise a leguminous crop 
to best advantage. Whatever the special purpose for which the 
crop is grown some application will generally be found useful at 
the start and should be applied, preferably, broadcast and harrowed 
in before sowing seed. On clay soils, well provided with calcium 
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carbonate and organic matter, the application of 300 to sao pounds 
of superphosphate (16 per cent.) at seeding time, is often found 
satisfactory, with minimum amounts of potassium; on sandy soils 
both potassium and phosphorus can commonly be added to ad
vantage. 

On soils deficient in organic matter, farm manure at the rate 
of 8 to 12 tons an acre may be used, preferably with the crop 
preceding in order to avoid weeds in the leguminous crop; for di
rect application, this trouble can be avoided by using farm manure 
sufficiently decomposed to destroy weed seeds. 

On soils well provided with organic matter, calcium carbonate 
and the suitable nodule-forming organisms, the following mixture 
is suggested: 

Plant-food mixture, No. 1.-For use in starting young crop. 
Analysis: 4-12-4. Formula: Sodium nitrate 376 pounds 
(56.4 pounds N), potassium nitrate 182 pounds (23.6 pounds N 
and 80 pounds K20), superphosphate (18%) 1332 pounds (240 
pounds P20G), drier, 110 pounds (p. 321). 

As limits within which to work, an application of 300 to 600 
pounds an acre is suggested, more exact amounts being determined 
in individual cases either by previous experience or by experiment. 
Such an application furnishes 12 to 24 pounds of nitrogen, 36 to 72 
of available phosphoric acid and 12 to 24 of potash. Subsequent 
treatment with fertilizers depends upon the individual crops and 
the purposes for which grown. 

The following mixture (200 to 400 pounds an acre) can be used 
at the time of seeding along with a moderate application of farm 
manure or when farm manure has been used in generous amounts on 
the preceding crop; the mixture can also be used as a top-dressing 
on meadows and pastures, in which the leguminous plants are to be 
encouraged: 

Plant-food mixture, No. 2.-For use with farm manure or 
as later top-dressing. Analysis: 2-12-6. Formula: Sodium ni
trate 134 pounds (20 pounds N), potassium nitrate 154 pounds (20 
pounds N and 68 pounds K20), superphosphate (16 %) 1 sao pounds 
(240 pounds P 20 G) , potassium chloride 104 pounds (52 pounds 
K20), drier (p. 321) 108 pounds. 

The suggested application (200 to 400 pounds) contains 4 to 
8 pounds of nitrogen, 24 to 48 of available phosphoric acid and 
12 to 24 of potash. 

MANAGEMENT OF LEGUMINOUS CROPS 

The general methods of treatment in relation to preparation of 
soil, fertilization, etc., are much the same, whether leguminous 
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crops are used as green forage or hay, or as green-crop manure (pp. 
259-265). Some special considerations are involved in the growing 
of beans (p. 417), peas (p. 419) and peanuts (p.471). 

Red clover (medium), as a green manure, is probably the 
most widely grown of any leguminous crop. Even the stubble and 
roots alone are often effective when plowed under. About one
third of the plant-food value is contained in the roots, 35 to 40 
per cent. of the nitrogen in the roots and stubble. 

While adapted to a great variety of soils, red clover thrives 
best on well-drained, moderately heavy loams, somewhat moist but 
not wet, well supplied with organic matter and calcium carbonate. 
Even on light soils, it gives large yields when moisture and plant
food are abundant, but runs out sooner than on heavier soils. 

Red clover is most commonly seeded on winter wheat or rye 
in spring, as soon as danger of heavy frosts is past and while the 
ground is moist. When put in as green manure, 12 to 15 pounds of 
seed can be used, the larger amount on poor soils. 

Red clover is not generally grown simply as a green manure, 
but is allowed to grow two years, being cut for hay or seed, and 
the aftermath plowed under. Clover sod is recognized as an ex
cellent preparation for corn, potatoes, oats, etc. The beneficial 
effects of plowed clover sod usually last for more than one season. 
The roots of red clover are widely distributed through the soil and 
undergo decomposition readily. 

Red clover is a vigorous nitrogen-gatherer j an entire crop, in
cluding tops and roots, often contains per acre 100 pounds each of 
nitrogen and potash (83 lbs. K) and 40 to 50 pounds of phosphoric 
acid (18 to 22 lbs. P). Even winter-killed clover may contain 50 
to 80 pounds of nitrogen and other plant-food enough to make it 
useful for the following crop. 

When grown only as a green manure, without any other crop, 
the application of fertilizers should be as indicated (pp. 362-363). 
When grown with winter wheat or rye, these crops should be well 
supplied with plant-food. After they are harvested, a light top
dressing of fine stable manure may be used, or 200 to 400 pounds 
of Mixture No.2 (p.363). 

Red clover for meadows, pastures, etc. (p. 372).-When 
grown for seed or for green forage, hay or pasturage, the manage
ment and feeding at the start of this and other clover crops is 
essentially the same as when grown for green manure. In per
manent pastures, red clover in common with other leguminous plants 
persists longer when treated with minimum amounts of nitrogen 
and liberal amounts of phosphorus and potassium, while the vigor 
of grasses is promoted by liberal feeding with nitrogen to such an 
extent that they run out the clovers. 
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Mammoth red clover, known also as perennial pea-vine and 
sapling clover, closely resembles red clover but is coarser in growth 
and requires two or three weeks longer to reach maturity. It can 
be grown on wet lands better than the common red. It is a vigorous 
grower and a good collector of plant-food in the subsoil. The 
yield is generally larger than with red clover and the growth does 
not run out as quickly. Under favorable conditions, mammoth 
clover, when once well established, may continue for six or seven 
years. The general cultural treatment is essentially the same with 
both crops. It is well to use 15 to 20 pounds of seed an acre. 

Alsike or Swedish clover, on account of its creeping habit, is 
best seeded with other crops of erect growth, as for example, with 
red or mammoth red clover. It is well adapted to cool, moist clays 
and loams too wet for other clovers. It is less sensitive to lack of 
lime than red clover but responds quickly to applications. It may 
be started during the summer or early fall and turned under in 
spring for green manure, using 12 to 15 pounds of seed. Its root 
system is not deep, so to insure a good catch, the soil must be care
fully prepared. An application of 200 to 400 pounds an acre of 
Mixture No. 1 (p. 363) may be used before sowing, being well 
worked into the upper layer of soil. When used for forage or hay, 
it is seldom grown alone,. and often remains three to five years. 

White clover is seldom used as a green manure, except inci
dentally. Its common use is in pasturage in connection with other 
clovers and with grasses (pp.372-384). It grows well on lands of 
inferior character where red clover fails; it is also less sensitive to 
drouth and cold. It is adapted to a wide range of soils, but does 
best on moist land. Its treatment with fertilizers is the same as for 
red clover. 

Sweet clover, (white melilot or melilotus, large white clover 
and Bokhara clover) is a legume though not a real clover. It is a 
familiar, hardy, roadside biennial weed, widely distributed. It 
grows readily on moist soils, and especially well on soils rich in 
calcium carbonate. Its roots are large and penetrate deeply while 
its tops have an abundant growth. It is one of the plants able to 
utilize the phosphorus of ground phosphate rock ("floats"). It 
generally grows without application of fertilizers. On poor soils 
it may be used as a preliminary crop for alfalfa or some other 
leguminous crop. For green manure, it is regarded as equal to 
red clover. Its action as a green manure is said to be most ef
fective when plowed in during the second season just before blos
soming. The high value of this plant as a green-crop manure is 
more fully appreciated than formerly. The fact that animals are 
not usually fond of it as green forage or hay probably accounts for 
the lack of appreciation of its value as a green-manure crop. 
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Crimson clover, (Italian, scarlet or German clover) is ex
ceedingly valuable as a green-crop manure in the states along the 
Atlantic· from New Jersey southward to Georgia. It has been 
grown in other states, but, owing to its sensitiveness to freezing and 
consequent winter-killing, it is not extensively grown north of the 
Middle Atlantic States. It is an annual, flourishing in the cool 
weather of late fall and early spring, blossoming in April or May, 
when it is in best condition to be plowed under. It is not suited to 
spring seeding, so is usually sown from July 15 to September in 
Eastern Central States and as late as October farther south. It 
has the advantage of growing on soils too light for other clovers 
and also of growing at the time of year when cowpeas do not thrive. 
It is excellent as a cover-crop to be used between regular crops 
without interfering. with rotation. It is therefore suitable when 
seeded in corn, orchards, berry lots, etc., after regular cultivation 
is finished, and also after harvesting such crops as tomatoes, early 
potatoes, etc. Even when the crop is winter-killed, it will be 
found useful as a green manure, if it has made a six-inch growth; 
the organic matter in such a crop is equal to that in 4 or 5 tons of 
manure. The nitrogen in a full crop of crimson clover ranges from 
50 to over 200 pounds an acre, while the fall growth alone may 
contain as much as 100 pounds. The root system is comparatively 
unimportant, making up only 10 per cent. of the whole crop. In 
improving poor lands in the Middle Atlantic section, excellent suc
cess has been attained by combining crimson clover as a winter 
crop with cOWpeas as a summer crop. 

While crimson clover is adapted to light, sandy soils, it needs 
to be well supplied with phosphorus and potassium compounds. On 
land known to be lacking in plant-food it will be well to use 200 to 
400 pounds or more per acre of Mixture No.1 (p. 363), in order 
to insure the crop a good start. 

Alfalfa or Lucern is grown chiefly for forage and hay and only 
incidentally as a green-crop manure. On account of the difficulty 
and expense of seeding and its slow, early growth, it is not adapted 
to be grown solely as a green manure. It does not reach its great
est growth until the second or third year after seeding. When well 
started the crop will continue growing for four to ten years or more 
without reseeding, the length of time depending on soil, supply of 
plant-food, freedom from weeds and grass, and frequency of 
cutting. 

Alfalfa grows well on practically all good, well-drained soils; 
it does best on a rich, sandy loam with deep, open subsoil. It dies 
out in a year or two on cold, heavy clays and wet soils. It is 
peculiarly adapted to dry regions, since its roots go down several 
feet into the soil after water as do those of few other agricultural 
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plants, cases being on record of roots 30 feet long. For this reason, 
it is likely to injure the roots of trees if grown permanently in 
orchards. 

Soil intended for alfalfa must be deeply plowed, put into as 
fine tilth as possible and be practically free from weed-seeds and 
grasses. In the North and the East it is commonly sown in spring 
as soon as danger from heavy frost is past, best sown by itself 
without nurse crop. When sown broadcast, it requires 25 to 35 
pounds of seed; when drilled, 20 to 25 pounds. In the South it is 
customary to seed alfalfa after some hoed crop in the fall in order 
to get the start of spring weeds. The seeds are generally harrowed 
in and the ground lightly rolled. 

Alfalfa plants are extremely sensitive to soil acidity. Unless 
the soil has been recently treated, it is generally desirable to lime 
it at the time of, or preferably the year before, putting in alfalfa. A 
generous application of farm manure and ground rock-phosphate 
or basic-slag phosphate with the preceding crop is advantageous. 
Just before seeding, an application of 300 to 600 pounds of Mix
ture No.1 (p. 363) may be harrowed in lightly. After the first 
year 200 to 400 pounds of Mixture No.2 can be applied, or 
generous annual dressings of farm manure can be given, together 
with 100 to 200 pounds of superphosphate and 50 to 100 pounds of 
potassium chloride. 

About 40 per cent. of the plant-food value of a normal crop of 
alfalfa is usually contained in the roots. When these decay, they 
leave the subsoil well fitted for drainage and circulation of air, as 
well as provide abundance of organic matter. 

Inoculation is general1y necessary on soils where neither al
falfa nor sweet clover has been grown. For this purpose soil from 
an alfalfa or a sweet-clover field should be used. It is often a good 
plan, especially on poor soils, to grow a crop of sweet clover on a 
soil as a preparation for alfalfa. 

Field-peas.-For green manure Canada field-peas grow well 
even on heaviest clays but do best on clay loams. On light soils 
deficient in moisture, they do not thrive. The crop grows best 
only in moist, cool weather, such as is common in northern climates 
during early spring and late fall. It is, therefore, largely confined 
to northern states. If sown in spring, the seeding should be made 
as early as possible. For fall planting, the crop can be started in 
August or September and make a good growth before freezing 
weather comes; it will then be ready for use in spring plowing. It 
can follow such crops as are not removed until September. It has 
been shown that in two months it is possible to grow a crop of 13 
tons an acre, containing about 2 tons of dry matter, with 120 
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pounds of nitrogen, 35 pounds of phosphoric acid (15 lbs. P), and 
120 pounds of potash (100 lbs. K). 

Field-peas make vigorous growth when put into a well-tilled 
seed-bed, but they will do better than most other leguminous crops 
on soil less well prepared. From 2 to 3 bushels of seed an acre 
should be used and covered 2 to 4 inches deep. They do better 
when drilled in than when sown broadcast. On soils not well pro
vided with available plant-food, it is well to apply at seeding 200 
pounds an acre of Mixture No.1. For use as green forage and 
hay, with other crops, see pages 394, 396. 

Cowpeas are vine-like annuals that more nearly resemble beans 
than peas; they grow best in warm climates, but have been adapted 
to cooler climates, some varieties being grown as far north as Massa
chusetts and Wisconsin. Varieties vary from the bush-like, rapid
growing and early-maturing kinds to those distinctly vine-like with 
stems several feet long. 

This crop possesses some prominent characteristics which pe
culiarly fit it for a green manure in places where clover and alfalfa 
are not utilized: (1) It utilizes atmospheric nitrogen and furnishes 
large amounts of organic matter; (2) has unusual ability to grow 
on poor soils and on almost any kind of land not too wet; (3) 
covers the ground so thickly as to prevent growth of most weeds; 
( 4) is a vigorous, rapid. and deep-rooted grower; (5) grows best 
during the hot months, when it is most important to have the soil 
covered in order to prevent injury to nitrifying bacteria; (6) the 
beneficial effects of the crop, when used as green-manure, last two 
or three seasons if followed by such crops as corn, cotton or small 
grains; (7) in the South two crops a year can be grown on the 
same soil. 

Cowpeas are sensitive to cold and should therefore not be planted 
until danger of freezing is past and the soil has become warm. 
They are often sown between rows of corn at the last cultivation 
or broadcasted on stubble of small grains. The soil should be 
put into a good tilth, the seeds sown broadcast (1 ~ to 2 bushels to 
an acre) and covered about 2 inches deep, or put in with a grain
drill. When grown for forage, hay or seed, better results are 
obtained by sowing in drills 20 to 30 inches apart, according to 
large or small size of variety used. 

Soil inoculation is not usually necessary in the South, but in 
the North has sometimes been found needful, as shown by lack of 
nodules on roots. On moderately good soils fertilizers are not com
monly used. However, on light soils that have been continuously 
cropped and are low in available plant-food, 200 or 300 pounds of 
Mixture No.1 (p. 363) may be cultivated into the soil before 
ieeding. On clay soils, potash can usually be omitted. Unlike 
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an acre, with 7S to over 100 pounds of nitrogen, 20 to 2S pounds 
of phosphoric acid (8 to 11 lbs. P) and 100 pounds or more of 
potash (83 lbs. K). About one-third of the nitrogen of the crop is 
in the roots. 

Soy-beans or Japanese peas resemble cowpeas in many ways, 
but in some respects are more difficult to grow, and the yield is not 
so large. The adaptation to climates and soils is much the same as 
for cowpeas. The crop is grown satisfactorily as far north as 
Massachusetts and Wisconsin, and on soils varying from clay to 
sandy; but in the Northern States well-drained sandy or sandy
loam soil is desirable in order to ripen the crop earlier when grown 
for seed. The crop withstands drouth and is also able to grow well 
on rather wet soils. Owing to less rapid and vigorous early growth, 
soy-beans are mor~ subject to be troubled by weeds than are cow
peas. The plant is sensitive to frost. General cultural treatment 
is essentially the same as for cowpeas. In starting soy-beans on 
new soils, it has often been found that bacterial nitrogen-gathering 
nodules are not found on the roots until inoculation has been done 
from a soy-bean field. Treatment with fertilizers is the same as 
for cowpeas. 

A crop of soy-beans, including roots, may contain as much as 
17 S pounds of nitrogen, 4S pounds of phosphoric acid (20 lbs. P) 
and l1S pounds of potash (96 lbs. K). The results of some experi
ments appear to indicate that the plant is capable of utilizing 
atmospheric nitrogen to a greater extent than the cowpea crop does. 

Velvet-beans have been found extremely useful in those parts 
of the South where warm, moist weather prevails, as in the Gulf 
States. They are adapted to light soils, but may be grown on any 
fairly well-drained soil. The vines, usually 10 to 30 feet in length, 
may grow as long as 7 S feet, making the crop difficult to plow 
under. Yields of 10 tons and more of green matter an acre are 
reported, with a nitrogen content of 100 to 200 pounds. The 
same general cultural treatment may be followed as with cowpeas 
or soy-beans, with application of 200 or 300 pounds of Mixture 
No.1, worked into soil just before seeding. 

Vetch has been grown successfully as a late-fall green manure. 
On light, poor soils, it is usually better than cowpeas or soy-beans. 
Two species are used, common, Oregon or smooth vetch or spring 
tare (Vicia sativa) and hairy or sand vetch (V. villosa). The former 
is grown in orchards as a cover<rop or winter green-manure crop. 
In the Northern States it is likely to winter-lull. Hairy vetch 
closely resembles common vetch in general, but is more hardy at 
low temperatures than any other leguminous plant used as a green
.crop manure; thus, in New York it remains green all winter and 
resumes growing in spring. This hardiness is a desirable quality in 
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the North. Vetch has been found useful as a cover-crop and win
ter green manure in Connecticut on tobacco lands. A combination 
of cowpeas followed by vetch has been utilized in orchards and 
crop-rotations to furnish a maximum amount of organic matter for 
the soil. 

The hairy vetch may be seeded either from the middle of 
August to the middle of September, or in spring from the last of 
April to the middle of May. In corn or cotton fields, it is sown 
broadcast and worked in with the last cultivation. 

Inoculation is usually desirable on new soils. Soil on which 
garden-peas have been grown can be used for this purpose, if that 
is more convenient to obtain than soil from a vetch field. On poor 
land, vetch responds well to application of fertilizers; 200 to 400 
pounds an acre of Mixture No.1 can be used. 

TABLE 48-APPROXIMATE AMOUNTS OF PLANT-FOOD CONSTITUENTS 
IN ONE CRQP 

Yield Phosphoric Potash 
Crop per acre Water Nitrogen acid (P.O.) (K.O) 

Pounds Per cent. Pounds Pounds Pounds 
Alfalfa .......•....... 20,000 75 120 30 (l3P) 100 (83K) 
Clover, alsike ........• 16,000 82 80 19 ( 8P) 48 (40K) 

" crimson ....... 16,000 82 72 19 ( 8P) 64 (SZK) 
mammoth ..... 20,000 80 100 24 (HP) 80 (66K) 

" red ........... 12,000 80 66 16 ( 7P) 60 (SOK) 
white ......... 8,000 81 40 16 ( 7P) 24 (20K) 
sweet ......... 20,000 80 110 30 (13P) 100 (83K) 

Field-pea ............. 10,000 82 SO 15 (6.SP) SO (42K) 
Cowpea .............. 12,000 84 54 14 ( 6P) 54 (4SK) 
Soy-bean ............. 10,000 75 SO 15 (6.5P) 60 (SOK) 
Velvet-bean ........... 20,000 75 110 30 (13P) 110 (91K) 
Vetch ................ 10,000 84 SO 10 (4.4P) 45 (37K) 

P, phosphorus. K, potassium. 

In Table 48 the estimates are made on the basis of what may 
be regarded as reasonable averages under fair conditions of growth. 
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MEADOWS, PASTURES AND LAWNS 

LAND on which crops, especially grasses and clovers, are grown 
to make hay is known as meadow; it is known as pasture when con
tinuously used by stock for grazing. A lawn is a piece of land 
covered with grass and kept cut close, as in private grounds near 
dwellings or in golf-courses or polo-grounds. Permanent meadows 
or pastures are those used continuously for long periods i when 
temporary, the land is occupied with grass from one to three years, 
ordinarily as part of a rotation. The various kinds of seeds to be 
used will be determined by the object in mind, whether meadow, 
pasture or lawn, as well as by soil and climatic conditions. Thus, 
in a meadow it is important to use plants which reach their best 
condition for hay-making at the same time i while in pastures such 
species should be used as will furnish a continuous and uniform 
supply of feed from spring to fall. This is accomplished by select
ing several different kinds of plants that reach their best condition 
for grazing purposes at different periods during the season and 
which remain in the soil continuously. For lawns, much the same 
general requirements exist as in the case of pastures, the selection 
of plants being made with i'eference to furnishing a dense, velvety, 
carpet-like appearance when kept closely cut. 

The question of keeping land temporarily or permanently oc
cupied with grass must depend upon individual conditions i for 
example, permanent grass-lands may advantageously be located on 
hillsides and uplands, heavy soils, stony land, lowland subject to 
overflow, swamp land, etc., while on sandy or light soils grasses 
run out after a short time so only temporary occupation is usually 
practicable. 

MEADOWS 

Formerly the general tendency among farmers was to regard 
hay as a catch-crop with small grains, little attention being given 
to special treatment with fertilizers. Farmers are, however, com
ing to regard meadows as lands that respond profitably to more 
particular care and fertilization, especially as to: (1) Soil condi-

372 
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tions and preparation, (2) use of fertilizers, (3) plants used for 
meadows. 

Soil conditions and preparation for meadows may vary widely 
in character, ranging from heavy clays to sandy loams. On heavier 
soils, meadows are more easily started and kept, while on light soils 
difficulty is experienced in getting plants started and they run out 
more quickly. One of the most important qualifications in soils for 
permanent meadows is the power to hold moisture. 

The. popular method of starting a meadow where rain is suffi
ciently abundant is to seed the grass along with small grains, espe
cially wheat or rye, the seeds of the grasses being usually sown in 
the fall and those of clovers in the spring. The starting of grasses 
with an oat crop often proves unsatisfactory. The preparation of 
soil required for wheat or rye usually suffices for seeding of grasses 
along with the sowing of the grain. Best results, however, are 
secured in starting permanent meadows by preparing the land 
especially for the grass crop and then seeding without grain, for 
example, putting in timothy in August and clovers the following 
spring. The method of really thorough preparation is to plow 
deeply and cultivate several times thoroughly for the double pur
pose of destroying weeds and giving the soil a fine tilth. This 
treatment results in making the soil mellow for the easy penetra
tion of the young rootlets and also tends to increase the amount of 
available plant-food. 

Suggestions for use of fertilizers on meadows.-In supply
ing plant-food to meadows, some few guiding facts should be kept 
in mind. It is assumed that meadows are kept as free as possible 
from weeds. While the liberal application of fertilizers to meadows 
in which grasses have a good stand tends to encourage the growth 
of the grasses and keep down weeds, such application only promotes 
growth of weeds when they are already abundant. 

(1) Presence of calcium carbonate.-If there is any doubt that 
enough calcium carbonate is present in the soil, an application 
should be made while the soil is being prepared for seeding, using 
2,000 to 4,000 pounds of ground limestone or 1,000 to 2,000 pounds 
of burned lump-lime (pp. 205-211). The application may be re
peated as a top-dressing on permanent meadows once in four or 
five years. 

(2) Effect of nitrogen.-Grasses are favorably affected by ni
trogen compounds, particularly nitrate. This is because of the 
characteristic action of nitrogen in promoting vigorous growth of 
stems and leaves (p. 49). Meadows benefit especially from ap
plication of nitrate early in the spring, when the available nitrogen 
supply is usually at its lowest and when the nitrifying organisms 
(p. 147) have not yet begun work in renewal. When clovers are 
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prominent constituents of meadows, less nitrogen need be applied 
than where the vegetation consists wholly of grasses. Heavy appli
cations of nitrogen compounds tend to cause clover to run out. In 
case of mixed clovers and grasses, an annual spring application as 
top-dressing on established meadows may contain IS to 24 pounds of 
nitrogen equal to about 100 to 150 pounds of sodium or calcium 
nitrate; on timothy and on mixed grasses, more may be used. 
Frequently nitrate alone gives excellent results, but it is generally 
better used in a mixture with phosphorus and potassium compounds. 
In applying nitrate alone, it should be finely ground and thoroughly 
mixed with three or four times its weight of inert material (p. 354), 
to make uniform distribution easier. When it contains small lumps 
or when unevenly distributed, nitrate may burn the vegetation seri
ously, though danger of this is at a minimum in early spring appli
cations before the plants have started green growth. 

(3.) Use of phosphorus and potassium compounds.-To insure 
the continuation of clovers in meadows, there must be a generous 
supply of phosphorus and potassium compounds. Available phos
phoric acid promotes the growth of roots and increases the number 
of secondary stalks, increases yield and improves quality. It may 
be supplied as superphosphate, ammonium or potassium phosphate, 
or basic-slag phosphate in amounts depending on general character 
of soil, previous cropping and fertilizer treatment. 

(4) Use of fertilizers in seeding meadows.-However accom
plished, it is desirable that, previous to seeding grass for permanent 
meadow, the ground be well provided with organic matter and be 
free from weeds. Both of these conditions can be realized by apply
ing manure if fresh (10 to 12 tons) to the preceding crop, preferably 
some hoed crop, as corn, for example; or if sufficiently decomposed 
to destroy weed seeds (p. 347) directly (8 tons an acre) and worked 
into the soil thoroughly just before sowing. In whichever way 
used, 250 to 500 pounds of Mixture No.1 (p. 363) can be applied 
per acre just before seeding. Such an application will furnish 
approximately nitrogen, 10 to 20 pounds; phosphoric acid, 30 to 
60 pounds; potash, 10 to 20 pounds. 

When the soil is well supplied with organic matter one can apply 
also 100 pounds of ammonium sulfate, or SO pounds of urea or 100 
pounds of calcium cyanamid to insure sufficient nitrogen to start 
the crop and also furnish some for continued growth, especially 
in case of a large proportion of grasses in the mixture. 

(5) Spring application on established meadows.-To give grass 
on established meadows a prompt and vigorous start early, an 
annual top-dressing early in spring is desirable, either of well-de
composed farm manure or commercial fertilizer. The finer the 
manure, the better it will serve the purpose, since it can more easily 
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work down into the interstices in the soil and grass; it also acts as 
a mulch to hold water. When practicable, it may be well to apply 
manure one spring and the commercial fertilizer the next. 

In the case of timothy meadows, a plant-food mixture relatively 
rich in nitrogen is generally used. The following is suggested. 

Plant-food mixture No. 3.-For early spring use on timothy 
meadows: Analysis; 8-6-6; formula; sodium nitrate, 825 pounds 
(124 pounds N); potassium nitrate, 275 pounds (36 pounds Nand 
120 pounds K.O); superphosphate (16%),750 pounds (120 pounds 
P.06 ); drier (p. 321) 150. 

If it is desired to use part of the nitrogen in the form of am
monia, the following formula could be used: 275 pounds potassium 
nitrate; 500 pounds sodium nitrate; 300 pounds ammo-phos 
(20-20); 375 pounds superphosphate (16%) and 650 pounds drier 
at the rate of 300 to 600 pounds an acre, furnishing 24 to 48 pounds 
nitrogen, 18 to 36 pounds phosphoric acid, and 18 to 36 pounds 
potash. 

When it is desired to encourage the growth of clovers in mead
ows, Mixture No.2 (p. 363) may be used at the rate of 300 to 
600 pounds an acre for top-dressing. 

Plants used for meadows.-In selecting plants to use for 
meadows, . one is governed by a variety of conditions, such as soil, 
climate, duration of meadow, value of grasses as food for farm 
animals, etc. For example, in the eastern states, the following 
will grow well on moist soils: Fowl meadow-grass, Italian rye-grass, 
meadow fescue, meadow foxtail, redtop; on heavy loams and clays, 
alsike clover and timothy. To these for pasturage may be added 
Kentucky blue-grass, white clover and meadow fescue; on average 
soils, timothy, redtop, Kentucky blue-grass and red clover are 
useful. 

When land is to be used only two or three years as meadow, 
plants that attain full growth quickly, such as red and alsike clovers, 
timothy, redtop and orchard grass should be selected; for perma
nent meadow, the following added: Alfalfa, Kentucky blue-grass, 
meadow foxtail, meadow fescue, Canada blue-grass. Generally, 
kinds that grow strong and tall, as timothy, redtop, tall fescue, alsike 
and red clovers are selected. Largest yields most commonly come 
where only one or two kinds are grown. In Table 49 mixtures of 
seeds for meadows are given as suitable for those sections where the 
plants can be grown. The figures denote in each case the amount 
of seed to be used for one acre. Taking different localities and 
different soil conditions, an endless variety of mixtures can be 
made. For individual needs, one should get specific advice from 
local authorities. 
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The properties of leguminous plants used to make hay have 
been discussed in the previous chapter, so we will here briefly 
describe grasses most commonly used. 

(1) Timothy, though primarily a hay plant, is commonly used in 
pastures, because its seed is inexpensive and it produces a fair crop 
the first year. In a few years it usually runs out in permanent pas
tures. It is easily adapted to good crop-rotations; grows best in 
good soils with plenty of rain; is responsive to generous use of 
fertilizers when soil conditions are good and moisture is plentiful. 
The best conditions are furnished by a cool, moist climate, and a 
cool, moist soil. While requiring less calcium than clover, timothy 
gives best results with fertilizers when the soil contains enough 
calcium. 

TABLE 49-MIXTURES OF SEEDS FOR .MEADOWS 

Tempo- Fo,. 
,.ary poo,. 

mead- Perma- Perma- For lIery arulwd Perma- Perma-
ows 1-3 llent nent poo,. acid nent nent 

Kind oj grass years lneadow meadow land loil. meadow meadow 

Lbs. Lbs. Lbs. Lbs. Lb,. Lb,. Lb,. 
Timothy .......... 15 15 15 10 8 
Red clover ........ - 5 7Y. 4 4 
Mammoth red clover 6 
Alsike ............ 4 3 4 6 2 
Redtop .......... 7Y. 5 15 2* IJ 
Kentucky blue-grass - 2* 
Tall meadow fescue. - 9 
Orchard grass ..... - 18 

* Most prominent after a few years. 

(2) Redtop, while not making as valuable a hay as timothy, 
is useful, because it grows on soils on which timothy will not grow, 
soils that are wet, acid or deficient in available plant-food. It does 
not endure severe drouth. It produces hay or pasture the year 
after being sown. 

(3) Kentucky blue-grass, while of little value for hay, is of the 
highest value as a pasture grass on soils that are neither acid nor 
dry. It is not usually seeded alone, since it requires two or three 
years to reach full growth. It begins growing early in the season 
and heads early; it also grows well in autumn, but makes poor 
growth in hot weather. 

(4) TaU meadow fescue does well on good land; it takes about 
three years to form a good sod, so is adapted only to permanent 
grassland. 
. (5) Orchard grass is tall, grows best on rich, deep, fairly moist 
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soils, but it makes fair growth on poor soils. It starts early and 
grows rapidly. On account of its deep root system, it withstands 
drouth well. It has the disadvantage of growing in bunches and 
making a rough sod, and also it must be cut near blossoming time to 
make good hay. 

(6) Perennial rye-grass does best on stiff, wet soils, as on 
marshy land and is good for pastures. 

(7) Red fescue is found in lawn and pasture grasses. It grows 
on dry, light soils and rather barren uplands, makes a fine, close 
sod and also does well in shady places. 

(8) Rhode Island bent-grass is much like redtop. It is espe
cially valuable in lawns and pastures. It can be grown on soils 
too acid for Kentucky blue-grass. 

PASTURES 

Probably no part of farms has been so generally neglected as 
the pasture-land. In most cases no attention is paid to supplying 
plant-food further than the incidental droppings of grazing animals, 
and grazing is often begun too early and allowed to become too 

A pasture spotted like this will usually respond to nitrogen fertilizers. 

close. This treatment results in the disappearance of perennial 
grasses, decreased yield and nutritive value of herbage, loss of 
organic soil matter, decreased power of retaining moisture, and the 
substitution of worthless weeds for valuable forage plants; in other 
words, the pastures "run out." Permanent pastures of value can be 
secured if proper attention is given to soil preparation, seeding, fer
tilizing and subsequent care, resulting in the replacement of weeds 
and moss by grasses and clovers of high feeding value. 

Suggestions for use of fertilizers on pastures.-In the use 
of fertilizers for pastures, three conditions must be considered; (1) 
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starting permanent pastures, (2) maintaining pastures in good con
dition, and (3) renewing rundown pastures. In each case, it is 
important to have plenty of calcium carbonate in the soil, liming 
at the start with one to three tons of ground limestone, preferably 
applied late in fall, and then systematically every four or five years, 
where any doubt exists regarding the need of lime. When clovers 
do not grow well 'and where moss-grown areas appear in pastures, 
the need of lime is clearly indicated. 

In starting a permanent pasture, the same kind of care should 
be given to conditions as in starting permanent meadows. In case 
of pastures badly run down, the .most effective method is to plow 
the sod and start anew, when this is practicable. 

In the maintenance of established permanent pastures, applica
tion of ground limestone should be made as indicated above and 
a top-dressing of 200 to 400 pounds of Plant-food Mixture No.3 
(p. 375) an acre should be applied early each spring. In some cases 
excellent results follow the use of sodium or calcium nitrate, cal
cium cyanamid, ammo-phos, etc., but,· in general, a complete 
fertilizer, high in nitrogen, is preferable. Proper use of fertilizers 
replaces weeds by desirable grasses and· clovers. Light top-dressing 
of well-decomposed farm manure may be applied to advantage 
early in spring, using, in addition, 200 to 400 pounds of Plant-food 
Mixture No.2 (p. 363). Farm manure is of special value for 
application to poorer parts of a pasture. A liberal application of 
seed every few years, especially along with farm manure, mowing 
weeds once 01' twice a year, before they bloom and occasional har
rowing, will aid in keeping the pasture permanently useful. If prac
ticable, it is a good plan to go over the pasture in midsummer and 
fall with a harrow to distribute more evenly the animal droppings, 
which, if undisturbed, form the center of circles of foul, unpalatable 
grass and encourage growth of weeds. 

The renewal of run-down pastures may be accomplished by 
liming if acid, harrowing, reseeding and applying farm manure and 
later a complete fertilizer. 

In seeding permanent pastures, the plants should be selected 
with reference to using those which in combination will give a con
tinuous growth of grass through the season; some should mature 
early to get ahead of weeds; some should contribute to make a close, 
dense turf; some serve as a protection to prevent injury from the 
treading of stock. Various mixtures of plants have been used to 
secure these objects, the combinations being adapted to local condi
tions of soil and climate. For example, such grasses as Bermuda, 
Dallis Carpet and Centipede find use only in the South. A number-

,less variety of mixtures may be used, according to adaptation to 
local conditions. For such combinations as experience has proved 
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most suitable, one should obtain the advice of local authorities, 
such as the state agricultural college and the local county agent. 
For illus~ration, a variety of mixtures is given in Table 50, the 
figures indicating pounds of seed used for one acre. 

TABLE SO-MIXTURES OF SEEDS FOR PERMANENT PASTURES 

~ .. ;s a:: 
~ :;{ .. '§ :3 0 

..;oQ.~ ~ 0 2 ti 
~£.§ 

~ 

Kind 0/ plant ~ a:: ~:-;: a:: a:: .. -i1 i1 o .. 

~ 1l ~ 0"" 0 0"" -'" " ~ " !: 0 ,,:::I ~.§ 
,,~ 

a:: " o ~ ~ a:: .... 
!i~ -~o '" .. '" .. ... .. 0 a lO ~ lO e! lO..!! ~~ lO .. l'! .. ",0" 

t~ ~l 
1:l_ ~~ 

1< 0 

b;!~ ~i. '" " 
.. a:: :; 0 

~g Q,,~ Q" ~ ~ ~ Q,,~ Q,,~ 

Lbs. L~s. Lbs. Lbs. L~s. Lbs. L'Js. Lbs. Lbs. 
Timothy 10 8 10 5 8 2-3 
Red clover ....... 4 6 8 6 2-3 
AIsike ............ 3 3 4 8 5 3 1 
Redtop .......... - 8 14 10 5* 4 2 
White clover ..... 2* 1-2* 4 2 2* 1 
Kentucky blue-grass 3* 4* 8 8 4 
Meadow fescue ... 2 1-4 3 
Orchard grass ..... 2 1-4 
Alfalfa ........... 2 
Perennial rye-grass. - 9 12 
Red fescue ....... - 3 20 
Creeping bent-grass - 6 
Canadian blue-grass - 4 

• Prominent after a few years. 

LAWNS 

In making and maintaining lawns, haphazard and inefficient 
methods have too often been the rule. Even more pains should 
be taken, if possible, than with meadows or pastures. Private 
lawns are usually small, so easily permit extra attention; the main 
difficulty has been lack of information in regard to the proper 
methods of starting and maintaining them. Points to consider are: 
(1) Character of soil, (2) preparation and fertilization of soil, (3) 
starting the growth of grasses, (4) care and fertilization after seed
ing, (5) grasses to use for lawns. 

Character of lawn soil.-The best soil conditions for lawns 
are essentially the same as for meadows and pastures, that is, a 
well-drained soil that contains considerable clay, with a tendency to 
be heavy and compact (not light, loose and sandy), rather retentive 
of moisture, keeping moderately moist without becoming too wet. 
These conditions are best found in a decided clay loam, or a sandy 
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loam resting on a clay subsoil. Soils used for private lawns often 
consist of mixtures of building debris, surface soil and subsoil 
from excavations. Where filling to a considerable depth is re
quired, no kind of coarse material, like bricks, stones, etc., should 
be used in the upper 4 feet. The subsoil should be made of mod
erately heavy clay. When the filling material varies in texture, 
the heaviest is placed first, evenly distributed and covered with 
an even layer of lighter subsoil material, care being taken to use 
only soil mellow enough to permit roots to penetrate deeply for 
water. For the upper layer of 6 to 12 inches, only surface soil of 
good productive capacity should be used, preferably that obtained 
from a cultivated field; this should be lighter than the subsoil but 
not radically different in general character. 

Preparation and fertilization of lawn soil.-Attention must 
be given to tillage and treatment with lime, organic matter and 
special plant-food mixtures. The soil should be thoroughly plowed 
or spaded 8 to 10 inches deep, then made finer at the surface by 
raking or harrowing, then compacted by a lawn or a field-roller, 
after which the surface should be again loosened by a rake or a 
harrow, thus making a seed-bed suitable for fine seeds. 

When possible, it is desirable to begin preparation and treatment 
the season before seeding to grass, especially in case of soils in any 
way abnormal. The following plan is suggested: Plow the soil, 
apply and harrow in 2,000 to 4,000 pounds of powdered limestone 
an acre (about 5 to 10 pounds for 100 square feet), or 1,000 to 
2,000 pounds of quicklime slaked to fine powder; after 2 or 3 weeks 
harrow in well-decomposed farm manure 10 or 15 tons an acre, 
or about 50 to 75 pounds to 100 square feet), working it in thor
oughly. In the absence of farm manure, apply per acre before or at 
the time of seeding 250 to 500 pounds of Mixture No.1 (about ~ 
to 1 pound to 100 square feet). Then sow clovers, cowpeas, soy
beans or some other leguminous crop suitable to local condjtions. 
When this has made sufficient growth, plow it under. This treat
ment insures abundance of organic matter and lime and also aids in 
destroying weeds. The following season the soil is put in condition 
for a good seed-bed as described above, after previously working 
in 300 to 600 pounds of Mixture No.3 (p. 375). 

When the soil is not thus treated the season before seeding to 
grass, and when good farm manure can be obtained the following 
method is used: Lime as directed above, 10 to 15 tons of well
decomposed farm manure and in addition 250 to 500 pounds of 
Mixture No.3 (p.375). When manure can not be obtained, one 
can apply commercial peat (10 tons an acre) together with 500 to 
1,000 pounds of Mixture No.3, worked into the soil shortly before 
pr at the time of seeding. 
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Starting the growth of lawn grasses.-When the seed-bed is 
perfected, grass-seed is sown broadcast in amounts depending on the 
kinds used; the seed then covered less than half an inch deep by 
harrowing or raking. In order to insure a uniform distribution of 
seed a second sowing should be made, at right angles to the first 
with the same amount of seed, covering as before. The ground is 
then compacted by a 300-pound lawn roller. Spring sowing is 
more commonly practised than fall sowing in the Eastern and 
Middle states, but in this region, late August or early September, is 
usually best. If seed can be sown before showers, prompt germina
tion will be insured. 

Care and fertilization of lawn after seeding.-When the 
grass is 3 or 4 inches high, it is clipped by a lawn-mower, and this 
should be repeated from time to time. It is never allowed to go to 
seed. Ordinarily, clipping within 2 inches of the ground is about 
right. It is desirable early each spring to go over the lawn with 
a heavy roller while the soil is still wet, but not muddy. 

Trouble is often experienced with deep-rooted weeds, such as 
dandelion and plantain. When these persist it is necessary to re
move them; an asparagus knife is a good tool for this purpose. 
When weeds crowd out most of the grasses, it is least trouble to 
plow up the ground and start anew. 

Several methods of fertilizing lawns are employed. A popular 
one is to spread over the surface in late fall a thin coating of well
decomposed, finely divided farm manure, raking it in as close to 
the surface of the soil as possible. More recently stock-yard prod
ucts, such as dried sheep manure, cow manure and pig manure 
have become popular (p. 219). In drying, these materials are 
heated high enough to destroy weed-seeds, which makes them more 
desirable than many farm manures; moreover they are finely pul
verized. They can be used as a spring application at the rate of 
1 to 2 ounces per square foot, or nearly 10 to 3 tons an acre. 
Their high cost is a serious objection to these materials. Bone
meal or bone-flour can be applied as a top-dressing in spring, 
sprinkling lightly over the surface. 

Another method of fertilizing established lawns is to apply some 
soluble compound rich in nitrogen. Sodium nitrate has been ex
tensively used with excellent results, applied in early spring at 
the rate of 100 pounds an acre (about 4 ounces per 100 square 
feet). Two or three additional applications at intervals during 
the season, each at the rate of 50 pounds an acre, has been found 
effective in maintaining the vigor of the grasses in lawns. When 
used in the same amounts as sodium nitrate, calcium nitrate is 
equally effective. Ammonium sulfate-nitrate (Leunasalpeter) can 
be used at the rate of 75 pounds an acre. Good results are reported 
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from ammo-phos at the rate of 100 pounds an acre. When the 
foregoing or similar materials are used, certain precautions must 
be observed. The grass should be dry when the application is 
made. The material. must be distributed uniformly and in finely
powdered condition to al'oid burning the grass. In order to 
apply evenly as small amounts as 75 or 100 pounds an acre, the 
material can be mixed thoroughly with two or three times its bulk 
of any fine, dry inert substance (p. 321). For uniform application 
a broadcast distributor should be used. Small ones are made for 
limited areas; otherwise for distribution on small areas, like ordi
nary home lawns, it is a good plan to apply the material just before 
a shower or to water the lawn thoroughly at once after application. 
Still better the chemicals may be dissolved in water at the rate 
of one ounce or a tablespoonful in two gallons, and distributed with 
a sprinkler over a space five feet square. 

On the whole, however, more satisfactory results may be ex
pected under most conditions from a complete fertilizer, provided 
sufficient care is taken to put the soil in the best possible physical 
and chemical condition before sowing the seed. Mixture No.3 is 
well adapted for use on lawns, applying first in early spring at the 
rate of 600 pounds an acre or about 2 ounces for 1 square yard. 
Two or three additional smaller applications can be made at in
tervals during the season, using 100 or 200 pounds an acre or, in 
place of the complete fertilizer, 75 to 100 pounds of one of the ni
trogen-containing compounds mentioned above. 

On golf putting greens, an application of 200 to 400 pound, 
an acre (Yz to 1 pound for 100 square feet) may be made soon 
after the grass begins to grow and again three or four times during 
the season at the rate of 100 to 200 pounds for each applica~ion. 
On fairways the same application (200 to 400 pounds) may be 
made and the same amount again twice at intervals during the 
season. 

Grasses for lawns must possess the following requirements: 
(1) Make a close turf, as in case of species that have creeping 
rootstocks, short joints and abundance of long, narrow leaves about 
the crown of the plant; (2) have a pleasing color not easily affected 
by changes of season; ( 3) resist drouth; (4) respond promptly to 
the marked changes from cold to warm seasons; (5) bear without 
injury continuous clipping by lawn-mowers. In general, best re
sults are obtained by a mixture of various species, because it is Dot 
often that soil and climatic conditions are favorable enough to 
develop a single grass into a perfect lawn. The grasses best adapted 
to lawns in the Eastern and Northern States are Kentucky blue
grass, redtop, Rhode Island bent-grass, creeping bent-grass and 
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white clover, all of which make a dense, deep sward. White clover 
is desirable upon sandy soils and in spring seeding, because it 
covers the ground quickly and comes back quickly after severe 
drouths. 

Care must be taken to obtain pure grass seed of high germina
tion test. The amount of seed to use should be sufficient to insure 
a thick stand and prevent the growth of weeds. When used in com
bination, 2 to 3 bushels an acre should be sown of such grasses as 
blue-grass, bent-grass and the fescues. Blue-grass alone may be 
sown at the rate of 2 bushels an acre; when white clover is added 
to the foregoing varieties, a peck per acre should be used. 

Pasture rotation and intense fertilization.-Co-operative 
experiments have been carried on by several agricultural col
leges, experiment stations and individual farmers under the supervi
sion of the National Fertilizer Association to study improved methods 
of pasture management and effective fertilization. Special attention 
has been devoted to trials of the method developed in some parts 
of Europe, known as the paddock or Hohenhein (Germany) sys
tem. The details of practical application are varied to suit indi
vidual conditions. Briefly stated, this method includes (1) the 
permanent division of the pasture into separate fenced fields or 
paddocks of such size as to allow one-eight to one-fourth of an acre 
for each cow in the herd; (2) grazing each paddock in turn, allow
ing a sufficient period for new growth of grass; (3) heavy applica
tion of fertilizer, early in spring four or five weeks before grazing 
as, for example, 800 pounds an acre of a mixture analyzing of 
8-6-6 and subsequent top-dressing after each grazing period with 
100 to 150 pounds of sodium or calcium nitrate or an equivalent 
amount of nitrogen (15 to 20 pounds) as ammonium sulfate, cal
cium cyanamid, urea, calurea or cal-nitro, etc. 

TABLE 51-APPROXIMATE AMOUNTS OF PLANT-FOOD CONSTITUENTS 

IN ONE TON OF HAY FROM VARIOUS GRASSES 

Crop Nitrogen 

Lbs. 
Kentucky blue-grass .................... 24 
Meadow fescue ......................... 19 
Orchard grass .......................... 24 
Perennial rye-grass ...................... 23 
Redtop................................. 24 
Timothy ..... ......... ................. 25 
Mixed grasses ....................•..... 30 

P, phosphorus. K, potassium. 

Phosphoric 
acid (PaC).) 

Lbs. 
8 (3.5P) 
8 (3.5P) 
7 (3.1P) 

11 (4.8P) 
7 (3.1P) 

11 (4.8P) 
8 (3.5P) 

Potash (K"o) 

Lbs. 
31 (26K) 
40 (33K) 
35 (29K) 
30 (25K) 
20 (17K) 
20 (17K) 
27 (22K) 
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This method is practicable only on soil adapted in every way to 
the satisfactory growth of grass and clover. For necessary details 
consult references to bulletins. 

As an iIIustration of a mixture of seeds for lawns, we give the 
following: . 

Timothy •......................... , .••••.• 
White clover ............................. . 
Redtop .................................. . 
Kentucky blue-grass ...................... .. 
Rhode Island bent-grass ............•...•..• 
Creeping bent-grass ....................... . 

10 pounds 
5 .. 

10 .. 
20 
5 
5 " 
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CEREAL AND GREEN-FORAGE CROPS 

CROPS most commonly grown for grain are (1) corn, pop-corn, 
(2) wheat, (3) rye, (4) oats, (5) barley, (6) buckwheat, (7) millet, 
and (8) sorghum. 

Most of these crops are used also as green forage, being cut 
before mature and fed directly to animals. This method of feed
ing is known as "soiling" so the crops are often called soiling-crops. 
They are of special importance in connection with milk production, 
being used to supplement, or even to take the place of, pastures, and 
also to furnish succulent food during winter. Cultivable land can 
generally be more profitably used in this way than for ordinary pas
turage. 

The chief qualities desired in a green-forage crop are succulence, 
palatability and comparatively large yield in a moderately short 
growing period. Some of these crops are also used as pasturage 
and hay and as green-crop manure. As a matter of convenience 
we shall consider treatment for each of these uses (grain, green for
age, pasturage, hay, and green manure). Generally speaking, the 
conditions of soil and tillage are essentially the same, for whatever 
purpose the crop is grown; some variations occur in respect to the 
variety and amount of seed and the treatment with fertilizers, ac
cording as the crop is grown for one purpose or another. 

While the cereal crops vary considerably from one another in 
their feeding powers, period of growth and character of root sys
tems, for satisfactory yields, all require good seed, and most of them 
good soil, good culture and a good supply of available plant-food. 
Abundance of organic matter and calcium carbonate is desirable. 

In connection with each crop we shall consider: (1) Crop-rota
tions, (2) soil and preparation, (3) fertilizers, (4) seeding, (5) cul
tivation. 

Corn is a crop of special value because, where grown under 
favorable conditions of soil and climate, it is capable of producing 
considerably more food per acre than any other grain, and is useful 
for both grain and green forage and as the source of valuable prod
ucts and by-products. 

385 
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(1) Crop-rotations for corn.-Among rotations in common use 
are the following: ' 

(a) Six years; (common in the corn-belt): Corn, 2 years; 
wheat or oats, 1 year; timothy and clover, 3 years. 

(b) Four or more years; (outside the corn-belt): Corn, 1 year; 
oats, 1 year; wheat, seeded with timothy and clover, maintained 1 
to 3 years. 

(c) Three years; (in cotton-growing sections): Corn, 1 year; 
oats, in fall, 1 year; cowpeas and cotton, 1 year. 

(2) Soil and preparation.-Though good crops are obtainable 
on a great variety of soils, ranging from light, sandy loams to heavy 
clays, for whatever purpose grown, the best soils for corn are rich, 
porous, well-drained, warm loams, that do not bake during drouth. 
Abundance of organic matter is essential. The reaction of the 
soil may be neutral or slightly acid. On strongly acid soil one to 
three tons of pulverized limestone may be used to advantage. 

When corn follows grass (a common form of rotation) it is well 
to plow in the fall; spring plowing, when necessary, should be done 
as early as conditions permit. The depth of plowing should usually 
not exceed 6 or 7 inches. The soil should be well cultivated to in
sure mellowness, warmth, and circulation of air, conditions essential 
to promote quick and complete germination of seed and rapid, 
early growth of plants. 

(3) Fertilizers.-In discussing plant-food supply, the following 
facts must be considered: (a) The crop makes most of its growth 
after hot weather begins, when the process .of nitrification (p. 139) 
is most active. (b) The period of growth is prolonged compared 
with that of other common cereals. For these reasons, corn can 
utilize organic nitrogen as farm manure, leguminous green-crop 
manure, bone-meal, meat tankage, fish-scrap, cottonseed-meal, etc. 
(c) Therefore, corn well supplied with organic nitrogen does not re
quire nitrate except in small amounts, sufficient to supply the early 
needs of the young plants while their root systems are limited and 
before nitrification actively begins. (d) It is, however, desirable 
that generous amounts of soluble phosphorus and potassium com
pounds be furnished. (e) Farm manure can be applied to excellent 
advantage for whatever purpose com is grown. It is best applied, if 
coarse and fresh, in fall or winter on sod (8 to 10 tons an acre). 
When applied in spring directly to the crop, it is usually better to 
use partly decomposed manure especially in case of lighter soils, 
putting it on the plowed ground and harrowing in thoroughly be
fore sowing. When com f~llows a leguminous crop, it is well to 
apply, if possible, 2 or 3 tons of farm manure an acre in order to 
'carry into the soil micro-organisms to hasten decomposition of the 
green manure. In the case of soils deficient in organic matter and 



Effect of manure on corn. The left plot was untreated, that at the right received manure and superphosphate. 
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available plant-food, treatment with farm manure or leguminous 
crops, or a combination of the two, should be regarded as essential 
for a successful crop of corn. 

Commercial fertilizers varying widely in amounts and propor
tions of plant-food constituents are used for corn, depending on the 
needs of the soil. When a corn crop is grown under favorable soil 
conditions, with an abundance of leguminous green-crop manure 
or good farm manure, the 4-12--4 mixture (p. 351) is suggested 
at the rate of 200 to 400 pounds an acre. Instead of having all the 
nitrogen as nitrate, half may be ammonium sulfate. When farm 
manure can not be obtained, 400 to 800 pounds of the mixture 
can be used. Where a long-growing season is assured, half the 
nitrogen can be in organic form, such as meat tankage, fish scrap, 
cottonseed meal, etc. On peat and muck soils, a fertilizer high in 
available phosphoric acid and potash is used, such as Mixture No. 
2 (p.363). 

In distributing fertilizer, various methods are used. It may 
be; (a) broadcasted during preparation of soil before planting; (b) 
distributed by a special machine on opposite sides of each row of 
corn three or four inches below the seed; or (c) applied in hill or 
drill below the seed. Whatever method is used, direct contact of 
seed and concentrated fertilizer must be avoided. In some cases, 
part of the fertilizer is broadcasted before planting and the rest 
applied as a side-dressing between the rows at the first cultivation, 
or the full application is broadcasted before planting and a side
dressing of 100 pounds of nitrate made later. 

The root system of corn is such that fertilizers, when intended 
for use during the growing season, are most serviceable if uniformly 
distributed. In the course of a couple of months after planting, the 
roots extend not only deep into the soil but horizontally in every 
direction, completely underlying the surface and filling the soil 
below the cultivated layer. 

( 4) Planting.-The amount of seed used ranges from 6 quarts 
up, depending largely upon the character of the soil, more being 
used on good than on poor soils. When planted in hills on fertile 
soils, the hills may be 2 Yz to 3 feet apart each way and 3 or 4 
kernels in a hill; on poorer soils, the hills and rows should be 
farther apart. Too thick planting is undesirable, because in dry 
spells loss of soil moisture by evaporation through the plant leaves 
is likely to be so great as to injure the crop. The depth of plant
ing is usually between 1 and 3 inches. 

(5) Cultivation.--Soon after planting in rows, the surface is 
cultivated 2 or 3 inches deep to keep weeds down and to form an 
'earth mulch to retain soil moisture (p. 107). When the plants are 
3 or 4 inches high, they may receive one or two ordinary cultiva-
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tions of 3 or 4 inches, after which the cultivation must be shallow 
enough to avoid injury to the feeding-roots. Frequency of culti
vation depends on weather conditions. Cultivation may be ad
vantageously continued as long as it is convenient to go between 
the rows. 

Com as green-forage crop, whether for immediate use or as 
ensilage, must have a rapid growth to give a large yield of succu
lent stalks and leaves in comparison with ears. The character 
and conditions of soil preparation and cultivation are the same as 
grown for, grain. For green forage when used as soilage, additional 
application of nitrogen as side-dressing is permissible, at the rate 
of 50 to 100 pounds of nitrate. 

Corn is planted more thickly when grown as green forage. The 
thicker the planting, the smaller will usually be the size and num
ber of ears per stalk. In order to obtain ears about one-half full 
size, 11 to 14 or more quarts of corn, according to size of kernels, 
are commonly used per acre, when the rows are about 30 feet apart 
and the separate stalks in the row 6 to 8 inches apart. When planted 
in hills, on fertile soil, the hills may be 20 to 3 feet apart each 
way, with 3 or 4 kernels in a hill. 

When the corn-growing season extends from May first to Oc
tober, two crops of corn can usually be grown for green forage. 
After the first crop is removed, the ground is harrowed deeply 
without plowing, as preparation for planting; this leaves it in condi
tion to promote quick germination and rapid early growth, which is 
important to avoid danger from possible early frost. Treatment 
with fertilizer and tillage is the same as with the first planting. 

When a constant supply of green-fomge corn for soilage is 
desired, plantings are made in succession, 2 or 3 weeks apart, in 
amounts to meet one's needs; or one may plant early and late 
varieties. 

In some cases, corn is sowed broadcast with the purpose of hav
ing only green forage without any ears, to feed especially in time of 
drouth, in August or September. In such cases, comparatively large 
amounts of seed are used. Mixture No.1 can be used at the rate 
of 300 to 600 pounds or more per acre. 

Pop-corn is now grown as a field crop. The conditions of soil, 
culture, feeding, etc., are essentially the same as for sweet corn (p. 
423). 

Wheat is adapted to a great variety of climatic and soil condi
tions. Kind of seed used, methods of rotation, tillage, fertilization 
and seeding depend upon local conditions, especially climatic. 
While wheat is grown mostly for the grain, it is sometimes used as 
a green-forage crop (p. 392). The particular points are: (1) Rota· 
tions, (2) soil and preparation, ,(3) fertilizers, (4) seeding. 
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for seeding, especially when following potatoes or corn. On light 
soils the seed-bed may be rolled. For spring wheat, fall plowing 
appears to give best results. 

(3) Fertilizers.-Among the general methods of fertilizing are: 
(a) Nitrogen supplied in part by a leguminous crop as part of the 
rotation, whether as green-manure, cover-crop, green forage or hay. 
The leguminous crop used depends on local conditions. (b) This 
is usually followed by some such crop as corn, which can utilize the 
plant-food contained in the green crop. A few tons of manure, when 
obtainable, can be applied with advantage to the leguminous crop 
and plowed under in late fall or early spring. (c) In some cases, 
commercial fertilizer may be applied to the preceding crop, in addi
tion to farm manure or green manure, in amounts and forms that 
will leave some plant-food for the wheat following. (d) Generally, 
the best plan is to utilize manure, if fresh and coarse, or green 
manure for the crop or crops preceding and to apply commercial 
fertilizer directly to the wheat. (e) When manure is used directly 
for the wheat, it should preferably be well-decomposed, if used in 
considerable amounts, especially where rainfall is 1,ikely to be 
deficient j it is well harrowed into the soil before seeding. While 
the use of 20 or 30 tons of manure an acre is sometimes advised, 
this refers to soils deficient in organic matter and where green crops 
are not used. About 8 or 10 tons every 4 or 5 years will suffice 
where a good system of rotation is used. Farm manure is preferable 
on heavy soils. In some cases, when well-decomposed and in fine 
condition, manure is applied after wheat is sown. (f) In many 
cases, the chief reliance in feeding the crop is placed upon com
mercial fertilizers, usually a complete fertilizer being used, though 
in some cases phosphorus in the form of superphosphate is used 
alone for a time with good results, especially on clay soils well 
supplied with nitrogen by means of . leguminous crops or manure. 

In feeding wheat, it is found that on most soils the application 
of nitrogen and phosphorus is more often called for than potassium, 
but, in the absence of definite information, it is best to assume the 
need of a small amount of available potassium and to make use of 
a complete fertilizer. When one uses a good crop-rotation, an ap
plication of 200 to 300 pounds of Mixture No.2 (p. 363) is 
advisable. 

In case wheat does not appear to have wintered well or in case 
of light soils, an early spring application of 75 to 150 pounds of 
sodium nitrate as a top-dressing about as soon as the plants begin 
to grow, will usually prove beneficial in giving the crop a vigorous, 
early start. 

For wheat, fertilizers are usually applied evenly by distribution 
at the time of seeding. 
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In case liming is needed the application is better made with 
some crop preceding wheat. 

(4) Seeding.-In moist soils, seed should be covered about 1 
inch, and in light, dry soils 2 to 3 inches. The amount of seed used 
varies with soil, climate, quality and variety of seed, time of seed
ing, etc. Less seed is used in case of early seeding, good seed-bed, 
fertile soil, when drilled, where winters are mild, or when seed is 
small. The amount most commonly used varies from 6 to 8 pecks. 
The time of seeding winter wheat should be early enough to give 
the crop a good start before freezing weather begins. Spring wheat 
is put in as early as seasonal conditions permit. 

Wheat as green forage.-Wheat is sometimes grown as green 
forage, being cut and fed at about the heading-out stage. The 
conditions of treatment are the same as when the crop is grown 
for grain except that the seeding should be a little earlier. Treat
ment with fertilizers should be the same, except that somewhat 
heavier application of nitrogen is permissible (Mixture No. 1 
p. 363), and early spring top-dressing with 100 to 150 pounds of 
sodium nitrate is generally desirable, the application being made 
when the foliage is dry and as soon as active growth appears. 

Wheat, sometimes used for pasturage, gives excellent results 
when not cropped too closely early in the season. When cut just 
in full head, and carefully cured, wheat makes satisfactory hay. 

Rye is useful as grain, green forage, hay, pasturage and green 
manure. It has a wider range of adaptability to climatic and soil 
conditions than any other cereal. In many general conditions that 
affect its growth, it closely resembles wheat. 

(1) Crop-rotations for rye are the same as in wheat rotations 
(p. 390). On account of its hardiness, rye is of special value in 
connection with seeding of grass and clover, particularly in north
ern climates. 

(2) Soil and preparation.-Rye grows on soils too poor for other 
cereals and it will stand more neglect than other cereals. It does 
best on light, rich, well-drained loarns and is adapted to many sandy 
soils, not to wet soils or heavy clays. For best results the prepara
tion of the soil should be the same as for wheat (p. 390). 

(3) Fertilizers, commonly, are not used extensively with rye 
but their use will often be profitable. The same treatment applies 
as to wheat. Excessive application of nitrogen is to be avoided, 
because it results in early lodging, discolored straw, and shrunken 
grain. 

(4) Seeding.-Winter rye is generally used; the seeding is made 
early enough in fall to enable the crop to get a good start before 
Winter J especially on poor soils. Light soils may be rolled after 
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seeding. Drilling seed is better than broadcasting. On poor soils 
3 to 4 pecks are used, on better soils twice as much. 

Rye as green forage possesses several marked advantages. It 
is hardy, produces rapid growth earlier than other crops and is 
palatable. In the South, it furnishes 3 or 4 cuttings during fall and 
winter. The soil should be prepared as for rye to be grown for 
grain. Treatment with fertilizers is the same as for wheat grown 
as green forage (p. 392), generous nitrogenous fertilizing being de
sirable, especially in early spring. In seeding for forage, 2 to 3 
bushels of seed should be used. 

Rye may be used for light early spring pasturage, or, when 
started early enough, for light fall pasturage, without injuring the 
crop for grain. It is used sometimes as ensilage, being cut when 
headed out fully, and allowed to wilt slightly before putting in silo. 
When cut just before full heading out, it makes good hay, if cured 
properly. 

Rye as green manure is of special value as a cover crop for 
fall and winter. It has the advantages (a) of being adapted to use 
late in the season following other crops, (b) growing rapidly, (c) 
being hardy in winter and (d) making rapid growth in early spring. 
It can be plowed under in time for the use of various crops, such 
as potatoes, corn, etc. In the North, this permits. its use as a 
cover-crop in cornfields to furnish late fall and early spring pas
turage, after which it can be turned under as green manure. 
While it is useful to supply organic matter to soils, it gives back to 
the soil only the plant-food constituents it has used in its growth. 
It is of special value to furnish organic matter on poor, light soils 
where leguminous crops do not grow, and is often so used as a 
preliminary step in preparing such a soil for legumes. 

Oats, besides their value for grain, make excellent green forage 
and hay, grown with peas or vetch for forage. They are adapted 
to a cooler climate than corn, wheat or barley, but require much 
water and are therefore adapted to a moist climate. Growth is 
rapid and the amount of straw in relation to grain is large in com
parison with wheat, rye, etc. 

(1) Crop-rotations for oats include the following types: 
(a) Four to five years (in winter-wheat sections): Corn, 1 year; 

oats, 1 year; wheat, 1 year; timothy and red clover, 1 to 2 years. 
( b) Three to six years (in corn-growing sections not adapted 

to wheat): Corn, 1 to 2 years; oats, 1 year; timothy and red clover, 
1 to 3 years. 

(c) Three to four years: Corn with cowpeas, grown between 
rows and harvested for grain, 1 year; oats, followed by cowpeas 
used as hay, 1 year; cotton, 1 to 2 years. 
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(2) Soil and preparation.-The character of the soil may vary 
much more for oats than for any other cereal. In general, the soil 
should be fairly moist. While best crops are obtained on well
drained, rich clay loams, crops can be grown on poor clays, sandy 
loams and peaty soils. Abundance of organic matter is necessary 
to hold moisture, Light, warm soils that heat up easily and lose 
moisture rapidly are undesirable. When oats follow corn, the soil 
is often only harrowed; but plowing is necessary for compact soils. 
On light, dry soils, rolling, followed by li~ht cultivation, may be 
needed. In order to get the crop in as early as possible in spring, 
fall plowing is desirable. The soil should be in good tilth, whatever 
method is used in preparing it. 

(3) Fertilizers.-When fed heavily, especially with nitrogen, 
the growth of straw is excessive, and the yield of grain is less and 
of inferior quality. When oats follow corn on rich soil liberally 
manured, or green manured, generally no fertilizer is applied, 
especially if any has been used for the corn along with farm manure 
or green manure. Ordinarily, it may be well to apply at seeding 
200 or 300 pounds of Mixture No. 2 (p. 363) especially when 
timothy and clover are seeded with it. 

(4) Seeding in the North is done as early in spring as possible. 
The seed (usually 2 to 3 bushels) is ordinarily covered 1 to 2 inches 
deep. 

In the South oats are sown in the fall and extensively grown as 
a winter crop, for which they are especially valuable, serving as a 
cover crop to prevent soil washing, and furnishing grain and green 
forage. When thus grown, top-dressing with about 100 pounds of 
sodium nitrate in spring is usually advised. 

Oats serve well as green forage; also for hay. For this 
purpose, rich loams well supplied with organic matter give best 
yields. When grown for green forage, the oat crop should be liber
ally fertilized, more nitrogen being used than for grain. An 
application of 250 to 500 pounds of Mixture No.1 (p. 363), can 
be used an acre. The crop is best for green forage when the grain 
is in milk-stage. In cool, moist seasons, the oats furnish a con
tinuous supply of green forage when one makes a series of sowings 
about 2 weeks apart. 

Oats and Canada field-peas grown together make a satis
factory green-forage crop, and are also useful for hay. The 
soil is finely prepared to a considerable depth. Plant-food may be 
used as manure, 8 to 10 tons an acre, or 200 to 400 pounds Mix
ture No.2 (p.363). The soil needs an abundance of organic mat
ter and calcium carbonate. The amount of seed to use varies from 
1 to 2 bushels of each per acre, but a great variety of proportions 
is used, according to individual conditions and preferences. The 
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seed should be uniformly distributed as early as possible in spring. 
The best time for use as forage or for hay is when the oat-grain is 
in the milk stage and the peas are forming pods. 

Barley possesses several marked characteristics that distinguish 
it from other cereals. It grows under a wide range of climatic con
ditions; can grow with a smaller supply of moisture than any other 
cereal; though best adapted to a warm, dry climate, it grows well 
under other conditions. It is grown for grain, green forage, pas
turage and nurse-crop for alfalfa, clovers and grasses. It is used 
as a grain for two chief purposes, as a cattle food and for malting. 
When used for malting, the grain should have a high percentage 
of starch and a low amount of nitrogen compounds; be of uniform 
ripeness, size and variety, conditions essential to complete even and 
quick germination. The grain should be harvested before ripening 
has gone too far. Over-ripe condition at harvesting is revealed by 
discolored grains. Barley is more easily injured by dew, rain or 
sunshine than are other cereals. 

(1) Crop-rotations.-Barley cannot be maintained continuously 
on the same soil as well as other cereals, so care is required to 
grow it in rotation. It often replaces wheat or oats as in the fol
lowing rotations: 

(a) Three to four years: Corn, 1 year; barley, 1 year; oats, 1 
year, or timothy and clover, 1 to 2 years. 

(b) Four to five years: Corn, 1 year; barley, 1 year; wheat, 1 
year; clover or clover and timothy, 1 to 2 years. 

(2) Soil' and preparation.-Barley is more sensitive to soil 
character than are other cereals. Sandy, well-drained soils are bet
ter than heavy clays or soils not well-drained. A fertile soil, not 
over-supplied with easily available nitrogen, is best, especially for 
malting barley. It is more important than for other cereals that 
the seed-bed be mellow and deep, in order to permit rapid root 
growth and to make available the plant-food in the upper soil. 

(3) Fertilizers.-The general use of fertilizers, as given for 
wheat (p. 390), applies to barley. It is best to apply manure to 
corn preceding barley and, if more plant-food is needed, to apply 
the plant-food mixture as directed above. The short period of 
growth and limited range of the root system require that the plant
food be readily available. When grown for'feeding, larger amounts 
of nitrogen can be used; but when grown for malting less nitrogen 
and more potassium can be supplied in order to promote the pro
duction of starch, Experiments indicate that when materials which 
change insoluble into soluble potassium compounds are applied to 
a soil rich in potassium barley is beneficially affected. Favorable 
results following the application of 300 to 400 pounds of salt per 
acre may be explained in this way. An abundance of calcium car-
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bonate in the soil has a beneficial effect, in part, for the same 
reason. 

(4) Seeding.-The grain should be put in generally between the 
time of sowing spring wheat and oats in the North. The amount 
of seed most commonly used varies from 2 to 2 Yz bushels. 

Barley as a. green forage.-In many Northern States, bar
ley makes an excellent late-fall forage crop. The conditions re
quired to grow oats as forage apply to it. For this purpose it is 
sown about the middle of August, 2 to 2 Yz bushels of seed being 
used. The growth may also be used as a late fall pasture. In the 
South, it is sown in September or October and used as fall, winter 
or spring pasture. Good grain crops may be obtained even after 
considerable pasturage. 

Barley and Canada field-peas furnish excellent late forage. 
About 1 Yz bushels of each are used for seeding during the first half 
of August, other conditions being observed as in case of oats and 
peas (p. 394). 

Barley as a nurse-crop has been found extremely useful in 
starting seedings of alfalfa, clovers and grasses, for which purpose 
it possesses the following advantages: (1) It seldom lodges; (2) 
the stems are shorter and less leafy than other cereals, thus admit
ting sunlight and air; (3) it uses smaller amounts of water than 
other cereals. When barley is so used one sows from 3 to 4 pecks 
of seed per acre. 

Buckwheat can grow at higher altitudes than any other cereal 
and more is grown in higher altitudes than others. Its season of 
growth, 8 to 10 weeks, is the shortest of the cereals. It does best 
in a cool, moist climate, its yield being seriously decreased by hot, 
dry weather. It is injured by frost. It is grown largely for the 
grain, but to some extent as a green manure. 

(1) Crop-rotations for buckwheat.-Ordinarily no special ro
tation is observed in growing buckwheat, because it is commonly 
grown on the least valuable land, or to take the place of some other 
crop that has failed. Buckwheat :'eaves the soil mellow so is often 
followed by potatoes. The following is a popular rotation: 

First year, clover, the first growth cut and the sod plowed for 
buckwheat; second year, potatoes; third year, oats or wheat seeded 
with clover. 

(2) Soil and preparation.-Buckwheat does best on somewhat 
sandy, well-drained land, but can be grown on heavy clays and even 
wet soils, though not to good advantage. As the crop can mature 
on poor soils it is often relegated to the poorest ~nc! worst-tilled 
parts of a farm, but it will respond profitably tc better treatment. 
For good crops, the land should be plowed and treateci as for other 
cereals; early and thorough preparation will be repaid. This is, of 



Effect of lime on barley. Left, limed; right, unlimed . Both sides fertilized alike with sulphate of ammonia. 



398 FERTILIZERS AND CROP PRODUCTION 

course, not practicable when the crop is put in to take the place of 
some other crop that has failed. 

(3) Fertilizers.-Buckwheat lodges badly on soils richly sup
plied with nitrogen. It responds well to applications of phosphorus 
and potassium. Since its growth occurs mostly during July and 
August, when nitrification is most rapid, little or no nitrogen need 
be supplied on soils that contain fair amounts of organic matter. 
On light, poor soils, deficient in organic matter, 4 to 6 tons of 
manure can be. used; but, in general, manure is best applied to 
some preceding crop. On ordinary soils an application of 200 to 

Thick stand of buckwheat sown in July for green manure to be plowed in early 
September for rye to follow as winter cover crop. 

300 pounds an acre of Mixture No.1 or No.2 should prove bene
ficial. When buckwheat follows clover, a mixture of 200 pounds 
of acid phosphate and SO pounds of potassium chloride an acre is 
suggested. 

(4) Seeding.-The usual time of seeding is July 15 to August 
15, though it may be put in any time from May to August. The 
amount of seed used varies from 2 to 5 pecks; it is covered 2 to 3 
inches deep. 

Buckwheat as a green manure possesses specific qualifications 
which fit it to meet some conditions. It grows rapidly, takes up 
considerable amounts of plant-food materials from the soil and, 
when plowed under, decomposes easily. If desired, two crops can 
be grown in one season. It cannot make use of atmospheric nitro
gen and, therefore, returns no more plant-food than it takes from 
the soil. Its special use as a green-crop manure is on soils too poor to 
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raise any other crop; it is often useful to furnish organic matter 
to poor, sandy soils where clover fails to grow. It also serves well 
as a caver-crop on soils that would otherwise lie bare during the 
latter part of the season after July. When used as a green-crop 
manure, it is preferably plowed under about the time it begins to 
blossom. 

Millet is used in this country most largely as a forage crop, 
but to some extent as hay and as a cover crop. It is adapted to 
hot weather, resisting drouth well. Under favorable conditions of 
moisture and warmth, the crop is ready to cut for forage in 6 to 10 
weeks. It is easily killed by frost. It has been found useful as a 
crop to put on new lands and also as a means of overcoming weeds, 
especially during hot weather. 

(1) Soil and preparation.-Millet does best on rich, mellow, 
well-drained sandy loams. It can grow fairly on rather poor soils. 
On heavy clays or wet soils, it does not grow well. The soil should 
be given careful preparation, much as for barley, the seed-bed 
being made mellow to a considerable depth in order to enable the 
shallow rootlets to range easily for food. 

(2) Fertilizers.-Millet is distinctly a surface feeder, so a good 
crop draws large amounts of plant-food from a rather limited layer 
of soil and often reduces the supply of.available plant-food in this 
layer so much as to affect the next crop unfavorably, unless heavily 
fed. When obtainable, 10 to 12 tons of well-decomposed manure 
should be worked into the soil after plowing. When commercial 
fertilizers are depended upon wholly, an application of 250 to 500 
pounds to the acre of Mixture No.1 or No.2 (p. 363) can be 
made. 

(3) Seeding.-Owing to the sensitiveness of millet to cold, 
seeding should be delayed until danger of frost is passed. This will 
ordinarily be after May 15 in the North; from then on until early 
July will be a favorable time for seeding. The amount of seed used 
varies commonly from 2 to 4 pecks. 

Millet as a cover crop can be put in after rye or other early 
ripening crop, or when the hay crop fails. It can be started when 
too late to grow corn. 

Sorghum grows ~herever corn grows; but it does better on 
poor soils and with much less moisture than corn. The sweet va
rieties are used largely as forage in dry regions and are grown also 
to some extent to make sugar and syrup. In nearly all respects 
sorghum is grown for forage in the same way that corn is grown for 
the same purpose. It needs more attention to weeds than corn, 
since its early growth is slow. For this reason, it should follow a 
cultivated crop. For forage, the seed can be sown broadcast, 20 
to 25 pounds an acre, or seeded in rows, 10 to 12 pounds an acre. 
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TABLE 52-APPROXIMATE AMOUNTS OF PLANT-FOOD CONSTITUENTS 
IN ONE CROP. GRAINS 

Portion 01 Yield Phosphoric acid Potaslt 
Crop crop per acre Nitrogen (p.o.) (K,o) 

Lb,. Lb,. Lb,. 
Com ......... Grain 2S bu. 23.2 9.1 ( 4. P) 5.5 ( UK) 

Stalks, etc. 1500 lbs. 15.0 4.5 ( 2. P) 21.0 (l7.4K) 
Cobs 250 .. 1.0 0.2 ( OolP) 1.1 ( O.OK) 

39.2 13.8 ( 6.1P) 27.6 (22.0K) 
Green 

forage 20000 lbs. 60.0 26.0 (I1.4P) 66.0 (55. K) 

Wheat. ....... Grain 25 bu. 30.0 12.8 ( S.6P) 6.0 ( S. K) 
Straw 2500 lbs. 12.5 3.8 ( UP) 15.0 (l2.5K) 

42.5 16.6 ( 7.3P) 21.0 (l7.5K) 

Rye .......... Grain 20 bu. 19.1 9.8 ( 4.JP) 6.7 ( S.6K) 
Straw 2000 lbs. 10.0 6.0 ( 2.6P) 17.0 (l4.1K) 

29.1 15.8 ( 6.OP) 23.7 (lO.7K) 
Green 

forage 15000 lbs. 67.5 30.0 (13.2P) 97.5 (81. K) 
• 

Oats .......... Grain 25 bu. 16.0 6.5 ( 2.9P) 4.8 ( 4. K) 
Straw 1250 lbs. S.O 2.5 ( 1.1P) 15.6 (13. K) 

24.0 9.0 ( 4. P) 20.4 (17. K) 
Green 

forage 12000 lbs. 72.0 13.0 ( 8. P) 54.0 (44.8K) 

Barley ........ Grain 2S bu. 21.0 9.0 ( 4. P) 6.0 ( S. K) 
Straw 1600 lbs. 9.6 3.2 ( 1.4P) 17.6 (J4.6K) 

30.6 12.2 ( S.4P) 23.6 (19.6K) 
Green 

forage 10000 lbs. 40.0 15.0 ( 6.6P) 50.0 (41.SK) 

Buckwheat ...• Grain 20 bu. 15.0 6.0 ( 2.6P) 3.0 ( 2.5K) 
Straw 5000 Ibs. 62.5 7.5 ( 3.JP) 57.5 (47.7K) 

77.5 13.5 ( 5.9P) 60.5 (50.2K) 
Green 

crop 10000 lbs. 40.0 S. ( 3.5P) 35.0 (20. K) 

Millet. ....... Green 
forage 20000 Ibs. 60.0 20.0 ( 8.8P) 100.0 (83. K) 

Sorghum ...•.• Green 
forage 20000 lbs. 60.0 24.0 (l0.6P) 60.0 (40.8K) 

P, phosphorus. K, potassium. 
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The crop should be liberally fed, using 6 to 8 tons of well-decom
posed manure an acre, well worked into the soil and 200 to 300 
pounds of Mixture No.2 (p. 363). 

When sorghum is grown for sugar or syrup, 400 to 600 pounds 
of Mixture No.2 can be applied. 



XXXI 

TUBER AND ROOT CROPS 

TUBER and root crops include: (1) Potatoes, (2) sweet potatoes, 
(3) beets, (4) turnips, (5) carrots, (6) parsnips, (7) radishes, (8) 
salsify. 

These are used largely as human food, but to some extent as 
food for farm animals. They possess common characteristics which 
distinguish them from cereals, especially in their relations to plant
food. First, the root growth is such that they are not commonly 
regarded as strong feeders; that is, the root system does not range 
widely through the soil, so the plant-food supply within reach is 
less than in case of plants whose roots have an extensive reach. A 
supply of readily available plant-food in the neighborhood of the 
growing roots, therefore, meets with prompt response. In most 
cases, it is desirable that the soil be mellow to a much greater depth 
than for cereals in order to permit the root to go as deeply as 
possible for food. Second, the food product most characteristic 
of these crops is carbohydrate material, especially starch and sugar. 
Such crops use relatively large amounts of potassium (p. S4). 
Many of them have a long growing season and can utilize organic 
nitrogen compounds. While the percentages of plant-food constitu
ents are not large in these crops, the yields are heavy and therefore 
the amounts of plant-food contained in the crop grown on an acre 
are large in the aggregate as compared with many other crops. 

Potatoes.-Though potatoes grow best in moderately moist, 
cool climates, they do well under a great variety of climatic condi
tions and are widely distributed. • 

(1) Crop-rotations for potatoes.-For several reasons, crop
rotations are essential for best results with potatoes, especially be
cause, when grown continuously on the same soil, they are subject 
to scab and other diseases. They do especially well after clover and 
cowpeas. The following rotations are illustrations: 

(a) Three years: Winter wheat seeded to clover in spring, 1 
year; clover, hay and green manure, 1 year; potatoes, 1 year. 

(b) Four years: Rye, seeded with clover and timothy, 1 year; 
hay, 1 year; potatoes, 1 year; oats or barley, 1 year. 

402 



How potash affects potato plants. In this potato-wheat-clover rotation the potato plants have on the left been fer
tilized with superphosphate; those on the right with muriate of potash. 
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(c) Four years: Wheat seeded with clover, 1 year; clover hay 
and green manure, 1 year; potatoes, 1 year; beans, 1 year. 

In case of long seasons, potatoes often follow some early crop, 
or are put in as an early crop to be followed by something else. 

(2) Soil and preparation.-While potatoes do well on many 
kinds of soil, they do best on rich, well-drained, sandy loams that 
contain an abundance of organic matter. When grown on heavy 
soils not well drained, the tendency is to produce watery tubers 
of undesirable quality. The soil should be mellow, deep and por
ous. It is desirable that heavy soils be plowed in the fall. Deep 
plowing is advisable, since the roots feed well down in the soil when 
given a chance. 

(3) Fertilizers to use depend on (a) amount of organic matter 
in the soil, (b) time of season during which the crop is grown, (c) 
quality of the crop, (d) time and manner of application, and (e) 
amount of plant-food constituents. 

(a) Organic matter in soil. In soils that already contain an 
abundant organic matter, whether furnished by farm or green<rop 
manure, only application of commercial plant-food constituents 
needs to be considered. In soils not well supplied, organic matter is 
furnished by manure or green manure, preferably leguminous, ac
cording to the special conditions on each farm. When manure is 
available and is not preferred for some other crop, it is applied at 
the rate of 10 to 12 tons an acre; if fresh and coarse, it is better 
to apply it in the fall and plow in, but, if well-decomposed, it can 
be applied in the spring to the plowed ground and thoroughly har
rowed in. When manure is used in larger amounts, it is regarded 
as better practice to apply it to corn, clover or grass and then follow 
with the potato crop, since the direct application of manure favors 
the growth of scab on tubers. The soil should not be limed for a 
potato crop, especially with slaked-lime (calcium hydroxide) or 
quicklime (calcium oxide), owing to the tendency to produce scab. 
The application is best made for the leguminous crop in the rotation. 

(b) Early and late potatoes require liberal amounts of plant
food and even on fertile soils respond well in yield to generous appli. 
cations of available plant-food constituents. It must be kept in 
mind that the growing season of the early crop is desired to be short, 
so much of the growth comes before nitrification and other processes 
have reached their maximum activity and produced their greatest 
effects. Therefore, the forms of plant-food applied should be readily 
available. In the case of late potatoes, the growing period is more 
prolonged and comes during the part of the season when unavailable 
plant-food in the soil is being most rapidly made available. There

,fore, those forms of plant-food constituents, especially nitrogen, 
can be used which become available gradually; for example, in the 
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case of early potatoes, the nitrogen applied is preferably in the 
form of nitrate, while, for late potatoes, it may be distributed in the 
forms of nitrate, ammonia and organic nitrogen, such as sodium 
nitrate, ammonium sulfate, tankage, cottonseed-meal or fish-scrap, 
etc. Excessive application of nitrogen compound is indicated by 
dark-green colored potato tops, as compared with the normal color 
of lighter green. Deficiency of nitrogen is shown by a light yellow
ish color. 

(c) Quality of the crop. Some experimental work has been 
done to determine the effect of potassium sulfate, as compared with 
chloride, on the quality of potato tubers. In respect to yield, re
sults may not vary much, whichever compound is used; but experi
ments show that in some cases sulfate gives larger yields. So far 
as present knowledge goes, potassium chloride, especially on clay 
soils, appears to favor a larger percentage of water in the potatoes 
than when sulfate is applied. On lighter soils, there appears to 
be little or no appreciable difference. It is said, however, that 
sulfate produces tubers of cleaner appearance and more uniform 
size. On heavy or moist soils, it is, therefore, well to take the pre
caution of using the sulfate. With the decreased cost of potassium 
nitrate, this compound can well be used as a source of part of the 
nitrogen and all of the potassium. 

(d) Time and manner of application. When large amounts of 
high analysis fertilizers are used for potatoes, care must be taken 
to keep the fertilizer from coming into direct contact with the seed 
pieces, in order to avoid interference with germination. The fer
tilizer may be all applied in the line of the rows and worked well 
into the soil or wen covered with soil before planting. Another 
method is to apply one-half or two-thirds in the row before planting, 
the remaining portion being used as a side-dressing after the plants 
are 2 to 4 inches high, using special machinery to apply and cover. 
In some cases one-half the fertilizer is broadcast and well worked 
into the soil before planting and the rest put in the row at the time 
of planting. On light soils application in the row is favored. On 
heavy soils with retentive subsoil, in places subject to drouth, good 
results have been obtained by broadcasting and harrowing into the 
soil all the fertilizer before plowing, the fertilizer thus being placed 
well down in the soil, causing the roots to go down more deeply 
than when the fertilizer is applied nearer the surface. In the case 
of light sandy soils, as in Florida, where fertilizer is used at the 
rate of 2,000 to 2,500 pounds an acre, the soil is prepared in beds 
about 36 to 40 inches apart and the fertilizer worked in two weeks 
before planting. 

(e) The amount and kind of plant-food constituents used by 
potato growers varies from 500 to 3,000 pounds an acre. On light 
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sandy soils, the higher amounts are applied. On heavier soils the 
smaller applications, especially when supplemented by stable 
manure or green manure. On muck soils the amount varies from 
800 to 1,500 pounds. 

In composition, the potato fertilizers in use vary widely, the 
following analyses illustrating in part those on the market: 
2-8-10,4-6-10,4-8-4,4-8-7, etc. The mixture that fol
lows comes fairly near to meeting the usage of many potato growers 
in respect to analysis: Plant-food Mixture No. 4.-For potatoes 
and garden crops: Analysis: 4-8-8; formula; potassium nitrate. 
365 pounds (47 pounds N, 160 pounds KaO); ammonium sulfate, 
165 pounds (33 pounds N); superphosphate (1670) 1,000 pounds 
(160 pounds PaO.); drier, 470 pounds. 

This fertilizer contains only quickly available constituents, so 
is adapted to the growth of early potatoes. For late potatoes one
half the nitrate can be replaced by organic material used, such as 
meat tankage, fish scrap, cottonseed-meal, etc. The formula given 
above could for illustration, be changed to the following, giving the 
same analysis approximately: Plant-food Mixture No. S, ground 
fish, 555 pounds (40 pounds N); potassium nitrate, 165 pounds 
(20 pounds Nand 70 pounds K20); ammonium sulfate, 100 
pounds (20 pounds N); superphosphate, 1,000 pounds (160 pounds 
P20.); potassium chloride, 180 pounds (90 pounds KaO). 

Sweet potatoes.-In growing this crop, certain qualities of the 
product must be considered. Watery sweet potatoes are undesira
ble; those of good edible quality should be mealy when cooked. 
This quality is the result of soil conditions and of plant-food supply. 
From the market standpoint, potatoes of medium size and well
rounded shape are preferable to large elongated ones. The crop 
is not grown commercially north of New Jersey in the eastern United 
States. The best climatic conditions are warmth and moisture dur
ing most of the growth, followed by moderately dry weather during 
the final maturing. 

(1) Crop-rotations for sweet potatoes.-An excellent prepara
tion for a sweet-potato crop is some crop like corn, tomatoes, melons, 
etc., with which crimson clover is seeded at the last cultivation and 
plowed under when 6 to 8 inches high. Crimson clover or some 
other legume can also follow any early crop for the same purpose. 

(2) Soil and preparation.-Soils best adapted for sweet potatoes 
are well-drained, porous, warm and sandy. Good drainage is essen
tial. Some highly crumbly and porous clays are successfully used. 
The land is plowed rather shallow, (5 or 6 inches), at a time in 
spring when it crumbles perfectly under the plow and gives a fine 
tilth under the harrow. Special care is required to pulverize the 
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:5oil completely in case of sandy soils that contain enough clay to 
form clods by baking. 

(3) Fertilizers.-Leguminous crops to furnish organic matter, 
with some nitrogen and commercial fertilizers, are generally advo
cated as more economical than the use of manure. Large applica· 
tions of nitrogen, particularly as nitrate, are to be avoided, since 
growth of vines is stimulated. While the yield may be thus in
creased, the quality of the potatoes is impaired. Large proportions 
of potassium and phosphorus in relation to nitrogen are generally 
used. 

Numerous mixtures with a fairly wide variation in percentage 
composition are used. They contain from 2 to 4 per cent. nitrogen, 
8 to 10 per cent. available phosphoric acid and 6 to 10 per cent. 
potash. When manure is used, it is best to apply to the crop pre
ceding. When the crop is grown on soil well supplied with organic 
matter by a legume the following mixture is suggested: Plant
food Mixture No. 6.-For use on sweet potatoes: Analysis: 
2-10-8; formula; potassium nitrate, 80 pounds (10 pounds N 
and 35 pounds K 20); ammonium sulfate, 50 pounds (10 pounds 
N); fish-scrap, 250 pounds (20 pounds K); superphosphate (16%), 
1,250 pounds (200 pounds P 205); potassium chloride or sulfate, 
250 pounds (125 pounds K 20); drier, 120. 

Cottonseed-meal, castor pomace or meat tankage could be sub
stituted for fish-scraps to furnish organic nitrogen; the purpose 
in mind is to have most of the nitrogen in a form not immediately 
available. Such a mixture may be applied in amounts of 500 to 
1,500 pounds an acre. When the smaller amounts are used, this 
may be applied in the furrows ten to fifteen days before the vines 
are planted. When amounts exceeding 1,000 pounds an acre are 
used, the fertilizer is drilled in after harrowing or sown broadcast 
and then harrowed in, or about two-thirds may be applied in this 
way and the remainder in the furrows a week or so before setting 
plants. 

Beets are grown for three general purposes, as a garden crop for 
table use, as a field crop for cattle-food, an,d as a commercial source 
of sugar, varieties being chosen according to the particular purpose 
for which the crop is grown. Beets do best in cool climates with 
abundant sunshine, especially during the maturing period in case 
of beets grown for sugar. 

(1) Crop-rotations.-Beets do well after such crops as corn, 
cabbage, wheat, and clover. For field-beets or sugar-beets, the 
following rotations are good: 

(a) Four years: Corn, with heavy application of manure, 1 
year; beets, 1 year; oats or barley seeded with clover, 1 year; 
clover, 1 year. 
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( b) Five years: Wheat, 1 year; beets, 1 year; clover, one crop 
for hay and one for green manure, 1 year; potatoes, 1 year. 

(2) Soil and preparation.-Generally speaking, beets grow well 
on any well-drained, deep and mellow soil good for wheat, corn or 
potatoes. For best results in yield, rich clay loams are best. A 
fairly level soil is desirable, especially for sugar-beets. Lighter 
soils mature the crop earlier, which is a marked advantage in case 
of early beets for table use. It is generally desirable to plow in the 
fall, especially for early table-beets and in case of heavy soils. The 
ploWing should be deep to permit extension of feeding roots down
ward. For sugar-beets and mangels, plowing should be 9 inches 
deep, followed by a subsoiler to loosen 6 or 7 inches more. As early 
in spring as conditions permit, the soil is put into fine tilth and 
made mellow just before planting, for whatever purpose beets are 
grown. 

(3) Fertilizers.-Treatment with fertilizers varies materially 
according to the end in view. When manure is obtainable, it gives 
excellent results, if properly used and supplemented with commer
cial fertilizer. When heavy applications of coarse manure are made, 
it is better to apply to a crop preceding or to plow in during the 
fall preceding the beet crop. On rather heavy soils, 20 tons or more 
an acre of partly decomposed farm manure can be applied just 
before planting with satisfactory results, even on sugar-beets, but, 
under most conditions, such treatment cannot be regarded as eco
nomical. When manure is used, an application of not more than 
10 or 12 tons is advised under ordinary circumstances. 

(a) Fertilizers for early garden-beets. In growing early beets 
for market, the chief aim is to push the growth as rapidly as possible 
and get them into market when prices are highe.st. Other conditions 
being favorable, success in accomplishing this depends upon a lib
eral supply of available nitrogen and phosphorus. The early 
growth takes place when soil nitrates are usually at their lowest 
and before their formation has been actively renewed in spring. 
Therefore, a generous supply of nitrate is desirable. At the time 
of planting, a good supply of available nitrogen, phosphorus and 
potassium should be within reach of the young plants. The nitrate 
to be used, should not all be applied at planting time but some 
should be reserved for several top-dressings. If it were all applied 
at the start, there would be risk of considerable loss by leaching 
(p. 114) in case of heavy rainfall, which is common when the beet 
crop is getting started. An application of 800 to 1,200 pounds of 
Mixture No.4 (p.406) at planting time is suggested. After the 
plants are well started, surface applications of 50 to 100 pounds of 
nitrate (p. 30) about once in ten days for three or four weeks. 
When earliness is not an object, the top-dressings can be smaller or 
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omitted altogether. On lighter soils, the first application may be 
larger than given. 

(b) Fertilizers for beets grown as cattle-food. Mangels or 
mangel wurzels (known also as mangolds, field-beets and cattle
beets) are extensively grown for cattle-food. Sugar-beets are also 
grown for the same purpose. In growing beets for this purpose, 
the chief object is to obtain a large yield, which depends on rapid 
and uninterrupted growth. The season of growth is prolonged and 
it is therefore not necessary to supply the nitrogen so largely as 
nitrate as in the case of early table-beets. Whichever kind of beet 
is used, the plant-food requirements are the same. Manure can be 
used to advantage, (10 to 12 tons) and an application of 500 
pounds of Mixture No.6 (p. 407) worked into the soil just at 
seeding. On light soils, on which no farm manure is used, 800 to 
1,000 pounds of Mixture No.4 (p. 406) or No.6 can be used. 

(c) Fertilizers for sugar-beets. When grown for sugar, beets 
are valued according to richness and purity of sugar and for the 
yield of sugar per acre. Excessive application of nitrogen produces 
increased yields. of large beets, but with decreased sugar; enough 
nitrogen, however, must be used to promote rapid growth early in 
the season. In the production of sugar, potassium is highly im
portant and on light soils must be supplied liberally. Well-decom
posed manure well worked into the soil before seeding has given 
excellent results, especially on soils inclined to be heavy. An 
abundant supply of quickly available phosphoric acid is to promote 
early, rapid growth. It is applied in considerably larger amounts 
than analysis of the beet indicates. The formation of sugar occurs 
in the latter part of the growing season, so in order that this may 
not be too much delayed, it is important during the early stages of 
growth to encourage rapid and extensive growth of leaves, since 
through them sugar is formed (p. 127). If slow-acting forms of 
nitrogen are supplied, the vegetative growth is prolonged unduly 
and sugar formation retarded, so the amount formed is likely to 
be less than where it begins earlier. 

Hence plant-food should be supplied in readily available forms 
and in generous amounts. These requirements are met by Mixture 
No.4 (p. 406), of which an application of 600 to 1,000 pounds an 
acre will not usually be excessive on good soils; while on light soils 
the amount may be 900 to 1,200 pounds. 

The plant-food in the fertilizer will be more economically used 
if applied in three lots, one-half being thoroughly worked into the 
soil immediately before seeding, one-fourth between rows or as a 
side-dressing after the plants are up and just before the first culti
vation, and the remainder just before the second cultivation. When 
applied in this way, the danger of loss of nitrate by leaching in case 
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of heavy rain is diminished, the soluble phosphate has a chance to 
reach the roots before becoming entirely reverted, and the direct 
action will likely be more manifest than when all the plant-food is 
applied at seeding time or before. 

(4) Seeding.-Beet seeds are sown in rows, at varying distances 
apart. Garden-beet rows may be only 12 inches apart, though 
usually far enough to permit use of horse-cultivator; ordinary field
beets and sugar-beets, 18 to 24 inches apart; mangels, 2 to 3 feet. 
The seeds are covered 0 to 10 inch. The amount of seed used 
varies usually from 5 to 8 pounds an acre for field-beets, but from 
IS to 20 pounds for sugar-beets. It is better to use too much 
seed than to have the plants too thinly scattered in the row. When 
the plants are high enough to handle easily, they are thinned. In 
case of garden-beets, this is usually done when the tops are large 
enough to use as greens, in case of field and sugar-beets, when four 
leaves show. Garden-beets are thinned to 4 to 6 inches between 
plants; ordinary field-beets and sugar-beets are about 8 inches 
apart, while mangels are 8 to 10 inches. 

(5) Cultivation.-For whatever purpose grown, beets should 
be as thoroughly cultivated as conditions permit, as often as a week 
or 10 days if possible. The early cultivation should be fairly deep 
to remove weeds and to enable the soil to receive and hold moisture 
to best advantage. 

Turnips are grown for table use and to some extent for feed
ing sheep and cattle; they may also be utilized at the same time as 
a cover crop. As a garden crop, turnips are grown for early markets 
as well as for ordinary market purposes. They ordinarily require 
a damp, cool climate, but need less sunshine than beets, especially 
sugar-beets. Rutabagas bear about the same relation to ordinary 
turnips that mangels do to beets. They are grown largely for stock
feeding. Their place in crop rotations, character of soil, prepara
tion and cultivation, is the same as beets. The general conditions of 
seeding are about the same as with beets, except that the amount 
of seed used is only 2 to 4 pounds an acre. 

Fertilizers.-Turnips respond most favorably to a generous sup
ply of soluble phosphorus compounds. When soils have been 
treated with 10 tons of good manure an acre, the application of 
phosphoric acid alone in soluble form usually is sufficient to secure 
good crops, especially on soils not deficient in potash. For growing 
early turnips for table use, the same fertilizer treatment is recom
mended as for early beets (p. 407). For field-turnips grown with 
manure on good soils, an application of 2 SO pounds of acid phos
phate and 75 pounds of potassium chloride may be used to the 
,acre, or 500 pounds of Mixture No.1 (p. 363); on light soils, larger 
amounts (800 to 1,200 pounds) should be applied. 
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under conditions which permit continuous, rapid growth. They are 
especially adapted to cool weather; when grown in hot weather, they 
tend to develop a rank growth, which results in a tough, fibrous or 
stringy texture, lacking in desired crispness and tenderness. The 
soil should be mellow, well supplied with organic matter and an 
abundance of easily available plant-food. For a fertilizer, Mixture 
No. 4 (p. 406) is recommended, 500 pounds or more per acre 
worked lightly into the soil just before seeding. 

Salsify or vegetable oyster, grown only for the table is a plant 
that resembles the parsnip somewhat in its root growth, but is not 
as large. When cooked, the roots have a flavor that resembles that 
of oystel"3. It is slow of growth, requiring the entire season. It is 
best adapted to deep, rich, moist soils. It is plafited in rows 12 
inches or more apart, and the plants stand 4 to 5 inches apart in 
the row after thinning. The amount of seed used per acre is 8 to 
10 pounds. The culture and general treatment are essentially the 
same as for other root crops. The roots are better for cooking 
when left in the ground through winter. Mixture No.4 or S (p. 
406) is adapted to the needs of this crop in amounts of 500 pounds 
or more an acre. 

TABLE 53-APPROXIMATE AMOUNTS OF PLANT-FOOD CONSTITUENTS 
IN ONE CROP. ROOTS AND TUBERS 

Yield Phosphoric 
Crop pel' acre Nitrogen acid (p.o.) Potash (K.o) 

Pounds Pounds Pound. 

Potatoes, Irish ...... 150 bu. 31.5 13.5 ( 6. P) 45.0 (37. K) .. sweet ..... 200 " 27.5 11.0 ( UP) 55.0 (45.7K) 
Beets, common ..... 25,0001bs . 62.5 25.0 (11. P) 125.0 (104. K) 

" mangels ..... 40,000 u 60.0 40.0 (l7.6P) 140.0(116. K) 
Turnips, common ... 20,000 " 50.0 20.0 ( 8.8P) 90.0 (74.7K) 

" rutabagas .. 20,000 " 40.0 24.0 (l0.5P) 100.0 (83. K) 
Carrots ............ 10,000 " 23.0 13.0 ( 5.7P) 53.0(44. K) 
Parsnips ........... 12,000 .. 26.4 24.0 (lO.SP) 78.0 (65. K) 
Radishes ........... 2,000 " 3.0 1.2 ( O.SP) 7.0( 5.8K) 
Salsify ............. 5,000 .. 25.0 8.0( 3.5P) 27.5 (22.8K) 

P, phosphorus. K, potassium. 



XXXII 

GARDEN CROPS 

THE growing of garden crops on a commercial scale has become 
an important agricultural specialty. In market-garden regions, 
many crops are grown in succession on a relatively restricted area. 
No line of plant production depends so much on commercial fertil
izers as do market-garden crops. Not only are they used to increase 
yield, but especially to control quality. Formerly, sole dependence 
was placed upon manure and compos ted materials to supplement 
the plant-food needs of soils; while this is still true in cases, market 
gardeners have come to depend increasingly upon commercial plant 
food materials, which they use in amounts that would be extrava
gant for ordinary crops. 

GENERAL CHARACTERISTICS 

While market garden crops vary greatly in individual char
acteristics, they have certain characteristics in common. In gen
eral, their growth is stimulated or forced so as to make quick and 
continuous development. So far as preparation of soil and supply 
of plant foods are concerned, the aim is to furnish such conditions 
that, with a proper amount of sunshine and rainfall, the crop will 
be pushed forward as speedily as possible without delay or inter
ruption. 

One edible quality which all vegetables must possess in common 
is that they be agreeable to the taste, appetizing, palatable; this is 
usually dependent on some peculiar taste or combination of taste 
and smell. For example, sweetness in peas, sweet corn, melons, 
etc., together with the additional flavor characteristic in each case, 
determines the palatability, while in rhubarb, tomatoes, etc., it is 
combination of acidity and other qualities; in the case of onions, 
horseradish, cabbage, turnips, etc., the characteristic flavor is due 
to the presence of certain sulphur compounds. Over-developed 
flavor, as in the case of excessive pungency found in some onions, or 
the strong disagreeable flavor of some celery, disagreeable bitter
ness in lettuce, over-acidity in tomatoes, absence of sweetness in 
peas, corn, etc., may, to some extent, be due to failure to regulate 
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the supply of plant-food, although these defects are often due to 
variety used or to weather conditions. 

Another edible quality of importance in most vegetables is that 
dependent on tenderness, succulence and crispness. The develop
ment of tough, fibrous texture greatly depreciates this quality, as il
lustrated in case ()f beets, celery, lettuce, radishes, etc., of poor 
qUality. This defect is more or lesi due to regulation of plant-food 
supply, so can be largely prevented. 

Generally speaking, the ideal qualities of vegetables are de
pendent upon conditions that make possible quick and uninterrupted 
growth, When growth is interrupted or retarded, some undesirable 
quality of flavor or texture is likely to make its appearance. When 
interruption of growth is due to lack of sunshine, or rainfall, one is, 
of course, helpless, unless irrigation can solve the latter problem. 
However, under favorable conditions of soil, light, warmth and 
moisture, the quality of vegetables can be reasonably well controlled 
by judicious regulation of the amounts and kinds of plant-food 
supplied. 

The problem of successfully growing market-garden crops be
comes one, therefore, of so regulating the supply of plant-food as to 
insure rapid and continuous growth, weather conditions being fav
orable. 

SOIL CONDITIONS 

For the successful growth of garden crops, certain essential 
soil conditions are common to all market-garden soils j namely, (1) 
Organic matter, (2) calcium carbonate, (3) influence of character 
of soil, (4) preparation. 

Organic matter.-Garden soils should contain a generous 
supply of organic matter. The customary method of keeping up 
the supply has been to make large applications of manure yearly. 
With decreasing supplies, increasing dependence is placed on some 
quick-growing leguminous cover crop (crimson clover, cowpeas, 
etc.) as part of a well-planned rotation. This is easy of accomplish
ment where the growing seasons are long. 

Calcium compounds.-The necessity of keeping a large amount 
of decaying organic matter in a soil involves the formation of acids 
(p. 94) and the removal of calcium carbonate. In order to pre
vent the exhaustion of this material and the development of soil 
acidity, it is necessary to keep market-garden soils, in case of most 
crops, well supplied with this compound. 

Influence of character of soll.-While some vegetables grow 
on a great variety of soils, others are more limited. In general, the 
growth of individual crops is more or less localized, one or more 
crops being grown in one locality where the soil and climatic con-
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ditions are especially favorable. In the case of home gardens, what
ever kind of soil happens to be at hand is adapted as far as possible 
to the growing of as great a variety of products as are used in the 
household. As regards the influence of the character of the soil upon 
the crop growth, light, porous, warm soils promote rapid growth 
and early ripening, while the reverse is true of heavy soils. Light 
soils should, therefore, be modified to hold moisture and heavy soils 
to become more open. 

Preparation of soil.-All market-garden soils require thorough 
tillage. The depth required varies for the various crops, but in all 
cases the soil must be mellow and finely pulverized. 

USE OF FERTILIZERS 

To promote early, rapid and continuous growth requires nitrate 
and soluble phosphates in considerable amounts. Though much less 
phosphorus is used by garden crops than either nitrogen or po
tassium, its supply in most soils is much less (p. 84). Potassium 
is used in relatively large amounts in the leaves; therefore, when 
this part of the crop is removed for market, the amount of potassium 
taken from the soil is usually greater than when some other part 
of the plant is sold. Generally speaking, potassium needs usually 
to be applied rather generously on light, sandy soils and soils rich 
in muck or peat. On soils that contain fair amounts of clay, much 
lighter applications often suffice, especially if the soil is well sup
plied with calcium carbonate, and also when considerable amounts 
of sodium nitrate are used. 

The traditional method of maintaining plant-food supplies in 
garden soils was to use large quantities of manure. Good manure 
when obtainable, can be advantageously used, but the applications 
should be moderate (8 to 10 tons an acre) and be supplemented by 
commercial plant-food, especially phosphorus. 

The general rule is to apply enough of each plant-food con
stituent to meet or exceed the demands of large crops. The kinds 
and amounts vary in case of different crops. As a general fertilizer 
for market-garden use, Mixture No.4 (4-8-8, p. 406), or modi
fications of this have been extensively used with success. 

These fertilizers can be used on practically all garden crops, 
adaptations being made in special cases by varying the amounts 
or by supplementing with additions of other materials. 

We shall consider only those crops of general interest. For 
convenience, we will divide them, as follows, into groups, the mem
bers of which are alike in respect to their plant-food requirements: 
(1) Asparagus and rhubarb, (2) beans and peas, (3) cabbage, 
cauliflower and brussels sprouts, (4) celery, (5) cucumbers, musk-
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melons, watermelons, pumpkins and squashes, (6) sweet corn, (7) 
lettuce and spinach, (8) onions, (9) tomatoes, (10) eggplant. 

Asparagus, on account of its being one of the earliest spring 
vegetables, is an important product for market and home gardens. 
It is hardy and, if once properly established and cared for, the 
same roots will continue to produce generous annual yields for 20 
years or more. While other crops cannot be grown on the same 
land with asparagus, and while it is cropped only once, yet its 
cropping season is spread over one or two months and the yield 
can be made large by generous feeding and care. 

(1) Soil and preparation.-Asparagus will grow on almost any 
agricultural soil, but it does best on deep, well-drained, loose, rich 
loams. In preparing soil for a permanent planting, the ground 
should be plowed 10 or 12 inches deep the fall before and well 
harrowed in the spring. 

(2) Planting and cultivation.-In making a small bed for home 
use none but the largest one year plants should be planted; older 
ones suffer such losses of root as to delay their recovery one or more 
years. In growing roots for one's own use, seed is sown early in 
spring in rows 14 to 16 inches apart at the rate of one ounce for 
50 feet, furnishing about 400 plants; the seed-bed should be rich, 
mellow and loose. The soil is kept free from weeds and well cul
tivated during the season. The roots can be transplanted into 
permanent quarters the following spring. The roots when trans
planted are set deep so that the crown is 6 to 8 inches below the 
surface of the soil, in order to permit cultivation without injury to 
the roots. They are set 18 to 24 inches apart in rows 4 feet apart. 
The soil is regularly cultivated between rows at intervals. After 
the tops die in the fall and are removed, the entire surface is cul
tivated about 4 inches deep. Cultivation begins again in spring 
and is continued as before. 

(3) Cutting shoots.-A few shoots may be cut the second year, 
but regular cropping should not take place before the third. Cut
ting should not usually continue longer than 6 to 8 weeks. 
, (4) Fertilizers.-In starting an asparagus planting, well de

composed stable manure, when obtainable at reasonable cost, 
should be applied to the plowed ground at the rate of 10 or 12 tons 
an acre and thoroughly worked into the soil before the roots are 
planted; or it may be applied to clover sod and turned under the 
fall before planting. ,In spring before planting .600 to 800 pounds 
of Mixture No.4 or 5, according to soil conditions, may be ap
plied. The purpose should be at the beginning to have an abun
.dance of organic matter and available plant-food in a deep and 
mellow soil (p. 406). 

In the absence of manure, use more of the fertilizer mixture 
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and each spring apply 400 to 800 pounds of the same mixture. 
When well-decomposed manure is obtainable, it is a good plan to 
apply and harrow in early in spring dnd supplement with com
mercial fertilizer according to need. Some growers apply 100 
pounds of sodium or calcium nitrate when the cutting season is 
about half over. Soon after the cutting season is over it is impor
tant to make another application of fertilizer, largely in readily 
available form-SOO to 600 pounds of Mixture No. 4 (p. 406) an 
acre between rows well worked in. The significance of this later 
application should be understood. Constant removal of shoots dur
ing the cutting period is exhaustive so the plant needs an abundance 
of plant-food to help it recover by making a vigorous growth during 
the rest of the season and storing nutritive material for the growth 
of shoots during the next cutting season. The application of plant
food is for two purposes: (1) To increase the yield by increasing 
the number and, particularly, the size of the shoots, and (2) to 
produce shoots of the highest possible quality in respect to flavor 
and tenderness. Small, insignificant-looking shoots generally indi
cate lack of nutrition or cultivation, or excessive cutting. 

Some growers use a leguminous crop, as cowpeas, soy-beans, 
etc., for a late corn crop between the rows two or three weeks 
after the cutting season. 

Fertilizers do not control the color of the asparagus shoots. 
The matter of white or green shoots depends upon protection from, 
or exposure to, sunlight. The demand of the market determines 
which kind is most profitable to furnish. 

Rhubarb, also commonly known as pie-plant, resembles as
paragus as a garden crop, because it is early and because the stems 
or tops are pulled for use. It is now extensively grown for can
ning. The methods of setting roots, character of soil and methods 
of cultivation are essentially the same as for asparagus. The hills 
are placed four feet or more apart. When once established, the 
plants survive much neglect, but respond profitably to good cul
tivation and feeding. Methods used to supply plant-food to 
asparagus apply equally well to rhubarb. The flower or seed-stalks 
are pulled out as soon as they appear. 

Garden-beans.-Edible garden-beans include (1) those grown 
for use as string-beans, both fresh and canned, and (2) lima beans, 
the latter grown in both poled and dwarf forms. 

(1) Soil and preparation.-Garden-beans respond to good soil 
conditions. While growing on a wide range of soil types, earlier 
crops are favored by warm, somewhat sandy loams; later plantings 
do better on heavier loams, well drained and well supplied with 
organic matter. Late fall or early spring plowing is desirable, the 
soil being carefully prepared as a seed-bed before planting. 



418 FERTILIZERS AND CROP PRODUCTION 

(2) Fertilizers.-Garden-beans, especially the pole types, use 
generous applications of plant-food. Although beans are able to 
utilize atmospheric nitrogen, it is, nevertheless, desirable, in grow
ing garden varieties; to supply a liberal amount of nitrogen along 
with phosphorus and potassium compounds, as well as calcium car
bonate, in case of. acid soils. Excessive application of farm manure 
or of the commercial nitrogen-containing compounds causes the 
plants to develop too much vine and leaf and decrease the yield of 
pods. When manure is used, it should, preferably, be well rotted 
and applied at the rate of 10 to 12 tons an acre to the previous crop 
or (especially for lima beans) in the previous fall before plowing. 
When manure is not obtainable, a leguminous sod or cover crop 
should be used. The 4-12-4 mixture (p. 406) can be employed 
(300 to 600 pounds an acre) on good loams; and, on poorer soils, 500 
to 1,000 pounds. Applied in small amounts (300 pounds), the 
fertilizer is worked into the soil along lines where the rows are to 
run, mixing the fertilizer with the soil by harrowing or cultivating. 
In case of application of 600 pounds or more, the fertilizer may all 
be applied broadcast and thoroughly harrowed in before planting 
or part may be reserved and applied in the hill or the drill. What
ever method is used the fertilizer must be kept from contact with 
the seed. 

Field-beans grown for the seeds require treatment that differs 
considerably from garden beans. 

(1) Rotations for field-beans.-The following iUustrate rota
tions employed in bean-growing sections: 

(a) Three years: Beans, 1 year; wheat, 1 year; clover, 1 year. 
(b) Four years: Com or potatoes, 1 year; beans, 1 year; wheat 

seeded with clover, 1 year; clover cut for hay and then plowed 
under, 1 year. 

(2) Soil and preparation.-Soils best adapted to field-beans are 
well-drained clay loams; sandy or gravelly loams give good crops 
when kept well supplied with organic matter and plant-food. Soils 
extreme in either heaviness or lightness are undesirable, also soils 
that contain excess of organic matter like muck or peat soils. 
Generally speaking, good com or wheat land is good bean land. 
For best results', land should be plowed 4 to 6 weeks before plant
ing, and be put in good mechanical condition by harrowing to pre
vent growth of weeds and to hold moisture. 

(3) Fertilizers.-When beans are grown after clover or when 
manure is used, little nitrogen need be supplied in addition. On 
clayey soils, large amounts of potassium are not usually needed. 
As an application for field-beans, the 2-12-6 or 4-12-4 mix
ture (p. 351) is suggested, (200 to 400 pounds an acre) to be used 
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at the time of planting or just before, the application to be made in 
the manner indicated with garden beans. 

Garden-peas.-Statements relative to garden-beans apply in 
most respects to garden-peas. Peas are grown as a market-garden 
crop and as a field crop for canning, the object being the produc
tion of a sweet, tender, well-flavored product. 

Light loams favor early maturity, which is desirable for market 
peas while heavier soils, being cooler and holding moisture, are 
preferable for canning crops. Acid soils should be limed for peas. 
Peas are grown in a three or four year crop rotation. For fertilizer 
400 to 800 pounds an acre of the 2-12-6 or 4-12-4 mixture 
(p. 351) can be used. 

Beets. (See page 407). 
Cabbage.-The growing of cabbage on a large scale has become 

a specialty in sections where soil and climatic conditions are favor
able. Early cabbage is practically all used immediately, while the 
late crop is distributed, some going to the table at once, some made 
into sauerkraut and some stored for later use. With southern, 
early and late northern crops, cabbage is available at all times. 

(1) Crop-rotation for cabbage is desirable, both for the sake 
of the physical and chemical factors in the soil, and for protection 
against insects and diseases that infest this crop. Probably nothing 
is better to precede cabbage than clover sod, well-decomposed; cab
bage can therefore fit into many rotations. Where long seasons 
prevail and cabbage is grown as an early crop, it can be followed 
in the same season by some other crop. 

(2) Soils and preparation.-The qualities requisite in a soil 
adapted for growing cabbage as a farm crop are good drainage, 
abundance of available plant-food and structure suited to hold 
moisture. A considerable variety of soils meets these conditions. 
In the South, sandy soils are used to grow cabbage for the early 
northern market because they promote rapid growth at the right 
season and can be cultivated at a time when heavier soils cannot be. 
The soil, whatever its character, should be put into mellow, well
pulverized condition before setting out the young plants. 

(3) Fertilizers.-Large applications of manure (15 to 20 tons 
an acre) have been successfully used, and clover sod supplemented 
by 10 or 12 tons is desirable when practicable. Under such con
ditions, some commercial fertilizer can be used to advantage, 
especially one supplying phosphorus and potassium in larger propor
tions than nitrogen, as 400 to 600 pounds of a 4-8-8 mixture (p. 
351), for farm-crop cabbages; for early market-garden crops in the 
North larger amounts of easily available fertilizer can be used, 
especially on light soils. Excessive supplies of nitrogen are to be 
avoided for the following reasons: (a) Rapid, early growth is pro-
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moted to such a degree that the cabbage does not form the close, 
solid kind of bead desired. (b) Even when head formation is not 
affected, the cabbage does not keep well because of its succulence, 
an objectionable property in cabbages to be shipped long distances 
or kept long before consumption. This quality of tenderness is, 
however, desirable in cabbages for immediate consumption. 

In the case of market-garden crops which have to depend 
largely upon applied fertilizers, 1,000 pounds or more of a 4-8-8 
mixture can be worked into the soil just before plant setting. On 
light soils, further applications of top-dressings are sometimes 
recommended; for example, 75 to 100 pounds of sodium nitrate 
and 150 to 200 pounds of phosphate when the plants begin to show 
good growth after transplanting; and 100 to 200 pounds more of 
sodium nitrate after heads begin to form. 

In the case of farm-crop cabbage, an application of 600 to 
1,000 pounds of a 4-8-8 mixture (p. 351) can be used without 
further top-dressings, except under special conditions when the soil 
appears to lack in plant-food. 

(4) Transplanting.-When the young cabbage plants are being 
transplanted in the field, it is often useful after setting to water 
the soil around each plant with about one-quarter of a pint of so
lution made by dissolving one ounce of sodium nitrate in 3 or 4 
gallons of water. This furnishes both moisture and plant-food, and 
makes conditions favorable for a prompt start. 

(5) Cultivation.-Cabbage needs frequent and thorough but 
not deep cultivation. To destroy weeds and maintain a loose, two
inch earth-mulch which will prevent evaporation of water is the 
object of cultivation. As grown in the South, however, cultivation 
is postponed until spring, when active growth begins. 

Cauliflower is managed like cabbage except that special skill, 
as the result of experience, is required to grow it successfully. 
For best results, a cool, moist season is needed. 

Brussels sprouts are treated like cabbage except that the 
plants are set out somewhat later. 

Celery, to be good, must be tender, crisp, sweet and mild in its 
characteristic flavor. It is of poor quality when the stalks consist 
largely of bundles of tough fibers, without sweetness and of so 
strong a flavor as to be bitter or pungent. The good quality of 
celery depends largely upon abundant moisture and readily available 
plant-food adapted to promote rapid growth. 

(1) Soil.-Land ordinarily called "celery land" consists of re
claimed swamp. It is heavily loaded with decomposed organic 
matter and usually contains considerable nitrogen (largely in forms 
not quickly available) but is generally deficient in potassium and 

'phosphorus. Celery grows well on non-acid uplands, the soil of 
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which is deep, well supplied with plant-food, mellow, loose and 
well-drained. 

(2) Fertilizers.-Large amounts of plant-food materials are 
often supplied celery crops, 2,000 to 3,000 pounds an acre not 
being uncommon of such a fertilizer as a 4-8-8 mixture (p.351) 
applied at setting time. A few side-dressings of sodium nitrate, 100 
pounds an acre each time, at intervals of 10 to IS days during the 
growing season well worked into the soil on both sides of the rows, 
promote the rapid growth requisite for fine quality. Side-dressing 
applications should be made only when the plants are dry. No fer
tilizer should be allowed to touch the plants. Abundance of water 
is just as essential as plant-food. Some growers apply the whole 
amount of fertilizer about a week before setting the plants; others 
one-half before putting in the crop, and the remainder later in two 
equal parts. Some growers claim that the application of 500 pounds 
of common salt per acre gives celery a better flavor. 

Cucumbers are used for pickling, making salads, and as a 
relish. In some localities large quantities are grown solely for 
pickling. The vines are sensitive to frost. For best results, the 
soil should be a warm, sandy loam, though the crop does well on 
clay soils. Generally speaking, land suited to corn is adapted to 
cucumbers. The seeds are sown when danger from frost is past. 
The soil is thoroughly prepared as in case of corn (p. 386). When 
practicable, as in gardens, it is common to make a hole in the soil 
where the seed is to be planted and to place a shovelful or so of 
well-decomposed manure or compost in the hole and cover with 
about 2 inches of earth before planting the seed; this is especially 
useful in poor soils. The same result can usually be accomplished 
by working the manure into the soil. On soils that do not leach, 
the fertilizer may be worked into the soil along the line of the rows 
before planting. On light soils that leach, it is best to apply only a 
part of the fertilizer (a half or a third) before planting. The 
rest is worked into the soil around the hills after the plants are up 
and before the vines have grown enough to interfere. 

Fertilizers.-Manure or leguminous green manure is necessary 
on poor soils, since there should be an abundance of organic matter. 
When cucumbers are grown for table use, the fertilizers should be 
such as to promote steady rather than rapid growth of vines. From 
500 to 1,000 pounds an acre of the 4-8-8 mixture (p. 351) can be 
applied to the soil and worked in previous to planting. In case the 
crop is grown for pickles, the chief purpose is a large setting and 
quick growth of small, green cucumbers. This is promoted by 
applications of such a fertilizer as the 4-12-4 mixture (p. 351) 
at the rate of 500 to 1,000 pounds an acre. 
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broadcasted and harrowed in be.fore 3eeding and an additional 
handful worked into the soil where the seed is to be planted. This 
can be followed by a side-dressing of Mixture No.4 worked into 
the soil around each hill about 4 weeks after planting. 

Watermelons thrive under the same treatment as muskmelons, 
but are less sensitive to soil acidity. 

Sweet corn, primarily grown for table use when fresh, is ex
tensively grown for canning. Most of it thus used is grown as a 
regular farm crop. It is sometimes grown for fresh green forage 
and for silage, but, on account of its smaller yield than field corn it 
is not so well adapted for green forage. When raised for canning, 
the stalks and leaves can be fed after the ears have been removed. 
Sweet corn of fine flavor and satisfactory sweetness can be raised 
only in a northern climate. 

In respect to crop-rotation, soil preparation and cultivation, the 
same conditions apply as to field corn (p. 386). A succession of 
planting of an early variety or of different varieties planted simul
taneously will secure a continuous supply. When grown as a 
market-garden crop, it is important to push it to as early maturity 
as possible in order to obtain best prices. 

Fertilizers.-There is a marked difference in the objects in view 
as between field corn and sweet corn. Field corn is grown for a 
ripened crop. Much of the growth is made during July and 
August, and the growing season is relatively long. It can therefore, 
utilize forms of plant-food that become available gradually during 
the growing season. Sweet corn is harvested before it reaches 
maturity, at a time when field corn has made comparatively small 
development. Like most other garden crops, it should make early 
rapid growth. Part of its nitrogen, therefore, should be nitrate, 
in order to supply this element before nitrification becomes active. 
Phosphorus in soluble compounds must be supplied in consider
able amounts to promote early and continuous growth. Po
tassium is essential to produce starch and sugar. An application 
of the 4-12-4 mixture (p. 351) is recommended at the rate of 
500 to 800 pounds an acre, harrowed into the soil just before plant
ing, when manure is not used. With manure, smaller amounts (200 
to 400 pounds) may suffice. The same methods of distributing 
fertilizer are applicable as in case of field corn (p. 386). 

Lettuce of good quality is tender and crisp. These qualities 
can be secured only by an abundant supply of plant-foods which 
promote rapid and continuous growth. Interruption of steady 
growth results in fibrous, tough leaf and bitter taste. Clay as well 
as sandy loams with abundance of organic matter and non-acid 
muck soils are adapted to lettuce growing. Sandy loams are better 
adapted for early crops. Some growers use 1,500 to 3,000 pounds 
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or even more an acre. Ordinarily, on good soils, of 800 to 1,200 
pounds an acre of the 4-8-8 mixture (p. 351) will be sufficient, 
especially if supplemented by two or three applications of sodium 
nitrate (100 pounds to the acre) after the crop has well started, 
at intervals of 10 to 15 days; it can be distributed broadcast be
tween the rows and · well worked in. Such applications should be 
made, in case of head lettuce, before the heads begin to form. In 
using large amouIits some growers put complete fertilizer all on the 
soil in one application about one week before putting in the crop. 

Lettuce in sand with Dutrient solutions testing respectively pH 3.0, 4.0 and 6.0. 

Others use the same amount in three applications, putting on one
half a week before putting in the crop and the remaining half in 
two subsequent equal applications. 

Spinach.-The conditions of soil,growth, cultivation and treat
ment with fertilizers are essentially the same as for lettuce. 

Onions are now groWn as a specialty by market-gardeners and 
where soil and climatic conditions are especially favorable to some 
extent by farmers engaged in raising general crops. 

(1) C,op-rotation Jo, onions.-Generally speaking, the rotation 
for onions should be such that the soil will be as free as possible 
from weeds and well provided with organic matter. A second crop 
of clover, well covered with manure in the fall and plowed, fol
lowed by potatoes the next season, makes a good preparation for 
onions the year following. 

(2) Soil and p,eparation.-Rich, well-drained loams, with 
. abundance of organic matter, are best adapted to onions. Some 
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soils suited to celery are also used, especially deep, compact, non
acid, rich muck soils under crop for several years, and in which 
the water-level is about 20 feet below the surface of the soil. 
The soil should be made mellow and well pulverized. 

(3) Fertilizers.-Manure, when used, is best applied to a pre
ceding crop. With clay and sandy loam that contains an abundance 
of organic matter, 800 to 1,200 pounds and acre of Mixture No.4 
(p. 406) can be used, being applied broadcast and well worked in 
before planting. In the case of early onions, where rapid, early 
growth is important, Mixture No. 4 can be used, supplemented 
with 50 to 100 pounds of sodium nitrate an acre after the crop is 
well started, and another similar top-dressing 2 or 3 weeks later. 
In the case of reclaimed muck soils already rich in nitrogen but 
deficient in phosphoric acid and especially in potash, mixtures in 
variety, may be used, some containing only phosphoric acid and 
potash, such as 0-10-10, 0-12-18, 0-16-24, etc., used at the 
rate of 800 to 1,200 pounds an acre. 

(4) Seeding.-The seed should be put in the ground as early 
as the land can be properly prepared. When done in the ordinary 
way, the rows are 12 to 14 inches apart for hand cultivation or 30 
inches for horse cultivation. About 18 to 30 seeds are sown to the 
foot and covered 1 inch. From 3 to 6 pounds an acre are used. 

Another method is to start the onions with seed sown in a green
house or in hotbeds about 6 weeks ahead of usual time for seeding 
and then transplant in the field as soon as soil conditions are 
suitable. 

Early small table onions served raw are generally grown from 
sets, or little bulbs, produced by drilling 30 to 40 pounds of seed 
an acre;' the thick seeding results in the production of small bulbs, 
which are harvested in August or September. The thick seeding 
is to prevent the sets becoming too large under generous application 
of plant-foods. Another method of seeding for sets is to sow the 
seed thickly in rows about 3 inches wide, about 8 inches between 
rows. When these little onions, called sets, are put in the field 2 or 
3 inches apart and about 3 inches deep, a new bulb is formed 
which is ready for the table early in summer. In the South, sets 
may be planted in the fall. As stated above, rapid, early growth 
is desirable and should be promoted bY.liberal applications of readily 
available plant-food Mixture No.4 (p. 406), followed by a side
dressing of 100 pounds of sodium nitrate an acre, when growth is 
well started. 

Tomatoes are grown widely in the United States both in 
home gardens and as a field crop. They are used as market-garden 
crops and for canning. 
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(1) Crop-rotations for tomatoes.-Generally speaking, toma
toes can replace potatoes in rotation with other crops (p.402). 

(2) Soil and preparation.-Tomatoes grow on a great variety 
of soils from heavy clays to light, sandy soils. For field crops to be 
used in canning, good clay loams furnish large yields. For early 
tomatoes, warm, light, well-drained, rich sandy loams are requisite. 
Ordinarily, any soil that raises good crops of potatoes is adapted 
to growing tomatoes. Methods of preparing the soil are essentially 
the same as for potatoeE. 

(3) Fertilizers.-For early tomatoes, on soils which from previ
ous treatment are known to be well supplied with phosphorus and 
potassium, an application of 400 to 600 pounds of Mixture No.3 
(p. 375) may be used in the row at ~e time of transplanting; or 
one-half of this amount may be used then and the other half 3 or 
4 weeks later. When soils are in good mechanical condition but 
deficient in available plant-food apply 500 to 1,000 pounds of 
Mixture No.4 (p. 406) an acre previous to setting the plants and 
work it well into the soil; then, after the plants are set, apply 
around the plants 100 pounds of sodium nitrate an acre. In 3 
or 4 weeks, apply 100 to 150 pounds more of nitrate an acre around 
the plants, taking the usual precautions. This method insures 
quick growth from the start without risk of excessive growth of 
vine that comes from exclusive or excessive use of sodium nitrate. 

When farm manure is used, it should be distributed uniformly 
over the entire surface and thoroughly worked in before plants 
are set, using not more than 10 or 12 tons an acre. A 4-12-4 
mixture can be used at the rate of 400 to 600 pounds an acre. Ex
cessive use of fresh manure must be avoided for early tomateos, 
since the urinary nitrogen tends to promote excessive growth of 
leaves and stems at the expense of fruit and also delays the forma
tion and ripening of fruit. Generous applications of phosphorus 
and potassium compounds should be made to prevent the effects 
of too much nitrogen (p. 406). 

For late tomatoes, on good soils, 500 pounds of Mixture No.4 
(p. 406) can be used; on poorer soils, 1,000 pounds of Mixture No. 
S (p.406). 

Eggplant.-In general treatment and culture, eggplant re
sembles the tomato, with the exception that its growing season is 
longer. On this account Mixture No. S bused. 
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TABLE 54-APPROXIMATE AMOUNTS OF PLANT-FOOD CONSTITUENTS 
IN ONE CROP. VEGETABLES 

Crop Portion 

Asparagus ...•. Tops 
Beans, string .. Green pods 

Beans, field .... Seeds 
"" Straw 

Total ....•.. 

Beets, garden .. Tops & young 
beets 

Cabbage ...... Heads 
Cauliflower ... " 
Celery ........ Tops 
Corn, sweet ... Ears 
Cucumbers .... Edible part 
Eggplant ......" " 
Lettuce ....... Leaves 
Onions ........ Bulbs 
Muskmelons .•• Fruit 

Peas, garden ... Green seeds 
"" pods 

Total ••••••• 

Pumpkins ..••. Fruit 
Rhubarb ...••. Stems 
Spinach ....... Stems & leaves 
Tomatoes ..... Fruit 
Watermelons •• Fruit 

Yield 
per acre 

2000 Ibs. 
4000 " 

25 bu. 
2000 Ibs. 

5000 Ibs. 
20000 " 
15000 " 
10000 " 
4000 " 

100 bu. 
4000 Ibs. 
8000 " 
300 bu. 

10000 " 

1000 " 
4000 " 

5000 " 

20000 " 
20000 " 
10000 " 

250 bu. 
20000 lbs. 

Nitro
gen 

Lbs. 
7.0 

10.0 

60.0 
28.0 

PhoSPhoric 
acid (P.O.) 

Lbs. 
2.0 ( 0.9P) 
3.2 ( l.4P) 

18.0 ( 8. P) 
6.0 ( 2.6P) 

?otash (K.o) 

Lbs. 
5.0 ( 4. K) 

12.0 (10. K) 

19.5 (16.2K) 
38.0 (31.5K) 

88.0 24.0 (10.6P) 57.5 (47.7K) 

17.5 
60.0 
42.0 
25.0 
18.0 
5.5 
8.0 

20.0 
39.3 
22.0 

11.5 
10.0 

21.0 

32.0 
20.0 
50.0 
30.0 
34.0 

5.0 ( 2.2P) 
20.0 ( 8.8P) 
15.0 ( 6.6P) 
20.0 ( 8.8P) 
8.0 ( 3.5P) 
3.3 ( l.4P) 
2.0 ( 0.9P) 
6.4 ( 2.8P) 

15.4 ( 6.8P) 
8.0 ( 3.5P) 

3.0 ( 1.3P) 
2.0 ( 0.9P) 

5.0 ( 2.2P) 

14.0 ( 6.2P) 
8.0 ( 3.5P) 

15.0 ( 6.6P) 
10.5 ( 6. P) 
12.0 ( 5.3P) 

32.5 (27. K) 
80.0 (66. K) 
50.0 (42. K) 
75.0 (62. K) 
12.0 (10. K) 
11.0 ( 9.1K) 
12.0 (10. K) 
36.0 (30. K) 

'37.6 (31.2K) 
40.0 (33. K) 

4.5 ( 3.7K) 
8.0 ( 6.6K) 

12.5 (l0.3K) 

52.0 (43. K) 
70.0 (58. K) 
25.0 (43.5K) 
52.5 (21. K) 
60.0 (SO. K) 
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GREENHOUSE CROPS 

CROPS grown under glass for commercial purposes include vege
tables, flowers and non-flowering ornamental plants. The vegetables 
most commonly raised as forcing-house crops are lettuce, tomatoes, 
cucumbers and radishes. With the rapid development of truck
gardening in the South, the number of greenhouse vegetables that 
can be grown to commercial advantage in the North has been neces
sarily limited. The flowers most extensively grown are roses, 
carnations, violets and chrysanthemums, also a wide assortment of 
potted plants for household decorations. 

Economy of time is an important factor in relation to forcing
house management, the main object being to push a crop to its 
marketable condition as rapidly as consistent with quality of prod
uct. The general purpose is somewhat the same as for early market
garden crops, but in the greenhouse every effort is made to have 
all conditions under strict control so as to promote rapid growth. 
The amount of soil used is small, especially when we consider the 
vegetable growth often taken from it in comparison with the same 
area of field soil. Such rapid, large growth of plant material in the 
quickest time possible means generous amounts of quickly available 
plant-food supplies. While nitrogen, phosphorus and potassium 
form only a small fraction of the actual substance of the plant 
itself, we must remember that the processes of assimilation, upon 
which plant growth depends, are largely controlled by the amounts 
of these plant-food constituents ready at just the time needed and 
in sufficient amounts. In order to grow quickly and satisfactorily, 
greenliouse crops must be generously and suitably fed. 

Soils.-For growing plants under glass, soils should be rich in 
well-decomposed organic matter or humus (p. 100). This is essen
tial to a mellow and porous soil, properties which forcing-hl)use soils 
must possess. Organic matter may be supplied by means of grass 
sod, horse or cow manure, commercial dried animal manures (p. 
219), leaf-mold, commercial peat, muck, etc. Whatever its source, 
it is essential that it be completely decomposed. Too much clay 
produces too great compactness in the soil, interferes with the ex
tension of growing rootlets, and reduces circulation of air, holds 
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water too tenaciously, hllrdens on the surface, etc. Undecomposed 
organic matter and manure are undesirable, since they cause too 
much looseness, which results in excessive ventilation and too rapid 
drying. Greenhouse soil is, however, essentially artificial and is, 
therefore, under much better control than the soil of fields. 

Good soil is ordinarily made by combining rich garden loam or 
decomposed sod, sharp sand, and well-decomposed organic matter 
that contains considerable nitrogen, as in case of manure (the ma
terial commonly used). Dried commercial animal manures are 
costly for such use. There may be added also some fine bone
meal or bone-flour to supply additional. phosphorus and nitrogen. 
Finely-ground charcoal is used in some cases to increase porosity 
as well as water-holding power. Other materials are used for special 
purposes in case of individual crops. The proportions of materials 
are made to vary to suit the special requirements of each crop. 

As a type of preparation commonly used for general greenhouse 
purposes, the following mixture will serve: One third, each, (1) mel
low garden soil, or well-decomposed grass sod, (2) sharp sand, and 
(3) well-decomposed cow, horse, or mixed farm manure. In prepar
ing the decomposed sod and manure, each material may be put 
in a separate pile to decompose by itself (p. 240). These are 
forked over occasionally and finally mixed when ready for use. 

Another, usually preferable, method is to compost the sod and 
manure together, forming layers of sod 6 inches to a foot thick 
and alternating with four inches of manure, building to a height 
of five or six feet. When partially decomposed the pile is sliced 
vertically downward and a new pile made with the outside of the 
original pile thrown inside of the second. When fully decayed, 
the soil is put into beds or benches to the depth of 6 to 8 inches; the 
same kind of soil is used for potted plants. On account of the 
large amount of hand labor required and resulting costliness, another 
method is employed when large amounts of soil are used. This 
consists in applying a coating of farm manure to sod land, or to 
a green-manure crop, in the field during the summer and plowing 
it under in the fall, then mixing thoroughly by harrowing. The 
soil is later plowed again before freezing and left until spring when 
it is disked several times to make the mixing complete before trans
ference to the greenhouse benches. A layer of 4 to 6 inches of this 
soil is taken for use. 

It is common to clean out the benches and change such soil 
every year, because, as a result of cropping, it is likely to be 
impaired in physical properties and chemical composition and, in 
part, because it is usually infested with plant diseases and insects 
or their eggs. Remaking is usually easier and safer than trying 
to restore used soil. A prevalent practice is to restore used green-
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house soils by sterilization with steam or b1 some chemical compound, 
both before its first use and also for renewal. This has the advan
tage of killing insect pests, undesirable micro-organisms and weed 
seeds; but desirable forms of life are also destroyed, such as decom
posing, ammonifying and nitrifying organisms (pp. 138-139). These 
can, however, be easily introduced again by treatment with good 
stable manure. 

When the use of steam is not practicable for sterilizing soil, one 
pint of formalin (commercial 40 per cent. formaldehyde solution) 
in 50 gallons of water can be employed, six quarts to one square 
foot. After application, the soil is covered with paper or canvas for 
24 hours to keep the formaldehyde gas from escaping too quickly. 
When the soil is uncovered, it is thoroughly stirred to cause escape 
of the gas. After this treatment the soil should not be used for 
seeds or plants for 10 to 14 days. 

Excellent results have been obtained by departing wholly from 
the traditional method of preparing greenhouse soils, making up a 
purely artificial soil from such materials as sifted coal-ashes, sand, 
commercial peat, etc., which contain little plant-food, and treating 
the mixture with commercial plant-food materials. 

In the absence of farm manure or other desirable organic matter, 
any rich garden loam can be successfully used for ordinary green
house work by mixing it thoroughly with commercial plant-food 
materials at the time of filling the benches or pots and then keeping 
it well supplied with additional plant-food materials after the plants 
are well started. 

However the greenhouse soil is prepared, it is essential to keep 
plenty of organic matter in the soil. When the soil is made up, the 
use of one or two pounds of fine-ground limestone or marl for 
100 square feet may be found advantageous. 

Fertilizer features to consider are: (1) Farm manure, (2) 
wood-ashes and bone-meal, (3) commercial plant-food materials, 
( 4) when to begin feeding, (5) overfeeding, (6) relations to light, 
temperature and moisture, ( 7) liming. 

(1) Farm manure is used in three ways: (a) As part of the 
greenhouse soil; (b) as a mulch after plants are well rooted; (c) 
as water-extract. The first method of use has been dwelt upon. 
When used as a mulch, well-decomposed horse, cow, sheep, or mixed 
manure is applied to the surface in a layer not over half an inch 
deep; it is generally best to ste~ilize ~nure by steam before using 
it as a mulch. Commercial drIed arumal manures are frequently 
used. When the manure mulch has largely disappeared, a second 
application may be made, and with some crops, further additions. 
When used as a mulch, manure rich in urinary nitrogen (p. 32) 
may give off ammonium carbonate to such an extent as to injure 
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the mulched plants, especially when used in considerable amounts 
and in a very warm place. 

Water-extract of animal manures, commonly known as liquid 
manur.e, has been the chief source of plant-food in traditional forc
ing-house methods. Several ways of preparing it are used, but the 
product is, of necessity, variable in composition, owing to variation 
in the composition of the material extracted. The following method 
is in common use: For 50 gallons of water use 20 pounds of com
paratively dry, well-decomposed (not fresh) horse, or cow, or mixed 
manure, or 10 to 12 pounds of dried pulverized sheep manure, or 
5 to 8 pounds of air-dried hen manure. For convenience, the 
manure, placed in a coarse gunny sack, is hung in the water near 
the surface for two or three days. This largely avoids sediment in the 
solution. Larger amounts of manure may be used for the same 
amount of water and the solution diluted before application, enough 
to make it the proper strength. This water extract is used on soils 
once in a week or ten days, the treatment depending upon the crop. 

Equally effective results are obtained more conveniently and 
uniformly by dilute solutions of nitrates, ammonium compounds 
and urea. 

(2) Wood-ashes and bone-meal.-In addition to farm manure, 
wood-ashes and bone-meal have been used more or less extensively 
for greenhouse crops. These are applied to the surface and worked 
in lightly. Wood-ashes furnish potassium, a small amount of 
phosphorus and considerable calcium carbonate. The good effect 
of wood-ashes, usually ascribed to potassium, is probably more often 
due to the results of neutralizing soil acidity by both the potassium 
and calcium carbonate and making conditions more favorable for 
nitrification (p. 139). Their uncertain composition and high price 
in relation to plant-food value, often make wood-ashes unsatisfac
tory to use. 

Bone-meal has been largely used in greenhouse soils. Raw 
bone-meal is less quickly available than the steamed (p. 183), 
though it contains more nitrogen. Probably, steamed bone-meal 
or bone-flour gives the best results, all things considered. Bone 
products should be free from salt for greenhouse use. They have 
the following advantages: (1) They are lasting on account of their 
moderate availability; (2) they furnish phosphorus, and some nitro
gen; ( 3) they can be used in fairly large amounts without burning 
or otherwise injuring crops; (4) they are in a convenient form to 
apply. Bone products have the disadvantage of high cost relative 
to the nitrogen and phosphoric acid they contain. 

(3) Commercial plant-food discussion includes: (a) various 
materials, (b) plant-food mixtures, (c) application. 

(a) Materials of various kinds are already described (pp.162-
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191), and tabulated (p. 158). From these, several compounds 
can be selected which, from a chemical point of view, have ideal 
properties for plant feeding: Ammonium nitrate, concentrated am
monium phosphate, potassium nitrate and potassium ammonium 
nitrate. In addition to the reasonable cost of the plant-food con
stituents, these compounds have two marked advantages: (1) Easy 
solubility, and (2) freedom from constituents not required by 
plants. In most of the plant-food materials used we are compelled 
for the sake of economy to employ compounds that contain con
stituents not needed--<:hlorine in potassium chloride, sulfuric 
acid in potassium sulfate, sodium in sodium nitrate, gypsum in su
perphosphates, etc. These are largely left in the soil and mayor 
may not be desirable, a~cording to special conditions. In using 
compounds like those mentioned above, the constituents are all 
plant-food so no residues of useless or objectionable materials are 
left in the soil. They can all be applied in solution and their 
amounts closely regulated. 

Because so-called chemicals were formerly little understood and 
were often applied too strongly, prejudice against them was general. 
These materials are highly concentrated so must be applied only in 
dilute form. 

(b) Plant-food mixtures for greenhouse crops.-Several fertil
izer mixtures are in use for growing flowers and vegetables under 
glass. These vary widely even for the same plant. 

Two grades or analysis are suggested for general use, 4-8-8 
and 8-6--6. The former is used on soils that contain enough 
animal manure to furnish considerable nitrogen; the latter on soils 
that contain materials that furnish less in readily available form; 
for example, a soil in which the organic matter is supplied by com
mercial peat. These mixtures can be made either of materials 
applied dry or of others entirely soluble in water" an~ applied in 
solution. Using materials adapted to greenhouse work, we suggest 
the mixtures or formulas given below. It should be sta~d that we 
use steamed bone-meal "in larger amounts than called for by the 
analysis, on the ground that only one-half of the 22 per cent. of 
phosphorus and 2.5 per cent. of nitrogen become available to the 
growing crop. The amounts of materials are given on the basis of 
one ton, but can easily be reduced to a basis of any amount as one 
may desire to make. 

Plant-food Mixture No. 7.-For use with forcing-house crops: 
Analysis: 4-8-8; formula; potassium nitrate, 365 pounds (47 
pounds Nand 160 pounds K 20); ammonium sulfate, 100 pounds 
(20 pounds N); bone-meal, steamed, 600 pounds (15 pounds Nand 
80 pounds available P 20.); superphosphate (16%), 500 pounds" 
(80 pounds available P20.); drier, 435 pounds. 
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This mixture is applied dry on the surface and worked lightly 
into the soil at the rate of 16 to 24 ounces for 100 square feet of soil. 
It is used when only moderate rapidity of action is desired. 

For more rapid action, a readily soluble mixture can be con
veniently prepared from equal weights of concentrated ammonium 
phosphate (about 11 per cent. of nitrogen and 48 to 52 per cent. 
of phosphoric acid) and potassium nitrate (about l3 per cent. of 
nitrogen and 44 per cent. of potash), as follows: Plant-food Mix
ture No. S.-Applied in solution for use when quick action is de
$ired: Analysis: 12-24-24; formula; ammonium phosphate, 10 
pounds (1.1 pounds Nand 4.8 pounds P20.); potassium nitrate, 
1O,pounds (1.3 pounds Nand 4.4 pounds K20). 

This mixture contains nitrogen, phosphoric acid and potash in 
approximately the 1-2-2 or 4-8-8 ratio but in greater concen
tration, having an analysis of about 12-24-24. For use one 
ounce of this mixture is dissolved in 4 gallons of water and 2 quarts 
of this solution are applied to one square yard of soil surface at 
intervals indicated further on. 

For greenhouse soils that contain only small amounts of readily 
available nitrogen, the following mixture can be used at the rate 
of 16 to 24 ounces for 100 square feet, applied dry on the surface 
and worked lightly into the soil: Plant-food Mixture No. 9.
For use with forcing-house crops: Analysis: 8-6-6; formula; 
sodium nitrate, 550 pounds, (110 pounds N); potassium nitrate, 
275 pounds, (36 pounds Nand 120 pounds K20); bone-meal, 550 
pounds, (14 pounds Nand 60 pounds P.O., available); superphos
phate, 375 pounds, (60 pounds P.O., available); drier, 250 pounds. 

A mixture corresponding to the preceding for use in liquid form 
is prepared as follows: Plant-food Mixture No. 10; Applied in so
lution for quick action: Analysis: 20-15-15; formula: ammoni
um phosphate, 10 pounds (1.1 pounds Nand 4.8 pounds P 20.); 
potassium nitrate, 11 pounds (1.4 pounds Nand 4.8 pounds K20); 
ammonium nitrate, 11 pounds (4 pounds N). 

In place of ammonium nitrate 9 pounds of urea could be used. 
This mixture has an analysis of 20-15-15, having the same ratio 
of constituents as the 8-6-6 analysis but in greater concentra
tion. The analysis would be approximately the same if equal 
weights of the three materials were mixed. When used, one ounce 
of this mixture is dissolved in 4 gallons of water and 2 quarts of 
the solution applied to one yard of soil at intervals of one to three 
weeks. 

(c) Application of plant-food mixtures.-In making applica
tions of soluble compounds to greenhouse soils, one is partly guided 
in respect to the amount of application by the fact that the feeding 
roots of plants are liable to injury when the solution is more con-
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centrated than' 1 pound of soluble matter in 500 pounds of water 
(approximately equal to 1 ounce in 4 gallons of water). There 
is likelihood of harm in case of soils, especially light soils, defi
cient in organic matter or humus. This relation has been taken into 
consideration in giving the amounts stated above. In the use of 
any kind of plant-food in solution, care must be taken to begin 
with a weak solution. In forcing-house work, it is easy to make 
-:lpplication of plant-food, especially in solution, so the principle is 
carried out of making several applications of a dilute solution instead 
of stronger ones at longer intervals. 

It is best not to make applications of plant-foods on hot or 
on cloudy days; in one case, the plant-food constituents are ~b
sorbed too rapidly; in the other there is danger of suffocation of 
roots. 

Frequency of application is governed largely by the kind of crop 
one is growing. Ordinarily, when vigorous feeding is desired, appli
cations are made at 7, 10 and 14 day intervals as long as necessary 
to secure the desired results. 

Feeding of forcing-house crops is usually begun only after 
growth is well started, and the soil well filled with roots. At any 
time, if plants show signs of overfeeding with nitrogen (p. 278), 
the quickest way to remedy this condition is to apply carefully a 
solution containing 16 ounces of superphosphate (or 6 to 8 ounces 
of concentrated superphosphate) and 4 ounces of potassium sulfate, 
dissolved in 50 gallons of water, applying 2 quarts per yard of sur
face at intervals of a week to three weeks. 

Roses.-( 1) Soit.-For forcing-house purposes, roses may be 
grown on a great variety of soils. Some varieties do best on light 
loams, others on heavier soils. The soil is prepared as described 
(p. 428). Incorporation of added plant-food may be effected in 
various ways. By one method, one pound of finely-powdered po
tassium sulfate and 10 to 15 pounds of steamed bone-meal (free 
from common salt) or about 5 pounds of 16 per cent. superphos-
phate, are added to each cubic yard of compost at the time of the 
last forking over, one or more weeks before the compost is to be 
used. Another method is to apply to 100 square feet of the compost 
after it is in the benches 16 to 24 ounces of the 4-8-8 Mixture 
No.7, working it well into the soil, or, in case of soils prepared 
with commercial peat instead of manure, the 8-6-6 Mixture 
No. 9. (pp. 432,433). 

(2) Fertilizers .-When plants are well started, filling the soil with 
roots, feeding may begin, using a manure mulch, if obtainable, a 
couple of times as already described (p. 430). Later, usually in De
cember or January, mulching is discontinued and feeding begun with 

. one of Mixtures No. 7-10. Applications are made at intervals of 
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10 days to 2 weeks or less often, according to the behavior of the 
crop. When the plants have made a heavy growth, frequency of ap
plication may be lessened. At any time when growth is slow, due to 
cold or cloudy weather, the applications should be withheld until 
active growth calls for more food. The application of a solution 
of a nitrate or of urea is often used with good results, but a com
plete plant-food mixture should enable one better to control plant 
growth than when one depends on the exclusive use of nitrogen 
compounds. If at any time too much concentrated fertilizer has 
been used, the effects can be counteracted by sowing some quick
growing grass or other plant; or, when conditions allow, the soil 
can be thoroughly soaked with water, thus reducing the concentra
tion of the soil solution. 

Violets.-( 1) Soit.-Violets grow well either in a sandy, gravelly 
or in a good clay loam like that preferred by most roses. Care 
must be taken in sandy soils to have plenty of partly decomposed 
organic matter, furnished by 1 part of manure to 4 parts of soil. 
In general, a compost may be made as for roses, except that other 
fertilizing materials are to be omitted. Violets must not have soil 
too rich in nitrogen. It is important that the compost be well 
treated with slaked lime as it is made up. Sterilization of soil is 
useful in killing insects and disease germs. 

When the soil is properly made, violets are not given additional 
feeding; but, when necessary, liquid manure prepared as described 
or a solution of urea (1 ounce in 10 gallons of water) is applied 
not more frequently than once in three weeks, and then only during 
active growth or when vigorous development of leaf is desired. 
Lack of phosphorus is indicated by reddening of leaves along the 
veins and by a delayed development of flowers. When these occur, 
phosphorus is supplied as superphosphate (16 to 20%) at the 
rate of 8 ounces for 100 square feet, sprinkled on the soil between 
the rows and lightly worked in. Generally, two or three applica
tions of superphosphate at intervals of two or three weeks are 
enough. It is suggested that experiments be made with Mixture 
No. 1 or 8, using about one-half or one-third of the amount used 
for roses at 15 or 20-day intervals (pp. 432, 433). 

Carnations.-( 1) Soil adapted to carnations is preferably a 
good clay or a sandy loam, one that drains rapidly and has good 
ventilation. In preparing soil in large amounts for carnations, the 
field method already described (p. 429) is used. It is usually well 
to apply 2,000 pounds an acre of pulverized limestone (p. 195). 
When the soil is ready for the benches, it is well to add 600 to 800 
pounds an acre of a fertilizer like Mixture No.1 (p. 432) and, in 
case of light soils, a liberal coating of well-decomposed manure in 
addition to the fertilizer mixture. This soil is removed to the depth 
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of 6inches and 'placed in the greenhouse benches. When a sod soil of 
good character is not obtainable, the next best thing is to sow in 
spring clover or some other suitable legume to be turned under 
before going to seed. The organic matter thus furnished is thor
oughly worked into the soil by plowing and harrowing. It will 
decompose more rapidly if treated with 3 or 4 tons of manure im
mediately before plowing. In case of light soils, 600 to 800 pounds 
of Mixture No.7 can be used an acre. If a compost is prepared, 
the same method is used as with roses (p.434). If, however, a soil 
mixture is made in the fall, one uses 3 parts of loam to 1 part of 
manure and 20 to 25 pounds of bone-meal or 10 pounds of super
phosphate to each cubic yard. When the compost i,s turned for the 
first time, one can add 15 to 20 pounds of pulverized limestone. 

(2) Fertilizers.-When the plants, started out of doors, have 
been removed to the greenhouse, they are not treated with any fer
tilizer until the roots fill the soil. Then they are given a manure 
mulch, as in case of roses. When the days become shorter and 
colder, one can begin applying fertilizer as with roses. It should be 
stated that the carnation is even more sensitive than the rose to 
overfeeding, especially during cloudy weather or semi-dormant per
iods, or when roots are not well developed. Accumulation of plant
food in the soil is removed, as in case of roses (p.435). The common 
practise has been to rely largely on liquid manure and animal 
manure mulches but excellent results have followed complete plant
food mixtures, such as 4-8-8 (No.7 or 8) or 4-12---4. Begin
ning in October, the first application can be made for two months 
and then again once a month from February to May, using 16 to 
24 ounces of No.7 for 100 square feet of soil, or one ounce of the 
concentrated No.8 dissolved in 8 gallons of water and applied at the 
rate of two quarts of solution to one square yard of soil twice a 
month. . 

Chrysanthemums.-(l) Soil.-The best soils for chrysanthe
mums are such as drain readily and are well ventilated. To insure 
this, charcoal and sharp sand are used when needed. A suitable 
compost can be made as already described. The field method used 
for preparing soil for carnations can be followed, except that the 
ground limestone should be omitted. Mixture No. 7 (p. 432) 
( 600-800 pounds per acre) is incorporated in the soil thoroughly be
fore placing in benches. An inch-thick mulch of decomposed 
manure or commercial peat is applied when the plants are well 
started. 

(2) Fertilizers.-It is the rule not to give plants any special 
feeding until the buds begin to appear. Then Mixture No.8 (p. 
433) can be applied in the way indicated every 10 or 15 days. It 
is believed that a complete fertilizer produces better results than 
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heavy feeding with nitrogen. Overfeeding with nitrogen produces 
in chrysanthemums too great succulence and softness of stems, 
leaves and petals. Red and other dark varieties are likely to show 
effects of burning as the result of overfeeding with nitrogen. With 
them solutions of nitrogen compounds should not be used after buds 
are well formed and of good size. In no case, should liquid manure 
be used after the flower is about three-quarters expanded. Pre
cautions in feeding chrysanthemums are much the same as with 
other plants so far considered. 

Tomatoes.-(l) Soil.-In the case of tomatoes grown in a 
forcing-house, best results are usually obtained with a light sandy 
loam that permits good drainage. A compost with these properties, 
may be prepared as already described. 

(2) Fertilizers.-When the plants are set, a 4-12-4 fertilizer 
(p. 451) is applied at the rate of 16 to 24 ounces for 100 square feet 
of soil and well worked into the surface. When the plants grow 
normally and fruit begins to mature, additional applications of this 
fertilizer in the same amount may be made at intervals of two or 
three weeks. Exclusive or excessive use of manure or of nitrate does 
not give as satisfactory results as a complete fertilizer. 

Lettuce.-(l) Soit.-Lettuce is as sensitive to soil conditions as 
is the chrysanthemum. A mellow, light or medium clay loam with 
good aeration, drainage and water-holding power gives best results. 
Lettuce grows better on soils slightly acid than on neutral or alkaline 
soils. Compost may be used, prepared as previously described. 

(2) Fertilizers, on fertile, compost soils, may be applied as in the 
case of tomatoes. 
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NURSERY CROPS AND ORNAMENTAL PLANTS 

THESE include young fruit and ornamental trees, bushes, vines, 
flowering plants, etc., used largely for out-of-door decoration. The 
extensive nursery interests of the United States are located in 
various sections where soil and climate combine to furnish the most 
favorable conditions. The best nursery soils are of the morE' 
distinctly clay-loam type, commonly known as "strong" soils. 
These crops are grown almost, if not entirely, without the use of 
plant-food material except farm manure or of various composts. In 
many cases, nitrogenous organic matter is applied so liberally in the 
form of partly decomposed manure, that the available phosphorus 
and potassium furnished by the soil have not been sufficient to 
produce the kind of normal growth desired.' Under these condi
tions, the growth of leaves and wood is rapid and extreme and is 
prolonged late in the season, so that the texture of the tree is soft 
and succulent instead of solid or firm. 

Such trees easily succumb to injury by cold weather and are 
believed to be subject to attack by plant diseases. 

It is highly desirable to keep a liberal amount of organic mat
ter in the soil used for growing nursery stock, but it is also essen
tial that' the nitrogen do not exceed the proper balance between it 
and the phosphorus and potassium. Therefore, when large amounts 
(over 20 tons an acre) of farm manure are used, it is desirable to 
apply some form of phosphorus and potassium. Some growers, 
without knowing just how the results were brought about, have 
used wood-ashes to produce firmer stock, but this material is prac
tically unobtainable now at reasonable prices. 

Probably in most cases where manure must be purchased and 
drawn 3 or 4 miles it is riot an economical source of nitrogen or 
of organic matter. Leguminous cover-crops can usually be made 
to take the place of manure drawn long distances. The land can 
be treated, if necessary, with phosphorus and potassium compounds 
to secure a good yield of the cover-crops, so comparatively little 
commercial nitrogen in addition will be called for. The use of 
cover-crops will also correct the unwise practice of leaving the soil 

'practically bare during winter. 
438 
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Nursery ground is occupied a few years and then put into some 
ordinary farm crop, sooner or later seeded to grass and used in this 
way 3 or 4 years before again planted with nursery stock. Some 
nurserymen make the mistake of depending wholly upon the period 
intermediate between nursery crops for restocking the soil with 
organic matter and do not use either farm manure or cover-crop:.; 
to maintain the supply of organic matter during the growing period 
of the next nursery crop. The result is that the soil often fails to 
furnish enough potassium or phosphorus or, when these are supplied 
artificially, the lack of organic matter prevents the plants from 
utilizing them to advantage. 

When a nursery crop grown under such conditions is removed, 
it is likely to leave the soil in poor mechanical condition. Clay soil 
suffers seriously in its ability to promote the vigorous growth of 
crops if its supply of organic matter is allowed to diminish too 
much. In addition, the method of removing a crop of trees is such 
as to add greatly to impairment of the mechanical condition of the 
soil. The trees are dug in fall or early spring when the soil is gen
erally wet, so manipulation seriously injures its structure a:d causes 
puddling (p. 74), the effects of which require time and .labor to 
overcome. 

Fertilizers.-In considering the need of fertilizers for nursery 
crops, the question should be first raised as to the character of 
product desired. From the nurseryman's standpoint, as well as 
from that of the orchardist a young tree should be vigorous and 
hardy; that is, it should be able, when transplanted, to grow reason
ably fast under favorable conditions and to withstand extreme cli
matic changes to which subjected. This result is reached when the 
physical, chemical and biological conditions of the soil all contribute 
and favorable climatic conditions furnish the trees abundant plant
food at the right time and in sufficient amounts. Chief among them 
are good drainage (p. 108), abundance of organic matter (pp. 87-
100), a good supply of calcium carbonate (pp. 205-211), good soil 
structure (p. 76), moisture and abundance of available plant-food. 
Another feature of producing young trees, desirable from the 
nurseryman's point of view, is that the growth shall not only be 
hardy but that it shall be rapid and continuous, so the trees shall 
not occupy the soil longer than necessary. Hardiness and extreme 
rapidity of growth are not consistent. The aim is, therefore, to 
hasten growth as rapidly as consistent with hardiness and vigor. 
This is done by observing the conditions requisite for growing most 
crops. To meet these needs we make the following suggestions: 

(a) Calcium carbonate.-If there are any indications that the 
soil is acid, apply once in 4 or 5 years half a ton of quicklime 
or a ton or more of ground limestone, preferably in connection with 
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clover or other leguminous crop. Trees use large amounts of 
calcium in the growth of leaves and wood. 

(b) Organic matter and nitrogen can best be furnished by 
sowing clover or some other legume as a cover crop between the 
rows of nursery stock in July or August. Clover can also be grown 
as a rotation crop during the interim between the removal of one 
nursery crop and ~he planting of another. In case too much nitro
gen in the soil is shown by excessive growth prolonged late into the 
season, use some non-leguminous crop such as rye or buckwheat 
as a cover crop and apply 300 or 400 pounds of superphosphate 
or basic-slag phosphate an acre. 

(c) Potassium.--On clay soils it will not usualJy be necessary 
to supply potassium, provided the soil is limed occasionalJy and 
kept supplied with organic matter. 

(d) Phosphorus probably in most cases can be amply and 
most cheaply furnished for both nursery crops and those that 
follow by incorporating once in 5 years 500 to 1,000 pound!:} of 
ground phosphate rock (floats), along with manure or green 
manure. 

(e) Amounts of plant-food used by nursery crops to grow a 
crop of trees are not large, compared with the requirements of 
many field crops. Ordinary fruit trees in the nursery use annually 
less than 20 pounds of nitrogen, 6 of phosphoric acid (2.6P) and 
10 of poatsh (8.3K) an acre. 

(I) Effects of nursery crops on soils not due to exhaustion of 
plant-food.-Nurserymen do not commonly plant nursery crops in 
quick succession because they think that the crop exhausts the soil 
of elements especially needed for that particular kind of crop. When 
we consider the small amounts of plant-food used it is evident that 
this explanation is inadequate. The real explanation lies largely in 
the change of mechanical structure of the soil due to frequent culti
vation for a prolonged period without maintaining the supply of 
organic matter, together with the abuse to which the soil is often 
subjected in removing the trees when the soil is wet. 

(g) Prolonged seasonal growth.-The maximum, but not the 
most hardy, growth is most easily obtained by furnishing nitrogen 
as manure in large amounts. It becomes gradually available dur
ing the season and prolongs the growth of foliage and wood longer 
than advisable, producing a soft growth which lacks hardiness. This 
is prevented preferably by using smaller amounts of manure, and 
corrected by applying phosphorus and potassium compounds. 

(h) Light soils.-When nursery stock is grown on light soils, it 
may be well to apply 200 to 300 pounds of one of the mixtures sug
gested for fruit crops (p. 450). 

(i) Drainage and root growth.-The absolute necessity of good 
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drainage for nursery crops can hardly be emphasized too much. It 
is essential that a tree, in order to be vigorous, have a strong root 
system. No condition is so disastrous to root development as a 
soil loaded with stagnant water. 

ORNAMENTAL PLANTS 

Outdoor, hardy, ornamental plants, whether trees, bushes or 
vines, were formerly seldom given commercial plant-food, depend
ence for nutrients being placed upon the liberal use of manure when 
the plants were set, and afterwards an occasional mulch with ma
nure. When obtainable, enough manure should be worked in to 
keep the soil well supplied with organic matter and supplemented 
with a complete fertilizer. In the absence of manure, commercial 
peat or such materials as leaves, straw, etc., can be used. While 
much benefit is shown by annual application of nitrates, ammonium 
compounds, urea or calcium cyanamid in the spring, better results 
can be expected from complete fertilizers, such as Mixture No.7 or 
No.9, applied at the rate of 16 to 24 ounces for 100 square feet. In 
the case of small areas, Mixture No.8 or No. 10 can be applied in 
solution, one ounce in four gallons of water, using two quarts of 
this solution on one square yard (pp. 432, 433). . 

Roses probably give more pleasure for the amount of care re
quired than other plants. They well repay care, especially liberal 
feeding. For best growth they require deep, well-drained, mellow 
loams rich in organic matter, whatever the general character of the 
soil otherwise, clayey or sandy; soils reasonably retentive of moisture 
are desirable. 

A soil in which rose-bushes are to be set should be made deep 
(15 to 20 inches), mellow and fine; a liberal application of manure, 
preferably well-decomposed, or commercial peat or similar material 
if the soil is light, is spread uniformly and worked thoroughly into 
the soil. When bushes are set in spring and a rapid early start is 
desired, one can work into the surface soil about one ounce of Mix
ture No.7 or No.9 (pp. 432, 433) around each plant. 

When a rose-bush has been established the first season, it can 
be treated liberally the following spring with manure or peat, which 
should be well worked into the soil to furnish organic matter. Then 
applications of nitrate or of a complete fertilizer can be made at 
intervals during the season. A good plan will be to top-dress with 
about 1 ounce of nitrate to each bush early in spring, and then 1 to 
2 ounces (according to size and age of bush) of Mixture No.8 or 9 
when flower-buds begin to show; another similar application after 
the first flowering is well along will promote continuance of blossoms 
(on monthly blooming varieties) through the season. A final appli-
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cation early in August will also help and enable the plant to store 
food to eive it a vigorous start the following season. The amount 
of such a plant-food mixture that can be applied without doing harm 
is surprising to one who has not tested it. It is possible, however, to 
use such large amounts of manure, especially when fresh, as to pro
mote growth of leaves and branches at the expense of flowers. The 
same is true of nitrate, if used alone and in large amounts. But if 
the complete mixture is used after the first spring application of 
manure and of nitrate, there need be no fear of overgrowth of 
foliage and branches at the expense of flowers. Roses require 
abundance of water, so a mulch of well-decomposed manure or peat 
in summer promotes water-holding power. 

A liberal dressing of pulverized limestone may be applied once in 
four years. 

House plants, whether flowering or non-flowering, are rarely 
given plant-food, and yet no form of vegetation responds more favor
ably to feeding. Plants grown in boxes for window or. veranda 
decoration can be made to flourish much more vigorously than 
ordinarily by judicious feeding. To feed house plants, one can use 
either of the Mixtures No.8 or 10 (p.433). These may be pre
pared in small amounts, taking one ounce of each material, and the 
mixture dissolved 1 ounce in 4 gallons of water. About one-fourth of a 
pint of this solution is used once a week or once in two weeks on a 
phint in a 6-inch flower-pot and in corresponding proportions for 
smaller and larger areas. The solution is poured onto the soil not 
on the foliage. If the mixture of liquid has stood long it should be 
stirred from the bottom before dipping out to put on the soil. This 
treatment is discontinued when the plant is in flourishing condition 
and renewed when the plant appears to need feeding. The surface 
of the soil is kept loosened by occasional stirring. A kitchen fork 
makes a good cultivator. This treatment will not insure good 
flowers or foliage unless the plants are properly watered and have 
good air, abundant sunlight, not too high temperature, nor too 
dry air. 

Cut flowers will retain their freshness longer than usual when 
given proper care. The writer has found no single substance more 
effective for this purpose than ammonium nitrate (pp. 31, 166). 
About one level teaspoonful of the powder in four quarts of water. 
The stems of the flowers are placed in this dilute solution. Cut
ting off the ends of the stems and renewing the water daily will 
prolong the keeping-power of flowers for a surprising length of time. 
If one wishes to make up the solution in large amounts, dissolve one 
level tablesp<?onful of the powder in 3 gallons of water. 
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The data available in regard to the amounts of plant-food con
stituents used by greenhouse and nursery crops are meager, as indi
cated in the following table: 

TABLE 55-APPROXIMATE AMOUNTS OF PLANT-FOOD CONSTITUENTS· 

USED ANNUALLY BY NURSERY TREES PER ACRE 

Numbe, Po,tion of Nit,o- PhosPhoric 
C,op pe,ac,e plant gen acid (P.O.) Potash (K.D) 

Lbs. 
Apple trees 8000 Wood 10.0 3.5 (l.5P) 7.0 ( 5.8K) 
Peach " 5000 " 7.5 2.0 (O.9P) 4.0 ( 3.3K) 

. Pear 5000 8.0 2.6 (UP) 4.5 ( 3.7K) 
Plum " 5000 " 6.5 1.5 (O.7P) 4.0 ( 3.3K) 

Rose bushes •••• 15000 .. 13.0 7.0 p.lP) 12.0 (10. K) 
Leaves 17.0 4.0 (1.8P) 19.0 (I6.3K) 
F10wers 3.0 1.0 (0.4P) 4.0 ( 3.3K) 
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FRUIT CROPS 

FOR our purpose fruits can be divided into three general classes: 
(1) Orchard, (2) bush and vine, and (3) strawberries; the two 
latter classes are commonly called small fruits. 

GENERAL CHARACTERISTICS OF 
ORCHARD CROPS 

Facts of a general character that bear on the subject include: 
(1) Differences between orchard and field crops, (2) relations of 
plant-food constituents to orchard crops, (3) application of fer
tilizers, (4) relations of soils to orchard crops, (5) tillage of or
chards, (6) use of cover-crops. 

Differences between orchard and field crops.-5tudy of the 
plant-food supply of orchards truggests fundamental differences 
between trees and farm crops, the more prominent points being: 

(1) Preliminary growth.-Most farm crops begin and end their 
life cycle in a few months. Trees go through a period of develop
ment that lasts for several years, during which they merely in
crease in size and vigor without coming to fruitage. 

(2) Seasonal growth of most field crops is shorter than that of 
trees, whose activity begins early in spring, before most field crops 
have been seeded, and continues until late in fall after most field 
crops have been harvested. Another point of difference is the 
character of growth. In field crops, the growth of leaves and stems 
stops when seed or fruit formation begins, but, iQ fruit trees, the 
growth of leaves and wood continues at the same time as does 
the growth of fruit. 

(3 ) New wood and bud growth.-The growth of one season in 
fruit trees stores up nutrition in new wood and buds, which form 
in part the source of supply for the following season in the develop
ment of fruit. The growth of new wood is influenced largely by 
the amount of nitrogen supply. An insufficient supply of nitrogen 
compounds at the time of blossoming may limit or prevent forma
tion of blossom buds for the following year, or, if blossoms are 
,formed they may fail to develop into fruit. 

444 
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(4) General character of plant-food.-When we consider the 
shorter period in which field crops get their food, we can appreciate 
the fact that their supplies must be in somewhat more concentrated 
condition and must also be in forms either immediately available 
or capable of becoming so rapidly enough to meet crop demands 
during the relatively short period of growth. In trees, compara
tively small amounts of plant-food are removed from the soil in 
anyone season, either during preliminary growth or during seasons, 
when, owing to insects, frosts, drouth, etc., fruit crops fail. Even 
in the case of bearing fruit-trees, the plant-food requirements are, 
as a rule, not often more in amount than in case of many field 
crops that give yields comparable. Therefore, owing to the long
continued feeding season of fruit-trees, the plant-food compounds 
required to supply their needs can be present in the soil solution in 
smaller amounts and can be in forms that become available more 
gradually than in the case of field crops. Another point in this con
nection is that in the case of some important field crops, like wheat, 
barley and other quick-growing crops, the important period of early 
growth comes when the processes of change in the soil are least 
active and when quickly available forms of plant-food are likely 
to be less than at any other part of the growing season; but, in the 
case of fruit-trees, there is ample opportunity to benefit by the 
result of all biochemical and other changes that occur during 
summer and contribute to increase the supply of available plant
food. 

(5) Distribution of feeding roots.-Tree roots have a more ex
tended feeding ground than do most field crops, because they go 
deeper into the soil and extend laterally in all directions. In rela
tion to the amount of new material actually produced (fruit, leaves 
and new wood), the root system is in general more extensive in 
well-grown trees than in most field plants. 

(6) Transpiration of water.-When comparison is made on a 
uniform basis, it is believed that during the growing season more 
water passes into trees and out of the leaves than in the case of 
field crops. Hence the soil solution that carries plant-food into 
trees can be more dilute than in case of field crops and still carry 
sufficient amounts to furnish nutrition as required. 

(7) Plant-food constituents.-Fruit crops in general contain a 
larger percentage of water and, therefore, a smaller percentage of 
plant-food constituents than most field crops at the same stage of 
maturity. Speaking of the fruit alone, and not including leaves or 
new wood, fruit crops use less nitrogen and phosphorus than most 
field crops, and less potassium than many, when we consider the 
amounts used to the acre by average crops. . 

(8) Rotations.-Field crops and soils get the benefit of properly 
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planned rotations. C?rchard crops occupy the ground continuously 
and represent the smgle-crop system, except as some superficial 
variation (cover crops) can be introduced. Orchard crops call year 
after year for the same kinds of plant-food in about the same rela
tive proportions. 

Relations of plant-food constituents to orchard crops.
The inorganic constituents most largely used by orchard crops are 
nitrogen, phosphorus, potassium, calcium and magnesium. In this 
connection we will consider (1) forms of plant-food materials that 
can be used, (2) amounts and relative proportions, (3) plant-food 
suggestions, and (4) relation of plant-food to quality of fruit. 

(1) Forms of plant-food materials to use.-Organic nitrogen 
can be depended on mainly to supply this element. The high cost 
of such materials as dried blood, cottonseed-meal, fish-scrap, ground 
tobacco stems, meat-tankage, etc., makes their use in large amounts 
impracticable under usual conditions. However, by the use of 
appropriate cover crops it will be easily possible to incorporate 
into the soil much of the nitrogen needed. Manure should be uti~ 
lized when easily obtainable, especially if one does not make a 
practice of growing cover crops. Light dressings of manure are 
useful. The nitrogen of cover crops and manure can be supple
mented, if needed, by application of nitrate, ammonium compounds 
or urea. Excessive amounts of nitrogen in proportion to phos
phorus and potassium must be avoided, because it makes the fruit 
ripen more slowly, affects its color, making it greener, and produces 
new wood of soft texture, lacking in hardiness and subject to injury 
by freezing. 

Phosphorus can be furnished most economically as superphos
phate. 

Potassium can be applied as nitrate, high-grade chloride or sul
fate, or in the lower-grade form of kainit which has the advantage 
of containing magnesium compounds. \Vhen wood-ashes are 
obtainable at less than $10 a ton, they can be profitably used on 
soils lacking in calcium and magnesium carbonate and potassium. 

(2) Amounts and relative proportions.-An investigation made 
by the writer with trees in full vigor of bearing shows that fruit 
trees use per acre in one crop of fruit, foliage and new wood the 
following (Bul. 265, N. Y. Agr. Expt. Sta., 1905) amounts of 
plant-food: 

Nitrogen • • • • • • • • • • • • • • • • • • • • • •• 30 to 75 Jbs. 
Phosphoric acid ..•............•• 7 to 18 .. 
Potash ...........•..•.•••..•••• 33 to 72 .. 
Calcium oxide (lillle) •••...•••••• 38 to 114 .. 
Magnesium oxide .....•.••.••.••• 11 to 3S .. 
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The amounts of nitrogen and of potash vary within about the 
same limits in anyone kind of tree, while the amount of phos
phoric acid is only about one-fourth to one-third that of nitrogen 
or potash. The amounts used by various kinds of trees vary greatly, 
as shown in Table 56. 

TABLE 56--AMOUNTS OF PLANT-FOOD USED PER ACRE 

Number Magne-
01 trees Phosphoric Potash Lime sia 

Variety per acre Nitrogen acid (P.O.) (K.o) (CaO) (MgO) 

Lbs. Lbs. Lbs. Lbs. Lbs. 
Apple ..... 35 51.5 14.0 55.0 57.0 23 
Peach .... 120 74.5 18.0 72.0 114.0 35 
Pear ...... 120 29.5 7.0 33.0 38.0 11 
Plum ..... 120 29.5 8.5 38.0 41.0 13 
Quince •••• 240 45.5 15.5 57.0 65.5 19 

It is evident that the amounts of plant-food constituents given 
in Table 56 were present in the soil in available form during the 
growing season and within reach of the root systems. If one knew 
that there were no available plant-food in the soil, the above quan
tities would be the smallest amounts that one should apply for a 
season's growth. On the other hand, if one knew how much avail
able plant-food was present in the soil, then it would simply be 
necessary to supplement this supply, if it were less than the sea
son's requirements. At present we can ascertain what we want to 
know about the amount of available plant-food the soil can furnish 
only by rather crude experimenting. 

When we consider the relative proportions of plant-food con
stituents fruit trees use we find that various species do not vary 
widely. This statement is supported by the data embodied in 
Table 57, in which 1 pound of nitrogen is used as a basis of 
comparison: 

TABLE 57-RELATIVE PROPORTIONS OF PLANT-FOOD CONSTITUENTS 
USED 

Phosphoric Potash Lime Magnesic 
Variety Nitrogen acid (P.O.) (K.o) (CaO) (MgO) 

Lbs. Lbs. Lbs. Lbs. Lbs. 
Apple .......... 1 0.27 1.07 1.10 0.45 
Peach ......... 1 0.25 0.97 1.53 0.47 
Pear ........... I 0.24 1.10 1.30 0.37 
Plum .......... I 0.29 1.29 1.40 0.52 
Quince ......... 1 0.33 1.25 1.44 0.42 

Average of all. I 0.27 1.14 1.35 0.45 
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The results embodied in Table 57 mean that, under like con
ditions of soil fertility, a mixture of nitrogen, phosphorus and 
potassium compounds that would meet the requirements of one 
variety would approximately meet those of other varieties, so far as 
the supply of these plant-food constituents is concerned. What 
proportions are best adapted to supplement most economically the 
supply of any particular soil can be determined only by special 
experiment. 

(3) Plant-food suggestions.-Nitrogen from leguminous cover 
crops should be depended upon as an important source of supply 
for this plant-food constituent, supplemented by nitrate or ammo
nium compounds. In many soils phosphorus, though used by fruit 
trees in relatively small amounts, is the constituent most largely 
needed to be supplemented. Potassium is required in relatively 
large amounts but does not need large applications on most clay 
soils kept well supplied with calcium carbonate and organic matter. 
On light, sandy soils, it can be supplied in larger amounts. 

It may be suggested as a general rule that as long as trees con
tinue to make satisfactory growth of wood and produce average 
crops of well-colored fruits, commercial fertilizers need be supplied 
only in moderation and according to the results of observation. 
When other conditions prevail, the fruit-grower should ascertain by 
specific fertilizer experiments what combination and amount of 
plant-foods give best results. 

FERTILIZERS FOR FRUIT-TREES 

In deciding upon the use of fertilizers in orchards, one is gov
erned by such conditions as age of trees and method of treatment, 
whether cultivated or under sod-mulch. 

(1) Young trees.-In the development of fruit-trees during the 
years previous to fruiting, the main purpose is to stimulate growth as 
much as possible, yet to avoid a growth of wood late in the season. 
For this purpose, one uses under careful regulation nitrogen com
pounds (nitrate, ammonium compounds, urea) or a complete fer
tilizer high in nitrogen, such as the 8-6-6 analysis (p.351). 

(2) Bearing trees.-In the case of bearing trees it is essential 
to insure each year proper growth of wood, a plentiful formation 
of fruit-buds, abundance of blossoms and complete development of 
fruit, without causing excessive growth of leaves and twigs. These 
conditions are largely controlled by regulation of the plant-food 
supply. An excessive amount of nitrogen compounds in relation 
to phosphorus compounds must be avoided in the use of fertI1izers. 

A mixture that contains 2 per cent. of nitrogen, 5 of phosphoric 
, acid (P20 5 ) equal to 2.2 per cent. of P, and 10 of potash (KzO), 



.ow fertilizing affects the yield of apples. The eight unfertilized trees of Rome Beauty at the left yielded nine barrels; the ~ 
eight at the right fertilized for the first time in April yielded twenty-one barrels. 
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equal to 8.3 per cent. of K, furnishes in 1 ton 40 pounds of nitrogen 
100 of phosphoric acid (or 44 of P), and 200 of potash (or 165 
of K). These amounts are furnished approximately in each of the 
mixtures given below. They are suitable for fruit trees. 

PLANT-FOOD MIXTURES FOR FRUITS 
No. 12 A 

400 lbs. cottonseed-meal 
400" bone-meal 
100" acid phosphate 
150" potassium chloride 
950" kainite 

No. 12 C 

No. 12 B 
600 lbs. cottonseed-meal 
700" basic-slag phosphate 
300" potassium chloride 
400" kainite 

No. 12 D 
1000 lbs. tankage (4% nitrogen and 

17% phos. acid) 
200" potassium chloride 

600 lbs. tankage (6Y.% nitrogen anei 
9% pho •. acid) 

300" acid phosphate 
800" kainite 150" potassium chloride 

950" kainite 

No. 12 E No. 12 P 

700 lbs. ground tobacco stems 
500" bone-meal 

200 lbs. ground tobacco Items 
200" bone-meal 

175" potassium chloride 
625" kainite 

400" tankage (6Y.-9) 
200" acid phosphate 
200" potassium ch loride 
800" kainite 

No. 12 G-Soluble mi%ture /0" use 011 

orchards in ,od. 

125 lbs. sodium nitrate 
100" ammonium sulfate 
725" acid phosphate 
180" potassium chloride 
8 70" kainite 

Relation of plant-food to quality of fruit.-Under the ex
pression, "quality of fruit," are included such properties as color, 
flavor (including sweetness and acidity), keeping power, etc. While 
plant-food constituents unquestionably have more or less influence 
in determining quality in fruit, we are far from knowing fully what 
the relations are and still less how to control them. We knew that, 
when properly fed, fruit-trees produce larger yields of fruit and 
of higher quality than when underfed. It has been satisfactorily 
demonstrated that excessive feeding with nitrogen produces fruit 
of greener color. We know the general relations of nitrogen, phos
phorus, potassium, calcium, etc., to many of the physiological 

. processes of plants, but much remains to be learned in detail about 
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their relations to the quality of fruits. The view most generally 
held is that conditions, such as sunshine and moisture and tempera
ture, have much more to do with determining the qualities of fruit 
than do regulation of plant-food supply. 

Application of fertilizers for fruit-trees.-Both method and 
time of applying fertilizers are important, for they have an important 
bearing on the location of the feeding-roots. Roots tend to develop 
most where the most plentiful supply of available plant-food is. 
Top-dressing of orchard soils with fertilizers tends to attract the 
feeding-roots to the surface; in that location, trees cannot resist 
drouth as well as when their roots are well down in the soil. There
fore, in order to keep the feeding-roots of trees located in the lower 
layers, fertilizers should be worked into the soil as deeply as prac
ticable, and especially when applied during the growth of young 
trees. Where cultivation is practiced, fertilizers can be distributed 
on the surface and then plowed in. For orchards in sod, it is better 
to apply only soluble forms of plant-food which are carried down 
into the soil promptly by rain. 

It is desirable to apply all fertilizer by the time the leaf buds 
begin to open or earlier. In some cases it may be well to apply 
part of the fertilizer early and the rest two or three weeks later. 
Use of fertilizer, especially of nitrogen compounds, is to be avoided 
late in the season, because there may be delay in the proper rip
ening of wood and consequent danger of injury by freezing during 
winter. 

Relations of soils to orchard crops.-An ideal soil for fruit
trees possesses qUalities common to all soils adapted to raising good 
crops; namely, abundance of plant-food, good physical condition, 
abundance of organic matter, calcium carbonate and good drain
age. Medium sand, gravel and clay loams are preferable to soils 
either very heavy or light. On soils well suited for orchard crops 
and properly managed, the application of fertilizers may not be 
profitable until years have passed. On soils more or less deficient 
in qualities characteristic of fertile soils, fertilizers will generally 
be necessary from the start to insure good yield and quality. 

Tillage of orchards.-Two systems of soil management have 
been commonly practiced with fruit orchards, tillage and continu
ous sod (sod-mulch). On hilly and rough lands, where tillage is 
not practicable, orchards are kept in grass, which is mowed and left 
as a mulch to decompose on the ground. The sod method formerly 
prevailed, but cultivation has become general with all fruits except
ing apples. Cultivation tends to hold soil moisture by keeping 
down weeds and, to some extent, by lessening evaporation. Culti
vation decreases the amount of organic matter in the soil, and 
should, therefore, be accompanied by green manures. Cultivation 
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should be thorough, beginning as early as practicable in spring and 
continuing at intervals until the seeding of the cover crop. 

Use of cover crops.-An essential part of the system of tillage 
is the cover crop, seeded in June or July and plowed under early 
the following spring. Cover crops perform several useful func
tions (pp. 256-265) chief of which are to supply organic matter and 
also, in case of legumes, organic nitrogen as a source of plant-food 
supply. Cover crops are especially needed where farm manure is 
not obtainable in sufficient amounts. 

Cover crops which can be used to best advantage are red 
and sweet clover in the North and cowpea or velvet bean in the 
South. When a cover crop is started late in the fall, oats or rye 
may be used, being turned under in spring. 

Growing some farm crop between the rows of fruit-trees during 
the first years of an orchard is called inter-cropping. It permits 
some crop rotation and usually calls for commercial fertilizers the 
same as when grown by themselves. The following are illustrations 
of rotations practicable for inter-crops: 

(a) Fall potatoes, roots or market-garden crops, 1 year; corn, 
1 year; clover, or vetch in fall or spring. 

(b) Corn, 1 year; cotton, 1 year; cowpea or velvet bean, 1 
year. 

(c) Strawberries, plowed after once fruiting and cabbage plants 
to follow for the balance of the season; (2 years) clover, 1 year, 
plowed early for strawberries again. 

When inter-crops are used, they should be kept far enough from 
the trees to avoid interference, one with the other. Cultivation of 
such crops keeps down weeds and makes the condition of the soil 
favorable for the growth of the trees. 

SOD CULTURE 

Sod culture has several advantages, being less expensive than 
cultivation and, in the case of apples, permitting use of the drop 
fruit. If an efficient grass cover is secured and well fertilized, the 
organic matter of the soil will be well maintained. For permanent 
sod, blue grass serves well. Alfalfa and clover are used as cover 
crops more or less permanent and are efficient in furnishing nitrogen. 
In case a grass or a leguminous sod runs down, it is plowed up and, 
after the orchard is cultivated for a season, it is again seeded. This 
should be done also when sod becomes so heavy that the usual 
application of nitrogen compounds fails to have effect. 

Apples can be grown on a great variety of soils but give best 
.results on porous, limestone soils and clay loams. 

Fertilizers.-Recent experiments have shown that on fertile soils, 
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especially of heavier types, fertilizers, continued for years even in 
large amounts, do not show appreciable effects, whether in case of 
old orchards or young ones, provided cover crops, including legumes, 
are used and up-to-date methods of tillage practiced. Even applica
tions of nitrogen large enough to be regarded as excessive have not 
appeared to have any marked ,nfluence, favorable or otherwise. 
However, when the so-called sod-mulch method is used, the applica
tion of fertilizers to orchards grown on similar fertile soils gives 
increased yield of fruit. Under such conditions, it is better to use a 
fertilizer that is easily soluble, such as that already suggested 
(No. 12 G, p. 450), applying to bearing trees not less than 300 
pounds an acre yearly and using with it a mixture of 50 pounds each 
of sodium nitrate and ammonium sulfate, or top-dressing with a 
light application of manure. Such an application will furnish less 
than one-half the amount of nitrogen used, and about one-half the 
potassium, while adding about the needed phosphorus. 

On light soils known to be deficient in available plant-food, fer
tilizers should accompany the starting of the orchard and continue 
regularly. An application of not less than 300 to 600 pounds a year 
of any of the orchard mixtures (p. 450) is suggested, together with 
the regular utilization of leguminous cover crops. On such soils, 
applications of 1,000 pounds or more of a fertilizer have given 
profitable returns in case of mature trees in full bearing. 

On what might be called good average soils, fertilizing may 
begin when the orchard comes into bearing, with applications of not 
less than 300 pounds an acre. 

In orchards in which foliage shows poor color in spring, de
ficiency of available nitrogen is suggested and calls for a top
dressing of 100 pounds of sodium nitrate. 

The question of amounts of plant-food materials to apply must 
be, as we have repeatedly stated, a matter of individual experiment
ing carried on for a series of years. As trees increase in bearing, 
the amounts of plant-food supplied should be greater. 

Pears respond to fertile soils somewhat more noticeably than 
apples. They are adapted to heavier soils than are apples and 
peaches, doing best on stiff clay loams or even hard well-drained 
clays. They are, however, successfully grown on a great variety of 
soils, including lighter loams or sandy soils, but the tendency on 
such soils is to make too rapid growth and to produce wood that 
winter-kills. 

Fertilizcrs.-Statements that apply to apples apply also to pears 
in regard to the use of fertilizers, except that pears do not use such 
large amounts of plant-food per acre (Table 56), so somewhat 
smaller applications should be sufficient. 
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Peaches are grown on a great variety of soils from heavy to 
light, but are best adapted to well-drained, sandy loam, even on 
fairly poor soils. Heavy, compact clay soils are least desirable. 
On soils rich in nitrogen, there is danger that growth may be pro
longed too far into fall, and produce buds and wood that easily 
winter-kill. 

Fertilizers.-Peaches differ from apples and pears in respect to 
several features which bear upon plant-food supply: (1) Compared 
on the acre basis, peach crops are larger consumers of plant-food. 
They use about one-third more nitrogen, phosphorus and potas
sium than do apples and twice as much calcium and considerably 
more magnesium, while they use two to three times as much ('f each 
of these constituents as pears do (Table 56). (2) The growing
stage, preliminary to fruit bearing, as well as the life cycle, is shorter 
with peach-trees. (3) Peach-trees are more sensitive to large 
nitrogen supply in respect to prolonging growth of foliage and 
branches late in the season. If nitrate is applied late, or if too 
large amounts of organic nitrogen are used early, conditions are 
favorable to prolong the normal growing season of leaves and new 
wood so late that the buds and wood are easily winter-killed. 

For the foregoing reasons, the application of fertilizers to peach 
orchards should observe the following general rules: (1) Plant-food 
constituents should be applied in larger amounts than in case of 
apple or pear-trees under the same soil conditions. (2) The use of 
nitrogen should be so regulated as to furnish a moderate amount 
of quickly available nitrogen in spring and enough organic nitrogen 
to carry the trees through the season without unduly prolonging 
their growth. The use of leguminous cover crops must be carefully 
controlled so as not to overstock the soil with nitrogen. This can 
be regulated in accordance with the behavior of the trees. 

On soils of good average fertility, use 300 to 600 pounds an acre 
of anyone of the orchard mixtures (p. 450) after trees begin fruit
ing. On poor soils, these amounts may be used when the trees are 
planted and continued as an annual application. When trees begin 
bearing, one may use, in addition, 200 to 300 pounds an acre of 
Mixture No. 12 G. 

Because peaches are so often grown on poor sandy soils and, 
therefore, require generous feeding, the impression has become com
mon that the crop must always be heavily fertilized. On good 
apple soils, peaches require only light feeding in addition to the 
use of cover crops and judicious use of farm manure. 

Apricots call for the same treatment, in general, as peaches. 
Quinces closely resemble apples in their plant-food require

ments. 
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Plums resemble pears more nearly than the other fruits in re
spect to the amounts of plant-food used. 

Cherries do not need heavy applications of fertilizers. An 
annual application of 300 pounds or more for bearing trees on 
average soils will meet usual requirements. The crop matures ear
lier than the other orchard fruits, so to supply quickly available 
plant-food one may use equal parts of Mixture No. 12 G along 
with any of the other orchard mixtures. Excessive supply of nitro
gen should be avoided. 

Citrus fruits, orange, lemon, grapefruit or pomelo and lime 
require essentially the same general methods of management (cul
tivation, cover crops, etc.) and the general principles developed in 
connection with other orchard fruits, though special adaptations 
occur to meet specific local conditions. Details of methods prac
ticed in California differ from those of Florida. 

Fertilizers.-The quality of citrus fruits is more profoundly 
affected by the character of the plant-food furnished the trees 
than in case of northern fruits. Excess of nitrogen, especially of 
organic nitrogen, tends to coarse texture, thick rough skin, and in
ferior flavor. Potassium results in the production of thinner skin, 
larger proportion of pulp and sweeter juice. 

Inorganic materials are largely used, especially for bearing trees; 
sodium nitrate, ammonium sulfate for nitrogen; superphosphate for 
phosphorus; potassium sulfate or the double manure salt (potas
sium and magnesium sulfate) in preference to potassium chloride 
or to kainite. Organic matter is supplied by cover crops instead of 
farm manure and care must be taken to avoid an excess of nitrogen 
accumulation as the result of using leguminous cover crops too 
extensively. 

During the stage of tree growth preliminary to fruit bearing, such 
a mixture as the following can be used on light soils: 500 pounds 
of sodium nitrate, 200 of cottonseed-meal, 500 of superphosphate 
and 125 of potassium sulfate. On heavy soils cottonseed-meal 
is omitted. The amounts usually applied per tree are as follows: 
1st year, 3 pounds; 2d year, 40 pounds; 3d year, 6 pounds; 4th 
year, 9 pounds; 5th year, 12 pounds; 6th year, 15 pounds. It is 
well to divide the applications and put on one half in winter the 
other in summer. 

When trees come into bearing, a fertilizer of the following com
position, for illustration, can be used: 400 pounds of sodium ni
trate; 1,150 pounds of superphosphate; 450 pounds of potassium 
sulfate. 

The amounts applied are on the basis of the yield of fruit. Thus, 
for a tree that bears 3 boxes of fruit, 10 pounds of the mixture may 
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be applied; for one that bears 6 boxes, 20 pounds, etc., up to a yield 
of 10 boxes per tree. 

The applications are preferably made in three portions at differ
ent times of year as, for example, February, June and September. 

The method of application is to broadcast beneath each tree, 
putting the bulk nearer the center. After distribution, the fertilizer 
is thoroughly worked into the soil. 

SMALL FRUITS 

Under this head come grapes, blackberries, raspberries, cur
rants, gooseberries and strawberries as the most important represen
tatives; as a matter of convenience a brief discussion of pineapples is 
added. These crops possess certain characteristics which resemble 
those of orchard fruits, but in their general management they are 
closer to garden crops. Like orchard trees, the plants of small fruits 
pass through a stage of preliminary growth before they reach the 
bearing stage, but the length of this period is much shorter than in 
case of fruit-trees. Unlike fruit-trees, the duration of their bearing 
life is generally shorter. Grapevines are comparatively long-lived, 
and gooseberries and currants with proper treatment can be kept in 
bearing many years, while blackberries and raspberries may con
tinue 8 to 12 years but a strawberry plant does not bear well for 
more than 2 years. They resemble garden crops in that they are 
usually subjected to intensive culture and generous feeding. The 
period of development from the beginning of the season to the 
fruiting is short in most cases and therefore calls for treatment 
that takes advantage of this short growing season to get the largest 
fruitage. 

The statements made in connection with orchard fruits with 
reference to the relations of soils to crops, tillage, use of cover crops, 
and inter-crops, apply in modified form to most of the small fruits. 

Grapes are widely distributed, and the crop is one of the best
bearing of our fruits. The period of preparatory growth before 
the vines begin to bear is 1 to 3 years from the time of planting. 

(1) Soils.-Grapes grow well on most well drained soils when 
given good cultivation. Soils of varied character appear equally 
good; gravelly loams containing considerable clay, open clays, some 
sandy loams, limestone soils and some others produce excellent 
crops. 

(2) Fertilizers.-Grapes use somewhat larger amounts of plant
food than any of the other small fruits, but not as large as 
orchard crops. The constituent used in relatively large amounts 
.is potassium. Nitrogen can be largely supplied in the form 
of leguminous cover crops. On light soils, one can use 800 to 1,200 
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pounds per acre of one of the fruit-tree mixtures (p. 450) along 
with an additional 100 pounds of potassium chloride or sulfate when 
the vines are in bearing. On fertile soils well managed, one-half the 
above amounts can be tried. Excessive use of farm manure should 
be avoided, and generous applications of lime should be made once 
in four or five years. In Germany and France it is generally be
lieved that the wine-making qualities of grapes are much modified 
by the methods of feeding. 

Blackberries thrive on deep clay loams well supplied with 
organic matter, but grow well on a great variety of other soils; 
however, soils that lose moisture too easily near fruiting time are 
undesirable. 

Fertilizers.-It must be kept in mind that blackberries bear 
fruit on canes which grew from the roots during the season preced
ing. The main object of directing the growth is to secure a vigor
ous development of canes. For this purpose, the less active forms 
of nitrogen can be used, but should not be applied in such large 
amounts, relative to phosphorous and potassium, as to prolong the 
growth of the canes too late to ripen properly, for this makes them 
liable to injury by cold weather. An annual application in spring 
of 300 to 600 pounds of one of the fruit-tree mixtures (p. 450) will 
furnish abundant plant-food in case of good soils. On light soils, 
additional nitrogen should be provided by leguminous cover crops. 
Good results have been obtained especially on light soils by applying 
75 to 100 pounds an acre of sodium nitrate after the plants blossom. 
While this treatment promotes the development of the fruit, the 
applications should not be such as to produce weak overgrowth of 
new canes as above explained. 

Raspberries.-Deep moist soils well underdrained and supplied 
with humus furnish best conditions of growth. Red raspberries 
are better adapted to light loams and black-caps to heavier loams. 
Fertilizers recommended for blackberries apply equally well to 
raspberries. 

Currants grow well on any soil that produces good general farm 
crops and best in a cool climate like that of the Northern States. 
They prefer a cool location and do well in partial shade. When 
properly cultivated, fed and pruned, the bushes continue in bearing 
for many years. 

Fertilizers.-Farm manure was formerly used exclusively with 
the frequent result of an accumulation of nitrogen in the soil, a 
condition which promotes mildew. When farm manure is used, 
there should be an application of phosphorus and potassium com
pounds, especially on light soils. The best plan is to provide most 
of the nitrogen through leguminous cover crops and to use a fer
tilizer that supplies relatively large amounts of phosphorus and 
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~otassium. Any of the fruit-crop mixtures (p. 450) will meet these 
conditions, using 300 to 600 pounds on heavier soils and larger 
amounts on light, sandy ones. 

Gooseberries are treated like currants. 
Strawberries are the most important of the small-fruit crops, 

largely because they come as the first fresh fruit of spring. They 
grow well on any soil that raises good crops of corn. While clay 
loams usually produce larger crops, sandy loams ripen their crops 
~arlier. The soil should contain an abundance of organic matter. 

Fertilizers.-Strawberry plants have one year of growth prepara
tory to the fruiting stage. During this preliminary period the chief 
object is to develop the plants to the highest state of vitality possible 
to enable them to store feeding material sufficient to produce 
vigorous growth in early spring. Upon the vigor of the plant secured 
during the preparatory year of growth, especially during the autumn, 
when buds form, depends mainly the crop of the following year. 
It is obvious, therefore, that the soil in which strawberries are set 
should contain liberal supplies of readily available plant-food. On 
soils in good condition, an application of 300 to 500 pounds of 
Mixture No. 4 (p. 406) can be used previous to setting out the 
plants; on poor, light soil more can be used. In the spring following 
the setting of the plants, an early application of the same fertilizer 
should be used in the same or larger amounts, put as near the row 
as practicable and worked into the soil lightly. The practice among 
some growers is to apply a. top-dressing of 100 to 200 pounds of 
sodium nitrate an acre in spring after the foliage is well started and 
before blossoms appear, but in such cases there should be plenty 
of phosphorus and potassium within reach of the plants. The prac
tice of applying the complete fertilizer as given above, and then a 
top-dressing of 100 pounds or more of sodium nitrate about the time 
of blossoming or immediately after is on the increase. Large appli
cations of nitrate increase the vigor, of the plants and the yield of 
fruit, provided phosphorus and potassium are also supplied in liberal 
amounts. Applications of too much nitrogen in relation to phos
phorus and potassium usually result in softer berries that contain 
a larger percentage of water, impairing shipping and keeping 
qualIty. In applying care must be taken to keep nitrate from burn
ing the plants. 

Pineapples.-The growth of pineapples in the United States is 
largely confined to a portion of Florida, and to our island posses
sions, notably Hawaii. 

The soil used in Florida is a fine sand containing small amounts 
of plant-food. Practically all of the plant-food used by the crop 
must therefore, be applied as fertilizer. The annual application 
of 2,000 to 4,000 pounds of fertilizer to the acre containing 5 per 
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TABLE S8--APPROXIMATE AMOUNTS OF PLANT-FOOD CONSTITUENTS 
USED IN ONE CROP OF FRUIT 

Yield Trees Nitro- Phosphoric Potash Lim. 
Kindo/crop per acre per acre gen acid (p.o. (K.o) (caO) 

ApPLE Lbs. Lbs. 

Fruit ........ ' 300 bu. 30 7.5 3.0 (UP) 15.0 (12.5K) 1.5 ( l.lCa) 
Leaves ....... 1000 lbs. 30 10.0 1.5 (0.7P) 3.5 ( Z.9K) 17.0 (12.1Ca) 
New wood ... 100 " 30 0.5 0.2 (O.lP) 0.3 ( O.2K) 1.5 ( l.lCa) 

--
Total .......... 18.0 4.7 (2.1P) 18.8 (15.6K) 20.0 (14.3Ca) 

PI'.ACH 
Fruit ........ 400 bu. 100 22.2 11.0 (4.8P) 45.5 (37.8K) 2.8 ( Z. Cal 
Leaves ....... .5300 lbs. 100 47.7 8.0 (3.5P) 42.0 (35. K) 120.8 (86.2Ca) 
New wood ... 1500 " 100 8.6 2.0 (0.9P) 2.5 ( 2. K) 6.4 ( 4.6Ca) 

--
Total ........... 78.5 21.0 (9.2P) 90.0 (74.8K) 130.0 (92.8Ca) 

PEARS 
Fruit ........ 300 bu. 100 7.5 3.0 (UP) 15.0 (12.4K) 2.0 ( 1.4Ca) 
Leaves ....... 2400 lbs. 100 16.8 2.9 (UP) 9.6 ( 8. K) 25.0 (18. Cal 
New wood ... 600 " 100 1.8 0.6 (0.2P) 1.5 ( 1.2K) 4.0 ( 2.8Ca) 

--
Total .......... 26.1 6.5 (2.9P) 26.1 (21.6K) 31.0 (22.2Ca) 

PLUMS 
Fruit ........ 200 bu. 120 15.3 5.5 (2.4P) 21.3 (17.6K) 5.0 ( 3.6Ca) 
Leaves ....... 2000 lbs. 120 15.2 3.5 (1.SP) 16.0 (13.3K) 31.0 (22. Cal 
New wood ... 700 " 110 3.5 1.5 (0.7P) 2.0 ( 1.6K) 11.5 ( 8.2Ca) 

--
Total .......... 34.0 10.5 (4.6P) 39.3 (32.6K) 47.5 (33.8Ca) 

QUINCES 

Fruit ........ 100 bu. 160 12.0 5.5 (1.4P) 25.0 (20.8K) 2.0 ( 1.4Ca) 
Leaves ....... 1500 lbs. 160 13.5 2.7 (UP) 6.4 ( 5.3K) 30.0 (21.4Ca) 
New wood ... 400 " 160 2.0 0.8 (0.3P) 1.6 ( I.3K) 10.0 ( 7.1Ca) 

Total .......... 27.5 9.0 (4.0P) 33.0 (17.4K) 42.0 (30. Cal 

Cherries ....... 8000 lbs. 120 16.0 4.0 (1.8P) 20.0 (16.6K) ...... 
Blackberries .... 4000 qts. ... 11.0 3.0 (UP) 12.0 (10. K) . ..... 
Red raspberries . 4000 " ... 10.5 4.5 (2.0P) 12.0 (10. K) . ..... 
Black raspberries 3000 " ... 10.0 4.0 (1.8P) 13.0 (to.8K) ...... 
Strawberries .... 5000 " ... 7.5 3.0 (UP) 12.5 (I0.4K) . ..... 
Currants ....... 3200 II ... 12.0 5.0 (2.2P) 12.0 (10. K) ...... 
Gooseberries .... 3200 II ... 6.5 3.0 (UP) 12.0 (10. K) ...... 
Grapes ........ 6000 lbs. ... 9.0 6.0 (2.6P) 18.0 (15. K) ...... 

p. phosphorus. K. potassium. 
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In the Hawaiian Islands, the conditions of growth are wholly 
different from those in Florida, only fertile soils being used and 
the amounts of applied fertilizers being less. An interesting expe
rience in connection with the growing of pineapples in Hawaii shows 
that, in some of the soils that contain manganese oxide in amounts 
as high as 5 per cent., the young plants start well, but in a few 
months the leaves turn yellow and many of the plants never bear 
fruit, or, if any is produced, it is inferior in both size and quality. 
The trouble has been found to be due to action of manganese 
dioxide in preventing assimilation of iron by the plants. Appar
ently the iron is prevented from being converted into a form suffi
ciently soluble for absorption. Direct application of small amounts 
of ferrous sulfate to the plants results in normal growth and bearing. 
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SPECIAL CROPS: COTTON, TOBACCO, SUGAR
CANE, HOPS, FLAX, PEANUTS 

SOME important crops which do not come under any of the 
previous groups, and are more or less closely localized, have been 
reserved for this closing chapter. 

Cotton has long been the chief dependence of agriculture in 
the South, because it is the crop from which the farmer obtains 
most of his income. The cotton-belt of America includes about 
one-fourth of the area of the United States, extending from Florida 
and Texas to southern Virginia and northern Oklahoma, though 
small amounts are grown in scattered spots outside of this area. 

All parts of the cotton plant serve some useful purpose. Next 
to the lint, the seed possesses high value; the oil is widely used in 
cooking and in manufactures, while the portion remaining after the 
oil is removed has high value as a fertilizer and as an animal food. 
The hulls serve as fuel. The roots of the plant furnish a useful 
drug, while the stems and leaves may be used as fodder or fuel. 

Profitable cotton-growing depends on climate, quality of soil, 
proper soil management and good seed. The cotton crop has been 
extensively studied by various experiment stations in the cotton
belt and a large amount of literature has been published on the 
methods of growing it. The results of this scientific study have 
raised cotton-growing from a haphazard, soil-exhausting, unprofit
able industry to one that can be made to yield satisfactory returns 
and, at the same time, maintain the soil in good productiveness. 

(1) Crop-rotation for cotton.-Crop-rotation is, if possible, even 
more essential to profitable growing of cotton than of cereals. 
Numerous rotations are possible, but one of two or three years 
appears to give best results. The use of a leguminous crop, usually 
cowpeas, is essential. The following serve as illustration: 
(a) Two years: Oats or com with cowpeas, 1 year; cotton, 1 year. 

Com and cowpeas, 1 year; cotton and crimson clover, 1 year. 
(b) Three years: Com, 1 year; cotton, 1 year; oats with cowpeas or velvet bean!, 

1 yr. 
Com and cowpeas, 1 year; oats and cowpeas, 1 year; cotton, 1 

year. 
Cotton and crimson clover, 1 year; com, 1 year; wheat and cow

peas, 1 year. 
463 
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(2) Soil and preparation.-While good crops of cotton can be 
raised on a great variety of soils, clay loams and silty loams are 
superior to sandy loams. The best type of land is a well-drained, 
light clay loam or medium heavy sandy loam, well provided with 
organic matter, and a subsoil not too heavy and compact. 

In preparing the soil, the object should be a well-pulverized, 
loose seed-bed. The cotton · plant has a long tap-root which will go 
well down into the soil if it has a chance. On soils not subject to 
severe washing, plowing in early winter is practiced, while on 
lighter soils and those liable to washing, the plowing is done just 

This outfit is putting in fertilizer, bedding and planting two rows of cotton at 
one operation. . 

before planting. Depth of plowing varies from 4 to 8 inches accord
ing to the character of the soil. If necessary, the soil is harrowed 
to make it fine. Two or three weeks before planting, it is laid 
out in rows varying from 3 to 4 feet wide, leaving a furrow in which 
fertilizer and seed are placed. 

(3) Fertilizers for cotton-growing have been extensively studied, 
and some fairly definite facts have been developed. Conditions are 
favorable for obtaining plant-food materials to advantage, since 
leguminous crops supplemented by cottonseed-meal can be used as 
the chief source of nitrogen, and acid phosphate, produced in the 
South, is the source of phosphorus. The only materials that re
quire to be brought from long distances are sodium nitrate, which 
is used to some extent, and potassium compounds, which are com
monly applied either as kainite or chloride. It is stated that kainite 
is a specific a:gainst cotton-rust and blight. On · heavy clay soils, 
little potassium appears to be needed, provided green-crop manures 
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and calcium carbonate are in good supply. WeU-decomposed farm 
manure applied early in the season gives excellent results, especially 
when supplemented with 100 to 200 pounds of acid phosphate for 
each ton of manure. Ground rock-phosphate or "floats" applied 
with farm manure or with a green-crop manure at the rate of 
1,000 pounds an acre once in several years appears to offer promise 
as a cheap source. of gradually available phosphorus, but the effec
tiveness of this practice has not been sufficiently demonstrated yet. 

Cotton is far from making heavy drafts on plant-food in soils, 
and does not require heavy fertilization when only the lint is taken 
from th& farm. The various recommendations indicate an appli
cation of 200 to 700 pounds of mixtures containing cottonseed-meal, 
acid phosphate and potassium chloride. The following formulas 
are typical of those published for use in fertilizing cotton: 

TABLE 59"-PLANT-FOOD MIXTURES FOR COTTON CROPS 

For clay 
M attrials loam soil 

Cottonseed-meal . 750 
Acid phosphate .• 1200 
Potassium chloride 50 

Forlandy 
loam soil 
with clay 
subsoil 

850 
1100 

50 

For sandy 
soil with 
clay sub-

soil 
925 

1000 
75 

Forcoarst. 
sandy 10ils 

900 
1000 

100 

Fordetl. 
sandy loill 

1000 
875 
125 

In connection with these mixtures sodium nitrate is likely to 
prove useful when 50 to 75 pounds an acre are applied as a top
dressing about the middle of May. In some states, an application 
of 100 to 150 pounds of cottonseed-meal and 100 to 200 pounds of 
superphosphate, without any potash, is advised j in others, the ap
plication of 120 to 160 pounds of cottonseed-meal, 80 to 120 pounds 
of superphosphate and 80 to 120 pounds of kainit per acre is used. 

The method of application commonly followed is distribution in 
the furrow at seeding time, while some planters prefer two weeks 
ahead of plantirig. Application in the row is more generally advised 
than broadcasting. One application is preferably made, in general, 
rather than part at the time of planting and the rest later. 

On lands that lack calcium carbonate, an application of 1,000 
to 2,000 pounds of slaked lime an acre once in 4 or 5 years has 
proved beneficial. 

( 4) Planting and Cultivation.-The heaviest seed is found to 
give best results. Planting varies from the middle of March to 
the middle of May, according to locality and season. The rows 
are 3 to 4 feet apart and the distance between the plants 12 to 24 
inches, being closer on poor soils. 

Cultivation commences early and is as frequent as practicable, 
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leguminous crops, which will also furnish much of the nitrogen 
needed. (3) In addition to nitrogen furnished by such crops, ni
trogen in any commercial form most easily obtainable will answer 
to furnish the balance needed. In the South, cottonseed-meal is 
extensively used to advantage. (4) Phosphoric acid is most con
veniently furnished as superphosphate. (5) Potassium should be 
used only in the form of sulfate or carbonate, never as chloride. 
(6) When farm manure is used, it should be well decomposed. 
(7) Nitrogen, phosphorus and potassium should all be applied, 
but excessive nitrogenous fertilization avoided. 

The following are representative tobacco fertilizers: 

TABLE 6o--PLANT-FOOD MIXTURES FOR TOBACCO CROP 

Materials 1 2 3 4 
Lbs. Lbs. Lbs. Lbs. 

Sodium nitrate 200 200 150 
Dried blood .......... sao 600 
Cottonseed-meal ...... 900 
Fish-scrap ............ 800 
Acid phosphate ....... 800 800 600 600 
Potassium sulfate ..... 400 400 400 350 

The amount of fertilizers of the foregoing composition to apply 
varies greatly according to conditions of soil and general previous 
soil management; but the use of 1,000 pounds an acre is com
monly regarded as a comparatively light application, while the 
application of 2,000 pounds is not uncommon. 

Sugar-cane.-Sugar-cane in the United States is mostly grown 
in Louisiana; it is a prominent crop in the island dependencies, 
where it forms by far the largest industry in Hawaii, and where for 
many years it has been grown with much intelligent skill. 

Sugar-cane requires a warm climate and a fertile soil, well
drained, cultivated 'and watered. The soil must also be well sup
plied with calcium carbonate. Occasional liming is usually found 
beneficial. The plowing is generally 18 inches or deeper. Good 
surface cultivation is practiced while the crop is growing. As sugar 
cane usually occupies the ground three years or more for each 
planting, frequent crop-rotations are impracticable. It is highly 
important that between plantings the soil be occupied one year 
with other crops, one of which should be leguminous. One method 
is to follow corn with cowpeas, plowing the leguminous crop under 
as green-manure. Any of the well-known plant-food materials can 
be used in fertilizing sugar-cane. 

While the crop removes large amounts of plant-food constitu
ents and would therefore impress one as an exhausting crop, it 
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must be remembered that the one substance sold is sugar, a carbo
hydrate that contains only traces of nitrogen, phosphorus, potas
sium or calcium as impurities. Therefore, practically all of the 
plant-food material removed can be restored to the soil. This is 
true of phosphorus and potassium, but less true of nitrogen, since 
much of the extracted cane is used as fuel and the nitrogen thus 
lost. Experiments indicate that in case of good sugar-cane land in 
Louisiana, there should be an annual application of 25 to 50 pounds 
of nitrogen, about 35 pounds of phosphoric acid (15 P), and potash 
in accordance with the character of the soil, good clay soils rich in 
organic matter and calcium carbonate often not requiring any. 

Commercial fertilizers have been extensively employed in the 
growing of sugar-cane and much study has been given to their use. 
The fertilizer may be applied broadcast and worked into the soil 
before planting, or it may be placed under the plant<ane and 
covered with soil at the time of planting. Some growers apply part 
of the fertilizer in the row and part after the plants are well started, 
distributing it on each side of the row. After a crop has been cut, 
the stubble cane, when allowed to grow another crop, is not fer
tilized until about the time each sprout has sent out its own rootlets. 

In Hawaii so great variation of soils and rainfall is found that 
each plantation is likely to have fertilizing problems peculiar to it
self. In the districts where excessive rains fall, nitrates are not used 
much on account of leaching, but organic nitrogen is preferred in 
forms such as tankage and fish-scrap. Ammonium sulfate can be 
safely used. Tankage, containing about 8 per cent. of nitrogen 
and 10 of phosphoric acid (4.4 P), is applied in the furrow at 
planting time. After the cane is growing well, a top-dressing of a 
high-grade, easily available fertilizer, especially high in potash is 
given, the sulfate being preferred where the rainfall is heavy, be
cause less leaching of calcium follows its use than that of chloride. 
In districts where irrigation is practiced, nitrate nitrogen is exten
sively used. Fertilizers are applied where the irrigation water dis
solves and carries the plant-food down to the plant roots. 

Hops.-FormerIy hop-raising was confined to New York, it 
now forms a prominent agricultural industry in the Pacific coast 
states where it can be carried on under more favorable climatic 
conditions and cheaper methods. 

Rich, sandy loams, moist but not wet, are best suited to hops. 
The crop does well on a great variety of well drained soils. • 

No extensive systematic studies have been made of the feeding 
of hops, largely because in the Pacific states fertilizers are not yet 
used much, while in the East the interest in hop culture has been 
decreasing. In using plant-food the custom has been to use 12 to 
20 tons of farm manure per acre in starting a crop. After the plants 
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are established the crown of the plant each fall is given a generous 
forkful of manure which in the spring is worked into the soil 
about the plant. Manuring between rows is also practiced. The 
use of fresh manure in too large amounts is likely to cause excessive 
growth of leaf and green hops of undesirable quality, as the result 
of oversupply of available nitrogen. 

Commercial fertilizers have been successfully used, sometimes 
in alternation with farm manure. Wood-ashes when more plentiful 
were extensively used and gave excellent results, especially in com
bination with ground bone. The most successful practice appears 
to be to apply manure on the crown in the fall and some com
mercial fertilizers in the spring previous to the first cultivation. 
Fertilizers with a composition about like those applied to potatoes 
are commonly used for hops. A fertilizer like Mixture No.9 
(p. 433) is well adapted to supply the needs of the hop crop, at the 
rate of 400 to 800 pounds an acre. In case of soils rich in potash, 
the amount given in this mixture may be reduced one-half. 

Flax, while valuable as a fiber crop, is grown in the United 
States more extensively for its seed, the source of linseed-oil and 
linseed-meal (p. 168). The principal flax-growing states are Min
nesota and the two Dakotas. Flax, when grown for seed, is adapted 
to about the same climate as wheat, while a cool, moist climate 
is best suited to the production of the best fiber. Flax has had a 
bad reputation agriculturally, having long been regarded as a rob
ber and poisoner of soils with which it comes in contact; but the 
investigations of some of our experiment stations have proved the 
falsity of this old belief. 

(1) Crop-rotation for ftax.-Traditionall'otations based on the 
belief that flax should be grown on the same soil only once in several 
years, have been rejected, and also the simple rotation of small 
grains and flax has been shown to be wholly undesirable. The 
prevalence of the flax-wilt disease, the germs of which persist in an 
infected soil for years, introduces a complication which greatly 
modifies any rotation based on plant-food requirements. In any 
rotation system, the elimination of disease germs must be kept in 
mind. So far as the crop itself is concerned otherwise, the main 
things to keep in mind are (a) the use of a leguminous crop, usually 
clover, one or two seasons preceding flax, and (b) soil manage
ment that will insure freedom from weeds. Experimental work on 
rotations indicates the marked value of one or more crops of cul
tivated corn in the rotation with the flax crop immediately preceded 
by hay and pasture for several years. 

(2) Soil and preparation.-Generally speaking, good corn or 
wheat soils will grow flax well for seed; moist, deep, clay loams, 
well drained, are generally better than sandy loams for fiber pro-
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duction. More, however, appears to be depelJdent on soil prepara
tion than upon the particular type. For years it was supposed that 
successful flax growing requires land rich in plant-food constitu
ents and that the crop is a particularly exhausting one. But it 
has been demonstrated that an average crop of flax uses less total 
plant-food per acre than a crop of potatoes, corn, wheat, or oats. 

Another tradition is that soil is badly injured by flax, since it 
is a common experience that flax can not be successfully grown on 
the same soil continuously for many years without trouble from 
"flax-wilt," a condition ascribed to the soil being "flax-sick." It 
has been recently shown that this is due to a fungus disease, 
usually introduced into the soil with the seed, and that, therefore. 
so-called "flax-sickness" is in no sense due to any peculiar soil 
character or property. It is, therefore, now generally accepted 
that the character of the soil is of secondary importance, while the 
strains of seed used and climatic and seasonal conditions are of 
more importance. 

The aim of soil preparation for the crop should be to furnish a 
well-worked lower layer to give a close structure for carrying water 
up to the surface and at the same time so work the surface layer as 
to provide a fine, mellow but shallow seed-bed about one inch deep. 
Deep plowing an:! working should precede seeding time as long as 
possible in order to make plant-food available for the coming crop. 

(3) Fertilizers.-Flax uses twice as much nitrogen as potash and 
three times as much as phosphoric acid. In feeding flax, the habit 
of growth should be considered, especially that of the roots, and also 
the brief period required to complete crop growth. Flax has a deli
cate, threadlike taproot with a few slender branches; its tendency 
is to go down rather than horizontally; the roots have relatively few 
root-hairs. Its feeding-range, is therefore, much more limited than 
that of most crops, and it is commonly described as a "dainty 
feeder." The growing season is short, most of the plant-food being 
taken from the soil in the first 45 or 50 days. This somewhat un
usual combination of limited feeding-range and short period of 
growth requires that the plant-food shall be in immediately or 
quickly available forms and well distributed through the soil within 
reach of the roots. Slow-acting fertilizers are not, therefore, suit
able. 

The application of fresh farm manure containing diseased flax 
straw has been shown to work great injury to the succeeding crop; 
when, however, such manure is sufficiently decomposed, the disease 
germs are killed. Large applications of available nitrogen are 
thought to produce too much wood in straw and to thicken the fiber. 
On light soils, a light top-dressing with nitrogen and potassium at 



SPECIAL CROPS 471 

about blossoming time prolongs the period of growth and is said to 
result in more pliable, longer straw. 

Since it has been the custom in the Northwest to grow flax on 
virgin soils, the question of plant-food application has received 
slight attention. On used soils nitrogen can be provided mostly 
by means of farm manure and leguminous crops used one or two 
seasons before flax is grown. Additional nitrogen, if needed, can be 
provided by a top-dressing of 50 to 75 pounds of sodium nitrate 
to the growing crop. On soils that require addition of fertilizer, 
an application of 200 or 300 pounds of Mixture No.3 (p. 375) 
is suggested. The soil must be kept well supplied with organic mat
ter, especially to hold moisture and keep the soil mellow, in addi
tion to furnishing nitrogen. 

(4) Seeding.-Strains of seed resistant to flax-wilt are used as 
far as possible, or else seeds that are carefully treated with some 
germicide such as formaldehyde. The seed is sown in spring as 
early as the work can be done without danger of injury to the 
young plants by frost. Growth during the rather cool weeks of 
spring and early summer tends to produce long and fine fiber. Pro
longed dry weather hardens the fiber. Uniformity of depth in 
planting is essential and drilling appears to give best results. 

Peanuts are now grown over an extended area from the South 
Atlantic states to California. The uses of the crop are varied and 
important, including use as human food, as stock-food and plant
food. The plant belongs to the leguminous family and is a vigor
ous gatherer of atmospheric nitrogen. The climatic conditions 
required are a long season without frost, a comparatively light rain
fall during the growing period, plenty of sunshine and warmth. 

(1) Crop-rotation jar peanuts.-Among rotations used in 
peanut-growing, the following will serve as illustrations: 

(a) Two years: Cotton, 1; corn with peanuts, 1. 
(b) Two years: Corn with cowpeas or crimson clover, 1; pea-

nuts, 1. 
(c) Three years: Cotton, 1; corn, 1; peanuts, 1. 
(d) Four years: Corn and cowpeas, 1; peanuts, 1; cotton, 2. 
(2) Soil and preparation.-The best soil for the peanut crop is a 

well-drained, sandy loam, fairly well supplied with organic matter 
and an abundance of calcium carbonate. Like most leguminous 
plants, the peanut is sensitive to acidity. When it is grown for 
market, it is desirable to use light or grayish soils rather than dark 
soils which may stain the shells. When grown for forage or green
manure, larger crops are usually obtained on soils that contain con
siderable clay and retain water well. 

The land is prepared as in case of any other leguminous crop 
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(p. 360); it should be moderately compact, mellow, well pulver
ized and free from weeds. 

(3) Fertilizers.-Commercial fertilizers are extensively used in 
growing peanuts. With a good rotation, containing some other 
leguminous crops, and with the application of farm manure to some 
other crop in the rotation, little or no nitrogen need be used. Mix
ture No.2 (p. 363), modified in respect to its constituents, as 
shown in Table 61, can be used at the rate of 200 to 400 pounds 
an acre on soils in good condition: 

Sodium nitrate.. 100 pounds ( 15 pounds nitrogen) 
Cottonseed-meal 350 " (25" ..) 
Acid Phosphate. 1150" (160 available phosphoric acid, or 70 1bI. P) 
Potassium chloride 400 (200" potash, or 165 lb!. K) 

On soils well provided with nitrogen by farm manure or green
crop manure, a mixture of 250 to 500 pounds an acre may be used, 
consisting of 1,200 pounds of kainite and 800 pounds of acid phos
phate, or 500 pounds of potassium chloride and 1,500 pounds of 
superphosphate. 

As in the case of other leguminous crops, abundance of calcium 
carbonate must be kept in the soil. Applications equal to 2,000 to 
4,000 pounds of calcium carbonate are usually made once in four 
or five years. 
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TABLE 6I-APPROXIMATE AMOUNTS OF PLANT-FOOD CONSTITUENTS 

• IN ONE CROP 

..,,~~ '" .., Phosphoric ~l 
Portion of ~~S :: ;t Acid (P.O.) Potash (K.O) Lime (CaO) 

Crop Crop :..~~ ~~ Pounds Pounds Pounds 

--
Cotton . Seed ..... 550 19.3 7.7 ( 3.4P) 6.3 ( 5.ZK) 1.7 ( 1.2Ca) 

Leaves ... 570 12.8 3.3 ( UP) 6.3 ( 5.ZK) 30.3 (Z1.6Ca) 
Stems ..... 630 4.4 1.3 ( 0.6P) 6.3 ( 5.ZK) 5.0 ( 3.6Ca) 
Burrs .... 350 3.5 1.7 ( 0.7P) 11.4 ( 9.5K) 4.0 ( Z.9Ca) 
Lint ..... 300 0.6 0.3 ( O.lP) 1.9 ( UK) 0.3 ( O.ZCa) 

Total ........ 40.6 14.3 ( 6.3P) 32.2 (26.6K) 41.3 (Z9.5Ca) 

Tobacco Leaves ... 1,000 44.0 5.0 ( 2.ZP) 57.5 (47.7K) 55.0 (39.3C::) 
Stalks .... ........ 15.0 2.7 ( 1.2 ) 20.5 (17.0K) 9.0 ( 6.4Ca) 

Total ........ 59.0 7.7 ( 3.4P) 78.0 (64.7K) 64.0 (45.7Ca) 

Sugar- Stalks, 
cane .. , stripped 30,000 16.2 15.6 ( 6.9P) 18.3 (15.ZK) 7.8 ( 5.6CaO) 

Leaves and ZO,ooo 25.2 7.0 ( UP) 18.0 (14.9K) 27.4 (19.5CaO) 
tops ... ! 

Total 50,000 41.4 22.6 (10. P) 36.3 (30.1K). 35.2 (Z5.1CaO) 

Hops .. Cones ... 1,600 27.2 17.6 ( 7.7P) 24 • (20. K) . ............... 
Vines and 

leaves .. 4,000 26.0 12.0 ( 5.3P) 54. (44.BK) . ............... 
Total ........ 53.2 29.6 (13. P) 78. (64.BK) . ............... 

Flax ... Seed ..... 900 39. 15. ( 6.6P) 8 • ( 6.6K) 3. ( 2.1Ca) 
Straw .... 1,Boo 15. 3. ( UP) 19, (15.8K) 13 ( 9.3Ca) 

Total ........ 54. 18. ( 7.9P) 27 • (22.4K) 16. (1l.4Ca) 

Peanuts Peanuts .. 1,500 42.9 8.1 ( 3.6P) 6.8 ( 5.6K) 1.5 ( 1.0Ca) 
Vines and 

leaves .. 6,000 25.2 4.2 ( 1.8P) 40.0 (33.2K) 41.4 (29.3Ca) 
Total ........ 68.1 12.3 ( 5.4P) 46.8 (38.8K) 42.9 (30.3Ca) 
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In the following pages, we give, for convenience of reference, the approximate amounts of nitrogen, phosphoric acid (p.o.), and potash 

(K.O'), with equivalent amounts of phosphorus (P) and potassium (K) commonly present in materials used as sources of plant-food in fer
tilizers and also in farm products and other materials that may be of interest to crop growers: 

TABLE 62.-COMPOSITION OF FERTILIZING MATERIALS USED AS SOURCES OF NITROGEN, PHOSPHORUS AND POTASSIUM 

Pounds in 100 

Material 
PhOSPhoric Acid (P.O.) 

Nitrogen 1----------,--------1 
Total Available 

Ammonium auUate (p. 166) ••••..••..••••.•.... 20 .........•............•..•................... 
Apatite (p. 175) ........................................ . 
Ashes 

anthracite coal .................................... . 
bituminous coal ................................... . 
lime-kiln (p. 190) ...•.••..••••••..............••••• 
spent tan-bark ••••••••••••..•..••.•.•...........•• 
wood, leacbed (p.190) ............................ . 
wood, unleacbed (p. 190) .......................... . 

Azotin. See meat-meal (p. 169) ................ .. 

33 to 44 (15 to 20P) 

0.1 to 0.15 (0.04 to 0.07P) 
0.4 to 0.5 (0.15 to 0.20P) 

0.5 to 1 (0.2 to 0.4P) 
1.5 to 2 (0.7 to 0.9P) 
1 to 1.5 (0.4 to 0.7P) 
1 to 2 (0.4 to 0.9P) 

Baaic-Ilag pholphate (p. 290) .......................... 10 to 18 (4.4 to 8P) ................. . 
Blood, dried red (p. 169) ..•••.••..•.•.......•. 13 to 15 ......••.••.••••••••••••••• • ••.•.•.......... 

.. .. black ••••••••••••••.........•.•. 6to12 ........................................... . 
Bone (p. 183) ••..•••.••••••••.•.•......••..•.. 

.. ash. . . •• . . . . . . . . . . . • . •• . . . • • . • . • . • . . . . . . . . . . • . . . . 30 to 35 (13 to 15.5P) 
.. black (p. 185) .................................... 25 to 35 (11 to 15.5P) 
.. black, dissolved .•...•.•••.•..••..••••... •..•••••• 13 to 16 (5.7 to 7P) 
.. dissolved. ...... ......... ..... .......... 1 to 2 13 to 16 (S.7to 7P) 
.. meal, lteamed (p. 183) .................. 2 to S 23 to 25 (10 to 11P) 
.. .. from clue-makinc ................ 1 to 1.5 25 to 30 (11 to 13P) 
.. .. raw. . • • • • • . .• • . . . • • ••• • • •• • ••• • • S to 4 21 to 25 (9 to 11P) 

12 to 14 (5.3 to 6P) 
12 to 14 (S.3 to 6P) 

Camallit .......................................................................................... . 
Castor-bean pomace (p. 168) •.•.••.•.•.••••.••• 5 to 6 2 to 2.5 (0.9 to UP) 
CottonSHd-huU ashes (p. 190) .................. ......... 7 to 12 (lto 5.3P) 
Cottonleed-meal (p. 168) ..................... 7 to 8 2 to S (0.9 to 1.3P) 
Cotton waste from factory ••••.........•••••••.• 1.32 0.45 (O.20P) 

Potash (K.o) 

0.1 to 0.15 (0.08 to O.12K) 
0.4 to 0.5 (0.3 to 0.4K) 

0.1 to 1.5 (0.08 to 1.2K) 
1.5 to 2.5 (1.2 to 2K) 
1 to 3 (0.8 to 2.SK) 
4 to 6 (3.3 to 6.6K) 

13 to 14 (lOJl to 11.6K) 
1 to U5 (OJI to lK) 

IS to 25 (U.S to 20K) 
1.5 to 2 (1.25 to 1.6SK) 

0.36 (0.30K) 



Fish, dried and ground. (p. 170) 
" menhaden................................ 8 to 10 5.5 to 7 (2.5 to 3P) ................. . 

acidulated .............................•.. 5 3 (I.3P) ................. . 
dog-fish scrap ............................ 7.5 to 9 3 to 6 (1.3 to 2.5P) ................. . 
whale scrap .............................. 11.5 0.8 (0.35P) ................. . 

Garbage rubbish (N. Y. City) ................... 3.4 to 3.7 0.10 to 1.47 (0.04 to 0.65) ....... '" ....... . 
Grape refuse from wine factory.................. 0.75 0.20 (0.09P) ................. . 
Hair (p. 172) .................................. 14 to 16 ..................•.......................... 
Hoof-meal and hom-dust (p. 171) ............... 10 to 15 1.5 to 2 (O.7to 0.9P) ................. . 
Kainite (p. 189) .......................................•............................................. 
Leather, ground (p. 172) ........................ 10 to 12 ........................................... . 

" acidulated. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 to 8 . . . . . . . . . . . . . . . . . . . . . . . . . .. . ............... . 
Meat scraps (p. 169) •.......................... 13 to 14 .....................•..••• . ............... . 
Muriate of potash (see potassium chloride). 
Nitrate of BOcia (see sodium nitrate) 

" "potash (see potassium nitrate) 
Phosphates (p. 173) 

Florida hard rock (p. 174) ........................• 
Florida land pebble ............................... . 
Peace River pebble ................................• 
South Carolina land (p. 174) ...................... . 
Tennessee blue (p. 175) ........................... . 
Tennessee domestic ................................ . 

36 (16P) 
31 (14P) 
28 (12P) 

27-28 (11 to 12P) 
30 (13P) 

32 to 34.5 (14 to 15P) 
Potassium chloride, 80 to 85% (p. 188) ............................................................... . 

" carbonate, 90 to 95% (p. 189) ...... . 
" "96 to 98% .......................•...........................•••............... 
" nitrate (p. 165) .................... 13 

sulfate, 90 to 95% (p. 188) ............................................................... . 
" double manure salt 48 to 53% (p. 189) ...................................................... . 
" manure salt, 20% (p. 189) ................................................................ . 

Powder-works waste ............................ 2 to 3 
Sodium nitrate (p. 165) ........................ 15 to 16 ............................................ . 
Superphosphate (p. 176) ...............................• 
Tankage, general range (p. 169) ................. 4 to 10 

" concentrated. . . . . . . . . . . . . . . . . . . . . . . .. 10 to 12 
" crushed. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 to 9 
" garbage (p. 171) ..................... 1 to 2 

Thomas slag (see basic slag). 
Tobacco waste (p. 190) ..........•.............. 2 to 4 
Wool waste (p. 172) ............................ 5to6 

13 to 18 (5.7 to 8P) 
2 to 18 (1 to 8P) 

2 to 4 (0.9 to 1.8P) 
3 to 18 (1.3 to 8P) 

0.5 to 1 (0.2 to 0.4P) 

0.5 to 1 (0.2 to OAP) 
2 to 4 (0.9 to 0.18P) 

COMPOSITION OF FARM MANURF.5. See Tables 25 to 32, pp. 216 to 225. 

12 to 16 (5.3 to 7P) 

2.25 to 4.25 (1.8 to 3.5K) 
0.4 (O.3K) 

12 to 13 (10 to 11K) 

50 to 53 (41.Sto 44K) 
61 to 64.5 (SO to 53.5K) 
65 to 66.5 (54 to 55K) 

44 (36.5K) 
48 to 51 (40 to 42K) 
26 to 29 (22 to 24K) 

11 (9K) 
16 to 18 (13 to 15K) 

0.5 to 1 (0.4 to 0.8K) 

5 to 10 (4 to 8K) 
1 to 3 (0.8 to 2.SK) 
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TABLE 63-AMOUNTS OF NITROGEN, PHOSPHORUS AND POTASSIUM IN 
FARM PRODUCTS, FEEDING MATERIALS, BY-PRODUCTS, ETC. 

Material Nitrogen 
Ajax flakes ............ _. . . . . . . . 5.20 
Alfalfa, green .................. 0.60 

" hay............. ......• 2.45 
Alsike clover (see clover) 
American poultry food........... 2.20 
Animal meal.................... 6.10 
Apple: 

Fruit ...•............... 
Leaves ...•.............. 
New wood ............. . 
Pomace ........•........ 

Apricot ••.................... · . 
Artichoke ..................... . 
Asparagus, young shoots ........ . 

" full-grown plant ..... . 
" berries ............. . 

Atlas meal, distillery feed ....... . 
Balm, fresh stems and leaves .... . 
Barley, hran .................. . 

" hrewers' grains, dry ..... . 
" " U wet ..... . 
u chaff.o •••••.••.•....... 
" feed •............... ··· 
II flour ..•....•........... 

" 
" 
" 
" 
" 
" 

" 

grain ................. . 
green forage ........... . 
ground ...••............ 
malt ......•............ 
malt-sprouts ........... . 
meal ................. .. 
middlings ............. . 
straw ................. . 

Bean, field, hay ............... . 
" 't meal ....••.......•. 

" II seed ............... . .. .. shells .............. . 
U "stra.w .............. . 

Beans, garden, beans and pods ... . 
U U leaves •••.•••..•• 

" stalks •.......... 
Beets, red, roots .............. . 

U "tops •............... 
" young roots and tops ..... . 
U mangolds or mange1! ..... . 
.. sugar .................. ·• 

yellow fodder ...•.•....... 
Blackberries, fruit ..••.••....... 

.. leaves ............ . 

0.05 
1.00 
0.50 
0.20 
0.20 
0.35 
0.35 
0.40 
1.10 
5.50 
O.!O 
1.75 
3.50 
0.90 
1.00 
2.:>0 
1.60 
1.75 
0.40 
1.50 
1.60 
3.75 
1.55 
2.00 
0.60 
3.00 
3.75 
4.00 
1.70 
1.30 
0.25 
0.50 
0.40 
0.25 
0.35 
0.35 
0.15 
0.20 
0.20 
0.22 
1.00 

POUNDS IN 100 
Phosphoric 
acid (p.o.) 
0.70 (0.31P) 
0.15 (0.07P) 
0.50 (0.22P) 

1.20 (0.53P) 

0.02 (O.OIP) 
0.15 (0.07P) 
0.15 (0.07P) 
0.02 (O.OIP) 
0.05 (0.02P) 
0.15 (0.07P) 
0.10 (O.04P) 
0.12 (0.05P) 
0.35 (0.15P) 
0.25 (O.l1P) 
0.20 (O.o9P) 
0.90 (0.40P) 
1.25 (0.55P) 
0.30 (0.13P) 
0.25 (O.l1P) 
1.30 (0.57P) 
0.85 (0.37P) 
0.75 (0.33P) 
0.15 (0.07P) 
US (0.30P) 
0.95 (0.42P) 
1.65 (0.73P) 
0.65 (0.30P) 
1.75 (O.77P) 
0.20 (O.09P) 
0.65 (0.30P) 
1.00 (0.44P) 
1.20 (0.53P) 
0.30 (O.13P) 
0.25 (O.l1P) 
0.08 (0.03P) 
0.10 (O.04P) 
0.10 (O.04P) 
0.10 (O.04P) 
0.10 (O.04P) 
0.10 (O.04P) 
0.10 (O.04P) 
0.10 (O.04P) 
0.10 (O.04P) 
0.06 (O.o3P) 
0.12 (0.05P) 

PoIGlh 
(X.o) 

0.20 (0.17K) 
0.50 (0.42K) 
2.10 (I.74K) 

0.90 (0.75K) 

0.10 (O.OSK) 
0.35 (0.30K) 
0.25 (0.21K) 
0.15 (0.12K) 
0.30 (0.25K) 
0.45 (0.37K) 
0.25 (0.21K) 
0.75 (0.62K) 
0.85 (0.70K) 
0.15 (0.12K) 
0.70 (0.58K) 
0.85 (0.70K) 
0.20 (0.16K) 
0.05 (0.04K) 
1.00 (0.83K) 
0.90 (0.75K) 
0.60 (0.50K) 
0.50 (0.42K) 
0.50 (0.42K) 
0.35 (0.30K) 
0.45 (0.37K) 
1.80 (I.50K) 
0.25 (0.21K) 
0.70 (0.S8K) 
1.10 (0.91K) 
2.00 (I.65K) 
1.50 (I.25K) 
1.30 (I.l0K) 
0.35 (0.30K) 
1.90 (l.60K) 
0.30 (0.25K) 
0.50 (O.40K) 
0.55 (0.4SK) 
0.50 :0.42K) 
0.55 (0.45KI 
0.65 (0.55K) 
0.35 (0.30K) 
0.45 (0.37K) 
0.50 (0.42K) 
0.23 (0.20K) 
0.77 (0.64K) 
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Material Nitrogen 

Blackberries, new wood ..•..•... 0.55 
" old wood........... 0.27 

Brewers' grains (see barley). 
Buckwheat, bran ........•...••• 2.75 

" feed............... 3.00 
Buckwheat, flour ..•...........• 0.75 

" grain. . . . . . . . . . . . • . 1.50 

" green ........•..... 0.40 

" hay ............... 0.80 

" hulls ............•.• 0.55 

" in blossom ......... 0.50 

" middlings .......... 4.75 

" straw .........••..• 

" Japanese, green .... . 

" " hay ..... . 

" silverhull •••••...... 
Butter ....•.........••..•.••... 
Buttermilk .....•.........•..... 
Cabhage, head .•.•••..........• 

" stump and outside leaves 
Carrot, root ......•.....••....• 

" tops ......•.•.••....... 
Cauliflower, head •.••..•........ 

" leaves ............ . 
Celery •.........•....•••••••••• 
Cheese, whole-milk .....••.•.... 

" skim-milk •............. 
Cherry, fruit pulp ...••.•...••.. 

" stones ...•.••........... 

" 
" 

stems ................. . 
leaves ...•.•••••...•••.. 
wood ..•••...•..••..... 

Clover, alsike, green ...•........ 
fC U hay ............. . 

" crimson, green ......... . 
" hay .......... . 

mammoth, greell ....... . 
hay ........ . 

red, green ...•.......... 
" hay .•••..•...•.•..• 
" seed ..•.......•.... 

sweet, green ......•.•... 
" hay •.•.......... 

Ie white, green ........... . 
hay •............ 

Cocoanut meal.. .....•.•..•..... 
Com, bran ...............•..... 

U broom, green fodder ...... . 
U Ie seed ............ . 
" " stalks •.•..•.....• 

" cobs 

1.25 
0.25 
1.60 
0.30 
0.15 
0.50 
0.30 
0.37 
0.23 
0.54 
0.28 
0.35 
0.25 
3.75 
7.50 
0.17 
0.47 
0.35 
0.60 
0.45 
0.50 
2.10 
0.45 
2.10 
0.50 
2.20 
0.55 
2.10 
3.00 
0.55 
2.00 
0.50 
2.25 
3.90 
1.65 
0.30 
1.70 
0.85 
0.4() 
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POUNDS IN 100 
Phosphoric 
acid (p.o.) 
0.15 (O.07P) 
0.03 (O.02P) 

1.50 (O.66P) 
1.60 (O.70P) 
0.50 (O.22P) 
0.60 (O.26P) 
0.08 (O.03P) 
0.60 (O.26P) 
0.06 (O.02P) 
0.03 (O.OlP) 
3.00 (1.32P) 
0.15 (O.07P) 
US (O.07P) 
0.85 (O.37P) 
0.15 (O.07P) 
0.05 (O.02P) 
0.15 (O.07P) 
0.10 (O.04P) 
0.10 (o.o4P) 
0.13 (O.08P) 
0.13 (O.OSP) 
0.10 (O.04P) 
0.10 (O.04P) 
0.20 (O.09P) 
0.75 (O.33P) 
0.75 (O.33P) 
0.04 (O.02P) 
0.15 (O.07P) 
0.13 (O.06P) 
0.11 (O.05P) 
0.15 (O.07P) 
0.12 (O.05P) 
0.50 (O.22P) 
0.12 (O.05P) 
0.45 (O.20P) 
0.12 (O.05P) 
0.55 (0.24P) 
0.13 (0.06P) 
0.50 (O.22P) 
1.50 (O.66P) 
0.15 (O.07P) 
0.55 (O.25P) 
0.20 (O.09P) 
0.50 (O.22P) 
1.60 (O.70P) 
1.20 (O.53P) 
0.15 (O.07P) 
0.70 (0.30P) 
0.45 (0.20P) 
0.06 (0.02P) 

Potash 
(K.o) 

0.25 (O.21K) 
0.15 (O.12K) 

1.10 (0.90K) 
1.00 (O.SOK) 
0.15 (O.13K) 
0.30 (0.25K) 
0.35 (0.30K) 
2.40 (2.00K) 
0.75 (O.62K) 
0.40 (0.33K) 
2.25 (1.85K) 
1.15 (0.95K) 
0.55 (O.45K) 
3.30 (2.75K) 
0.40 (O.33K) 
0.03 (0.02K) 
0.15 (0.12K) 
0.40 (O.33K) 
0.45 (O.37K) 
0.53 (O.44K) 
0.11 (O.09K) 
0.33 (0.27K) 
0.47 (O.40K) 
0.75 (O.62K) 
0.30 (O.25K) 
0.30 (0.25K) 
0.20 (O.17K) 
0.25 (O.20K) 
0.60 (0.50K) 
0.72 (O.60K) 
0.30 (0.25K) 
0.30 (O.25K) 
1.25 (1.05K) 
0.40 (O.33K) 
1.50 (1.25K) 
0.40 (0.33K) 
1.20 (1.00K) 
0.50 (0.42K) 
2.00 (l.65K) 
1.40 (1.15K) 
0.50 (O.42K) 
1.85 (1.55K) 
0.30 (O.25K) 
1.25 (1.05K) 
2.40 (2.00K) 
0.70 (O.58K) 
0.70 (O.58K) 
0.50 (0.42K) 
1.85 (1.55K) 
0.45 (O.37K} 
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POUNDS IN 100 
Pllos,IItwit; PotIJslI 

Material Nitroletl acid (p.o.) (lCrl)) 

Corn products: .. and cob meal. ....•...•... 1.40 0.60 (O.26P) 0.50 (O.42K) 

fodder with ean ....... ··· 1.75 0.55 (O.24P) 0.90 (O.75K) 

without ean ..... ·. 1.00 0.30 (O.UP) 1.40 (1.I5K) 
.. grain a ............ ••••••••• 

1.65 0.65 (O.JOP) 0.40 (O.JJK) 
.. husks .................... 0.20 0.D7 (O.OJP) 0.25 (O.lIK) 
.. green forage ............. 0.30 0.13 (O.06P) G.33 (O.17K) 

kafir, red, green forage .... 0.30 0.13 (O.06P) 0.45 (O.J7K) .. white .. .. 0.65 0.12 (O.OSP) • 0.50 (O.42K) 
.. meal 1.60 0.65 (O.JOP) 0.40 (O.JJK) .................... 

middlings ................ 1.40 0.35 (O.UP) 0.25 (0.2IK) 

silage .................... 0.30 0.12 (O.OSP) 0.35 (O.JOK) 

stalks .................... 0.75 0.40 (O.18P) 0.90 (O.75K) 

Cerealine feed .......... ···· . 1.70 1.25 (O.SSP) 0.65 (O.54K) 

Germ meal ................. 1.80 0.40 (O.l8P) 0.20 (O.l6K) 

Germ oil meaL ............. 3.00 0.90 (O.40P) 0.10 (O.osK) 

Gluten feed, grano ......... 5.00 0.65 (O.JOP) 0.20 (O.l6K) 
II .. Queen ......... 3.90 0.35 (O.ISP) tnce 
.. Star ........... 3:70 0.35 (O.UP) " 
II .. Warner's ....... 2.80 0.30 (O.IJP) " 

Gluten meal, Buffalo ....... 4.20 1.15 (O.SIP) 0.60 (0 JOK) 
.. .. Chicago 5.75 0.35 (O.UP) tnce ....... 

II cream ......... 6.70 0.30 (O.lJP) 
II .. globe 4.15 0.60 (O.26P) 0.10 (O.08K) . ........ .. Hammond ..... 4.50 0.50 (O.12P) 0.10 (O.08K) 

.. II Iowa 4.70 0.45 (O.20P) 0.10 (O.08K) ........ .. .. King .......... 6.00 0.65 (O.JOP) 0.05 (o.o4K) 

.. Nebraska . ..... 3.15 0.45 (O.20P) G.10 (O.08K) 

Hominy feed .............. 1.65 1.00 (OMP) 0.50 (0.42K) 

.. meal ., ........... 1.75 1.40 (O.62P) 0.75 (0.62K) 

Maizeline .................. 1.60 1.40 (O.62P) 0.80 (O.66K) 

Sprouts .................... 4.15 1.55 (O.70P) 1.85 (J.5SK) 

Starch feed, wet ......... ··· 0.80 trace tnce 

Sugar feed ......•... ······· . 1.60 0.20 (O.09P) G.10 (o.osK) 

Com, sweet, cobs .............. 0.20 0.10 (O.04P) 0.26 (0.12K) 

.. II cobs and kernes .... 0.45 0.20 (O.09P) 0.30 (O.25K) 

.. green fodder ....... 0.30 0.12 (O.OSP) 0.30 (O.2SK) 

II II husks ............. 0.20 0.10 (O.04P) 0.35 (O.JOK) 

.. II kernels ............ 0.65 0.30 (O.UP) 0.35 (O.JOK) 

II .. leaves ............. 0.40 0.12 (O.OSP) 0.S5(0.45K) 

II stalks ............. 0.20 0.06 (Omp) 0.55 (O.4SK) 

Cottonseed ..................... 3.15 1.25 (O.SSP) 1.15 (0.95K) 

II feed 1.50 0.45 (0.20P) 1.10 (O.90K) ................ 
II hulls ................ 0.75 0.20 (O.09P) 1.10 (O.90K) 

II meal 7.00 3.00 (1.JOP) US (I.4SK) ................ 
Cow-peas, green forage ......... 0.45 0.12 (O.OSP) 0.45 (O.J7K) 

II hay 2.50 0.55 (O.2SP) 1.75 (I.45K) ................. 
If seed ••.•.•.••••...... 3.10 1.00 (O.44P) 1.20 (U)OK) 

Cream ........................ 0.50 0.15 (O.o7P) 0.13 (O.lIK) 

Cucumbers, edible part ..••••.••• G.10 0.06 (Omp) 0.20 (O.17K) 

.. leaves .............. 0.40 0.08 (O.OJP) 0.70 (O.60K) 

II vines .•••••.•••..•.• 0.20 0.08 (O.OJP) 0.60 (O.SOK) 
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Material Nitrogen 
Currants, fruit .....•.••.•.•.•.. 0.30 

" leaves ................ 0.70 
" stems. . . . • • . . . . . . . . . • 1.00 
U new wood ,.......... 0.45 
U old wood ............ 0.57 

Daisy, white, hay .............• 0.25 
" ox-eye, hay ........•.... 0.30 

Dandelion, green................ 0.35 
Dewberries .. :.................. 0.22 
Eggplant, edible part •••....••.• 0.20 

" leaves.. . . . . . . . . . . . . . • 0.85 
Eggs ..•....•.................. 2.25 
Endive .........•.•............ 0.30 
Flax seed ,..................... 4.35 

" straw ....•............• • . 0.85 
Fox-grass hay......... . . . • . . . . . • 1.20 
Germ-meal (see corn products). 
Glutten-meal (see corn products). 
Gooseberries, fruit ..•........... 0.16 

leaves ............. 0.70 
Ie new wood ........ . 
U old wood ......... . 

Grape-pomace, fresh .....•.....• 
Grapes, fruit .................. . 

leaves ................. . 
new wood .........•.••. 

Hempseed .................... . 
Herd grass ...................•• 
Hominy feed (see corn products). 
Hops, entire plant, air-dry ...... . 

.. cones or fruit, dry ....... . 
refuse .......•.......•... 

.. vines, air dry •.•.....•.... 
Horehound •.........•......•.. 
Horse-radish, root. ....•......... 
Hungarian grass, green ..•....... 

U bay .......... . 
" cc seed .......... . 

Hyssop •.....•••..••••.••...... 
June grass, hay ........•....•... 
Kentucky blue-grass, hay ......•• 
Kohl-rabi ....•....•..•••.•••... 
Lemon culls, Calif. . ••.......... 
Lettuce •••....•..........••••.• 
Linseed: 

.. meal, old process ....•.... 
" II new process ....•.• 

Maize (see com). 
Malt (see barley). 
Mangolds (See beets). 
Marsh rosemary, hay •.•......... 
Meadow, fescue, \ay •...•..••••• 

0.40 
0.50 
0.95 
0.15 
0.45 
0.30 
2.50 
1.00 

1.00 
1.70 
1.00 
0.65 
0.70 
0.40 
0.35 
1.20 
1.60 
0.50 
1.05 
1.20 
0.50 
0.15 
0.25 

5.30 
5.70 

0.85 
0.95 
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POUNDS IN 100 
PhosPhoric 
acid (p.o.) 

0.12 (O.OSP) 
0.20 (O.09P) 
0.35 (O.1SP) 
0.22 (O.10P) 
0.23 (O.10P) 
0.40 (O.18P) 
0.45 (O.20P) 
0.10 (O.04P) 
0.06 (O.03P) 
0.05 (O.02P) 
0.15 (O.07P) 
0.40 (O.18P) 
0.07 (O.03P) 
1.60 (O.66P) 
0.20 (O.09P) 
0.20 (O.09P) 

0.08 (O.03P) 
0.23 (O.IOP) 
0.21 (O.09P) 
0.25 (O.UP) 
0.14 (O.06P) 
0.07 (O.03P) 
0.10 (O.04P) 
0.10 (O.04P) 
1.15 (O.77P) 
0.35 (O.lSP) 

0.60 (O.26P) 
1.10 (O.48P) 
0.20 (O.09P) 
0.30 (O.13P) 
0.15 (O.07P) 
0.10 (O.04P) 
0.15 (O.07P) 
0.40 (O.18P) 
0.45 (O.20P) 
0.15 (O.07P) 
0.35 (O.1SP) 
0.40 (O.18P) 
0.25 (O.UP) 
0.06 (O.02P) 
0.08 (O.03P) 

1.15 (O.77P) 
1.85 (O.80P) 

0.05 (O.03P) 
0.40 (0.18P) 

Potash 
(K.O) 

0.30 (0.2SK) 
0.95 (O.82K) 
0.75 (O.62K) 
0.35 (O.30K) 
0.22 (O.18K) 
1.20 (1.00K) 
1.25 (1.0SK) 
0.60 (O.SOK) 
0.20 (O.17K) 
0.30 (O.2SK) 
1.00 (0.83K) 
0.15 (O.12K) 
0.75 (O.62K) 
0.95 (O.80K) 
1.00 (0.83K) 
0.95 (O.80K) 

0.03 (O.02K) 
1.13 (O.94K) 
0.40 (O.33K) 
0.40 (O.33K) 
0.63 (O.S2K) 
0.30 (0.13K) 
0.35 (O.30K) 
0.30 (O.2SK) 
1.00 (O.83K) 
1.50 (1.2SK) 

1.40 (1.1SK) 
1.50 (1.2SK) 
0.10 (O.04K) 
1.35 (1.12K) 
1.00 (0.83K) 
1.00 (0.83K) 
0.50 (0.42K) 
1.40 (1.1SK) 
0.40 (0.33K) 
0.55 (0.46K) 
1.45 (1.20K) 
1.55 (1.30K) 
0.45 (0.37K) 
0.26 (0.22K) 
0.45 (0.37K) 

1.30 (1.10K) 
1.40 (1.16K) 

0.25 (0.21K) 
2.00 (1.6SK) 



482 FE~TILIZERS AND CROP PRODUCTION 

Material Nit,.oge" 
Meadow, foxtail, hay........... 1.50 

" hay, mixed grasses..... 1.50 
Milk .......................... 0.50 
Millet, common, green .......... 0.30 

" "hay ........... 1.25 
" "straw .......... 0.70 
" seed ........... 2.00 
" barnyard, green ......... 0.25 
" "hay ........... 1.30 
.. Japanese, green ......... 0.30 
.. "hay ........... 1.10 
" seed ...••..... 1.60 
" pearl, green ............. 0.20 
" chaff. . . . . . . . . . . . . . . . . .. 0.75 

Molasses feed .................. 3.00 
Mushrooms .................... 1.10 
Muskmelons, fruit .............. 0.22 

" vines and leaves.... 0.35 
Oak leaves ..................... 0.80 
Oat products: 

Canada oat feed .......... .. 
Cream oat feed ..•.......... 
Friend's oat feed ........... . 

Iowa oat feed ................. . 
Monarch oat chop ......... . 
Royal oat feed ............ .. 
Vim oat feed .............. . 
"X" oat feed .............. . 

Oats and vetch, green fodder ... . 
,e Ie ,e hay ........... . 

Oats, bran .................... . 
chaff .................... . 
chop .................... . 
grain .................. .. 
green fodder ............. . 
ground .................. . 
hay .................... .. 
hulls ................... .. 
middlings ............... . 
straw ......•....•........ 
and peas, green fodder .... . 
.. .. hay .......... .. 
II II seeds ............ . 
I, .. stmw .......... . 

01ives, pomace •.•........•..... 
c, refuse ..................... .. 

Onions, bulb .................. . 
•• top .................... . 

Oranges, Ca1ifornia ............ . 
" cuDs ••••.•••.•.•.••.•• 

" Florida .............. ,. 

0.70 
1.15 
1.40 
1.70 
1.40 
1.40 
1.10 
1.20 
0.30 
2.00 
1.35 
0,75 
1.35 
2.00 
0.60 
1.85 
1.50 
0.55 
2.40 
0.60 
0.35 
1.65 
2.70 
0.75 
1.00 
1.22 
0.23 
0.30 
0.18 
0.20 
0.12 

POUNDS IN 100 
Pltospltorie 
odd (P,(J.) 

0.45 (0.20P) 
0.40 (0.18P) 
0.30 (O.UP) 
0.10 (O.04P) 
0.45 (0.20P) 
0.20 (O.09P) 
US (0.42P) 
0.15 (0.07P) 
0.45 (0.20P) 
0.20 (O.09P) 
0.40 (0.18P) 
0.65 (0.S4P) 
0.15 (O.o7P) 
0.20 (O.09P) 
0.85 (0.J7P) 
0.40 (0.18P) 
0.08 (O.OJP) 
0.08 (O.oJP) 
0.35 (O.ISP) 

0.30 (O.1JP) 
0.55 (0.24P) 
0.60 (0.26P) 
0.50 (0.22P) 
0.65 (O.JOP) 
0.50 (0.22P) 
0.55 (0.24P) 
0.60 (0.26P) 
0.15 (O.o7P) 
0.60 (0.26P) 
0.20 (O.09P) 
0.15 (0.07P) 
0.65 (O.JOP) 
0.80 (O.JSP) 
0.15 (0.07P) 
0.75 (O.JJP) 
0.65 (O.JOP) 
0.25 (O.HP) 
1.35 (O.60P) 
0.20 (O.09P) 
0.15 (0.07P) 
0.60 (0.26P) 
1.00 (O.44P) 
0.40 (0.18P) 
0.14 (O.06P) 
0.18 (O.08P) 
0.09 (O.Q4P) 
0.06 (O.OJP) 
0.05 (O.o2P) 
0.13 (O.D6P) 
0.07 (O.oJP) 

PotosI! 
(KrIJ) 

0.20 (0.17K) 
1.35 (1.12K) 
0.18 (O.UK) 
0.50 (0.42K) 
1.50 0.2 SK) 
1.70 (1.40K) 
0.40 «).JJK) 
0.75 (0.6JK) 
2.75 (2.JOK) 
0.70 (0.S8K) 
1.20 (1.00K) 
0.40 (O.JJK) 
0.45 (O.J7K) 
0.45 (0.J7K) 
2.00 (l.6SK) 
0.70 (0.S8K) 
0.40 (O.JJK) 
0.60 (O.SOK) 
0.15 (O.13K) 

0.60 (O.SOK) 
0.65 (0.S4K) 
0.65 (0.S4K) 
0.55 (0.4SK) 
0.45 (0.J7K) 
0.70 (0.S8K) 
0.70 (0.S8K) 
0.75 (0.62K) 
0.30 (0.2SK) 
1.25 (1.oSK) 
0.70 (0.S8K) 
0.45 (O.J7K) 
0.70 (0.S8K) 
0.60 (O.sOK) 
G.45{0.J7K) 
0.60 (O.SOK) 
2.20 (1.80K) 
0.50 (0.42K) 
1.10 (O.90K) 
1.25 (l.oSK) 
0.50 (OA2K) 
1.80 (1.50K) 
0.90 (0.7SK) 
3.20 (2.6SK) 
0.26 (0.22K) 
0.32 (0.27K) 
0.22 (0.18K) 
0.55 (0.4SK) 
0.21 (0.17K) 
0.21 (0.17K) 
0.41 (0.4OK) 



APPENDIX 

Material Nitrogen 
Orchard grass, green fodder...... 0.45 

" "hay ............. 1.20 
Parsnips, root .................. 0.22 

" top................... 0.42 
Pasture grass .................. 0.90 
Peaches, fruit pulp •............ 0.08 

" stones.. . . . . . . . . • • . . . . . 0.27 
" leaves.. . . . . . . . . . . . . . . . 0.90 
" new wood ............ 0.43 

Peanuts, meal cake ...•......... 1.40 
" feed.................. 7.50 
" shells.. .. .. .. .. .. .. . .. 0.80 
" meal and shells 1.15 
" seeds or k~mels ...•.... 3.60 

Pears, fruit .................... 0.05 
" leaves. • . . . . . . . . . • . . . . . . . 0.70 

wood ..•................ 0.30 
Peas, field, green forage......... 0.50 

" " hay................ 2.00 
" meal................ 3.00 
" middlings ........... 3.75 

.. seeds. . . . . . . . . • . . . . . 3.75 
straw ............... 1.40 

garden, green ............. 1.15 
" leaves. . . . • . • . . . . . 0.55 

pods ............. 0.25 
" vines.. . . . .. . . . . . . 0.25 

Peppermint, garden ............. 0.35 
" wild ............... 0.45 

Plums, fruit pulp ............ :.. 0.12 
Plums, fruit stones ....••....... 0.50 

" leaves ...•.. '" . . . . . . . . . 0.75 
" new wood ..•........... 0.50 
" stems.. . . . • • . . . . . . . . . • . . 0.35 

Potatoes, leaves and stalks....... 0.60 
" tubers. . • . . . . • • • . . . . . . 0.35 
" sweet.. . • . . . . . • . . . . . . . 0.25 

Pot marjoram ................. 0.50 
Prickly comfrey ................ 0.40 
Prunes, refuse ..........••.....• 0.18 
Pumpkins, flesh ................ 0.16 

" vines and seeds .•.... 0.42 
" seeds ................ 0.87 

Quinces, fruit ........•......... 0.12 
" leaves.. . . . . . . . . . . . . . . . 0.90 

new wood ............. 0.50 
Radishes, root ..... • . . . . . . • .. .. 0.15 

" top.................. 0.42 
Rape, green .................... 0.40 
Raspberries, fruit . . . . . • . . . . . . . . 0.20 

" leaves. . . . . . . . . . . . . 1.35 
" new wood ......... 0.45 
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POUNDS IN 100 
Phosphoric 
acid (p.cJ.) 

0.15 (O.07P) 
0.35 (O.lSP) 
0.20 (O.09P) 
0.15 (O.07P) 
0.25 (O.UP) 
0.04 (O.02P) 
0.07 (O.OSP) 
0.15 (O.07P) 
0.10 (O.04P) 
1.30 (O.SSP) 
0.25 (O.UP) 
0.15 (O.07P) 
0.15 (O.07P) 
0.70 (O.31P) 
0.02 (O.OlP) 
0.12 (O.OSP) 
0.10 (O.04P) 
0.15 (O.07P) 
0.40 (O.lSP) 
0.80 (O.3SP) 
0.65 (O.30P) 
0.80 (0.3SP) 
0.35 (O.lSP) 
0.30 (O.13P) 
0.07 (O.03P) 
0.05 (O.02P) 
0.05 (O.02P) 
0.20 (O.09P) 
0.17 (O.07P) 
0.05 (O.02P) 
0.15 (O.07P) 
0.17 (O.OSP) 
0.18 (O.OSP) 
0.12 (O.OSP) 
0.15 (O.07P) 
0.15 (O.07P) 
0.10 (O.07P) 
0.16 (O.07P) 
0.15 (O.07P) 
0.07 (O.03P) 
0.07 (O.03P) 
0.10 (O.04P) 
0.50 (O.22P) 
0.05 (O.02P) 
0.17 (O.OSP) 
0.20 (O.09P) 
0.06 (O.02P) 
0.06 (O.02P) 
0.15 (O.07P) 
0.10 (O.04P) 
0.27 (O.12P) 
0.15 (O.07P) 

Potash 
(K.o) 

0.55 (O.4SK) 
1.75 (1.4SK) 
0.65 (O.S4K) 
0.10 (O.OSK) 
0.75 (O.62K) 
0.20 (O.17K) 
0.08 (O.07K) 
0.60 (O.SOK) 
0.22 (O.lSK) 
1.50 (1.2SK) 
0.80 (O.66K) 
0.50 (O.42K) 
0.60 (O.SOK) 
0.45 (O.37K) 
0.10 (O.OSK) 
0.40,O.33K) 
0.25 (O.20K) 
0.50,O.42K) 
1.00 (O.S3K) 
1.00 (O.S3K) 
0.75 (O.62K) 
1.00 (O.S3K) 
1.00 (O.S3K) 
0.45 (O.37K) 
0.50 (O.42K) 
0.20,J.17K) 
0.70 (:J.S8K) 
0.65.(O.S4K) 
0.55 (O.4SK) 
0.20 (O.17K) 
0.10 (O.OSK) 
0.80 (O.66K) 
0.28 (O.23K) 
0.30 (O.2SK) 
0.45 (O.37K) 
0.50 (O.42K) 
0.50 (O.42K) 
0.60 (O.SOK) 
0.70 (O.SSK) 
0.31 (O.26K) 
0.26 (O.22K) 
0.57 (0.47K) 
0.45 (O.37K) 
0.25 (O.20K) 
0.40 (O.33K) 
0.40 (O.33K) 
0.35 (O.30K) 
0.45 (O.3iK) 
0.45 (O.3~K) 
0.25 ~O.~IK) 
0.63 (O.S2K) 
0.25 (J.:!K) 
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Material Nitroge1l 
Raspberries, old wood .......... 0.30 
Redtop hay·.................... 1.20 
Rbubarb, leaves ................ 0.30 

" stems. . . . . . . . . . . . . . . . 0.10 
Rice bran ..... . . . . . • . . . . . . . . . . 0.70 

" grain. . . . . . . . . . . . . . . . . . . . . 1.10 
" hulls ..................... 0.60 
" polish .................... 2.30 

Roses, flowers.................. 0.30 
" leaves. . . . . . . . . . . . . . . . . . 0.40 
" wood ................... 0.15 

Rue ........................... 0.55 
Rutabagas ..................... 0.20 
Rye, bran ..................... 2.25 

" chaff.. . . . . . . . . . . . . . . . . . . . 0.60 
" feed..................... 1.55 
" flour.. . . . . . . . . . . . . . . . . . . . 1.75 
" grain.. . . . . . . . . . . . . . . . . . . . 1.70 
" green forage .............. 0.45 
" hay..................... 1.05 
" middlings.. .. .. .. .. . .. .. .. 2.00 
" straw. . . . . . . . . . . . . . . . . . . . 0.50 

Rye grass, Italian, green ........ 0.55 
"" "hay .......... 1.10 

" perennial, green ...... 0.50 
" hay....... 1.15 

Sage .......................... 0.55 
Sainfoin, green ................• 0.70 

" hay.................. 2.20 
Salsify, root ................... 0.50 

" top .................... 0.50 
Salt marsh hay ................. 1.10 
Sedge, creek, hay ............... 1.30 

" short, hay ............... 0.15 
SerradeIla, grass ................ 0.40 

" hay................. 2.40 
Skim-milk :.................... 0.50 
Sorghum, green fodder .......... 0.30 

" seed................. 1.50 
Soy beans, green ............... 0.50 

" " hay ................. 2.30 
" " seed.. . .. .. .. .. .. .. . 5.30 
" .. straw. . . . . . . . . . . . . . . 0.90 

Spanish moss ................... 0.60 
Sphagnum moss ................ 0.64 
Spinach ........................ 0.50 
Strawberries, fruit .............. 0.15 

.. hulls .............. 0.30 
Street sweepings ................ 0.38 
Sucrene dairy feed .............. 3.10 

,Sugar-beet feed, dry ..•......... 1.30 
" pulp, fresh ........... 0.20 

POUNDS IN 100 
Phosphoric 
acid ( P.(Ja) 

0.06 (0.02P) 
0.35 (OolOP) 
0.08 (Omp) 
0.04 (0.02P) 
0.30 (O.UP) 
0.20 (O.09P) 
0.20 (O.09P) 
3.30 (1.4SP) 
0.10 (O.04P) 
0.10 (O.04P) 
0.07 (0.03P) 
0.15 (0.07P) 
0.12 (O.OSP) 
2.15 (0.9SP) 
0.55 (0.24P) 
0.75 (Ool3P) 
0.85 (Ool7P) 
0.85 (Ool7P) 
0.20 (O.09P) 
0.40 (0.18P) 
1.00 (O.44P) 
0.30 (0.13P) 
0.30 (O.UP) 
0.55 (0.24P) 
0.30 (0.13P) 
0.55 (0.Z4P) 
0.10 (O,04P) 
0.20 (O.09P) 
0.50 (O.2ZP) 
0.15 (O.o7P) 
0.10 (O.04P) 
0.25 (O.11P) 
0.05 (O.oZP) 
0.15 (O.o7P) 
0.15 (0.07P) 
0.75 (Ool3P) 
0.35 (O.ISP) 
0.12 (O.oSP) 
0.80 (OolSP) 
0.15 (O.o7P) 
0.70 (OolIP) 
1.80 (O.80P) 
0.30 (0.13P) 
0.10 (O.04P) 
0.10 (O,04P) 
0.15 (0.07P) 
0.06 (Omp) 
0.09 (O,04P) 
0.40 (0.18P) 
0.60 (0.26P) 
0.25 (O.11P) 
0.30 (0.13P) 

Po'asll 
(K,o) 

0.25 (0.21K) 
1.00 (0.82K) 
0.50 (0.42K) 
0.35 (OolOK) 
0.25 (O.UK) 
0.10 (0.08K) 
0.15 (O.13K) 
1.20 (I.ooK) 
0.40 (Ool3K) 
0.50 (0.42K) 
0.12 (0.10K) 
0.65 (0.S4K) 
0.50 (0.42K) 
1.30 (I.o8K) 
0.50 (0.42K) 
0.45 (Ool7K) 
0.65 (0.S4K) 
0.60 (O.SOK) 
0.65 (0.S4K) 
1.25 (1.0SK) 
0.75 (O.63K) 
0.85 (0.70K) 
1.15 (0.9SK) 
1.20 (I.ooK) 
1.10 (O.90K) 
1.50 (I.ZSK) 
0.60 (0.56K) 
0.55 (0.46K) 
1.40 (I.16K) 
0.55 (0.46K) 
1.10 (O.90K) 
0.75 (0.63K) 
0.50 (0.4ZK) 
1.15 (0.9SK) 
0.40 (Ool3K) 
2.00 (I.6SK) 
0.20 (0.17K) 
0.30 (O.2SK) 
0.45 (Ool71C) 
0.60 (O.50K) 
1.10 (O.90K) 
2.00 (I.6SK) 
0.75 (0.62K) 
0.55 (0.46K) 
0.26 (0.22K) 
0.25 (0.21K) 
0.25 (0.21K) 
0.40 (Ool3K) 
0.30 (0.2SK) 
0.25 (0.21K) 
0.60 (O.SOK) 
0.10 (O.osK) 



APPENDIX 

Material Nitrogen 

Sugar beets (see beets). 
Sugar-cane ..........•••........ 0.20 
Sunflower seed .....•.....•..... 2.25 
Sweet clover (see clover). 
Sweet corn (see corn). 
Tall meadow oat grass, hay...... 1.15 
Tansy, garden.................. 0.50 
Tarragon ...................... 0.55 
Teosinte grass .................. 0.35 
Thyme, French ................ 0.40 
Timothy, green ................. 0.50 

.. hay.................. 1.25 
Tobacco, leaves ................ 4.00 

.. stalks.. . . . . . . . . . . . . . . . 3.70 
stems ............•.... 2.50 

Tomatoes, fruit ..•............. 0.20 
" leaves. . . . . . . . . . . . . . . 0.35 
" stalks .•••............ 0.35 

Turnips, root .....•.•••...•..... 0.25 
" top................... 0.40 
" rutabagas. • • . . . • . • . . .. 0.20 

Velvet bean, green .............. 0.55 
Vetch, hairy, green ..••......... 0.50 

" hay..................... 2.80 
" seed.................... 3.70 
.. straw. . . . . . . . . . . • . . . . . . . 1.00 

and oats (see oats). 
kidney, green ....•...•... 0.45 

" sand, green .............. 0.55 
spring, green ...•.•...... 0.35 

Watermelons, fruit .............. 0.17 
" vines and leaves. . .. 0.50 

Wheat, bran ................... 2.65 
.. chaff.. • . . . . . . . . . . . . . . . . 0.75 

feed ........•.......... 2.70 
flour ........•.......... 2.00 
grain ...............•... 2.00 
middlings •....•........ 2.50 
shorts ...•.............• 2.80 
straw •..•..•........... 0.50 

Whey............ ....••....... 0.12 
Winter savory .................. . 0.55 
Wormwood .................... 0.70 
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POUNDS IN 100 
PhosPhoric 
acid (p.o.) 

0.10 (O.04P) 
1.25 (O.SSP) 

0.30 (O.13P) 
0.15 (O.07P) 
0.15 (O.07P) 
0.10 (O.04P) 
0.15 (O.07P) 
0.25 (O.UP) 
0.55 (O.24P) 
0.50 (O.22P) 
0.65 (O.32P) 
0.90 (O.40P) 
0.07 (O.03P) 
0.10 (O.04P) 
0.10 (O.04P) 
0.10 (O.04P) 
0.12 (O.OSP) 
0.12 (O.OSP) 
0.15 (O.07P) 
0.10 (O.04P) 
0.75 (0.33P) 
1.40 (O.60P) 
0.25 (O.UP) 

0.10 (O.04P) 
0.15 (0.07P) 
0.10 (O.04P) 
0.06 (0.03P) 
0.07 (0.03P) 
2.90 (1.28P) 
0.80 (0.3SP) 
2.00 (0.88P) 
0.60 (O.26P) 
0.85 (0.37P) 
1.35 (0.60P) 
1.35 (0.60P) 
0.15 (O.07P) 
0.30 (0.13P) 
0.20 (0.09P) 
0.22 (0.10P) 

PO/.ash 
(K.o) 

0.45 (O.37K) 
0.75 (O.62K) 

1.70 (1.40K) 
0.75 (0.62K) 
0.75 (0.62K) 
0.25 (0.21K) 
0.65 (O.SSK) 
0.75 (0.62K) 
1.00 (0.83K) 
6.00 (S.OOK) 
4.50 (3.70K) 
7.00 (S.80K) 
0.35 (0.30K) 
040 (0.33K) 
0.50 (0.42K) 
0.45 (0.37K) 
0.55 (0.46K) 
0.50 (0.42K) 
0.55 (0.46K) 
0.45 (0.37K) 
2.30 (2.00K) 
0.85 (O.71K) 
0.65 (O.S4K) 

0.30 (0.2SK) 
0.50 (O.42K) 
0.45 (0.37K) 
0.30 (O.2SK) 
0.50 (0.42K) 
1.60 (1.33K) 
0.45 (O.37K) 
0.55 (O.46K) 
0.50 (O.42K) 
0.50 (O.42K) 
0.70 (O.S8K) 
0.65 (0.S4K) 
0.60 (O.SOK) 
0.15 (0.13K) 
0.70 (O.S8K) 
0.85 (0.70K) 



INDEX 

Absorb.nts for manur.. 235 
Absorption of soil solution. 124 
Acid compounds. organic, 94 

reactions, 21 
symbols and names, 24 

Acidity, ammonia test for soil, 214a 
Acids, action of, 20 

and acid salts, 14 
from carbohydrates, fats, etc.. 94 
uie" and "hydro." 24 
in decomposing organic: matter, 94 
in plant juices, 94 
neutralize bases, 23 
neutralized in soil, 9S 

Acidulat.d fish. 170 
Actinomyc.. d.fined. 154 
Adsorption. d.fined. 117 
Aerobic. defined. 136 
Air relation to manure rotting. 233 
Alfalfa. 366 
Alkali reactions, 21 
Alkalis and alkali ba.... 22 
Aluminum compounds in soil, 83 
Amendments, 192 
Ammonia base goods, 170 

fixation. 116 
formation in manure, 230 
nitrogen in, 29 

ammonium sulfate, 284 
process, synthetic. J 63 
term in analysis, 302 
test for soil acidity, 214a 

Ammonification defined. 138 
Ammonium and potassium nitrate, 167 

phosphate, effect on soils, 294 
carbonate. 32 
cblorid •• 26 
effect. on soils. 292 
nitrate, 166, 311 

limestone, 166 
sulfate. 166 
sulfate·nitrate. 166 

Ammoaphos·ka, viii, 180 
Anaerobic decomposition defined, 137 
Analy.is d.finition. 328 

guarantee. 301 
of soil i" re plant food. 275 
standardization of, 350 

Animal nitrogen not readily sol ubI.. 285 
Animals, effect on soil structure, 78 
Apatit •• 175 
Appl.s. 452 
Apricots. 454 
Aromatic substances in plants, 14 
Ash... collon bull. 190 

wood. 189 
Assimilation in denitrification, 145 
Asparagus, 416 
Assimilation, 124 
Association, National Fertilizer" parantee, 302 
Availabl. defined. 6 
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Azobact.r (bacteria). 146 
Azofication, 146 

Bacteria and nodules, 147 
conditions for growth, 132 
changes in soil by, 153 
forms, reproduction, effects, 131 
in nitrogen fixation, 146 
kind. of legum.. 148 
product. of. 134 
soil. 134 

Barl.y. 395 
and p.as. 396 
a. forag.. 396 

nurse crop, 396 
Base goods nitrogen quickly available, 286 
Bases, action of, 20 
Basic slag, 36 

availabili ty, 290 
effects on soils, 295 

Bean, velvet. 370 
Beans. field. 416 

garden. 417 
.oy. 370 

Bedding, effect on manure composition, 224 
Beets, 407 
Blackberries, 457 
Blood. dried. 169. 290 
Bone, available, 290 

black. 185 
precipitated, 184 
meal. effect on soils, 294 
raw and steamed. 183 
tankag •• 184 

Brand names. 307 
Brussels sprouts, 420 
Buckwheat. 396 

as green manure, 398 
Buying unmixed fertilizers, 322 

Calcium action on cell walls, 56 
starch transportation, 56 

amount removed from soils, 80 
biological effects, 202 
carbonate, 195 
ammonia test fOf, 214& 
compounds, 192 

compared, 196 
so) .. bility. 199 

cyanamid, 32. 167 
effects on soils, 294 

distribution in plants, 57 
effect on root hairs. 57 
effects on soils. 1 Q9 
functions of, 40 
hydroxid.. 194 
in relation to plant diseases, 203 

transportation of starch, 56 
nitrate, 31. HiS 
oxide, 193 
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F ertilizer-( C o,,'i"N,d) 
association guarantee, 302 
calculation for an acre, 330 
complete and incomplete, 161 
costs, 268 
defined, 157 
direct and indirect, 159 
distributor, 353 
efficiency facton, 345 
experiments, 279 
in a pound, 334 
indirect, 192 
laws, 313 
materials classified, 157 

that contain nitrogen, 162 
mixtures, 1imitations, 349 
nutritive, 1 S9 
placement, 353 
quality of product, 297 
salts, 189 
stimulation, 159 
time to apply, 355 
utensils for mixing, 318 

Fertilizers, advantages and disadvantages, 314 
applications to fruit trees, 451 
commercial, 160 
concentrated cautions in applying, 354 
farm produced, 160 
for fruit crops, 448 
high and low grade, 316 
home mixed, 318 
mixed, 314 
plant food ratios in, 351 
luggestions on use of. 362 
relation to humus, 100 
that should not be mixed, 323 
times and methods of applying, 352 
to help crops continuously, 347 

start crops, 346 
used in tillage, 107 

Fillers and dryers, 321 
Fire-fanging, 232 
Fish, acidulated, 170 

dried, 170 
Fixation of plant food, chemical, 116 

physical, 117 
Flax, 469 
Floats as absorbent, 235, 237 
Flocculation, 78 
Florida pbosphate beds, 174 
Formula calculation for home mixing fertile 

izers, 328 
definition, 328 

Freezing, effect on soil structure, '17 
Fresh and rotted manure compared 232 
Fruit crops, 444 ' 
Fruit tree fertilizers. 448 
Fungi control by crop rotation 338 

relations to soils, 154 ' 

Garden crop., 413 
Gases formed by decomposition, 138 

losse. of plant food by, 115 
Germany, potash from, 42, 186 
Glauber's salts, 43 
Goosebel"ries, 458 
Grapes, 456 
Grasses for lawns, 382 
Greenhouse c;t"GP., 428 

Green manure crops, 259 
manures, effect on succeeding crops, 265 

how to use, 260 
organic matter, 257 
preparation for, 261 
when to plow, 264 

use, 260 
Growth, water needed for, 102 
Guano phosphates, 176 
Guanos, nitrogenous, 171 
Guarantee analysis, 301 

National Fertilizer Association, 302 
Gums, function in plants, 13 
Gypsum as absorbent, 236 

composition of, 43, 196 

Hair and leatber, 172 
Harrowing, 107 
Home mixing, advantages and disadvantages, 

. 325 
Hoof meal, 171 
Hops, 458 
Horn and hoof meal, 286 
Horn-dust, 171 
Humus, relation to fertilizers, 100 
Hydrogen, action and distribution in plants. 

65 
sources of, 46 

Inoculation by pure cultures, 152 
soil for legumes, 150 

Insect control by crop rotation, 338 
Ions, hydrogen, test, 205 
Iron, action in plants, 60 

compounds of, 44 
in soil, 83 

distribution in plants, 61 
pbosphate, 37 
source of, 44 

Irrigation, 110 

Xainite, 189 
as absorbent, 236 

Kali-ammo-saltpeter, 167 

Land plaster as absorbent, 236 
composition of, 42 

Lawn grasses, 382 
Lawns, 372, 379 
Laws, fertilizer, 313 
Leaching, loss by, 226 

protection from, 239 
remedies for losses by, 11 5 
removes plant food, 113 

Lead-nitro, 166 
Leaf-mold, composition of, 92 
Leatber and hair, 172 

practically valueless, 286 
Legume crop management, 363 

effect on succeeding crop, 150 
Legumes, 359 

bacteria on, 148 
for greeD manure, 259 
r~ation to soil nitrogen, 150 

Lettuce, 423 
under glass, 437 

Leunaphos, 167 
Leunaphoska, 180 
Leunasalpeter, 166 

effect on soils, 294 
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Lime (see al"" Co/ti"",) 
air-slaked, 42 
composition, 41 
compounds, 192 
defined and clas.ified, 19l 
effect on toxins, 201 
how often to appl7, 206 
h7drate, 41 
indirect fertilizer, 192 
slaked, 41, 194 
sulfate, 42 
weight of a bushel, 198 

Limestone, composition of, 40, 195 
Liming, 192 
Limitations of fertilizer mixturel, 349 
Linseed meal, 168 . 
Litmus, indicator of reactioD, 21 
Loam. defined, 76 
Lucerne, 366 

Machinery, fertilizer distributing, 353 
Magnesium, action in plants, 58 

and potassium sulfate, 189 
compounds, 43, 197 

in ""il, 83 
distribution in plants, S9 
phosphate, 36 
poisonous effects, S9 
potassium carbonate, 189 
source of, 42 

Manure aids crop growth, 243 
amounts produced by animals, 219 

to use, 250 
as source of organic matter, 243 
average analysis, 216 
care, value and use, 235 
composting, 240 
conditions affect:ng compo.::.ition, 216 
constituents of, 215 
depth to cover, 254 
disadvantages of fresh, 246 
distribution, 252 
dried, composition, 219 
favors fertility, 244 
fresh, composition, 216 

uses of, 246 
green, effects, 256 
handling, deep stall, 240 
influence of food on, 222 
keep compact, 238 

moist, 238 
long, combined effects, 243 
losses of plant food, 226 
of various animals, 2 t 8 
old, as foundation, 236 
preservatives, 238 
promotes useful organisms, 243 
relation to crops, 249 
rotted, use of, 248 
salts, 189 
""lid and liquid composition, 216 
unbalanced, 245 
unfavorable effect, 247 
using, 245 
values, 242 
varies, 286 
when to appl7, 253 
"ards, covered, 239 

Manures, commercial, dried, 171 
Marble, composition, 195 

INDEX 

Marl, 40 
Meadow., 373 

plantl for, 375 
red dover for, 364 
lOil preparation, 373 

Meat. dried, 169 
M<dicinal lubltancee, 14 
Melilot or melilotul, 365 
Micro-organilm., lJO 

aided b7 drai_, 109 
Millet, 399 

8' eover crop, 399 
M inera! lub.tancel in plantl, IS 
Mixed fertilizero, 314 
Mixture.. limitatiODI of fertiliur 349 
Moisture. effect OD lOiI .tructure,' 77 
M ucll defined, 93 
Mulehing, 107 
Muskmelon, 422 

Name" mis1eadinl'. 301 
Neutralization of acid lOill, 200 
Neutral reactionl, 21 
Niter, 31 

composition of, 40 
Nitrate, ammonium, 31, 166 

calcium, 31, 165 
Ditrogea ai, 30 

formation in manure, 23 I 
i. IOluble, 284 
10", 324 

potassium, 31, 165 
ooda, effect on lOil., 291 
oodium, 31, 165 
oodium-pota .. ium, 165 

Nitrate-Iuperpholphate, 180 
Nitrification defined, 139 
Nitro-chalk, 166 
Nitrogen addition to ,reeD manure, 257 

amount gathered by hacteria, 149 
a. nitrate, 30 
atmospheric, 29 
availability of varioua forma, 2RJ 

tests, 287 
compound. in lOil., 89 

of, 31 
decompositiOD in maDure, 228 
diatribution in plantl, 51 
eJfect on color, growth, quantity of crop, 50 

on foliage, fiowerinc. maturit" .. 9 
plant resistance and composition, 5 I 

excess, effects, 278 
equivalent to ammonia, 303 
ru.ation by bacteria, 146 
free, from manure ammouia, 2JO 
guarantee term., 302 
in ammonia, 29 

organic matter. 29 
Iooa in manure, 228 
nitrate fonnation in maDure, 2Jl 

loso, 324 
aoluble, 284 

relation to carbon, 91 
remoYecI from aoil., 118 
aourcefl of, 29 
..,...thetic compound. of, i 63 

ammonia pr_ 163 
Nitrogen-containinlJ materials, 162 
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Nitrogen·free organic matter, 89 
functions of, 48 

NitrOl'en-gathering cropo, 259 
Nitrophoska. 180 
Nodules and bacteria, 147 
N ursery crops, 438 

Oats. 393 
and peas. 394 
as green forage, 394 

Oils in plants, 14 
Onions, 424 
Orchard. sod culture of. 452 

tillage. 451 
Organic fertilizers, 168 

matter accumulation in soils, 99 
acids in decomposing, 94 
action in soils, 95 
active and inactive, 93 
amount in soils, 96 
carbon dioxide from, 94 
composition of, 88 
decomposition of, 89 

relation to soil, 96 
effect on mineral constituents, 97 

on soil structure, 97 
on warmth, 97 

in green manures, 257 
loss from soils, 98 
organic matter, nitrogeu·free, 89 
relation to micro-organisms, 98 

to soil nitrogen, 97 
supply maintained, 100 
water-holding capacity, 97 

nitrogen not readily soluble, 285 
Ornamental plants, nursery, 441 
Oxidation, process of nitrification, 139 
Oxygen, action in plants, 65 

source of, 46 

Parsnips. 411 
Pastures. 3n. 377 

red clover for. 365 
seed mixtures for, 379 

Peaches. 454 
Peanuts, 471 
Pears. 453 
P.as. field. 367 

garden, 419 
Japan .... 370 

P.at d.fin.d. 73 
moss as b.dding. 225 

Peaty soils, composition, 279 
Pea vine, perennial, 365 
Pectins, function in plants, 13 
Percentage of elements in compounds, 19 
Percolation, lOS 
pH determination, 205 
Phosphate. ammonium, 180 

a~id, as absorbent, 236 
manufacture, 176 

availability, 288 
basic slag, 183 
colloidal. 175 
insoluble, reverted, soluble, 35 
iron, 37 
magnesium, 36 
reversion loss, 324 
use of term, 32 

.~ 

Phosphates. 33 
ammonium, 36 
calcium, 33 
guano, 176 
insoluble, affected by calcium, 200 
listed. 33 
potassium, 37 
rock. 173 

Phosphorie acid compounds, 33 
use of term, 32 

Phosphorus, action in plants, 51 
availability. 280 
compounds, 32 

in drainage water, 116 
soil, 84 

distribution in plants, 53 
effects on crops, 278 

germination, 52 
grain and straw, 53 

materials containing, 173 
rarely, lost in manure, 228 
source of, 32 

Photosynthesis defined, 122 
Physical characteristics of decomposition prod-

ucts, 96 
Pineapples, 428 
Plant cells as manufactories, 121 
Plant-food, available, defined, 6 

availability, 283 
chemical fixat:.on of, 116 
concen tra tion, 258 
conservation of, 257 
constituents in soils, 84 
costs, 298 
defined. 5 
distribution, effect on reot growth, 128 
factors, 9 
from feed stuffs, 120 

subsoil, 120, 258 
gains of, by soils, 119 
held by soils. 116 
in animal foods, 223 
in rain, 119 
in manure, 220 
in re soil character, 277 
leaching, remedies for, 115 
losses, 111 

by gases. 115 
leaching. 113 
mechanical agencies, 115 

Mixture Na. 1. No_ 2. 363 
3. 375 
4. No_ 5. 406 
6. 407 
7. 432 
8. 9. 10. 433 
12A to 12G. 450 

needed. 280 
needs, 275 

crop indicates, 276 
ratios, 351 
relation to fruit quality, 450 
removed by crops, 111 

from soils. 118 
suggested by previous crop, 279 
unavailable, defined. 6 
what kinds needed. 275 

Plaster of Paris. 42 
Plasticity of clay. 74 
Plowing. 106 
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Pomace. castor bean. 168 
Potash defined, 38 

guarantee terms. 305 
manure salts. 189 
muriate. 38. 188 
rarely lost in manure. 228 
vegetable. 191 

Potassium, action in plant., 54 
amount in soils, 82 
and ammonium nitrate, 167 

magnesium sulfate. 189 
availability. 290 
carbonate. 38 
chloride. 188 
compounds. 38 

in soil water. 117 
distribution. 56 
effects on crops. 278 

soils. 295 
turgor. 55 

German and French. 186 

INDEX 

Salaib. 412 
Salt •• soil amendment. 212 

common, COIIlpeJlitioa, 44 
Saito defined. 23 

how named. 26 
liot of. 26 
name. for. 25 
IOluble. effect on soil mllctllr.., 78 

Saltpeter. 31 
com_ition of. 40 

Sand defined. 72 
Sandy lOi\a, compoaition. 279 
Sa .. -duot .. bedding. 225 
Seed, good in crop .rowi .... 270 
Sequence of crop. in rototion. 341 
Sewage .Iud.e. 171 
Shaving. a. beddin.. 225 
Silica defined. 45 
Silicon, action in planto. 63 
Silicates. 45 

influence on carbohydrate.. starch. leave .. 
Silicon compound •• 45. U 

distribution in plant.. 63 
lOurce of. 45 etc •• 54 

insoluble. affected by calcium. 200 
in transportation of starch, 54 
in United States. 187 

Potassium·magnesium carbonate, 189 
Potassium nitrate. 31. 165 

phospbate. 37 
phosphates. 180 
amount in soils, 82 

Potassium-sodium nitrate. 165 
source of, 38 
sulfate. 40 
chloride and sui fate. 188 

Potato scab ·affected by calcium. 204 
Potatoes. 402 

sweet. 406 
Poultry manure, treatment of, 242 • 
Preservatives for manure, 238 
Proteins in plants. 14 
Protoplasm. 122 
Protozoa, relations to soil. 154 
Puddling defined. 74 
Pumpkins. 422 

Quicldime. composition of. 41 
Quinces. 454 

Radishes. 411 
Rain. effect on soil structure. 78 

plant food in. 1111 
Raspberries. 457 
Ratios of plant food in fertilizers. 351 
Reactions, acid, alkaline, neutral, 21 
Rhuharb. 417 
Rolling. 107 
Root crops. 402 

hairs. 123 
Roots, effect on soil structure, 78 

relation to food supply. 123 
Ro .... 434 

in Dursery, 441 
Rotation. effect on crop yield. 340 

of crop .. 336 
pasture, 383 
principles of. 340 

Rye. 3112 
as green forage. 393 

manure, 393 

Silk and wool waite. 172 
Silt defined. 73 
Small fruito. 456 
Soda nitrate. effect. on lOill. 291 
Sod culture of orchard.. 451 
Sodium, action in plant., 61 

compoundl of, 45 
in lOil. 82 

distribution in plant.. 62 
nitrate. 31. 165 

Sodium·pota •• ium nitrate. 165 
Soil amendmento. 192 

analYli. a. to plant food need •• 275 
and aubsoil defined. 69 
character effect on plant food. 279 

influenced by organic: matter decompo.i
tion, 96 

chemical components. 80 
conditionl affect plant food, 272 

essential to root work. 71 
constituent., changel in organic, ~35 
factorl in crop growing. 271 

that influence .tructure. 77 
inoculation for legume.. I SO 
mineral compoundl in. 79 
moisture control. 105 
physical properti.. of. 70 
solution absorption. 124 
structure defined. 76 

improved by drainage, 108 
texture. clasoification. 72 

of. 71 
Soils, action of orsanie matter on, 95 

acid. neutralized, 200 
ammonia teot for. 214a 
affected by ammonium luHate. 292 
amount of organic matter in, 96 
clasoification .. to tellture, 75 
clay. 75 
gain of plant·food by. 119 
hold plant·food. 116 
liming. 1112 
1011 of organic matter in, 98 
oandy. 75 
.. ator-boldin, pow ... of. 105 

Sorghum. 399 
Sonth Carolina rock phosphate, 174 



Soy beans, 370 
Spinach, 424 
Squash, 422 
Straw, absorbing power, 224 
Strawberries, 458 
Subsoil plant-food, 120 
Sugar cane, 467 

factory waste, 191 
Sulfofication defined, 153 
Sulfur added to soils, 119 

compounds, 43 
in soil, 84 

distribution in plants, 60 
relation to proteins, 60 
source of, 43 

Sulfuric acid added to soils, 119 
Sulfurous acid as absorbent, 237 
Superphosphate, ammoniated, 197 

as absorbent, 236 
concentrated, 178 
effects on soils, 294 
manufacture, 34 
manufactured, 176 

Superphosphate-nitrate, 180 
Symbols and names of acids, 24 

chemical, defined, 16 
listed, 18 

Synthetic nitrogen compounds, 163 

Tankage, 169 
bon .. , 184 
procelsed, 170 
varies in· availability, 286 

Tare or vetch, 370 
Terms, guarantee, 303 

potash, guarantee, 305 
Testing soil for calcium needs, 205 
Tetra-calcium phosphate, 36 
Texture, soil, 71 
Tillage of orchards, 451 

practices, 106 
Tobacco, 465 

waste, 190 
Tomatoes, 425 

under glass, 437 
Toxins affected by lime, 201 

antidote for soil, 338 
from organic matter. 9S 

INDEX 

Trade values of fertilizers, 309 
Transportation, IDS 
Trona potash, 188 
Tuber crops, 402 
Turgor of plant ceUs, 125 
Turnips, 410 

as cover crop, 411 

Unit valuation of fertilizers, 310 
Urea, 167 

effects on soils, 294 
readily soluble, 285 

Urine decomposition, 228 
lo.s of, 226 

Utensils for mixing fertilizer, 318 

Valuation of fertilizers, 308 

493 

Values, fertilizer, commercial, 311 
Vegetable nitrogen not readily soluble, 285 

potash, 191 
Vetch, 370 
Violets, 435 
Vitriol, green, defined. 43 

Water, action on plant cells, 102 
amount needed for plant growth. 102 
as carrier of plant-food, 101 

source of plant-food, 102 
capillary, 104 
distribution in soils, 103 
free in soils. 103 
function in plant growth, 101 
gravitational, hydrostatic, ground or bot

tom, 103 
hygroscopic:, 104 
loss from soil, 104 

Watermelons, 423 
Water, percentage in plants, 13 

percolation, transpiration, evaporation, 105 
solvent action in soil, 101 
supply increased by drainage, 109 

Water-table, 103 
Weed control by crop rotation, 338 
Wheat, 389 
Wood-ashes, 189 
Wool and silk wastes, 172 
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ARTIFICIAL MANURES 
B, ARTHUR B. BEAUMONT 

The importance of animal manures for crop-production has long been 
recognized by practical farmers and gardeners. The rapid decline in the 
horse papulation in recent years, due to the increase in the number of 
motorized vehicles and form tractors, has created a problem of obtaining 
substitutes for natural manures. Commercial fertilizers alone are not 
satisfactory. Soil scientists have discovered that the benefits from animal 
manures are not limited to the plant nutrients in them, but are due in a 
large measure to the organic matter they contain. 

This book treats the problem of soil organic matter broadly and prac
tically, with porticular attention to the preparation and use of artificial 
manures, including cover crops and green manures. Introductory chap
ters on soils and conservation supplement and balance those on organic 
matter, which comprise most of the book. The subject matter will be 
found helpful in practical ways to the home gardener, market gardener, 
truck former, general farmer, orchardist, and greenhouse operator, por
ticularly in times like these when all are asked to produce more crops 
with less fertilizer. 

Illustrated. 160 Pages. 5Vz x 8. Cloth. 

HOW TO RAISE RABBITS 
FOR FOOD AND FUR 

This Helpful Book Will Tell You in Plain Language All About Raising 
Rabbits Prafitably far Meat and Fur of High Qualit, 

By FRANK G. ASHBROOK 

This book is written for the man or woman in the city, in the suburbs, 
on the farm or in the classroom who is primarily interested in raising rab
bits for meat and fur. The Author mokes a special appeal to raise rabbits 
to replace rationed meats because of its quick and easy production. 

Rabbit meat for the family, its importance in the Food for Freedom 
campaign, bock yard rabbitry for home consumption, how to make a 
start, location of the rabbitry, and choosing a breed are all discussed in 
this book. The core and feeding of the doe and her litter, and the fat
tening of the young for market including the self-feeding system are all 
given in detail. The killing, dressing and marketing of rabbits, advising 
how to dispose of the meat and fur to best advantage and the greatest 
profits are discussed. Domestic rabbit meat provides a most attractive 
and tasty variation to a meal that otherwise might be meatless. 

Full, Illustrated. 256 Pages. 5Vz x8. Cloth. 



Farm and Garden Library 

A Complete Library of Books for the 

FARM. GARDEN AND ORCHARD 

This library will consist of books that are thoroughly Up-to-Oate, 
Practical and Comprehensive. Written by authors of national 
reputation--outstanding men who figure prominently in the vari
ous phases of garden and farm work. These books will show you 
how to raise bigger and better crops--better your candition--in
crease your efficiency-add to your income. Read and make your 
reading count. The following tities are now ready: 

AGRICULTURE 
ARTIFICIAL MANURES 
HANDBOOK OF FERTILIZERS 
BALANCING THE FARM OUTPUT 
THE VETERINARY ADVISER 
HOW TO SELECT THE LAYING HEN 

FRUITS AND FLOWERS 
PLANTS AND FLOWERS IN THE HOME 
DAHLIAS: WHAT I KNOW ABOUT 

THEM 
LILACS AND THEIR CULTURE 
AMERICAN ROCK GARDENS 
SPRING FLOWERING BULBS 
CHERRY AND ITS CULTURE 
THE PEAR AND ITS CULTURE 
BUSH FRUIT PRODUCTION 

VEGETABLE GARDEN SERIES 
ONION GROWING 
VEGETABLE GROWING BUSINESS 

ASPARAGUS PRODUCTION 
THE TOMATO 
SWEET POTATO PRODUCTION AND 

HANDLING 
THE GARDEN BOOK 
MUSKMELON PRI)DUCTION 

Edited II, R. L Watt. 
A. B. Beaumont 
A. F. Gustafson 
W. J. Spillman 
A. S. Alexander 
Laman ... Kingharne 

Edited II, F. A. Waugh 
Kenneth pw. 

Margan T. Riley 
J. C. Wister 
S. F. Hamblin 
C. L Thayer 
V. R. Gardner 
H. B. Tukey 
R. H. Van Meter 

Edited II, R. L WaHl 
Donald Comin 
R. L Wattl and 

G. S. Watts 
H. C. Thompson 
Paul Work 

H. C. Thompson 
V. H. Davis 
J. W. Lloyd 

Many additional titles, each written by a specialist on the subjec;f 
treated, will be included in this Library. Announcement of these 
books will be made as issued. 
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