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PREFACE

This book presents some of the facts and fundamental principles
esscntial to .n understanding of field crop production in the Tnited
States. It is designed as a colicge text for a general conrse in field
crops, especially for agricultural students who take onlv one course
in crop production. It also should serve as a reference to those con-
cerned with crop production. The subject matter probably is more
advanced than that in other general crops books. but if so it should
help raise the level of field crop instruction. The book is longer than
can usnally be covered in a one-semester course, but it offers a choice
of subject matter to meet different institutional and local require-
ments. Some knowledge of botany and chemistry is desirable but not
essential to an understanding of the material presented. Since the
subject matter is of national scope it shonld be supplemented with
lectures or assigncd r(‘adings on local varieties and cropping prac-
tices. Crop varieties, and insect, discase, and weed control recom-
mendations are changing so rapidlv that the authors find it im-
possible to prepare and publish a completely up-to-date test,

This book was planned and started several vears agon. The junior
author assembled and amplificd bis lecture and reference material
in mimeograph form and used it for class justroction. The subject
matter was then revised. and expanded with the addition of several
chapters by the senior author.

The references chosen are among those that seem to be pertinent
to the subjects discussed, but many other references would be as
applicable, It is impossible to cite all the worthwhile published
articles. Foreign references are omitted for the most part because
they are not accessible to, or usable by, large undergraduate classes.

The major crops are grouped into chapters i accordance with
their botanical relationships. This should help avoid confusion con-
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vi PREFACE
cerning crop plant structure and hehavior. It is realized fully that
the arrangement, selection and presentation of topics and references
niight be better. Suggestions for improvement and reorganization of
the subject matter will be very welcome.,

' — The Authors
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]. THE ART AND SCIENCE
OF CROP PRODUCTION

Crop Production as an Art

Primitive man lived on wild game, leaves, roots, seeds, berries, and
fruits. As the population increased, the food supply was not always
sufficiently stable or plentiful to supply his needs.* Crop production
began when domestication of plants became cssential to supple-
ment natural supplies. The art of crop production is older than
civilization, and its essential features have remained almost un-
changed since the dawn of history. These features include: {1} gath-
ering and preserving the seed of the desired crop plants, (2} de-
stroying other kinds of vegetation growing on the land, (3) stir-
ring the soil to form a seedbed, (4) planting the seed when the
season and weather is right as shown by past experience, (5) de-
stroying weeds, (6) protecting the crop from natural enemies, and
(7) gathering, processing, and storing the products.

Farm machines merely speed the hand of man in doing these
things, or enable him to do the work better.

According to the story of the Creation, man originally was ex-
pected to subsist solely upon horticultural and animal foods. Only
after he had tasted the fruit of the “Tree of Knowledge” did he
consume field crop products. Adam was banished from the Garden
of Eden with the following warning: “Thorns also and thistles shall
it bring forth to thee; and thou shalt eat the herb of the field. In
the sweat of thy face shalt thou eat bread.” It seems that the next
grower of field crops clashed with a sheepherder and was driven

Note. Small superior numbers indicate numbered references at end of
chapters,
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4 GENERAL PRINCIPLES OF CROP PRODUCTION

to still poorer lands with these words: “When thou tillest the
ground, it shall not henceforth yield unto thee her strength.” With
this burden the problems of the crop grower have continued through
the ages. Today in the United States 97 per cent of the cropped land
is devoted to field crops.

The early husbandman cuitivated a limited number of crops, the
cereals being among the first to be grown in most parts of the world,
The same crop often was produced continuously on a feld unti
low vields necessitated a shift to new land. This temporary aban-
donment of seemingly partly worn-out Jand has been almost uni-
versal in the history of agriculture, This is still a common and
highly eflective practice in growing tobacco and rice in parts of
eastern and southern United States. A modification of this practice
was the introduction of bare fallow every two or three years. The
primitive hushandman hand picked destructive insects, and ap-
peased the gods or practiced mystic rites to drive away the evil
spirits whaom he believed to be the cause of plant diseases. With
advancing civilization materials such as sulfur, brine, ashes, white-
wash. soap. and vinegar were applied to plants to suppress dis-
eases or insects.

Romans of the first century A, intertilled many crops with iron
hand knives. Intertillage was practiced on almost all crops grown
by American Indians® Intertillage with animal power was advo-
cated in England in the seventeenth century.

The valie of lime, marl, mapures, and green manures for the
maintenance of soil productivity was realized 2,000 years ago.
Books on agriculture written by the Romans (Pliny, Varro, and
Columella) of abount the first century Ap. describe the growing
of common crops including wheat, barley, clover, and alfalfa by
procedures very similar to those in use today except that more of
the work was done by hand, and the farm implements then used
were crude.? However, in the experimental nursery plots of present-
dav agronomists. as well as in thousands of home gardens and on
the small farms of many lands, we see crops being grown and
harvested by hand methods almost identical with those followed
by the slaves of the Nile Valley in the time of the Pharachs 6.000
years ago.
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The old art of crop production still predominates in farm prac-
tice throughout the world. Plant pathologists and entomologists have
found ways to control plant diseases and insect pests more effec-
tively. Chemists and agronomists have found supplements for the
manure and ashes formerly used for fertilizers. Rotations perhaps
are slightly improved, Many new crop varieties have been intro-
duced.

Improved cultural methods doubtless followed observations made
by primitive farmers. They found better crops in spots where ma-
nure, ashes, or broken limestone had been dropped, or where weeds
were not allowed to grow, or where the soil was dark, and decp, or
well watered, or where a crop followed certain other crops. Obser-
vations or empirical trials quickly revealed roughly the most favor-
able time, place, and manner of planting and cultivating various
crops. These ideas were handed down through the generations,
Observation, the only means of acquiring new knowledge until a
century ago, continued to enrich the fund of crop lore. In recent
centuries, the exchange of ideas, observations, and experiences,
chiefly through agricultural societies and rural papers and maga-
zines, spread the knowledge of crops.

Crop Production as a Science

Agronomy is the branch of agriculture that treats of the prin-
ciples and practice of crop production and field management. The
term was derived from two Greck words agros (field}, and nomos
(to manage). Scientific research in agronomy may be said to have
begun with the establishment of the first experiment station by
J. B. Boussingault in Alsace in 1834, although many empirical
tests long before that time had established numerous facts regard-
ing crops and soils. Agronomy has been a distinct and recognized
branch of agricultural science only since about 1900. The Ameri-
can Society of Agronomy was organized in 1908. Agronomy had
its origin largely in the sciences of botany, chemistry, and phys-
ics. Botanical writings describing crop plants began with the
Greek, Theophrastus,” about 300 s.c., and were continued through
the Dark Ages by herbalists in the monasteries and by medical
practitioners. This was followed by modern systematic botany, and
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later by other plant sciences. Chemistry had its origin in ancient
mystic alchemy and in the work of men who compounded medi-
cines. Lavoisier, often called the father of chemistry, lived about
1770. The application of chemistry to agriculture dates from the
publication of Sir Humphry Davy's book, Essentials of Agricul-
tural Chemistry, in 1813. Physics arose from ancient philosophies.
Agricultural cugineering is largelv applied physics.

Prior to the eurly years of the present century, crop experimenters
usually were trained as botanists, chemists, or general agriculturists,
or were interested farmers, gardeners, or naturalists who became
agronomists by adoption. Thus a ncw science of agronomy was
built up by coordination of knowledge derived from the natural
and biological sciences with the written records of observations
and empirical trials, and later of controlled experiments dealing
with crop production.

Better crop production follows application of new discoveries,
adoption of improved machines, and breeding of new crop varie-
ties. New developments must be publicized to inform a few enter-
prising farmers in each community in which such developments
might apply. Thereafter, in a free country, sound, demonstrated
improvements spread with extreme rapidity. This is evident from
the almost universal adoption in a few vears of hybrid corn, disease-
resistant grains, and combine-tvpe grain sorghums in the sections
of the middle west in which these crops are well adapted. On the
ather hand, abundant experience over a half century has shown
the futility of attempting a drastic revolution in crop production
merely by urging farmers to change their methods. In the main,
farmers are eager to adopt any improvements that fit their condi-
tl:(llls. and most of them are following approximately correct prac-
tices in so far as their immediate circumstances permit. Improve-

ments in crop production from research and invention often arrive
only after long and painstaking effort.

Populatior and Food Supply

Crop growing will always be an important industry because crop
products are essential to man’s eistence. It has been stated that
a man who zoes without food for 24 hours will quarrel; one who
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is denied food for 48 hours will steal; and one who is without food
for 72 hours will fight. Thus, the difference between peace and
anarchy in most countries is a matter of only a few days without
food.

The problem of sufficient food for a population that continues
to increase in a world of limited land area was raised many years
ago (1798) by Malthus.® He believed that the population could
increase in a geometric ratio, while the food supply could increase
only in an arithmetic ratio. Acre yields might be doubled once or
even twice, but there is a limit beyond which increases are im-
possible. The basic check on population increase is the maximum
limit of the food supply. This doctrine, that population tends in-
evitably to outgrow the food supply, has suffered many setbacks
since the time of Malthus.* Doubtless Malthus nnderestimated the
capabilities of future agronomists. Sometimes food production has
outrun population as is indicated by political adventures in curtail-
ing crop surpluses. This trend is due both to more efficient crop
culture, and to a decline in birth rate in some countries. Despite
surpluses in certain countries, there have always been large under-
fed populations who could have used these supplies were they
financially able to obtain them. A world food shortage followed
World War ILI. The additional food that will be required in the
future for an ever growing world population is a challenge to the
agronomist.

Origin of Cultivated Plants

All basic cultivated food plants are believed to have been de-
rived from wild species, and they unquestionably were adapted to
the needs of man long before the dawn of recorded history. Evi-
dence from archeology and from literature of the ancients bears out
their ancient origin.

The centers of origin of both agriculture and culture were pecu-
liarly restricted to rather limited areas favored by a more or less
equable climate.”® Vavilov* determined the center of origin of a
crop by finding the region where the greatest diversity of type
occurred in that crop. DeCandolle * concluded that 199 cultivated
plants originated in the old world, and 45 in America. The crop
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plants peculiar to America include the potato, sweetpotato, field
bean, sunflower, Jerusalem artichake, maize, and tobacco.” Eurasia
yielded wheat, barley, rye, oats, millet, rice, peas, soybeans, sugar
beets, sugarcane, and most of the cultivated forage crops. Sorghum
and cowpeas seem to be indigenous to Africa.

Variatior. in Cultivated Plants

Cultivated plants have undergoue extensive modifications from
their wild prototypes as a result of the continuous efforts of man
to improve them. The differences between cultivated and wild
forms are largely in their increased usefulness to man, due to such
factors as yield, quality, and reduced shattering of seed. Through
the centuries man selected from among many thousands of plant
specics the few that were most satisfactory to his needs and which,
at the same time, were amenable to culture. Primitive man was a
past master in making these selections, for modern man has added
little of basic importance.

All cultivated plants were divided by Vavilov * into two groups:
(1) those, such as rve, oats, and vetch, that originated from weeds,
and (2) fundamental crops known only in cultivation. Cultivated
rye is believed to have originated from wild rye which even today
is a troublesome weed in wheat and winter barley felds in certain
parts of Asia. Oats are said to have come into culture as a weed
found among ancient crops such as emmer and barley. Maize is
known only in cultivation,

Spread of Cultivated Plants

In their migrations, people invariably have taken their basic
cultivated plants with them to insure a permanent food supply and
support their culture. This happened in prehistoric as well as in
historic times. Man also transported weeds and disease and insect
pests along with the crops. Pre-Columbian American agriculture
was basc 1 on strictly native American plants and animals. None
of the many plants involved were known in Europe or Asia prior

to 1492, nar were cultivated plants native to Eurasia known in
America before that time.®
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Classification of Crop Plants

Crop plants may be classified on the basis of a morphological
similarity of plant parts.* ™' (See Chapter 3.) From the agro-
nomic standpoint they may be classified on the basis of use, but
some crops have several different uses.

AGRONOMIC CILASSIFICATION

(1) Cereal or grain crops. Cereals are grasses grown for their
edible seeds, the term cereal being applied either to the grain or
to the plant itself. They include wheat, oats, barley, rye, rice, maize,
grain sorghum, and proso, and in other countries pearl millet, teff,
and Job’s tears. Grain is a collective term applied to cereals. Buck-
wheat is used like a grain but it is not a cereal. Quinoa {Cheno-
podium quinoa) is grown in South America for its edible seed used
as grain.

(2) Legumes for seed. The chief legnmes grown for their seeds
are peanuts, field beans, field peas, cowpeas, soybeans, lima beans,
mung beans, chickpeas, and lentils.

(3) Torage crops. Forage refers to vegetable matter, fresh or
preserved, utilized as fced for animnals. Forage crops include grasses,
legumes, crucifers, and other crops cultivated and used for hay,
pasture, fodder, silage, or soilage.

(4) Root crops. Crops designated in this manner are grown for
their enlarged roots. The root crops include sugar beets, mangels,
carrots, turnips, rutabagas, sweetpotatoes, and cassava.

(5) Fiber crops. These include cotton, flax, ramie, and hemp.
Broomcorn is grown for its brush fiber.”

(6) Tuber crops. Tuber crops include the potato and the Jerusa-
lem artichoke. A tuber is not a root; it is a short, thickened, under-
ground stem.

(7} Sugar crops. The sugar beet and sugarcane are grown for
their sweet juice from which sucrose is extracted and crystallized.
Sorghum as well as sugarcane is grown for sirup production. Dex-
trose {corn sugar) is made from corn and sorghum grain,

* For descriptions of additional fiber crops see Mathew's Textile Fibers, edited
by H. R. Mauersberger, John Wiley and Sons, Inc., New York, 1947, pp. 1-1133,
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(8) Drug crops. These include tobacco, mint, wormseed, and
pyrethrum.

(9) Oil crops. These include flax, soybeans, peanuts, sunflower,
saffflower, sesmine, castorbean, and perilla, the seeds of which con-
tain usetul oils. Cotton seed is an important source of oil, and corn
also furnishes an edible oil.

{10) Rubber crops. The ouly field crap grown for rubber in the
United Stales is guavule, but other plants such as kok-sagyz (Rus-
sian dandelion) are under investigation.

SPECIAL PURPOSE CLASSIFICATION

Cover crops are those seeded to provide a cover for the soil.
Such a crop turned under while still green would be a green manure
crop. Important green manure crops are the clovers, alfalfa, the
vetehes, sovbeans, cowpeas, rye, and buckwheat.

Catch crops are substitute crops planted too late for regular
crops or after the regular crop has failed. Short-season ¢rops such
as millet and buckwheat are often used for this purpose.

Sodling crops ave craps cut and fed green, such as vetch, field peas,
kale, and maize.

Sitage erops are those preserved in a succulent condition by par-
tial fermentation in a tight receptacle. Corn and sorghum are the
crops most widely used for silage.

Companion erops, sometimes called nurse crops, are grown with
a crop such as alfulfa or red clover in order to sccure a return [rom

the Lud the first vear of a new seeding. Grain crops and flax are
otten used for this purpose.

The Leading Field Crops

The world production of the leading feld crops (excluding forage
crops aund erain sorghum) is shown in Table 1. Wheat, corn, rice,
oats. barley, rve, cotton, and potatoes are the most important. The
acreage. veld. production. and value of the different field crops in
the United States are shown in Table 2. Corn, hay, wheat, oats, and

cotton occupy the largest acreage. The trend in acreage of these five
crops in the United States is shown in Figure 1.
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TABLE 1. WORLD PRODUCTION OF THE LEADING FIELD CROPS (EXCEPY
GRAIN SORGHUM AND FORAGE CROPS). AVERAGE FOR THE FIVE YEARS,
1935 1o 1939

ACRE PRODUCTION
CROP ACREAGE YIELD { QUANTITY) UNIT

Wheat 415,000,000 14 5,940,000,000  bushels
Com 217,000,00¢ 232 4,759,000,000 “
Rice 203,900.000 348 7.432,000,000 “
Oats 138,500,000 32 4,360,000,000 “
Barley 114,200,000 20 2,335,000,000 “
Rve 100,900,000 17 1,728,000,000 “
Cotton 81,515.000 0.38 30,895,000  500-pound bales of lint
Patatues 52,280,000 135 8,124,640,000  bushels
Soybeans 28,300,000 16 458,300,000 “
Peanuts 18,573,200,000  pounds
Flaxseed 19,500,000 7 136,000,000  bushels
Sugarcane 22,511,000  short tons of sugar
Sugar heets 8,060,000 9.8 77.507.,000  shart tons of beets
Tobacen 7,477,000 740 6,001,658,000  pounds
Field beans 7,340,700,000  pounds
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TABLE 2. ACREAGE, YIELD, PRODUCTION AND FARM VALUE OF THE LEADING FIELD CROPS IN UNITED 5TATES. TEN-
YEAR AVERACE [938-1947 (PRELIMINARY FIGURES)

ACREAGE FARM VALUES

HARVESTED ACHE PUHODUCTION IN DOLLARS

<noP { THOUSANDS) YIELD uNIT { THOUSANDS ) (THOUSANDS )
Corn (all) 85,622 31.5 bushels 2,789,335 3.018,835
Wheat {all) 59 K33 18.5 “ 991,723 1,337,246
Quats 48,367 33.1 “ 1,225.737 720,450
Barley 12,713 24.0 “* 304,541 249 685
Rye 2,875 12.2 - 7,110 30,432
Buckwheat 419 16.9 - 7.043 7,369
Fluxsecd 3,270 8.8 " 29,755 89,884
Rice 1,356 48.8 “ 63,052 103,267
Popcoen 119 1380 pounds 163,685 4,474
Sorghums for grain 6,290 164.2 busheis 102 357 95,705
Sorghums for forage 8,313 142 tons 1,773 99,841

Sorghum for silage 867 58 N 5,015 —

Sorgo sirup 186 60.1 gallons 11,477 12,558
Broomcom 271 07 pounds 83,800 7,458

Cottan, lint 21.934 254 hales 11,289 1,259,031 =
Hay 73,944 1.34 tons 99,506 1,218,687
Beans, dry edible 1,834 9.19 bags 18,384 93,958
Peas, dry ficld 442 12.31 “ 5,819 22519
Soyheany for heans 8,017 187 bushels 148,161 290,285
Cowpeas for peas 1,028 53 “ 8,239 14,387
Peanuts ({ picked and threshed) 2,715 895 pounds 1,852,607 125 424
Velvetheans {all) 1,787 803 “ 1,426 800 14,287
Patatones 2732 145 bushels 392,940 435,288
Sweetpotatoes 713 89.7 “ 63,769 96,866
Tobacco 1,656 1035 pounds 1,723,914 583,543

Sugarcane 299 19.9 tous §.958 27,385



Sagarcine .\iﬂlp 121 171 ga"ons 20,756 17,886
Sugur beets 797 127 tons 10,117 79,897
Hops 36 1238 pounds 44,000 21,747
Mint, oil 47 30 “ 1,400 8,400
Hemp fber 24 938 " 23,374 -—_
Total 341,687 b

2 Figure inchides value of $212,684,000 for 4,637,000 wons of cottonseed.

b Not including about 1,230,000 acres of peanuts harvested by livestock, 30,000 acres of mung beans, about 8000 acres
each of fiber flax, sugar heet sced, and hemp seed. Also excluded are fully 5 million acres of legumes and 1 million acres of
grasses harvested for seed, much of which were gathered from land also utilized for hay or pasture,

ACREAGE OF PRINCIPAL CROPS, UNITED STATES, 1879-1947
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2 CROP PLANTS IN RELATION
TO ENVIRONMENT *

Factors in Crop Distribution

Staple agricultural crops show a marked tendency to geographic
segregation despite the fact that they may grow well over wide
areas. Thus corn and oats, although concentrated in the corn belt,
are grown successfully in every state in the Union. The principal
factors that influence localization are climate, topography, character
of the soil, insect pests, plant diseases, and economic conditions.”

Crops are generally profitable only when grown in regions where
they are well adapted. The best evidence of adaptation of a crop
is a normal growth and uniformly high yields'* " Adapted crops
usually produce satisfactory yields even on the poorer soils in a
region.” The farther a crop is removed from its area of good adapta-
tion, the more care is necessary for satisfactory production.

Climate

Climate is the dominant factor determining the suitability of a
crop far a given area. Knowledge of the crops and crop varieties
grown in a given region is a better measure of climate, as applied
to crop production in that region, than are complete climatic records.
Thus we know chat the climate in the Puget Sound region of Wash-
ington is more mild than that of eastern Maryland, and that the
latter region is more mild than northern Texas, because winter oats
survive the winter more regularly. We know, also, that conditions

* For a complete discussion of this subject, the reader is referred to K. H.
Nages, Ecological Crop Geography, The Macmillan Company, New York, 1942;

and R. O. Whyte, Crop Production and Environment, Faber and Faber, Lon-
don, 1946.
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16 GENEBRAL PRINCIFLES OF CROP PRODUCTION

in the winter wheat region of Sweden are not so severe as in many
winter wheat regions in the United States, because the Swedish
varieties are less cold resistant. We find climatic counterparts of
American agricultural regions in various parts of the world. The
Great Plains region is similar to the Ukraine because the same crop
varieties thrive in both places. Many crop varieties are equally
adapted to Australia and California. The irrigated regions of south-
ern California and Arizona and south Texas are comparable to irri-
gated sections of the Mediterranean region. The wheats of Great
Britain and Holland fail miserably in the United States except in
the mild cool humid Pacific northwest where they thrive. The corn
belt of the United States has a counterpart in the Danube Valley
of Europe. Iowa grows a type of winter wheat similar to that grown
iu eastern Czechoslovakia.

GENERAL TYPES OF CLIMATE

Climatic diflerences are due chiefly to differences in latitude,
altitude, distances from Jarge bodies of water, ocean currents, and
the direction and inteusity of winds.

Continental climates, which occur in interior regions, are charac-
terized by great extremes of temperature between day and night
and between winter and summer. The ranges increase in general
with the distance from the ocean. Some of these regions, such as
the Steppes of Russia and the Great Plains of North America, are
further characterized by an irregular approach of seasons, deficient
rainfall, low humidity, and generally unobstructed winds.”* The
limited rainfall that occurs is usually sporadic and often torrential.
The great wheat areas of the world are found in such climates.
©Other hardy crops also are grown there.

Oceanic or marine climates are more equable. Moderate tem-
perature changes accur between day and night, and between winter
and summer. They are influenced dominantly by the sea or other
large bndies of water. This influence results from differences in the
specific qeat of water and land. Water takes up and gives off heat
only one-fourth as rapidly as does land.

Three distinet climatic regions are recognized in the United
States.™ The first is a narrow strip of territory from the Pacific coast



CROP PLANTS IN RELATION TO ENVIRONMENT 17

to the Cascade and Sierra Nevada mountzins, a purely oceanic
climate in which the rainfall ranges from less than 10 inches in
southern California to over 100 inches per year in the northwest.
In this region, the winters are mild, and the summers in the north
part and along the southern coastline are cool. The second region
is the upland plateau from these mountains eastward to the 100th
meridian. The climate is continental over most of this area, The
third region is from the 100th meridian, where a continental climate
prevails, to the Atlantic, where conditions again are modified by
the ocean. The change from one type to the other is gradual in
this area.

PRECIPITATION

Rainfall has a dominant influence in crop production. In semiarid
regions, such as the Great Plains and Great Basin, the conservation
and utilization of the scanty rainfall is so important that it relegates
all other factors, including soil fertility, to minor positions.

In regions of low rainfall, the deficiency may be partly overcome
by moisture-conserving tillage and rotation practices, or by irriga-
tion. Under dry farming conditions, red clover and sugar beets are
failures, and alfalfa is unprofitable except on bottom lands. When
such lands are irrigated, these crops may be highly successful in
the same region,

Crop Aress Based upon Rainfall. Crop regions are frequently
classified on the basis of average annual rainfall. Tt is obvious that
these regions are arbitrary and that the actual boundaries may
fluctuate from year to year. (1) The arid region is that in which
the average annnal rainfall is 10 inches or less. Irrigation is neces-
sary for successful crop production in most of such arcas. {2) The
semiarid region is arbitrarily considered to be that in which the
rainfall varies from 10 to 20 inches. Tillage methods that conserve
moisture, and crop varieties adapted to dry farming regions, or
irrigation, are necessary for successful crop production. (3) Annual
rainfall in most subhumid areas varies from 20 to 30 inches {Fig-
ure 2). This amount of rainfall often is inadequate for satisfactory
crop yields unless methods which utilize the rainfall to best advan-
tage are followed in regions such as the southern Great Plaing
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where seasonal evaporation is high. (4) The humid region is re-
garded as that in which the annual precipitation is more than 30
inches. There conservation of moisture is not the dominant factor
in crop production.

Effectiveness of Rainfall. The effectiveness in crop production of
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a given quantity of rainfall depends upon the time of year that it
falls, and the rapidity and intensity of individual rains. Of still more
importance is the seasonal evaporation.

The total rainfall fluctuates widely from year to year. Over a
10-vear period, the annual precipitation at North Platte, Nebraska,
in the Great Plains area, varied from 10 to more than 40 inches.*
In general, the lines of cqual rainfall from the Rocky Mountains
eastward lie north and south, but shift eastward as they extend to
the north. In the southern states east of Texas, equal rainfall lines
follow the general outline of the Gulf coast.

Rainfall has its greatest value when it falls during the growing
season, ordinarily between April 1 and September 30 for summer
craps. The critical period for moisture for most crops occurs just
before or after flowering.”* In corn, the 10 days after tasseling and
silking have an almost dominant effect on yield. Iu regions of winter
rainfall, a greater portion of the water can be conserved by fallow-
ing than in regions of summer rain because it falls during a period
of low evaporation, Winter rainfall regions are especially suited to
the growing of winter grains, although these crops thrive in summer
rainfall regions also. Corn and sorghum are poorly adapted to
winter rainfzall regions becanse their greatest demands for moisture
occur during the dry hot season,

East of the Mississippi River, the monthly precipitation distribu-
tion is rather uniform throughout the year, especially north of the
cotton belt.® In Florida, however, the 7 months from November to
May are comparatively dry, the rainfall being heavy in the summer
months. On the Great Plains, approximately 70 to 80 per cent of
the annual precipitation falls from April to September, inclusive.
Most of the precipitation in the Pacific coast and intermountain
regions comes in the winter months, In Arizona and adjacent sec-
tions, rainy periods frequently occur in both summer and winter.

Ordinarily, summer showers of less than one-half inch are of very
little value in storing soil moisture for the use of crops unless they
precede or follow other rains shortly. Light showers are largely Jost
by evaporation from plant foliage and the soil surface. Such showers,
however, may benefit crops by reducing evaporation and cooling
the atmosphere. F requently, rain comes in torrential showers in the
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Great Plains and states to the east, with the result that much of it
is lost through runoff, especially on steep lands with heavy soils,

TEMPERATURE
Temperature also is an important factor in limiting the growing
of certain crops (Figure 3). The 50° F. isotherm of monthly mean
temperature during each summer month marks the growth limits
for most plants. The great crop areas have 4 to 12 months in which
the mean monthly temperature is between 50° and 68° F. This is
in the temperate belt. Temperature is influenced by latitude and
altitude as well as by exposure. A difference of 400 feet in altitude
or 1 degree in latitude causes a difference of approximately 1 de-
gree F. in mean anunual and mean July temperatures and 1.5 de-
gree F. in mean January temperatures in the United States.® Slopes
that face south and west receive the most sunshine, and are regu-
larly warmer than north and east slopes. Crops can be grown at
much higher mountain elevations on the warm slopes.™
Effect of Temperature on Plants. Each crop plant has its own
approximate temperature range, ie., its minimum, optimum, and
maximum for growth. Although they are subjected to a rather wide
range of temperature, most crop plants make their best develop-
ment between 60° and 90° F. They either cease growth or die when
the temperature becomes either too low or too high. Temperatures
of 110° to 130° F. will kill many plants. Most cool-weather crop
plants cease growth at temperatures of 90° to 110° F., and annual
cops are killed by low temperatures ranging from about 32° F.
down to —40° F. The minimum temperature at which any plant
can maintain life during the growing season is about the freezing
soint of water. The threshold value, or point at which appreciable
growth can be detected, is usnally taken at 40° or 43° F. This value
varies for different crops. Winter rye in the sun may show signs
of growth even when the temperature recorded in a shaded shelter
s below freezing. Serghum practically ceases growth at a tempera-
‘wre of 60° F.*®
Crop areas have more or less definite boundaries that extend in
i east-west direction in conformity with the isothermal trend.*
{he time to plant crops is defined by the temperature conditions of
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the locality, but it is generally later as one proceeds northwan
According to Hopkin's bioclimatic law,® such events as seeding tiv’
vary 4 davs for cach 1 degree of latitude, 5 degrees of longitud
and 400 feet of altitude, being later northward, eastward, and |
ward in the United States (Figure 4). The normal daily temper:
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ture for spring planting of a given crop is rather uniform through-
out the country. The sceding of spring wheat begins when the
normal daily temperature rises to about 37° F., spring oats at 43° F,
corn at 5537 F., and cotton at 62° F.

Within suitable temperature ranges, growth increases with each
rise in temperature, often in approximately proportional relation-
ships correspondiug to the Vant Ioff-Arrhenius law for monomolec-
nlar chemical reactions, i.c., a doubling in activity (or growth) for
each 10 degrees C. (18 degrees F.) rise in temperature.

Crops differ in the number of heat units required to mature them.
Heat uvits are usually computed by a summation of degree days
for a growing scuson. A degree day is the number of degrees F.
abone an established minimum growing temperature, as for exam-
ple. 30° F. for corn. Thus, where the sum of maximum daily tem-
peratures above that minimam is 3,000 during a IOO-day growing
scason, there are 3.000 total heat units. The number of heat units
necessary to mature a given crop differs with the region. Increased
arowth is not dircetly proportional to increased temperatures. Also
fewer units are required in a cool region where temperatures do
not beeome so high as to retard plant growth, This relationship is
recognized in Linsser’s Taw, which states that in different regions
the rutio of total heat units to the heat units necessary to mature a
given crop is nearly constant.®

Cool- vs. Warm-Weather Crops. Crops may be classed broadly
as warm- or cool-weather crops (Appendix Table 1). The crops
that make their best growth under relatively cool conditions, and
that are damaged by hot weather include wheat, oats, barley, rye,
potatoes. fax, sugar bects, red clover, vetches, field peas, and many
grasses, Field peas. the above small grains, flax, and northern grasses
mav withstand freezing temperatures at any time up to about the
flowering stuge, The 10° F. isotherm for daily mecan temperatures
for January and February coincides remarkably well with the north-
eru boundary of the winter wheat belt, heyond which spring wheat
N more important®™ The isotherms for 20° and 30° F. coincide
closely with the northern limits of winter barley and winter oats,
respectivelv. Among the crop plants that prefer a warm season are
corn, cotton, sorghum, rice, sugarcane, peanuts, cowpeas, soybeans,
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velvetbeans, Dallis grass, and Bermuda grass. Warm-weather crop
plants, after they reach appreciable size, are killed by temperatures
slightly below freezing, and sometimes at several degrees above
freezing when exposed for prolonged periods,

LENGTH OF GROWING SEASON

The number of days between the average date of last spring frost
and first fall frost usually is considered as the length of the growing
season (Figure 5). A frost-free season of less than 125 days is an
effective limitation to the production of most crops. Wheat, oats,
and barley mature under a shorter frost-free period than does corn
or sorghum because they can be sown safely 2 months before the
average last spring frost. Cotton requires 200 days of frost-frec
weather, a fact which restricts its growth to the south. The length
of the period for growth of a crop may be limited also by drought.

HUMIDITY

Humidity is water vapor in the air. Relative humidity is the
amount of water vapor present in the air in terms of the percentage
necessary to saturate the atmosphere at the particular temperature.
A saturated atmosphere causing fog, dew, or rain has a theoretical
relative humidity of 100 per cent. The lower the relative humidity
at a given temperature the more rapidly will the air take up water
transpired by the lcaf or evaporated from a moist soil surface.

Evaporation and transpiration increase with increases in tempera-
ture and decreases in relative humidity. A high seasonal evaporation
from a free-water surface is generally reflccted in a high water re-
quirement of crops. Evaporation determines the efficiency of rainfall,
particularly under a rainfall of less than 30 inches per year, There
is an increase in the water requirement of crops and in the seasonal
evaporation from north to south in the Great Plains. In North Da-
kota a ton of alfalfa can be produced with 500 tons of water, while
in the warmer Panhandle of Texas 1,000 tons would be required.”

The rainfall-evaporation ratio is sometimes used as an index of
the external moisture relations of plants, a ratio of 100 per cent
meaning that rainfall and evaporation are equal.® The rainfall-
evaporation ratio along the Atlantic coast is approximately 130 per
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cent. From there westward the ratio drops gradually to about 20
per cent at the base of the Rocky Mountains. Only plants with
marked ability to conserve moisture, e.g., the desert shrubs and dry-
land grasses can thrive where rainfall is so far below evaporation.,
True forests occur where rainfall exceeds evaporation.

Light

Light is necessary for photosynthesis, the process of manufac-
turing food essential to the growth of green plants. Within certain
limits the larger the amount of light a plant receives, the greater is
its growth. The hours of sunlight each day vary from a nearly
uniform 12-hour day at the equator, to continuous light or darkness
throughout the 24 hours for a part of the vear at the poles (Table 1),
The day length is approximately 12 hours evervwhere at the time
of the vernal and the autumnal equinoxes. At the northern border
of the United States (49° N. latitude), the day length (sunrise to
sunset during the year) ranges from about 8 hours 12 minutes to
about 16 hours 8 minutes. At the southern tip of Florida (25° N.
latitude) the seasonal range is only from 10 hours 35 minutes to
13 hours 42 minutes. The long summer days at high Jatitudes enable
certain plants to develop and mature in a relatively short time.
When timothy was grown from Georgia to Alaska, the vegetative
period was progressively shortened from south to north.® The season
of blooming was accelerated by longer days.

The life processes of many plants were found by Garner and
Allard © to be influenced by length of day (which they called pho-
toperiodism). This led to the distinction between long-dav and
short-day plants. Long-day plants require a relativelv long day for
the formation of inflorescences, and they increase in vegetative
growth when the days are short. Among the long-dav plants are
red clover and the small grains (except rice), which ordinarily
flower in the long days of early summer ( Appendix Table 1}, Long
days hasten flowering and maturity of these crops, but reduce
vegetative growth, Short-day plants are stimulated into vegetative
growth, with delayed flowering and maturity, when the davs are
long, and produce flowers and fruits when the days are relatively
short. Corn, sorghum, rice, millet, and soybeans arc short-day plants.



TABLE 1. APPROXIMATE LENGTUIl OF DAY ON VARIQUS DATES AT DIFFERENT LATITUDES NORTH OF THE EQUATOR
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Other crop plants and certain varieties of some of the above crops
tend to be rather indifferent in their response to photoperiodic in-
fluences. Cotton, cultivated sunflowers, and buckwheat have been
placed in the indifterent or indeterminate group., Day length and
temperature are compensating in their effects to some extent?
Photoperiodic responses of a number of plants may be modified
by temperature.”

The distribution and time of maturity of different crops and crop
varieties are influenced by photoperiodic responses. Quick-matur-
ing sorghum varieties may grow larger in the north where days are
long than they do in the south where temperatures are more favor-
able. The time a crop is planted affects the period required to reach
maturity. This is due to temperature and photoperiodic influences.
The growing period for spring-sown crops decreases as seeding
becomes later, except for very late seeding which forces the crop
to complete its growth at a slower rate induced by cool autumn
conditions.

Native grass species that extend from the northern to the southern
portions of the United States are differentiated into numerous local
strains, each adapted to its particular photoperiodic range. The
northern strains are small and early when grown in the south,
whereas southern strains are large and late when moved to the
north. Wild rice and gramagrasses exhibit this variation to a marked
degree.

Air

Air supplies carbon dioxide for plant growth, and furnishes nitro-
gen indirectly. It supplies oxygen for respiration of the plant and
for chemical and biological processes in the soil. Air sometimes
contains gaseous substances such as sulfur dioxide, chlorine, and
hydrofluoric acid in concentrations harmful to plant growth; these
gases usually come from industrial fumes. A concentration of sulfur
dioxide of one part or more in two million parts of air is injurious
to plants,

Wind may cause mechanical lacerations and bruises to the tissues
of crop plants. High winds may bruise and tear the leaves or, as
often happens with small grains grown i fertile soils, the plants
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may be blown over or lodged. The rate of transpiration or water
loss from plants increases in proportion te the square root of the
wind velocity. In high winds crop plants may be cut off by moving
sand particles, completely uprooted, or buried under soil drifts,

Soil Requirements

Although less important than climate, soil texture and soil re-
action (u-cidit_v} play a major role in determining which crops are
grown. Despite popular belief to the contrary, they have only a
minor effect in determining the variety of a particular crop that is
grown. Survevs of crop varieties show that their distribution is
determined largely by climatic and soil moisture factors.

Soils provide natuvally, ov after treatment, certain favorable con-
ditions for plant growth. Soil not onlv furnishes a stratum for
gerination of the seed and spread and anchorage of the plant
voots. but in addition. maintains a reasonably satisfactory balance
af soil moisture and essential mineral elements for nutrition of the
plants.

Soil is not essential for plant growth, hawever, as is evidenced
Iy the frequent growing of many crop species in sand and water
cuttures. to which vutrvients are supplied artificially. Spearmint was
grown in water cultures by John Woodward *® as early as 1699.
Some 240 vears later. the process of growing phmts in water cultures
was named hydroponies.” The growing of crops on heavily fertilized
sundv lands v the high-rainfall southeastern region is, in effect,
argely a sand culture.

TEXTURE

Soil texture has an important influence upon crop adaptation
Medium or heavy soils are best for fine-rooted grasses, wheat and
oats. whereas the coarser rve, corn, and sorghum plants can thrive,
and are commonly grawn. on the light sandy soils. Rice demands
« reasonably heavy soil with a nearly impervious subsoil that pre-
vents excessive water losses from leaching.

Water percolates more quickly and also deeper into light soils,
and this checks runoff, although heavy soils have the greater water
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storage capacity per cubic toot. Partly for this reason, crops in
semiarid regions are less subject to drought on sandy seils than
on heavy soils, whereas in regions of high rainfall where much of
the water may percolate downward below the root zone, crops on
sandy soils are more subject to drought.

Texture of a soil refers to the size of the individual grains or
particles, grouped according to diameter as sand (2 to 0.05 mm.),
silt (0.03 to 0.002 mm.}, and clay (0.002 mm. and less). Soil class
is recognized on the basis of the relative percentages of these
separates. The principal classes as to texture are sand, loamy sand,
sandy loam, silt loam, clay loam, silty clay loam, and clay, in in-
creasing order of their content of fine scparates. The farmer com-
monly calls a soil with a large proportion of clay particles a heavy
soil, and one with a large proportion of sand a light soil, the differ-
ence being due to the ease of cultivation. The so-called hard and
soft lands are a popular classification based on this same condition.
In weight per unit volume light soil is heavier than heavy soil.

The finest particles having a diameter of 0.001 mm. or less (usually
less than 0.0001) constitute the colloidal material which has been
aptly designated the protoplasm of the soil. It has a tremendous
influence on the ability of a soil to retain available plant nutrients
and water by adsorption. The degree of adsorption depends upon
the amount of surface. Fine particles have an enormous surface area
per unit weight of soil. One pound of average soil colloidal particles
has about 5 acres of surface.

In any soil, the fine clay and colloidal fractions contain most of
the available nutrients and play a major role in determining its
properties. The percentage of soil particles of clay size and smaller,
and the moisture equivalent, are nearly equal in a large majority of
soils. The moisture equivalent is a physical determination of the
percentage of moisture that approximates the field capacity for
moisture of most soils. The wilting point of many soils averages
about 54 per cent of the moisture equivalent. The difference be-
tween the two is, in large part, the water that is available for crops.
Where the moisture equivalent is 10 per cent, the wilting point is
abaut 5.4 per cent, and the available water in a column of soil wet
to its field capacity is about 4.6 per cent of its dry weight.
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STRUCTURE

Soil structure determines the seedbed condition, the amenability
of a soil to cultivation, and its susceptibility to wind or water erosion,.
It refers to the manner in which the individual grains are arranged.
The soil grains may be grouped into crumbs or granules, ie., com-
pound particles so as to afford open irregular spaces through which
air and water can circulate. A moist soil of good structure crumbles
in the hand. This granular condition or tilth may be destroyed by
flooding or by packing or working it when it is too wet. It is then
puddled or defloceulated, ie., the soil is made up of single un-
aggregated grains.

GREAT SOIL GCROUPS AND THEIR RELATION TO CROP
PRODUCTION

A line drawn from western Minnesota southward through central
Texas roughly divides the country into two parts with regard to
soil characteristics. East of this line (Figure 6), the soils called
Pedalfers are leached so that no accumulation of lime is found in
the soil depths oceupied by the roots of most crop plants. Thus,
eastern soils and those in the humid Pacific northwest are acid
because basic materials (sodium, potassium, calcium, and mag-
nesium) are leached out by the heavy rainfall. In most of the west,
soils called Pedocals have an accumulation of calcium carbonate in
cither the subsurface or subsoil. The higher the rainfall, the deeper
the carbonate zone is found, Pedocals tend to have an accumulation
of soluble mineral salts due to the fact that the low rainfall is not
adequate to leach them out. Owing to the natural fertility of un-
leached soils, and to the limiting of crop growth by inadequate
rainfall, crops grown on Pedocals usually respond slightly, or not
at all. to application of commercial fertilizers, except where leach-
ing is brought about by irrigation, In consequence, commercial fer-
tilizers and liming find little place in cropping practice in the west-
ert: half of th United States except in the irrigated and humid
portions.

The calcification process of soil development,'* 2 maintained under
grasses in sections of restricted rainfall, formed the Chernozem soils
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found in the most humid part of the drier region. Such a soil, which
is black, very high in organic matter, and very fertile, is excellent
for grasses and for small grains, especially wheat. In the progres-
sively drier climates the vegetation becomes more sparse, and
because of fewer plant roots and residues to decay, the soils become
lichter in color and the solum (A and B horizons) thinner. To the .
west in the United States, beyond the Chernozem group, are the’
Chestnut soils, followed by the Brown soils, Sierozem (Gray} sails,
and finally the descrt soils (Figure 6). The Chestnut soils ' are
fertile and extensively used for wheat, but the climate is hazardous.
The Brown soils are also used for wheat, but the climate is so haz-
arduous that in the driest areas land is used for grazing. The Sierozem
soils found in semidesert regions are low in organic matter, high
in soluble salts, comparatively shallow, and are suitable only for
grazing or irrigation farming,

The Prairie soils of the corn belt are very dark brown in color,
high in organic matter, and well supplied with the elements neces-
sary for the growth of grains and other field crop plants. The high
natural fertility of these soils, together with the accompanying
favorable climate, make them among the most productive in the
world. The Padzol soils found in the northern humid regions are
likely to be acid due to the Jeaching of the carbonates of calcium
and magnesium. The Podzols are not fertile, which explains why
large areas of cutover forest lands in the northern Great Lakes
revion have never been put under cultivation. Podzol soils are better
suited to hay and pastures than to grains. South of the Podzol soils
lie the Grav-Brown Podzolic soils of the Great Lakes and eastern
corn belt states. developed under a deciduous forest with a moist
temperate climate. More bases are present in these soils than in the
case of the Podzols. These soils are naturally more fertile for crop
plants than those of the Podzol group, but less so than the Cher-
nozems. On account of the desirable climate in the Gray-Brown
Podzolic recion. these soils are admirably adapted to general agri-
culture, especially when some fertilizers and lime are applied.

Pe“t‘ and marsh {bog) soils usually are high in organic matter
and nitrogen because the rate of oxidation of organic matter was
slower than its production. Forest soils characteristically have a
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mantle or layer of humus or decayed organic matter at the soil
surface usually not more than 6 inches thick?* On the other hand
grasslands usually have a dark layer 6 to 18 inches in thickness,
with a correspondingly higher productivity. Most tree species send
their roots deep into the soil. After a tree dies it usually is uprooted
as it falls, leaving nearly all the organic material to decay slowly
above the soil surface. The dead roots left in the soil are scattered
throngh considerable depths. Grass roots usually are largely dis-
tributed within the upper foot or two of soil, although some pene-
trate to a depth of several feet. The greatest concentration of roots
is in the upper 6 inches. The roots of perennial grasses may live only
about a year,” and in most cases not more than 3 years. Thus there
is a replacement each year not only of all top growth but also of
roots in perennial as well as annual grasses. The dead tops and roots
quickly decay to form humus. Being underground the humus from
the roots is protected from fire. As a result we find black grassland
soils containing 120 to 600 tons of humus in which are 6 to 30
tons of nitrogen and a similar quantity of other minerals per acre,
whereas forest soils have about 20 to 50 tons of humus containing
1 to 2% tons of nitrogen per acre.

Certain soils of arid regions in which excessive bases (saline salts}
accumulate in all parts of the soil profile are popularly referred to
as alkali soils. They are unsuitable for crop production until the
salts are leached by heavy irrigation. These Solonchak soils may
not be highly alkaline in reaction because the sulfate and chloride
jons present have a neutralizing effect. The unproductive Solonetz
soils, commonly known as black alkali soils, are usually dark in color,
greatly dispersed, aud highly alkaline { pH 8.0 +) because the char-
acteristic constituent is sodium carbonate,

SOIL CONSTITUENTS

Water, the most important constituent in the soil, occurs in three
forms besides that in the form of vapor. So-called capillary water,
held in the soil by surface tension, is that used mostly by plants.
When plants wilt, the soil may still contain 2 to 17 per cent of
moisture, depending upon its texture and humus content. Water
below this so-called wilting coefficient is largely unavailable to
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plants. Gravitational water is that which moves downward by
gravity and may percolate beyond reach of the roots of crop plants.
Hyvgroscopic water, which is retained by an air-dry soil kept in a
saturated atmosphere, is adsorbed on soil particles with such force
that it is not available to plants.

The field capacity of scils, ie., the amount of water held against
the torce of yravity, usually ranges from 1 to 2 inches in each foot
of soil. The finer the soil particles, the more water the soil holds.
Extremely coarse sandy soils are unable to store moisture in suffi-
cient quantities for crop growth,

Air. which coustitates from 20 to 25 per cent by volume of an
ordinary moist soil, supplies the oxygen necessary for root growth
and for oxidation of organic matter and other soil constituents.
Aeration may be too poor for plant growth in a soil with the water
table too near the surface or in one with a heavy impervious sub-
soil that cannot be drained satisfactorily. Waterlogged soils are often
relegated to native vegetation or low-grade grazing.

An adequate supply of plant nutrients is essential for the growth
of crop plants. About 25 or 30 chemical elements are found in
plants.® Carbon, oxvegen, and hydrogen are most abundant. The
essential elements most frequently deficient in soils are nitrogen,
phosphorus. and potassium. Calcium, magnesivm, and sulfur, also
esseutial. are absorbed by crops in considerable quantities, Man-
ganese. iron, boron, chlorine, copper, zine, and molybdenum are
essentiad to plants hut only in small quantities. Silicon is essential
to plant growth and is an important constituent of rice hulls and
other plant pacts, but is abundant in the soil. Sodium is required
by sugar beets and mangels, and chlorine is needed to produce a
suitable burning quality in fluc-cured tobacco. On the other hand,
cblovine in applied fertilizers impairs the burning quality of cigar
tobaceo. Usnally sodium and chlorine are abundant in soils, except
tocally i the humid southeast. Soils deficient in cobalt and iodine
wuv produce erops that are inadequate in these elements from the
standpoint of animal nutrition, Crops may take up so much selenium

a s 4 .
194-1’“31“ fi\u\(t‘mns of mineral elements in plant nutrition as recognized up to
5 are described in u series of articles in Soil Science, Vol. 80, Nos. 1 and 2;

both sumbers are devoted entirely tq that subject
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and arsenic from soils with excessive quantities of these elements
that they are toxic to livestock and humans.® Aluminum, which is
abundant especially in clay soils, may be absorbed in quantities
harmful to the plant when the soil is too acid.

Mineral deficiencies can often be detected or at least suspected
from symptoms seen in crop plants. * The symptoms, which differ
in various crops, have been swmmarized in detail and are strikingly
illustrated in a book Hunger Signs in Crops, prepared by a com-
mittee representing The American Society of Agronomy and The
National Fertilizer Association, and published by Judd and Det-
weiler, Inc., Washington, D. C.

Some of the general characteristic symptoms indicating mineral
deficiencies as reported by various workers, that apply to some but
not all crops, are listed below:

Diagnosis of rineral deficiencies:

Plants stunted, leaves pale green: nitrogen.

Plants stunted, leaves dark green or tinted with purple: phosphorus.

Plants stunted, leaves bluish or dark green, margins and arcas between
veing scorched or brown: potassium.

Older leaves chlorotic between the veins: magnesium.

Leaf margins rolled upward: calcium.

Chlorotic mottling or striping (especially on calcareous soils): dron.

Chlorotic mottling and small discolored spots or lesions: manganese.

Root crops with decaved crown, distorted leaves, and hollow or decayed
root: boron.

Good soils contain adequate amounts of available nutrients to
meet the needs of the crop plant during all periods of growth, and
do not contain harmful concentrations of any constituent. They are
neither excessively actd nor excessively alkaline. In general, rela-
tively permeable and fertile soils with a good water-holding ca-
pacity are favorable for the growth of the most important crop
plants, With a suitable climatic environment, some soils seem to
possess an especially wide range of crop adaptation. For example,
Hagerstown silt loam of the Appalachian limestone valleys is capa-
ble of producing satisfactory yields of nearly every field crop.®

Arable soils require a topography suitable for cultural operations,
and must be free from stones that would preclude tillage.* A soi}
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depth of 1% to 3 feet or more usually is essential to successful crop-
pring. Intractable clay soils may be an effective barrier to profitable
utilization for some crops. The peculiar erodibility of certain silt
loams and very fine sandy soils operates against their long-time use
without protective measures.

The crop grower has at his command rumerous methods for im-
proving the soil environment.

CROPS FOR SPECIAL SOIL CONDITIONS

Alkali-tolerant Crops. Grasses are more resistant than many
legumes to alkali salts!® In soils with more than 1.5 per cent of
soluble salts by weight, the concentration is too high for agricu]-
tural crops. Sugar bects, although able to produce a fair crop at
concentrations of 1.0 to 1.5 per cent, are not recommended for
such soils. At concentrations of 0.6 ta 0.8 per cent, good crops of
sugar beets and foxtail millets, as well as fair crops of sorgo and
barlev can be grown. At lower concentrations, good crops of redtop,
timothy, orchard grass, Tve, and cotton are possible, Forage plants
are preferable for alkali land because their quality is seldom im-
paired by the environment,

Crops Tolerant 1o Acid Soils. A soil having a pH of 7 is neutral,
one higher than pH 7 is alkaline, while a soil with a pH below 7
is acid. These pH values for hydrogen ion activity are reciprocal
lorarithimic expressions to the base or power of 10. Therefore a soil
of pHL 3 is 10 times, and one of pH 4 is 100 times, as acid as one
of pIl 6, as measured by hvdrogen ion activity.

Many factors other than the direct acidity may complicate the
growth of crop plants on soils with high acidity. High acidity may
increase absorption of aluminum and retard absorption of calcivm
ov phosphorus. Excessive alkalinity also may interfere with jron or
phosphorus absorption. Microbial activities in the soil are greatly
influenced by the soil reaction. Fortunately, most economic plants
will grow v ell on acid soils. Among the plants that will respond well
on moderately to rather highly acid soils (pH 4 to 3) when a
moderate amount of active calcium is present are: lespedeza, red-
top. millet, buckwheat, rve, sovbeans, cowpeas, and alsike clover.
Thase that will grow on a slightly to moderately acid soil (pH 3 to 6}
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with a moderate amount of active calcium present are: corn, wheat,
oats, barley, timothy, potatoes, field beans, and vetch. Certain
plants require a neutral or only slightly acid soit with an abundant
supply of active calcium. These are: alfalfa, red clover, sweetclover,
and sugar bects. Abundant calcium rather than low acidity appears
to be the critical factor in these crops. A good quality of tobacco
cannot be grown on an alkaline soil.

Indicator Significance of Native Vegetation

The native plant cover was used by primitive man, as well as by
the early settlers in this country, as a clue to the lands most pro-
ductive for crops (Figure 7).* The type of vegetative cover often
serves as an indication of overgrazing,

Farmers who settled on lands in the Qhio Valley covered with
sugar maple and beech were more prosperous than those on oak
and pine lands. The lands occupied by southern hard woods, river-
bottom forests, southeastern pine forests, and northeastern hard-
woods are regarded as valuable for agricultural production. In the
west yellow pine forests often occupy slopes that are too steep or
soils that are too stony and shallow for cultivated crops.* Small
grains are grown for forage in the more favored spots. Lodgepole
pine forests occupy arcas too cool for cultivated crops and where
the frost-free season is seldom longer than 75 days.

The true prairies, for the most part, were made up originally of
tall coarse grasses such as big bluestem (Andropogon furcatus),
little bluestem (A. scoparius), and Indian grass (Sorghastrum
nutans). These lands are valuable for production of corn and most
field crops. The short grass or plains grassland association, largely
consisting of blue grama (Bouteloua gracilis) and buffalo grass
( Buchloé dactyloides), extends through the Great Plains from Mon-
tana southward.' Buffalo grass grows on tight land where the soil
moisture, while the land is in grass, rarely penetrates below the
second foot. The moisture often penetrates deeper when the land
is kept cultivated between crops. Crop failures are to be expected
there in years of much less than average moisture. Corn and wheat
are the chief crops in the north, and wheat and grain sorghums in
the southern part of this region. The sandier soils in the Great
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Plains are occupied by the taller bunch grasses and wire grasses.’
Because such sandy lands have less runoff, they are less subject to
crop failure in the drier years than are the short grass lands in the
same locality.

Sagebrush ( Artemisia tridentata) is a shrub that varies from one
to seven feet in height. This is the most common shrub of the Great
Basin, growing on well-drained loamy soils. Dense stands of tall
sagebrush have long been accepted as an indication of favorable
soil conditions for dry land small grains or for irrigated crops.

Salt-desert vegetation such as greasewood, shadscale, and seep-
weed indicates soils too high in salinity for good crop growth.

Insects and Diseases

Insect pests often determine the success or failure of a crop for
a given district. Thus barley and milo often fail where chinch bugs
are abundant. The alfalfa weevil, once nearly drove the alfalfa
seed crop from certain irrigated valleys of the west. The boll weevil
reduced the cotton acreage in the southeast, while the crop was
expanding in the southern Great Plains where the weevil was not
present. Grasshoppers and the southwestern corn borer have devas-
tated corn in the Great Plains region and thus indirectly stimulated
the growing of sorghum which seldom is injured. Control of these
insects and the breeding of resistant varieties may alter the crop
situation.

Diseases, likewise, may be responsible for the lack of adaptation
of a crop. Thus sugar beet production, once discontinued in sev-
eral localities of the west because of the curly top disease, was re-
stored when resistant varieties were produced. The wilt disease
caused the flax crop to migrate from the Atlantic coast to the Great
Plains. Flax moved back east to the Mississippi Valley after resist-
ant varieties became available. Losses from virus diseases were so
severe that sugarcane culture was about to be abandoned in Louisi-
ana just before resistant varieties became available about 1926,

Economic Factors in Crop Choice
Centers of crop production are determined in part by economic
forces such as population,” demand, transportation, labor prob-
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lems, and competition with other crops. Cheap lands in this coun-
try are often pastured or grazed, more intensive crops being grown
as land values rise. High-priced labor is best emploved oun land
adapted to production of high yields of specialized crops on fertile
soils. Broomeorn, a nonperishable high-priced crop, is grown mostly
some distence from population centers. It could be grown more
widely in so far as climatic adaptation is concerned, but the market
for brooms has almest a fixed limit. Special crops may remain local-
ized where a ready market has become established. Durum wheat
and flax, as a rule, must be grown in quantities locally sufficient for
curload shipments because they are processed at a limited number
of mills.

The average vields of wheat in the northeastern states are about
double those obtained in the semiarid portions of Kansas and
North Dakota where so much wheat is grown, However wheat is
produced more efficiently in the latter areas where broad level
fields of rich soil can be cropped by extensive methods without any
expense for fertilizers. Also other agricultural enterprises do not
compete seriously with wheat production on the loam soils of the
semiarid regions.

Psvchological factors often alter what would appear to be the
logica) crop choice upon the basis of relative economic returns.
Thus farmers like to grow corn, wheat, and oats in preference to
grain sorghum, flax, and barley, respectively, even where the
favored crops vield a lower return per acre. The field stands of
corn are more certain, and the crop can be harvested over a longer
period with less hired Yabor, and is easier to store and feed than is
grain sorghum. Sowing wheat involves less risk in getting stands or
of establishing additional weeds than is the case with flax. Wheat
is easier to harvest and thresh. Also flaxseed requires a very tight
bin for storage. Oats are easier to bind, shock, pitch, and thresh
than is burley, and the grain can be fed to horses without grinding.
A factor £ still greater importance is the presence of irritating
rough awns on certain varieties of barley which farmers and their
hired men heartily dislike. They also dislike handling clover hay
hecause of its irritating dust, and broomcorn because of the itch
caused by the irritating hairs released from the chaff. Many farmers
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grow a medium-height grain sorghum for forage in preference to
a taller and higher-yielding sorgo because the long stalks of the lat-
ter are awkward to bind, shock, pitch, load, unload, stack, and feed.
it is easicr to grow a few additional acres of the lower-yielding
variety, since these operations are performed from a tractor seat.

Of the approximatc total land area in the United States, 1,905,-
000,000 acres, about 20 per cent, mostly in the western half of the
country, is too hilly or rough for cultivation. Another 30 per cent
is too infertile or the climate is too nnfavorable for crop production
by methods now in vogue.* According to the United States Census
of 1943, about 1,142,000,000 acres were in farms, of which about
353,000,000 acres were used for crops, 50,000,000 acres were idle
or fallow, and another 109,000,000 acres were in plowable pasture.
Alse, on farms were about 166,000000 acres in woodland and 464, -
000,000 acres in unplowable pasture, roads, farmsteads, corrals,
stockvards, ponds, swamps, waterwavs, and waste land.

Since less than half the land is wholly unsuited to any type of
tillage, it is evident that the potential arca for crops is greatly in
excess of that now used if all arable land in pasture and woods
were put into crop, and drainage and irrigation were extended.
Large areas of the more level range land in the Great Plains and
Great Basin could be cropped if prices were high enough to justify
the risks of submarginal agriculture.

Changes in national economic and trade policies could produce
drastic adjustments in the acreage of certain crops. The growing
of sugarcane, sugar beets, flax, and rice are feasible largely because
of a protective tariff.

Ceneral Crop Areas
The principal geographic arcas are the Atlantic coast to the Great
Plains, the Great Plains, and the Pacific coast.

ATLANTIC COAST TO THE GREAT PLAINS

The corn and wheat belts (Figure 8) coincide with the deciduous
forest and prairie centers.* The production of these crops is greatest
between the 60 and 100 per cent rainfall-evaporation lines.

The area from Ohio to central Nebraska is remarkably suited to
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corn production because of the hot summers, relatively high humid-
ity, and an annual rainfall sutficient for plant growth, The geo-
graphic center of the corn belt is found in central Lllinois where
the soils are decp and rich in humus, and corn is well adapted.
Further south, corn yields are less, owing to poorer soils, higher
temperatures, intermittent droughts, and insect injury; there corn
is unable to compete with cotton as a cash crop.

The center of wheat production lies west of the best corn lands,
although wheat is well adapted and is grown on many farms in
rotation with corn throughout the prairie and deciduous forest
climaxes. Wheat is higher in proiein when grown in a dry climate.

Qats center slightly north of the corn belt because of the cooler
climatic conditions. Early disease-resistant varieties have pushed the
center somewhat south.

The region southeast of the 100 per cent rainfall-evaporation
ratio line is known ecologically as the southeast evergreen center.
Cotton is the principal crop in this area, because of the high tem-
peratures, and long growing season. In the cotton belt, cotton com-
petes with grain and forage crops, tobacco, and peanuts, and on
some soils, with sugarcane and rice.

The northern evergreen forest, north and east of the 110 per cent
rainfall-evaporation ratio line, is devoted agriculturally to tame pas-
tures and hay crops. The need for the bulkier hay and fodder crops,
which grow well under the cool temperature conditions, makes
cereal production less profitable in this region, Timothy is the vrin-
cipal hay crop. Rye and buckwheat are often grown on the poorer
soils in this region.

GREAT PLAINS

In the western half of the country, evaporation consistently ex-
ceeds precipitation two or three times. To survive under such
droughty conditions, the cultivated plants of the plains must be
grown under the best methods known for conservation and utiliza-
tion of the moisture captured by the soil. Irrigation is practiced,
where stream flow and underground water supplies can be diverted
to supplement the natural rainfall. Wheat is the major crop.
Sorghums are grown in some of the more arid portions. Cotton,
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wheat, and sorghumn predominate in the southern areas of the plains.
Small grains, corn, flax, sorghum, and hay are grown in the north-
ern parts.

PACIFIC COAST

The third distinct crop region, which is also defined by climate,
js the Pacific coast, The northern half of this region is devoted pri-
marily to feed, secd, special purpose, and horticultural crops. Wheat
is an important crop in the intermountain section east of the Cas-
cade Mountains in Oregon and Washington. The southern half of
the Pacific coast is devoted to fruits, vegetables, and many different
field crops, especially under irrigation.
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General Nature of Crop Plants

Most of the important crop plants are reproduced by seeds, and
all are classified as spermatophytes or seed plants. In the life
cycle of these plants the seed germinates and produces a seedling.
The vegetative phase is characterized by increases in the number
and size of roots, stems, and leaves. Finally the reproductive phase
is reached in which the plant flowers and produces seeds.

The Plant Cell

Plants are composed of units called cells. A living cell contains
protoplasm, the life substance of the plant organism. The denser
central area of the protoplasm is the nucleus, which is embedded
in the outer cytoplasm. The nucleus contains the chromosomes, the
carriers of heredity. The cytoplasm contains chloroplasts, which in
turn contain chlorophyll, the essential constituent of green plants.
The cell is surrounded by a cell wall made up chiefly of cellulose.
Cells differ in size and shape in accordance with their special
functions (Figure 9).

All living cells give off carbon dioxide and absorb oxygen. This
exchange of gases, known as respiration, is accomplished by the
breaking down of sugars and the oxidation of the carbon in the
sugar into carbon dioxide. The most important aspect of respira-
tion is the consequent release of energy necessary for growth and
maintenance of the plant.

Structure and Functions of Crop Plants

ROOTS
Sometimes as much as one-half, and in certain root crops more
than one-half, of a crop plant is underground. The underground

51
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Fi6. 9. Cells abservable in a cross-section of 4 sugarcane leaf, a typical grass
leaf: (b} bulliform of mutor cells that shrink when the Jeaf wilts and cause the
leaf to rol} up. and later take up water, expand and fatten out the leaf; (e) epi-
dermal cells; (m) mesopbyll cedls, (p) pilisade-shaped cell of mesophyll;
{ph) phloem; (s} stoma; (s¢) sclerenchyma (stiffening) cells; (v) vascalar
bundle containing phloem and xylem; (x) xylem. { After Artschwager. )

plant parts are fully as important as the tops because water and
mineral putrients used by the plant are absorbed from the soil by
the roots.®

Kinds of Roots. Two general types of roots are found in crop
plants, fibrous roots and tap roots. Certain weeds, e.g,, Canada
thistle (Figure 10). field bindweed, and leafy spurge, also have
tateral roots that send up new shoots which in turn establish new
oot systems.

Plants of cereals and other grasses have fibrous roots, ie., many
slender roots similar in diameter and length, and somewhat smaller
branches. The seminal or primary roots develop when the seed ger-
minates, growing from the lower end of the embryo. These roots
sometimes have been erroneously called temporary roots in the
belief that they function only in the earlier growth stages. They
often remain active until the plant matures? ** The seminal
raots of corn often penetrate to a depth of 5 or 6 feet. In wheat they
are the chief support of the main stem of the plant. Sorghum, rice,
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and proso produce only a single branched seminal root. After the
voung plant unfolds a few leaves, the coronal (erown or nodal) roots
arising from stem nodes underground develop into an elaborate
root system, Coronal roots arise about 1 inch, more or less, below the
soil surface, even though the seed be planted much deeper. The
subcrown internode between the seed and crown clongates until
stopped by light striking the emerging coleoptile. At that stage the
crown node is still below the surface. Frequently, roots grow from
nodes above the soil surface as, for cxample, brace (or aecrial) roots
of corn. They are unbranched above the ground but are the same
as other roots once they enter the soil.

Other crop plants, such as the sugar bect and other root crops, and
the legumes. have a main taproot. The main root develops and pushes
straight downward. It may branch throughout its length. The thick-
ened taproot of biennial and perennial plants often serves as an
organ for food storage.

The smallest subdivisions of the roots are the root hairs, the single-
celled structures found on roots and root branches of both filwous-
rooted and tap-rooted plants,

Extent of Root Systems. Elongation at the rate of % inch per day
is common in roots of many grasses. Seminal roots of winter wheat *
may grow at that rate for 70 days. The main vertical roots of corn
grow 2 to 2% inches per day for a period of 3 or 4 wecks. Plant roots

#1c, 10. Lateral roots of Canada thistle.
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may extend as far or farther below the ground than the plant does
above. The root system of a corn plant given ample space may oc-
cupy 200 cubic feet of soil. A corn plant grown 5 weeks in a loose
soil produced 19 main roots with 1462 branches of the first order.
Upon these were 3221 branches of the second and third orders.
The main roots consisted of 4 to 5 per cent of the total root length,
the primary branches 47 to 67 per cent, and the finer secondary
and tertiary laterals 29 to 48 per cent of the total. A rather high
correlation between root and top growth is found in corn.*® Given
ample space, the roots of a single plant may have a total sprecad
of 4 fcet in wheat, 8 feet in corn, and 12 feet in sorghum. Roots of
small grains, corn, sorghum, and perennial grasses normally pene-
trate downward 3 to 6 feect and sometimes extend 8 or 10 feet.
Alfalfa roots may penetrate more than 30 feet. The length of the
entire root system, including all branches of a single large isolated
plant of crested wheatgrass may be as much as 360 miles.”

The roots grow in moist soil but most crop plants do not extend
roots into water-logged soil. The roots can penetrate short distances
into dry soil when moisture for growth is supplied from roots pene-
trating adjacent moist soil®

Absorption. Plants absorb water and the substances dissolved in
it, viz.,, nitrogen and other mincral elements, largely through the
root hairs. The root hairs absorb water by osmosis, and their walls
act as differential membranes in selecting the different ions tha
the plants absorb. When the cell sap is more concentrated than the
soil solution, water passes into the root hairs; this occurs except
under very abnormal soil conditions. The rate of absorption of
water may vary with the osmotic pressure of the cell.**

The more a plant needs water the more vigorously it is absorbed.
provided the water supply remains ample. Water taken up in ex-
cess of the ability of the plant to transpire water vapor through the
stomata is forced out through pores in the leaf called hydathodes.
Most of the so-called dew drops are actually water globules from
hydathodes, Plasmolysis {or cell collapse) results when the soil
solution [z more concentrated than that in the root hair and other
Ce.“S' Such a condition may be found in highly saline, or “alkali,”
soils where water is actually withdrawn from the plant.
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Nutrieuts are absorbed independently of the rate of water intake,
being taken into the plant as ions by diffusion. Thus it is possible
for mineral nutrients to be absorbed when the atmosphere is satu-
rated and little water is being taken up and none is being tran-
spired. Mincrals in solution tend to pass through the differential
cell membrane and reach an equilibrium. For instance, potassium
nitrate (KNO; ) dissolves and becomes dissociated into K" and NQ,"
ions. These ions tend to reach an equilibrivm regardless of the total
concentration in the two solutions inside and outside the cell mem-
brane,

Bud
Root primordia
Wax ring

Root band
Leaf scar

Growth crack ap

#16. 11. (Left) A portion of the stem of sugarcane. A branch may arise from
the bud at the node, (Right} Cross-section of sugarcane stemn. The vascular
strands are scattered through the pith and rind. The stems of corn and sorghum
are similar except that more of the strands are concentrated in the outer rind.
(After Artschwager.}
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STEMS AND MODIFIED STEMS

After a grain of wheat germinates, the plumule internodes elon-
gate into the first young stem. Stem elongation continues by growth
(cell division and cell elongation) at the growth ring above each
successive node while the cells are young and active. Growth in the
diameter of the stem of cercals and other grasses is due to cell en-
largement, not cell division, after the essential stem structures have
been formed.

In dicotyledonous crop plants, ie., those other than cereals and
other grasses, growth is much like that of a tree, with new branches
arising from buds or adventitious cells and the branches elongat-
ing by cell division and cell enlargement near the tips. Growth in
diameter comes from cell division in the cambium layer under the
bark or periderm, followed by cell enlargement.

General Nature of Stems. The stem is divided by joints or

— nodes, the stem section between
P the nodes being called inter-
nodes (Figure 11). In grasses the
internodes when young are solid,
i.e, filled with pith** At matur-
ity the pith usually disappears,
sugarcane, corn, and sorghums
being exceptions (Figure 11).
The stem or culm of a grass is
usually cylindrical or nearly so.
The culms of most grasses die
down to the soil surface each
Fic. 12, Sugarcane tillers arise from  Y€4r, Or usually after the seed has
ﬁ]‘: ma‘in )CU]I" ar f}'um r.Jther tillers and  matured, Sugarcane may require
wi send out their own roots. (After :
Artschwager.) more than a year after planting
to reach maturity. In addition to
the main stem, several branches known as tillers arise from the lower
nodes (Figure 12). Large numbers of tillers may arise under favor-
able en yonmental conditions, each tiller developing a root system
of its own.

The tvpe of stem may not remain the same during the entire life

-+ | !
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of the plant.” Sometimes the primary axis within the plumule re-
mains so short that the leaves arise crowded together, usually in the
form of 2 rosette. Winter annuals, e.g., winter wheat, exhibit this
habit until sometime in the spring. Sugar beet and mangel plants
have short contracted internodes during the first year. In the second
year, the growing point of the stem, hidden in the center of the
rosette, elongates and produces a shoot with long internodes and
with the leaves at considerable intervals. Seed is produced on
these shoots.

Temperature and day length may affect the growth habit of a
plant. Thus certain varieties of winter oats may show a spreading
habit when sown in the fall and an crect habit when sown in the
spring.

A bud is an undeveloped stem, leaf, or flower. Buds may be
terminal on the stem, axillary (side), supernumerary, or adventi-
tious (arising out of order). Many buds are dormant.

Modified Stems. Several types of modified stems are recognized.
These include:

(1) Rhizomes, Rhizomes (rootstalks) are underground horizon-
tally elongated stems that bear scales at the nodes. They may arise
extravaginally, i.e., the stems burst through leaf sheaths of older
stems and elongate horizontally below the svil surface. Rhizomes
produce new stem shoots from their joints, and this serves to propa-
gate the plant. Some of the most pernicious weeds, quackgrass and
Johnson grass (Figure 13), have rhizomes. Many desirable pasture
plants, such as bromegrass and Kentucky bluegrass, are extravaginal
or sod-forming grasses.

(2) Stolons. Stolons are modified propagative stems produced
above ground, as in buffalo grass.

(3) Tubers. A fleshy underground stem is known as a tuber,
Examples are the potato and the Jerusalem artichoke.

Lodging of Stems. Resistance to lodging, or the capacity of stems
to withstand the adverse effects of rain and wind, is an important
quality in cereals. Resistance to lodging often is a varietal character,
but its expression is modified by environment. A thick heavy growth
keeps much of the sunlight from reaching the base of the stems,
Reduced light or shading causes the cell walls of the stems to be
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F1G. 13. Rhizomes of Johnson grass.

thin and weak. No single morphological factor can be used as an
index of standing power.! Abundant soil nitrogen may produce a
lush growth that leads to increased lodging. Lodging may result
from a low content of dry matter per unit length of culm,” or from
a reduced content of lignin or of certain reserve di- and polysac-
charides in the stem. Short, thick, heavy stems with thick cell walls
are the best insurance against lodging.?

When a grass stem lodges before maturity it usually bends up-
ward as a result of cell elongation on the lower side of the nodes.
This in turn is the result of a response to an apogeotropic {opposed
to gravity) stimulus. When a stem of a dicotyledonous plant is
lodged the terminal portion tends to become erect also because of
the same response. The thickened nodal tissue, which functions as
above described to bend up the stem, occurs in both the sheath and
culm of some grass plants, e.g., sorghum and corn, but is found only
at the base of the sheath in wheat, oats, barley, and rye.

Functions of Stems. The functions of stems are as follows:®

(1) Conduction of water and minera! solutes from the soil chiefly
through the vessels of the xylem, and of synthesized food materials
through the phloem from the leaves to other parts of the plant.
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(2) Support and protection of plant organs and display of leaves
and flowers to the sunlight and to aid pollination.

(3) Storage of food materials as in sugarcane and sorgo.

(4) Manufacture of carbohydrates in the young stems containing
chlorophyll.

LEAVES

Leaves arise from buds and are side or lateral appendages of the
plant stem. Leaves are generally concerned with photosynthesis and
transpiration.

General Characteristics. The principal parts of a leaf are the blade
(or lamina) and the petiole or leaf stalk. Some leaves have stipules,
which are two small leaves at the base of the petiole. The leaf is said
to be sessile when the petiole is absent. Ordinary green foliage leaves
may be classified as:

(1) Parallel-veined leaves of the grasses, which contain many
veins about equal in size that run parallel and are joined by incon-
spicuous veinlets. Growth of such leaves takes place by elongation
near the base,

(2) Netted-veined leaves, which have a few prominent veins
with a large number of minor veins, Netted-veined leaves are found
in all crop plants other than grasses.

Photosynthesis. The manufacture of food substances from carbon
dioxide, water, and nutrient elements in the presence of light and
chlorophyll is known as photosynthesis. The air near the surface of
the earth normally contains about 0.04 per cent carbon dioxide.

In the process of photosynthesis carbon dioxide enters the plant
through the stomata (breathing pores).* The carbon combines with
water to form carbohydrates, while the oxygen is given off as a gas.
Simultaneously with carbon assimilation in the green leaf, water is
assimilated. Simple carbohydrates, such as sugars and starches, are
formed by photosynthesis, but these then may be condensed into
higher sugars and starches, hemicelluloses, cclluloses, lignin, and
other substances. Proteins are formed by combinations of organic
substances with nitrogen and sulfur during photosynthesis. The
energy for the photosynthetic process is supplied by the sun. The
red and yellow rays of the sun are caught by the chlorophyil in
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the green leaves and transformed from radiant to chemical energy.
The simple over-all equation commonly given for photosynthesis is
as follows:

6 CO., + 6 H,0 + sunlight ——— C H,,0; (glucose) + 6 O,.

The rate of photosynthesis increases with light intensity up to a
certain point. An increasc in carbon dioxide content of the atmos-
phere and an increase in temperature leads to increased photosyn-
thesis within certain limits. About 85 to 95 per cent of the dry mat-
ter of the plant is made up of carbon, oxygen, and hydrogen in the
form of organic materials manufactured in the leaves from carbon
dioxide and water. The soil mass contributes the other 5 to 15 per
cent in the form of mineral elements.

Chlorophvll deficiencies in plants may be caused by any of
several conditions. Etiolation (white to yellowish foliage) results
when plants ordinarily green are grown in darkness or deficient
light. Chlorosis is a chlorophyll-deficient condition caused usually
by the lack of available iron or magnesium in the tissues. Chlorophyll
deficiencies may be caused by discase, as for example, mosaic in
potatoes and tobacco. Certain deficiencies are hereditary, such as
those found in albino seedlings and those with various shades and
patterns of vellow or white. These, occasionally found in the seed-
lings of many crop plants, are due to the absence of hereditary
factors essential to the normal process of chlorophyll formation or
iron nutrition. Many heritable chlorophyll deficiencies, including
all permanent albinos, are lethal, ie., they lead to the death of
the plant when the reserve food is exhausted.

TRANSPIRATION

Transpiration is the loss of water in a vapor form from a living
plant or plant part. Nearly all the water taken in by plants is tran-
spiredt. but a plant is unable to grow unless it has sufficient water
at its disposal. Transpiration may take place from any part nof
covered by laver cork or cuticle, but it is usually through the
stomata. The harmful effects of transpiration, ie., wilting of the
plant and exhaustion of soil moisture, generally outweigh the pos-
sible benefits attributed to the process. The possible benefits are:
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cooling the leaves, rapid conduction of soil solutes, and more rapid
dissolving of carbon dioxide.’

Transpiration occurs as follows: ©*

(1) The cell wall imbibes water from the cell contents. The water
in the cell wall is then at a higher concentration than the surround-
ing gaseous environment of the substomatal cavity.

(2) The water evaporates from the cell wall and raises the cop-
centration of water vapor in the cavity.

(3} This water vapor diffuses out through the stomata since the
air in the substomatal cavity is more highly saturated than the out-
side air. Guard cells, which surround the stomatal opening, open
and close with changes in the water balance.

The following conditions influence the rate of transpiration:

{1) Capacity of the leaves to supply water.

(2) Power of the aerial environment to extract water from the
leaves, ie., humidity, light, temperature, and wind influence.

(8) Structure of the transpiration parts, i.e., the number of sto-
mata and the sizes of the openings.

(4) Modifications that tend to check excessive evaporation, in-
cluding reduced plant surfaces, sunken stomata in special epider-
mal cavities, thickened cuticle, and waxy bloom on the cuticle of
leaves and stems. A waxv bloom is conspicuous on sugarcane, sor-
ghum, wheat, and barley.

Crop plants transpire 200 to 1000 pounds of water for everv pound
of dry matter produced, which means that the water requirement or
transpiration ratio usually ranges from 200 to 1000 for different crops.
Thus each acre-inch of rainfall (113 tons) stored in the soil and
protected from evaporation would produce from 1130 pounds down
to 226 pounds of dry matter in the form of crops. For a given crop,
the transpiration ratio depends not only upon the factors mentioned
above that influence transpiration rate, but also upon the growth
and adaptation of the crop to the particular environment. Soil of
high fertility, and a large volume of soil in which the roots can feed,
coutribute to a lower transpiration ratio than occurs with less favor-
able soil conditions.” Also, oats have a comparatively high water re-
Yuirement when the temperatures are too high for optimum growth,
uader which conditions the warm-weather crops—sorghum and cot-
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ton—are relatively more cfficient in the use of water.*® In a cool sea-
son, the reverse may be true.

Crops having the lowest water requirement include millets, sor-
ghum, and corn; the stall grains are intermediate, whereas legumes
such as alfalfa are relatively high in water requirement. The tran-
spiration ratio is not neccssarily a measure of the ability of a crop
to produce well under drought conditions.™ It merely measures the
water transpired by the plants when the soil is supplied with water
for optimum plant growth, For example, field peas and field beans
(which have a high water requirement) are grown successfully in
rows under dryland conditions where fair yields of seed are obtained
from relatively small plant growth, The high value of the product
compensates for the low production.

The adaptation of a crop to drought conditions depends also
upon:

{1) Drought escapement or evasion, i.e., ability to complete its
growth cycle before soil moisture is exhausted, e.g., early maturing
varieties of small grajn,

(2} Drought tolerance, ie., the ability of the plant to withstand
drying and recover later when moisture becomes available, e.g.,
sorghurn.

(3) The ability of the plant to adjust its growth and development
to the available water supply. Thus cotton not only regulates its
growth with the moisture supply but also sheds squares (fower
buds), fowers, some of the bolls and, finally, many of the leaves
when moisture continues to be deficient. A so-called drought-resist-
ant crop or crop variety shows one or more of these characteristics
described above.

A summary of water requirements of several crops and pigweed
(Amaranthus retroflexus) at Akron, Colorado, reported by Shantz
and Piemeisel * is shown in the table on page 63. The Jowest water
requirement occurred in 1915, a cool year of high rainfall.

Weighted mean water requirements of other crops and weeds
were as follows: proso 267, Sudan grass 380, sugar beet 377, buck-
wh.eat 540, potato 375, spring rye 634, red clover 698, bean 700,
hairy vetch 587, soybean 646, sweetclover 731, field pea 747, flax
783, crested wheatgrass 678, bromegrass 828, Russian thistle 314,
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WATER REQUIREMENTS OF CROPS AND PIGWEED AT AKRON, COLO.

CROP 1918 1914 1915 1918 1917  AveRacE
Alfalfa 834 830 695 1047 822 858
QOats G617 299 448 876 835 635
Cowpeas 571 659 413 767 481 578
Cotton 657 574 443 612 522 562
Barley 513 501 404 664 522 521
Wheat 496 518 405 636 471 505
Com 399 268 253 495 346 372
Blue gramagrass 389 389 312 336 290 843
Pigweed 320 306 229 340 307 300
Millet 286 295 202 387 284 287
Sorghum 208 284 203 296 272 271

purslane 281, and lambsquarter 658. All these water requirements
are based not upon crop products but upon total dry matter in the
plant above the ground, except for the sugar beet, in which case the
roots also were harvested.

The water balance is the relation between absorption and loss of
water by the plant.* There is a deficit when absorption is exceeded
by water loss. A deficit often occurs in midday when transpiration
exceeds absorption and plants show signs of wilting and leaf roll-
ing. Increased and permanent wilting may cause injury and lead
to complete ruin. Permanent wilting is defined as the point at which
a plant cannot recover when placed in a saturated atmosphere.
Flant species that endure great water loss without injury (ec.g.,
guayule) are called xerophytes, those requiring medium supplies
of water (most crop plants) are called mesophytes, while those
growing best with abundant water, including aquatics (e.g., wild
rice ), are called hydrophytes. Important characteristics of xerophytes
are high concentrations of cell sap, or high content of colloidal ma-
terial or coverings that retard evaporation and ability to recover
after drying. Many anatomical characters associated with drought
resistant plants do not limit transpiration but permit a greater plas-
ticity in growth, reproduction, or survival. They develop their vital
functious with great intensity when there is sufficient water.

Reproductive Processes in Crop Plants
Crop plants reproduce either {a) sexually, i.e., by the fertiliza-
tion of flowers to produce seeds, or {b) asexually.
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ASEXUAL REPRODUCTION
Crop plants normally produced asexually, and the plant part used
in propagation include the following:
{1) Roots—sweetpotato, cassava, kndzu.
(2} Tubers—potato, Jerusalem artichoke.
{(3) Stolons—buffalo grass, creeping bent, Bermuda grass.
{4) Rhizomes—Bermuda grass.
{5) Stem cuttings—sugarcane, Nupier grass.

Asexual reproduction perpetuates uniform progeny except for
an oceasional bud mutation such as the sudden appearance of a
red tuber in a white variety of potato. Many varieties that are uni-
form when propagated asexually are found to be extremely hetero-
zvgous {or variable) in their hereditary make-up when propagated
from seeds.

SEXUAL REPRODUCTION

The tvpes of floral arranzement involved in sexual reproduction
are as follows:

{1} Perfect or bisexual flowers contain both stamens and pistils.
Most crop plants have perfeet flowers although some of them are
more or less self-sterile. Some unisexnal flowers are found on crop
plants that are bisexual, e.g., sorghum and barley.

(2) Imperfect or unisexual flowers contain either stamens or pis-
tils but not both.

When the separate staminate and pistillate flowers are borne on
the same plant, the plants are called monoecious. Examples of these
are corn, castorbean, and wild rice.

When the two kinds of flowers are borne on separate plants, the
plants are dioecious. These include hemp, hops, and buffalo grass.

An exception to ordinary sexual reproduction is a process called
apomixis, a form of pathenogenesis or the production of seed by a
stimulation of the ovary without fertilization. This is a common
method of seed formation in Kentucky bluegrass, and consequently
cross-pollination is rather rare in that crop.

Sexually propagated crop plants may be grouped into three gen-
eral classes, on the basis of their normal habit of pollination. These
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are: (1} naturally self-pollinated, (2) often cross-pollinated, and
(3) naturally cross-pollinated.

(1) Naturally self-pollinated. Crop plants naturally self-pollinated,
including wheat, oats, barley, tobacco, potatoes, flax, rice, field
peas, cowpeas, and soybeans, usually show less than 4 per cent of
cross-pollination. The percentage of cross-pollination in these crops
varies with variety and season or environment.* & 0.9t 3 Any en-
vironmental or hereditary factor that interferes with normal pollina-
tion or fertilization may result in a high proportion of cross-pollina-
tion. In naturally self-pollinated plants, the pistil usually is polh—
nated by pollen from the same flower.

(2) Often cross-pollinated. These include cotton, sorghum, foxtail
and proso millets, and several cultivated grasses. The pistil may be
pollinated by pollen from the same flower or from another flower
on the same plant or from another plant. Crossing among cotton
flowers usually is due to insects, while that in the grass crops men-
tioned above is largely from air-borne pollen. Self-pollination usu-
ally is 94 to 95 per cent in sorghum.®

(3) Naturally cross-pollinated. Cross-pollination is the normal
mode of reproduction in many crop plants, including maize, rye, clo-
vers, alfalfa, buckwheat, sunflowers, some annual grasses, and most
perennial cultivated grasses. The extent of self-pollination in corn is
less than 5 per cent," and sometimes as low as 0.7 per cent.™ Most of
the grasses are wind-pollinated, but buckwheat and legumes such as
clovers and alfalfa are adapted to insect-pollination. Cross-pollina-
tion is essential to seed production in many plants of red clover,
rye, and common buckwheat because of self-sterility.

Flowers. The flower arises from a bud either at the apex of the
stem or in the leaf axil. Flowers are grouped on a more or less com-
pact special shoot or axis called the inflorescence. The leaves on
the inflorescence are known as bracts, while the axis is usually a
rachis or a peduncle. An individual fower stalk is a pedicel.

A flower is composed of the stamens (male organs), pistils (fe-
male organs), calyx, and corolla (Figure 14). The latter two struc-
tures are replaced by glumes, lemma, and palea in the grasses.

The stamens and pistils are the organs of fertilization. The stamen
is composed of a flament or stalk at the upper or outer end of which
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Coralla lobes
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Fic. 14 {Left) A tobacco Hower showing typical floral parts. (Drawn by H. A.
Allard.) {Right} The parts of an opened grass {sugarcane) flower. (a) anther,
(EY filament, (f 1) fertile lemma, (i gl) inner ghime, {1} lodicules, {0) ovary,
(ogl) onter lemma, (p) palea, (s) stigmas and (51} sterile lemma. {After
Artschwager.)

is the anther. The interior lobes of the anthers are hollow spaces or
pollen sacs in which the pollen is produced in the form of loose,
round. pollen grains. Finally, each sac splits open (dehisces) to
allow the pollen to escape. The pistil is composed of the stigma,
style, and ovary. The ovary is the swollen, hollow base of the pistit
(Figures 15,16 & 17). The clongated portion is the style, at the apex
of which is the stigma. The ovary contains the ovules, which are
attached to the ovary walls. The ovule is generally an egg-shaped
body.

In the grasses the flowers at the time of fertilization are forced
open by the swelling of two small organs called lodicules, which lie
between the ovary and the surrounding lemma and palea.

The perianth, composed of the calyx and corolla, is a2 nonessential
part of the flower, except that it may aid in the attraction of insects.
The calyx is made up of sepals which enclose the other floral parts



FIG. 18. Section of cumn silk enlarged:;

unpollinated (left); pollinated (right).

Fic. 13, Pistillate inflorescence of
maize. (A) Unpollinated ear and silks,
{B) Enlarged ovaries showing attach-
ment of silks.

Fie. 17. Germinated maize pollen grain (p) and pollen tube {pt} passing down
through stigma hair (h) into sitk {sc). ( After Miller. )

67
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ris. 18, Altalfa flower, typical of legumes, (1) Opened flower showing position
of stvle and anthers before tripping at left and after tripping at right. The
large segment of the corolla at right is the “banner.” {2) Unopened flower with
the banner removed, (3) Open Hower with bunmer removed to show the two
wings (left and right), the two “petals” of the keel fused at rear, and the style
und anthers at front.

in the bud and thus protect the young flower. The corolla is gen-
erally the showy part of the flower, being composed of petals (Fig-
ure 18).

Process of Fertilization. The ovule is composed of a nucellus sur-
rounded by an inner and outer integument. The embryo sac is
within the nucellus {Figure 19), and contains eight nuclei which
are as follows: two svnergids, and one egg cell at the micropylar
end; three antipodal cells at the opposite end; and two endosperm
or polar nuclei near the center. Pollen grains falling on the stigma
of the pi til germinate in the sticky stigmatic excretion. The ger-
minated pollen grain contains a tube nucleus and two sperm nu-
clei. The tube nucleus develops a pollen tube that elongates down
through the stvle to the embryo sac. The pollen tube usually grows
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in the intercellular spaces of the style. One sperm nucleus unites
with the egg cell while the other fuses with the two polar nuclei.

The fusion of the second male
nucleus with the polar nuclei has
been termed double fertilization,
which is believed to occur in all
flowering plants. The mechanism
af double fertilization accounts
for the phenomenon of xenia, or
the immediate observable effect
of foreign pollen on the endo-
sperm. The classical example is
the various endosperm colors in
maize produced by foreign pol-
len, which are evident as soon
as the outcrossed grains ripen.
Xenia has also been observed in
rye, rice, barley, sorghum, peas,
beans, and flax. When the peri-
carp or other maternal tissue also
is modified by double fertiliza-
tion as a result of adjustment to
a change in size or shape of the
affected endosperm, the process
is called metaxenia. Fertilization
in com takes place within 28 to
28 hours after pollination® In
barley, Pope® found that the
pollen germinated within 5 min-
utes after reaching the stigma,
the male nuclei had entered the

F16. 19, The badey pistil, (¢} cone-
shaped tip of outer integument, (ie)
inner epidermis of ovary wall, (ii)
tnner integument, (Ips) lateral pro-
cambial strands, {m) micrapyle, (n})
nucellus which contains the embryo
sac, (o1) outer integument, {pg) pol~
len grain, (s) stvle, and (sh) stigma
hair. The braken line shows the
course of the pollen tube from pollen
grain to micropyvle {m). Above the
micropvle are two svnergids and the
egg nucleus, and above the latter are
the two endosperm nuclei. The 3 an-
tipodal cells higher vp have already
divided several times.

egg sac within 45 minutes, and the fertilized egg bad begun division
within 15 hours, Flax pollen germinates and the pollen tube pene-
trates to the base of the style in about 4 hours after pollination as
determined by A. C. Dillman.

Crop seeds develop rapidly after pollination, being fully mature
within 4 to 6 weeks in many crops and up to 9 weeks in others.
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Seeds and Fruits

A representative mature seed consists of the seed coat (testa),
nucellus, endosperm, and embryo. The embryo or germ is com-
posed of the plumule (leaves), hypocotyl (stem), radicle (root),
and one or two cotyledons. The seed may be defined as a matured
ovule. The bean is a good example of a seed. It is attached to the
ovary wall (pod) by a short stalk termed the funicle. The hilum
is an elongated scar on the bean where the funicle was attached.
Close to one end of the hilum is a small opening called the micro-
pvle. A seed coat or testa covers the bean, beneath which are two
fleshy halves called cotyledons. A typical endosperm is lacking in
the bean, the cotyledons occupying most of the space within the
secd coat.

A fruit is a matured ovary, It contains the seeds or matured
ovules. The mature ovary wall is known as the pericarp. The en-
tirc bean pod is a fruit {Figure 20) but the beans are seeds. The
buckwheat fruit (achene) and the grass fruit (caryopsis) are com-
monly called seeds.

In the indehiscent dry fruits, the pericarp is dry, woody, or leath-
ery in texture, and does not split or open along any definite lines.
The achene is a one-seeded fruit in which the pericarp can be
readily separated from the seed as, for example, in buckwheat. The
carvopsis of cercals and grasses is a one-seeded fruit. The seed
within it is united with the ovary wall or pericarp. Percival ® de-
scribes the wheat kernel as a kind of nut with a single seed. The
wheat kernel (caryopsis) comsists of the pericarp, endosperm, and
embrvo. The outer rim of the embryo is the scutellum, flattened,
somewhat fleshy, shield-shaped structure which lies back of the
plumule and close to the endosperm. The scutellum is regarded
as the single cotyledon of a grass “seed.”

In the dehiscent dry fruits, the pericarp splits in various ways or
opens bv pores. The seeds on the interior of the fruit are thus set
free. The legume pod or fruit dehisces along two sutures, as in
field peas or beans. In red clover, the capsule dehisces transver-
sally. the upper part of the carpels falling off in the form of a cap

or lid.
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Fie. 20 (Left) The pod (fruit) and seeds (ovules) of the Pinto bean. (Right)
Half of fruj {boll or capsule), and seeds (ovules) of coltton; the Cross-section,
{below) shows 4 locks,
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Growth Processes in Crop Plants

Growing plants pass through a gradual and regular vegetative
cyde followed by maturity and reproduction.’® The vegetative
growth of most plants is characterized by three phases, viz., an
initial slow start, a period in which the growth rate becomes gradu-
allv faster, and finally a peried when it slows down again. Growth
curves of sorghum * are shown in Figure 21, The processes involved
in growth are extremely complex. Growth is usually measured by
the amount of solid material or dry matter produced. This is often
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Fi. 21 Most crop plants, e.g., com and barley, show a growth rate similar to
the thearetical svimmetrical corve. The sorghums, Dwarf hegari and Double
Dwarf Yellow milo, have smaller seeds in proportion to the ultimate plant size
and thercfore slow a slow growth rate at the beginning.
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expressed agriculturally as yield of all or part of the plant. Vegeta-
tive development is interrupted by the reproductive phase in which
the flowers and seeds are formed. Different species and crop varie-
ties have a characteristic though highly variable vegetative period.
However, the onset of the reproductive period may be altered
greatly by changes in environmental conditions. Thus, a soil rich
in nitrogen will tend to keep down the carbon-nitrogen ratio and
delay Howering in nitronegative crops such as wheat, barley, oats,
most pasture grasses, mustard, alfalfa, and clover. The excess of
carbohydrates over nitrogen is usually very great, i.c., the carbon-
nitrogen ratio is high after the plant commences to flower. However,
changes in the carbon-nitrogen ratio in the cotton plant may be
merely incidental rather than fundamental to flowering.® Nitroposi-
tive crops, such as corn, sorghum, millet, cotton, tobacco, hupines,
sunflower, perilla, and pepper are reported to flower earlier with
abundant nitrogen. The flowering time of nitroneutral crops, such
as buckwheat, hemp, soybeans, peas, and beans is not affected appre-
ciably by supplies of available nitrogen. Moisture shortage may
cause plants to flower abnormally early, as is often observed in a
dry season. The length of the daily illumination period affects the
time that plants lower. Temperature alone and in combination with
the other above factors also affects the onset of flowering.

Plant Competition

Regulation of the kind and amount of plant competition is an
important ecological phase of crop production. Weeds arc destroyed
to keep them from competing with crop plants. Crops are spaced to
obtain maximum yields of suitable quality, a moderate amount of
competition between plants not being detrimental on an acre basis.
A “struggle for existence” results when plants are grouped or occur
in communities in such a way that their demands for an essential
factor are in excess of the supply. Competition is a powerful natural
force that tends towards elimination or extinction of the weak com-
petitors. It is purely a physical process, ie., it is essentially a de-
crease in the amount of water, nutrients, and light that otherwise
would be utilized by each individual plant. It increases with the
density of the plant population,



74 GENERAL PRINCIPLES OF CROP PRODUCTION

WEED COMPETITION

In farm fields, crops are often confronted with serious competi-
tion with weeds. Success of the crop depends on the readiness and
uniformity of germination under adverse conditions, ability to de-
velop a large assimilation surface in the carly seedling stage, the
possession of a large number of stomata, and a root system with a
large mass of fibrous roots close to the surface but with its main
roots penetrating decply.” Crop plants have been classified in
order of decreasing competitive ability against weeds as follows:
barley >rye > wheat >oats >flax. Common wild mustard { Brassica
arvensis) and wild oats (Avena fatua) are vigorous competitors
among the annual weeds.! Wild oat plants may adapt their growth
to the height of the grain with which they are competing.”” In a flax
field, however, the wild oat plants quickly outstrip the shorter Hax
plants.

An important application of plant competition in agriculture is
the use of so-called smother crops for weed control.

COMPETITION AMONG CULTIVATED CROPS

Competition is greatest between individuals of the same or
closely related species because they make their demands for mois-
ture, nutrients, and light at about the same time and at about the
same level (Figure 22}, Competition for moisture is especially im-
portant in dryland regions. In the grass crops competition for light
reduces the number of heads, causes great irregularity in the num-
ber of tillers produced, diminishes the amount of dry matter formed,
cncourages shoot growth at the expense of root growth, and reduces
the tillering, Jength of culm, and number of kernels per head.

The reduction in the yield of corn is not proportional to the
reduction in stand, because of the adjustment of nearby plants that
benefit by feeding in the space occupied by blank hills.*® Consider-
able fluctuation in stand may oceur without material effect on the
final yield.
_ Sugar beets may respond to additional space so that they can
ncrease in weight sufficiently to compensate for 98 per cent of the
Joss due to a blank hill® Very close spacing in flax reduces the
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mc. 22. Representative flax plants grown at 8 different spacings. The single-
temmed plant at the left suffered from competition with other flax plants in
he planting. The figures indicate the number of plants occupying a square foot.
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beight of plants materially.” As the space between plants increases
there is an increase in number of bolls, yield per plant, weight per
plant, and number of stems per plant.

In sorghum, within certain limits, medium-thick planting makes
the plants taller because of greater competition for light. Very thick
stands make the plants shorter because of inadequate moisture to
support a good growth in so many plants.

Competition hetween different crop varieties causes marked
changes in population after a few years when the original mixture
comprises equal numbers of seeds of each variety. The ascendant
varictics are not necessarily those that yield best when seeded
alone.”

CROP ASSOCIATION

Competition between different crop species may not be so severe
because one plant has an opportunity to fit in among some others.
For example, in a mixture timothy and clover make different de-
mands on the habitat at different times and at different soil depths.
The morc unlike plants are, the greater the differences in their needs.

In frrigated pastures in northern Colorado, it was found that
competition plaved an important role in pasture mixtures. The most
vigorous seedlings, cspecially of orchard grass, soon gained domi-
nance even when seeded in amounts as small as 4 pounds in a total
of 30 pounds of seed per acre. Kentucky bluegrass, white clover,
and timothy suffered greatly in this competition.

Companion crops planted with new seedings of alfalfa, red clover,
and similar crops to secure a return from the land the first year
compete with the young seedlings, and usually are planted at about
one-half the usual rate to reduce competition.

Mixtures of a small grain with a trailing vine legume such as
vetch and field peas are very popular because the grain stems help
support the legume vines, Korean lespedeza often is grown with
small g ains. The planting of corn or sorghum with cowpeas, soy-
beans, or velvetheans is widely practiced in the southeast with the
object of increasing tota! yields as compared with the same crops
grown alone. Some increase in yield is possible because of the dif-
ferent growing habits of the crops. In crop mixtures in which the
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cultural requirements for the individual crops are different, there
may be sacrifice in quality or yield of one or both crops and an
increase in production costs.

Botanical Classification of Crop Plants

METHOD OF BOTANICAL CLASSIFICATION

Botanical classification is based upon similarity of plant parts.
Field crops belong to the Spermatophyte division of the plant king-
dom, in which reproduction is carried on by seeds. Within this divi-
sion the common crop plants belong to the subdivision angiosperms,
which are characterized by having their ovules enclosed in an ovary
wall. The angiosperms are divided into two classes, the monocotyle-
dons and the dicotyledons. All the grasses, which include the cereals
and sugarcane, are monocotyledonous plants. The legumes and other
crop plants except the grasses are classified as dicotyledonous plants
because the seeds have two cotyledons. These classes are subdi-
vided into orders, families, genera, species, and varieties.

CROP PLANT FAMILIES

Most field crops belong to two botanical families, the grasses
{Gramineae), and the legumes {Leguminoseae ).

The Grass Family ( Graminecac). The grass family includes about
three-fourths of the cultivated forage crops and all the cereal crops.
They are either annuals, winter annuals, or perennials. Grasses are
almost all herbaceous (small nonwoody) plants, and usually with
hollow cylindrical stems closed at the nodes,'** The stems are
made vp of nodes and internodes, The leaves are two-ranked and
parallel-veined. These consist of two parts, the sheath which envel-
ops the stem, and the blade. The roots are fibrous. The small,
greenish flowers are collected in a compact or open inflorescence
which is terminal on the stem. The flowers are usually perfect, small,
and with no distinct perianth. The grain or caryopsis may be free
as in wheat, or permanently enclosed in the floral bracts (lemma and
palea), as in oats.

The Legume Family ( Leguminoseae). Legumes may be annuals,
biennials, or perennials. The leaves are alternate on the stems,
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stipulate, netted-veined, and mostly compound. The flowers are
almost always arranged in racemes as in the pea, in heads as in the
clovers, or in a spikelike raceme as in alfalfa. The flowers of field
crop species of legumes are papilionaceous or butterflylike. The
irregular flowers consist of five petals, a standard, two wings, and
a keel that consists of two petals more or less united. The calyx is
normally four or five toothed. The fruit is a pod containing one to
several sceds. The seeds are usually without an endosperm, the two
catyledons being thick and full of stored food. Legumes have tap-
roots. Often the roots have abnormal growths called nodules caused
bv the activities of a bacterium, Rhizobium, which has the abil-
ity to fix atmospheric nitrogen in their bodies and eventually in
the plant residues.

The leading genera of legume field crops, all of which belong
to the suborder Papilionaceae, are: Trifolium (clovers), Medicago
(alfalfa, burclovers, and black medic), Glycine (soybean), Lespe-
deza, Phaseolus (field bean), Pisum (field pea), Melilotus (sweet-
clovers), Vigna (cowpea), Vicia {vetches), Stizolobium (velvet-
bean), Lupinus (lupines), Crotalaria, Lotus (trefoils) and Pueraria
(kudzu}.

Other Crop Families. Among the other botanical families that
contain crop plants are: (1) Cannabaceae—hops and hemp; (2) Pol-
ygonaceae—buckwheat; (3) Chenopediaceae—sugar beets, mangels,
and wormseed; (4) Cruciferac—mustard, rape, and kale; (5) Lina-
ceae—flax; (6) Malvaceae—cotton; (7) Solanaceae—potato and
tobacco; and (8) Compositae—sunflower, Jerusalem artichoke, saf-
flower, and pyrethrum.

BINOMIAL SYSTEM OF NOMENCLATURE

In a botanical classification, each plant species is given a binomial
name. This provides two names for a plant, the genus and species.
The binomial svstem of nomenclature is founded upon the publi-
cation bv the Swedish botanist, Carl Linneaus, of his Species Plan-
tarum in 1753. The name of the man who first gave the accepted
name is affixed by a letter or abbreviation. For example, the letter L
following the botanical name of corn or maize—Zea mays L—means
that Linncaus named it (see Appendix Table 1). The binomial
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system provides a practically universal uesignation for a plant
species, which avoids much confusion. Some crops, e.g., proso and
roughpea, are known by several different common names in the
United States.

A species is a group of plants that bear a close resemblance to
each other and usually produce fertile progeny when intercrossed
within the group. Nearly every crop plant comprises a distinct
species or, in some cases, several closely related species of the
same genus. Within a species, the plants usually are closely enough
related to be interfertile. Interspecies crosses are infrequent in
nature, but many of them have been made artificially.

Varietal names are sometimes added to the species name to make
a trinomial, but ordinarily crop varieties are given a2 common name
or serial number to designate them. Names are often confused in
the designation of agricultural varieties. The variety of wheat known
as Fulcaster has at least 60 different names or synonyms. Recent
classifications of agricultural varieties have done much to stand-
ardize variety names. The American Society of Agronomy has
adopted a rule to use a single short word for a variety name, and
the variety is not to be named after a living person. That Society
also registers properly-named improved varieties of several crops.

A comprehensive list of native and cultivated plants in American
use or commerce, giving both the scientific and common names and
the names of many varieties of cultivated plants is found in the
book Standardized Plant Names, published in 1942 by J. Horace
McFarland Company, Harrisburg, Pennsylvania.
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4 cROP IMPROVEMENT*

Possibilities in Crop Improvement

The creation of every new superior crop variety is a definite
advance in human welfare, and the breeding of new varieties is
the only stable method of crop improvement. Although crop yield
and quality can be improved by disease and pest control, fertilizer
application, and better cultural methods, such practices must be
repeated cach season. Maintenance of seed stocks by purification
and field inspection, and distribution of superior varieties are popu-
larly regarded as phases of crop improvement, although they are
actually a means of helping growers to capitalize upon the accom-
plishments of the crop breeder.

Improvement of crops has been in progress since primitive man
first exercised a choice in selecting seed from wild plants for grow-
ing under cultivation. The greatest advances were made before the
dawn of civilization, but material progress was made thereafter,
However, not until the present century when some knowledge of
genetic principles was acquired has crop breeding become a science
with the outcome of a breeding program reasonably predictable.®
Much further improvement is possible by application of knowledge
and materials now on hand. In fact, the only serious limitation to
future progress is the failure, as vet, to find certain needed plant
characteristics among the varieties being tested.

The increased gross income to farmers of the United States from

* The historv and progress in breeding numerous crops up o recent times
are described in detail in the United States Department of Agriculture Year-
boaks for 1936 and 1957, These baoks are now out of print but can be found in
most libraries. A comprehensive book on crop improvement, Methods of Plant
Breeding, by H. K. Haves and F. R. Immer, is published by the McGraw-Hill
Book Co., Inc,, New York and London.
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the growing of hybrid corn averaged about 600 million dollars
annually from 1941 to 1943, This is ronghly equal to the total annual
payments to farmers under the Agricultural Adjustment, Agricul-
tural Conservation, and Parity Payment programs in the same period.
The annual increased returns from improved varieties of all other
field crops combined were even greater than those resulting from
the growing of hybrid corn.

Crop breeders are concerned chiefly in more abundant, stable,
and economical crop production, but they also are deeply imbued
with social and humane motives!® We now have awnless and
smooth-awned cereals that do not irritate the eyes, mouths, or skins
of the farm workers and their domestic animals. We also have
sweeter and more tender sweet corn, and lighter bread made from
stronger wheats. Crops that are easier for man to harvest, and feed
crops that are more palatable or less toxic to livestock have been
developed within the past 15 years. Improved varieties have helped
alleviate crop failures and their accompanying human privation and
livestock starvation.

Objectives in Crop Breeding

A perfect crop variety is yet to be created. Every variety has sev-
eral known defects that prevent production of crops of maximum
yield and guality, except under rare ideal conditions. The objective
of the crop breeder is to eliminate those defects. Most varieties have
yielding capacities that are ample or nearly ample for the conditions
under which they are grown if various deleterious factors usually
were not present to restrict optimum development. Almost any
adapted commercial variety is capable of producing 2 to 10 times
the average vicld of the particular crop in the United States. Losses
from unfavorable conditions often can be reduced or controlled by
crop breeding. Increased vigor as manifested by a greater inherent
growth rate would markedly increase the yields of various CTops
when they are grown in favorable sections. Except in corn, however,
the most rapid and important progress in crop breeding has been
in the development of varieties of better quality that can withstand
the hazards of adverse weather, diseases, insects, and unfavorable
soil conditions.
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Some of the chief objectives in crop breeding are improve-
ments in:

Resistance to diseases, insects, drought, cold, heat, and alkali.

Adaptation to shorter seasons, longer seasons, heavy grazing, or
frequent cutting.

Fecding quality—e.g., palatability, leafiness, hull percentage, nu-
tritive vaiue, and texture,

AMarket quality—e.g.. higher content of textile fiber or of protein,
sugar, starch, or other extractives; better processing quality for
textiles, foods, beverages, and drugs; better color,

Secd qualitv—e.g., higher or lower seed-setting tendency, greater
longevity, higher viability.

Crowth habit—e.g., more erect or prostrate stems, more or less
tillering or branching. more uniform Howering and maturity, more
uniform height, longer life, better ratio of tops to roots.

Harvesting quality—e.g., shorter or taller stalks, erect stalks and
heads, nonshattering, easier processing, freedom from irritating
awns and fuzz.

Productive capacity—e.g., greater vigor, higher fertility, faster
recovery after cutting.

Methods of Crop Breeding

Three general methods of crop improvement are cornmonly listed,
viz., (1) introduction. (2) selection, and (5) hybridization. These
methods are not wholly distinet because hybridization almost always
st be preceded, or followed, or bath preceded and followed, by
some scheme of selection. Crop introduction, on the other hand,
either is a substitute for crop breeding by bringing in a superior
varicty from some other section, or it furnishes foundation stocks
for breeding.

INTRODUCTION

Some of the more recent foreign introductions that have become
established crops in North America include crested wheatgrass,
Balbo ryc, Russian wild rve grass, and Ladak alfalfa. The introduc-
tion of Bond oats for ’n_\'bridizntion with domestic varieties gave a
new impetus to the breeding of disease-resistant oats.

Both individuals and public institutions have contributed to the
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rich collection of crop plants obtained from foreign shores. Since
1898, the Burcau of Plant Industry of the United States Department
of Agriculture has introduced a majority of the exotic crop varieties
that have reached America. They introduced hegari, Sudan grass,
Fedcration wheat, Austrian winter pea, Hungarian vetch, Dallis
grass, and Korean lespedeza, which have been grown on millions of
acres.

Very few of the crop varieties introduced recently are superior
to, or even equal to those already grown. Varietics that seemingly
are worthless here, however, may possess resistance to some disease
or insect, or have some other useful character that can be ransferred
to adapted varieties by hybridization.

SELECTION

Mass selection. Mass selection is a quick method of purifying or
improving mixed or unadapted crop varieties. It is done by select-
ing a large number of plants of the desired type and then increasing
the progeny. Field and crib seleetion of seed cars of corn is merely
mass selection to partly eliminate undesirable tvpes. Most of our
open-pollinated varieties of corn such as Reid Yellow Dent and
Johnson County White are products of mass sclection.® Natural
selection through survival of the more vigorous strains accomplishes
the same objective. Tennessee Winter barley doubtless was im-
proved in winter hardiness as a result of natural selection while
being grown under cold conditions. Mass selection accomplishes
nothing when selection is confined to vigorous plants that are
merely favored by good environment such as thin stands or more
favorable soil or moisture locations in the field.”

Pure line or pedigree selection. Pure-line, pedigree, or individual
plant selection consists of the growing of individual progenies of
each selected plant so that their performance can be observed,
compared, and recorded. In crops that are largely self-fertilized, re-
selection is not necessary except for those progenies resulting from
occasional natural hyvbrids or mutations that are still segregating.
In crops that are partly or largely cross-fertilized, selection must be
repeated until the strains appear to be uniform. Also cross-fertilized
crop plants selected for propagation must be self-pollinated by cov-
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ering the floral parts to exclude foreign pollen or by hand-pollinating,
ar both, or in some cases by isolating the plants.

More varieties of self-pollinated crops have been obtained from
individual plant selection than from any other method, Until recently
most crop varieties were mixtures of different genotypes. Pure-line
selection offers a quick means of segregating desired types from
such mixed varieties.”® Numerous varieties of wheat and oats were
originated by this method. Among these are Kanred, Nittany, For-
ward, Fulhio, and Karmont wheat? and Richland, Gopher, Rain-
bow, Markton, Brunker, and Columbia cats.™

A simple procedure in breeding by selection may be illustrated
by the method followed in developing resistant strains such as
Texas milo, Resistant Sooner milo, and Double Dwarf 38, of grain
sorghum varieties *" that were highly susceptible to the root rot dis-
ease caused by the organism Periconia circinati (Figure 23).

First year. A field of Dwarf milo was almost a total failure because of
the above discase. A few plants, perhaps one in 5,000, in the infested
area appeared to be healthy. The heads from some 200 of these plants
were saved.

Second year. The selections were planted in head rows in disease-
infested soil, in comparison with the unselected variety and known re-
sistant varieties. Some of the progenies that proved to be off-types were
discarded immediately. Some of the rows broke up into various types,
which showed that they were natural hybrids. These also were discarded.
Other rows consisted entirely of diseased plants, showing that the selected
plants had merely escaped the discase probably because they grew in an
area of lightly infested soil. These likewise were discarded. Still other
progeny rows were typicul of the variety but contained many diseased
plants which showed that they were heterozvgous for disease resistance.
The remaining progeny rows were fully resistant, except for occasional
plants that probably grew from a seed that had developed from an out-
cross with a susceptible plant. Heads in the rows containing all healthy
plants but otherwise typical of the original variety were covered with
paper bags to exclude foreign pollen.

Third year. Seed from each of the bagged (self-pollinated) heads was
again planted in individval head rows on discase-infested soil, and
remnants ~f the seed were planted in yield tests and in isolated increase
blacks. and many of the heads were bagged.

Fourth year. The seed of several selected strains was again planted in
olots for yield tests on both infested and noninfested soil in several
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¥ic. 23, In 1935 this Califarmia farmer’s milo crop was destroved by “milo dis-
case” except for 5 resistant plants one of which is shown at the left. The sced
wis saved and increased the uext year. In 1937 the progeny from these five
plants produced about 1200 bushels on 10 acres {upper right). Adjacent to it
the unsclected milo {lower right) was a complete fuilure.

localities. The bagged secd from the increase block of the most promising
strain was released to a registered seed grower who planted a field
isolated from other sorghum. The field was rogued carefully to eliminate
all off-tvpe plants. The crop from this field was the foundation seed for
distribution to other growers of certified seed.

Fifth year, Certified seed growers produced the crop under cstublished
rules for purity and isolation. Their fields were inspected, and a threshed
seed sample was tested for purity and germination. The growers were
supplied with certification tags to attach to each bag of seed. Seed of the
improved variety was then sold to farmers,

The above sketch is rather typical of selection procedure when
the breeding objective is very simple, and plants apparently of the
desired type are found readily. It is assumed that the occasional
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discase-resistant plants in a susceptible varicty have originated by
a spontaneous chauge in germ plasm called mutation.

Selection procedure in other cases may differ somewhat from the
above outline in which a difference of only one genetic factor was
involved. Usually, a minimum of 7 to 10 years elapses between the
original selection and the rclease of a new variety to farmers. Modi-
fications of the above methods are listed below:

(1) In sclf-pollinated crops the bagging and reselection usually
are unnecessary.

(2) In cross-poilinated crops or when the original variety and
the selections differ by several genetic factors, several {five or more)
generations of selection may be required to purify the strains so that
each will continue to breed true thereafter while being tested for
yield.

(3) When the selections differ among themselves, or from the
original variety, in hereditary make-up or in growth habit and moz-
phologv, as is usually the case, several years of yield tests are
required to determine the relative merits of the different selections.

(4) Where improved yield is desired but the objectives other-
wise are rather intangible. the following procedure is advisable."
This involves selection, in a sclf-pollinated crop, of a large number
of heads (perhaps 1.000), continued progeny testing for several
vears with gradual elimination of low-viclding or otherwise unde-
sirable tvpes, and accompanving the yield tests with plantings of the
same strains in a disease garden to determine the reaction to various
diseases. After repeated tests for several years at several stations or
in outlving experiments, the strain or strains having the best per-
fermance record, if snitable otherwise, are increased for distribution.

(3} Ear-to-row countinued sclection and progeny testing was a
popular breeding method for the cross-pollinated corn crop from
about 1900 to 1920, but the method has been discarded. Ear-to-row
testing s effective in isolating some of the better strains of an un-
adapted variety during the early years of selection but progressive
i. creases in Lield have never been obtained.® The chief limitations
to the method are the partial inbreeding that reduces yields, and the
lack of complete control of the pollen parentage of the seed ears.
Continued selection in cotton has met with some success because
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purity is never obtained when the selections are grown without pro-
tection fromn insects that can effect intercrossing.

(6) The breeding of cross-pollinated grasses and legumes such
5, 14

as bromegrass, crested wheatgrass, and alfalfa
volved continued selection and self-pollination to isolate and purify

usually has in-

improved strains. Some of these strains may be recombined into a
synthetic variety later and allowed to intercross.™

Pure-Line Concept. The modern methods of handling, testing,
and increasing individual selections of self-fertilized crops have as
their basis the pure-line concept proposed in 1903 by W, L. Johann-
sen who worked with beans. According to this concept, variations
m the progeny of a single plant of a self-fertilized species are not
heritable but are due to environmental effects. Failure to recognize
this principle before and, in some cases, as late as 13 vears after
Johannsen’s discovery, resulted in some futile work in continuously
sclecting self-fertilized crops as wheat and barley. The centgener
method of breeding wheat by continuous selection is a classic ex-
ample of much misdirected effort,

When homozygous self-fertilized plants are selected, the progeny
is pure for all characters until hvbridization or mutation occurs.®
1t should be recognized, of course, that varieties that appear to be
pure may be pure only for the characters that are observed under a
particular environment. A pure line was originally defined as the
descendants of a single, homozygous, self-fertilized individnal. The
definition commonly used today is that a pure line comprises the
descendants of one or more individuzls of like germinal coustitution
that have undergone no germinal change.

Inbreeding Cross-fertilized Crops. Before making hvbrids be-
tween two varieties of a cross-fertilized crop, it mav be desirable
to select and inbreed the varietics for several generations or until
thev are reasonably pure for the characters desired. Without such
inbreeding, the hybrid selcctions obtained from cross-fertilized erops
are not reproducible. Artificial self-pollination in a normally cross-
pollinated crop leads to segregation into pure uniform (homozy-
gous) lines. There is often a rapid reduction in vigor, when self-
pollination is practiced. In corn the reduction in vigor in the first
generation of selfing is approximately one-half the difference in



Fic. 24, Thateher wheat. produced by hvbridization, and released to farmers in

1934, was grown on nearly 17 million acres in the United States and Canada in
1944,

90
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vigor between the original corn and that of the homozygous inbred
progeny. When appropriate lines of self-pollinated plants are inter-
crossed there usually is restoration of vigor, a fact that is applied
in hybrid corn production.® In addition, certain abnormalities, such
as sterility, poor chlorophyll development, dwarf habit, lethal seed-
lings, and susceptibility to diseases may appear as a result of in-
breeding. These types must be discarded. Such abnormalities are
mostly recessive characters that, under open-pollinated conditions,
are largely suppressed as a result of crossing, usually with normal
plants.

HYBRIDIZATION

Hybridization, the only effective means of combining the desir-
able characters of two or more crop varieties, offers far greater
possibilities in crop improvement than can be obtained by selection
alopne.”™ ** Many recently developed crop varieties are the result of
hybridization (Figure 24). Among these are Mida, Pilot, Pawnee,
and Comanche wheats; Mindo, Benton, and Clinton oats; Tregal
and Mars barley; Koto and Crystal flax; Plainsman grain sorghum;
and Texas Patna rice.

The first step in breeding by hybridization is to choose a parent
that can supply the important character or characters that a good
standard variety lacks. It is important to have definite characteristics
in mind and to test the material for these characteristics repeatedly.
Success occasionally has followed haphazard crossing between pro-
ductive varieties but failure to accomplish any improvement by
such a procedure is traditional.

Hybridization Techniques. In crossing self-fertilized crops the
flowers are first emasculated, i.e., the anthers are removed or killed
before they have shed pollen, and the flowers are then covered with
a small paper, glassine, or cellophane bag to exclude insects and
foreign pollen (Figures 23, 26 and 27}. The anthers usually are re-
moved with tweezers, a needle, or a jet of air or water, but rice
and sorghum pollen can be killed by immersing the panicles in hot
water at about 47° C, for 10 minutes. Pollen from the male parent
is applied by brushing or dusting it on the pistil when the stigmatic
surface of the latter is receptive. This receptiveness may be imme-



Fic. 25, Emusculating wheat. The three anthers in each fower are pulled out
with tweezers.

£iG. 26, An aat Hower showing the anthers, stigmas and ovary within the glumes
and also removed to show the stricture. Their structure in other small grains
and most grasses iy very similar,
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¥ic. 27. A tobacco Hower is being pollinated by brushing the stigma with ripe
anthers from another species.

diately after emasculation or one or two days later and is indicated
by a sticky exudate covering the stigma. The techniques of hy-
bridizing corn are shown in Figure 28.

The seeds that develop from the cross-pollinated flowers, when
planted, produce plants of the first Blial (or ¥,) generation. These
plants should be all alike, only the dominant characters being ex-
pressed. In the second (F,) generation, the plants break up or segre-
gate into all possible combinations of the dominant and recessive
characters of the two parents. Plants of the types desired are selected,
and these and several subsequent generations are handled as pre-
viously described under selection methods. Reselection continues
thereafter until the desired strains are uniform, usually for 3 to 6
generations,

The size of the F, population may vary from 200 to 10,000 plants,
the proper number depending upon the number of genetic factor
differences involved in the cross. For example, if closely related



G4 GENERAL PRINCIPLES OF CROP PRODUCTION

Fi. 28 { Lef#) Both tassed and ear shoot of corn are covered with bags. (Right)

A polien gun s used when siveral ears are hand-pollinated with the same lot
of pullen, in experimental operations.

varicties are crossed ta combine two single-factor character difter-
ences, one from each varietv, an F, population of 200 to 5300 plants
should be ample because approximately ¥ of this number, or
about 13 to 31 plants, should breed true for the desired recombina-
tion. On the other hand, with a six-factor difference between the
two parents, e.g., bwo factors for smut resistance, two for sced color,
and two for plant height. one would expect only % nq4, 0r not more
than 5 in 10.000 F, plants, to breed true for the desired recom-
vination. However, additional true-breeding plants of the desired
recombination would be obtained in later generations from seg-
regating F, Tines. The expected proportion of true-breeding
strains of a particular recombination in the F, generation is de-
termined by the formula 15, in which n is the number of genetic fac-
tor differences involved in the cross. Thus with one pair of factors
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{ie,n=1)1.=13, and with six factors {(n =6) Y= Yps.
It is obvious that in wide crosses, i.e., crosses between widely unre-
lated varieties, the number of factor differences is so large that the
chances of finding the desired recombination in the first cross are
extremely remote. In such cases the strain obtained that most closely
approaches the desired recombination may be crossed with one of
the parents, or with some other variety, and selection then resumed.
The back-crossing method described later also is a useful method
of securing a desired type from a wide cross.

The success of the above procedures in hybridization and selec-
tion is illustrated by the results from crossing two oat varieties,
Markton and Rainhow.® Markten is resistant to smut, and Rainbow
is resistant to rust, Marion, a selection from this cross, is resistant
to both smut and rust,

Backcrossing. The backeross method of breeding crops was first
suggested by Harlan and Pope,” and first put to important applica-
tion by Briggs.® A specific type of selection accompanying back-
crossing has been termed convergent improvement.”® Backcrossing
is particularly useful when it is desired to add only one or two
new characters to an otherwise desirable variety. In this method the
good variety is crossed with one having the other character desired.
First-gencration plants are backerossed with the good variety. There-
after in each segregating gencration a number of plants approach-
ing the desired new recombination are selected and backerossed
with the good commercial parent. Usually, with repeated rigid selec-
tion, the improved type is recovered approximately in about five
backcrosses. Furthermore, little testing is neccssary because the
recovered variety is practically identical with the original adapted
variety except that it has a new character such as disease resistance,
Thus, by omitting several years of testing, the recovered variety
may be quickly increased and distributed to farmers.

Bulk Propagation of Hybrid Material. In the bulk method of
handling hybrid material the entire population from a cross is grown
and harvested in mass each year. Successive crops of seed are sown
for 5 to 10 years to allow natural selection for characters such as cold
resistance or insect resistance, to take place. By this time the poorly
adapted strains are largely eliminated and the remaining strains are
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mostly true breeding (or homozygous). Plants are then selected,
and the progenies tested as previously described. Testing of large
numbers of unadapted and heterozygous strains is thus avoided.
It is recognized, however, that desirable types may be lost during
the interim because of competition with aggressive but otherwise
undesirable plants.

Breeding for Disease Resistance. Some of the most outstanding
accomplishments in crop breeding have been in the development
of discase-resistant varieties of wheat, oats, sugarcane, sugar beets,
flax, potatoes, sorghum, and alfalfa. The plant breeding methods are
the same as for other objectives except that the progenies must be
exposed to the particular diseases either by artificial inoculation or
by choosing conditions favorable for natural infection. Plants that
resist the disease and are otherwise desirable are selected for fur-
ther progeny tests,

The breeding of varieties resistant to discases sometimes appears
to be highly complex because of the existence of different physiologic
races of the discase organism. Physiologic races of insect species,
e.g., Hessian fly, also are known, The problem is further complicated
by the fact that hereditary factors in both host and parasite may
condition the disease interaction. The presence of numerous physi-
ologic races often makes breeding for complete resistance rather
tedious, because several successive crosses may be necessary to com-
bine all the different essential factors for resistance.* However, crop
strains frequently are obtained from hybrid combinations that under
feld conditions resist all races of the disease organism that are
important in a given section.”® When no race is able to cause appre-
ciable crop damage to a variety, the fact that numerous races exist
is 2 matter largely of academic interest. For example, Vernal
{Yaroslav) emmer has been grown in the northern spring wheat
region for at least 70 years. It is doubtful if any commercial field
of this variety in North America has ever been damaged seriously
by any of the numerous races of the black stem rust organism. The
rust resistarice of emmer has been transferred by hybridization to
varieties of common wheat™ such as Hope, Pilot, Rival, Mida,
Cadet, Newthatch. Regent, and Renown. The high degree of resist-
ance to numerous races of the stem rust organism in these varieties
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as compared with common rust-susceptible varieties is differen-
tiated in large part by only a single genetic factor. The breeding of
stem rust resistant wheat varieties for North America thus is rela-
tively simple in so far as resistance alone is concerned. The chief
problem is to obtain other desired characters along with stem rust
resistance,

Physiologic races of a disease organism are separated upon the
basis of their reaction on differential host varieties in greenhouse
tests. Their existence is undetected until resistant varieties are found.
Thus Race 1 may attack differential variety A but not variety B.
Race 2 may attack variety B but not variety A. Race 3 may attack
both A and B, while Race 4 attacks neither. The number of races
that can be identified depends more upon the number of differential
host varietics that are used than upon the number of collections of
the disease organism that are available. The reaction to disease often
is separated into only two simple categories—resistance and sus-
ceptibility—although some intermediate or irregnlar reactions also
are known to occur, Considering merely the two reactions, resistance
and susceptibility, the number of possible physiologic races equals
2" where n is the number of differential hosts. Thus, with 12 differ-
ential hosts 4,096 races, and with 20 differential hosts 1,048 578 races
are possible. Wheat breeders who have praduced the varieties mast
resistant to stem rust selected theiv resistant plants upon the basis
of field reaction. They thus avoided the tedious testing of all strains
for reaction to numerous individual races by hand inoculation of
seedlings. Furthermore, the reaction of wheat seedlings in the green-
house often differs from the reaction of mature plants in the field.*
In such cases the greenhouse tests may be misleading.

Experimental Methods

Progress in crop breeding can be measured only by experimental
tests except when brecding for disease resistance, better color, or
some other character that can be scen readily. Even then the investi-
gator must know how the new strain compares in yicld with the
variety it is expected to replace. Field plot experiments are the chief

activity of most research agronomists.
The comparative productive value of different varieties is deter-
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mined by experimental field trials in which all varieties are sown
under identical conditions in plots or nursery rows of uniform size,
usually ranging from 15 square feet to 4, acre. An experimental
ficld should he very uniform in topography and soil character. The
soil should be representative of the section to which the results are
to be applied. Soil preparation, crop scquence, and fertilization
should be identical for the entire field area included in a particular
experiment. Seeding of all varieties should be done at the same time.
It is customary to replicate or repeat the plantings of each variety
in 3 to 10 plots or rows in order to equalize or smooth out differ-
ences due to variations in the soil and in the mechanical operations
incident to ficld experimentation. Even the most uniform-appearing
field varies considerably in productivity because of differences in
soil origin, topography, or soil treatment. Standing water, runoff,
dead furrows, weed clumps, compacted headlands, and animal
excretions all detract from uniformity. Likewise, inequalities in
tillage, seeding depth, cleanness of harvesting and threshing, waste
of grain in threshing, weighing, and moisture content of the weighed
crop all affect experimental accuracy.

Accepted statistical methods are used to compute an experimental
error term, cither the standard error or variance, which measures
the variations in yield among the different plots of the same variety
or treatment. The mathematical error term is based upon variations
that are due to chance. It gives an estimate of the uniformity or
reliability of the experiment, particularly the reliance that can be
placed upon differences found between varijeties or treatments. When
one variety outyields another by a sufficiently consistent margin so
that the computed odds for a real difference are 19 to 1 or better, it
is commonly assumed to be superior. With Jower odds, the differ-
ence observed between the two varieties is regarded as insignificant,
ie. largelv due to chance. Sometimes the plots of the different
varietics are repeated in the same systematic order so that similar
varieties or those most promising are grouped together for an accu-
rate observation and comparison. Since this arbitrary arrangement
may accidentally favor certain varieties, the varieties often are
arranged in a random order within definite experimental blocks of
plots. Special experimental designs, especially the so-called lattice
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designs,* are used as a means of partly adjusting the plot yields to
smooth out differences due to soil variation.

The size of plot is determined largely by convenience and by the
availability of uniform land for the experiment. Nursery rows give
reliable comparisons between varietics when they are repeated sev-
eral times and protected from competition with adjacent varieties
by the planting of border rows. Field plots give a better view of the
behavior of the variety under field culture and also furnish more
material for further experimentation or more seed for increase, but
they are little more reliable, and they occupy more land than do
nursery rows. Field plots of different varieties of small grain or
forage crops are wsually 4 to 8 rods long and one drill width (5 to
7 feet) wide. Corn usnally is tested in plots two hills wide and 5
to 10 hills in length, and sorghum in 4-row plots 4 to 8 rods in
length. Small grain nurseries usually are planted in rows one foot
apart with the rows approximately one rod in length.
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5 TILLAGE PRACTICES

Development of Tillage Operations

Tillage began before the earliest written records of mankind. The
first implements were hand tools to chop or dig the soil, usually
made of wood, bane, or stone. They were used to subdue or destroy
the native vegetation, make openings in the soil to receive seeds or
plants, and reduce competition from native plants and weeds grow-
ing among the crops. The next stage of tillage, application of the
power of domestic animals,’® occurred in parts of the world before
the dawn of history. This made possible development of implements
with a steady forward movement. Among these were the crooked-
stick plow to stir the soil, and the brush drag to pulverize the
surface. Little further progress was made for many centuries except
that eventually some plows were fitted with iron shares despite a
common misapprehension that iron “poisoned” the soil. The devel-
opment of steel in the nineteenth century resulted in 1833 in a steel
plow with sharp edges that cut the soil Jayer, and a curved polished
surface that permitted it to scour. That straight-line movement of
the plow has since been supplemented with the rotary movement
in such implements as disk plows and harrows, and in the rotary
boe and various pulverizing and stirring tools.

Very little was known about the effects of cultural operations in
the Middle Ages.* In 1731, Jethro Tull published his New Horse-
Houghing Husbandry in England, He believed that plants took up
the minute soil particles and the more finely the soil was divided
the more particles would be absorbed by the roots.

During the nineteenth century it became evident that nutrition
of plants depended on certain chemical elements from the soil min-
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crals, organic matter, water, and air. The foundation for this concept
was laid by Justus von Liebig and others. The idea became wide-
spread that tillage, by increasing the aeration in the soil, increased
the oxidation of chemical compounds in the soil and made them
more soluble.

Early American writers believed that tillage allowed the roots to
penetrate more deeply, or fined the soil to make a greater surface
to hold muisture, although certain others recognized its importance
in weed control. That harmful effects might result from excessive
tillage, particularly from greater oxidation of organic matter and
from increased erosion, was also pointed out by early writers in this
sountry. Not until after 1890 did experimental evidence begin to
show the basic reasons for tillage.

Purposes of Tillage

The fundamental purposes of tillage ** are: (1) to prepare a suit-
able scedbed, (2) to eliminate competition from weed growth, and
(3) to improve the physical condition of the soil. This may involve
destruction of native vegetation, weeds, or the sod of another crop.
It mav further involve removal, burial, or incorporation in the soil
of manures or crop residues. In other cases, the tillage operation
may be solely to loosen, compact, or pulverize the soil. The best
system of tillage is then the one that accomplishes these objectives
with the least expenditure of Jabor and materials.

The effect on soil erosion also must be considered in planning all
tillage operations. The kind of tillage for seedbed preparation on
diviands is governed almost entirely by their effects upon the con-

servation of soil moisture and the prevention of surface runoff and
wind erosion,

THE QUALITIES OF THF. SEEDBED

In seedbed preparation for grain sorghum under dryland condi-
tions in K. usas. land cultivated with a disk harrew or duckfoot
cultivator to control spring weed growth gave an average yield of
185 hushels.™ That left uncultivated and with the weeds allowed

to grow mutil it was listed at planting time produced only 108
bushels per acre.



TILLAGE PRACTICES 1038

Under most conditions, a desirable seedbed is one that is mellow
yet compact enough so that the soil particles are in close contact
with the seed, and is free from trash and vegetation that would
interfere with seeding. The seedbed should contain sufficient mois-
ture to germinate the seed when planted, and support subsequent
growth. In irrigated regions, it is occasionally necessary to plant
the crop and then irrigate the field in order to supply sufficient
moisture for germination, but this practice is avoided whenever
possible because of frequent irregular stands.

Implements for Seedbed Preparation

The moldboard plow breaks loose or shears off the furrow slice
by forcing a triple wedge through the soil. This action inverts the
soil and breaks it into lumps. Some pulverization takes place. Several
different shapes of moldboard plow bottoms are used. At one ex-
treme is the breaker type with a long moldboard adapted to virgin
or tough sod for completely inverting without pulverization. At the
other extreme is the stubble bottom with a short, abrupt moldboard
which pulverizes the furrow slice while turning old ground such as
small-grain stubble, so as to mix the stubble with the soil. The
general-purpose or mellow-soil plow is intermediate between the
above two types in length and slope and in its action. The two-way
plow is adapted to steep hillsides because it throws the soil down-
hill when drawn across the slope in either direction, and is often
used on irrigated land to avoid dead furrows (Figure 29). Better
coverage of trash is facilitated on all plows by use of attachments
such as coulters, jointers, rods, and chains. The majority of mold-
board plows range in size from 7 to 18 inches in width of furrow
cut.®® The 14-inch width is very common. There are walking plows
and sulky (wheeled) plows. Gang plows have more than one
bottam. Large tractor-drawn gang plows turn up to 10 furrows.

In average moldboard plowing, for each 14-inch bottom, two or
three horses or about five tractor drawbar-horsepower are used and,
depending upon the net speed of travel, 0.15 to 0.60 acres per hour
are covered. Originally an acre of land was the area that could be
plowed with one ox in one day. In most field operations, horse-drawn
implements cover 0.1 to 0.2 acres per hour per foot of width depend-
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¥ic. 29, The two-way plow carries two bottoms (right-hand and left-hand), so
that the hurow is tumed to the same side of the field in plowing either direc-
tion, (Courtesy of International Hurvester Company. )

ing upon the draft. Tractor implements often cover two to four times
as much.

Disk plows fill an important place in loose soils and in those too
dry and hard for casy penctration of moldboard plows, or in some
sticky soils where neither plow will scour when the soil is wet. In
the latter case, scrapers help keep the disks clean. The disks vary
in size from 20 to 30 inches, while the depth of plowing may be
varied from 4 to 10 inches, The one-way disk plow (Figure 30y,
sometimes called the wheatland disk plow, is widely used in the
stubble fields of the wheat belt for seedbed preparation. When
there is sufficient stubble, straw, weeds, or aftermath available, it
leaves the residues mixed with the surface soil with enough exposed
to check wind erosion, except on light or other soils that tend to
blow badly. The advantages ™ of the one-way disk plow are: (1) it
will cover about three times as much ground as the moldboard
plow; (2) the draft is less for the work done because the soil is
moved a shorter distance; (3) the speed of operation makes early
plowing possible; and (4) because of the rough surface left by this
implement, snow is caught, and soil blowing is prevented. This
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plow should be avoided on dry soil, bare summer-fallowed land,
or on fields sparsely covered with stubble or weeds where it tends
to pulverize the soil so that it blows easily.

Several types of blade or subtillage implements, which leave crop
residues on the surface of the soil, are being tried as a substitute
for the plow. Straight-blade cultivators are satisfactory only where
crop residues are so scanty that they do not cause clogging, Wide
sweep blades clog less frequently. Either type will clog in heavy
crop residucs or numerous large weeds. Special seeding and plant-
ing equipment is needed for land covered with heavy crop residues.
This so-called stubble mulch reduces erosion and runoff but does
not increase soil moisture storage. Yields on subtilled land average
no greater than on plowed land. The objectives of subtillage are
practically accomplished by use of a one-way plow, followed by cul-
tivation with a rotary rod wecder. This older established method
takes care of the crop residues without complications.

The lister (middle buster) resembles a double plow with a
right- and a left-hand bottom mounted back to back. In some of
the southern humid sections, it is used to throw up beds on which
to plant cotton, potatoes, or other row crops. In the semiarid re-

-
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rie. 31, Ridge buster levelling 6 lister furrows. (Courtesy Caterpillar Trace-
tor Co.)

gions, it is used to furrow the land. It often takes the place of the
maldboard plow in seedbed preparation in this area because it
covers the field in half the time, and the ridges check wind ero-
sion and snow drifting, and also may check runoff when the fur-
rows run on the contour or across the slope. Row crops are planted
in the moist soil at the bottom of the lister furrows. For drilled
crops such as small grains, the lister ridges or middles are broken
dowa or leveled, with ridge busters (Figure 31). A basin-forming,
or damming, lister, designed to check water runoff, was popular
for a time in the semiarid region.

Surface Implements in Seedbed Preparation

Tillage to prepare a seedbed after the land has been plowed is
accomplisl od with harcows, field cultivators, or other machines
cquipped with disks, shovels, teeth, spikes, sweeps, knives, corru-
gated rolls, or packer wheels. Under most conditions, a smooth,
finely pulverized seedbed should not be prepared until just before
a crop is to be planted.
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Harrows, which level the plowed soil, compact it, and destroy
weeds, require less power than plows or listers. The disk harrow
cuts, moves, and pulverizes the soil and destroys weeds. The spike-
tooth harrow breaks clods, levels the land, and kills small weeds,
Both disk and spike-tooth harrows are a menace on soil subject
to blowing. The spring-tooth harrow consists of flexible spring
steel teeth about 2 inches wide which will penetrate sufficiently
to tear up deep clods or bring them to the surface while destroy-
ing weeds.

Plank clod mashers, and rollers are used to break up lumps left
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Fic. 32, The tandem disk and corrugated roller leave a firm seedbed suitable for
small-seeded legumes. { Courtesy of International Harvester Company.)
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Fii, 33 Rotary rod weeder cultivating summer fallow. (Courtesy of Interna-
tional Harvester Company. )

by harrows. The corrugated roller is used to compact the seedbed,
pasticularly for small legume and grass seeds to improve the chances
for germination (Figure 32).

Several tvpes of cultivators, chiefly the duckfoot or field culti-
vator, and the rod weeder are used in summer fallowing and seed-
bed preparation, The field cultivator has sweeps or shovels on the
ends of stiff or spring bars, The bars are staggered in two rows,
with the result that the weeds are cut off by the overlapping sweeps.
This implement leaves the soil surface rough and cloddy, a condi-
tion necessary to check wind erosion. The principal feature of the
rod weeder is a rotating horizontal square rod at right angles to
the direction of trave] at a depth of 3 to 6 inches below the soil
surface, which pulls out the weeds. The rod is driven by gears or
sprocket chains from one of the support wheels, so that it revolves
in a direction opposite the direction of travel, which keeps the rod
in the ground (Figure 33). The rotation of the rod keeps it from
clogging. and weeds, straw, and clods are lifted toward the surface,
where they check soil blowing.
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Plowing in Seedbed Preparation

The reasons for plowing arc: (1) removal from the surface of
either green or dried material, (2) loosening the soil so other im-
plements can operate, (3) removal or delay of competition with
weeds, and (4) roughening the immediate surface so as to check
runoff of rain water.’* Other eflccts of plowing are control of cer-
tain insects and diseases and promoting nitrification. After a clean-
cultivated row crop, the seedbed can often be doubledisked and
harrowed to give adequate preparation without plowing,

TIME TO PLOW

Spring wheat, oats, and barley in the northern Great Plains yield
slightly more after spring plowing than after fall plowing when the
time of seeding is the same.”* This difference is assumed to result
from the increased moisture saved, because stubble and weeds re-
tard the drifting of snow from the field. Despite this advantage, the
farmer finds it impractical to delay much of the plowing until spring
because of the extreme importance of early seeding of spring small
grains. Thus the distribution of labor may become a controlling
factor in tillage practices. Spring plowing for small grains must be
early because of the necessity of early sceding. For corn or other
later-planted crops, plowing need not be so early.

For winter wheat in the western half of the United States where
moisture and nitrates are limiting factors in crop production, carly
plowing is necessary in order to destroy weeds and volunteer
growth, Early plowing also permits preparation of a better seedbed
to conserve moisture. Where winter wheat follows winter wheat or
some other small grain, plowing as soon as possible after harvest has
been found desirable.®*® ¥ % This permits a period of about 3
months in which the soil may accumulate moisture and nitrates if
the weeds are controlled. Plowing, together with subsequent tillage
by conserving moisture and encouraging decay of organic matter,
puts the soil in condition for rapid nitrification.

Land to be summer-fallowed usually is not disturbed until the
spring following harvest, the weeds and stubble being left to hold
snow and check wind and water erosion. Earlv spring tillage for
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summer fallow is highly important ® in order to stop weed growth
and thus conserve moisture and permit accurnulation of nitrates.

In the more humid regions, early seedbed preparation may be
inadvisable because of water erosion® ™ More than one-half the
annual soil loss due to crosion may take place between July 13 and
September 15 while the land is bare.

Spring-plowed land is regularly higher in nitrates than that left
unplowcd, but the increase is not always evident immediately after
plowing.’ The difference becomes pronounced during the summer
season but almost disappears during the winter when the nitrates
are leached downward. Significant increases in nitrates follow early
fall plowing, with the greatest increases in soil plowed in the middle
of July.

DEPTH OF PLOWING

The prevalent theories that favor very deep plowing are not based
upon experimental evidence.” At the Pennsylvania Experiment Sta-
tion decp 12-inch plowing was compared with ordinary 7.3-inch
plowing for corn, wheat, oats, barley, alfaifa, clover, and timothy.*
The average yields failed to show any advantage for the deeper
plowing. Shepperd and Jeffrey ® in 1897 recorded the yieldS of
wheat from different methods of plowing in North Dakota (Table

1). The yields from shallow and deep plowing were nearly the
same,

TABLE 1. YIFLDS OF WHEAT ON SOIL PLOWED DIFFERENT DEPTHS IN
NORTH DAKOTA

YIELTY OF WHEAT (BU. PER ACHE), TWO-YEAR AVERAGE

TIML PLOWED (8-inch depth) {3-inch depth}
Spring 17.42 17.59
Fall 21.15 21.54

In Kansus, soil plowed to a depth of 7 inches in July gave better
vields thai. soil plowed to a depth of 3 inches.” The deeper plowing
did not influence soil moisture conservation, but showed greater ni-
trate accumulation. Differences due to depth of plowing arc less than
from plowing on different dates* (Table 2). A gradual increase of
about 2.5 bushels of wheat per acre may be expected as the depth
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of plowing increases from 4 to 7 inches. Plowing as deep as 10 inches
is not considered to be advantageous, and in general plowing deeper
than 7 inches does not increase crop yields.™

TABLE 2. EFFECT OF DEPTH PLOWING UPON GRAIN YIELD OF WINTER
WHEAT IN NEBRaska (1922-26)

DEPTH OF PLOWING
4 inches 5.5 inches 7 inches 1¢ inches

DATE OF PLOWING (bu.) {bu.) {(bu.) (bu.)
September 15 20.5 —_— 20.1 21.4
August 15 23.0 24.8 25.5 27.2
July 15 25.7 275 284 27.4
Average July and August 24.4 26.2 27.0 27.3
Average three mouths 23.1 —_ 24.7 25.3

A depth-of-plowing experiment under semiarid conditions con-
ducted at Nephi, Utah, for 20 vears * gave wheat yields shown in
Table 3.

TABLE 3. EFFECT OF DEPTH OF TILLAGE ON WHEAT YIELDS IN UTAH

THEATMENT BUSHELS PER ACRE
Plowed 5 inches deep a9 7
Plowed 8 inches deep 252
Plowed 10 inches deep 25.0
Subsoiled 15 inches deep 241
Subsoiled 18 inches decp 239

In 1913, the year of lowest yiclds for the period, the best yield
was from the 5-inch plowing. Plowing shallower than 5 to 8 inches
was believed to preclude maximum returns on the clay loam soils
of Utah dry farms.

The effect of depth of tillage ou soil erasion was studied in
Missouri.* ** On land where no crop was grown the annual erosion
from tilled soil was greater than from soil that was not stirred.
Deep tillage (8 inches) reduced the soil loss only 13.4 per cent as
compared to shallow tillage (4 inches), indicating that decp plow-
ing is less effective in control of erosion than is usually supposed.

For perhaps 100 vears advocates of deeper plowing have recom-
mended that the depth of plowing be increased gradually so as not
to turn up too much raw subsoil in any one year. The reasoning
behind such a practice seems logical, but the writers have not been
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able to find any report of an experiment that would either prove or
disprove the soundness of the recommendation.

Plows with very large moldboards that penetrate 1 to 4 feet deep
are used for land reclamation operations such as turning under
brush or turning up topsoil that has been buried with water-borne
sand.

Subsoiling

Tillage below the depth reached by the ordinary plow formerly
was advocated widely. There was a popular belief that plants
utilize fully only the soil moved by man and that uousually deep
tillage provides a greater opportunity for root development and
moisture storage. A less extreme belief is that mercly to loosen, stir,
pulverize, or invert the deeper soil layers permits more effective
plant growth. Chileott and Cole ** concluded that as a general prac-
tice no increase in vields can be expected from subsoiling or other
methods of decp tillage in the Great Plains. These experiments
covered a wide range of crops, scils, and conditions in 10 states.
The same general results were obtained under other conditions,* *-

The rcasons why subsoiling and deep tillage are ineffective seem
rather obvious. Heavy soils shrink and leave wide cracks when they
dry out, thus providing natural openings for water absorption and
aeration periodically. When such soils are wetted, they swell tightly
and the cracks close up so that any effect of subsoiling could be
only temporary. Light soils do not shrink and swell much, but
they are always rather open. Since crop plant roots ordinarily pene-
trate several feet below any tilled layer, deep tillage is not essential
to deep rooting. The chisel, an implement having a series of points
that break up the soil to a depth of 10 or 18 inches without turning
it, an operation similar to subsoiling, is sometimes used on heavy
soils. chiefly in California. As a substitute for plowing, it opens and
roughens the soil so that heavy rains can be absorbed quickly
without anger of wind or water erosion.

Summer Fallow

Land that is uncropped and kept cultivated throughout a grow-
ing season is known as summer fallow or summer tillage. Under
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humid conditions, however, land that merely }es idle for a year or
two often is referred to as fallow, The most important function of
summer fallow is storage of moisture in the soil, but fallowing also
promotes nitrification, and is a means of controlling noxious weeds.
Fallowing is a common practice in semiarid sections where the rain-
fall is insufficient to produce a satisfactory crop every year, espe-
cially where the annual precipitation is less than 15 inches. About
5 to 30 per cent of the precipitation in the fallow year may be stored
in the soil for the next crop.”

In the semiarid regions, fallow has been most widely used in
alternation with small grains. In southwestern Kansas, consistently
higher yields of winter wheat were obtained on fallow than on land
continuously cropped.” Fallow also was the best preparation for
winter wheat at the Akron (Colorado) Field Station where the rain-

fall is about 18 inches per annum.* " In South Dakota where the
mean annual rainfall averaged 16 inches, spring wheat produced

74 per cent more on fallowed land and 48 per cent more on disked
corn land than on land continuously cropped to wheat.* The respec-
tive increases were 109 per cent and 48 per cent for winter wheat.
The relative yields of barley and oats on fallow were much the same
as those of spring wheat. Similar results were obtained at Havre,
Montana, where the annual precipitation averaged 11 inches.* In
comparison with small grains grown continuously, fallow gives a
better distribution of yields between years, with much less frequent
failures. At Mandan, North Dakota, fallow showed litile advantage
for spring wheat production.”” Fallow may be replaced entirely by
cultivated crops under such conditions, wheat being alternated
with corn.

In the Great Basin region, where most of the precipitation occurs
in the winter months, fallowing has been standard practice for
wheat production for 50 years or more. Yields of winter wheat
after fallow are nearly double those from continuous cropping.
Continuous cropping is impractical in the driest sections. Fallow-
ing operations seldom conflict with the seeding or harvesting of
wheat, which fact enables a farmer to grow as large an acreage
of wheat each year as he could by continuous cropping. Fallow-
ing often involves only one to three additional rapid tillage opera-
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tions. The higher yields from fallowing much more than compensate
for the investment in double the acreage of tillable land as com-
pared with continnous cropping.™

So-called trashy fallow is excellent for erosion control but detri-
mental to wheat vields in the Pacific northwest. Trashy fallow,
which leaves most of the crop residues on the surface, is produced
by the moldboard plow with the moldboard removed, or with a field
cultivator, blade cultivator, or some other implement that does not
turn the residues under.

The alternation of row crops with fallow is seldom advised, even
under conditions where fallow has been found to be profitable for
small grain production. However, grain sorghum, especially milo,
responds well to fallow on the heavier soils of the southern Great
Plains, the viclds being almost double those from continuously
cropped land.® In South Dakota corn produced only 35 per cent
more on fallow than on continuously cropped land.* Sorgo showed
little response to fallow in comparison with continuous cropping.

For successful summer fallowing certain principles must be ob-
served: (1) the surface of the soil must be kept sufficiently rough
to absorb rains and prevent wind erosion; (2) weed growth must
be suppressed to conserve soil moisture; and (3) the operations
must be accomplished at a low cost. Fallow should be plowed or
listed early in the spring,* worked as little as is necessary to con-
trol weeds, and if not seeded to winter grains. also ridged in the
fall at right angles to the prevailing winds where soil blowing is
likelv to ocenr. Field cultivators or rod weeders are most satisfac-
tory for summer fallow tillage because they cut off the weeds and
leave the surface rough and cloddy. The field cultivator also was
ased successfullv as the sole tillage implement on binder-harvested
stubble.” Yields of wheat after such a plowless fallow were as high
as from land plowed for fallow in Wyoming.

Soil Mulches for Moisture Conservation

Soil mulches are created by stirring the surface soil until it is
loose and open. The effectiveness of the soil muich in conserving
soil moisture has been investigated for many years.”* Laboeratory ex-
periments with soil-filled cvlinders show that a soil mulch reduces
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evaporation from the soil surface when free water is supplied at
the bottom of the column only a few feet below the surface of the
soil.* Water moves upward by capillarity 15 to 120 inches during
a season.” Capillary movement to appreciable heights is very slow
and movement decreases as the soil moisture decreases. Water in
sufficient quantities to support crop plants can be raised only a few
inches from a moist subsoil.*® Most of this movement takes place at
moisture contents well above the wilting point. Capillarity and
gravity combined may move moisture downward for greater dis-
tances and in about double the quantity occurring in the upward
movement against gravity.

In eastern Kansas, plots with soil mulches actually lost more
water than bare undisturbed plots where the weeds were kept down
with a hoe.® In experiments in California where the water table
was from 18 to 40 feet below the surface, mulching by thorough
cultivation failed to save moisture.”® On upland soils in Pennsyl-
vania where there was no water table in the soil mantle, frequent
cultivation did not decrease the evaporation loss materially.*

The early work of Burr® in Nebraska indicated that in soils
partly dry and away from a source of free water, capillary move-
ment was 50 slow that it could rarely be detected. He concluded
that “water supply by capillarity is not an important factor in crop
production on Nebraska upland soils.” In experiments in the north-
ern Great Plains no water moved up appreciable distances to replace
that removed by roots. Water was supplied to wheat roots only by
the soil they occupied, and only that part of the soil suffered exhaus-
tion or reduction of its water content.® Water once in soil deep
enough to escape rapid drying at the surface largely remains until
it is reached and removed by plant roots.”

In semiarid regions, the rainfall is sufficient to wet the soil to a
depth of only a few feet.*® This usnally is exhausted each year by
growth of native vegetation or crops. The lower layers are dry ex-
cept in the wettest of seasons. The water table may be 20 to 2,000
feet below the surface. Formerly a dust mulch was advocated to
prevent moisture loss by capillary rise. After some disastrous expe-
riences with soil blowing, the dust mulch theory was abandoned and
a clod mulch was advocated. Soon thereafter the effectiveness of
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any soil mulch to check moisture loss under dryland field condi-
tions began to be questioned.

Thus a soil mulch can reduce surface evaporation where the
water table is so shallow that drainage rather than moisture conser-
vation may be desirable. In field practice the muich formed by till-
age is merely incidental to weed control.

Culticetion in Relation to Soil Nitrates

Cultivation seems to be a positive benefit to a heavy waterlogged
soil by drying and aerating it and thercby promoting nitrification.
Controlling weeds by cultivation permits nitrates to accumulate,
since nitrates are used up when a crop or weeds occupy the land.
Weed control by cultivation also saves soil moisture and thus favors
nitrification, which does not operate in dry soil. Cultivation other-
wise has produced no regular increase in the accumulation of ni-
trates especially in light soils. Greater nitrification occurred in a
compacted than in an uncompacted Kansas soil up to the point
where the moisture content reached two-thirds of saturation. In
Arkansas varied depths of cultivation had little effect on accumula-
tion of nitrate nitrogen in a soil of rather open structure.™ In Penn-
svlvania experiments, scraped soil and soil cultivated 3 to 8 times
contained almost equal quantities of nitrate nitrogen.” Natural
agencies appeared to promote sufficient aeration to admit needed
oxygen in the soil. Excessive cultivation reduced the nitrates in
Missouri soil where the cultivation kept so much surface soil con-
tinually dry that nitrate production apparently was retarded in the
upper 7 inches.

Other experiments have shown either slight or distinct increases
in nitrate accumalation from surface cultivation as compared with
soil that was merely scraped. ** 3 # © The higher nitrate content
in these cultivated soils may have been due to increased aeration.®
In Kansas experiments ample accumulation of nitrates took place
in the uncultivated soil to insure an excellent growth of wheat,
provided weed growth was prevented, despite the lower nitrate
content.® Nitrates leach downward so rapidly after rains that their
measurement in the surface foot is of little significance.™
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Other Effects of Cultivation

Cultivation may conserve soil moisture by preventing runoff.
Under semiarid conditions, 88 per cent of the water in a dashing
rain sometimes has been lost by runoff. A cultivated surface retains
more water from a rain than does an uncultivated surface? The
faster the rain falls, the greater is the difference between a culti-
vated and uncultivated surface in the amount of water held. On the
other hand, excessive pulverization of the surface soil is likely to
result in a quickly puddied condition with great runoff losses.
Under subhumid conditions there is little or no relation hetween
the type of tillage treatment for a given crop and the amount of
soil moisture. Fallow areas merely scraped to control weeds have
proved to he slightly less effective in moisture conservation than
those that received normal cultivations, probably as a result of in-
creased runoff on the scraped plots.™

A loosened soil surface acts as an insulator, and cultivated soil is
slightly cooler than uncultivated soil *

In general, Sewell ™ concludes, many soils naturally have suffi-
cient aeration for optimum bacterial and chemical activity without
cultivation.

Intertillage or Cultivation

The primitive husbandman hoed or pulled out the weeds that
grew among his crops planted at random in his small clearings. In
ancient and medieval field husbandry, field crops were planted
cither broadeast or in close rows with the seed dropped in plow
furrows. These crops were later weeded by hand or with crude hoes
or knives, Jethro Tull introduced intertillage into English agricul-
ture in 1731 when he applied it to crops like turnips planted in rows.

The primary purpose of intertillage is weed control. Intertillage
also breaks a crust which otherwise might rctard seedling devel-
opment, and in some cases roughens the soil sufficiently to increase
water infiltration, Some have claimed, without substantial proof, that
intertillage brings about aeration of the soil, with the result that
plant foods are more readily made available by increased bacterial
and chemical action in the soil.
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The crops that generally require planting in rows witn suflicient
space between them to permit cultivation during their growth in-
clude corn, cotton, grain sorghum, sugar beets, sugarcane, tobacco,
potatoes, field beans, and broomcorn. Intertillage controls weeds
that grow in the open spaces before the crop can shade the ground.

Crops with relativelv slender stems, such as small grains, hay
crops and flax, that thrive under close plant spacing, cover the
land rather uniformly and tend to suppress weeds by root compe-
tition and shading without cultivation after they have been sown.
Yields of these crops usually are low when they are planted in cul-
tivated rows, because they do not utilize the land fully. Spring
wheat grown in cultivated rows 24 inches apart yielded ** 10 bushels
per acre less than that sown in ordinary close drill rows without
cultivation. Where conditions are so severe that small grain and
hav crops succeed only in cultivated rows they are generally un-
profitable,

INTERTILLAGE IMPLEMENTS

Many different types of implements are used for cultivation. They
vary in size from those that cultivate only one side of one row to
those that cultivate several rows at once. They come equipped with
shovels, disks, teeth, sweeps, or knives.

The Georgia stock cultivator or single shovel cultivator has han-
dles and a heam similar to an ordinary walking plow, but is much
lichter. Different kinds of shovels or sweeps are attached to the
heam. Pulled by one mule, it has been widely used in the cotton
belt, particularly for cultivation around stumps, trees, and rocks.
The double shovel cultivator is similar but it has two shanks for
shovel or sweep attachments.

Ordinary Cultivators. The shovel cultivator is the type most gen-
erallv used for intertillage, being suited to practically‘all soil con-
ditions. Cultivators far more than one row should correspond with
the planmer in width so that they operate over a group of rows that
were planted simultaneously.

Sweeps of various widths are used for shallow cultivation. Shovels
or sweeps are sometimes replaced or supplemented by disks or disk
hillers when it is desired to move considerable soil, or where a con-
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Fic. 34. Rotary hoe cultivating young soybeans. { Courtesy of Intemational Har-
vester Company. }

siderable amount of vines, trash, or roots is to be cut. Shovel culti-
vators are likely to clog under such conditions. In weedy corn, a
cultivator with six pairs of disk hillers and one pair of sweeps has
given the best results.®

Rotary Hoe. The rotary hoe (Figure 34) consists of a series of
18-inch hoe wheels each of which is fitted with teeth shaped like
fingers. As the wheels rotate these tecth penetrate and stir the soil.
It is particularly useful for uprooting small weeds, The rotary hoe
has proved to be most valuable for blind cultivation before the crop
Is up, and for early cultivations of young corn and other row crops.
Its success depends on its use hefore weeds have made as much
growth as the crop, otherwise the crop plants would be kicked out
also.™ It also is effective in breaking crusts that result from hot sun-
shine after a torrential rain.

Other Cultivation Implements. The ordinary spike-tooth harrow
is used to kill small weeds in corn when the corn plants are small,
with little injury to the corn, when the field is comparatively free
of trash. Special cultivators for listed crops planted in furrows are
necessary for following the furrows and turning the soil along their
sides. The lister cultivator (Figure 35) is cquipped with disks or
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¥1e. 33, Lister cultivator with disks set: for first cultivation, or “throwing-out”
(abored: und for second cultivation, or “throwing-in” {below ).

knives, or both, and sometimes with disks and shovels. For the first
cultivation. the disks are set to cut the weeds on the sides of the
furrow, the soil being thrown away from the crop row. The shovels
nay be set to stir the soil near the plants. Hooded shields prevent
the soil from rolling in on the young plants. For the second and
usually final cultivation, the disks are set to roll the soil into the
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trench around the plants, thus burying the weeds in the row and
leveling the rows. Knife cultivators {go-devils or knife sleds) cut
off the weeds below the surface while slicing the lister ridges.

CULTIVATION FOR WEED CONTROL

Corn is practically a failure unless weeds are kept under control,
as was shown by experiments in Nebraska ®* (Table 4).

TABLE 4. EFFECT OF CULTIVATION ON YIELD OF CORN IN NEBRASKA
(1922 To 1927)

YIELD OF SHELLED CORN

per acre

CULTIVATION (b} (%}

No cultivation {weeds allowed to grow)} 7.1 19
I normal cultivation 21.6 58
2 « “ 33.8 90
3 “ “ 35.9 97
4 = “ 7.9 100
4 “ and 2 continued late 352 95
Scraped to control weeds 35.1 94

In the corn belt about 4 cultivations are required for surface-
planted corn. Experiments at the Hlinois Agricultural Experiment
Station ™ as early as 1888 to 1893 showed that corn yielded as well
when the weeds were merely cut off with a hoe as when it received
4 or 3 deep cultivations {Figure 36). These results were not con-
sidered seriously because of the widespread firm belief that culti-
vation was necessary for reasons other than weed control.™ About
20 years later Cates and Cox ** summarized the results of 125 experi-
ments with corn carried on for 6 years in 28 states, in which regu-
lar cultivation was compared with scraping with a hoe to destroy
weeds, The average of all the tests showed that the scraped plots
produced 95.1 per cent as much fodder and 99.1 per cent as much
grain as did the cultivated plots. They concluded that cultivation was
not beneficial to the corn except in destruction of weeds. Even these
results were regarded with considerable skepticis until they were
confirmed by additional experiments.® * * Other crops responded
in a similar manner.* Competition for soil moisture is not the only
reason for the Jow yields of corn in weedy fields, because irrigation
of such fields increases the corn yield only slightly.”
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F16. 36, Deep cultivation injures corn roots.

CULTIVATION OF DRILLED CROPS

Small grain fields sometimes are harrowed in the spring, but in
general this has been of no benefit to the grain, nor has it eliminated
all the weeds. Cultivation of alfalfa sod with the toothed renovator
or disk harrow to destroy grassy weeds, which formerly was widely
advocated, has been discontinued in the west since it was found

that the resulting injury to the crowns permitted entrance of the
bacterial wilt organism.

Straw and Other Artificial Mulches

Moisture loss from the siface foot of both irrigated and dryland
soils in Utah ™ was retarded by a straw mulch. A depressive effect
on nitrate accumulation in soils may occur where straw mulches are
heavy enough to suppress weed growth.?

Implements with large sweeps or blades leave the stubble and
straw on the swrface to form a partial mulch. This so-called sub-
surface tillage ** must be repeated during the season to control
weeds. because the straw and stubble from a single crop is not suf-
ficient to smother all the weeds. This partial mulch, however, checks
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soil blowing and runoff, and increases the surface infiltration of
rainfall,

Paper mulches have been used extensively in the Hawaiian
Islands for pineapples and to some extent on sugarcane fields. A
specially prepared paper usually coated with asphalt is used, In
California experiments,” paper mulch increased the mean tempera-
ture of the soil, and the temperature range was reduced, The mois-
ture losses from the upper 6 inches of soil were reduced appreciably
by the paper covering, but the crop yiclds were not incrcased. In
similar studies in Ohio,** use of black paper along each side of the
row increased the speed and percentage of germination of seedlings
of vegetable crops. The daily mean temperature was as much as
6.5° F. higher under the paper than on bare soil during May, June,
and July. The paper mulch prevented weed growth, but its cost
probably would limit its use to small tracts of early crops.

Tillage and Water Erosion

Probably 75 per cent of the cultivated land in the United States has
a slope greater than 2 per cent on which the wasteful processes of
accelerated soil removal and runoft can occur if the land is not
managed properly®** There are three types of water erosion,
viz., sheet, rill, and gully erosion. Gully erosion causes deep chan-
nels in the field which interfere with cultivation, rill erosion pro-
duces small channels, while sheet erosion is the more nearly uniform
removal of the topsoil from the entire slope. Severe sheet erosion
om cultivated fields leads to gully formation.

Erosion probably is greatest in the southeastern states where the
heavy rainfall, rolling topography, unfrozen soil, and predominance
of intertilled crops combine to bring about excessive soil washing,
The widely spaced crops, corn, cotton, tobacco, and sovheans are
most generally associated with erosion in this country - * # 47 42 5t
The numerous fibrous roots of sorghum and its more complete dry-
ing of the soil may account for the lower erosion on sorghum land
than is observed on the land devated to the tap-rooted cotton plant.™
The greatest losses are on bare Jand,” being about twice those on
corn land.** However, on continuously fallowed land the soil is
nearly saturated with moisture ® and can absorb little more, so it



124 CENERAL PRINCIPLES OF CROP PRODUCTION

runs off. Land in small-grain crops erodes very little except during
periods when the soil is bare or nearly so.* Pasture and grass crops
in general are very efficient in soil conservation ™ unless they are
overgrazed and tramped. The erosion from continuous ungrazed
untramped sod or meadow is almost negligible. Heavily grazed
pasture may have more than three times the runoff of a moderately
grazed pasture.” A 3-year corn, wheat, clover-timothy rotation
showed ouly twice as much runoff as did grass land comparable
to moderately grazed pasture.

Natural vegetative cover usually prevents or greatly retards ero-
sion.® Davis ** stated: “A field abandoned because of erosion soon
shows these efforts of nature to prevent devastation.”

The chief tillage methods for retarding soil erosion are: (1) re-
version of steep slopes to woodlands or pastures; {2) contour tillage
and planting; (3) strip cropping; (4) terracing; * and (5) stubble-
mulching, as described previously.

Row crops are now commonly planted in contour lister furrows
in the semiarid regions in order to check runoff and erosion.

Strip cropping, now widely advocated,” has been practiced for
generations in sections of Pennsylvania. The alternate strips of thick-
growing crops catch the soil washed from the areas occupied by
cultivated row crops. The land is tilled and all erops are planted on
the contour. A regular rotation may be followed if the strips are
of approximately equal width,

The bench terrace Jong used in Europe, Asia, and the Philippine
Islands is not feasible in this country because of its excessive cost.
Terracing became a comman practice in the southeast after the
Mangum terrace was devised by P. H. Mangum of Wake For-
est, N. C. in 1885, Later many of the old terraces were abandoned
becanse of frequent failures of the terraces, high costs of mainte-
nance, and questionable benefits from terracing. Many of these
carly terraces were built poorly or the land was managed improp-
erly™ * YWhen a terrace breaks, erosion losses exceed those on
unterraced land. The broad-base ridge or Mangum terraces permit
farm machines to pass over them. A modification of this terrace of
the broad channel type and constructed with less labor is known
as the Nichols terrace. The broad-base terrace® is 15 to 25 feet
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wide at the base and 15 to 24 inches high. The runoff water is car-
ried away in a gradually sloping broad shallow chanuel at a low
velocity. Level terraces are advised in parts of Texas where the rain-
fall is less than 30 inches per year, so as to hold all the water on the
field until it is absorbed.” The terracing of steep slopes (more than
8 per cent) no longer is recommended universally because of the
expense, and also because all of the topsoil may be scraped up to
build the terraccs."”

The nitrogen, phosphorus, calcium, and sulfur in the soil eroded
from corn or wheat land may equal or exceed the amounts taken off
in the crops.” Much of the soil carried by streams comes from stream
and gullv banks, badlands, breaks, deserts, and similar areas that
have been eroding since time immemorial, and is not chiefly top-
soil. A combination of computed estimates of the quantity of sus-
pended soil carried into the sea by rivers of the United States*
indicates that the total is about 1,450 pounds per acre per vear. If
half of this is topsoil, the equivalent of the total topsoil is washed
to the sea every 2,759 years. Thus only a small part of the erosion
losses reported * ** represent soil washed from the continent. Esti-
mated soil losses sometimes greatly exceed those measured experi-
mentally under the same conditions.®

Tillage and Wind Erosion

Soil blowing has been going on at times in various parts of the
Great Plains for at least 25,000 years. It also occurs elsewhere in
the United States when a high wind (20 mph. or more) strikes a
bare, smooth, Ioose, deflocculated soil.*™™ ** The organic matter and
fine soil particles in the topsoil contain much of the nitrogen.” =
They may be carried great distances, and then be deposited in some
humid area where the additional fertility is needed. When accumu-
lated drifts are stirred and zllowed to blow back onto eroded culti-
vated ficlds where the soil is caught by vegetation, the resulting
aggraded soil may be very productive.” Uniform sand moves readily
with wind where the surface is unprotected. Peat land is subject
to serious wind damage. Heavy soils are subject to movement under
certain conditions. The ideal structural condition to prevent ero-
sion is coarse aggregation (clods and crumbs) too large to blow,
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and yet not so large as to interfere with cultivation and plant growth.
There is no advantage in further pulverization.

Summer-fallowed land, except when protected by alternate strips
of crops, is particularly hazardous in high winds unless it is culti-
vated to a minimum necessary to control weed growth, cultivated
when the soil is moist, and with tools that do not pulverize the soil
but that bring clods and plant residues to the surface. Land can be
ranked as follows for decreasing severity of blowing: (1) bean
fields, (2) corn and sorghum stubble, (3) cornstalks, (4} fallow
seeded to winter rye or winter wheat, and (3) small grain or hay
stubble.® Small-grain-stubble land rarely blows unless the organie
debris is very scanty or has been turned under.

Tillage that furrows the ground or protects the surface soil with
small clods and trash is especially desirable in wind erosion con-
trol. Furrows should be at right angles to the direction of the
wind,!" 2% Among the uscful implements are the rod weeder,
the lister, field cultivator, shovel cultivator, and spring-tooth har-
row. Spike-tooth and disk harrows should be avoided because they
pulverize the soil. The one-way disk plow pulverizes bare ground
and fallowed land excessively, but is a highly satisfactory implement
on land with a heavy stubble, because it leaves the residues mixed
with and protruding from the surface soil. Cultivation checks wind
erosion onlv temporarily,”" but may delay destructive action until
rains start a vegetative cover. Then blowing ceases to be a serious
probiem.

A permanent vegetative cover is the best protection against soil
blowing.” * The soil is too dry for grass seedings to become estab-
lished when soil blowing conditions prevail, and when rainfall is
ample weeds cover the land and protect it from erosion without
seeding. During severe droughts Russian thistles are the predominat-
ing weed cover in the Great Plains. These break off and blow away
during the winter, In moist seasons, other weeds such as wild sun-
flower and pigweed become established, and these protect the soil
while perennial weeds and grasses become established.

Strips of sorghum planted across the prevailing wind direction
check soil blowing.'* * This is a popular practice, Tree belts check
soil blowing and accumulate drifted soil. They are of little economic
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FiG, 37. Sorghum was a failure on both sides of this tree row for distances of
about 4 rods. Ellis County, Kansas. The planting of intervening rows of shrubs,
if effective in checking the spread of tree roots, would retard the growth of
the trees.

benefit to field crops under semiarid conditions because they pre-
clude crop growth for 4 rods on each side and seldom grow more
than 20 feet high (Figure 37).
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6 FERTILIZER, GREEN MANURING,
AND ROTATION PRACTICES

Object of Fertilization

Fertilizers are applied to the soil to promote greater plant growth
or better crop quality. Farmers are interested in the kinds and
amounts, if any, that will give a profitable crop responsc. Where
a fertilizer does not stimulate the growth or improve the quality
of a crop or turf, it is not needed to maintain the current produc-
tivity of the soil. Where fertilizer is nceded and is applied in
amounts sufficient to induce maximum profitable returns, a residue
not utilized by the crop usually remains for soil maintenance, Fer-
tilizers may improve the vegetative cover and thus indirectly reduce
s0il erosion,

A century ago Liebig proposed that we should return to the soil
that which is removed in crops. This balance sheet theory is perfect
arithmetic but often verv unscientific agronomy, or as one writer
has described it, “This reasoning is, of course, both specious and
antiquated.” Fortunately, farmers seldom have heeded the sugges-
tion. To have done so would have impoverished thousands of them,
especially in marginal dry areas where crops do not respond to
fertilizers.

Mining fertilizer materials to apply to soils solely to maintain
the status quo of fertilizer mineral elements may be wasteful of
our natural resources. Nitrates, potash, calcium, and magnesium
leach downward readily and are lost where the rainfall is high.
Phosphorus. when applied to the soil, is often fixed in the surface
layers where it is subject to loss by erosion.

Fertilizer needs can be determined only by experiments with
the particular crop, variety, soil type, and environment. That is

132
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the purpose of fertilizer tests at experiment stations and in demon-
stration plots on farmers’ fields. Fertilizer needs can be estimated
by pot experiments, laboratory cultures, observing deficiency symp-
toms in plants, chemical tests of plant tissues and soils, and by 2
knowledge of soil types and fundamental principles.

Soil is the cheapest and the only ample source of fertilizer ele-
ments. Thomas Jefferson once said: “We can buy an acre of new
land cheaper than we can manure an old one.” High vields of crops
remove more fertilizer elements from the soil than do low crop
yields, but this fact does not justify crop neglect. The soil deple-
tion that occurs under good management need not be viewed with
too much alarm. Columella wrote in the first century a.n. that: “The
earth neither grows old nor wears out, if it be dunged.” This phi-
losophy is confirmed on fields of Europe and Asia that have been
farmed for centuries.

Any practice, other than fertilizer application, that improves total
crop yields, even crop rotation, liming, and green manuring, speeds
up depletion of the mineral elements of the soil.

A farmer can afford to apply fertilizers that give a profitable re-
sponse only where crop growing with fertilization itself is profit-
able. Consequently improved varieties or other practices that bring
profitable crop vields may actually facilitate soil improvement,
when they encourage greater use of fertilizers. In most semiarid
regions application of barnyard manure and commercial fertilizers
and turning under legume residues becomes profitable only on land
that is frrigated and devoted to intensive craps.

Before World War 1, the nitrates and potash used in the United
States were largely imported, and the rapid depletion of known
world supplies seemed to presage a crisis. Since that time the syn-
thetic nitrogen process has been perfected, and potash deposits
were discovered in the southwest. Now we have an abundant do-
mestic supply of both elements. More than 30,000 tons of atmos-
pheric nitrogen lie over every acre of land.

In an effort to point out the rapidly approaching exhaustion of
certain essential elements, it formerly was a common procedure to
compute the number of crops that would completely exbaust each
element. These calculations usually were based on analyses of only
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the surface of 6% inches of soil. When the amounts in the total depth
of soil in which annual crop plant roots customarily feed, viz., 3 to 8
feet, are considered, the situation becomes much less alarming.
Phosphorus usually is distributed rather uniformly through the sur-
face, subsurface, and subsoil layers. Potash also is distributed rather
uniformly throughout the different horizons except in the sandy
soils and under high rainfall conditions, where the potash content
even increases with depth. Although nitrates leach downward sev-
eral feet into the soil, the total nitrogen is mostly in the organic
residues of the upper horizons. Calculations of its exhaustion by
cropping computed by simple division are erroneous because the
nitrogen content of the soil decreases with years of cropping on a
curvilinear basis (Figure 38).

The popular notion that the soil has been worn out or misused
wherever crops respond to fertilizers has no basis in fact. When
Squanta, America’s first extension agronomist, advised the Massachu-
setts colonists to put two dead fish in each hill of corn planted on
new land just cleared from the forest, it was based upon the known
fact that this treatment increased corn yields. Squanto did not know,
as we do now, that the fish were rich in nitrogen, phosphorus, and
calcium. George Washington found that his land in the coastal plain
of northern Virginia would produce only two crops before it needed
to be fertilized or rested for further cropping to succeed. The senior
author was unable to establish bluegrass on a trial strip of virgin
uneroded land in Marvland, until phosphorus and nitrogen fertilizers
had been applied. This confirms the fact that forest soils in high
rainfall regions on a rolling topography may be expected to respond
to tertilizers immediately, or soon after they are cleared and farmed,
and forever thereafter. On the other hand, the deep Chernozem soil
of the level, drier, prairie of the Red River Valley showed no de-
crease in productivity in 60 years of continuous cropping to wheat
without fertilizer or green manure.* Despite this fact wheat grown
there in rotation outyielded continuous wheat. Fertilizers find little
use on such rich soils except for special crops such as potatoes and
S‘fga"bf’(’t& or for other crops in years of abundant rainfall and
high prices. A large majority of American farmers are eager to

apply fertilizers wherever their profitable use has been amply
demonstrated.
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Effects of Nutrient Elements on Plant Growth ©

While a number of elements are utilized by plants, only eight
are likely to be limiting factors in plant growth. These are nitrogen,
phosphorus, potassium, and caleium, and for some soils, sulfur,
magnesium, boren, and manganese, in decreasing order. Other ele-
ments are deficient only in restricted areas. Elements may actually
be deficient in soils, or their availability may be low. As a general
rule, mineral elements are abundant in semiarid regions and defi-
cient in most humid areas. Nearly 95 per cent of the domestic
commercial fertilizer is used east of the 98th meridian {Figure 39).
Most of that used in the west is applied on irrigated or humid-area
fands devoted to intensive crops such as orchard fruits, vegetables,
potatoes, and sugar beets. The heaviest use of fertilizer is in the
southeastern states,

Nitrogen fertilizers give a response in crops grown on most soils
of the humid areas except in black prairie soils and peat and muck,
which also are high in organic matter. Nitrogen is absolutely essen-
tial to plant growth. Plants grown on soils with sufficient amounts
of available nitrogen in the soil make a thrifty rapid growth with a
healthy deep green color. Ample nitrogen has a tendency to en-
courage stem and leaf development. Deficiency of this element re-
sults in plants of poor color, poor quality, and low production. An
oversupply of nitrogen in the soil tends to cause lodging, late matu-
ritv, and poor seed development in some crops, and to make plants
more susceptible to certain diseases. On semiarid lands, surplus
available nitrates cause excessive plant growth that exhausts the
soil moisture in dry seasons before grain is produced. In humid
areas abundant nitrogen may prevent firing of the leaves during
dry periods.

Adequate amounts of phosphorus in soils favor rapid plant growth
and early fruiting or maturity, and often improve the guality of
vegetation. Liberal supplies of phosphorus enable late crops to ma-
ture in the north before they are injured by early freezes. Soils in
the castern half of the United States usually give a response to

? Most of the facts discussed hereafter in this chapter are covered in detail
in Soils and Men, U. S. Dept. Agr. Ybk., 1938,
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Fic. 39, Fertilizers are used in the humid and irrigated regions. Practically none
are used in the semiarid regions of the Great Plains or Pacific Northwest.
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phosphorus applications. An exception is the bluegrass region of
Kentucky and Tennessee where the soils were formed from rocks
high in phosphorus (Figure 40). Acid clay soils low in organic mat-
ter usually give a greater response to phosphate fertilizers than
other soils of the same region.” In the west, some crops respond to
phosphorus on irrigated lands after 3 to 80 years of cropping
Calcareous jrrigated soils are most likely to respond to phosphorus.®
Certain western soils are high in both phosphorus and calcium, but
the availability of phosphorus is low, probably because of the high
calcium content.”

An adequate supply of potassium in the soil improves the quality
of the plant, insures greater emcicncy in phutosynthesis, increases
resistance to certain discases, helps to balance an overSupply of
nitrogen, and helps plants to utilize soil moisture more advanta-
geously. It also insures the development of well-filled kernels and
stiff straw in the cereals, encourages growth in leguminous crops,
assists in chtorophyll formation, and is particularly heipful in the
production of starch- or sugar-forming crops.* Potassium is particu-
larly beneficial to tobacco, potatoes, cotton, sugar beets, and cer-
tain cercals. Potatoes grown with too little potassium may be watery,
low in starch, and generally poor in quality. With insufficient potas-
sium the leaves of the tobacco plant may have poor color and flavor,
and Jack burning qualities. Crops usually respond to potash fertilizers
in the Atlantic coastal plain, in regions of high rainfall in the castern
third of the United States (except in certain portions of the pied-
mount }, and on sandy, muck, and peat soils of the Great Lakes region.
Potash usually is abundant in soils of voleanic origin. The ordinary
range of potassium expressed as potash (K,0) in the plow surface of

mineral soils is 0.15 per cent in sands to 4.0 per cent or more in clay
soils.!

SOIL NITROGEN RELATIONS

The nitroen in the soil is derived from the air. Aside from artifi-
cial fixation. the gaseous nitrogen is fixed with other elements
through the activities of soil bacteria, It is introduced into the soil
as organic nitrogen of plants or plant residues. Upon decomposition
of the organic matter, some of the nitrogen passes into the air as
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elemental nitrogen or ammonia, while the part remaining in the
soil is converted into ammonia and nitrites, and finally into nitrates.
Ammonia and nitrates are used by plants or lost in the drainage
waters. Some of the nitrogen remains in the soil a long time in the
organic matter that is not fully broken down.

When plants are used as feed for animals, a part of the nitrogen
is recovered in the manure as well as in animal by-products. De-
compositior. proceeds when manures or animal by-products are
added to the soil. The nitrogen supply of the soil may be maintained
by growth of legumes, use of manures, and by addition of nitrogen
fertilizers.

Role of Bacteria in Nitrogen Fixation. Bacteria living in nodules
on the roots of legumes fix nitrogen from the air into forms that the
plant can utilize. This is sometimes called symbiotic fixation of nitro-
gen. An average of 30 to 130 pounds of nitrogen per acre is added to
the soil by legume bacteria annually if the crop is plowed under.” *
These Rhizobium bacteria function most effectively in soils low in
nitrogen. Legume plants obtain their nitrogen supply from the soil un-
less thev are supplied with the bacteria necessary to form nodules on
the roots. The bacteria, which are specific for certain legume plants,
often have to be added to the soil in pure cultures. The cultures
are washed with water, which js then sprinkled over the seed just
before planting. Soon after the seed germinates, the nodule bacteria
enter the roots. After the soil becomes inoculated, further artificial
inoculation becomes unnecessary if the proper legume is grown at
frequent intervals. Different legumes require different bacterial
strains. The groups of nodule bacteria ® are: (1) alfalfa and sweet-
clover; (2) true clovers; (3) field peas, vetch, roughpeas, lentils, and
horsebean; (4) field beans; (5) Jupines and serradella; (8) cowpeas,
peamits, velvetbeans, crotalaria, guar, and lima beans; and (7) soy-
beans. Birdsfoot trefoil, big trefoil, sesbania, and chickpeas, each
reyuire specifie distinet cultures.

Other bacteria convert atmospheric nitrogen into organic com-
binations by utilizing energy from decay of organic matter in the
soil. _In this process, called nonsymbiotic nitrogen fixation, the nitro-
gen becomes available to plants after the organisms die and their
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nitrogen is ammonified and nitrified. An average of 25 pounds of
nitrogen per acre is added annmally in this way™

Nitrogen Distribution in Soils under Natural Conditions. The
nitrogen content is highest in soils of the Prairie and Chernozem
types of the central states, where it is estimated to average 16,000
pounds per acre to a depth of 40 inches. From this region the amount
of nitrogen decreases down to 4,000 pounds per acre eastward,
westward, and southward. The distribution of nitrogen in soils is
closely related to climatic conditions.’® In the east the high rainfall
leaches out nitrates. In the drier west sparse plant growth retards
accumulation of nitrogen-containing humus. The total nitrogen con-
tent of the soil in the United States decreases from north to south
with increasing temperature. For every 18° F. rise in mean annual
temperature, the average nitrogen content of the soil decreases one-
half to two-thirds. The nitrogen in soils ranges from 0.01 to 1.0 per
cent or more in this country, while the annual temperature ranges
from 32° to 72° F. Because of favorable conditions for its preserva-
tion, the nitrogen content of soils in the north may be built up. In
the south high temperatures, which favor decomposition, make it
practically impossible to increase the nitrogen content of soils by
green-manuring practices while the land is being cropped, except
temporarily.

Under natural soil conditions there exists an equilibrium between
the formation of organic matter by vegetation and its decompeosition
by microorganisms, the balance being determined primarily by cli-
matic factors. Cultivation depletes both organic matter and nitro-
gen. In the wheat production areas, from 20 to 40 per cent of the
original soil nitrogen has been lost after a period of from 20 to 40
vears.”® The end result is a new equilibrium point at a decidedly
lower level than the original natural nitrogen content (Figure 38).

Commercial Fertilizers

NITROGENOUS FERTILIZERS
(1) Nitrate fertilizers are materials with their nitrogen combined
in the nitrate form, as in sodium nitrate. Nitrate nitrogen, readily
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soluble in water, is rapidly utilized by most crop plants. Sodium
nitrate tends to make the soil alkaline.®®

(2) Ammonium sulfate is typical of fertilizers with nitrogen
combined in the form of ammonia or its compounds. Ammoniacal
nitrogen, although soluble in water, is less readily leached from
the soil than nitrate nitrogen. It can be used directly by crops,
although it is often converted by bacteria to the nitrate form before
being utilized by plants. Ammonium sulfate tends to make soils
acid because of the presence of the sulfate ion,

(3) Organic nitrogen materials, such as tankage and cottonseed
meal, constitute a class sometimes called organic ammoniates. The
nitrogen in thesc materials (5 to 7 per cent in cottonseed meal) is
combined in the form of complex organic compounds largely in-
soluble in water. This form of nitrogen must be converted to soluble
forms by the processes of decay before plants can make use of it.

(4) Another class of nitrogenous fertilizers contains nitrogen in
the form of amides, e.g., urea, with 46 per cent nitrogen, and cal-
cium cyanamide with 21 to 24 per cent nitrogen. The nitrogen,
which occurs in simple nonprotein compounds, dissolves entirely
or largely in water. The nitrogen in these compounds usually is
converted rapidly by soil bacteria to the ammoniacal or nitrate
forms,

Nitrogen that is soluble in water is generally conceded to be
available to plants. The most widely used nitrogen fertilizer mate-
rials are sodium nitrate and ammonium sulfate. Sodium nitrate
contains from 15.4 to 16.5 per cent of nitrate nitrogen, while am-
monivm sulfate carries 19.5 to 21.2 per cent of ammoniacal nitro-
gen. Ammonium nitrate contains about 33 per cent nitrogen. The
different fertilizer materials usually give similar results for each
unit of nitrogen applied.

PHOSPHATYF. FERTILIZERS

Phosphorus must be dissolved in the soil solution before it can
be taken up by plants. The phosphorus in fertilizers usually is in
the form of phosphates, mostly of caleium. Phosphoric acid in phos-
phates of organic origin is conceded to be more readily available
to plants than that in the raw mineral phosphates. The superphos-
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phate industry began more than 100 years ago when it was found
that phosphoric acid in rock phosphate could be made available
to plants by treatment with sulfuric acid. The principal phosphatic
fertilizer materials used in the United States are:

(1) Superphosphate with 16 to 20 per cent phosphoric acid.

(2) Treble superphosphate with 40 to 48 per cent phosphoric
acid.

(3) Ammonium phosphate, which is chiefly mono-ammonium
phosphate with 11 per cent nitrogen in the ammoniacal form, and
with about 48 per cent phosphoric acid,

Other materials are bonemeal, basic slag, and finely ground raw
rock phosphate. Since ammonium phosphate has a tendency to in-
crease soil acidity, it is sometimes necessary to add lime to the soil
to counteract potential acidity.

When phosphate fertilizer is applied to the soil it soon reacts to
form compounds that are only slightly available, This is known as
fixation. Under ordinary conditions, 10 to 20 per cent of the phos-
phorus in broadcast applications is recovered in the first crop. Some
residual phosphorus is recovered in subsequent years. Phosphorus
seldom leaches from soils. Accumulations may take place from heavy
applications year after year, as in certain tobacco areas. More effi-
cient use of phosphates has been obtained for row crops when the
material is distributed in parrow bands on the side of the seed
instead of being broadcast. Broadcast phosphates are fixed rapidly
because the particles come in contact with a larger amount of soil.

POTASSIC FERTILIZER MATERIALS

The principal potash fertilizer materials used commercially are
potassium chloride with 47 to 61 per cent potash (K,O), potassium
sulfate with 47 to 52 per cent, and the manure salts with 19 to 32
per cent. More than half the potash fertilizers consumed in 1937
were used in the southern states on cotton (Figure 41),

FERTILIZER USAGE

Commercial fertilizer usage in the United States was about
32,000 tons in 1860, 1,400,000 tons in 1890, 2,730,000 tons in 1900,
8,425,000 tons in 1930, and 12,468,000 tons in 1944.° The tota] plant
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Fic. 41. An extreme response of cotton to fertilizers on a poor soil in the South-
east. (Left) fertilized, (right) unfertilized.

food conteat increased from 14.46 per cent in 1900 to 20.64 per cent
in 1944. Considering all fertilizers combined, the average total plant
food content in 1944 was roughly equivalent to a 5-10-5 mixture.

Relatively large quantities of potash in proportion to nitrogen
were used in the Atlantic coast and north central states except in
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the piedmont region of Georgia, North Carolina, and South Caros..
whereas nitrogen was the important fertilizer constituent in south
central and western states. Aside from phosphorus only small guan-
tities of fertilizer were used in the Great Plains and intermountain
states. In South Dakota less than 1 in every 1,000 acres of crop land
has been fertilized each year.

MIXED FERTILIZERS

A mixed fertilizer contains two or more fertilizer elements. About
75 per cent of the fertilizer distributed through commercial chan-
nels is a mixture. The cost of application for mixed fertilizers is less
than where the various compouents are applied separately. The
fertilizer is sold on the basis of its composition as ascertained by
chemical analysis. The fertilizer formula indicates the composition
of the mixture in terms of the three important elements often desig-
nated as NPK. For example, a 4-16-4 fertilizer contains 4 per cent
of nitrogen, 16 per cent of phosphoric acid (P,0;). and 4 per cent
of potash (K,0). The remainder consists of other elements, usually
caleium, sulfates, chiorides, and some filler {usually sand). It
usually is more economical to purchase high-grade mixtures con-
taining 20 points (20 per cent) or more of plant food constituents.
The principal fertilizer grades applied to five of the most frequently
fertilized crops in the states that consume 75 per cent of the total
fertilizer tonnage ** are given in Table 1.

APPLICATION OF FERTILIZERS

It is a common practice in certain districts to apply superphos-
phate or a mixed fertilizer (100 to 400 pounds per acre) to fall-
sown grain at seeding time and top-dress with nitrate of soda (100
to 150 pounds per acre) the following spring. Corn is sometimes
fertilized at planting time and then given a side dressing, near the
tow, of about 100 pounds per acre of nitrate of soda after the corn
is well up. Such side dressings often are repeated when heavy rains
leach out the nitrates and create a nitrogen deficiency. Other inter-
tilled crops may require similar side dressings.

Fertilizer is ordinarily applied either (1) broadcast over the
entire soil surface, {2} by hill or row placement in localized areas
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TABLE L. MOST COMMONLY USED FERTILIZER GRADEs IN 1938

S5TATE

Alabama
Florida
Georgia
{neliuna
Murylund
Mississippi
North Caralina
New York
Ohio
Pennsylvania
South Carolina
Virginia
Louisiana,
Mazine

COTTON
CGrace  Bate per
Acre
(Ih.)
6-8-4 300
3-8-5 300
484 350
484 300
383 400
383 400
o-10-—4 400
484 200¢

CORN Pe
Crade Rate per  Grade
Acre
()
3_8-5 100 4-10-7
4-84 an0 41-8-8
3--09--3 2(H)
2—-12-6 125 0-10-10
a 124 100 6-6-5
4-8-1 150 6-10-7
3-8-3 200 665
4.12-4 300 487
2-12-8 125 4-8-8
2-8-5 200 2-§-10
3-8-3 200 6-6-3
3-8-3 200 6-6-5
4124
3-10-8 600 4-8-10



TATOES
Rate per
Acre

(.

1.000
2 000

500
2,000
1,000
2,000
2,000
1,000
1,000
2,000
2,000

800
2,000

WHEAT
Graele  Rute per
Acre

{Ib.}

2104 210

2-12-6 125
2-8-5 250
3-8-3 200

2-8-10 250

2-12-6 200
3-12-8 z50

38-3 200
0-16-0 300

TOBACCO

Grade  Rate per
Acre

(1b.}
385 1,000
3-48-5 1,000
2-12-G 200
1-8-12 800
3-3-5 1,000
4-10-6 400
4-8-7 730
3-8-5 600
3-10- 1,000
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close to the seed or plant, or (3) on the plow sole by dropping
during plowing or by surface application before plowing.”
Localized applications of fertilizers near the plant favor early
rapid growth. This in turn may hasten maturity of: (1) full-season
crops such as corn and thus minimize frost damage, (2) wheat to
mature in advance of midsummer drought, or (3) cotton to mature
early enough to escape serious boll weevil damage. Localized appli-
cations also cause a greater response to small amounts of fertilizer.
Advantages of localized placement arc less marked in soils of high
natural fertility or when heavy applications are made. Application
of fertilizer at the sides of the seed or plant has been most efficient.
This superiority has been explained by the tendency of fertilizer
salts to move up and down in the soil with only a slight horizontal
movement. The fertilizer bands vary from ¥ inch to 2 or more inches
in width, the narrower bands being used for relatively light appli-

Fic. 42. Combination beet drill and fertilizer distributor. (Courtesy of Interna-
tional Harvester Company.)
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cations of 100 to 200 pounds. The bands are placed X inch to 24
inches from the seed. The distance between the bands of seed and
fertilizer ordinarily should be greater for heavy rates of application
on coarse-textured soils, and for crops more sensitive to fertilizer
injury, The fertilizer bands are placed at the same depth as the
seed, or better, slightly below that level, Plow-sole applications may
place the fertilizer at a depth aiore accessible to the roots of certain
crop plants than is cobtained from surface applications after the
land is plowed.

Fertilizer Distributing Machinery. Fertilizer distributing machin-
ery is classificd @ as follows: (1) machines used only in applying
fertitizer, (2} combination machines for applying fertilizer and
plantiug the crop in one operation (Figure 42}, (3) combination
machines for applying fertilizer and tilling the soil in one operation,
and (1) machines for applying fertilizer in solution with irrigation
water (Figure 43). Combination planter-fertilizer distributors for

FiG. 43, Metering liquid ammonia into irrigation water for nitrogen fertilization.
Each drum contains 130 pounds of ammonia {NH,), or encugh for 1 to 5 acres.
The water is being siphoned from the head or feeder ditch into each furrow ot
corrugation. { Courtesy Shell Chemical Corparation. )
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side-band placement of fertilizers are now available. These include
corn, cotton, potato, and bean planters. Some transplanters for set-
ting tobacco carry attachments for applying fertilizer at the side of
the plant.

Lime as a Soil Amendment

Lime usually is regarded as a soil amendment rather than a fer-
tilizer, although calcium, the essential ingredient in lime, may be
deficient in some cases. The principal effect of liming in some
cowpea-wheat experiments ** was to increase the amount of soil
nitrogen available for crop use, Soil acidity can be corrected by
applications of lime. Soils low in lime are frequently acid, a condi-
tion that occurs in humid regions where calcium is Jeached from
the soil or removed by plants. Porous sandy soils leach readily and
are more likely to be acid than are heavy soils under the same con-
ditions. In South Carolina, approximately 40 per cent of the soils
are strongly to extremely acid (pH 5.5 or less).® This acidity is too
high for satisfactory growth of even the somewhat acid-tolerant
crops, tobacco and cotton, without liming.

The chief forms of agricultural lime are crushed limestone, burned
lime, and hydrated lime. Most lime originally comes from limestone
rock where it occurs as calcium carbonate (CaCQ,}, the active
element being calcium. Dolomitic limestone contains considerable
quantities of magnesium carbonate. The value of crushed limestone
depends upon the purity as well as the degree of fineness of the
crushed particles. Limestone becomes more effective as the rock is
ground finer. A common recommendation is for the material to be
sufficiently fine for all of it to pass through a 10-mesh sieve and for
40 per cent of it to pass through a 100-mesh sieve.

Burned lime or quicklime (calcium oxide, CaO) is prepared by
burning limestone. Hydrated lime [Ca(OH),] is formed when
water is added to burned lime. In neutralizing value 100 pounds of
pure crushed limestone is equivalent to 74 pounds of hydrated lime
or 36 pounds of bumed lime. Limestone is only slightly soluble
and it reacts slowly over a long period. Because of its lower cost,
however, it is the form used almost exclusively for field application
in acid soil regions.
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AFPPLICATION OF LIME
In a discussion of lime losses, Truog ** makes this statement:

“Far general farming in the North Central States, it may be con-
servatively estimated that the annual loss of lime (in terms of calciom
carbonate) above what is returned in manure apd crop residues ranges
between 100 and 500 pounds per acre. Farther south, where the rainfall
is heavier, and east. where the evaporation is less, the loss may in many
cases be greater. For the North Central States, where the great bulk of
the lime is now used, a 2-ton application of ground limestone per acre
should in most cases take care of the total net loss over a period of 10 to
20 vears.”

About 2400 to 6000 pounds of limestone per acre are required to
change a soil from pH 5.5 to pH 6.3, clay soils requiring the larger
quantity, Certain chemical tests may be used as an indication of the
lime requirement of a soil. Limestone can be applied at any time of
the vear and ta a crop at any stage without injury. Burned lime
should not come in contact with the foliage of plants. Broadcast
applications are generally made in amounts as large as 1,000 pounds
per acre. The material can be applied with a lime spreader. It should
be thoroughly incorporated in the surface soil. A common practice
is to plow the soil early, disk, and then apply the lime.

Barnyard Manure

VALUE OF MANURE

Approximately a billion tons of manure are produced annually
by livestock on American farms. The crop nutrients it contains
wauld cost, at prices for commercial fertilizers, more than six times
as much as was expended for such fertilizers in 1936. Only about
one-fourth to one-third of its potential value is taken up by crop
and pasture Jand ™ The remainder is lost by misplacement, drainage,
Ieaching, or fermentation.

Farm manure is a mixture of animal excrements and stable litter.
Lis value for maintenance of soil productivity has been recognized
since very early times. Manure brings about soil improvement be-
cause it contains fertilizer materials and possibly certain grOth'

promoting organic constituents, and because it adds humus to the
s0il,
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COMPOSITION OF MANURE

The composition of manures * is given in Table 2.

Manure exposed to rain may lose a large proportion of the nitro-
gen, phosphorus, and potash by leaching.®*

Comparisons of equal weights of fresh and rotted manure as
fertilizer invariably favor the rotted product. Manure increases in
concentration of nutrients with rotting.™ This increase is obtained
by the loss of more than one-half the organic matter and a consid-
erable loss of nitrogen.* The claim that rotted manure does not burn
the crop merely reflects the fact that the highly available ammonia
nitrogen has been sacrificed in the rotting process.

APPLICATION OF MANURE

Maximum returns from manuring are obtained when the follow-
ing facts are recognized: ®#

(1) Manure is relatively deficient in phosphoric acid, a ton being
equivalent to 100 pounds of 3-5-10 or 4-5-10 commercial fertilizer.
A phosphorus supplement often is profitable.

(2) Returns from a given quantity of manure usually are greater
with lighter application to a larger area. The common rate of 8§ tons
per acre is equivalent in value to 1,000 pounds of a 20-unit mixed
fertilizer, Residual effects beyond the first year are greater with
heavier applications.

(3) Because of serious storage losses during the summer months,
wanure should be applied to spring crops rather than held in storage
for fall application.

(4) Top dressing may result in improved stands of grass and
legume seedlings despite the loss of available nitrogen from the
manure,

(3) Often a supplementary application of fertilizer in the hill or
row is much more economical than the excessive amount of manure
that would be required to meet the early demands of the crop
equally well.

{6) The greatest profit may be expected from applications to
trops of high acre value, and to rotations that include such crops
as tobacco or potatoes. Corn responds well to manure.



TABLE 2. A 'EHAGE DAY AMOUNT AND COMPOSITION OF SOLID AND LIQUID EXCREMENT OF MATURE ANIMALS

59!

PH(;:;_::‘;:ION COMPOSITION OF THE FRESH EXCREMENT
D ANIMAL PEN ANIMAL Dry matter Nitrogen Phosphoric acid Potash Lime
Solid  Liguid  Solid  Liquid  Solid  Liquid  Solid Liquid Salfid  Liguid  Solid  Liguid
{th.) {th.) (%) (%) (%) (%) (%) (%) (%) (%) {%) (%)
Horses 35.5 8.0 24.3 99 .50 1.20 0.30 Trace 0.24 1.50 0.13 .45
Cattle 520 200 16.2 82 032 055 021 0.03 016 095 034 001
Sheep 2.5 1.5 34.3 12.8 0.65 1.68 0.46 0.03 0.23 2.10 0.46 0.16
Hogs 6.0 3.5 18.0 3.3 0.60 0.30 0.46 0.12 0.44 1.00 0.09 0.00

Hens 0.1 _ a5.0 —_—_ 1.00 —_— 0.80 — 0.40 —_ —— —
#
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(7) The returns from a ton of manure applied to poor land may
be expected to be greater than from an equal quantity applied to
land already highly productive, provided the poor land is unpro-
ductive only because of lack of fertility.

Manuring of semiarid land usually results in an increase in aver-
age total crop yield. In grain yield, on the other hand, manure
usually produces increases in wet years only, with decreases in
dry years, and no benefit in average seasons.’ Thus in dryland
regions manure should be applied to fields to be planted to forage
crops such as sorghum,

Green Manure

PURPOSE OF GREEN MANURING

A green manure crop is grown to be turned under for soil im-
provement while in a succulent condition. A cover crop is one used
to cover and protect the soil surface, especially during the winter,
Cover crops are commonly turned under for green manure.

Green manures are used primarily to increase the yield of subse-
quent crops and improve the friability of the soil. This is brought
about by: (1) an increase in the organic matter content of the soil
to counterbalance its losses through cultivation, (2} prevention of
leaching of plant nutrients from the soil during periods between
regular crops, and (3) an increase in the supply of combined nitro-
gen in the soil when leguminous plants are turned under.

Crops such as buckwheat, rye, lespedeza, and sweetclover, which
are able to grow fairly well on poor soils, when plowed under and
allowed to decay, may release nutrients that were unavailable to
other crops.

The use of rye for green manure on very sandy soils being brought
under irrigation adds organic matter that helps hold moisture and
retard sand drifting while alfalfa is being established. Heavy green
manuring helps cotton to overcome injury from the Phymatotrichum
oot rot disease.

While turning under a leguminous green manure may be ex-
pected to add nitrogen, neither legumes nor nonlegumes add mineral
elements to the scil. When either type of green manure increases
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crop yiclds it also hastens depletion of phosphorus, potash, caleium,
maguesium, aud sulfur in the soil, and a nonlegume speeds up
nitrogen depletion also,

The practice of green manuring is very ancient, being known to
the Crecks and Chinese before the Christian era. Lupines, peas,
vetch, lentils, and weeds were being turned under as green manures
2.000 years ago.™ Leguminous green manure crops, as well as buck-
wheat, oats, and rve, were used by the American colomnists,

The nuse of cover evops planted especially to turn under for green
manures is most widespread along the Atlantic seaboard and in the
southern states, Their value for soil improvement from the stand-
point of vields of subsequent erops appears to be greatest in this
general region, ¥ 7

CROTI'S FOR GREEN MANURES

The most important green manure crops in this country are hairy
vetch, Anstrian winter peas, rye, erimson clover, lupines, crotalaria,
sweetclover, and alfalfa®™ Buckwheat and other crops are used in
Himited areas.

Along the Atlantic seaboard, erimson clover, vetch, burclover,
and Austrian winter peas are being used, especiaily from Virginia
southward to South Carolina. Potato growers in New Jersey use rye
as a green manure crop and depend upon commercial fertilizers for
their nitragen supply.

In the cotton belt, vetch has increased the yields of corn and
cotton particularly in Alabama, The Austrian winter pea has been
pupular in Geovgia beeause of its winter hardiness. Other crops
used in this region include crotalaria, lespedeza, cowpeas, soybeans,
lupincs. kudza, and velvetbeans, Crotalaria appears to be better
aclapted to soils of low fertility, particularly sandy soils, than are
most other Crops. Lespodoza as a cover crop has been effective in
reducing erosion in North Carolina.

In the corn belt. sweetclover has been widely used for green
manuring, It has a deep taproot and produces a large tonnage of
organic matter. Sweetclover is a very satisfactory legume in a corn

smail grain-rotation. el clover is used to some extent as a green:
manure crop.
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Rye, field peas, sweetclover, and cowpeas have been tried but
seldom used as green-manure crops in the semiarid regions of the
wesfern states.

Sesbania is a popular green-manure crop on irrigated lands of the
southwest,

In the humid and irrigated sections of the Pacific coast states,
vetches, Ladino clover, burclover, sourclover, field peas, rye, and
other crops are used for green-manure and winter-cover crops.

DECOMPOSITION OF GREEN MANURES

The green manure must be decomposed before its nutrients
become available for plant growth or the organic residues become
a part of the soil humus.®® Young plants and substances high in
nitrogen decompose most rapidly. As decomposition progresses, it
becomes slower because of the comparatively greater resistance of
the residual organic matter to decay. Green manures furnish energy
to the microorganisms that bring about decomposition. The water-
soluble constituents, largely sugars, organic acids, alcohols, gluco-
sides, starches, and amino acids, are decomposed most rapidly and
completely. The nitrogen-fixing bacteria use most of these substances
as a source of energy. Green mznures may contain 20 to 40 per cent
of the total dry matter in water-soluble form. The microorganisms
that decompose hemicelluloses and celluloses take up nitrogen from
the soil in the process. The proteins decompose quickly, but the
ritrogen liberated is immediately assimilated by microorganisms
that attack the celluloses and hemicelluloses. The lignins are very
resistant to decomposition and usually add to the soil humus.

The average availability of nitrogen in green-manure material
harvested, applied to other lands, and turned under, is about 50 to
80 per cent.V

EFFECTS OF GREEN MANURES ON SUBSEQUENT CROP YYELDS

In the Great Plains, because of moisturc shortages, as good or
better yields are obtained after fallow than after green manure, in
“xperiments conducted for many years.? There, the less growth the
Sreen-manure crop makes before it is turned under, the less moisture
it yseg up, and the greater are the yields of the subsequent crop.
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Where moisture is the chief limiting factor in crop yields, green
manuring may be expected to remain unprofitable as long as the
organic matter in the soil continues at the prevalent general level.
However, green manures are beneficial under irrigation, e.g., sweet-
clover turned under has increased yields of sugar beets.

In Georgia and in Louisiana, increases in cotton yields after turn-
ing under legumes ranged from approximately 22 to 100 per cent.
Winter legumes plowed under generally increase corn yields from
24 to 78 per cent in Georgia, Mississippi, South Carolina, and Vir-
ginin. Similar results have been obtained in the carn belt when
swectclover for green manure precedes corn. Some data from
Georgia ' are given in Table 3.

TABLE 3. INFLUENCE OF WINTER GREEN MANURE CROPS ON YIELD OF
COTTON AND CORN IN GEORGLA, 1926-37.*

AVERAGCE YIELD PER ACRE

GREEN MANURE Corn (bu.) Cotton (1b.)
Mbpnrantha vetch 458 1,286
Hairy vetch 459 1,266
Austrian peas 50.3 1,331
Abruzzi rve 308 1,079
Nomne 31.2 T72

* Nuv supplemental nitrogen fertilizers added.

Turning under summer legumes also has increased yields. In
Alabama, corn after velvetbeans plowed under, without addition
of phosphate, vielded 38 per cent more than without velvetbeans
but with phosphate. The increased yields of corn in Arkansas after
turning under the following legumes were: cowpeas 62 per cent.
sovbeans 7 per cent, and velvetbeans 27 per cent. When these
legumes were cut for hay, with only the stubble turned under, the
increased corn vields were 30, 14, and 24 per cent, respectivelv.
In Tennessee * wheat vielded 8 bushels more per acre as a 20-year
average where cowpeas were turned under than where the land
was similarlv fertilized but the cowpeas removed. Also in Tennessee.
the yield of corn was increased 52 to 151 per cent by sweetclover,
and 27 to 132 per cent by lespedeza green manure. Corn after

lespedeza in North Carolina gave increased yields of 74 to 810 per
cent in various trials.
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The turning under of rye has often resulted in decreased yield
of the subsequent cotton or corn crop because of the temporary
exhaustion of the available soil nitrogen. The depressing effect is
increased as the rye approaches maturity before it is turned under.

In a Georgia experiment, rye turned under March 1 increased
the yield of the subsequent cotton crop by 39 per cent, while the
increase after Austrian winter peas was 76 per cent. In the same
test, rye turned under March 135 depressed the yield of corn grown
with nitrogen fertilization by 1 per cent, and without the nitrogen
by 6 per cent. The yields of cotton were depressed by 12 per cent
in Louisiana when oats were turned under March 20, and by § per
cent by rye similarly treated.

Small-grain crops used as green manures either must be turned
under in an immature stage, or adequate available nitrogen must
be added to the soil to facilitate decay. Rye 10 to 14 inches high
contained 2.5 per cent total nitrogen, while mature plants con-
tained only 0.24 per cent under the same conditions.*

UTILIZATION OF GREEN MANURES

A crop is seldom economically feasible for green manure when
it requires the entire crop season for its growth, although velvet-
beans grown on sandy soils in the south may be an exception. The
most desirable green-manure crop occupies the land for a part of
the season without interference with the regular crops in the rota-
tion. Winter cover crops serve effectively as green manures in the
south, while catch crops are often used for this purpose in the north.
Legumes grown with grain crops can be turned under in the fall.

In the south, when a legume is plowed under in the fall, it should
se followed by a winter cover crop to hold the nutrients released
by the decomposition of the summer green manure until the crop
planted next season can utilize them. On the Norfolk coarse sands
of South Carolina, the subsequent yields of both cotton and corn
were improved when summer leguminous green manures were
followed by winter rye.

When large quantities of green materials are turned under, some
time should be allowed to elapse before a subsequent crop is
planted, in order to avoid seedling injury from the decomposition
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products. In the south, & green manure should be plowed under
about 2 weeks before corn is planted, and 3 weeks before planting
cotton.”

Crop Rotation

PRINCIVLES OF CROP ROTATION

Crop rotation mav be defined as a system of growing different
kinds of erops in recurrent succession on the same land.? 2% 15 40 45
A rotation may be good or bad as measured by its effects on soil
productivity or on its economic retwins. A good rotation that pro-
vides for maintenance or improvement of soil productivity usually
includes a legume crop to promote fixation of nitrogen, a grass or
legume sod crop for maintenance of humus, a cultivated or inter-
tilled crop for weed control, and the application of fertilizers.

Modern crop rotation was established about the year 1730 in
England. The famous Norfolk 4-year rotation consisted of turnips,
barlev, clover, and wheat. On a particalar field turnips would be
grown the first vear, barley the second, clover the third, and wheat
the fonrth. The wheat is followed by turnips in the fifth year to
repeat the rotation. In some rotations a crop may occupy the land
2 or more vears,

The Rothamsted {Fngland) cxperiments include rotations that
have been continwed for more than 100 years. In this country, the

Penusvlvania, Ohio, Hlinois, and Missouri investigations have been
conducted for many veurs,

FACTORS THAT AFFECT CROP ROTATIONS

The choice of a rotation for a particular farm depends upon the
crops adapted to the particular soil, climatic, and economic condi
tions. In addition, weeds, plant diseases, and insect pests may limit
the Kiuds of crops to be grown in a locality.

Rotations. except in the case of an alternate grain-fallow system,
provide son.> diversification of crops. Diversification may assure
more economical use of irrigation water and other facilities. The
risk of complete failure due to weather, pests, and low prices is less
with several crops than with one. Crops may be selected so as to
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spread labor requirements throughout the year. Seasonal labor re-
quirements conflict with certain crops such as alfalfa, corn, and
winter wheat in Kansas and Nebraska.

MAINTENANCE OF SOIL PRODUCTIVITY

Loss of organic matter as a result of continuously growing the
same crop has a bad effect on tilth, Growth of grass, pasture, and
deep-rooted legume crops in rotation tends to correct this condition
through maintenance of organic matter. Nitrogen is added to the
soil when legumes are included in the crop sequence, particularly
if the soil is low in this element. Well-arranged systems of crop
rotation make practicable the application of manure and fertilizers
to the most responsive crops or to those with high cash value.
Grewth of cover crops minimizes leaching; they add to the organic
matter content when turned under for green manure, The alterna-
tion of decp- and shallow-rooted crops prevents continuous absorp-
tion of plant nutrients from the same root zone year after year,
Deep-rooted plants like alfalfa improve the physical condition of
the subsoil when the underground parts decay."

The nitrogen requirements of nonleguminous crops may be pro-
vided by legumes in the rotation, but rotations cannot supply other
plant nutrients in which the soil may be deficient. The production
of larger crops, made possible by rotation, depletes the soil more
tapidly than does continuous cropping. These larger vields cannot
continue indefinitely without application of manures and fertilizers.
Tua corn-wheat-clover rotation in Indiana, the yields of unfertilized
plots dropped one-third in 10 years.*”

LEGUMES IN ROTATIONS

Clover is superior to soybeans for addition of nitrogen.*® For satis-
factory growth of legumes, deficient soils may require application
of minerals such as lime and phosphorus. Some experiments in
Pennsylvania indicate that crop rotation is unable to maintain vields
at a high level unless the soil is fertile enough to maintain produc-
tion of clover also. When legumes such as soybeans and lespedeza
are harvested from fertile land, more nitrogen may be taken from
the soil than is added to it by the legume.
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On poor lands in the south, rotations that do not include a legume
still produce low crop yields because of nitrogen deficiency. In an
unfertilized cotton-oats-corn rotation, the acre yields were as fol-
lows: ? cotton 168 pounds, oats 6.9 bushels, and corn 11.3 bushels,
When legumes were included as cover and green-manure crops,
the yields were: cotton 706 pounds, oats 5.0 bushels, and corn 22.7
bashels.

Legumes are more efficient in fixation of nitrogen on soils with
low rather than high nitrogen content, because they obtain nitrogen
from the air only to the extent that the supply in the soil is insuffi-
cient. For this reason, a legume will be more effective as a nitrogen
gatherer when two or more crops come between applications of
barnvard manure. It is usnally customary to grow legume crops
previous to crops that require large amounts of nitrogen. For ex-
ample, the dark tobaccos in Ohio and Wisconsin are grown on
heavily manured clover sods.

CROP SEQUENCES

The preceding crop has an important influence on crop yields.
A Rhode Island experiment was designed to study crop sequence
in which 18 different crops were grown for two seasons, followed
the third year with one of the crops grown over the entire original
area.’® Alsike clover gave the lowest yields after clover and carrots,
and the highest yiclds after rye and redtop. The yields probably
were influenced by soil acidity.

Crowth of crops in descending order of their lime requirements
sometimes is advisable.' For example, for a soil heavily limed for
alfaifa, clover, or sovbeans the sequence might be (1) alfalfa, sugar
beets, barlev; (2) red clover, tobacco, wheat; (3) alsike clover, corn,
oats; or (4) soybeans, potatoes, rye.

The amount of nitrogen Teft in the soil by a crop may influence
the vield of the crop that follows it. In a West Virginia experiment *
the vields of wheat, oats, and corn were higher after soybeans har-
vested for hay than the yields after oats harvested for grain.

Crop sequences are very important under dryland conditions
because of the differences in residual soil maisture left by different
crops, as well as the length of the fallow period for moisture storage
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between crops. Thus small grains yield more after corn than after
small grains or sorghum in the Great Plains region, because corn
leaves more moisture in the soil* Most dryland crops yield poorly
after alfalfa because the excessive nitrogen and depleted soil mois-
ture cause the crops to burn except in wet seasons,

RELATION OF ROTATION TO THE CONTROL OF DISEASES AND
INSECT PESTS

Crop rotation aids in control of many plant diseases. Certain
parasites that live over in the soil tend to accumulate when a sus-
ceptible crop is grown year after year. Finally the disease may
become too severe for profitable crop production. Rotation is par-
ticularly effective in the control of this group of parasites, A list of
some crop diseases that can be at least partly controlled by rotation
was compiled by Leighty'®

Many insects are destructive to only one kind of crop. The life
cycle is broken when crops are grown that are unfavorable to the
development of the insect pest. The sugar beet nematode is con-
trolled by a rotation in which sugar beets are grown on the land
only once in 4 or 5 years. Cotton root-knot can be prevented by the
growth of immune crops in the crop sequence.

CROP ROTATION AND WEED CONTROL

Crop rotation is the most effective practical method for control of
many farm weeds. Some weed species are particularly adapted to
cultivated crops, others to small grains, while another group thrives
it meadows. The continuous growth of small grains on the same
Lind encourages weeds. In Utah, plots continuously cropped to
wheat for 7 vears became so infested with wild oats as to reduce
the vield seriously.®® The chief practical difficulty affecting continu-
ous growth of wheat on Broadbalk field at Rothamsted, England,
has been the weed problem.®

Except for some 30 noxious species, weeds, of which there are
more than 1,200 species, are not able to thrive indefinitely on crop-
totated land.® Anmmal weeds are restricted by a rotation that in-
cludes a smpall grain crop, a cultivated crop, and a meadow crop.
Rotations that include smother crops such as alfalfa, rye, buck-
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wheat, sorghum hay, and Sudan grass offer another means of con-
trolling certain weeds.

CROPPING SYSTEMS AND EROSION CONTROL

In Missouri a corn-small grain-clover rotation was effective in
reducing crosion in comparison with continuous corn.” A one-year
rotation of lespedeza and winter grain also was effective. Grass-
legume mistiures in rotations have been very effeciive in the reduc-
tion of crasion.”

YIELD COMPARISONS OF CROP ROTATION WITH CONTINUOUS
CULTURE

Crop rotation alone is 75 per cent as effective as fertilizers for
increasing crop vields as a whele, or 90 per cent when only the
results for corn. wheat, and oats are averaged.** The long-time
experiments at the Rothamsted Experimental Station in England
indicate the treud in vields when a crop is grown in rotation or in
cantinuons cultwre. Some results with wheat are shown in Table 4,

TABLYE 4. YIELDS OF WHEAT AT ROTHAMSTED FROM 1851 To 1919

AVERAGE YIELD

PEH ACRE
THEATMENT (bu.)
Continnous wheat unfertilized 12.33
Continnous wheat fertilized 23.38
Wheat in o d-vear ratation without fertitizer (tumips, barley,
clover, wheat) 24.05
Whed i dvear rotation fertilized 32.49

It is abvious that the highest vield occurred where both crop
ratation aud fertilization were practiced, Similar results were ob-
tained with corn in the Morrow plots in Hlinois, operated since 188S."

ROTATIONS IN PRACTICF,

Corn Be!. Crop rotations that supply organic matter and nitrogen
are built around corn as the major crop.’® Continuous corn has
resulted in reduced vields where it has been practiced for anv
length of time. The corn-oats-clover rotation is used in the northern
part of the region. A 4-vear rotation of corn, oats, wheat, and clover



FERTILIZER AND ROTATION PRACTICES 163

or mixed clover and timothy is followed in the northeastern part
of the corn belt where corn is a less important crop. A rotation of
corn, wheat, and clover is widely used in central Indiana.

Where soybeans can be grown, a S-year rotation of corn, corn,
soybeans, wheat, and clover is suggested.*” Yields can be maintained
when cover crops can be seeded in both corn crops, and manure
and phosphate can be applied to the corn.

Cotton Belt. Definite crop sequences are less common in the
cotton belt than in many other regions.” Cotton normally occupies
a larger percentage of the cropped land than any other crap. On
relatively productive soils, a typical cropping system appears to be
one year of corn or an annual hay crop followed by 2 to 4 years of
cotton. Interplanted legumes are used in this sequence in some in-
stances. Two suggested rotations are as follows:

(1) Three-year rotation for land equally adapted to corn and
cotton: cotton; summer legumes (cowpeas or soybeans) for hay or
seed, followed by winter legumes; and corn interplanted with cow-
peas, soybeans, or velvetheans.

(2) Four-year rotation for areas where half of crop land is
planted to cotton: cotton, followed in part by a winter legume;
cotton; summer legumes for hay or seed followed by winter legumes;
corn interplanted with summer legumes.

Hay-Pasture Region. Hay and pasturcs predominate in the north-
castern states, A 3-year rotation of corn for silage, oats, and clover
is popular on dairy farms of the Lake states where considerable
land is available for pasture. Potatoes are sometimes substituted for
<orn as an intertilled crop. Clover-timothy or alfalfa-timothy mix-
tures may be sown with spring small grains and kept 2 vears for
hav.* A large percentage of the crop land is devoted to hay on
many New England farms,

Wheat Regions. In the east-central arca from Missouri to Virginia,
various modifications of the corn, wheat, clover, or grass rotation
are used. In the northeastern part of the winter-wheat area, a rota-
tion that can be used is: corn 2 years, oats or barley 1 vear, and
wheat 2 years. Sweetclover or some hay crop may be included as
a modification of this sequence. In the spring-wheat area of the Red
River valley, a rotation of (1)} small grains, 2 years; (2) sweetclover
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for hay, pasture, or green manure; and (3) corn or potatoes is often
approximated. Definite crop rotations are not prevalent in the major
wheat-production areas.

DRYLAND aREAS. In the Pacific northwest, dryland wheat has been
produced under a wheat-surmmer fallow rotation.

Winter or spring wheat is the most important cash crop of the
Great Plains and intermountain dryland areas. The rotations in this
area are characterized by summer fallow periods, absence of sod
crops. and ineffectiveness of greem or barnyard manures. In the
southern Great Plains a summer fallow-wheat-grain-sorghum rota-
tion may be adapted. Alternate wheat and fallow is a common crop-
ping system in the drier areas (12-18 inches of precipitation per
vear), while alternate corn and wheat is a practical sequence with
slightly more precipitation. Continuous cropping has given satisfac-
tory results in many parts of the semiarid region.

Irrigated Regions. In Utah, a crop rotation that included alfalfa
and cultivated crops with rather heavy applications of manure
effectively maintained high vields of wheat, potatoes, sugar beets,
field peas, oats, and alfalfa™ Two satisfactory irrigated rotations
for western Nebraska ™ are: (1) alfalfa (3 years), potatoes, sugar
beets (manured), sugar beets, and oats; and (2) oats seeded with
sweetclover, sweetclover pastured, sugar beets, and sugar beets.
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7 SEEDS AND SEEDING

Importance of Good Seeds

Reasonably good seed is a prime essential to successful erop pro-
duction, whereas poor seed is a serious farm hazard. The variety
and the approximate germination and purity of seed should be
known before it is planted.™ Introduction of weeds in the seed often
increases the labor of caring for the crop, reduces crop yields,” and
contaminates the current product as well as the seed and soil in
future seasons.

Seed Germination

EXTERNAL COXNDITIONS FOR GEEMINATION

The most important external conditions necessary for germina-
tion of matured seeds are ample supplies of moisture and oxygen.
a suitable temperature, and for some seeds certain light conditions.
A deficiency in any factor may prevent germination.

Guod seed shows a germination of 90 to 100 per cent in the lab-
oratory., Some sound crop seeds, particularly small grains, show a
seedling emergence of as high as 90 per cent of the seed when
sown under good field conditions. Even corn, which is a rather
sensitive seed, often produces stands of 90 per cent or more in the
field. Sorghum and cotton give a lower percentage of emergenc?
because taey are more susceptible to attack from seed-rotting fungi.
In sorghum. a field emergence of 70 per cent is exceptional, and
50 per cent emergence is all that is normally expected from seed
having a 95 per cent laboratory germination, even in a good seed-
bed. However, if the seed germinates only 60 to 70 per cent in the
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laboratory, many of the sprouts will be so weakened that a field
emergence of 20 to 25 per cent is all that can reasonably be ex-
pected. In a poor seedbed, the emergence may be much less, Seeds
that germinate slowly may produce weak seedlings. However, the
strong seeds in a low-germinating sample may give good yields if
enough seed is planted.*

Legumes such as alfalfa, red clover, and sweetclover are seeded
at heavy rates to allow for the hard seeds, many of which fail to
grow immediately when sown. In seeded grass pasture mixtures,
the species with the most viable seeds often predominates in the
immediate stand.” Small-seeded grasses usually are sown at rates
areatly in excess of those required if all of the seeds were to produce
seedlings, because the mortality of the seeds and scedlings is likely
to be high. Thus, in a bluegrass pasture a seeding rate of 25 pounds
per acre provides more than 1,000 seeds per square foot, whereas
100 plants per square foot would soon provide dense turf.

Commercial seed of Kentucky bluegrass and certain other grasses
often does not germinate more than 70 per cent, as a result of har-
vesting when many of the panicles are immature, followed by
damage from heating in the piles of curing panicles. Any dicotvle-
donous plant with an indeterminate flowering habit, or a grass that
sends up new tillers and panicles over a considerable period will
not mature its seed uniformly. With such crops, immature seed is
athered even though harvesting is delayved until the ripest seeds
have already been lost by shattering.

Moisture. Abundant water is necessary for rapid germination.
This is rcadily supplied by damp blotters or paper towels in a
germinator or by soil that contains about 50 to 70 per cent of its
water-holding capacity. Field crop seeds start to germinate when
their moisture content (on a dry basis) reaches 26 to 75 per cent;
&, 26 per cent in sorghum, millet, and Sudan grass; 45 to 50 per
cent in small grains; ® and as high as 75 per cent for sovbeans.
The minimum moisture for germination of corn is approximately
35 per cent in the whole grain and 60 per cent in the embryo.®

The water usually enters the seed through the micropyle or hilum,
Or it may penetrate the seed coat directly. Water enters certain
seeds, such as castorbean and sweetclover. through the strophiole
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or caruncle, an appendage of the hilom.” Water inside the seed coat
is imbibed by the embryo, scutellum, and endosperm. The im-
bibed water causes the colloidal proteins and starch of the seed to
swell. The enormous imbibitional power of certain seeds enables
them to draw water from soil that is even below the wilting co-
efficient. but not in sufficient amounts to complete germination,
because the adjacent soil particles become dehydrated. Seeds sown
in dry soil therefare may fail to germinate, or they may absorb
sufficient moisture to swell and partly germinate. Wheat, barley,
oats. corn. and peas have been sprouted, allowed to dry, and re-
sprouted three to seven times before genmnination was fully de-
stroved.”™ Germination was lower, however, with each repeated
sprouting. Wheat seeds can absorb water from a saturated atmos-
phere until they reach a moisture content exceeding 30 per cent,
but this is not high enough to start germination.™

Oxygen. Many dry seeds, particularly peas and beans, are prac-
tically impervious to gases, inctuding osygen. Absorption of mois-
ture mav at the same time render the seed permeable to oxygen.
Weed seeds often remain alive but ungerminated when buried in
the soil. but germinate promptly when brought near the surface
where more oxygen is available. Seeds planted too deeply may be
prevented from germinating through an oxygen deficiency. Many
seeds fail to germinate in a saturated soil because of a lack of
oxvgen. Rice apparently is less restricted in its oxygen needs than
most seeds since it will germinate on the soil surface under 6 inches
of water. However, an atmosphere of pure oxygen is harmful to
seeds as it is to man.

Temperature. The extreme temperature range for the germina-
tion of field crop seeds is from 32° to 120° F. In general, cool-season
crops germinate at lower temperatures than warm-season crops.

Wheat. oats, barley, and rye may germinate somewhat at the
temperature of melting ice Buckwheat, flax, red clover, alfalfa,
field peas. sovbeans, and perennial ryegrass germinate at 41° F. or
less. The minimum temperature for germination of sorghum and
corn is about 48° F. Tobacco seeds ** germinate slowly below 57° F
Of the commonly grown crops, seeds of alfalfa and the clovers will
germinate more readilv at low temperatures than any others. Starchy



SEEDS AND SEEDING 1M

seeds appear to be more easily destroyed by rots, and thus are less
likely to produce sprouts at low temperatures than are oily or
corneous secds of the same species. * * Smooth hard hybrid seed
corns give better stands than do rough softer types.

A temperature of 59° F. is about optimum for wheat, with pro-
gressively decreasing germination at higher temperaturcs.® Mold
attack increases directly with increased temperatures, Soyheans of
good quality may germinate almost equally well at all temperatures
from 50° to 86° F., but seeds of low vitality germinate best at 77° F.

The most favorable temperature for germination of 1obaceo seed
is about 58° F.*" The optimum laboratory germination for seeds of
most cool-weather crops is about 68°F. (20° C.), with certain
fescues and other grasses requiring a somewhat lower temperature.
Warm-weather crops, particularly the southern legumes aud grasses
such as crotalaria and Bermuda grass, germinate best at 86° to 97° F.,
Most crop seeds are germinated at alternating night and dav tem-
peratures of 68° F. and 86° F. in laboratory tests. The alternation
of temperatures, which simulates field conditions, favors better
germination.

Maximum temperatures at which seeds will germinate are ap-
proximately 104° F. or less for the small grains, flax,”® and tobacco; ¥
111° F. or less for buckwheat, beans, alfalfa, red clover, crimson
clover, and sunflower, and 115-122° F. for corn, sorghum, and
millets. At temperatures too high for germination, the seeds may
he killed or be merely forced into secondary dormancy. The killing
has heen ascribed to destruction of enzyvmes and coagulation of cell
prateins, These reactions as a rule are not observed at temperatures
i low as 1227 F., but might occur over a time as Jong as the 24 to
2% hours or more necessary to start germination. The sccondary
dvmancy induced by heat may be an oxvgen relationship.

Light. Most field crop seeds germinate in either light or dark-
ness. Manv of the grasses germinate more promptly in the presence
of. or after exposure to light, especially when the seeds are fresh.
Among these are bentgrass, Bermuda grass, Kentucky blucgrass,

Canada bluegrass, and slender wheatgrass. Light is neccssary for
SeTmination of some types of tobacco, but most standard American
Varieties will germinate in its absence, although the rate and per-
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centage of germination may be considerably retarded. The light
requirement in all cases is small.”

PROCESS OF GERMINATION

When placed under the proper conditions, seeds capable of im-
mediate germination gradually absorb water, until after some 3
days their moisture content may be 60 to 100 per cent of the dry
weight. Meanwhile the sced coats have become softened and the
seeds swollen. Soluble nutrients, particularly sugars, go into solu-
tion. Starch is hydrolyzed into maltose by the enzyme diastase,
which is found in greatest quantities in the epithelial {outer)} layer
of the scutellum.® The maltose is hydrolyzed into glucose by the
enzyme maltase. The soluble glucose is transported to the growing
sprout chiefly by diffusion from cell to cell, and there is synthesized
into cellulose, nonreducing sugars, and starch. Proteins broken down
by proteolytic enzymes into amides, e.g., asparagin, and into amino
acids, then build proteins in the seedling. Fats, which occur chiefly
in the cotyledons of certain oil-bearing seeds and in the embryo of
cereal seeds, are split by enzymes called lipases into fatty acids and
glveerol, and these in turn undergo chemical changes to form sugars.
which are used to build up the carbohydrates and fats in the seed-
lings. Energy for the chemical and biological processes of germina-
tion and growth is supplied by respiration, or biological oxidation
of carbon and hydrogen into carbon dioxide and water. During
germination respiration proceeds rapidly at a rate hundreds of times
that in dry seeds.

The encrgy consumed during germination may amount to one-
half the dry weight of the seed.® The germination of a bushel of
wheat utilizes the equivalent of all the oxygen in 900 cubic feet of
air and requires energy cquivalent to that expended in plowing an
acre of land. Emerging seedlings exposed to light begin photosyn-
thesis early, but even then their dry weight may not equal the drv
weight of the seed until 7 to 14 days or more after the seedling
appears above the soil surface.

In promptly germinating seeds, the growing embryo ruptures the
seed coat within one or two days after the seeds are wetted. The
radicle, or embryonic root, is the first organ to emerge in nearly all
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cases. The radicle is soon followed by the plumule or young shoot
(Figures 44 and 45). In many dicotyledonous plants such as the
bean and flax, the cotyledons emerge from the soil and function as
the first leaves. The plumule
emerges in a bent or curved po-
sition (Figure 46), and the arch
thus formed serves to protect the
cotyledons as they are brought
above the surface of the soil by
the elongating hypocotyl. This is
called hypogeal germination.

In grasses { monocotyledonous
plants), and in a few legumes
such as the pea and the vetches,
the cotyledons remain in the soil.
The plumule grows or is pushed
upward by the elongation of an
epicotyl or a subcrown inter-
uode. This is called epigeal germination. The subcrown internode of
different grasses has been variously called a mesacotyl, epicotyl, or
hvpocotyl, depending upon the seedling node from which it arises.

The coleoptile of grasses emerges from the soil as a pale tubelike
structure enclosing the first true leaf. A slit develops at the vent on
the tip of the coleoptile and the leaf emerges through it. Then
photosynthesis begins and the secdling gradually establishes inde-
pendent metabolism as the stored food of the seed nears exhaustion.
The roots are well developed by that time.

Fic. 44, Six successive daily stages in
the germiuation of the sugarcanc seed.

QUALITIES IN SEEDS FOR GERMINATION

Whole vs. Broken Seeds. A marked decrease in germination of
mutilated wheat, corn, and alfalfa seeds occurs when the germ is
mjured.** Broken seeds containing the embryo germinate less, have
a higher scedling mortality, and produce smaller plants than whole
seeds.™ ™ Breaks in the seed coat of cereals are deleterions to germi-
Nation, injury at the embryo end being most serious.” Broken or
tracked seeds mold more than do whole seeds.”™ Mechanical injury
due to broken seed coats and splitting frequently occurs in field



Fic. 45. Stages in carn germination: (1) before germination; (2} germinated
96 hours: (3) 48 hours; (4) 4 days; {5) 8 days. In the two upper views (Cour-
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peas. Cracked peas, consisting of the embryo and a single cotyledon
or a part of one may fail to germinate.*

The viability of seeds may be destroyed quickly by molding or
heating as a result of the growth of fungi and bacteria on damp
seeds stored in a warm place. These organisms break down and
absorb the constituents of the seed. The fats are broken down into
fatty acids, and germination drops as fat acidity goes up. After
planting, the seeds are exposed to organisms in the soil as well as
to those on the seed. The organisms utilize the food materials in the
seed, thus starving the young sprout, and certain organisms even
invade and kill the young sprouts. Seed-borne and soil-inhabiting
organisms often prevent seedling emergence. Sowing sound seeds
at the optimum temperature for germination helps to retard seed
rots and seedling blights. Thus, small grains and field peas should
be sown when the soil is cool, and planting of corn, sorghum,
cotton, peanuts, soybeans, and millet should be delayed until the
soil is warm. The best protection against seed rots and secdling
blights is treatment of the seed with approved disinfectants con-
taining mercury, copper, or some other chemical that is toxic to
fungi and bacteria. The fungi commonly associated with the mold-
ing and rotting of secds and the blighting of seedlings are mostly
commonly prevalent species of several genera including Pythium,
Fusarium, Rhizopus, Penicillium, Aspergillus, Gibberella, Diplodia,
Helminthosportum, Cladysporium, Basisporium, and Colletotri-
Ch“m” 16, a0

Seed Maturity. Mature sced is preferable, but occasionally growers
are obliged to plant seeds that failed to reach full maturity. Prema-
tirely harvested barley kernels have germinated and produced
simall seedlings when the seeds had attained only one-seventh of

tesy of T. A. Kiesselbach ), the seedcoat has been removed to expose the embrvo.
In terminating, the radicle or first seminal root (v) pushes out quickly; the
nodal region {n) swells; the colcoptile, which encloses the first leaves and has
4 vent at the tip (¢}, grows upward; additional seminal roots (se} arise, usually
N pairs, above the radicle after 3 days. Finally the coronal or crown roots {cr)
df:"-'elﬂp and the food substance in the seed () is practically exhausted. At (6)
A wheat germ enlarged about 25 times shows the scutellum (sc}, vent in coleop-
n]e‘{ v), cpiblast (e), seminal root swellings (se}, and radicle (r) which is
nclosed in the coleorhiza.



FIG. 46. Seedlings of (1) bean, (2) pea, {3) rye, (4) sorghum and (5) oats.
In germinating the cotvledons (co) of the bean are pushed up by the elongating
hypacotyl {hy), then the cotyledons separate and the plumule or true leaves
(p) emerres. In the germinating pea the epicoiyl {ep) grows upward from the
cotvledons (co) and the piumule (p) grows out from the tip of the epicotl.
In the cereals the coleoptile grows or is pushed to the soil surface and then the
plumule (p) grows out through a slit {¢') at the tip of the coleoptile. In &,
as in wheat and barlev, the eolenptile base (c) arises at the seed {s) and the
crown node hes somewhere within the coleoptile. 1n sorghum, as in com, the
coleaptile base (c) is at the crown node whicfl is carried upward from the seed
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their normal weight.* * Corn seeds grew when gathered as early
as 20 days after fertilization of the silks, provided they were care-
fully dried.® Such poorly developed seeds obviously are unsatisfac-
tory for field planting. Table 1 shows that corn gathered as carly
as the denting stage is suitable for seed.*

TABLE 1. EFFECT OF MATURITY OF SEED UPON THE GRAIN YIELD OF
DENT CORN (5-YEAR AVERAGE}

WEEKS SELD DAYS CONDITION FIELD YIELD
BEFORE HARVESTED SINCE OF GERMINATION SHELLED

RIPE DATE FERTILIZA~ GRAIN (%) CORN
TION PER ACRE

(bu.)

Ripe  September 28 51 Mature 94 558

1 September 21 44 Glazing 94 54.4

2 September 14 a7 Denting 93 54.9

Mature corn produces heavier sprouts than that harvested at
immature stages.* Immature corn shows more disease infection
and yields slightly less than mature corn.***

Immature seed,! because of its small size has a low reserve food
supply, and usually produces poor plants when conditions are
adverse at planting time. It must be carefully harvested and stored
in 2 manner that will prevent frost injury when it is high in moisture
content.

Seed Size. Small seeds invariably produce small seedlings. The
logarithms of seedling and seed weights are directly proportional *
(Figure 47).

In Nebraska experiments ** small seeds of winter wheat, spring
wheat, and oats yielded 18 per cent less than the large when equal
mumbers of seeds were sown per acre at an optimum rate for the
large seed, but only 5 per cent less when equal weights of sced
wete sown, also at an optimum rate for the large seed. Grain drills
sow about equal volumes per acre of large or small seeds of any

—

fs) b the elongating subcrown internode {i}. In oats, as in rice, the node at the
mienplile base {c) stands just below the crown nade and also is carried upward
fom the seed (s) hy the elongating subcrown internode. Occasionally adventi-
titus ronts (a) arise from the subcrown internode (i) in oats and the other
tereals, (The irregular ditection of roots resulted from germination between
Slotters instead of in the soil.)
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ric. 47. The seedling weight (10 to 12 days after planting) shows a direct
logarithmic relation to sced weight. A, Relation between weight per seed and
weight per stalk 10 days after planting of coru, sorghum, and proso; B, relation
between logarithms of the seed weights and of the stalk weights taken al variouns
intervals up to 20 days after planting.

particular grain, so the latter comparison is of the most practical
significance. When unselected seed was used, it yielded 4 per cent
less than the large when equal numbers were sown per acre, but
only 1 per cent less when equal weights of seed were sown.

In comparisons of fanning mill grades of winter wheat over a
17-vear period, the heaviest one-fourth yielded 0.3 per cent more.
and the lightest one-fourth 2.0 per cent less, than the unselected
seed. Similar results were obtained with oats.

There is no material or practical gain in grain yield from grading
normally developed small grain seed that is reasonably free from
trash. Large seeds produce more vigorous seedlings, which survive
adverse conditions better, but this advantage within certain limifs
is largely offsct by the greater number of plants obtained from an
equal weight of smaller seeds.

The germination and seedling size of shrunken and phump spring
wheat having test weights ranging from 395 to 60.8 pounds per
bushel wis determined.® Test weight shows little relation to vit-
bilitv, buc shrunken seeds produce such small weak seedlings that
sowing of wheat testing less than 50 pounds per bushel is not 7ec-
omrended. Kernels of wheat testing 60 pounds per bushel are
about twice as heavy as those testing 50 pounds. A reduction in test
weight of one-third, ie., from 60 down to 40 pounds per bushel
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reduces the weight of an individual kernel nearly two-thirds,* and
seedling weights are reduced nearly as much. In general, seeds less
than one-half normal size are unsuitable for sowing.

Formerly the usual recommendation was to throw away the butt
and tip kernels of the corn ear, and plant only seed from the middle
portion. Extensive experiments showed that the average yield of
butt seed was 103 per cent of that from the middle of the ear, and
the yield from the tips 105 per cent*® In a similar comparison,
sceds from the tips, butts, and middies of corn ears averaged 355.5,
33.4, and 56.0 bushels per acre, respectively.*® Thus butv and tip
kernels are not inferior for seed purposes but may give irregular
stands with ordinary corn planter plates. Shelled butt and tip
kernels of hybrid corn separated with a seed corn grader are
planted with special plates. However, they sell at a lower price
than the more popular seed from the middle of the ear called large
dat seed.

Dormancy in Seeds. Seeds of some crop species show dormancy,
Le,, they fail to grow immediately after maturity even though ex-
ternal conditions favor germination, until they have passed through
ayest or after-ripening period. This is more common in wild than
in cultivated plants. Dormancy in cereal sceds is indicated by in-
ability to germinate at higher temperatures when it germinates
well at 36° to 50° F.

CAUSES OF DORMANCY. Dormancy may result from the following
seed characteristics or environmental conditions:

{1} Thick or hard seed coats prevent intake of water and prob-

ably also of oxygen. The hard sceds in many legumes are an
examyple,

(2 Seed coats that interfere with the absorption of oxygen,
& cocklebur, oats, and barley.

(3} Inunature embryos. In some species the embryo has not yet
‘tached its full development at harvest.

(4} The embryos in still other seeds appear to be mature but
‘st undergo certain changes before they will germinate. Wheat
.?nd barley seeds harvested at certain stages before maturity,
‘%, 12 to 24 days after flowering, and dried quickly, may retain
their green color, germinate poorly and produce weak seedlings.
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Such green seeds also are found in wheat that has been frosted
before maturity. Dormant varieties of winter barley apparently
acquire dormancy during ripening or drying because seeds of such
varicties sprouted in the head before maturity when the seedcoats
were kept wet by artificial watering.”

uanp seED$ 1N LEGUMES. Hard or impermeable seeds that pre-
vent penctration of water and cause an apparent enforced dormancy
period are common in alfalfa, and are found in most small-seeded
legumes.™ Hard seeds in alfalfa are due to inability of the palisade
cells to absorb water.™ Apparently the cuticle does not restrict the
intake of water. The percentage of hard seeds varies among differ-
ent branches of the same plant. Probably as a result of some scari-
fication, machine-threshed seed contains fewer hard seeds than that
which is hand-threshed. Plump seed is more likely to be dormant
than is shriveled or immature seed.

AFTER-RIPENING, Seeds of peanuts, alfalfa, clover, and hrpines
planted soon after maturity under conditions nearly optimum for
germination frequently show dormancy ranging up to 2 years. The
rest period appears to be one of after-ripening in peanuts.®

Seeds of many small grain varieties require a short perjod of
drv storage after harvest in order to after-ripen and give good
germination at temperatures as high as 20° C. Seeds usually are
stored several months before germination tests are made, but in
winter cereals it may be necessary to test the seeds immediately
after threshing to determine their viability for fall planting. Storage
of oats at 103° F. for 3 months largely eliminated dormancy,® and
also destroved most of the molds on the seed.

The embryos of cereals are never essentially dormant, the dor-
mancy being imposed by the seed coats. Artificial dry heating,
opening of the coat structures over the embryo, and cutting off the
brush ends admit oxygen and induce germination of pon-atter-
ripened or partially after-ripened seeds of wheat, oats, or barley.
A temperature considerably helow 20° C. is most satisfactory for
germination of freshly harvested seed of these crops.®

Immature, poorly cured wheat has a higher percentage of dm:-
mancy than do ripe kernels.® Dormancy may decrease to a 1in*
mum after 4 to 12 weeks of storage, and can be broken immediately
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by placing the seeds in an ice chest at 4° to 6° C. for five days, and
transferring them to an alternation ot temperature from 20° to
30°C. for three days. Some wheats grown under high altitude
conditions may be dormant as long as 60 days after harvest.” Seeds-
men have repeatedly encountered difficulty in getting satisfactory
germination in laboratory tests of sound plump duorum wheat,
especially in the fall and early winter. After-ripening is completed
during warm spring weather. Good stands are obtained in field
plnting in cool soil even though durum wheat germinates slowly
in laboratory tests until spring.”* After-ripening of mature corn is
coincident with loss of moisture.” It may be necessary to reduce
the moisture content of immature seeds to approximately 25 per cent
before normal germination occurs. The mechanism that inhibits
nermal germination of such seeds is believed to occur in the scutel-
tum rather than in the endosperm or pericarp.

Slow germination of freshly harvested seeds is extremely de-
sirable in a wet harvest season, when heavy losses occur from
grain sprouting in the shock, Dormant varieties do not sprout
appreciably.* ** All degrees of prompt, slow, and delayed germi-
nation oceur in freshly harvested common oats, but cultivated red
oats regularly show slow or delayed germination.” Dormancy dis-
appears in most oat varieties after 30 days. Grain sorghums often
spreut in the head in the field during rainy periods before harvest.

The usual dormancy in buffalo grass seed can be broken by
soaking the seed in a 0.5 per cent solution of potassium nitrate for
24 hours and then chilling it at 41° F. for 6 weeks in a cold storage
room, followed by drying.” Hulling of the seed is fully as effective,
and the treatment is more simple and economical.

SECONDARY DORMANCY. High temperatures in storage or in the
Serminator or seedbed may throw seeds of cereals or grasses into
* secondary dormancy.®* Such seeds usually germinate later at
mormal temperatures after they have been subjected to cold treat-
nent,

.Ve"}' dry cotton seeds may fail to germinate as promptly or as
“igorously as those with a moisture content of approximately 12
Per cent when planted. A marked increase of hard seeds occurs
“hen they are dried down to 5 or 6 per cent moisture.” Excessively
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dry sced gives satisfactory germination if moistened at planting
time with about 2 gallons of water per 100 pounds of seed. Certain
Texas samples entered into a secondary dormancy and failed to
produce a crop when the proper seedbed cunditious were not

present.

SCARIFICATION OF HABD SEEDS

Germination of impermeable seeds in legumes such as alfalfa,
sweetclover, and the true clovers may be brought about in several
\"’&_‘"S-Jl

In the wnechanical scarifier, the seed is thrown against a rough-
ened surfuce of sandpaper or other abrasives to scratch the seed-
coats. The scarified sceds imbibe water and germinate in a normal
manner, However, mechanical scarification is practiced less now
than formerlv. In tests in Utah™ scarification of alfalfa seed in-
creased germination about 30 per cent, but there were more weak
and moldy seedlings from the scarified seed. Scarification injured
about as much good sced as it made hard seeds germinable.
Mechunically scarified seed has been found to deteriorate rapidly
in storage. If scarified at all, seed should be planted immediately.

In New York, fall-sown sweetclover seeds softened and grew
the next spring, with 30 to 75 per cent of the seeds producing plants.
This is about as high a percentage as is ordinarily obtained in field
seeding,™ and 90 to 100 per cent hard sweetclover sceds fall-sown
will vield better results under such conditions than scarified seeds
sown at any time of the year.

OTHER HARD SEED TREATMENTS

Aging brings about slow natural detericration of the seed coat
in drv storage. In certain experiments one-third to two-thirds of
the hard seeds in red clover were still impermeable after 4 years.
but a majority of the impermeable seeds of alfalfa and hairy vetch
vecame permeable before they were 2 years old.™ In another ex-
periment one-half of the impermeable seeds in alfalfa germinated
after 1% y~ars, while all germinated after 11 years in storage.” The
percentage of hard seeds in Korean lespedeza is high when the
seeds are tested for germination immediately after harvest, but most
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of them become permeable during the winter.” The average per-
centages of hard seeds in tests made in November, January, and
March were 47.25, 12.25, and 11.05, respectively.

Alternate frcezing and thawing sometimes stimulates germina-
tion of hard seeds of alfalfa and sweetclover, but may also destroy
some secds that germinate normally.™ The breaking of dormancy
while in the soil may be due to a period of cold.*

VERNALIZATION OF SEEDS

Ternperatures affect the flowering time of many plants. Winter
wheat sown in the spring fails to produce heads unless the sprouting
sceds or growing plants arc subjected to cold or cool conditions.
Winter varieties of cereal crops head normally from spring sowing
and behave like spring varieties if the seeds are germinated at tem-
peratures slightly above freezing before they are sown. The degree
of sprouting during the cold treatment can be restricted by wetting
the seeds only enough to start germination. This process is called
vernalization.

Winter varieties of cereals are treated by soaking the sced for 12
to 24 hours and then storing them for 4 to 9 weeks at a temperature
of about 2° C., while maintaining the moisture content of the grain
at about 50 per cent (on a dry weight basis), Winter annual legumes
and grasses may respond to similar treatments. Vernalization is so
laborious and complicated that it is useful only in certain experi-
ments. The sprouted seeds are difficult to store and sow, germina-
tion often is damaged by the treatment,” and drying and storing
the seed at warm temperatures often causes the seeds to lose much
of the effect of the cold treatment. Vernalized spring-sown winter
grain yields much less than when sown in the autumn in the field,
and about the same or somewhat less than adapted spring varicties
sown at the same time as the vernalized grain, Certain spring
varieties of cereals that have a partial or intermediate winter growth
habit usually respond to vernalization treatment when sown late
in the spring,* but true spring varieties are not affected. Russian
workers have reported that special vernalization of corn, sorghum,
millet, and other warm-temperature crops has been effective in
hastening flowering. This treatment consists of germinating the
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sceds in the dark at normal temperature while restricting the sprout-
ing by adding only limited quantities of water, largely in the form
of dilute salt solutions. Extensive experiments in other countries
have failed to substantiate claims for this type of vernalization.?
The seeds often mold and lose their viability during treatment.

LONGEVITY QF SEEDS

Most farm crop seeds are probably dead after 25 years, even
under favorable storage conditions. The alleged germination of
seeds after prolonged storage in ancient tombs is known to be a
myth, although fresh seeds that have been placed in tombs shortly
before the visits of gullible travelers often germinate very well,
Authentic seeds from the ancient tombs are highly carbonized and
have lost much of their original substance.

Seeds in Dry Storage. Probably the optimum condition for storing
seeds that will endure drying is a 5 to 7 per cent moisture content
with sealed storage in the absence of oxygen and at a low tempera-
ture. In hot climates, seeds often can be kept viable between
scasons only by storing them in airtight containers after the seeds
have been well dried.” Seeds of wheat, oats, and barley kept in dry
storage under cool semiarid conditions in Colorado exhibited a
gradual decline in germination, the germination being approxi-
mately 10 per cent lower at the end of the 10-year period than
when the seeds were 1 year old.™ The germination of rye and soy-
beans decrecased about 10 per cent in 5 years, but Black Amber
sorgo dropped only 2 per cent in 6 years. Yellow Dent corn gerni-
nated well for the first 5 years, but decreased rapidly after the sixth
vear. After 15 years of storage under the above conditions,”™ average
germination percentages for various crop seeds were as follows:
wheat, 80.5; unhulled barley, 95.8; hulless (naked) barley, 73.9:
rye, 8.2; and corn, 36.0. The drop in germination was as great of
greater from the tenth to the fifteenth year as it was from the first
to the tenth vear.

Under Nebraska conditions, corn 4 vears old was satisfactorv
for secd.”” Kafir seed retained its germination well for 10 years it
western Texas, but deteriorated almost completely during the next
7 years®
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Flaxseed of good quality stored under favorable conditions may
be expected to maintain its viability for 6 to 8 years. Seeds 9, 12, 15,
and 18 years old germinated 99, 89, 56, and 58 per cent, respec-
tively.”

Tobacco seed usually retains ability to germinate over many
vears. One lot of sced germinated 25 per ceunt after 20 years™
However, there was a marked retardation in rate of germination
in seed more than 10 years old.

While many farm secds in ordinary storage in drier climates may
have a life span of 15 years, they might live 50 or even 100 years
in sealed storage at low temperatures in the absence of oxvgen and
after proper desiceation.’ Seeds of Alhizzia germinated after stor-
age for 147 years in a British herbarium.

Buried Seeds. Seeds of some species of wild plants retain their
vitality in moist soil for 50 years or more.* In the U. 8. Department
of Agriculture buried seed experiment a total of 107 species of seed
were mixed with sterilized soil and buried in pots in 1902. None
of the cereals or legumes whose seeds are used for food germinated
on being dug vp after 20 years. The seeds of wild plants grew
better than those of cultivated plants. Several persistent weeds
showed high germination after 20 years in the soil, some of them
leing the docks, lambsquarters, plantains, purslane, jimsomweed,
and ragweed.*” Seeds still alive when finally dug up 39 years after
thev were buried included Kentucky bluegrass, red clover, tobacco,
ramie, and some 25 species of weeds. Wild morningglory germi-
nated within 2 days after it was dug up after being buried 30 years.

The classical experiment with buried sceds was started in 1879
bv Dr. W. J. Beal of Michigan State College. Seeds of 20 speoies
were placed in sand in bottles and buried under 18 inches of soil.
The chess and white clover seeds were dead after 5 years, while
common mallow survived until the 25-yvear test. Curled dock and
Clening primrose germinated 60 years after burial.®

Germination and Purity Tests
The real value of a seed lot depends upon its purity and the

Proportion of pure seed in it that will grow. Seeds after threshing
® American Journal of Botany, 28(4):271-273 (1941),
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usuallv contain foreign materials such as chaff, dirt, weed sceds,
and seeds of other crop plants, These can be removed to a large
extent but not entirely by cleaning machinery.

The objeet of laboratory seed testing is to determine the per-
centages of genmination, pure seed, other crop sced, inert natter,
and weed seed present, including the kinds of weed sceds and in
so far as possible the kind and variety of the seed sample. This
serves as an aid in selecting suitable sced, in adjusting seeding rates
to germination percentages, in giving warning of impending weed
problems, and in reducing dissemination of serious weeds. Seed
testing should be done by well-trained seed analysts, Then the label
is an accurate guide to the value of the seed.

Gernnination tests should include 400 sceds counted from the
sample indiscriminately and divided into four or more separate
tests. Purity tests should be made by hand separation of a sample
containing approximately 3,000 seeds. The size of sample specified
for purity tests is incicated in Table 2.

The final germination count for legumes having hard seeds in

TABLE 2. METHODS FOR IESTING TYPICAL SEEDS
crop NEEDY O OATINIMUNT NIINIMUAM CERMINATION TeST SPECIAL
SEED ren WErHT WEIGIT Final TREAT-

Temper- First

Gran vou ron ature  count  count  MENTS
NOXIOUS PURITY
WEED FX-  ANALYNIS
AMINATION
Crams Crams “C. Days Days
Alfalfa 500 50 3 20 3 7-12
'\1‘11\0
cdover 1300 S0 2 20 3 7-12
Balng
drass 365 50 10 20-35 4 21  Light;
hulling
Barlev 30 300 100 20 3 7
Bean
(Reldy 1 300 300 2030 3 513
Buckwlicat MM} 300 50 20-30 3 6
Corigsen
cliner 30 50 10 20 3 7-12
K ontucky
bluegrass 4500 23 1 20-30 7 28 Light

Meadow
Leseue 300 50 5 20-30 3 14
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the sample is extended for five days, as indicated, when partly
sprouted seeds are present. Fresh sceds may require pre-chilling,
or treatment with 0.1 per cent or 8.2 per cent potassium nitrate, or
even scarifying. Different seeds are germinated between blotters,
on top of blotters, in paper toweling, in rolled towels, in sand, or
in soil.

Seed Laws and Regulations

FEDERAL SEED ACT

For many years, low grade, foul, and adulterated sceds from
abroad were dumped in this country. The Federal Seed Act was
passed in 1912 to protect the American farmer from such seed.
The act was amended in 1916 to include a minimum requirement
of live pure seed. Another amendment was passed in 19267 to
provide for staining imported red clover and alfalfa sced so as to
indicate its origin, Investigations have shown that many foreign
importations are unadapted to certain regions in this country. Red
clover seed from Ttaly is strikingly unadapted to general usc in this
country, as is alfalfa seed from Turkestan and South Africa. The
Federal Seed Act of 1939 was much more drastic and inclusive
than the original act in requiring correct labeling as to variety as
well as to purity and germination, in establishing heavier penalties,
and in permitting assessment of penalties for mislabeling without
huving to prove fraudulent intent.

False advertising is prohibited. Punishments for violation of the
act include fines up to $2,000, seizure of the seed, and orders to
“ccase and desist” violations of the act.

The act prohibits importation of seed that is adulterated or unfit
for seeding purposes. Adulterated seed is considered as that con-
taning more than 5 per cent mixture of other kinds of seed. except
for mixtures that are not detrimental. Sced specified as unfit for
secding purposes is that containing more than one noxious sced in
10 grams of small-seeded grasses and legumes; onc in 25 grams
of medium-sized seeds such as Sudan grass, sorghum, and buck-
wheat; and one in 100 grams of grains and other large seeds. It also
prohibits importation of seed containing more than 2 per cent weed
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seeds or (with several exceptions) ® less than 75 per cent of pure
live seed. Noxious weeds specified are whitetop (Lepidium draba,
L. repens, and Hymenophysa pubescens), Canada thistle (Cirsium
arvense), dodder (Cuscute species), quackgrass (Agropyron
repens), Johnson grass (Sorghum halepense), bindweed (Convol-
vulus arvensis), Russian knapweed (Centfaurea picris), perennial
sowthistle (Sonchus arvensis), leafy spurge (Euphorbia esula),
and other seeds or bulblets of any other kinds which, after investi-
gation, the Secretary of Agriculture finds should be included in
the list.

The act also prohibits shipment in interstate commerce of agri-
cultural seeds containing noxious weeds in excess of quantities
allowed by the laws of the state or territory to which the seed is
shipped, or as established by the Secretary of Agriculture. Such
seeds must be labeled as to kind and variety or type, lot number,
origin (of certain kinds), percentage of weed seeds including
noxions weeds, kinds and rate of occurrence of noxious weeds,
percentages of mixtures of other seeds, germination, hard seed
percentage, month and year of germination test, and the name and
address of the shipper and consignee.

In enforcement regulations of the Federal Seed Act, tolerances
are specified to allow for variations in determination of germination
and purity.

STATE SEED LAWS

All states have seed laws designed to regulate the quality of
agricultural seeds sold within their borders. These laws have donc
much to reduce the spread of weed seeds. especially of noxious
weeds. Most of the laws were patterned after the Uniform State
Seed Law drawn up by the Association of Official Seed Analysts,
originally in 1917, and more recently are being revised to conform
more closely with the present Federal Seed Act* * There is con-
siderable variation in the details of the laws adopted by the varions
states, but all require seeds in commerce to be labeled. The laws

® Admittable germination percentages for these are: Bahia grass 50, bluc-

grass 65, carrots 55, chicory 70, Dallis grass 85, guinea grass 10, molasscs
grass 23, and Rhodes grass 35 per cent.
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embody many of these specifications as to information on the labels:
(1) the commonly accepted name of the agricultural seeds, (2) the
approximate total percentage by weight of purity, i.e., the freedom
of the seeds from inert matter and from other seeds, (3) the ap-
proximate total percentage of weight of weed seeds, {4) the name
and approximate number per pound of each of the kinds of noxious
weed seeds and bulblets, (5) the approximate percentage of germi-
nation of such agricultural seed, together with the month and year
that the seed was tested.

The weed seeds regarded as noxious vary from state to state, but
those so regarded by 10 or more states include: dodders, Canada
thistle, quackgrass, wild mustards, buckhorn plantain, corn cockle,
wild oats, wild onion, narrow-leaved plantain, wild carrot, ox-eye
daisy, leafy spurge, Russian knapweed, bindweed, perennial sow-
thistle, and curled dock.

The seed laws usually are enforced by designated state officials.
Field inspectors are authorized to draw samples from seeds offered
for sale. These are tested in official laboratories and penalties are
inflicted on dealers who sell seeds in violation of the state law.

Seed Associations

Most states have seed or crop improvement associations of
growers who produce quality agricultural seeds under strict regu-
lations. These associations usually cooperate closely with their
state agricultural colleges. These associations have arisen to bring
superior crop varieties into widespread use.’* Such associations
furnish large amounts of high-grade farm seeds to the tarmer at a
reasonable cost.

Registered or Certified Seed

The seed associations, whose rules and regulations differ some-
what among the states, supervise the growing of seeds by their
members for certification and registration. The definitions for foun-
dation, registered, and certified seed proposed by the International
Crop Improvement Association in 1946 follow:

{1} Foundation Seed. Foundation seed, including elite in Canada,
shall be seed stocks that are so handled as to most nearly maintain spe-
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cific genetic identity and purity and that may be designated or distrib-
uted by an agricultural experiment station, Production must be carefully
supervised or approved by representutives of an agricultural experiment
station. Foundation seed shall be the source of all other certified seed
classes, either directly or through registered seed.

{2) Registered Seed, Registered seed shall be the progeny of founda.
tion or registered secd that is so handled as to maintain satisfactory
geuetic identity and purity, and that has been approved and certified by
the ceriifving agencyv. This class of seed should be of a quality suitable
fur production af certified seed.

(3) Certified Seed. Certified secd shall be the progeny of foundation,
registered. or certified seed that is so handled as to maintain satisfactory
genctic ideatity and purity, and that has been approved and certified by
the certifving agency.

REQUIREMENTS FOR REGISTRATION OR CERTIFICATION

The mujority of seed associations require a grower to start with
registered seed or foundation seed from an experiment station or
cqually reliable source.” The seed is inspected in the field before
harvest for varietal purity, freedom from disease, and freedom from
nonious weeds. An inspector either takes a bin sample after the
crop is threshed, or the grower is instructed to sead in a representa-
tive sample for puritv and germination tests. The seed that comes
up to the standard set by the association for the particular crop is
registered or certified. This seed is sound, plump, and of good color:
it Tias high germination, and is free from noxious weeds. It is usually
well cleaned and graded, Registered or certified seed is sold under
specifie tag lahels which carry the necessary pedigree information
as well as that required under the state seed law.

Sources of Farm Seeds

A farmer who desires a new variety or a fresh seed supply may
sceure high-quality purc seed of the standard varieties of most
field crops from members of crop improvement associations at red-
sonable prices. These certified seeds often are available in the
community. Seed lists are issued each year, giving the name and
address ot the grower, the crop and variety grown, the amount of
secd available, and the price. In general, certified seed is the highest
quality of seed available for field crop production. Certified seed
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of hybrid corn is especially desirable because quality as determined
by freedom from inbreeding or outcrossing seldom can be assured
otherwise. Also the true pedigrees of certified corn hybrids are
known to the buyer. However, the yields obtained from certified
seed are not measurably higher than from uncertificd sced of good
quality of the same variety having only a small admixture of other
varieties. For commercial crop production an appreciably higher
price for certified seed may not be justiied when good uncertified
sced is available unless the grower wishes to obtain a new improved
variety or to be assured of seed relatively free from disease.

Good seed of most adapted crops can be grown on the home
farm with care to prevent admixtures and weed contamination. The
sced can be cleaned with an ordinary fanning mill unless it con-
tains weed seeds that can be removed only with the special equip-
ment described in Chapter 9.

The farmer usually finds it necessary to purchase hybrid corn
seed and small sceds such as clover, alfalfa, and forage grasses.
Most commercial seed houses endeavor to sell correctly labeled
seeds, but use a disclaimer clause for their protection, because the
arop produced by the farmer is entirely beyond the control of the
secd seller. The disclaimer usually is stated as follows:

7 “The ——-——— Company gives no warmranty, express or implied, as to
the productiveness of any seeds or bulbs it sells and will not in any way be
responsible for the crop.”

This statement appears on letterheads and seed tags—usually in
small type. This disclaimer, however, may not exempt dealers from
legal redress if the seed is misbranded or fraudulently represented.

Seeding Crops

IMPLEMENTS USED IN SEEDING

Seeders and planters used for field crops vary in size from one-
0w horse-drawn planters to multiple-row tractor-drawn imple-
ments.

Grain Drills. Combination grain and fertilizer drills are used in
0me regions. The single-disk furrow opener is best for penetrating
3 hard seed bed or cutting through trash (Figure 48). Double-disk
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Fic. 48. Drilling oats on disked carn ground. Insert at lower right: the use of a
stalk cutter shown here would have left o cleaner-appearing seedbed. { Courtesy
of Interational Harvester Company. )

and shoe openers are best for mellow seed beds that are firm below.
The hoe-tvpe opener is best in loose sail or where soil blowing is
likely to occur, The hoe drill turns up clods and trash and does
not pulverize the soil to any extent, The surface drill is used under
humid conditions, while the furrow drill is widely used for winter
wheat, particularly in the Great Plains under dryland conditions.
The furrow drill places the seed deep in moist soil. The ridges and
furrows hold snow, reduce winter-killing, and tend to protect the
young plants from wind erosion.

In comparative tests with winter wheat, the furrow drill has
shown no advantage over the surface drill except where winter-
killing is frequent.** *- ™

Row Planters. The two-row corn planter and the four-row tractor
planter probably are most widely used for planting intertilled crop=.
These planters, when used with a wire check, drop the seed in hill~.
Checked corn is planted so as to permit cultivation in both direc-
tions for more complete mechanical weed contrel. The rows ame
spaced 24 to 48 inches apart, usually 36 to 44 inches. By proper
selection of drill plates, the corn planter can be used to plant
sorghum, beans, and some other row crops. The lister planter i
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a combination tillage machine and planter, which is widely used
under semiarid conditions to plant sorghum, corn, cotton, and other
row crops in the bottom of furrows. They are mostly of one-row,
two-row, and three-row sizes, but some plant six rows.

The catton grower requires a planter that will plant cotton, corn,
and other row crops. A variable-depth planter which plants cotton
in depths of 0 to 1.5 inches in cycles of about 18 inches ** usually
does away with the necessity of replanting, because suitable mois-
ture and temperature conditions for germination and seedling
emergence are likely to be present at some depths.

METHODS OF PLANTING

Surface or level seedbed planting prevails where moisture con-
ditions are favorable. In high rainfall sections of the south, crops
often are planted on elevated beds made with a lister in order to
provide drainage. In the semiarid Great Plains, row crops generally
we planted in the bottom of furrows. This places the seed in con-
tict with moist {and often too cool) scil, but the chiel reason for
lister planting is the saving of labor in controlling weeds within
tie row,

Listed corn and sorghum start growth slowly, and flower and
niature Jater than from the level and furrow plantings.® ™ Crop
stands frequently are destroved by heavy rains that wash soil into the
bottoms of the lister furrows, thus burying the seedlings or covering
the ungerminated seeds too deep for emergence. Most of the ad-
vintages of lister planting without its disadvantages can be achieved
with the surface planter equipped with disk furrow openers. The
retarded germipation and growth following lister planting is avoided
by this mnethod.

TIME OF SEEDING

The time to seed or plant various field crops is governed by the
environmental requirements for the erop, and by the necessity of
evading the ravages of diseases and insect pests.

Small Greins. Spring small grains, like other cool-scason crops,
gencrally are sceded early in the season to permit maximum growth
and development toward maturity before the advent of hot weather,
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drought, and diseases, Nineteen hundred years ago Columella
wrote:

“If the conditions of the lands and of the weather will allow it, the
sooner we sow, the better it will grow, and the more increase we shall
have.”

For winter wheat in the western states,” the optimum date of
seeding occurs when the mean daily temperature lics between
30" aud 62° F., the higher temperatures prevailing in the south
and the lower ranges in the north, In the cold semiarid regions,
winter wheit sown early enough in the fall merely to allow the
seedlings to hecome established before the soil freezes gives maxi-
mum protection against cold.

In humid regions, it is essential that the plants be well rooted
in order to avoid winter injury from heaving. Columella recom-
mended seeding between October 24 and December 7 in tem-
perate regions, while for colder regions he advised seeding Octo-
ber 1—"s0 the roots of the corns [grains] grow strong before they
be infested with winter showers, frosts or hoar frosts.!* Plants
heaved up have many of their roots broken and then™ are killed
by desiceation. Losses from heaving are a common occurrence in
late-sown small graius in the eastern half of the United States.
Seeding late enough to escape severe injury from Hessian fly is
unportant for winter wheat where that pest is prevalent. In the
case ol cereal crops, practices that lead to maxjmum average yields
are also satisfactory from the standpoint of crop quality.”

Farlv-sown crops mature earlier than those sown later but they
require a longer growing period. Consequently the differcnce in
barvest date is Tess than the difference in planting date. This reac-
tiaw fu broomcorn, which is typical of both long-day and short-dav
spring-planted crops, is shown in Figure 49. The growing period
becomes longer from very late planting of summer crops because
of cool weather in the {all,

Other Crops. Com is a warm weather crop that generally wti-
Yizes the full season. In Nebraska, early plapting io a normal season
insured earlier maturity. Jower moisture content, and higher viabil-
ity when exposed to Jow temperatores.” Under Colorado conc i-
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tions ™ corn was better in both yield and quality when planted

early, light frosts doing less damage than delayed planting,
Three planting dates for cotton, ie., early, medium, and late,

were studied under Georgia conditions,” Late-planted cotton (late

« 120
wr
4]
2
2110
=
< ™~
-
‘°E°100 /
T
g L\
¢ 90
E4
o
o 80
April May May June June July
15 1 15 1 15 1

Dates seeded
Fic. 49, Effect of planting date on the growing period of broomeorn.

May) yielded only about one-half as much lint per acre as that
planted in March and April, Stands were poorest on the earlier-
planted cotton and thickest in the May planting, In Texas experi-
ments, early-planted cotton had a longer period of development
before being attacked by root rot (Phymatotrichum omnivorum),
but development of the disease was more rapid in early than in
late plantings. The greatest losses were sustained by early plant-
ings,'®

Perennial legumes may be seeded either in spring or fall. When
fall sown, they should be sceded early enough to permit satisfac-
tory root development before the ground freezes, or else so late
thzt the seeds do not germinate until spring.

In many crops, it is a safe practice to seed at heavier than nor-
mal rates when seeding has been delayed materially beyond the
Optimum time determined for the region.

RATE OF SEEDING

The objective in spacing crop plants is to obtain the maximum
vield on a unit area without sacrificing quality. The rate of seed-
g is governed by the ultimate stand desired. Mast crops are



196 GENERAL PRINCIPLES OF CROP PRODUCTION

seeded at lighter rates under dryland than under humid or irri-
gated conditions. Small short-season varieties of corn require
thicker planting than long-season varieties. Corn is generally
planted in rows 3 to 4 feet apart, it having been determined in
many experiments that rows more widely spaced resulted in lower
yields, even under most dryland conditions.® *

The number of corn plants per hill varies under different con-
ditions from one or two for large southern varieties,”® ta four or
five for the small northern varieties. Under semiarid conditions in
western Nebraska the highest yields were obtained when single
plants were drilled 24 inches apart in the row.”

In general, there is a rather definite limit for various regions of
the country beyond which heavier seeding rates of small grains fail
to produce increased crop yields. However, heavy seeding seldom
reduces the vields. Extensive investigations under western condi-
tions showed that the optimum rate of seeding wheat was practi-
cally independent of soil type, moisture, locality, date of seeding.
cultural treatment, and variety,” where rates of 4 to 6 pecks per
acre in general produced the highest net yields of both winter and
spring wheat. Thin seeding of hard red winter wheat (20 to 30
pounds per aere) is a common practice in parts of the Greal
Plains. This is feasible for wheat sown early in the season, becausr
of heavy tillering.* Irregularity of distribution of barley plants in
the drill row may cause only slight variations in yield." Thus
American grain drills, when functioning properly, distribute secd
of small grains satisfactorily so far as total crop yield is concerned.
even though some variation in stand occurs in the drill rows.

The optimum rate of seeding barley may vary over a range of 1 to
8 bushels per acre, depending on variety.™ An increase in rate of
seeding beyond this optimum range caused a great reduction in
tillering, length of head, and number of kernels per head. There
was also a tendency for grain sceded at the heavier rates to lodge.
Most cereals have remarkable ability to adjust themselves to the
environn, nt.*

Sudan grass, which, in the subhumid regions, is normally drilled
at the rate of 22 pounds per acre, was planted at one-fourth nor-
mal, one-half normal, normal, twice normal, and three times the
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normal rate.” The yields of hay in tons per acre were: 3.25, 3.96,
430, 4.44, and 4.22, respectively.

In millet,” as in other grass crops, the closer the plants are in
the row within practical limits, the higher will be the yield per
row. With a free-tillering variety, thin stands are often compen-
sated by an increase in number of tillers. With a non-tillering
variety, thin stands often cause a decrease in yield, even when
there is a material increase in plant size.

In cotton, closely spaced plants fruit somewhat earlier than
widely spaced ones. The general optimum spacing appears to be
trom 12 and 16 inches between single plants,® although wider
spacing may be warranted under certain conditions.”

Influence on Crop Quality. Grain quality is affected only to
a slight extent by usual variations in seeding rate. In flax differ-
ences in plant spacing show no consistent influence on the oil con-
tent of the seed.*® In forage crops in which fineness of stems adds
to palatability and reduction in waste when fed, it is desirable to
sced more thickly than is necessary to get maximum yields. Ordi-
narily, the forage will be finer and more leafy without reduction in
vield. Sorgo (forage sorghum) can be seeded at rates as heavy as
120 to 150 pounds per acre without reduction in yield. The yield
is not materially affected by increases in the seeding rate above
30 pounds per acre, but the quality of hay is improved by having
fiver stems. For silage purposes, corn may be spaced closer than
tor grain in order to obtain maximum tonnage of feed. An unduly
heavy rate results in no gain in yield, and produces silage contain-
ing little grain. In cotton, thick spacing may contribute to de:
creased size of boll*

DEPTH OF SEEDING

Seeds will emerge from greater depths in sandy soil than in clay
s0il, and in warm soil than in cold soil. It is customary to plant
deep in dry soil in order to place the seeds in contact with moisture.
Peas will emerge from a greater depth than will beans when the
seeds are the same size, because the bean seedling must push the
cotyledons up above the soil surface, whereas the pea cotyledons
femain where planted.



rig. 50. Com planted 2, 4, 6, and 10 inches deep. The crown was formed at
neardy the same depth regardless of planting depth.

TABLE 3. SEEDING DEFTHS FOR SEEDS OF DIFFERENT SIZES

SORMAL DEPTH
OF SEEDING

Inches

Htoh

Lty

hto 1%

It 2

2ta3

dtah

198

USUAL
MAXIMUM
DEPTH ¥OR

EMERGENCE

Inches

1to g

2to 3

Jtod

3to5

4t 8

SEED SIZE

Number
per pound

300,000
to
5,000,600

150,000
to

300,000

50,000
to
150,600

10,000

to
50,000
400

to
10,000
4 to 20
(tubers or

pieces)

REFRESENTATIVE CROPS

Redtop, carpetgrass, timathy-.
bluegrass, fescues, white
clover, alsike clover, and
tebaceo

Alfalfa, red clover, sweet-
clover, lespedeza, crim~in
clover, ryegruss, foxtail mil-
let, and turnip

Flax, Sudan grass, crotalaria,
proso, beet {bafl of several
seeds), broomcorn, an
bromegrass

Wheat, oats, barlev, e
rice, sorghum, buckwbeat,
hemp, vetch, mung bean
Comn, pea, and cotton

Potato and Jerusalem arti
choke
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In general, the larger the seed the deeper it can be planted and
still emerge from an arable soil (Figure 50). Approximately one-
fourth inch in heavy soil and one-half inch in sandy soil is the
most satisfactory depth for seeding small-secded legumes and
grasses under optimum conditions.” ** These include alfalfa, sweet-
clover, red clover, alsike clover, white clover, timothy, bromegrass,
crested wheatgrass, reed canarygrass, and Kentucky bluegrass.
Satisfactory emergence of reed canarygrass was obtained from a
l-inch depth and bromegrass from a 2-inch depth on all soil types.
A reduction in the stand of soybeans followed seeding deeper than
2 inches in fine sandy loam and 1 inch in a clay soil.** However,
satisfactory stands were secured at depths up to 4 inches in loam
and 2 inches in clay soil. Depth of planting may be an important
factor determining the seedling emergence of many grasses and
smafl-seeded legumes.™

The seeding depths for seeds of different sizes under field condi-
tions are shown in Table 3,
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Small Grains and Other Seed Crops

STAGE OF HARVEST FOR SMALL GRAINS

Grains cease growing and gaining in dry weight when they reach
about the hard dough stage, or when the moisture content of the
grain drops below about 40 per cent.' *"** Further ripening con-
sists of desiccation unaccompanied by transport of nutrients into
the kernel. Ripening is not entirely uniform among different heads
or different grains within a head. Consequently, growth may con-
tinue until the average moisture content is appreciably below 40
per cent.® Small grains are generally harvested with a binder when
the grain is in the hard dough stage, which corresponds roughly to
& moisture content of 23 to 35 per cent. The heads then are usnally
light yellow, while the kernels are too firm to be cut easily with
the thumbnail.

Premature harvest reduces both yield and quality even when
rust is damaging the grain.® Underdeveloped grains are low in
test weight, starch content, and market value?

Grain or seed crops may be harvested seven days or more before
they are dead ripe under cool humid conditions, and three to four
davs early under warm, dry conditions, without appreciable loss
iv vield or quality.! Briggs ® in 1893, and others since that time, have
Teported that wheat grain draws material from the straw after it
is cut when nearly ripe. Considerably more growth has occurred
when immature barley grains were left to dry in the head than
when they were threshed immediately.”® However, others® have
found no significant transfer of material from the straw to the
grain during the curing process.

205
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Effects of Delayed Harvest. When harvesting with a combine,
the small grains must stand in the ficld for 5 to 10 days past the
period of normal binder harvest or until the moisture content of
the grain has dropped to 14 per cent or less, a necessity for safe
storage without artificial drying. When wheat grain has a moisture
content of 13 per cent or less, the rachis of the wheat spike breaks
readily, and the straw will burn freely. Losses from delaved harvest
are caused by shattering, crinkling, lodging, and leaching.

Cereal stems are likely to crinkle down or break over soon after
maturity, especially in damp weather* ***" Qats are rmore sus-
ceptible than barley to crinkling, while barley is more susceptible
than wheat or rye. Most tall-stalked grain sorghums go down soon
after maturity or after a frost, whereas flax stands erect for long
periods.

Weathered or sun-bleached grain is unattractive and often
brings a lower price on the market. In Utah, Kanred wheat was
cut at 10-day intervals from the time it was ripe to 50 days after-
wards to determine the deterioration of uncut wheat in the field.’
The dry weight of the kernel was unchanged but the weight per
bushel and density decreased due to the increased volume of the
individual kernels. Baking studies, the final criterion, indicated
that this wheat, subjected to alternate wet and dry conditions for
50 days after it was ripe, showed no deterioration in loaf volume
or texture of the bread.

In Montana, when bound wheat stood in the shock for several
months, the grade was lowered, the color impaired, and the num-
ber of damaged kernels increased as the exposure was prolonged.”
The germination was lowered, but the protein content was prac-
tically constant after the initial reduction in the first two months.
The loaf volume, color, and texture of bread produced from weath-
ered wheat was practically the same as that from normal wheat.

METHODS OF HARVESTING

In the harvesting of grain the hand sickle, scythe, and cradle were
replaced by the reaper which was widely used until the modern
binder was put on the market between 1880 and 1890, The header
introduced still greater economies in the harvest of small grains.
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Now combines are widely used in the important grain-growing
regions of the world.

Binder, Smell grain harvested with a binder is tied in bundles
and shocked in the field (Figure 51). The bundles of ripe grain
fn the hard dough stage mayv be shocked immediately, while those
with green grain or weeds should dry for a few hours before being
shocked. Shocked grain is ordinarily left in the field for 10 days
or more to curc before threshing. When considerable time is to
hapse before it is threshed, the bundles may be stacked. About 1%
o 5 pounds of twine (300 feet of twine per pound), are required
to hind the 300 to 1000 bundles usually produced on one acre, A
bull of binder twine weighs about 5 pounds.

ieader. The header formerly was used on large farms in the
dricr sections of the United States. Tt cuts off the heads with usu-
allv 12 to 16 inches of attached straw, and elevates the material
inte 2 header barge, in which it is hauled to a stack or directly to
athresher. The crop should be comparatively free from green weeds,
which increase the opportunity for spoilage in the stack. When cut
with a header, the grain may contain as much as 15 to 20 per cent
Moisture if it is to be stacked, but less than 14 per cent when it is
threshed immediately.
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Combine. The combine or combined harvester-thresher has been
used in the Pacific coast states for the harvest of wheat and barley
since about 1880, and its use spread into the intermountain states
somewhat later. It was introduced into the Great Plains states dur-
ing World War I and is now used in every grain-growing state in
the Union. Combines have been used for the harvest of all small
graius, grain sorghum, flax, soybeans, cowpeas, and various le-
gumes and grasses for seed.” About 62 per cent of the small-grain
crop of 1945 in the United States was combined directly or by the
windrow-pickup method. A large part of the threshed soybean
crop also was combined.

The combine is essentially a threshing machine attached to a
header (Figure 52), The larger sizes with 12-foot to 20-foot cut-
ter bars are tractor drawn and equipped with an auxiliary motor
to operate the thresher mechanism. The smaller sizes with cutter
bars 40 inches to 10 feet in length are often operated with a direct
power drive from the tractor used to pull the machine. Self-pro-
pelled combines are coming into general use,

On modern machines, the grain is collected in a tank from which
it is spouted into a wagon or truck. The straw usually is spread

FIG. 52. Sectional view of a small combine having rubber-faced flail bars on the
cylinder and rubber block concaves. Other combines may have either rasp-bar
or too)thed cylinders and coneaves. {Courtesy of International Harvester Com-
pany.
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¥iG. 53. Self-propelied combine with pickup attachment threshing flax. (Courtesy
of International Harvester Company.)

evenly over the ground. Where it is desired to save the straw for
feed or bedding, it may be deposited in piles or windrows.

Windrow Pickup Modification. The windrower or swather cuts
the crop and places it on the stubble in a windrow. About 10 per
cent of the small-grain crop is cut by this method. After drying,
the windrow is gathcred with a combine which has a pickup device
attached to the cutter bar { Figure 53). The most satisfactory stubble
height for windrowed grain is about one-third the total length of
the straw.*” The short-stemmed heads will drop to the ground when
citting is too high. A fairly heavy windrow may stay in good con-
dition for 30 days, while a light windrow works down into the
stubble and the grain may start to sprout.”® The windrowed grain
is usually dry enough to thresh with a combine with pickup attach-
Tent in about five days.

The windrower is used particularly in fields containing green
weeds. The weeds dry in the windrow and thus do not increase the
moisture content of the grain nor interfere with threshing. In thresh-
ing directly with a combine, green weeds increase threshing losses,
cog the threshing mechanism, and increase the moisture content
o the threshed grain.*® Usually approximately one-half the mois-



210 GENERAL PRINCIPLES OF CROP PRODUCTION

ture in weeds is transferred to the wheat in the first 24 hours of
storage and the remainder within seven days.” The windrow
method also is useful where the grain or seed ripens unevenly, or
for early harvesting. In Missouri sweetclover, and red and alsike
clover secd were combined successfully when the crop was win-
drowed.”

Binders and separators usually cause greater Josses of grain than
combines because of the extra handling.**** However, where
cereal stems break over soon after maturity, the losses from cormn-
bining exceed those from binder harvesting.

Corn Binder and Other Harvesting Machines. The corn binder,
or row binder (frontispiece}, is used for harvesting corn, sorghum,
and other crops growing in cultivated rows. The binder cuts one
row at a time and ties the stalks into bundles, The bundles, except
of silage crops, are shocked and allowed to dry in the field.

Machine cornpickers are now in wide use on corn belt farms
(Figure 54). They require about one-fourth the labor of hand
husking. Under unfavorable conditions, machine cornpickers leave
more corn in the field than do hand pickers. Losses are usually re-
duced by growing a hybrid adapted to the machine picker, and by

s = 3‘3‘2: '._.ng.l;;._ w B

?(‘..)54. A two-row tractor-mounted corn picker. { Courtesy Allis-Chalmers Mig.
FLA S
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early completion of harvesting, i.e., early in November in the corn
belt.

Bean harvesters cut off the roots of beans and similar legumes
just below the soil surface and turn the crop from a pair of rows
into a single windrow.

Field silage cutters and forage harvesters that cut the standing
crop and cut it into short lengths in one operation are now in
wide use.

STRAW AND STOVER

Straw comprises the dried stalks or stems and other parts of
various crops from which the secd has been threshed in the ripe
or nearly ripe stage. About one-sixth of the small-grain straw pro-
duced is gathered or saved. Considerable additional guantities are
recovered by livestock that graze the stubble fields or have access
to straw stacks. When normal small grain is cut with a binder at
a height of about 6 inches the straw yields usually range from 1%
to 24 times the grain yield in pounds.

Stover is the corn or sorghum plant remaining after the ear or
head has been removed. Typical mature corn is 50 to 65 per cent
stover, and grain sorghum of different heights ranges from 45 to
73 per cent stover.

Straws and stovers are the least nutritious of all substances com-
monly used as feed for livestock. Animals maintained on straw
alone are scarcely more than kept alive unless considerable waste
grain has been left in the straw. However, straw is an important
supplement in livestock maintenance. Oat and barley straw are
usually considered more valuable for fecd than cither wheat or
Tve straw. Corn stover is more digestible than the small grain straws,
but the waste is large unless it is shredded. Legume straws have
considerable value as feed.

Straw is bulky, and that of small grain is of low manurial value,
but it supplies organic matter when returned to the land. Ope ton
o wheat straw countains on the average about 10 pounds of nitrogen,
26 pounds of phosphoric acid, and 14.8 pounds of potash.” The
raws of oats and barley contain slightly more nitrogen and phos-
phioric acid and about twice as much potash as does wheat straw,
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The straws of cowpeas, soybeans, and leguminous crops in gen-
eral, are comparatively high in nitrogen and calcium, but similar
to wheat straw in the other elements. One ton of soybean straw
contains 18 pounds of nitrogen, 2.4 pounds of phosphoric acid, and
17.8 pounds of potash. When added to land, fresh or decayed straw
should be supplemented with nitrogen and phosphorus for best
results. This precludes the depression in yields that often follows
in the first crop after a heavy straw application,

In 1924 it was estimated that about 15 per cent of the straw of
small grains was burned, chiefly in areas of the United States where
the livestock population was small, and where it could not be added
to the land advantageously.™ In the Great Basin, farmers often
have burned their straw and stubble before plowing because of the
difficulty in disposing of a large volume of straw. At the Nephi
Substation in Utah, where the annual rainfall is about 13.33 inches.
the wheat vield has not been reduced by burning the straw and
stubble, nor has it been increased by plowing the straw under.
Burning of straw is not recommended because repeated burning
increases a tendency to soil erosion or blowing. Return of straw
to the land has been greatly facilitated by use of straw spreaders
attached to combines and by use of one-way disk plows and duck-
foot and sweep tillage implements to replace moldboard plows on
straw-covered lands.

Hay and Hay Making

PRINCIPAL HAY CROPS

The hay and forage crop of the United States usually has a higher
annual value than that of any other crop except corn (Figure 53
The most important hay crops rank about as follows on the basis
of average tonnage per year: (1) clover and timothy, (2) alfalfa
(3) wild hay. (4) soybeans, cowpeas, and peanut vines, (5) small
grains, (7) sorgo, (7) lespedeza, and (8) sweetclover. Lespedvzd
and alfalfa are increasing in importance while timothy and clover,
sweetclover, cowpeas, soybean, and wild hay are on the decline.

The production of the leading kinds of hay in the United States
in 1947 is shown on page 214.
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TABLE | HIAY PRODUCTION {PRELIMINARY ESTIMATES )

KIiND TONS
Alfalfa 33,475,000
Clover and tiill:vt‘;}‘ 32,569,000

Miscellimeous tamme bay (]c)hns(m grass, Sudan
grass, bromeygruss, crested whentgrass, rye-

prass, vetch, pea, etc.) 9,476,000
Lespedeza 6.768,000
Corains cut green 3,038,000
St beun 1,666,000
Peoguut 1,421,000
Covpua 366,000
Swevrtclover 395,000
Toetal tame hay 79,194,000
Wild hay 1:3;306.[]0[1
AN T 102,500,000
Surghum forage 6,070,000

Hlay is by far the most important harvested forage for several
reasons: (1) it does not deteriorate rapidly in storage, (2) it can
be handled commercially, and (3) it can be made with little cash
outlay.

STAGE OF MATURITY FOR HARVESTING

The stage of maturity at which hay crops are cut affects color.
leafiness, and other quality factors. It is impossible to produce high
quality hay from late-cut grasses and legumes, because lignin ( tough
fiber) increases as the plants mature.

The more jmmature a forage crop is when cut, the smaller the
vield and the more palatable and nutritious the product. Because
of smaller yields and increased labor costs from frequent cutting.
some sacrifice of quality must be made in the interest of greater
yields. Consequently, plants are harvested for hay at an intermedi-
ate stage when neither yield nor quality js at its maximum. The
best time to harvest the grasses, clovers, and alfalfa for hay is ordi-
narily some time between carly bloom and full bloom.® Sweet-
clover should be cut in the bud stage to avoid subsequent coarse
growth.™ Trops that are heavy producers of seed, such as cereals.
soybeans, and cowpeas should be cut at a later stage. Cereals should
be cut for hay when the grain is in the soft to medium dough
stage,” soybeans when the beans are about half grown, and cow
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peas when the first pods are mature. Grasses and alfalfa are some-
times harvested before they bloom when a hay of very high qual-
ity is required. Cutting alfalfa in the bud or tenth-bloom stages
reduces the vigor and stand as compared with cutting at full
bloom.” The injury from early and frequent cutting is due to the
depletion of organic food reserves in the roots."

Chemical Composition. The composition changes with advance
toward maturity. The contents of protein and minerals are higher
and that of the less valuable crude fiber is lower in young than in
old plants. These changes in alfalfa® and in timothy ** are given
in Table 2.

TABLE 2. EFFECT OF STAGE OF MATURITY AT CUTTING ON CHEMICAL
COMPOSITION OF ALFALFA AND TIMOTHY HAY

NITROGEN- ETHER
CRUDE GHUDE FREE EXTRACT
STAGE OF MATURITY  ASH PROTEIN FIBER EXTRACT ® (FaT)
% % % % %
ALFALFA
Prebloom 11.24 21.98 25.13 38.72 2.93
hnitial bloom 104.52 20.03 25.75 40.87 3.03
Oue-tenth bloom  10.27 19.24 27.09 40.38 3.02
One-balf bloom 10,89 18.84 28.12 39.45 2.90
Full bloom 9.36 18.13 30.82 38.70 2.99
Seed stage 7.33 14.06 36.61 39.61 2.39
TIMOTHY
No heads showing 841 10.18 26.31 50.49 4.61
Beginning to head  7.61 802 31.15 49.14 4.07
Fu'l bloom 6,10 5.90 33.74 51.89 2.38
Seed formed 554 5.27 . 31.95 54,12 4.13
seed all m dough  5.38 5.06 30.21 56.48 2.87
Sced fully Tipe 523 512 31.07 55.87 272

" Mostly carbohydrates; chiefly starches, hemicelluloses and sugars.

The crude fiber (chiefly cellulose) of young plants as in imma-
ture pasture herbage appears to be largely digestible. As the plant
matures, a progressively greater proportion of the crude fiber is
made up of less digestible lignin, which lowers its net nutritive
value. Increased growth of small grains beyond the medium dough
tage is more than offset by shattering of kernels, loss of leaves,
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leaching, and general deterioration of plant structure. Close associ-
ations are cvident between the conteuts of fiber and stems; total
ash and calcium, and leaves; and of phosphorus, crude protein,
and nitrogen-free extract, and heads.*

The carotene content, a measure of vitamin A potency, is higher
in carly stages of leafy growth because the leaves contain more
carotene than the stems, and old leaves lose carotene. In alfalfa,
clover, and timothy hays, vitamins B and G decrcase as the plant
matures.”™ In general these vitamins are correlated with the leafi-
ness, greenness, and protein content of the plant. In fact, vitamin
D is the only one to show a gain in the sun-cured forage as com-
pared with the green forage.

Cutting hay in late afternoon may avoid the depletion of food
materials from the leaves and stems by translocation to the roots
and by respiration during the night when photosynthesis is sus-
pended. Practical conditions of curing hay favor morning cutting
despite these assumed small losses.

FIELD CURING OF HAY

The aim of the haymaker is to dry the crop to 25 per cent mois-
ture or less with as little loss of leaves, green color, and nutrients
as possible. Loss of leaves is more pronounced with legumes than
with grasses, especially when the moisture content is 30 per cent
or less. The loss of alfalfa leaves begins when the moisture content
of the hay drops below 40 per cent.

In the first century A.p., Columella described the curing of hay
in & manner which indicates that the principles and practices of
hay making have changed very little. He wrote:

“Tt is best to cut down hay before it begins to wither; for you gather a
larger quantity of it, and it affords a more agreeable food to cattle. But
there is a measure to be observed in drying it, that it be put together
neither over-dry, nor yet too green; for, in the first case, it is not a whit
better thau straw, if it has lost its juice; and, in the other, it rots in the
loft, if it retains too much of it; and often after it is grown hot, it breeds
fire and sets all in a flame. Sometimes also, when we have cut down our
hay, a shower surprises us. But, if it be thoroughly wet, it is to no purpuse
to move it while it is wet: and it will be better if we suffer the uppermost
part of it to drv with the sun. Then we will afterwards turn it, and, wheB
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it is dried on both sides, we will bring it close together into eocks, and so
bind it up in bundles; nor will we, upon any account, delay to bring it
under a roof.”

Most hay is cut with a horse-drawn or tractor mower. It may be
cured in the mowed swath, in windrows after raking, in cocks
built by hand from the windrows, in bunches made with a rake or
huckrake, or it may be hung over a pole or frame set up in the
field. Cocking has been a common practice in the humid and sub-
humid regions. Swath and windrow curing are safe where fre-
rjuent rain is unlikely to occur during haying., Bunching is prac-
ticed with wild hay and sorghum hay in semiarid regions. Curing
of coarse legumes, such as cowpeas, on poles or frames is done
somewhat in the south where rainfall is heavy, when labor is abun-
dant and cheap.

Hay is gathered into windrows cither with a dump rake or side-
delivery rake (Figure 56). The latter is superior becausc it places
the hay iv. a loose windrow that dries quickly. If the hay is wetted
by rain while in the swath, it may be stirved with 2 machine called
a tedder. If the windrow becomes soaked through it may be turned
over to dry, preferably with a side-delivery rake, after partial dry-

RS e . e

FI6. 36. Side delivery rake. Round bales dropped by the field baler in the back-
Sround. (Courtesy of Allis-Chalmers Mfy; Co.}
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ing. Cocks and bunches can be turned by hand or with a dump rake.
This permits the bottom portion to dry.

Windrowing and cocking relatively green alfalfa hay materially
extends the curing period as compared with swath curing”™ * Pro-
longed swath curing may result in an undue loss of leaves with a
reduction of almost 10 per cent in weight, whercas in hay cured
entirely in the windrow, or after 3 to 6 hours initial swath curing,
only 1 to 2 per cent loss in leaves may occur. A combination of par.
tial swath curing followed by windrowing seems to be the bet-
ter practice.” * Alfalfa can be best cured by windrowing after it
is about one-fourth cured in the swath.* ** Legumes should be raked
before they become dry enough to shatter, which is sometimes be-
fore the hay is dry enough to store.

Function of Leaves in Curing Process. The leaves of alfalfa ap-
parently do not function in the withdrawal of moisture from the
cut stems. The moisture loss in alfalfa stems with the leaves at-
tached is about the same as when the leaves are removed.” * # %
In legumes with large stems, such as sweetclover and soybeans.
the leaves may aid in the withdrawal of water from the stems*

ARTIFICIALLY DRIFED HAY

To avoid the effects of adverse weather conditions, hay in some
parts of the country is artificially dried or dehydrated. The prac-
tice is limited by the high cost. In dehydration, hay is put through
a drier immediately after cutting or after some sun curing has oc-
curred, but before the leaves are dry enough to shatter.

Most driets require that the hay be chopped or crushed before it
is fed into the machine (Figure 57). The desirable length of cut-
ting is 0.25 to 1.30 inches. As cut hay is much more compact than
whole hay, it usually must be dried to about 12 per cent moisture
for safe storage, whereas 25 per cent moisture is practically always
safe for whole hay. Forced air is used almost universally in driers
to conduet heat from the burner to the hay.® ** The rotary drum or
high-temperature drier with an inlet temperature usually between
1400° and 1500° F. dchydrates the hay in a few minutes. The drm
assembly is rotated slowly while the hay is agitated. In the con-
vevor or low-temperature drier the material dries for some time.



HARVEST OF FIELD CROPS 219

o e e ey

¥16. 537. The Forage Harvester cuts and chops green hay for artificial drving or
for silage. (Courtesy Allis-Chalmers Mfg. Co.)

The temperatures permissible range from 250° to 273° F. where
the gases contact the driest hay.

Freshly cut alfalfa usually has 75 per cent or more of moisture.
This requires removal of 5040 pounds of water at the drier to pro-
duce one ton of hay with 12 per cent moisture. When the crop is
allowed to dry to 60 per cent moisture in the field, only 2400
pounds of water are removed in reducing the moisture content to
12 per cent, and hauling the extra 2640 pounds of water from the
ficld is avoided. The cost may be reduced materially by greater
use of sun curing before the green hay is put through the drier.

The nutrient materials in dehydrated hay are about equal to those
in the fresh green material, except for the unavoidable loss of some
tarntene and the more volatile nitrogen compounds in the drying
Process. Analyses ® show that the dehydrated crop is 2 to 2.2 per
cent higher in protein and also usually higher in carbohydrates and
ether extract than the same crop sun cured, The natural green
tobr, an indicator of carotene content, is retained to a greater
*stent in artificially dried hay.

The cost of hay dehydration has been high enough to preclude
the use of driers by the average farmer. Artificial drying has been
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confined mostly to farms where a specialty is made of a particu-
larly high class product or as feed for poultry. It has wider uses
where the losses of sun curing exceed 25 per cent, especially when
hay prices are relatively high.®® The drying of hay by forcing air
through flues built in the mow and covered with hay appears to be
a practical method for the typical farmer. Either heated or un-
heated air may be used.

MOW OR STACK STORAGE

Most of the hay in the subhumid and humid regions is stored in
barns. Barn storage allows the hay to become thoroughly cured
without continued weathering, The hay is loaded by hand or with
a loader, and lifted into the barn with large forks or slings. More
recently, considerable hay is gathered in the field and taken to the
barn with a sweeprake mounted on a tractor or car chassis. Stack
storage is widely used in the semiarid regions of the west because
losses from exposure are comparatively low. The percentage cof
weather-damaged hay is much less in large than in small stacks.
The sweeprake is generally used to take the hay from the windrow
to the stacks (Figure 58). The overshot stacker is widely wused.
The swinging stacker, and the boom stacker, which deliver the
hay at the points desired, are slower but they save considerable
hand pitching on the stack.

Most of the hay sold in commerce is baled, and increasing quan-
tities are being baled for home use. About 40 per cent of the hay
crop was baled in 1948. Hay may be baled from the barn, stack.
ar from the windrow. Windrow pickup balers are the most modern
type because of the saving in labor and because of less loss of
leaves from shattering (Figure 59). Hay should contain 16 per
cent moisture or less at the time it is baled, but most hay baled from
the field is higher in moisture than that. The maximum amount of
moisture tightly baled hay may contain without special attention
to aeration is about 20 per cent. Even at about this moisture the
bales become caked, ie., they remain packed after the bale is
opened. Baled hay with as much as 30 per cent of moisture is likely
to mold or heat regardless of aeration.® Baled hay is compressed
to a density such that a ton occupies about 100 to 250 cubic feet.



Fic. 58. The combination sweep rake and stacker permits the placing of hay on
vy side of the stack.
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6. 39. This one-man pickup field haler ties the “square” bales with twine.
‘Courtesy of Intcrnational Harvester Company. )
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which is 15 to 50 per cent of the space occupied by loose hay in
the stack or mow. Bales vary in size from 45 to 250 pounds, being
mostly 60 to 75 pounds with present-day pickup balers. Bales keep
best in storage when piled on edge. Some space should be left
between tiers to allow air circulation.

MEASUREMENT OF HAY IN THE STACK

Large amounts of hay are bought and sold in the stack, based
for convenience upon estimated weights, particularly in the Pacific,
intermountain, and Great Plains regions. The volume of a ton of
stacked hay, as agreed upon by buyer and seller, usually ranges
from 343 to 512 cubic feet, i.e., 7* to 8% Rules for determination of
tonnage by stack measurement are approximations, but the most
accurate ones now in use are described below.™

Volume of a FHay Stack. The volume of a rectangular stack is
equal to its Jength (L) multiplied by the area of the cross section.
The exact area of the cross section is difficult to obtain because
an accurate formula is necessary from only two measurements,
width (W) and over (Q). The over is the distance from the
ground on one side to the ground on the other side. Stacks are
divided into three different types based on shape, a rule being
developed for each shape.® The volume determined by these rules
averaged the same as the actual volumes, the error never being
greater than 5 per cent. The three types of stacks designated were
the square flat-topped stacks found in California, the high round-
topped stacks common in the Great Basin, and the low round-
topped ones common in the Great Plains region (Figure 60).

The rules for determination of the volume in cubic feet are as
follows:

(1) Low round-topped stacks: (0.52 X O} — (044 x W) x WL =
volume in cubic feet.

(2) High round-topped stacks: (0.52 X O) — (0.46 x W) x WL =
volume ‘n cubic feet,

(3) Square flat-topped stacks: (0.56 x O) — (055 x W) Xx WL =

volume in cubic feet.

To find the number of tons in the stack it is necessary to divide
the volume by the number of cubic feet per ton,
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iz, B0, Hay stack shapes applicable to formulas on page 222.

Cubic Fect per Ton. The amount of hay per cubic foot depends
upon the length of time the hay has remained in the stack, moisture
in the hay at the time it was stacked, kind of hay, as well as texture
and foreign material, Because of these factors, there often is con-
siderable difference in the number of cubic feet per ton in different
stacks. The figures below are averages for a large number of
stacks: 2

LENGTH OF TIME IN STACK

KIND OF HAY 30-90 days Over 90 days
(cu. ft. per ton) {cu. ft. per tan)
Alfalfa 485 470
Tinothy and timothy mixed 840 625
Wild 600 430

LOSSES IN FIELD CURING OF HAY

Profound changes in composition occur during the curing of
hay in the field.’* ® There is an inevitable loss of nutrients when
crops are made into hay. Under adverse conditions the loss may be
up to 40 per cent, or spoilage may be complete. Under normal
weather conditions, the dry matter loss in field curing of hay may
be 10 per cent or more in different parts of the country. A loss of
178 per cent of the dry matter and 21.5 per cent of the protein
has accurred during the ordinary field curing of alfalfa,* due to shat-
tering of leaves, pods, seeds, and stems, to leaching and fermenta-
tion, and to the respiration that continues in green plants for some
time after cutting. Included in the above losses was 30 per cent of
the leaves, with a correspondingly large loss of essential minerals
mcludmg phosphorus and calcium. Curing losses are small when
drving js rapid. The leave~ are the portion of the plant richest in
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minerals as well as in protein and vitamins. Different workers have
reported the leaf loss in alfalfa to range from 6 to 9 per cent of the
weight of the total crop. In cereal hays,* the leaves constitute one-
fifth the weight of the plant. After the milk stage, cereal leaves
contain nearly 30 per cent of the minerals and 40 per cent of the
fat of the whole plant.

During curing the carotene starts to decompose at once, due
chiefly to oxidation. Alfalfa hay exposed in the swath and windrow
for 30 hours in good haymaking weather has lost 60 to 65 per cent
of its carotene, The losses in artificially dried hay are less than in
sun-cured hay of alfalfa, lespedeza, sorgo, and soybeans, Baled al-
falfa, timothy, and clover hays stored in a dark, unheated barn
may lose 3 per cent of their carotene per month in the winter, but
the losses are much higher with higher temperatures.” The per-
centage rate of loss of carotene was much more rapid than that of
the natural green color. Hay exposed to rain loses a considerable
proportion of its vitamin G. Synthesis of vitamin D occurs only
when alfalfa is cured in the sun, a condition that results in a loss
of vitamin A,

The protein content of alfalfa hay exposed to 1.76 inches of rain
distributed over a period of 15 days, was only 11 per cent compared
with prime hay containing 18.7 per cent protein.” Leached bur-
clover hay, oat hay, and naturally cured range forage showed the
greatest percentage loss in minerals.® The loss of crude protein
ranged from I to 18 per cent of the total, and of nitrogen-free
extract from 6 to 35 per cent of the total according to nature of
the forage. Further losses in nutritive value are probably reflected
in impairment of palatability and in loss of color.

Spontaneous Heating of Hay. Some heating is likely to occur
when hay containing more than about 15 per cent moisture i
stored in the stack or mow. Microorganisms, which are able to
multiply when the hay is not too dry, consume the material for
growth a~d energy, and release heat and maisture. When this mois-
ture is sufficient to be detectable the hay is said to be going
through a sweat. Very dry hay and hay in small piles that allow the
heat and moisture to be dissipated are not known to sweat, The
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moisture released by organisms stimulates further microbiological
activity and fermentation, and contributes to increased heating
and sweating. Loose hay containing less than 23 per cent moisture
is sufficiently dry at the time of storage to heat or sweat only moder-
ately, and retains its green color and nutritive value. The storage
of alfalfa hay of high moisture content causes heavy losses of or-
ganic substances, chiefly fats, sugars, and hemicelluloses. The loss
in total weight may be as high as 22 per cent.”

Stored undercured bay, or dry hay allowed to become wet after
storage, is su'r)ject to excessive spontaneous heating. A moisture
content somewhat greater than 25 per cent may cause the hay to
become brown or black. The green color of hay is destroyed when
heating temperatures exceed 122° F.*® Clean brown hay suitable
for feeding was formed at temperatures above 131° F., but below
158* F. The dry matter losses may be very little in brown hay but
they may be heavy when the hay becomes black. In Kansas ex-
peviments * alfalfa hay stacked with 53 per cent moisture sus-
tained a dry matter loss of 39 per cent, and a large proportion
became black.

Damp hay stored in large masses may develop temperatures
tulliciently high to produce ignition. The steps in the progressive
lise in temperature are summarized by LeClerc ® as follows:

“Tt is generally agreed that the initial production of heat in a mass of
undercured or wet hay is due mainly to the respiration process of the
fiving cell and to the activity of microorganisms. These agencies are
tapable of raising the teraperature of the hay to as high as 158 degrees F.
or shightly higher. Temperatures above this (the death point of micro-
rganisms) cannot be due to biological causes. In the effort to account
fnr the subsequent rapid rise of temperature that is necessary to produce
lenition, various and sometimes conflicting hypotheses have been pro-
Dosedd. That of Browne ? appears to be the most deserving of considera-
tiom. It is based on the assumption that microorganisms in the absence of
vgen first produce unsaturated, highly unstable intermediate fermen-
Wi products whose subsequent oxidation generates the heat that may
Wkimately lead to ignition.”

The temperature may rise to as high as 374° F, before ignition
dccurs, often with explosive violence.
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GRADES OF HAY IN RELATION TO QUALITY

Quality in hay really means nutritive value. The important physi-
cal factors ™ that can be gauged in a practical way are as follows:
(1) color, (2) leafiness in legumes. (3) maturity of plants when
cut, (4) amount of foreign muterial, (5) condition, and (6) tex-
ture. These factors are generally correlated with palatability as well
as chemical composition.

Silage

FCONOMY OF SILAGE

Silage is a moist feed that has been preserved by fermentation
in the absence of air. The forage, usually green, is commonly
chopped into small sections and stored in a silo. The principal use
of the silo is to preserve succulent roughage for winter feeding and
to save forages that otherwise would be largely wasted, damaged.
or lost. While it is impossible to preserve forage crops as silage us
cheaply as in the form of hay, properly prepared silage will pre-
serve a greater proportion of the nutritive value of the green plant.”

The modern practice of ensiling green forages traces directly to
the process of making sour hay in Germany in the nineteenth cen-
tury. The green grasses, clover, and vetches were stored in pits.
salted at the rate of one pound per 100 pounds, tharoughly trampled.
and covered. The first attempt to ensile green maize was made in
Germany in 1861.° The first American silo was built in Maryland
in 1876. The silo became popular and spread to all parts of the
country.

CROPS USED FOR SILAGE

Corn (maize} is the principal silage crop in this country, about
4% million acres or 36 million tons being put up annually. Nearlv a
million acres of sorghum yielding more than 5% million tons are
harvested for silage aonually. Less than 100,000 acres of other
crops are cut for silage. These include sunflowers, small grains.
and grasses and legumes ensiled alone or in mixtures. The best
silage is made from carbohydrate-rich crops, i.e., those containing
more than 2 parts of carbohydrates to one part of protein.
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Corn. Corn is nearly the ideal crop for silage. The acre yields of
silage range from 4 to 20 tons. A corn crop that produces 50 bushels
of mature corn per acre yields 8 to 12 tons of silage.” The maxi-
mum nutrient value and the largest yield of carotene are generally
obtained in corn harvested when the grains are in the glazed stage®
The grain types usually are superior to late-maturing “silage” corn,
since the nutritive value of corn silage is closely associated with
the proportion of grain it contains. Late-maturing varieties yield
a greater weight of silage per acre but less dry matter than do the
grain varieties® The best silage variety is one that utilizes the
growing season to the best advantage in production of dry mat-
ter but at the same time reaches, at least 3 years in 5, a stage of
maturity that may be loosely described as the dough stage, There
is less loss of dry matter in storage when corn is ensiled at the more
mature stages.

Sorghum. Sorghum often replaces corn as a silage crop under dry
or hot conditions, particularly in the southern Great Plains. The
sorgos are more satisfactory from the tonnage standpoint, but grain
sorghums make a high quality silage. Sorghum silage appears to be
slightly less palatable than corn silage. Cured sorghum and even
damp threshed sorghum grain frequently have been ensiled success-
fully, Water is added to the grain to raise the moisture content to
about 30 to 50 per cent, the material is covered, and the usual silage
fermentation process begins.

Sunflowers. Sunflowers are grown as a silage crop where the
season is too short or too cool for corn or sorghums.” Addition of
salt at the time of ensiling apparently reduces or eliminates the
resinous odor and flavor, and improves the palatability of sunflower
siage.*® The crude protein content of the silage is highest when the
seeds are three-fourths mature. Silage from sunflowers harvested
it the bud or full-bloom stage is less palatable than that cut at
later stages of maturity. The nutritive value increases as the plants
pproach maturity.

. Other Crop Plants, Forage grasses have been used as silage crops
N recent years, especially under conditions where it is difficult to
Make them into good hay. Grasses can be siloed alone or with
l"gunru:-s, almost as readily as can corn, if the crop is dried for
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several hours before it is put in the silo. The material should be
finely chopped, packed to exclude air, and possibly weighted. Tim-
othy and other grasses ensiled in this manner make a highly
palatable silage with an agreeable odor without excessive losses
of dry matter.

Legumes (alfalfa, soybeans, clover, field peas, and vetch) have
been ensiled successfully in recent years. Excellent silage can be
made from alfalfa, and palatability tests show it to rank next to
corn, but alfalfa produces an insufficient tonnage to recommend its
use for this purpose when it is possible to make it into good hay™
Sweetclover, while less palatable as silage than alfalfa, is satisfac-
tory when harvested at a more mature stage than for hay. Tn one
experiment sweetclover silage contained 16 per cent of digestible
protein and 37 per cent of total digestible nutrients on a dry basis.
as compared with 3 per cent of digestible protein and 70 per cent
of total digestible nutrients in corn silage."

Sugar beet tops sometimes are made into silage. The chief char-
acteristic of this silage is the enormous crude ash content (ash plus
dirt) {Chapter 36) ranging from 20 to 58 per cent on a water-free
basis. The composition of dirt-frece tops on the basis of percentapes
in water-tree material is: ash, 13; protein, 15; nitrogen-free extract.
49; fat. 3; and fber, 18.

Weeds and Other Plants. Silages made from wild sunflowers and
certain other weeds with a rather strong characteristic odor, such
as cocklebur and ragweed, are caten by livestock with reluctance.
Among the silages entirely refused are those made from woody
plants with a strong undesirable characteristic odor or taste, such
as gumweed and wild sage.**

Russian thistles have been used for making silage. They should
be harvested when the spines start to fecl prickly but while stil!
fairly soft. Analvses have shown Russian thistles to be equivalont
to alfalfa in protein and fat content and superior in their carbe-
hvdrate-crude-fiber ratio Russian thistles have a high mineral
content with over 8 per cent of potash (K,0). They are not recomt
mended for silage when reasonably good yields of corn, sorghums.
or sunflowers can he obtained. In a majority of cases, weeds prove
to be an expensive source of silage.
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SILAGE FOBRMATION

In silage formation the green forage continues respiration until
the oxygen is used up in a few hours.*® It is replaced by carbon
dioxide which increases rapidly for 2 or 3 days until it comprises
60 to 70 per cent of the silage gases, the remainder being princi-
pally nitrogen. At the same time, the temperature rises and bacteria
multiply rapidly.

The second most immediate effect is an increase in temperature,
the rise being influenced by the amount of oxygen present. The
amount of oxygen depends upon the fineness of chopping, firmness
of packing, and the imperviousness of the silo walls to outside air.
The temperature rises the highest (140° F. or more) near the sur-
face because of infiliration of air, but elsewhere it seldom exceeds
100° F. The temperature rises for about 15 days, after which it
slowly subsides. The silage temperatures are thought to be due to
microbial activity,

The sugars are the principal food of the bacteria causing fer-
mentation, but the marked destruction of the pentosans and starches
indicates that these substances are also used in part. These carbo-
hvdrates are converted through the process of fermentation to alco-
hols and then to acids, principally acetic and lactic acids.™ The
lactic fermentation is the one most desired.” Crops such as corn,
sorghurs, and small grains have a high content of readily fermenta-
ble carbohydrates. Because of their low content of bases, they soon
develop an acidity of pH 4 or below. Some other crops such as the
forage grasses develop less acidity because of a lower amount of
soluble carbohydrates and a higher content of basic elements. The
lepumes develop still less acid because of a small amount of soluble
carhohydrates and a very high calciwin content. For these reasons,
acids or soluble carbohydrates are added to certain ecrops when
ensifed. Since the process of silage formation is one of fermentation,
Iespiration of living plant cells is not essential,

There is a decided change in the bacterial flora with the increase
in acidity. For a few days after corn is placed in the silo, there is
1 large increase in the number of bacteria, chiefly lactic acid
“rganisms, These begin to die after a short time because of un-
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favorable conditions, and are replaced by types that tolerate and
produce more acid.

The proteins in silage also undergo changes, some being con-
verted into the amino form, especially at low acidities. Addition of
mineral acids to alfalfa silage may reduce the content of water-
soluble amino and ammonia nitrogen.

During the ensiling process in corn there is a change in color
and the development of a more or less pleasant aromatic and alco-
holic odor and a sour taste due to the formation of acids. These
changes are believed to be practically complete after 10 to 12 days.”

FACTORS AFFECTING SILACE QUALITY

Moisture. Corn makes the best silage when it contains about 70
per cent maisture or slightly less.®* Sorghum silage is best at about
60 per cent moisture (40 per cent dry matter). Hay crops should
be allowed to drv down to a moisture content between 88 and 58
per cent,” preferably about 65 per cent, before being ensiled. High
moisture forages (above 70 per cent) undergo a more undesirable
putrefactive fermentation, as well as having greater losses of diy
matter, a less agrecable odor, and lower palatability, A moisture
content of much below 60 per cent prevents effective packing, Some
of the carotene is lost during wilting and partial drying.* However,
drving is fully as effective and may be less troublesome and expen-
sive than addition of molasses or acids. The proper moisture cantent
for ensiling can be gauged by a simple homemade tester that
squeezes out juice at a given pressure * {Figure 61). Satistactory
siage can be made from cured corn or sorghum fodder having 2
moisture content as low as 10 per cent if the proper amount of
water is added while filling the silo.

Acidity. Acids influence the character of fermentation, but appar
entlv are not necessary to prevent molding or rotting of the si]agt‘-m
Spoilage i+ prevented by exhaustion of air from the silage and 1ts
subsequent exclusion. Undesirable fermentations vielding butvric
acid, and characterized by offensive odors, may take place when the
acidity is low. Butyric acid may be formed above about pH 44
Acids or soluble carbohydrate material are sometimes added 1
sitage to prevent undesirable fermentations, especially when it i
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Fic. 61. A simple home-made silage moisture tester. If juice comes out of the
holes in the 2-inch pipe Blled with legume silage cut in %-inch lengths, within
fne minute or less with a 40-pound per square inch pressure of the plunger,
the mnisture content exceeds 68 per cent (too wet). If no juice in expressed
within 4 minute with an 80-pound pressure the moisture content is less than 58
per cont (tao drv). In the illustration the 32-pound pail of sand hung on the

j"fr}\-vt mark on the lever gives a plunger pressure of about 40 pounds per square
gl

bigh in moisture or low in soluble carbohydrates. The addition of
molasses increases the acidity slightly, but seldom to a point helow
PH 4 with grasses and legumes. Molasses improves the odor as well
% the palatability of such silages. While mineral acids will increase
the acidity of silage, they often impair the palatabi]ity.

Molasses has been added to legumes and grasses when they are
frsiled, because these crops are deficient in carbohydrates from
:“hiCh the acids for silage fermentation are formed. The first attempt
“add molasses to silage was made by Reed and Fitch,** who added
*1910 per cent to alfalfa, Others ® recommend addition of 2 per cent
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(40 pounds per top) of molasses to ensiled timothy, and 3 to 4
per cent {60 to 80 pounds per ton) to ensiled alfalfa. Molasses may-
be allowed to flow directly on the plant material as it travels along
the feed table of the cutter, or may be diluted and run into the
blower. The addition of molasses serves chiefly to increase the
fermentation and the palatability of grasses or legumes ensiled
with a high moisture content.

The A.LV. method of making silage from grasses and legumes
was developed in Finland by A. L. Virtanen. The so-called “A IV~
solution, added at the rate of 17 gallons per ton of fresh material.
consists of 5 parts of concentrated hydrochloric acid mixed with
one part of concentrated sulfuric acid and then diluted with 4 or 3
volumes of water to bring about an acidity below pH 4.

Addition of acids to grasses, or mixtures of grasses and legumes
in which the grasses predominate, lowers the palatability of the
silage.* This is partially compensated for in the slightly more effec-
tive preservation of the dry matter and carotene. Dilute acids have
lowered the palatability of alfalfa silage and favored preservation
of nitrogen and carotene, but had little effect on dry matter losses.
There are certain disadvantages to the use of acids, such as (1) the
destruction of masonry or concrete structures, (2) troublesome
application, and (3) the necessity of neutralizing the acid before
the silage is fed. It js doubtful if the acidity should be as much as
pH 4 to make satisfactory silage. When acid is used, it is pumped
into the silo and sprinkled over the chopped material as it enters the
silo. Dilute acid at the rate of 5 to 8 per cent of the weijght of the
crop is necessary to lower the pH below 4.0. Phosphoric acid is
uscd to some extent in the United States to preserve silage. It is used
at the rate of about 16 pounds (1% gallons) to a ton of legume
silage. The commercial phosphoric acid is first diluted by powing
one part of the acid into five parts of water.

METHODS OF MAKING SILAGE

The type of silo is unimportant as long as the essential conditions
are met. Silage will be preserved effectively if air i< ~xcluded and
surface or seepage water kept out. Continued tramping while
tower or pit silo is being filled usually is not necessary because hs
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weight of the silage compacts the mass except at the top. In the
shallower trench silos the silage usually is packed with a crawler-
tvpe tractor or with horses or mules moved back and forth as the
silage is dropped in. The upright or tower silo may be constructed
of wood, brick, concrete, or tile. The trench silo and circular pit
sitos are used under semiarid conditions, the former being especially
popular. Some trench silos in use have a capacity of 10,000 tons.
The general practice in this country has been to harvest the crop,
chop it into short Jengths, and put it into the silo within a few
hours. At the present time, field storage cutters or forage harvesters
that cut up the stalks during harvest are coming into wide use.
The crops should be chopped fine to make them pack more closely
i the silo and thus force out more air.

LOSS IN SILAGE FORMATION

The composition of finished silage approximates that of the fresh
material except in being lower in carbohydrates (nitrogen-free
extract}, (Table 3), and higher in crude fiber and ash.'** The
increases in percentages of other constituents are merely the result
of the loss of carbohydrates. The loss of dry matter in making silage
should seldom exceed 10 per cent. A direct comparison showed dry
matter losses of 7.6 per cent in silage and 15.9 per cent in field-
cured corn. The loss of nitrogen-free extract also was approxi-
mately twice as great in the ficld-cured corn, Approximately 10
per cent of the dry matter, 23 per cent of the pentosans, and 25
per cent of the starch contained in corn forage are destroyed after
being ensiled 4 months.*

TABLE 3. COMPARATIVE COMPOSITION (ON DRY BASIS) OF VARIOUS
“REEN CROPS AND OF SILAGE MADE THEREFROM

PROTEIN ETIER  FIBER N-FREE
CHOP OF SILAGE MOISTURE (CRUDE} EXTHACT (CHUDE) ASH EXTRACT
X % % % Z Z ¥
llower 78.6 93 15 903 99 490
;lower silage 73.8 102 28 328 100 445
(L (glazed stage) 62.9 81 2.9 18.8 51 670
-4 siiage 9.5 8.5 28 22.5 7.1 594

Feetelover (bud stage)  65.2 21.2 2.0 296 9.2 350
Sseetclover sﬂag(: 683.2 21.5 3.3 357 97 298
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CAPACITY OF SILOS

To estimate the amount of silage in a silo, the computed volume
of the silo is divided by the number of cubic feet per ton. The
average number of cubic feet per ton of silage settled 30 days or
more is about 44. The density is influenced by depth of silage, the
moisture present, the nroportion of grain to stalk, and the diameter
of the silo.® The silage density and silo capacities for different
depths of com silage * are shown in Tables 4 and 5.

The height of a silo should be 2 to 3% times the diameter.

A two-inch depth from the top of the silage should be fed each
day during cold weather to avoid spoilage.

Silage consumption:

Cows (800 to 1200 pounds) 30 to 40 pounds per day

Yearling cuttle 15 to 20 pounds per day
Sheep 4 to 5 pounds per day
Fattening cattle 25 to 33 pounds per 1000 pounds

hve weight

TABLE 4. WEICHT PER CUBIC FOOT OF SETTLED CORN SILAGE

WEWCHT WEIGHT
DEPTH AT DEPTH AT

Qr GIVEN AVERACE OF GIVEN AVEUAGE
SILACE DEYTH WEICHT S1ILAGE DEPTH WEICHT
{fect) { pounds} { pounds) (feet} { pounds} { pounels

1 18.5 i85 a1 49.4 33.6

g 20.8 197 22 50.5 36.3

3 23.0 20.8 23 516 369

4 24.9 21.8 v 52.4 376

3 6.8 228 25 54. 38.2

6 28.3 238 26 55. 359

7 30.2 247 27 56. 38.5

8 318 956 28 57. 10.2

9 335 26.4 29 58. A

n 33.0 273 30 59. At

il 36.5 28.1 31 60. 42,

12 38. 28.9 a2 60.9 427

13 395 29.8 33 61.9 432

14 408 206 34 628 437

13 12. 31.3 35 635 41.3

16 43. 32.1 36 843 149

17 44.3 32.8 37 65.1 454

18 158 33.5 a8 65.9 45.9

19 47, 312 39 66.8 4R35

20 451 3.9 40 67.4 1%
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TABLE 3. SILO CAPACITY FOR SETTLED CORN SILAGE

DEPTH
OF
SILACE

(fect}

CAPACITY WITH AN INSTDE DIAMETER OF
10teet 1] feet 12 feet 13 feet 14 fect 15 feet 16 feet 17 fewt 18 fect 19 feet 20 feet
(tons) {tons)  (tons} (tons}  {tons) {tans} {tons) (2ons) {tons} {tons} (tons)
27
30 37
31 41 49
38 46 55 65
43 52 61 72 84
47 57 a8 8¢ 92 106 121
51 62 T4 87 100 115 131 148
58 67 &0 94 109 185 142 161 180
73 86 101 117 135 153 173 194 218
a3 109 126 1435 165 186 209 233 258
100 117 135 135 t37 200 224 249 276
124 144 165 188 212 237 264 203
152 174 198 224 a51 279 310
184 209 236 265 295 327
220 248 79 310 344
241 293 326 361
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9 HANDLING AND GRADING
MARKET GRAIN AND HAY

Marketing Grain

Grain from the farm is sold mostly to local elevators built at
railroad sidings. Sacked grain usually is delivered to a flat warc-
house. An elevator is equipped with a truck scale combined with
a dump that tilts the truck or wagon so that the bulk grain flows
out the rear end of the vehicle into a pit. The grain is picked up
from the pit by buckets attached to an endless belt and is carricd
up through a leg to the top (cupola) of the elevator, from where
it is spouted to bins. It later is spouted into a car from a bin or
the cupola. A typical country elevator has a storage capacity of
25,000 to 40,000 bushels divided into 10 to 15 bins holding 500 to
5.000 bushels each. Successful country elevators handle grain equiv-
alent to five or more times the capacity of the elevator during a
marketing season, and consequently can store only a small pro-
portion of the total crop.

In Nebraska operating costs ranged from 1.9 cents to 3.5 cents
per bushel when the elevator had a turnover of 150,000 bushels or
more per scason.™ The usual expected gross margin for handing
grain at a country elevator is about 5 cents per bushel. This margin
often is reduced somewhat by the purchase of inferior lots of grain
at countrv run prices based upon the average quality for the section

An elevator may be owned by a farmers” cooperative associat 0T,
an independent operator, or by a corporation operating several
elevators. The threc types are commonly referred to as co-op, jude-
pendent, and line elevators, respectively. The same prices are nearly
always paid for grain of a given grade by all elevators at a particu-

240
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lar shipping point. The local price is based upon a card price that
is received daily from the terminal market to which the grain
usually is shipped. The eard price is determined by the terminal
price for a particular grade and quality of grain on that day, less
the freight to the terminal market, less the fees for handling the
grain at the local elevator and the terminal market.

The farm price of grain in any region is based on Chicago prices.
For example, wheat in the surplus-producing regions brings a lower
price as the shipping distance west of Chicago increases. The high-
est prices are paid in the chief deficiency areas, the south and the
Atlantic seaboard states. The lowest prices are in the intermountain
stites. In the Pacific coast states, prices are higher than in the
intermountain states because of the sea outlet,

Before a car is loaded with bulk grain, all cracks and holes are
cocpered to prevent leakage, Grain doors are nailed on the inside
of the car door (Figure 68) up to within 2 or 3 feet of the top of
the door. The car is loaded up to the allowable weight, leaving a
cearance of about 2% feet at the top to permit accurate sampling,
ind the car is sealed. A typical carload of bulk grain is about 1,400 to
1700 bushels of wheat, rye, or flax, 1,700 to 2,000 bushels of barlev,
or 2.000 to 2,500 bushels of oats. Usually a carload of bagged grain
is somewhat less. A car loaded with two kinds, classes, or grades,
of bulk grain separated by a board partition is called a bulkhead
car.

The grain is shipped to a commission firm, elevator firm, or co-
bperative agency at the terminal market, The shipper, using the bill
of lading as security, draws a draft upon the consignee for a sub-
stantial portion of the expected selling price of the grain. The draft
may be payable on sight or when the grain arrives at the market.
The consignee sells the grain and remits any balance due after
deducting his commission, the weighing and inspection fees, freight,
and other charges.

Handh’ng Grain at a Terminal Market

‘UPOH arrival at the market, the cars of grain are sampled by
ensed inspectors, and other samples taken by authorized repre-
*ntatives are furnished to the consignee. The latter samples with
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accompanying grade cards are placed on tables and offered to
buyers on a farge cash grain trading floor at the Grain Exchange.
At the terminal elevator or mill, the grain is unloaded with a
power dragline scoop (Figure
62), or by a dump that tilts up
the car until the grain runs out
the door into a hopper or pit.
The terminal elevators usually
are equipped with power wind-
lasses and cables to move cars.
Iuside the terminal clevator the
operations are much the same zs
ina country clevator except that
for the horizontal movement of
grain an endless belt about 3 to
5 feet wide (Figure 63) is uscd
in a large terminal elevator,
whereas an auger convevor or-
dinarily is used in a coun-
o try elevator. Terminal elevators
ilc 62. Unloading a car of bulk soy-  along a waterfront have marive
;i;:";.:f,; termiinal clevator with drag- legs, enclosing conveyor buckets
on an endless belt, which are
lowered into the hold of a boat to unload bulk grain. Most modern
terminal elevators have many large circular bins or silos, each
having a capacity of 23,000 to 110,000 bushels. Such an elevator
may hold several million bushels of grain (Figure 64). Each bin
is equipped with wired thermocouples (usually called the Zeleny
Svstem), about 3 feet apart from top to bottom. Temperatures
in all parts of each bin thus are measured with a potentiometer
located inside the building. Whenever a hot spot (90° F. or more)
i3 deteeted the grain is moved to another bin so that the moist

or heating portion is mixed with the larger bulk of cool sound
grain.

At a terminal market cash grain usually is sold on the basis of
a stated premium above the future price, as described below; of
that particular grade of grain. The future price is based upon grain
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of contract grade, ie., grain that barely meets the minimum re-
auirements for the particular grade except for a small allowance
tor variations. Grain received from a country elevator may grade
No. 2 because of a test weight per bushel below the requirement
tor No. 1, but may more than meet the minimum requirements for

e

S
tic. 63. The “dump” takes grain from the traveling belt and spouts it into a
marthale at the top of a bin.

G B
** (Courtesy Archer-Daniels-Midland Company. )

This terminal elevator on a waterfront has 2 capacity of 3 million bush-



244 GCENERAL PRINCIPLES OF CROP PRODUCTION

the No. 1 grade with respect to other grading tactors such as foreign
material, damage, moisture content, and mixtures of grain of other
kinds or classes. Consequently such grain commands a premium
over the price for contract grain of No. 2 grade. These expected
preminms are reflected back in the posted card price at a countrv
shipping point. In a typical transaction, a lot of corn of No. 3 grade
may be sold at the terminal market for 5 cents a bushe! over the
Julv, September, December, or May future price for that grade.
The actual sale price is determined soon thereafter when the hedge
is closed by the purchase of futures at the prevailing price.

Hedging

The practice of hedging each day’s purchases of grain at a coun-
try elevator is widespread.® The hedging is done at the terminal
market upon wired orders from the country dealer. Hedging con-
sists of selling futures whenever cash grain is bought and later
closing the hedge by buying futures when the grain is sold. Losses
or gains due to changes in the market price of the actual (cashj
grain arc thus balanced by corresponding gains or losses in the
transactions with future grain when the actual grain is sold. A
small fee is charged for the futures transactions. Millers and grain
dealers at the terminal markets likewise hedge their purchases and
sales of grain and its products immediately. This permits a miller
to sell flour for delivery several months later without a speculative
risk. Failure to hedge is considered to be gambling and may even
tually result in bankruptey for the operator. Some country eleva
tors sell grain to arrive, instead of hedging, as a means of avoiling
speculative losses.

Futures Trading

Dealing in grain futures, which began in Chicago in 1848, is hotlt
fascinating and confusing to the layman. Since two futures transac:
tions. a purchase and a sale, occur each time a lot of cash gt
changes hands and is hedged, the volume of future trading appea™
to be very large in proportion to the quantity of grain markcted:
Thus a Jot of wheat bought successively by a country elevator a
terminal elevator and a mill would involve six futures transactiot
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The transactions are conducted in a separate pit for each grain,
located in the same room as that in which cash grain is sold (Fig-
ure 65). The smallest unit for futures trading of grain usually is
5.000 bushels. With two motions of the arm accompanied by hand
signals, a dealer may offer to buy or sell as much as 25,000 bushels
of grain at an indicated price. A signal accompanied by a nod
indicates acceptance, The shouting around the pit merely helps
attract the attention of a buyer or seller. The transactions are con-
ducted under sirict rules established hy the particular Grain Ex-
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change or Board of Trade. These exchanges, which operate the
marketing facilities, are subject to federal regulation under the
Commodity Exchange Act. Only members of the particular ex-
change may conduct future trading operations, but members may
act as brokers for others, Speculators as well as grain dealers may
trade in futures through their brokers. Prices of grain futures fluc-
tuate coustantly with changes in present and prospective supplies,
demands for the different cash grains, together with changes in
the volume and trends in futures trading. The prices of cash grain
roughly follow the futures prices.

Although the speculative operations may tend to either disrupt
or stabilize the market at any given time, they offer additional
outlets for, and lend flexibility to, ordinary hedging operations.
Without speculators it might be difficult to hedge large sales of
grain for export or processing. A speculator is in a long position
when his purchases of futures exceed those that he has sold. In
that case he expects the price to rise. When he expects the price
to go down he sells short. All sales of future grain are in fact con-
tracts to deliver the grain on or before the end of the month (May.
Julv, September, or December) indicated in the transaction. Onlv
occasionally is delivery called for, cash settlements being much
more simple. When delivered on a future sale, the grain nearlv
always is of a contract grade stored in a terminal elevator. Contract
grain frequently consists of varieties or lots of mediocre quality
for processing.

The leading terminal grain markets of the United States are
Chicago, Kunsas City, Minneapolis, and Omaha.

Grain Grading

CTRAIN GRADING FACTORS

The purpose of grading grain is tc facilitate jts marketing, stor-
age, financing, and future trading.” * It standardizes trading prac-
tices and reduces the hazards of merchandising. The factors upor
which grades are based determine the quality or market value for
the purpose for which the particular grain is generally used. Thus
plumpness, which usually is measured by the test weight per bushel.
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indicates a well-developed endosperm which in wheat may be ex-
pected to give a high yield of flour, Plump barley gives a higher
yield of malt than does thin barley. In all grains a high test weight
indicates a low percentage of hull or bran or both, i.c., a low per-
centage of crude fiber, and thus an enhanced feeding value.

The test weight of a lot of wheat depends upon its plumpness,
shape, density, and moisture content. Plump rounded grain packs
together more closely than does wrinkled, shriveled, or angular
grain, Dense vitreous kernels are heavier than starchy kernels. In
a given lot of wheat, the test weight varies inversely with the
moisture content. It may seem odd that dry wheat becomes lighter
after it is soaked with water but such is the case when considered
on a volnme-weight basis. Wetting causes the starch to swell.
Furthermore, the wheat grain has a specific gravity of about 1.41
compared with that of water, viz,, 1.00. When wetted wheat grains
dry out they shrink but not entirely back to their original volume.
Each repeated wetting and drying makes the grain lighter in bushel
weight. Fully ripe wheat that tests 62 pounds per bushel may test
only 55 pounds per bushel when soaked. After several wettings it
may test only 59 pounds after it is thoroughly dried, yet have de-
teriorated only slightly in milling and baking quality.

Other grains likewise swell and decrcase in test weight when
they are wetted. Flaxseed, on the other hand, increases in test
weight as its moisture content increases because it contains no
starch to absorb water and swell. Furthermore the 40 per cent of
ail in the secd has a lower specific gravity than water, about 0.93,
and thus the added water increases the weight of the seed,

The test weight per bushel of any grain is increased by cleaning
out chaffy or shriveled kerncls and other light material. Thereafter
additional cleanings will further increase the test weight of oats
and barley by breaking off awn remnants, hairs, and glume tips,
which permits closer packing in the test kettle. The test weight of
vats is increased merely by transferring the grain from ane concrete
hin to another, because of the abrasive effects just mentioned. The
test weight of clean wheat is not altered appreciably by such han-
dling. With flaxseed, however, each successive cleaning or handling
reduces the test weight because the resultant roughening of the
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originally smooth and glossy sced coat causes the seeds to pack
less closely.

In addition to test weight per bushel or plumpness, the chief
factors contributing to high quality are soundness, dryness, cleanli-
ness, purity of type, and general condition. Grain that is sour,
musty, heated, or moldy is unpalatable, disagreeable in odor, and
often unfit for food or feed. Bin burnt, and severely sprouted or
severely frosted wheat makes flour of poor baking quality. Dry
grain keeps well in storage, whereas wet or damp (tough) grain
is likely to spoil. Furthermore, the moisture is valueless and the
shrinkage in weight when drying occurs is a complete loss to the
purchaser. A lot of grain containing 20 per cent moisture (80 per
cent dry matter), when dried down for safe storage to a moisture
content of 13 per cent (again on a wet basis), shrinks more than
8 per cent in total weight. Most of the slightly damp grain that
reaches the terminal markets is not dried artificially, but is mixed
thoroughly with drier grain.

Cleanliness is important except for foreign material in grain that
is easily separated and has a value in excess of cleaning costs plus
cleaning shrinkage. In grading wheat, barley, rye, flax, and grain
sorghum the foreign material removed by dockage testers or appro-
priate screening devices is considered dockage. The weight of the
dockage is subtracted from the total weight of these grains in
marketing transactions except when the dockage amounts to less
than one per cent of the total weight of the grain. Impurities, ic.,
foreign material, that cannot be separated readily may detract
seriously from the value of the grain. Certain foreign seeds that
often remain in wheat after cleaning, such as garlic, rye, and king-
head affect the quality (color, flavor, or texture) of bread made
from the wheat. Stones and cinders the size of grains are particu-
larly objectionable in grain because they are not separated readily
by cleaning machines and thus may injure grinding machinery or
contaminate the milled products.

Purity of type is important except when grain is used for fecd.
A mixture of grains of different sizes is difficult to clean without
heavy shrinkage losses. Diferent classes of wheat require different
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tempering and grinding procedures for milling. Admixtures of
inferior-quality varieties lower the quality of the entire lot. In
toasted wheat products, which are made from white wheats, red
srains present become so dark in color that they appear to be
scorched. Mixed barley types do not sprout uniformly during the
malting process. Yellow corn mixed with white corn makes an un-
attractive hominy or meal. Toasted flakes of yellow corn kernels
are very dark in color and detract from the appearance of corn
fiakes made from white corn.

Cracked grain is unsuitable for certain grain products. Bleached,
weathered, discolored, or off-colored grain is unattractive. Foreign
odors may make grain unsuitable for either food or feed.

CRAIN SAMPLING AND INSPECTION

Crain sampling is the first essential step in grain inspection and
giading.” A carload of bulk grain is sampled by inserting a trier or
piobe through the grain to the bottom of the car at five or more
pl:ces and withdrawing it after it fills with grain (Figure 66). The
ordinary probe consists of a 63-inch double brass tube with parti-
tiomed slots in the core, and corresponding slots on one side in the
outer shell. Turning the core opens or closes the openings. Sacked
g iin is sampled with a small pointed bag trier. A falling stream of
bulk grain from an elevator spout is sampled by cutting across the
griin stream at intervals with a dipperlike device called a pelican.
After a brief examination for quality and uniformity, the probe or
tri-r sarnples are bulked together. Before grading, all samples are
mived and cut down to a suitable size in a Boerner divider,

\t the inspection laboratory (Figure 66) the market class, test
weitht, and the dockage (Figure 67) (or foreign material in corn
ant oats), are determined on all samples, and any other factor
that scems likely to determine the grade also is analyzed. For
&Xanple, the moisture content is determined if the grain feels even
slightly damp or tough. Likewise, if damaged grains, or foreign
material left after the dockage is removed, or grains of other market
classes appear to be present in sufficient amount to modify the
ftade, these factors also are measured. Grain is graded by inspec-



cLass IV, HARD RED WINTER WHEAT

Grade Reguirements for Dark Hlard Winter, Hard Winter, Yellow Hard
Winter

MAXIMUM LIMITS OF

MINIMUM. Dymaged kemels

crape BT (wheat and Wheats of other
- WEIGHT  gather grains} Foreign material classes
ro. PER
BUSHEL Heat- Matter except Durum andor
Total  dumaged Total  other grains Total Red Durum
ib. % % % 2 % b
1® G0 2 0.1 1 0.5 5 1
27 58 4 2 2 1.0 10 2
32 56 7 5 3 2.0 10 3
4 54 10 1.0 5 3.0 10 10
5 al I3 3.0 7 3.0 10 10

Sample grade: Sample grade shall include wheat of the subclass Dark Hard
Winter, or Hard Winter, or Yellow Hard Winter, which does not come within
the requirements of any of the grades from No. 1 to Ne. 3, inclusive; or which
contains more than 15.53 per cent of muisture; or which contains iuseparab]--
stones and;or cinders; or which is musty, or sour, or heatimg, or hot; or which
has any commercially objectionable foreign odor except of smut or garlic; ot
which contains a quantity of smut so great thut any one or more of the grads
requirements cannot be applied uccurately; or which is otherwise of distinctly
low quality,

2 The wheat in grades No. 1 and No. 2 of this ¢lass may contain not mor
than 7 per cent, and the wheat in grade \o 8 of this class may contain not
more than 10 per cent. of shrunken and/or broken kemels of grain and other
mutter that will pass through a 20-gauge metal sieve with slotted perforations
0.064 inch wide by % inch long.

QATS

Grade Requirements for the Classes White Oats, Red Oats, Gray Oat.
Black Oats, and Mived Ouats

MINIMUM LIMITS OF MAXIMUM LIMITS OF
Test Heat-damaged

CHADE weight Sound kernels { nats, ]
50, per cultivated other grains, Foreign wid
bushel oats and wild oats) material oty

1b. % % 7 .

1° 32 a7 0.1 2 2

v 30 04 .3 3 3

g¢ a7 90 Lo 4 3

41 24 80 3.0 3 1

Sample grade: Sample grade shall include oats of anv one of the classes White
Oats, Red Ouats, Gray Oats, Black Oats, or Mixed Oats, which do not comeé

252
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Mixed Wheat. Fach of thesc classes, except Class IlI, is further
subdivided into two or more subclasses based upon differences in
texture or variety.

Summarized tabulations of the grades of Hard Red Winter
Wheat, com, and oats are shown on pages 252 and 253.°

within the requirements of any of the grades from No. 1 to Na. 4, inclusive; or
which contain more than 18 per cent of moisture, or which contain stones
und/or cinders; or which are musty, or sour, or heating, or hot; or which have
anv commercially objectionable foreign odor except of smut or garlic; or which
wontain seeds of wild brome grasses of a character and in a quantity sufficient
t cause the grain to be of low quality for feeding purposes; or which are other-
wise of distinctly low quality.

*The oats in grade No. 1 White Oats may contain not more than 5 per cent
ef oatg of ather classes, of which not more than 3 per cent muy be black culi-
vated oats,

* The oats in grade No. 2 White OQats may contain not more than 5 per cent
¢f black cultivated oats.

¢ Qats that are slightly weathered shall not be graded higher than No. 3.

4 Qats that are badly stained or materially weathered shall not be graded
ligher than No. 4.

COnN

Crade Requirements for Yellow Corn, White Corn, and Mixed Corn

MAXTINMUM LIMITS OF

Moisture  Cracked Damaged keruels
o ADE MINIMUNM comn and —_
20 TEST WEIGHT foreign Heat-

PEN BUSHEL material Total  damaged

15, % % % %

! 54 14.0 2 3 0.1

: 53 15.5 3 5 2

: 51 175 4 7 5

! 48 20.0 5 10 1.0

! 44 23.0 7 13 3.0

Sff{h’pi’e grade: Sample grade shall include corn of the class Yellow Corn, or
Viite Corn, or Mixed Cotn, which does not come within the requirements
o of the grades from No. I to No. 5, inclisive; or which contains stones
s or cinders; or which is musty, or sour, or heating, or hot; or which has any

c""'ﬂnwr?-ially objectionable foreign odor; or which is otherwise of distinctly
1w \']UH. it)r.



254 GENERAL PRINCIPLES OF CROP PRODUCTION

Storage and Drying of Grain

DETERIORATION QF GRAIN IN STORAGE

Threshed or shelled grain is commenly stored in a sizable bulk
in comparatively tight bins from which little moisture can escape
and in which adjustment of temperature to that of the outside air
takes place slowly. The temperature in the center of a full 1,000-
bushel bir: 14 feet in diameter lags 1 to 2 months behind the tem-
perature of the outside ar.” Consequently, the keeping quality of
grain depends largely upon its condition when placed in storage.’
Binued grain containing more than 13 to 14 per cent moisture is
likelv to go out of condition in warm weather. Grain that deteri-
orates in storage may heat, become musty or sour, or get sick.

During heating, grain usually reaches a temperature of 90° to
160° F.. and at the higher temperatures acquires a browned or
mahogany bin-burnt color and a burned taste, At still higher
temperatures approaching spontaneous combustion it acquires a
charred appearance and taste. Formerly it was believed that- the
initial heating was caused entirely by the respiration of the embrvo
of the living grain. Recently it has been observed that moist grain
heats at about the same rate when dead as it does when viable
(alive). This suggests that much of the heating in grain is caused
by the respiration of living and growing fungus or mold organisins
always present on and in the grain. Damp dead grain does not
heat if it is sterile.

The presence of live weevils and other stored-crop insects also
causes ¢rain to heat. Both molds and insects respire, and in doing
so they release heat, moisture, and carbon dioxide. This releascd
heat and moisture continues to accelerate the heating of the graim-
When the temperature increases to about 130° F., the insects are
killed and bacteria and molds are largely inactivated, but spore-
forming organisms are not all killed. Enzymes are inactivated at
about 14° to 150°F. Heating beyond that point must result
from molecular oxidation of organic materials in the grain.

Grain may become musty or moldy when it contains enough mois-
ture for the growth of molds but not enough to cause heating. of



HANDLING AND GRADING MARKET GRAIN AND Hay 253

when the heat is dissipated rapidly by exposure to air. For example,
grain can become musty in the shock or stack before threshing or
in sacks or shallow piles or bins from which heat escapes readily.
Grain of very high moisture content may become sour from fer-
mentation similar to that occurring in a silo where alcohol and then
organie acids are formed. A barrel of grain soaked for hog feed
sours in a few days. Wet shelled corn that contains as much as
24 to 30 per cent moisture is likely to sour,

Wheat becomes sick when the moisture content is about 14 to 16
per cent or slightly above that necessary for good keeping quality.
It occurs in deep bins usuaily in terminal elevators where the oxy-
gen supply becomes depleted by respiration of the prain and of
the fungi and bacteria on the grain. The oxvgen content of the air
i such bins may drop to 5 or 10 per cent while the carbon dioxide
cuntent rises from an initial 0.3 per cent up to 10 or 12 per cent.

The growth of anerobic bacteria may be the cause of sick wheat
in bins? Anerobic organisms thrive in the absence of air because
they are able to obtain oxygen by breaking down the carbohydrates
in the grain. Sick wheat has a dull lifeless appearance with the
germs dead and discolored. Such grain has a high acidity caused
by the breaking down of the fats of the embryo into fatty acids.
Sick wheat is unsuitable for breadmaking. Damaged corn that
shows similar germ injury is not called sick.

DRYING GRAIN

The material used in the construction of the bin has little effect
ott the keeping quality of grain.'® Metal bins both absorb and radi-
ate heat from the sun more rapidly than do wooden or masonry
hine. Insulated and underground bins retard the absorption of
simuner heat, but they also retain beat that should be dissipated
from warm grain in cool weather. Ventilated steel bins either with
prriorated sides or bottoms or containing perforated pipes or screcn-
vered flues are sometimes used for storing grain on farms.
The moisture content of grain that is slightly damp or tough may
drap 1 to 8 per cent during several months of storage in a venti-
lated bin, and the grain will remain cool and sound. Grain having
4 moisture content of 2 per cent or more above that essential for
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good keeping quality is likely to go out of condition in a ventilated
bin. The most effective type of ventilated bin is one with a wind-
pressure cowl at the top.”® The cowl or funnel is attached to a vane
so that the flared opening always faces the wind, and air blows
down into the grain and passes out through the perforations in
the sides or bottomn of the bin. Suction-cowl ventilated bins that
draw air from the grain are less effective.

Any type of ventilated bin permits the grain to absorb moisture
during driving rains or even in damp weather. Forced draft ven-
tilation will dry grain when the relative bumidity is below 60 per
cent, but this cannot be expected regularly except in dry regions.
Heated forced air dries grain quickly.

Natural drying before threshing or shelling is most economical

.
Fic. 68. A modemn rice drier: (1) cleaning machinery, (2) drying nits,
{3) dump pit, {4) het-air fan.

Ll =T S
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for the farmer. Damp grain often is sold to buyers who can mix it
with dry grain or dry it artificially, Some grain is dried by spread-
ing it out in shallow piles on a barn or bin floor or on the ground
outside. Farm grain driers are common in the rice-producing re-
gions and these driers usually are large enough to handle the crop
{from several farms (Figure 68).

Drying of grain is done by blowing heated air into chambers
between thin layers of grain that are passing down over baffles or
through screen-covered flues. Rotary driers similar to hay dehydra-
tors also are used. The germination of damp grain (25 per cent or
higher) is likely to be damaged when the temperature of the heated
air that contacts the grain is much above 110° F. After the grain
becomes drier, a temperature as high as 180° F. is safe.’®

Small grain produced in the dry interior sections of the Pacific
ceast states where summer rainfall is infrequent is likely fo be ex-
tremely dry, ie., with a moisture content of only 7 to 10 per cent.
When such grain is moved to the more humid seaport sections and
stored in bags in open tiers during the rainy winter season it may
absorb water from the surronnding atmosphere until it rcaches a
maisture content of some 12 per cent. Since this additional quantity
of naturally acquired moisture is not detrimental to quality or
grade, the resultant increase in weight represents a gain to the
tiolder of the grain. On the other hand deliberate addition of water
to market grain is illegal adulteration.

TURNING GRAIN IN BINS

Tn clevators it is customary to turn grain during cold weather by
timveying it from one bin to another. This exposure to cold air may
lower the temperature of the grain 20 degrees or more (Figure 69).
The moisture content occasionally may be lowered as much as (.25
to 0.50 per cent by turning when the atmosphere is dry. Often little
or 1o change in moisture content results from turning. Cooling of
the grain retards respiration, heating, and insect damage. Cold grain
absorbs more moisture than does warm grain at a given relative
hllrnidity or vapor pressure. This is accounted for by the greater
tapacity for surface adsorption at low temperatures. Cold grain
*Pouted from a bin through warm air takes up moisture.
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Fii. 69, Temperature of wheat in a 60doot bin before and after it was trans-
ferred (tumed) during cold weather.

CLEANING GRAILN

Most grain ultimately requires cleaning before use for any pur-
pose except feed. Market grain rarely is cleaned on the farm becanse
the loss from shrinkage and the cost of cleaning usually exceeds the
value of the screenings or the dockage deduction. Very little marhet
grain is cleaned at a country elevator except where it is desired to
reduce the dockage content to just below one per cent so the grain
ean be sold on a dockage-free basis. Such partial cleaning is done
to a considerable extent in Canada. Screenings have little sales valve
in & surplus grain area, Many screenings cannot be shipped without
processing them, because of weed laws. Screenings have a substin-
tial value at a terminal grain market where the edible ingredicnts
can be added to ground mixed feeds sold on a guaranteed chemical
analysis basis without specifying the individual ingredients. The
value of the dockage is taken into consideration in making an offer
for cash grain at the terminal market.

Terminal elevators usually have suitable equipment for separat-
ing the different seeds, Wild oats screened from wheat or barley
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tormerly found a good market for mule feed in the southeastern
states where wild oats are not a weed pest. They were sold in car-
load lots under the designation of mill oats. Seed of mustard and
Frenchweed have a market value for oil extraction when separated
from serecnings { Chapter 39},

Shrinkage losses of grain in cleaning usually range from 2 to 5
per cent, in addition to the foreign material removed, even when
the best equipment is used. The invisible loss, that is, dust, moisture
evaporation, spilled grain, and grain lodged in the equipment dur-
ing cleaning in an elevator is likcly to be about 0.25 per cent.
Appreciable cleaning losses are avoided only when the operation
is 2 mere scalping to remove excess dockage. The moving of cats or
barley through elevator machinery knocks off portions of the
glumes or awns that then become screenings, foreign material, or
dockage. Wheat grains lose hairs and bran, and suffer cracking
during handling.

Types of cleaners. Separations of different grains, sceds, and for-
eign material are made mechanically on the basis of differences in
length, thickness, shape, or specific gravity.” The most common
cleaning device is the fanning mill found on many farms. This con-
sists of two or more screens to sift out particles or grains both larger
and smaller than the particular grain being cleaned, together with
an air blast that blows out the material lighter than the desired
elean grain.

Larger machines similar to the fanning mill, often called receiv-
ing separators, are found in many elevators and in all mills and
seed warehouses. These machines, which use suction rather than an
dir blast to remove light or chafty material, make more accurate
parations than is accomplished with a fanning mill. Such ma-
thives are excellent for removing trash, chaff, certain fine seeds,
and cracked or shrunken grain, but they are not satisfactory for
*parating grains or seeds of similar diameter or specific gravity.
Far example, oats and wild oats can be separated from wheat, rye,
or barley only in part with a screen cleaner because their diameter
5 much the same and the differences in specific gravity are too
‘mall. Vetch seed has almost the same diameter and specific gravity
% wheat and cannot be separated with a fanning mill. Mustard
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seeds will pass through fine screens or sieves that grain cannot
penetrate but many of them roll rapidly down the sloping screen
of the cleaner and are discharged with the cleaned grain. On the
other hand, the triangular wild buckwheat seeds, which are appre-
ciably larger than mustard seeds, are screened out readily because
they do not roll. A sample of oats cleaned once on a good screen
cleaner may still contain 100 to 300 mustard seeds per pound of cats.

Disk and cvlinder cleaners (Figure 70) remove nearly all mus-
tard sccds, These more difficult separations often are made in
pocketed disk or indented cylinder cleaners that separate grains or
sceds difiering in length. The pockets on revolving disks, or in-
dentations inside a slowly revolving cvlinder, pick up short par-
ticles or grains that can be held in shallow pockets or indentations
while thev reject the longer ones. The separated iractions are dis-
charged into different spouts, Such machines have a series of disks
or cvlinders with difterent-sized pockets or indentations which per
mit of several excellent separations. Thus cockle seed (Figure 71!
can be separated from wheat because of its shorter length, and
oats and barley are separated from wheat because of their greater
length. A fair separation of mixtures of two varieties of even the
same kind of grain can be made when the grains differ appreciably
in length. Large cleancrs of the screen, disk or cylinder types may
have a capacity of 300 to 800 bushels per hour.

Ring graders are equipped with rotating spaced spring stuel
rings to separate grains differing in diameter. With these machi.s,
oats can be separated from barley, and thin barley kernels cau he
separated from plump grains. Accurate separations are accomplished
by different spacings between rings. The needles machine makes
similar separations by allowing the grain to flow over a serie: of
baffles bearing the needles (fine spring rods), for slender gr.ins
to fall between. A machinc called a spiral separator separates
globular secds, e.g., wild peas, from wheat. The round secds rol
over the ides of an inclined spiral trough while the seeds of other
shapes merely slide to the bottom.

Two other interesting types of machines, called gravity and mag:
netic separators, are used especially for cleaning small-seeded le-
gumes such as alfalfa and clover. The gravity separator is used
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also to remove the lighter Angoumois moth-infested grains from
sound seed corn. The gravity machine has a shaking table with air
blowing up through numerous small openings in the table top
which floats the seeds and material differing in specific gravity
over into different compartments or spouts. Moist sawdust added

i | settling.
chamber - -
Dyst o J-"
Smut balls”
2

Fle. 70. (1) A cylinder cleaner. The cylinders have round indentations on the
Insidde: walls that pick up short seeds and reject long ones, The upper cylinder
2 nredium-sized indentations that reject all the oats and barley in wheat. The
‘fllddle cvlinder with large indentations salvages the fraction of longer wheat
¢tiels from the oat-barley mixture. The lower cylinder picks up short, fine
"‘“d_broken seeds out of the wheat. (2) Aspirator on eylinder cleaner. (3) Cross-
¥etion of cylinder.
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to clover seed sticks to the mucilaginous seed coats of buckhorn
seeds, and a gravity separator removes the sawdust particles from
the clover seed, taking with them the above otherwise inseparable
weedseeds. Dodder seeds have a very rough surface to which small
steel or iron filings will cling (Figure 72), Filings are mixed with
clover seed containing dodder and a magnetic separator is then
used to draw out the metallic-coated dodder seeds, Another type of
magnetic separator equipped with powerful electromagnets is
placed in grain and seed spouts to catch any pieces of iron or steel
scrap in a moving stream of grain and thus prevent damage to
grinding or other machinery, and also reduce the hazard of fires
that might start from accidental sparks arising from striking metals.

STORED-GRAIN INSECTS

Grain in storage is subject to damage from the attack of several
species of insects.* The chief stored-grain insect pests are the rice
weevil (Sitophilus oryzae), the granary weevil (Sitophilus grana-
rius), and the Angoumois grain moth (Sitotroga cerealella). The
lesser grain borer or Australian wheat weevil ( Rhizopertha domin-
ice) is destructive to grain in elevators, but is not often present in
farin bins. The Indian meal moth ({Plodia interpunctella) damages
com and sometimes other grains also. The cadelle {Tenebroides
mauritanicus) not only consumes stored grain but also burrows
into the walls of wooden bins. Other insects, including beetles,
moths, and mealworms, that are found in grain, but which subsist
largely on broken grains and milled products, are popularly re-
ferred to as bran bugs. Among the more common bran bugs are the
saw-toothed grain beetle (Oryzaephilus surinamensis), the flat
grain beetle (Laemophloeus minutus), the confused flour beetle
(Tribolium confusum), and the red flour beetle (T. castaneum).™

The rice weevil, broad-nosed grain weevil, Angoumois grain
moth, flour beetles, and certain other insects often fly to the field
and attack grain while still standing in the ficld. When harvest or
t.hreshing is delayed, the grain may be heavily infested by the time
"is placed in storage. The granary weevil has no wings under its
¥ing covers and therefore is unable to fly,

The rice weevil and granary weevil are snout beetles that deposit
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eggs in small borings in the kernels. The Angoumois grain moth
deposits eggs on the surface of the kernels. When the larvae of
these insects hatch, they bore inside the kernels, consume the con-
tents, pupate, and then emerge as adults. The grain borers have
similar feeding habits. Other insects such as the cadelle, square-
necked grain beetle (Cathartus quadricollis), and the Indian meal
moth eat the germ out of the grain.

Temperature is the chief factor determining the abundance of
stored-grain insects in a region,'* and the greatest precautions to
protect grain from stored insects are necessary in the south where
temperatures are high. The rice weevil is dormant at 45° F. or below,
and the granary weevil at 35° F. and below. These insects will die
at prolonged temperatures below 35° F. For this reason, grain is
moved (or run) to another bin during cold weather in order to
Ireak up hot spots due to insect infestation.

Damp grain is very subject to insect injury. Grain-infesting in-
sects either die or fail to multiply when the moisture content of the
grain is below 9 per cent.

Control of Stored-grain Insects. Grain for storage should be
cleaned to remove cracked material and live inscets and then placed
in clean bins free from inscets. The empty bins can be fumigated
or the walls and cracks can be sprayed with contact insecticides,
Solutions or emulsions containing 2 to 5 per cent of D.D.T. are
toxic to stored-grain insects. D.D.T" is safe on bin walls but not on
grain for food or feed. Another contact spray ** is as follows:

Dormant-tree spray ail, 1 galion
Lye, 3 ounces
Water, 9 gul]ons
Fie. T2, Seeds of common weeds, 17. Broad-leaved plan-
*. Rssian thistle 8. Wild sunflower tain
%. ']":mbling mustard 9. Star thistle 18. Buckhom or namrow-
4 gl pigweed or red- 10 Bull thistle leaved plantain
ot 11. Canpada thistle 19. Curled dock
4 Pennsylvania smart- 12, Perennial sowthistle 20. Sheep sorrel
L oweed 13, Field bindweed 21. Clover dodder
2. Chess or Cheat 14. Peppergrass 22. Field dodder
ﬁ. Dumel 15. Whitewced 23. Horseweed

- Wild garlic or onion 16. Poverty weed 24. Nutgrass
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Stored grain should be fumigated when it becomes infested with
insects. One of the best fumigants is a mixture of 3 parts by volume
of ethylene dichloride and 1 part of carbon tetrachloride applied
as a coarse spray to the surface of the grain. This fumigant is sold
under various trade names, and home mixture should not be at-
tempted. The vapor from this mixture is heavier than air and
settles downward through the grain to the bottom of the bin. A
dosage of 6 to 8 gallons of the mixture per 1,000 bushels of grain is
recommended. The operator should apply the sprav from outside
the bin because the vapors are toxic to man. The dosage may be
reduced to 2 gallons if 10 per cent by volume of methyl bromide
js added to the above mixture but methy! bromide is not recom-
mended for general farm use because it is too dangerous to humans.

Reinfestation of fumigated corn stored in a tight metal bin can
be prevented by spraving the surface of the grain, using 2 quarts
of white refined oil for a 1,000-bushel bin."*

Carbon bisulfide (high-life) can be used to fumigate grain in
an isolated bin, but a fire or explosion will result if a spark or flame
contacts this gas. A safe and effective mixture is 1 part of carbmo
bisulfide to 4 parts of carbon tetrachloride. This mixture is sold
under various trade names, and home preparation should not be
attempted.

Closed-top tight elevator bins can be fumigated with 3 pounds
of granular calcium cyanide (containing 25 per ceut hydrocvanic
acid) per 1,000 bushels of grain. A special applicator is used to run
the fumigant into the grain as the bin is flled. After 24 to 36 hours,
the bin is ventilated to allow the gas to escape. Cyanide fumigants
must be handled with extreme caution ** because hydrocyanic acid
is fatal to man and animals in very small doses.

Hydrocyanic acid gas, methyl bromide, or chloropicrin (tear gas)
are used for fumigation of flour mills.

Precautions to be followed in handling various fumigants ar
described by Cotton et al,'* ** 13 and by Back and Cotton.” Uoless
handled properly their use will prove distressing, injurious, or even
fatal to the operator. A gas mask is advisable when handling any
of the more toxic materials.

Heating grain in a dryer at 130° to 140° F. for 30 minutes will
kill all insect life.
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Marketing Hay

Much of the hay marketed in the western range states is sold
in the stack to range livestock raisers or feeders.”

Baled hay is sold at the farm, trucked to markets, or shipped to
commission dealers. A carload of hay weighs about 12 tons. At the
market hay is sold in the car, often with a plug of 20 te 30 bales
unloaded to facilitate examination.® Smooth uniform bales of a
snitable size arc preferred. When hay is consigned to a commission
firm, it is customary to draw a draft for about 80 per cent of the
expected selling price, which is honored upon its receipt {sight)
or when the hay arrives at the market.

The chief users of market hay are producers of market milk, and
owners and breeders of horses. The Elkhorn Valley of Nebraska, the
Platte Valley of Nebraska, Wyoming, and Colorado, the mountain
parks of Colorado, the Imperial Valley of California, the Salt River
Valley of Arizona, and the Tipton Valley of southwestern Oklahoma
are important sources of market hay. The dry sunny climate in the
irigated valleys of the west are favorable to the guick curing of
bright green hay. The black belt of Alabama has produced large
quantities of Johnson grass hay for the market.

The market price of hay depends upon palatability, nutritive
value, and appearance. Hay of a bright green color has been cut
before it was too ripe, was cured promptly, and is high in carotene.
Lealy legume hay containing 40 to 50 per cent or more of its
weight in leaves is high in protein. Hay leached by rain loses water-
solnhle carbohydrates and amino acids, which lowers its nutrient
value, Foreign material may be offensive, inedible, of low nutrient
valie, or even injurious to livestock. Hay cut when too ripe con-
tains seeds that may be rejected or lost by shattering. Seed develop-
Ment withdraws nutrients from the leaves and stems, making the
litter less valuable. The stems of overripe hay usually are coarse,
“oody, and high in crude fiber. Coarse stems usually are rejected,
“pecially by cattle. Horses may eat the coarser stems but refuse
‘hattered seeds and leaves.

Cfading Hay

_The grading of hay for shipment in interstate commerce is op-
fional, j.e., when one or more parties interested in the hay request
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an official inspector to grade it and issue a grade certificate, Con-
tracts for the purchase of hay of a given grade require official
grading., The grading is done by licensed inspectors operating on
a fee basis at primary and terminal markets.

The chief factors in the grading of hay are leafiness (for legume
havs), color, foreign material, maturity, and fineness. Hay that
vontains more than a trace of injurions foreign material, or has an
objectionable odor, or is undercured, heating, hot, wet, musty.
moldy, caked, badly broken, badly weathered, badly overripe, o
very dusty, is placed in Sample grade in the Official Standards for
Hay. Hay containing more than 35 per cent of foreign material or
35 per cent moisture is not even classed as Hay. Peanut straw, ie.
peanut vines from which the peanuts have been removed, is classed
as Hay. Standards had beeu established for 11 groups of hay up to
1944 as follows: Group 1, Alfalfa and Alfalfa Mixed Hay; Group Ii.
Timothy and Clover Hay; Group III, Prairic Hay; Group 1V, Johu-
son and Johnson Mixed Hay; Group V, Grain, Wild Qat, Vetch, ani
Grain Mixed Hay; Group VI, Lespedeza and Lespedeza Mixed Hay,
Group VI, Soybean and Soybean Mixed Hay; Group VI, Cowpea
and Cowpea Mixed Hay; Group IX, Peaput and Peanut Mixed Hav:
Group X, Grass Hay; and Group XI, Mixed Hay.? Each group ot
hay includes one or more classes which are based upon the kind
of hay or mixture of various kinds., Three numerical grades (1.2
and 3}, in addition to Sample Grade, are provided for each growp
or class. Special grade designations in addition to the numerical
grades are provided for certain groups and classes. These include
Extra Leafy. Leafy, Extra Green, Green, Fine, and Coarse.

GRADES OF HAY

The standards for Group I, Alfalfa and Alfalfa Mixed Hay and
for Group HI. Prairie Hay, taken from the Handbook of Ofpeial
Hay ana Straw Standards, of the U. 8. Department of Agriculture.
effective September 1, 1944, are shown below.

In prairie hay. the so-called Upland grasses include bluesterf
{ Andropogon species). grama grasses ( Bouteloua spp.), (Paspn’hf "
spp-). wheat grasses ( Agropyron spp.), prairie June grass { Kocleric
cristate), Indian grass (Sorghastrum nutans), and other grasse
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which grow commonly in virgin upland prairie meadows. Midland
grasses are slough grass or prairie cordgrass, Spartina pectinata, blue-
joint { Calamagrostis spp. ), and sprangletop ( Fluminea festucacea).
The types acceptable under Group X, Grass Hay, include, in addi-
tion to some of the above grasses, redtop, Kentucky bluegrass,
Canada bluegrass, crabgrass, smooth bromegrass, ryegrass, barn-
vard grass, Bermuda grass and also, when cut early, wildrye
« Elymus spp.), certain annual bromegrasses such as cheat { Bromus
sccalinus), pigeongrass (Setaria viridis and S. glauca), broomsedge
(Andropogon virginicus), and certain sedges {Cyperacease spp.),
and rushes (Juncaceae spp.).

Injurious foreign material consists of species with awns, seeds,
or leaves that cause punctures, lacerations, or abrasions on the mem-
branes of livestock. It includes squirreltail grass {Hordeum juba-
tum), and mature ripgut or broncho grass { Bromus rigidis), needle-
grasses (Stipa spp.) and three-awn grass (Aristida oligantha).

ALFALFA AND ALFALFA MIXED HAY (GRouP I)

Cluss and Class Requirements

CLASS MIXTURE PERCENTAGE

Alfalfa Alfalfa with not over 5 per cent grasses

alfalfa Light Grass Mixed A mixture of alfalfa and prasses with over 5 per
cent but not over 20 per cent grasses

Alf:lfa Heavy Grass Mixed A mixture of alfalfa and grasses with over 20
per cent but not over 60 per cent grasses

Alfafa Light Timothy Mixed A mixture of alfalfa and timothy with over 5 per
cent but not over 30 per cent timothy

Alfalfa Heavy Timothy A mixture of alfalfa and timothy with over 30
Mised per cent timothy
AMaliz Clover Mixed A mixture of alfalfa and clover with over 10

per cent but not aver 50 per cent clover and
R not over 10 per cent grasses
Aalla Light Johnson Mixed A mixture of alfalfa and Johnson grass with
over 5 per cent but not over 30 per cent
Johnson grass
Mfalfa Heavy Johnson A mixture of alfalfa and Johnson grass with
Mined] over 30 per cent alfalfa and over 3D per cent
. Johnson grass
Halfa Light Grain Mixed A mixture of alfalfa and grain hay with over
5 per cent but not over 20 per cent grain
ot hay and not over 10 per cent grasses
halfa Heavy Grain Mixed A mixture of alfalfa and grain hay with over 40
Eer cent alfalfa and over 20 per cent grain
ay and not over 10 per cent grasses
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Grade and Grade Reguirements for oll Classes of Alfalfa and Alfalfa
Mixed Hay

LEAFINESS OF ALFALFA COLOR (MINIM\'JM MAXIMUM PER CENT

( MINIMUM PER CENT PER CENT OF OF

U. 5. GRADE NO. OF LEAVES ) * GAEEN COLOR} FOREWGN MATERIAL
1" 40° 60 5
2 25 35 10
3 10 15

Sample grade: Hay which does not come within the requirements of any of
the numerical grades; or which contains more than a trace of injurious foreign
material; or which has any objectionable odor; or which is undercured, heating,
hot, wet, musty, moldy, overripe, or very dusty; or which is otherwise of dis-
tinctly low quality.

* Does not apply in the classes Alfalfa Heavy Grass Mixed Hay, Alfaifa
Heuvy Timothy Mixed Hay, Alfalfa Heavy Johnson Mixed Hay, and Alfalfa
Heavy Grain Mixed Hay,

® Grade No. 1 shall not include hay in which a majority of the alfalfa stalks
bear brewn and/or black seed pods.

< Hay to meet this leafiness requirement must have at least one-fifth of the
alfalfa leaves clinging to the stems.

Special Grades for Alfalfa and Alfalfa Mixed Hay

EXTEA LEAFY HAY

Definition. Extra Leafy hay shall be hay of any of the grades of the
classes Alfalfa, Alfalfa Light Grass Mixed, Alfalfa Light Timothy Mixed,
Alfalfa Clover Mixed, Alfalfa Light Johnson Mixed, and Alfalfa Light
Crain Mixed in group I in which the leafiness of the alfalfa is 50 per cent
or more with most of the leaves clinging to the stems, but shall not in-
clude hay in which a majority of the alfalfa stalks bear brown and/or
black seed pods.

Grades. The words “Extra Leafy” shall be added to and made a part of
the grade designation. Example, U. 5. No. 1 Extra Leafy Alfalfa Hay.

LEAFY HAY

Definition. Leafy hav shall be hay of any of the grades lower than grade
No. 1 of the classes Alfalfa, AMalfa Light Grass Mixed, Alfalfa Light
Timothy Mixed, Alfalfa Clover Mixed, Alfalfa Light Johnson Mixed, and
Alfalfa Light Grain Mixed in group I in which the leafiness of the alfalfa
is 40 per cent or more with at least one-fifth of the leaves clinging to the
stems, but shall not include hay in which the leafiness of the alfalta meets
the requirements for Extra Leafy Hay nor hay in which a majority of the
alf2fa stalks be 'r brown and/or black seed pods.

Grades. The word “Leafy” shall be added to and made a part of the
grade designation. Example, U. S. No. 2 Leafy Alfalfa Hay.
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EXTRA GREEN HAY

Definition. Extra Green hay shall be hay of any of the grades of any of
the classes in group I which has 75 per cent or more green color, but shall
not include hay in which a majority of the alfalfa stalks bear brown and;or
black seed pods.

Grades. The words “Extra Green” shall be added to and made a part of
the grade designation. Example, U. 8. No. 1 Extra Green Alfalfa Light
Grass Mixed Hay.

GREEN HAY

Definition. Green Hay shall be hay of any of the grades lower than
grade No. 1 of any of the classes in group I which has 60 per cent or more
but less than 75 per cent green color, but shall uot include hay in which a
majority of the alfalfa stalks bear brown and - or black seed pods.

Grades. The word “Green” shall be added to and made a part of the
grade designation. Example, U. 8. No. 3 Green Alfalfa Light Timothy
Mixed Hay.

COARSE HAY

Definition. Coarse hay shall be hay of any of the grades of any of the
classes in group I in which the alfalfa stalks are hard and round and of
which more than 30 per cent of the stalks have diameters equal to or
greater than the diameter of No. 11 stecl wire (approximately twelve
one-hundredths of an inch), by W & M standard wire gage standards.

Crades, The word “Coarse” shall be added to and made a part of the
grade designation, Example, U. 8. No, 2 Coarse Alfalfa Hay.

PRAIRIE HAY (crour IIT)

Class and Class Requirements

CLASS MIXTURE PERCENTAGES
Upland Prairie Upland grasses with not aver 10 per cent le-
gumes
Midland Prairie Midland grasses or a mixture of midland grasses

with upland, timothy, and or other grasses,
with over 40 per cent midland grasses and
not over 10 per cent legumes
Upland-Midland Prairie A mixturc of upland and midland grasses with
Mizxed over 10 per cent but not over 40 per cent
midland grasses and not over 10 per cent
feoumes
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Grade and Grade Requirements for all Classes of Prairie Hay

COLOR (MIN!!\{U 3 PER CENT MAXIMUM PER CENT OF

U. 5. GRADE NQ. OF GREEN COLOR) FOREIGN MATERIAL
1o 50 10
9am 35 15
30 20

Sample grade: Hay which does not come within the requirements of any of the
numerical grades; or which contains more than a trace of injuricus forqrgn
material; or which has any objectionable odar; or which is undercured, heating,
hot, wet, musty, moldv, caked, badlv broken, badly stained, badly weathered,
badly averripe, ar very dusty; or which is otherwise of distinctly low quality.

* Grades No. 1 and No. 2 shall not include hay that is stained.

® Hay of the class Upland Prairie in which one-third or more of the Upland
grass stalks bear seed heads and/or jointed stems to meet the requirements of
grade Na, 1 shall have 63 per cent or more green color: %rade No. 2 shall have
50 per cent or more green color; and grade No. 3 shall have 35 per cent or
more green color.

Special Grades for Proirie Hay

EXTRA GHEEN HAY

Definition. Extra Green Hay shall be hay of any of the grades of any of
the classes in group III which has 65 per cent or more green color, but
shall not include hay that is stained or hay of the class Upland Prairie in
which one-third or more of the upland grass stalks bear seed heads and/or
jointed stems.

Grades, The words “Extra Green” shall be added to and made a part of
;-}]]e grade designation, Example, U. S. No. 1 Extra Green Upland Prairie

av,

GREEN HAY

Definition. Green Hay shall be hay of anv of the grades lower than
grade No. 1 of anv of the classes in group kI which has 50 per cent or
more but less thun 63 per cent green color, but shall not include hay that
15 stained or hay of the class Upland Prairie in which one-third or more
of the upland grass stalks bear seed heads and/or jointed stems.

Grades. The ward “Green” shall be added to and made a part of the
grade designation. Example. U, 8. Na. 2 Green Upland-Midland Prairie

Mixed Hay.
Crop Judging

Exhibition of crop products has considerable educational, cultural.
and recreational value. In awarding premiums for the best products,
consideration is given chiefly to appearance, uniformity, size, and
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trueness to type, based upon weighted point scores adopted by
exhibit officials or the judges. Such scores usually reflect market
values for the particular crop commodity, but have little if any
relation to productivity or to the inherent value of the variety or
type being shown. Prize-winning crops usually indicate two things:
(1) favorable environment for plant development, and (2} meticu-
lous selection and preparation of the exhibit material. The best
plants often are found where thin stands have permitted optimum
individual plant development at the expense of yield per unit area
of land. However, good cultural conditions and freedom from
disease and insect injury are essential to the production of accept-
able crop exhibits.

Standards of excellence in crop products are largely arbitrary,
and in some cases are based upon characters that actually are dele-
terious to crop yield or quality. For example, decp rough kernels
of corn indicate late maturity, slow drving, and susceptibility to
kernel rots, Compact heads of sorghum favor worm damage and
moldy grain. Tall corn stalks make harvesting difficult. Certain
varieties of wheat known to be of inferior breadmaking quality
regularly take the prizes at local, state and international exhibits
merely because the grain has a high test weight, and plump, vitre-
eus, and smooth kernels, The substitution of utilitarian or quality
standards does not fully remedy this incongruous situation. The
merits of a crop or crop variety are determined by comparative
tperimental tests and by established performance on farms and
in markets and processing plants. Experimental facts outweigh the
opinions of the best crop judges, examining a few selected exhibit
samples. However, it is incumbent upon crop students to learn to
judge and exhibit crops becauseé the present type of agricultural
fzir will continue in vogue for many vears. People adore a contest.
Fiuthermore, the judging of exhibits develops skill in the appraisal,
identification, and grading of crop products.
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10 PASTURES AND PASTURAGE

Importance of Pastures

According to the census of 1945, about one-half the American
farm land, or 529 million acres, is in pasture (Figure 73). Of this,
about 109 million acres are tillable and the remainder is rough,
wooded, cutover, or marshy land. In addition to the 683 million acres
of privately owned pasture land, 36 million acres of public-owned
lands are grazed. More than 5 million sheep and 1% million cattle are
grazed on 83 million acres in the National Forests each year. Large
numbers of livestock also are grazed on the 204 million acres con-
trolled by the Department of the Interior. The total area of range
land in the west is about 728 million acres. Abont 1052 million acres
grazed at least part of each year in the United States furnish 35 per
cent of the livestock feed.

Development of improved methods of pasture management and
a better realization of the value of pasturage have been responsible
for an intense interest in the establishment and maintenance of
productive pastures since about 1925. In addition, national agricul-
tural policies have favored grassland farming for erosion control
This situation has encouraged renovation of old pastures by tillage
or mowing to destroy less desirable plants, followed by application
of fertilizers and resecding with productive palatable species. On
uiiplowable pastures the land may be worked with a disk or spring-
tooth harrow or other implement. In some sections a cutaway disk
implement called a bush-and-bog is used for this purpose. The use
of improved pastures may involve replacement of Kentucky blue-
grass and white clover, which are persistent under heavy grazing,
with more productive taller-growing crops such as alfalfa, sweet-
elover, bromegrass, orchard grass, and timothy. Timothy, brome-
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grass, and young orchard grass are more palatable than Kentucky
bluegrass, and Dallis grass is more palatable than carpet grass and
does not become a pest in cultivated fields as does Bermuda grass.

The declining market for cash crops before World War 11, and
the protracted drought in the Grain Plains region from 1933 to
1940, caused retirement of large areas of land from cultivation.
Much of this land has reverted to pasture. Millions of acres of sod
were plowed up for crop production in the semiarid Great Plains
hetween 1910 and 1930. The more unfavorable sites were soon
abandoned and eventually reverted to grassland. The natural
process of range restoration on plowed land may require 25 to
10 years,” although good grazing may be available after 8 or 10
vears,™ Artificial reseeding restores the range quickly, but it is
more costly, and frequently results in failure except in favorable
wet seasons. Recent improved methods of establishing perennial
grasses offer much hope of range improvement in the drier areas.”

Much of the grassland in the drier sections of the southwestern
Creat Plains region was plowed up during the period from 1924
to 1930. During World War I, extensive arcas of grassland in more
humid sections were plowed up for production of wheat and other
grains, Much of this land in the cast was resceded to pastures a
few years later. Extensive soil drifting occurred in 1933-39, mostly
on western lands broken either before or after World War 1.

Advantages of Pastures

The chief object of good pasture maintenance is to provide green
succulent feed for livestock during the entire grazing season. Live-
stock kept on pastures are more comfortable and sanitary than
those kept in drylots, The animals harvest the crop at a minimum
cost. Pastures produce about two-thirds as much dry matter as the
same area in cultivated crops.®™ In Virginia experiments the yield
of pasturage was 40 to 65 per cent that of the same crops allowed
to mature and then cut for hay.** However, the dry matter of
immature grasses is higher in protein and vitamins, and is more
digestible than that from mature grasses harvested for hay. Conse-

. " For more complete information on pastures in United States see “Grass,”
Ls. Dept. Agr. Ybk., 1948.
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quently, pasturing produces about three-fourths as much in digesti-
ble nutrients as the same crops cut for hay ® (Table 1).

TABLE 1. DICESTIBLE NUTRIENTS IN HARVESTED CROPS AND PASTURAGE

CROP YIELD ROUGHAGE TOTAL DIGESTIBLE NUTRIENTS

Per acre Harcested Grazed
(tons} (th.} (Ib.)
Alfalfa 2.51 2793 2067
Clover—red, alsike, and coimson  1.46 1504 1113
Sweetclover 1.82 1867 1382
Lespedeza 1.82 1170 866
Clover and timothy mixed 140 1393 1030
Timothy 1.26 1210 895
Grains cut green 1.51 1292 956
Annual legumes 1.02 1102 815

Millet, Johnson grass, and

Sudan grass 1.2 1225 906

Kinds of Pastures

TAME PASTURES

Tame pastures are lands once cultivated that have been seeded
to domesticated pasture plants and are used chiefly or entirely for
grazing by livestock. The principal kinds of tame pastures are as
follows:

(1) Permanent pastures are grazing lands occupied by perennial
pasture plants or by self-seeding annuals which remain unplowed
for long periods (5 years or more).

{2) A rotation pasture is a field used for grazing which is seeded
to perennials or self-seeding annuals, but which forms a unit i
the crop rotation plan, and is plowed within a 5-year or shorter
interval,

(3) Supplemental pastures are fields used for grazing when the
permanent or rotation pastures are unp.'oductive or do not suppf}'
enough feed for the livestock kept on the farm. Such pasture mav
be provided by the aftermath of meadows, small-grain stubble.
seedling small grains, anpuals such as Sudan grass, lespedeza, and
crimsont clover, or bicnnials such as sweetclover.

(4) Annual pastures are seeded each year to take the place of
permanent pasture wholly or in part. Such pastures may include 2
series of crops such as winter rye, Sudan grass, soybeans, and rape-
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(5) Renovated pastures are those restored to former production
by tillage, mowing, reseeding, or fertilization.

NATURAL OR NATIVE PASTURES

Natural or native pastures are uncultivated lands occupied whelly
ot mainly by native or naturally introduced plants useful for grazing.
The chief types are as follows:

(1) A range is a very extensive natural pasturc.®

(2) Brush pastures are covered largely with brush and shrubs,
where a considerable portion of the feed obtained by livestock
comes from browsing woody plants.

{3} Woodland pastures are wooded areas with grass and other
edible herbage growing in open spaces and among trees.

(4) Cutover or stump pastures are lands from which the mer-
chantable trees have been cut, but on which there are stumps and
usually also some new growth,

Permanent Pastures

PASTURE AREAS

The United States can be divided into the five fairly definite
pasture regions shown in Figure 74. Because of the response of
pasture plants to temperature and rainfall differences, the northern
and southern sections of these regions are rather different. Most of
the area in the eastern half of the United States as well as the
Pacific coastal section originally was in forest, and as the trees were
temoved, the pastured land was occupied by introduced plants.
The western portion of region 1 was prairie land comprising the
so-called tall-grass region.

CLIMATIC AND SOIL CONDITIONS

The 60° annual isotherm marks approximately the northern limit
of usefulness of southern pasture plants. The exceptions to this are

* The plants occurring on the western ranges are well described and illus-
trated in the book entitled Range Plant Handbook, prepared by the Forest
Service, U. S. Dept. of Agriculture, The carrying capacity of different range
tpes is shawn in U. S. Dept. Agr. Ybk., 1939, pp. 925-955. A complete report,
etitled The Western Range, prepared by the United States Forest Service in
1938, was issued as Senate Document 199.
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FIG. T4, Pasture regions of the United States.

mostly annuals such as lespedeza and Sudan grass.® North of this
line, southern grasses are subject to winter injury, while to the
south blnegrass, orchard grass, timothy, redtop, and the clovers are
unable to thrive during the long period of high temperatures. This
temperature effect is particularly important in the humid regious
(1, 2. and 5a).

Rainfall differences largely determine the flora in the Great
Plains and intermountain area (Regions 3 and 4). The 99th mv-
ridian in the north and the 97th meridian in the south mark the
western limit where introduced pasture plants in general are morwe
productive for grazing than native plants. In region 4, the annual
precipitation is so low that desert or semidesert conditions prevail
except in the extreme northern part and at higher altitudes in the
mountains. The northern half of region 5 has a fairly abundant
winter rainfall and a mild climate due to the Japan Current.

Although mountain valleys, parks, and clearings furnish consid-
erable pasturage (Figure 73}, the higher mountain slopes are wt-
important from the national pasture standpoint, because in most
sections they are rather completely forested or are composed of
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rock masses with very little productive soil. The most valuable
grazing lands are level or rolling areas, particularly those in the
cora belt. The level grass lands of the Great Plains are also good
pasture but are less productive than those in the corn belt, due to
limited rainfall (Figure 73).

Next to climate and topography, soil characteristics have the
most influence upon the type of pasture plants that occupy the Jand.
Legumes are most abundant on secils of limestone origin, with a
few exceptions.

Adapted Pasture Species

Introduced grasses and legumes are the most important pasture
plants in regions 1, 2, and 5.

In region 1, on the whale, Kentucky bluegrass { Poa pratensis) is
the most important pasture grass. In mixtures with white clover it
is nearly always present on productive soils in permanent pastures.
Other grasses important in this region are Canada bluegrass (Pod
compressa), redtop (Agrostis alba), timothy (Phleum pratense!,
orchard grass (Dactylis glomerata), smooth bromegrass (Bromus
inermis), and several fescues { Festuca species). In section 1b, the
lespedezas are becoming more and more abundant in pastures, due
to their ability to furnish grazing during the summer months.

In section Zb, carpet grass (Axonopus compressus} on moist
sandy soils and Bermuda grass (Cynodon dactylon) and lespedeza
on loam, silt, and clay soils supply a large percentage of the pas-
turage. Dallis grass (Paspalum dilatatum) and Johnson grass {Sor-
ghum halcpense) also furnish a great amount of pasturage. Tm-
proved grasses in section 2b are largely carpet and Bermuda grasscs.
Others found there are Bahia { Paspalum notatum) and Para ( Pani-
cum purpurascens} grasses.

A large proportion of the pasturage on the Great Plains (region 3)
is supplied by native short grasses (Figure 76). The principal grass
association in the northern Great Plains consists of blue grama
{ Bouteloua gracilis), green needlegrass {Stipa viridula), and west-
ern needlegrass {Stipa comata) with a small admixture of June
grass {Koeleria cristata). Seeded crested wheatgrass may have
twice the grazing value of native grasses.®™® The central Great Plains
has a very typical association of buffalo grass ( Buchloé dectyloides)
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Fic. 78. Leading native pasture grasses in the Great Plains and prairie regions.

and blue grama. Farther south below the Texas Panbandle, the
blick grama (Bouteloua eripoda) and curly mesquite (Hilaria
belangerii) are the most important pasture plants. Just east of this
region is the tall-grass region with the bluestems (Andropogon
furcatus and A. scoparius), switchgrass { Panicum virgatum), drop-
seeds ( Sporobolus species), sideoat grama ( Bouteloua curtipendula)
being among the predominating species.

The intermountain area (region 4) has the lowest production
per acre of pasture because the rainfall is low. In the northern part,
thin stands of wheatgrass ( Agropyron spicatum), little bunchgrass
{Festuca idahoensis), and Sandberg bluegrass (Poa sandbergii)
are found. In the central portion of the region ( Utah and Nevada)
there exists a true desert shrub vegetation characterized by large
sagebrush ( Artemisia tridentata) and shadscale (Atriplex conferti-
folia). During rainy periods, the introduced annual bromegrass
(Bromus tectorum) and similar plants spring up to furnish some
grazing, Associated with shadscale is the winterfat { Eurotia lanata),
e of the most valuable grazing plants in the Great Basin. In t}?e
uthern part of the region, the best grazing lands are found in
western New Mexico and eastern Arizona, Drouth-resistant grasses
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grow among the shrubs, among them being galleta grass (Hilaria
jamesii), tobosa grass (Hilarie mutica), black grama (Bouteloua
eripoda), and wild ryvegrass ( Elymus species).

Abundant rainfall and a mild climate in section 5a makes possible
establishment of permanent pastures of introduced plants. Among
the grasses that thrive there are Kentucky bluegrass, orchard grass,
tall oatgrass, timothy, meadow fescue, meadow foxtail, reed canary-
grass, the rvegrasses, and the bent grasses. All the clovers, particu-
larlv Ladino clover, do well in this area. The rainfall in section
5b is much lower, with the resalt that most of the pastures in the
interior \-'u]]eys are irrigated. Among the pasture plants used are
alfalfa, Dallis grass, Italian rvegrass, Ladino clover, orchard grass,
tall fescue, and meadow fescue.

Characteristics of Pasture Plants

Short voung herbage low in fiber content is eaten in preference
to old, tall, stemmy, and highly fibrous herbage. All grasses are
palatable when closely clipped.” They become unpalatable when
growth stops. A dense sward with a height of about 4 inches
approaches the ideal.'® Animals exercise a choice between species
when the grass is 4 to 6 inches high, but show little discrimination
when it is 2 to 4 inches high* Perennial ryegrass leaves grow fast
enough and long enough to have a long period of palatabilitv.”
Orchard grass leafage grows very rapidly and js very palatable
while in active growth, but is unpalatable when growth cezscs.
Hairy and scabrous plants tend to be unpalatable. The more mature
a leaf, the more these conditions are accentuated. Timothy, brome-
grass. and Italian rvegrass are regarded as most palatable, followed
by white clover and orchard grass. Timothy may be almost sup-
pressed in a pasture because of its extreme palatability. In one test
in Massachusetts, cattle selected herbage in the following order:
white clover, timothy, redtop, and Kentucky bluegrass.® In another
test, their preference was: timothy, redtop, Italian ryegrass, English
~vegrass, ta'l oatgrass, meadow fescue, red fescue, and reed canary-
grass in descending order,

The high palatability of big bluestem and little bluestem causes
these tall grasses to be replaced by the less palatable but more
persistent short buffalo grass under heavy grazing in the Great
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Plains region. Where the land is protected from grazing these
palatable species are restored and the grass again grows “as high
as a horse’s belly” as pioneers reported having first found it.

Basic Principles of Plant Behavior

Certain important principles of pasture plant behavior are listed
below: *

(1) A plant excessively grazed will have ijts leal development
and root system reduced proportionally. Moreover, the new leaves
are reduced in size, with the result that their functional efficiency
is lowered. Sod blocks of seven prairie grasses in Nebraska clipped
every 2 weeks produced only 13 to 47 per cent as much drv matter
as did the unclipped sods.® Plants weakencd by clipping renewed
arowth slowly.

{2} Plants can withstand defoliation in proportion to their ability
to develop side shoots and tillers in spite of defoliation. Clipped
plants may fail to produce new rhizomes.*

(3) Plants suffer punishment in direct proportion to their yield-
ing capacity.

(1) Other things being equa], plants are grazed in proportion to
their erectness and accessibility.

(3} Plants with an erect growth habit usually are less efficient
than prostrate plants in the production of side shoots and tillers.

i6) Severe defoliation when the plants are commencing active
“rowth is more harmful than at other times of the year. Conse-
fuently, plants that start active growth exceptionally earlv in the
spring are most subject to damage. The elipping of scedling grass
plants * has resulted in a decrease of 80 to 96 per cent in dry weight
of Forage.

Plants in Pasture Mixtures

For reasons given below it is seldom desirable to seed land in-
tended for permanent pasture to a single species.™

(1) Legumes in pastures tend to maintain the nitrogen content of
the soil.

“2) Mixtures result in a more uniform stand and higher produc-

tion because several soil conditions are often represented in a pas-
ture ™
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(3) Mixtures provide a more uniform seasonal production be-
cause the growth and dormancy periods vary among different plants.

(4) Mixtures of grasses and legumes provide a better balanced
ration since legumes are richer in both proteins and minerals.®

Addition of wild white clover to a seeding of Kentucky bluegrass
increased the yield of herbage more than 500 per cent in New York
experiments.”” The protein content of Kentucky bluegrass grown
alone averaged 18 per cent while the same grass grown in associa-
tion with wild white clover averaged 23 per cent.

The number of pounds of the different seeds in a mixture deter-
mine only in part the percentages of the different species that emerge
or the relative stands that result later, owing to differences in the
size of seeds, the percentage of live seeds, and the plant competi-
tiOl’].”' 1%

Rates of Seeding
The rates of sowing grasses and legumes in pastures are shown
in Table 2,

TABLE 2. RATES OF SEEDING GRASSES AND LEGUMES IN PASTURE MIXTURES

RATE RATE

GrASS (pounds per acre) GRASS { pounds per acr)
Cool Weather Grasses Weeping lovegrass %
Timothy 3-8 Galleta grass 5
Orchard grass 5-8 Sand dropseed 51
Bromegrass (awnless) 4-10 Harding grass -4
Mountain bromegrass 26 Carpet grass (seeds naturally)
Reed canarvgrass 3-10 Bermuda grass (roots) B
Tall vatgrass 34 Big bluestem 3-6
Meadow fescue 8-10
Kentucky bluegrass 1-10 Cool Weather Legumes
Canada bluegrass 1-3 Alfalfa 2-10
Bulhous bluegrass 1-2 Ladino clover ]—!
Redtop 2-10 White clover 1—5’
Perennial rvegrass 8-10 Red clover 3-10
Crested wheatgrass 4-11 Alsike clover 2-6
Slender wheatgrass 2-5 Strawberry clover 2.4
Russian wild rye 5 Sweetclover 2-10
Birdsfoot trefoil 4-6

Warm Weather Grasses

Dallis grass 410 Warm Weather Legumes 5
Blue grama 48 Lespedeza (Korean and common) 5-13
Sideoat grama 34 Low hop clover 1‘?‘
Rothrock grama 34 Persian clover 1-3
Buffalo grass 1-2 California burclover -8
Lehman lovegrass % Black medic 8
Boer loveprass %
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Pasture Mixtures for Different Regions

The rates of seeding of pasture mixtures, the adapted pasture
plants, and some of the recommended mixtures for ditferent regions
and conditions in the United States are shown below. Detailed
recommendations are found in “Grass,” U. S. Dept. Agr. Ybk., 1948,

REGION ADAPTED PASTURE PLANTS

Northeast (20-25 pounds Timothy, orchard grass, bromegrass, reed
per acre) canarygrass, meadow fescue, Kentucky blue-
grass, redtop, perennial rvegrass, Ladino
clover, red clover, alsike clover, alfalfa,
birdsfoot trefoil, white clover, Korean lespe-

deza.

Recommended mixtures:

:1) General use: Timothy, orchard grass, or bromegrass and Ladinae clover,
or red clover.

12) Poorly drained land: Reed canarygrass, meadow fescue, or redtop and
alsike clover, or Ladino clover.

13} Poorly-controlled grazing areas: Kentucky bluegrass and white clover
included with No. 1.

North central (10-23 Biennial sweetclover, timothy, meadow fes-
pounds per acre) cue, bromegrass, Ladak alfalfa, Ladino
clover, orchard grass, red clover, alsike

clover, white clover, redtop, Kentucky blue-

grass, Canada bluegrass, Korcan lespedeza.

ccommended mixtures:

1Y AMalfa {6 to 10 pounds), bromegrass (5 to 10 pounds),
R Biennial sweetclover (8 to 12 Pounds), meadow fescue or orchard grass
(6 pounds).
{3} Timothy (2-6 pounds), Kentucky bluegrass (2-7 pounds), red and alsike
‘ clover {36 pounds}, Ladino or white clover (1-2 pounds).
4} For poorly-drained soils: Timothy (5 pounds), rediop (5 pounds), reed
canarygrass { 2-6 pounds), alsike clover (3 pounds).

Northern Great Plains Crested wheatgrass, intermediate wheat-
Eastern portion (12 grass, bromegrass, alfalfa, wild rye, feather
pounds per acre) bunchgrass.
Western portion (10 Crested wheatgrass, sweetclover, blue
pounds per acre) grama, sideoat grama, buffalo grass, west-

ern wheatgrass, Russian wild rye, Mandan
wild rye, feather bunchgrass.
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REGION

Northern intermountain ir-
rigated
(16-23 pounds per acre)

Northiwestern irrigated
(16-25 pounds per acre)

Southwestern irrigated
{13-30 pounds per acre)

Western range lands
(5-13 pounds per acre)

Southwestern range lands
(8-10 pounds per acre)

Pucific northwest
Coastal wetlands
(12-20 pounds per acre)

Humid uplands
(14-20 pounds per acre)

Great Basin semiarid

Southern Great Plains
(9-19 pounds of unproc-
essed seed per acre)

GENERAL PRINCIFLES OF CROF PRODUCTION

ADAPTED PASTURE PLANTS

Bromegrass, meadow fescue, orchard grass,
timothy, alsike clover, Ladino or white
clover, yellow sweetclover, alfalfa. Straw-
berry clover, alsike clover, redtop, timothy,
and reed canarygrass for wet lands.

Bromegrass, Keuntucky bluegrass, timothy,
orchard grass, tall oatgrass, fescues, alfalfa,
and red, alsike, Ladino, white and straw-
berry clover, sweetclover, birdsfoot trefoil,
big trefoil.

Orchard grass, perenniul ryegrass, meadow
fescue, Ladino clover, alfalfa, burclover,
Dallis  grass, Rhodes grass, bromegrass,
Harding grass, vellow sweetclover.

Crested wheatgrass, bluestem wheatgrass.
slender wheatgrass, bromegrass, tall oot-
grass, sand dropseed.

Crested wheatgrass, western wheatgrass.
bromegrass, gaileta grass, vellow sweet-
clover, Indian rice grass, domestic rvegrass,
weeping lovegrass, subterranean  clover.
Harding grass, alfilaria, burnet.

Seaside bent, Astoria bent, redtop, velvet-
grass. white clover, Alta fescue, reed canary-
grass. meadow foxtail, birdsfoot trefoil, big
trefoil.

Perennial ryegrass, orchard grass, tall oat-
grass, Alta fescue, Chewings fescue, creep-
ing red fescue, Astoria bent, highland bent.
white clover, sub clover, big trefoil, hirds-
foot trefoil.

Crested wheatgrass, western wheatgrass,
slender wheatgrass, bromegrass.

Blue grama, buffalo grass, sideoat grami.
sand lovegrass, sand bluestem, switchgrass,
Indiangrass, little bluestem, weeping love-
grass.
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REGION ADAPTED PASTURE PLANTS

Southeast Bermuda grass (preferably coastal Bermuda),
carpet grass, Dallis grass, Bahia grass, com-
mon and Kobe lespedeza, Korean lespedeza,
white clover, low hop clover.

Recommended mixtures:

(1) Coastal plain: -Dallis grass (10 pounds), redtap {2 pounds), lespedeza
(15 pounds), white clover (1 pound).

(2} Georgia piedmont: Bermuda grass, hop clover, lespedeza.

{3) Mountain: Kentucky bluegrass (5 pounds), redtop (5 pounds), orchard
grass (3 pounds), Ladine or white clover {1 to 2 pounds}, lespedeza
(15 pounds).

(1) Flonida (wet sandy acid soils): White clover {3 pounds}, Persian clover
{1 pound}, redtop (5 pounds). Carpet grass establishes itself naturally.

Establishment of Permanent Pastures

Since most of the plant species used for permanent pastures have
small seeds, it is necessary to prepare a firm seedbed. The use of
zood seed of small-secded grasses and legumes is important in pro-
viding good pasture coverage rclatively free from weeds. The seed
should be drilled rather than broadeast, and should be seeded not
over 14 inches deep. A general practice is to seed the grasses and
legumes with a small grain as a companion crop. The pasture plants
are more productive the first vear when seeded alone.” and, when
erazed properly, provide a larger net return than the grain crop
and may offset the grazing value of the companion crop. Under irri-
gation, it is necessary to keep the soil surface moist until the seed-
ings are well started. This may require irrigation every 7 to 10 days,
Dryvland grass seedings succeed only during favorable moist periods.

In general, it is advisable to sow cool-weather grasses in the fall,
Warm-weather species should be seeded in the spring. Small-
sceded lepumes should be sown on the surface in the spring. It is
often difficult to get in the fields early in the spring in the northern
states. Early spring seeding is advisable in the southern states where
the permanent grasses are distinctly summer grasses. Early spring
seeding is advisable also in the northern states on extremely heavy
soils where heaving causes a severe loss of seedlings during the
winter. Clovers and other legumes should be broadcast or drilled on
the grass seedings in late winter or very early spring. Disease-



290 CENERAL PRINCIPLES OF CROP PRODUCTION

resistant varieties of alfalfa such as Ladak should be used in order
to prolong the stand.

Several grasses adapted to Florida are established by vegetative
methods—root or stem cuttings, or sod pieces. These include Napier,
Bermuda, Para, St. Augustine, Pangola, and centipede. Carpet grass
establishes itself without seeding.”

A new pasture should be grazed lightly the first season, The
young plants must have time to develop 2 good root system so as
to withstand drought, and the strain of grazing.

Pasture maintenance or improvement may be brought about by
reseeding, fertilization, and good grazing management.

Fertilization of Pastures

Most pasture lands in the humid regions of the country are defi-
cient in caleium, phosphorus, nitrogen, and sometimes potassium.
The minerals calcium, phosphorus, and potassium must be applied
before much response can be expected from application of cow-
mercial nitrogen,* Pastures on soils of fair natural fertility, par-
ticularly those that have been neglected several years, can be im-
proved by fertilization. An application of 400 to 600 pounds of a
6-12-6 fertilizer gave the best increases in south Georgia.™

Applications of superphosphate alone generally give the great-
est response hecause they encourage the legumes that supply nitro-
gen to the grasses. When added to a pasture that had been unfer-
tilized for 40 years, all fertilizers increased the nitrogen content of
the herbage.® The averages for each year were about the same for
the phosphorus-lime as for the phosphorus-nitrogen treatments. In
Ohio, run-out bluegrass and white clover pastures have been treated
with superphosphate, lime being added where the pH was helow
3.3 In the case of lime deficiency, it may be desirable to replace
certain pasture plants with others not sensitive to acid soils. For
this purpose lespedezas may be used in place of clovers in areds
where the, are adapted.

Applications of nitrogen usually increase the protein content of
herbage. It has increased the crude protein of bluegrass-white clover
herbage as much as 12 per cent.™ Nitrogen may promote grﬂ“ﬂ’
enough so that pastures will be ready for grazing as much as 3 weeks
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earlier than those without such applications. Nitrogen applications
often discourage the growth of legumes. Nitrogen is relatively inef-
fective on Ohio sods with a high clover content."

Mineral fertilizers, limestone, and barnyard manure can be ap-
plied in the fall, winter, or early spring. Commercial nitrogen should
be applied at least two weeks before increased growth is desired.
Applications of nitrogen are rarely effective except in the presence
of adequate soil moisture. For this reason, the returns for midsum-
mer applications are often unsatisfactory.

Renovation and Reseeding

Cultivation of pastures to secure improved grazing is of little value

unless accompanied by reseeding or application of fertilizers, or
both.

PRACTICES IN HUMID REGIONS

Cultivation in connection with reseeding and fertilization resulted
in improved pastures in Vermont and Iowa by elimination of weeds,
covering the seed, and mixing the fertilizer in the soil. Grasses and
clovers that make a quick growth may be seeded on old pasture
sod that has been well disked and fertilized.’* In Wisconsin,***
Tun-out bluegrass pastures can be improved by the scarification
of the sod with a disk or spring-tooth harrow, after which legumes
such as alfalfa, sweetclover, and red clover are seeded in the thinned
pasture sod. As an average of 27 different pasture renovations the
total weed population (mainly ragweeds and horseweeds) was
rednced 85 per cent after 2 or 3 years. Reseeding alone may be
desirable in some instances in connection with the improvement of
old pastures, but it is seldom a complete remedy.

Revegetation of Range Lands

The return of abandoned cultivated land to grass is a difficult
Problem on the Great Plains as well as in other areas of moisture ¥
shortage, From 20 to 50 years are required for buffalo grass to be-
cme reestablished naturally on abandoned farm land. In recent
vears, the seeding of blue grama, buffalo grass,*” and other species
has been faitly successful. Seedings of cultivated grasses (smooth
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brome, slender wheatgrass, and crested wheatgrass} thrived on
areas where the original native vegetation consisted of grama and
fescue grasses.”” The land was disked, the seed sown broadcast
early in the spring, and the field protected from grazing the first
Season.

Artificial range reseeding in the native sod generally has been
unsuccessful in the semiarid region unless the seeding was favored
by unusnal rainfall, Range grasses have been restored by reseeding
on depleted mountain meadows, alluvial bottoms, and the better
sites of mountain slopes where soil moisture conditions were above
average. For cultivated grasses, an annual rainfall of 18 inches or
more appears to be essential.

An overgrazed aak-brush range in Utah was seeded successfully
with crested wheatgrass. smooth brome, and mountain brome™
White and vellow sweetclover seedings resulted in poor to no stands.
The best stands were obtained from seed broadcast on plowed fur-
rows spaced approximately 3 feet apart, the seed being covered with
a brush drag. During a period of 7 years this method resulted in au
increase of 360 to 900 per cent in grazing capacity compared with
apen-grazed unseeded areas, Some degree of soil preparation was
necessary to assure successful reseeding. Unless moisture and other
conditions are unusvally favorable, 2 or 8 years are required to
establish a new range. When livestock are kept off for such a period.
scattered scedlings have an opportunity to spread, and dormant
seeds germinate and produce new seedlings to help increase the
ground cover.

Crazing Systems

The capacity of native pastures has been increased as much as
50 per cent by good grazing management. Controlled grazing is
necessary to give the palatable species an opportunity to recupere
and to produce seed. Persistence of vegetation through a dry suut:
mer and a cold winter is directly related to root development. Over-
grazing has resulted in poor root growth with very little food accu:
mulation, with the result that the plants are likely to die either
from drought or cold® Large decreases in weight of roots have
followed overgrazing.®® The total decrease from the early to the
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iate stage of grazing was from 2.17 to 0.95 tons of roots per acre
in the O to 4-inch depth, and from 0.86 to 0.34 ton in the 4- to 12-inch
depth on upland Nebraska soil.

INFLUENCE OF GRAZING ON SPECIES

One of the first signs of an overgrazed range is that the most pala-
table grasses such as bluegrass, needlegrass, June grass, wheatgrass,
bromegrass, and the fescues become less vigorous, produce less for-
age, and become reduced in numbers, The less palatable plants, such
as gumweed, snakeweed, mountain sage, sand hill sage, cactus, and
poisonous plants increase in numbers. As the condition becomes
more severe, annual weeds tend to replace perennial weeds and
shrubs. The last stage is bare spots which gradually increase, and
this in turn causes an increase in soil erosion, After the perennial
grasses have perished and erosion started, a long time may be re-
quired to restore the range to its original productivity.

For maintaining the vigor of blue bunchgrass and slender wheat-
grass, two valuable range species in Montana, they should not be
atilized beyond 60 to 70 per cent of their foliage production by
early summer, or more than 80 or 83 per cent at the close of the
summer grazing period."” The higher the snceessional stage of the
vegetation, the greater the value of the range for grazing. As shown
in Table 3, the range tends to take on the characteristics of a more
arid type as it becomes depleted. The higher successional stages
were characterized by greater density of stand, a higher percentage
of grass in the stand, and greater grazing capacity.

Grazing management influenced the composition of cultivated
grasses grown in mixtures in the British Isles ** in a pasture composed

TABLE 3, PRODUCTIVITY OF SUCCESSIONAL TYPES OF RANGE VEGETATION

BLUE SLENDER PORCUFINE RABBIT
ITEM BUNCHGRASS WHEATCGRASS GRASS BRUSI1
Dersity of vegetation (§) 60to 80 40 to 60 30 to 50 2010 40
Grasses (%) 75 65 85 25
Weeds (%) 20 25 10 50
Browse (%) 5 10 5 25
Falatable (%) 82 54 49 25

urface acres to feed 1 cow
1 month 2 8 4 H
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of perennial ryegrass, rough-stalked meadow grass, and wild white
clover. The plot grazed heavily in March, April, and May had white
clover as the most important constituent of the pasture by