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The Difference! Except for nitrogen, 
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yielded 7.2 bushels per acre. The 
plot on the left received 180 pounds 
of nitrogen per acre, yielded 103.9 
bushels. · 



Table of .·l:ontenrs-
Pager: 

_J 
Foreword ........................................................................................................ 4 

Summary of Recommendations ······································································ 6 

Introduction 7 

Review of Literature ...................................................................................... 8 

Materials and Methods ...................•......••.•..•..•.•..•.....•.......•..........................• 9 

Discussion of Results ...................................................................................... 1 0 

Nitrogen Gives Greatest Yield Increases .................................................. 1 0 

Weather Affects Increase From Nitrogen ................................................ 11 

Plants Show Deficiency Symptoms .......................................................... 12 

Compare Methods of Placement ..•......•.....•.•...•..•..•.....•.•..•.•............•........ 13 

Time of Application Important •.•..•.••.••••.. , ...................•..••. .-.................. 16 

Legumes in Rotation Furnish Nitrogen .................................................. 17 

Nitrogen Increases Grain More Than Stover ......................... : ................ 18 

Nitrogen Boosts Protein Content of Groin ................................................ 18 

Recover Much Nitrogen in Corn Groin .................................................. 20 

Adequate Stands Necessary for High Yields ............................................ 20 

Ear Size, Number Altered by Nitrogen, Spacing .................................... 23 

Yield Response on Low Phosphorus Soils •..•..•........••.•..•.............•..•.•..•.••• 26 

Plants Respond Early to Phosphorus .....•.•.........•.••.•..........•...•.•..•..•...•.•.... 26 

Environment Affects Phosphorus Content of Groin ................................ 28 

Experiments Show Potash Need ......•.....••.......•................••..•...•.....••.•.•..•. 29 

Minor-Element Experiments on Corn ...................................................... 3 f 
Mulch Conserves Moisture, Increases Yields ............................................ 33 

High Yields Bring Greatest Profit ......•..•........•..•.•......•.•••••.••.•.•.......•..••...• 34 

Summary and Conclusions .............................................................. :···"'"''''''' 35 

Literature Cited .............................................................................................. 37 

Appendix Tables .•.•.•..•...•......••.••••.......•.....•.•........•.•.....•.••.•........•.••••.••.•.••.••••. 38 



Progress does not always follow a steady course. History 
records many situations in which little advance is made for many 
years. Then, following a new discovery or under leadership with 
a fresh viewpoint, very rapid progress is made for a few years 
and the enterprise moves forward on an entirely new plane. 
This is the case with corn production in North Carolina. 

Before the turn of the century, the average yield of corn in 
the State was around 11 to 14 bushels per acre year in and year 
out. Then came the 4-H corn clubs and an intensive educational 
program acquainting the farmers and farm youth with what was 
then known about corn production. In the short space of 12 
years, the average yield increased to around 18 to 20 bushels 
per acre. There it remained for almost three decades. 

Now we are in the midst of another period of progress which 
promises to be much more far reaching than that experienced 
in the period of 1903 to 1915. This was .set off by two research 
programs, jointly sponsored by the North Carolina Agricultural 
Experiment Station and the Bureau of Plant Industry, Soils and 
Agricultural Engineering, namely, (1) a breeding program begun 
in 1938 to develop corn hybrids adapted to this area; and (2) 
an intensive program begun in 1943 on the cultural and fertiliza­
tion requirements for corn production in this area. 

New hybrids capable of yielding much greater harvests than 
our old varieties were developed. Hunger signs, which had long 
been mistaken for the effects of dry weather, were correctly 
diagnosed as nitrogen deficiency. With better fertilization and 
soil management, closer spacing was found necessary to provide 
the stalks required for high yields. Closer spacing also made 
weed control easier by providing plant competition. This avoided 
the necessity for late, deep cultivation which caused root damage. 
A study of past weather data revealed a favorable climate for 
corn production. 

When these facts and their corrective measures were brought 
together in one corn production program, it has become common 
for practical farmers from one end of the State to the other to 
get yields of 100 bushels per acre or more. The program has 



Figure 1 : The corn clubs after the turn of the century and research and teaching 
programs during the 40's mark turning points in North Carolina's corn yield record. 

demonstrated the closest possible teamwork of all persons con­
cerned with agriculture in North Carolina. Seldom have we 
seen the results of a research program receive such widespread 
adoption by farmers in so short a time. A goal of a 40 bushel 
per acre average by 1955 seemed ambitious when suggested in 
1945, but appears almost in sight now. 

This bulletin reports the studies on fertilization and manage­
ment, a very vital part of the teamwork which has made this 
phenomenal increase in corn production possible. 

May, 1949 

R. W. CUMMINGS 
Associate Director 



Follow These S Steps 

1. Use an Adapted Hybrid or a Proven Local Variety. 
See current issue of bulletin "Measured Crop Performance" or "Recom­

mended Corn Hybrids by Areas." 

2. Adapt Fertilizer at Planting to Your Soil Conditions. 
Get your soil tested. Use 200 to 300 pounds of 6-8-6 or 7-7-7 per acre fol­

lowing heavily fertilized crops such as tobacco, cotton and truck. 1(1 
Use 300 to 500 pounds of 5-10-10 or 6-6-12 following small grains, legumes 

or other lightly fertilized crops and on potash deficient soils. Do not place 
fertilizer in contact with seed. 

3. Provide Enough Plants to Produce the Desired Yield. 
Yield level 
desired* 

50 to 75 bu. 
75 to 125 bu. 

Planting in 3Yz 
foot rows** 

18inches 
13 inches 

Final 
Spacing 
20 inches 
15 inches 

Stand** 
Plants per A. 

7,500 
10,000 

*Yields below 50 bushels per acre are not considered economical. 
** Increase stand 40 per cent for single eared hybrids. The above as­

sumes 95 per cent germination with 5 to 10 per cent loss of stand. Seed 
germination below 90 per cent should be planted thicker and thinned if 
necessary. 

Note: In 3-foot rows increase planting distance by 10 to 15 per cent. 

4. Control Weeds Early but Avoid Late or Deep Cultivation. 
Use shallow {1 to 2 inch) cultivation to control weeds until the corn is 21h 

feet high. Then stop cultivation. A weeder is a good implement to use until 
the corn is 6 inches high. Relatively thick stands will help to control weeds 
by competition and shading after the corn is 21h feet high. Before each 
cultivation, dig down and determine the location of the corn roots. Remember 
that the feeding roots are small. Look carefully. Do not cultivate too close 
to plants or so deep as to injure many roots. Deep plowing also brings new 
weed seeds to the surface, where they can germinate. 

5. Apply Adequate Side-Dressing. 
Determine your nitrogen needs by using the "2-to-1" rule-apply 2 pounds 

of nitrogen to get an average increase of 1 bushel of corn. For example: 
100 lb. of 16.0% material• (16.0 pounds of N) will normally increase the yield 8 bushels. 
100 lb. of 20.5% material• (20.5 pounds of N) will normally increase the yield 10 bushels. 
100 lb. of 32.5% material• (32.5 pounds of NJ will normally increase the yield 16 bushels. 
100 lb. o( 42.0% material• (42.0 pounds of NJ will normally increase the yield 21 bushels. 

The "2-to-1" rule applies under average conditions when the first four 
steps are followed. (Sixty to 100 pounds of elemental nitrogen (N) side­
dressing have been found to be profitable under average conditions.) 

Apply nitrogen side-dressing at 6 to 8 weeks, or when the corn is 2lh 
feet high. Mix 75 to 100 pounds of 50 to 60 per cent muriate of potash with 
the nitrogen side-dressing when extra potash is needed. 

• Examples of nitrogen materials of varying analysis are as follows: 16% material­
nitrate of soda; 20.5% material-ammonium sulCate, calnitro and cyanamid; 32.5% material­
ammonium nitrate: 42% material-uramon. 



INTRODUCTION 

FERTILIZE CORN 
FOR HIGHER YIELDS 

B. A. Krantz' 

North Carolina farmers plant about one-third of their crop 
acreage to corn. Therefore, even a bushel per acre increase in 
yield would mean millions of extra bushels of corn to our farmers. 

In 1943 a research program was begun to study the most 
effective methods of fertilizing corn. Small segments of this 
work have been reported in numerous popular and technical pub­
lications (2, 3, 8, 9, 10, 11). The objective of this bulletin is to 
present all the findings to date. 

Fortunately, when the work was begun, several promising corn 
hybrids were being released by our corn breeders. These adapted 
hybrids, which had yields of 20 to 30 per cent above local varieties, 
furnished an excellent foundation for a corn fertilization program. 

Our first concern in beginning these fertilization studies was 
to answer the question, What does it take to produce good yields? 
It was recognized that good cultural practices would be necessary 
to get the full benefits from applied fertilizers or improved soil 
fertility. 

Thus, the aim in this investigation was to find the amount of 
fertilizer nutrients that could be used effectively by the best 
hybrids under good cultural practices. 

Special Acknowledgment i8 due to members of the North Can-o­
lina Agricultural Eo;periment Station and the Division of Soil Management 
and Irrigation, United States Department of Agriculture for helpful sug­
gestions and guidance in the experimental program. 

The author is indebted to the Institute of Statistics, for statistical 
analyses; to J. R. Piland, for soil and plant analyses; tc L. E. Brown, 
W. S. Moore, and B. S. Chronister, for assistance in can-rying out the 
field experiments; to the local county agents, 11ocational teachers, and Soil 
Conser11ation Service men, for their acti11e interest in the field experiments; 
and to the farmer cooperators, for their can-eful management of the eo:peri­
mental fields. Photographs were made by L. S. Bennett and the chan-ts by 
Miss Ruth Gray. 

• Research Professor of Agronomy, North Carol~na Agricultural Exper!­
ment Station, and Soil Scientist in Division of Sot! Management and Irn­
gation, Bureau of Plant Industry, Soil and Agricultural Engineering, 
USDA. 
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REVIEW OF LITERATURE 

Others Find Yields Related to Nitrogen 
Numerous workers have related corn yields to the nitrogen 

content of soils and have found nitrogen to be the first limiting 
factor in corn production. Jenny, in 1930, made an important 
study of the influence of climate on soil nitrogen and organic 
matter (5). His study covered a belt of relatively uniform rain­
fall extending from eastern North Dakota south to Louisiana. 

The average corn yield curve showed an upward trend as the 
mean annual temperature increased from 38• F (North Dakota) 
to 49• (Iowa). However, with further increase in mean annual 
temperature from Iowa south to Louisiana, the corn yields 
declined sharply and showed an almost perfect correlation 
(r = +0.995) with the nitrogen content of the soils. In regard 
to this relationship, Jenny states that "On purely climatological 
ground, no good physiological reason is apparent why the yields 
should decline sharply in the region south of Iowa." 

Further evidence of the direct relation between soil nitrogen 
and corn yields is shown by Salter (17). He found that in Ohio 
over a 33-year period continuous cropping with corn on untreated 
plots led to similar declines in both nitrogen content of the soil, 
and corn yields. Jenny (6) found that with 12 different Mis­
souri soils under similar climatic environment, average corn 
yields on unfertilized plots were closely associated with soil nitro­
gen content. 

Since it is well known that southern soils are low in nitrogen, 
it is logical that nitrogen fertilization should receive considerable 
attention in North Carolina. 

Early Workers Study Nutrient Needs 
Other workers (7, 13, 16) have determined the chemical com­

position of the above-ground part of the corn plant. The actual 
plant uptake has been found to vary widely, depending .upon the 
fertility level of the soil and the environmental conditions. The 
approximate requirement of a 100-bushel corn crop is 140 pounds 
of nitrogen, 50 pounds of phosphoric acid, and 100 pounds of 
potash. 



FERTILIZE CORN FOR HIGHER YIELDS 9 

About two-thirds of the nitrogen and phosphorus and one­
fourth of the potash found in the plant are in the corn grain, 
which is normally removed from the land. In addition to these 
major elements, small amounts of calcium, magnesium, sulphur, 
and trace elements are needed. The corn plant, however, requires 
less of these elements than do plants generally grown in rotation 
with corn. 

Early investigations by Jones and Houston (7) and more re­
cently by Sayre (19) clearly indicate that the period of greatest 
demand for nutrients begins about 10 days before tasseling and 
ends about 25 to 30 days after tasseling. Sayre (19) found a maxi­
mum rate of nitrogen absorption of more than four pounds 
per acre per day during the tasseling and silking stage. Thus 
it appears that the key to corn fertilization is to provide ample 
amounts of nutrients, especially nitrogen, and particularly during 
this critical five-week period. 

MATERIALS AND METHODS 

Farmers Cooperate in Field Experiments 
Field experiments were carried out in cooperation with in­

dividual growers under ordinary farm conditions. These tests 
were designed to study the effect of fertilization, plant spacing, 
winter cover crops, and mulching on the yield and quality of 
corn hybrids and varieties. 

All fertilizers at planting were applied in bands about three 
inches on each side of the seed. Unless otherwise indicated, 
nitrogen side-dressings were applied just before the last culti­
vation when the corn was about two feet high. Plow-sole ap­
plications were in bands at the bottom of the plow furrow at 
turning time; usually one to four weeks before planting. 

Ammoniacal nitrogen carriers were used in all pre-planting 
applications. Either nitrate or ammonium-and-nitrate carriers 
were used for side-dressing applications. The phosphate car­
rier was either 18 or 47 per cent P200• Muriate of potash was 
the potash carrier. Moisture determinations of the corn grain 
were made at harvest time, and all yields were adjusted to 
15.5 per cent moisture in the kernel. 
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The fields were divided into small plots and each treatment 
replicated several times to reduce and evaluate the effect of soil 
variation. The plots were cultivated shallowly to avoid root 
damage. 

The experiments were conducted over a wide range of soil and 
cropping conditions, so that the results might have broad appli­
cation. The initials of the farmer cooperator in each experiment 
appear in the tables and figures. 

DISCUSSION OF RESULTS 

Nitrogen Gives Greater Yield Increases 

Nitrogen application increased yields in practically all experi­
ments where nitrogen rates were compared, but the amount of 
increase varied considerably. The degree of response to applied 
nitrogen was influenced mainly by climatic conditions and the 
level of nitrogen in the soil. 

The greatest direct response to nitrogen was recorded in 
1947* when the "no-nitrogen" plot yielded 19.1 bushels, and in 
the 180-pound plot, 120.9 bushels. Hence, there was a 101.8-
bushel increase due to nitrogen application. Considerably higher 
yields were obtained in other experiments, but this was the great­
est increase in yield obtained from the application of nitrogen 
(Figure 2). 

In most of the experiments nitrogen application above the 
120-pound level gave little or no response even under conditions 
of fairly good moisture distribution. 

The average yields from plots receiving 0, 40, 80, and 120 
pounds of nitrogen were 28, 53, 71, and 81 bushels per acre in 
the 49 nitrogen experiments conducted during 1944-48. 

• Thia exneriment wu In 'Progress four years with eontfnuoua eorn. The "no•nltl'ogen" 
plot received onlY phoephorua and pota&h during this period. The 180-pound nitrogen plot 
received the same rate In 1946 and a 120·pound application in 1944 and 1945. 



Figure 2: The plots from which this corn was taken gave the 
greatest direct response to nitrogen of any experiments conducted 
in North Carolina. The yields were 19.1, 94.5 and 120.9 bushels 
from plots that had received 0, 90, and 180 pounds of nitrogen, 
respectively. 

Weather Affects Increase From Nitrogen 
Weather conditions during the five years of this study were 

about normal. The June, July and August rainfall ranged from 
slightly below normal to normal. The driest season was in 
1944 when the rainfall during these three months was 79 per 
cent of normal, the lowest recorded since 1932. 

Each year, however, there were wide variations in rainfall in 
different parts of the State. During the critical period of growth 
of corn some regions had less than 50 per cent of normal and 
others as high as 50 per cent above normal. Fortunately, ex­
periments were located in regions that experienced both ex­
tremes as well as in others where rainfall was about normal. 
Thus, the response to fertilization was studied under both dry 
and wet conditions. 

Figure 3 indicates the extent to which weather influenced the 
yield increase from nitrogen application. (Details in Table 1.) 
Under fair-to-good* moisture conditions at 39 experimental lo-

• Terme ueed fn Fi~re 3 for sroapina- the uper:lmente by weather eondltlons are defined 
ae foJlowa: 

"Dry" : darin.r the flve~w-tc- erJtlcal period the eoU moJatare wae low enou.rb to eaWie leaves 
to roll for one week or more. 

"Good" : the rainfall distribution wu about normal. and loll mollture eondltlona were not 
low enoueb to cauae the leaves to roll durins this period. 



c ... 
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0 40 80 
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Figure 3 : Dry weather cut down the response to high nitrogen, but the yield was 
still double that of the 11no nitrogen11 plots. The upper curve represents on over­
age of 39 experiments; the lower, on overage of ten, all conducted between 
1944 and 1 948. 

cations there was an excellent response from all rates of nitro­
gen application. Yields were increased on the average from 29 
bushels per acre with no nitrogen to 88 bushels with 120 pounds 
of nitrogen, or an increase of 59 bushels. This means about one 
bushel of corn for each two pounds of nitrogen applied. 

Even under dry conditions nitrogen application led to profit­
able responses, although a lack of soil moisture cut down the 
amount of response. 

Plants Show Deficiency Symptoms 
A typical symptom of nitrogen deficiency is shown on the left­

hand side of the cover picture. Nitrogen was omitted in this 
plot, while abundant nitrogen was used in the plot on the right. 
The yield was increased 96.7 bushels per acre. A close-up of a 
nitrogen-deficient plant is $hown in Figure 4, 
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If soil moisture is low corn leaves will wilt and roll as shown 
in Figure 5. In this manner the plant slows down its rate of 
water loss to conserve moisture. The plants in Figure 5 were 
adequately fertilized, and although the leaves roled for several 
weeks, the lower leaves did not fire. Plant growth was stunted, 
however, and yields were limited by a lack of soil moisture. 

In other plots where the nitrogen supply was low, nitrogen 
deficiency or firing apparently was accentuated by droughty 
conditions. Some of the reasons for this are: first, during dry 
spells, when soil moisture moves upward, nitrates also move 
upward (12) ; second, as the topsoil dries out, it restricts the zone 
of major nutrient absorption, because plant roots cannot func­
tion in dry soil. 

In cases of extreme or prolonged drought, leaves may die par­
tially or completely all over the plant. Upper as well as lower 
leaves may fire and die even under adequate fertilization. The 
effect of an extreme, prolonged drought is shown in Figure 6. 
Although this condition was not general during any of the last 
five years, it did occur in isolated areas where rainfall was ex­
ceptionally low. According to weather records (Table 2), severe 
droughts should not be expected to occur as often as in the 
Middle West. 

Compare Methods of Placement 

Workers (18, 20) in the Middle West and Northeast have ob­
tained good results by placing nitrogen at the bottom of the 
plow furrow. Scarseth and co-workers (20) reported inconsistent 
results when nitrogen side-dressing was applied just before tas­
seling. They demonstratM that plow-sole methods were superior 
for applying ammoniacal forms of nitrogen. A series of experi­
ments was conducted in North Carolina during 1944, 1945 and 
1946 in which these different methods of nitrogen application 
were used. 

Comparisons of side-dressing and plow-sole placement of nitro­
gen at both 60- and 100-pound rates of application were made on 
Norfolk fine sandy loam in 1944 (Table 3). The side-dressing 
method gave higher yields than the plow-sole method at both 





rates. The monthly rainfall was 
about normal, and its distribution 
was fairly uniform throughout the 
gt·owing season. Other environ­
mental factors were also favorable 
for rapid growth. 

Under these conditions, the 
plants given plow-sole treatments 
made more vigorous early growth 
and were slightly more advanced 
at tasseling, but the nitrogen sup­
ply became exhausted earlier than 
in the side-dressing treatments. 
This indicates that there may have 
been a greater leaching loss when 
the nitrogen was placed at the 
plow-sole. 

There was no significant yield 
difference between nitrogen place- r 
ments at the othet· five locations. 
Two of these five, both on heavy 
Piedmont soils (Lloyd and Cecil 
clay loams), encountered dry con­
ditions which should have favored 
deep application. The other three 
were on m edium-textured, Lower 
Coas tal Plain soils with fairly high 
organic matter content under 
above-normal rainfall. 

An average of the yields from 
the six locations showed no differ­
ence behveen the two methods of 
placement. Since North Carolina 
farmers are equipped for and 
accustomed to the s ide-dressing 
m ethod there i~ no apparent rea­
son for r ecommending a change. 

<- Figure 4 : The yellowing along the mid­
rib of the fourth and fifth leaves while the 
leaf margins remain green is the telltale 
sign of nitrogen deficiency. At this advanced 
stage of nitrogen starvation, the bottom 
three leaves have already yellowed and died. 

Figures 5 (above) ond 6 (below): Mois· 
ture deficiency, shown in these two pic­
tures, is sometimes confused with nitrogen 
deficiency. The usual sign of moisture 
deficiency is a rolling of the leaves (be­
low) but no firing of lower leaves. Under 
extremely dry and hot weather conditions 
(above), the tip half of the upper as well 
as the lower leaves wilt and die. 
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Time of Application Important 

Experiments where an 80-pound rate of nitrogen was used 
(Table 4) showed the consistent advantage of applying part of 
the nitrogen in a complete fertilizer at planting time and the 
rest as a side-dressing, as compared with applying all of it as 
a side-dressing. The plants in early growth were noticeably 
stunted in plots where all the nitrogen was applied late. Tas­
seling was delayed about 10 days. This slow early growth also 
made cultivation difficult. Since the 80-pound rate is intermedi­
ate greater differences might be expected from higher and more 
adequate rates of application. 

Four experiments conducted during 1945 and 1946 compared 
two other treatments: (1) all the side-dressing was applied when 
the corn was two feet high; and (2) half the nitrogen was ap­
plied when the corn was two feet high and the rest of the pre­
tasseling stage (Table 5). An average of the four experiments 
showed no difference. Records indicated that during both years 
the rainfall was 25 to 35 per cent above normal during June 
and July. The greatest hazard of leaching would be expected 
during these two months. 

In another 1946 experiment all side-dressing plots received 
500 pounds of 4-10-10 in the row at planting. There was an 
excellent response (Figure 7) to nitrogen application. Yields 
were increased 83 bushels per acre. At low rate of application 
there was no yield difference between side-dressings made at 
the knee-high stage and those at the pre-tassel stage. At all the 
higher rates, the pre-tassel treatments gave lower yields than 
knee-high treatments. When 20 pounds of side-dressing was 
applied early and the rest late, the yields were better than when 
all was applied late. 

Plants that received all the side-dressing late had three or four 
nitrogen-deficient leaves by the time the application was made. 
Where only 20 pounds of nitrogen was applied at the two-foot 
high stage, there were also some visual nitrogen-deficiency symp­
toms. In the plots where 60 pounds of nitrogen was applied early 
and the rest at pre-tassel, the plants had an adequate supply, and 
the yield was equal to that of the single early application. 

These data indicate no advantage for splitting the side-dressing 
over that of making a single application at the two-foot, or knee­
high stage. They also show that substantial yield increases 
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Fig ure 7 : The time of nitrogen application con be almost as important as rote. 
Yie lds were highest when all or most of t he nitrogen wa s applied at the two foot 
stage. Wh!!n mos t of the nitrogen w:~s applied a t pre-tasseling yie lds were consid· 
e robly lower. Twe nty pounds of the nitroge n was applied in the mixed fe rtilizer 
a t planting and the rest as a side-dressing. 

resulted when nitrogen was applied to a plant showing nitrogen 
deficiency symptoms. As much as a 44-bushel increase was ob­
tained by applying 120 pounds of nitrogen to plants that had 
received 20 pounds at planting time and 20 pounds at the knee­
high s tage, but still showed visual deficiency symptoms. The 
efficiency, however, was considerably lc: 3 than that of the early 
single application. 

Legumes in Rotation Furnish Nitrogen 

A good growth of winter legumes can furnish much o{ the 
nitrogen needed for a corn crop. In practice winter legumes 
are not used as widely as would be desired. Research has still 
to solve the problem of securing effective nodulation on winter 
legumes and their proper management. · 
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Excellent corn yield response can be obtained (Table 6) when 
winter legumes are planted for several years and good manage­
ment practices are followed. These soils had never grown winter 
legumes before, and the growth the first season was limited, 
owing to poor nodulation. During the next two seasons, how­
ever, the legume growth and the corn yield response became 
progressively better at all locations. 

Figure 8 shows the effect of an excellent growth of winter 
legumes on corn yields with and without additional nitrogen. 
Corn yields were increased 71 bushels per acre by turning under 
about two tons of Austrian winter peas, containing approximate­
ly 160 pounds of nitrogen. This was a slightly greater increase 
than that produced by a 90-pound nitrogen application alone. 
The 90-pound application in addition to the legume produced a 
further increase of 20 bushels per acre. 

Alfalfa grown in rotation with corn is especially promising. 
A yield of 127.2 bushels per acre was produced in 1947, following 
a four-year stand of alfalfa on a Cecil loam. A 500-pound-per­
acre application of 4-10-10 was used in this plot. Additional nitro­
gen side-dressings gave no further yield response. Mulch in 
addition to side-dressing increased the yield to 139.2 bushels. 

Nitrogen Increases Grain More Than Stover 
Nitrogen application increased grain yields three to four times 

as much as stover weight (stalks and leaves) at two locations 
(Table 7). In both experiments the stover-grain ratio was nar­
rowest at the highest nitrogen rate. In the "no nitrogen" 
plots about three pounds of stover was produced for each 
pound of grain. At the highest nitrogen rate only about 0.8 
to 0.9 pound of stover was produced per pound of grain. 

Boosts Protein Content of Grain 
Nitrogen application increased the protein content of the corn 

grain in practically all experiments. The increase was as much 
as 4.7* per cent for a 180-pound nitrogen application on Norfolk 
sandy loam (CHP)** in 1947. The protein content was 5.7 and 

• Protein percentage = 6.25 X per cent nitrogen. ('t is recognized that corn protein fB 
not a well·balaneed protein and should not be used as the only source of protein in feedlna 
livestoek.) 

•• Letters in panntheses are the initials of the farmer c:ooperator (Table 1). 
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figure l: Winter legumes, turned under before corn, con furnish most of the 
needed nitrogen. The yields shown above are an average of two experiments 
(CHP and DFP) conducted in 1946. 

10.4 per cent, respectively, for the "no nitrogen" and the 180-
pound nitrogen plots. 

The next largest increase due to nitrogen-4.5 per cent--was 
obtained under droughty conditions where the yields were about 
50 bushels per acre. There was an increase of more than three 
per cent protein due to nitrogen fertilization in a large number 
of the experiments. 

Nitrogen application which greatly increased grain yields did 
not increase the protein content very much. In other words, as 
the yield response to nitrogen decreased, the protein content 
of the grain generally increased. This relationship is shown in 
Figure 9. 

Weather conditions and other environmental factors also in­
fluenced protein content. Where weather limited the yield re­
sponse to nitrogen, the protein content appeared to increase to 
its apparent genetic maximum. Thus, soll}e of the high nitrogen 
application will be reflected in increased protein content of the 
grain and stover in case of dry weather. The extremes in pro­
tein content for all experiments during the four years were 
5. 7 to 12.5 per cent. 

Although corn is sold primarily for its carbohydrate content, 
farmers would need smaller quantities of high-priced protein 
concentrates if they fed corn containing 11 to 12 per cent 
protein instead of corn with 6 to 7 per cent protein. 
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Recover Much Nitrogen in Corn Grain 
The relation between nitrogen application and nitrogen re­

covery in corn grain is shown in Figures 9 and 10. It is im­
portant to note that the nitrogen recovery curve usually con­
tinued to rise after the yield response curve leveled off. For 
instance, in Figure· 9 the total nitrogen content was increased 
8.3 per cent, while yields were increased only 1.5 per cent by 
the last 40-pound increment of nitrogen. 

With excellent growing conditions as much as 54, 58 and 65 
per cent of a 120-pound nitrogen application was recovered in 
the grain at HCS and JPM, in Figure 10, and DHY in Figure 9. 
Even with the 160-pound application shown in Figure 9, 54 
per cent of the nitrogen was recovered. These nitrogen-recovery 
figures are higher than those usually reported. Ohlrogge (15), 
however, did obtain as much as 60 per cent recovery of nitrogen 
in corn grain when the side-dressing method of application was 
used under "ideal conditions." In most of the North Caro­
lina experiments 40 to 50 per cent of applied nitrogen was 
recovered in fields that had responded to nitrogen. 

Adequate Stands Necessary For High Yields 
Stands of 3,000 to 4,000 plants per acre cannot produce high 

yields even if all other conditions are favorable. Attempts to 
increase yields by thicker planting, however, have often failed 
because fertilization was not increased at the same time. 

Results of numerous experiments under widely varying condi­
tions have demonstrated the interdependence of spacing and fer­
tilization (Table 8). 

At the adequate nitrogen rate the yield was increased by 29 
bushels, or 47 per cent, in going from 4,000 to either 10,000 
or 13,000 plants per acre. The total weight of ears per plant 
decreased considerably, but was still 0.63 pound at the 10,000 
plant stand. 

At the medium (70-pound) nitrogen rate, yields" increased 
as the plant population was increased up to 7,000 plants per 
acre. Since there was no yield increase at the thicker stands and 
the total ear weight dropped to 0.48 and 0.39 pound per plant, 
the optimum stand at this fertilization was 7,000 plants per acre. 

At the low (20-pound) nitrogen level the yield remained about 
constant. However, the total weight of ears per plant decreased 
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progressively from 0.67 pound down to only 0.19 in going from 
the wide to the close spacing. At this low level of fertilization, 
4,000 plants per acre was the best spacing. The rather general 
use of wide spacings by farmers using relatively little fertiliza­
tion appears logical on the basis of these data. 

With prolific hybrids these results show that best yields are 
obtained when the stand is adjusted so that weight of ears per 
plant is about 0.6 to 0.7 pound. With single-eared hybrids 
Huber (4) found the ear weight to be about 0.5 pound per plant 
at optimum stands. 

What about dry weather? Since droughty conditions cannot be 
foreseen at planting time, the ideal stand would be one low 
enough to avoid yield reduction in dry years and still high 
enough to capitalize on good moisture conditions and high fer­
tilization. In prolific corn hybrids where both ear size and 
number vary with environmental conditions, a small change in 
each will markedly change the yield. Thus within limits, pro­
lific corn hybrids can adjust to fit the weather. 

The adjustment of ear number per plant to weather conditions 
is illustrated by the following example. With plant stands of 
4,000, 10,000 and 13,000 plants per acre the respective ear 
number per plant was 2.37, 1.90 and 1.74 under moist conditions 
and 2.08, 1.30 and 1.09 under droughty conditions. These data 
each represent an average of two experiments where adequate 
fertilization was used. 

Even under extremely dry conditions, plots with 10,000 plants 
per acre yielded as high or higher than plots with a 4,000 or 
7,000 plant stand where there was adequate fertilization. In one 
experiment under very droughty conditions stands of 4,000, 
7,000 and 10,000 plants per acre yielded 37.8, 47.5 and 49.9 
bushels per acre, respectively. 

Data in Figure 19 indicate that there was very little difference 
in soil moisture between the plots with 4,000 and 10,000 plant 
seeds, especially at the 6- and 12-inch depths. Although wilting 
did not start as early in the widely spaced corn, there was 
severe wilting and rolling in both plots. 

The results given in Figure 11 show that a stand of 10,000 
plants per acre yielded slightly better than the wide spacings 
under droughty conditions and was thick enough to capitalize on 
good moisture and fertility conditions. In other fertilization 
experiments, yields of as much as 120 bushels per acre were 
found frequently with 10,000 plant-per-acre stands of prolific 
hybrids. 
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Figure 9 : Ample nitrogen boosts the protein p ercentage and nitroge n content 
of the grain. These data (DHY, good e nvironme ntal conditions, 1946) show that 
nitrogen uptake and protein content continue to increase above the 120-paund 
nitrogen rate. Each basket equals 10 bushels. 

In these experiments it was interesting to note the differences 
in weed growth in plots with 4,000 plants per acre as compared 
with thicker plantings, particularly during wet seasons. The 
corn in all plots was practically free of weeds at " laying-by" 
time (about 2112 feet high). By roasting-ear time, however, the 
plots with 4,000 plants per acre had a solid cover of weeds 
(mainly cockleburs) about hip high, while the thickly planted 
plots had only a few small weeds. In the latter case the corn 
was able to compete favorably with the weeds until it was 
"made." 

With a relatively non-prolific hybrid, U. S. 282, in 1948, corn 
yields from plots with stands of 7,000, 10,500, 14,000, and 17,500 
plants per acre were 85.2, 107.0, 124.1, and 125.8 bushels per 
acre, respectively. The respective weights of ear corn per plant 
were 0.84, 0.70, 0.61, and .49 pounds. These data indicate that 
14,000 plants per acre is the best stand with relatively non-prolific 
hybrids. 
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Ear Size, Number Altered by Nitrogen, Spacing 

Nitrogen application increased both ear size and ear number 
per plant. With prolific hybrids or with wide spacings the 
number of ears was increased more than ear size.* 

At low nitrogen levels all, or practically all, of the plants were 
found to be single-eared with some barren plants. As the nitro­
gen level was increased, the ear size increased. However, the 

• The w ay In which these Increases oecur ean be ehown by the ratio of the lnereaN fn 
a verage ear weight in pounds to the lnere .. e in ear number per pla nt. For e xample, In t he 
case of the prolific h yb r id, N. C. 28, thil ratio Wall 

lncrea11e in averaee ear weieht.--0.1 
or 1 to 6 

Increase in number of ears p er plant.--0.6 
This means tha t w ith applieatione of nitrogen the lner~e In ear number p er plant was 

aix times aa great 811 the increaae in ear weight In pounds. However , the ratio Wall in­
flue nced greatly by the prolific tendency of t he corn. A non-prolific open-pollinated corn, 
grown in the aame e xp er iment had a ratio of only 1 to 1.3. 

All the plant population wa11 decreased ear number increased more than ear weight. This 
r elation Ia illust rated by the da ta from a apacfne -f e rtHization experiment (JSJ) In 1946. 
H ere, ratloe of average ear weig ht to ear number w e re 1 to 13.4 : 1 to 12.0 : 1 to 4. and 
1 to 1.4 with plant populationa of 4,000, '7,000, 10,000 and 18,000 p lants p er a cre, rspectlvely. 
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Figure 11: The ideal plant population is one that adjusts to moisture conditions­
takes full advantage of moist seasons yet is not too thick under dry conditions. 
Ten thousand plants per acre come close to the ideal in these tests. The upper 
curve represents on overage of six experiments, the lower curve, two. 

second ear developed on some plants long before the average ear 
size of first ears had reached its maximum (Figure 12). 

It is also interesting to note that the weight in each of the 
ear groups increased considerably, while the average ear weight 
increased much less. This, of course, is due to the increase in 
the proportion of second ears which are relatively smaller than 
the single ears or the top ear of the doubles (Figures 12 and 13). 
When all ears are included, the average ear wieght of prolific 
hybrids usually does not exceed 0.5 pounds, even when wide spac­
ings are used (Table 9, Figure 12). 

Plants with three ears have been found only under the very 
best conditions. On a Cecil loam in 1947, as high as 44 per cent 
of the yield was produced on three-eared plants where only 

Figures 12 and 13: These charts tell the story of why prolific hybrids yield better 
than single-eared varieties under a wide range of conditions. With added nitrogen 
(top), the bottom ear of N . C. 1032 continued to increase in size after the others 
hod leveled off. Double-eared plants (bottom) accounted for o much larger pro­
portion of the total yield at high nitrogen levels. Hence, prolific varieties increase 
in both ear number and ear size as nitrogen is added. The experiments were 
conducted in 1946 on Norfolk sandy loom. > 
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4,500 plants per acre were grown. With 11,500 plants per acre 
about 5 per cent of the yield was on three-eared plants (Table 9). 
These results indicate that the average ear size of ears from 
one-eared plants and of top ears of two- and three-eared plants 
was about the same. As the relative proportion of two- or 
three-eared plants was increased, the size of the lower ears 
increased to a greater degree than that of the top ears. 

At any given nitrogen level, average ear weight and number 
were both decreased by increased stands, even though the total 
yield per acre was substantially increased (Tables 8 and 9) .' 

· Response on Low Phosphorus Soils 
Yield responses to phosphoric acid application have been 

obtained on soils low in pho~phorus (Table 10). Most of these 
cases were found in the Piedmont region. The amount of this 
increase, however, is much less than that usually obtained from 
nitrogen application. 

A 23.4 bushel-per-acre increase resulted from phosphoric acid 
application on Alamance silt loam in 1946 under good moisture 
conditions (Figure 15). Although this was the biggest response 
to phosphoric acid found in any experiment, it was still only 
about one-third as great as that obtained from nitrogen in this 
case. 

The yield response to phosphate application correlated very 
well with previous fertilization history. Corn yields responded 
significantly where only lightly fertilized crops had been grown 
except for one experiment in 1946 on an Alamance silt loam, 
HCS (N). No response was noted in corn following heavily 
fertilized crops (Table 10). There was also a fair correlation 
between soil analysis and yield response. 

Plants Respond Early to Phosphorus 
Early vegetative response to phosphoric acid application is 

common, even on soils high in native phosphorus. A lack of 
phosphorus stunts growth and can often be recognized in young 
plants by a purpling or bronzing of the leaves as shown in 
Figure 14. Unphosphated plants were found to be slightly de­
layed in maturity at tasseling and silking time, but in most cases 
there was little or no yield response. 



FERTILIZE CORN FOR HIGHER YIELDS 

Figure 14: The purling of the leaves and general stunting of growth 
shown on this plant indicates a severe phosphorus deficiency. 

27 

A striking example was found in 1945 on a Norfolk fine sandy 
loam (HCS). Five weeks after planting, the corn in the unphos­
phated plots was only about seven inches high, while the phos­
phated corn was about knee high. There was a maturity 
difference at tasseling and silking time, but the growth differ­
ence had diminished by the roasting-ear stage and there was no 
yield difference (Table 10). The delay in maturity is not 
generally critical, because of the long warm growing season. 

One possible reason for this behavior is that unphosphated 
plants may be stunted only in the early stages while the root 
system is small. As the extensive fibrous root system de­
velops, the plant may utilize the native soil phosphorus more 
effectively. Supporting evidence for this is found in the 1947 
results where radioactive-phosphoric acid was used on com. 
These data (14) indicate that in the early stages of growth a 
high proportion of the phosphorus in the plant has come from 
the fertilizer. In the later stages most of it comes from the 
soil. 

It must be pointed out that all these results are from experi­
ments of only one year's duration. The frequency and magni­
tude of responses to phosphorus application undoubtedly would 
be greater in long-time experiments. 
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Figure 15: Though nitrogen is 
the most limiting factor in corn 
yields, the lack of phosphate 
may also cut yields severely-
23 bushels per acre in this case. 
This test was made on an Ala­
mance silt loam (HCS) in 1946. 

Environment Affects Phosphorus Content of Grain 
In experiments where corn yields responded to phosphoric 

acid application the average phosphorus content of the corn 
grain was increased from 0.51 to 0.57 per cent P20a by the 
fertilizer. However, where there was no yield response, the 
P 20 a content was increased an average of only .02 per cent 
by phosphate application. The phosphorus content of grain 
in all experiments during the four-year period ranged from 
0.42 to 0.81 per cent P205 • 

Although the phosphorus content of the corn grain was rela­
tively constant at a single location, there was considerable varia­
tion between locations, seasons and levels of soil phosphorus. 
In a cover-crop-rotation experiment where corn had been grown 
continuously for four years, there was 25 to 35 per cent differ­
ence in phosphorus content of the grain on the same soil and 
under the same treatment but in different seasons. 

Two Bladen loam soils containing 150 and 65 pounds per acre 
of available P:!05 , respectively, wert: compared in another test for 
phosphorus content of the grain. Corn grain from the high-
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phosphorus soil had 35 to 40 per cent more phosphorus in it than 
corn from the low-t'est soil. The phosphorus content of the 
growing plant has also been found to be markedly influenced by 
the .phosphorus level of the soil. 

Experiments Show Potash Need 
There are many dark-colored soils in the Coastal Plain on 

which corn and soybeans have been grown for many years with 
little or no fertilization. As a result, the available potash supply 
has been depleted. Several experiments conducted on such soils 
showed that additional potash was needed. 

One of these was a Coxville fine sandy loam which, under local 
practices, produced about four bushels of soybeans and 10 to 20 
bushels of corn per acre. Where a sufficient stand of an adapted 
hybrid was adequately fertilized the corn yield was 93.4 bushels 
per acre. When potash was omitted the corn leaves showed 
marginal burning (Figure 17), the plants lodged badly, and the 
yield was only 62 bushels. The need for a nitrogen and potash 
balance is clearly illustrated in Figure 18. 

The magnitude of yield response to potash was generally 
higher than that from phosphate. There was a fairly good 
correlation between yield response and soil analyses (Table 11). 
Corn responded to potash in four of the six experiments on 
soils that contained less than 100 pounds per acre of exchange­
able potash. With one exception, there was no response on 
soils that contained more than 103 pounds of potash per acre. 

The greatest yield increase from potash came in 1945 on a 
Dunbar sandy loam that had been cropped to soybean hay for 
four years without fertilization. The potash plot yielded 41.5 
bushels more than the "no potash" plot. This experiment 
(Table 11) also tells a striking story of nitrogen-potash balance. 
In contrast to the marked increase due to potash at the high 
nitrogen level, there was no response to potash at the low nitro­
gen rate. Likewise, there was a 48.9-bushel increase due to 
nitrogen at the high potash level, but no response to nitrogen at 
the low potash rate. 

When the soil potash supply did not become depleted until late 
in the growing season, translucent spots appeared in the leaves 
over the whole plant instead of the usual marginal burning 
shown in Figure 17. In these cases no other visual symptom 
appeared before the translucent spots developed at the late 



Figures 16 and 17 : Leaf spot diseases Cleft), are sometimes confused with visual 
p ota s h d eficiency symptoms (right) . M arg inal burning of lower leaves and short­
e ne d stalks a re th e d isti nguish ing marks of potash de ficie ncy. With the leaf spot 
d isea ses (in t h is case He lm inthosporium maydis) yellow margins or " halos" around 
each of the spots in the le a f are the t h ings to look fo r . 

roast ing-ear stage. In the most severe cases marginal burning 
appeared late but predominantly on the upper leaves. The 
t1·anslucent spots offer another visual means of detecting potash 
deficiency developing late in the growing season. 

The advanced stages of some corn leaf spot diseases r esemble 
the visual symptoms of potash deficiency. An example of one 
of t hese leaf spot diseases appears in Figure 16. This one, 
caused by Helminthosporium maydis, is characterized by the 
yellow margin or "halo" around each of the spots. Visual dis­
ease symptoms usually can be diagnosed best in their early 
stages of development. In later stages the leaf tissue around 
and between the spots dies. When t his t akes place along the 
edges of the leaf , it is somet imes mistaken for potash deficiency. 

In the potash experiments (Table 11) the average potash 
content of the corn grain was about 0.34 per cent in both the 
potash treated and untreated plants. As in the case of phos­
phorus, however , the potash content of the grain was influenced 
considerably by seasonal conditions. 
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--The--potash -content of corn grain is low when compared with 
that of the other parts of the plant. Only about a fourth of 
the potash of the plant is contained in the grain. Thus, potash 
removal by the corn grain is relatively unimportant. With 
nitrogen and phosphorus about two-thirds of the total plant con­
tent is in the grain. 

Minor Element Experiments on Corn 
In 1947, 33 small minor-element experiments were conducted 

on corn or corn and soybeans in seven lower Coastal Plain coun­
ties. The treatments included varying amounts of manganese, 
magnesium, zinc, boron, copper, and iron. 

No significant yield response followed minor-element applica­
tion on corn or soybeans, even where untreated plots showed 
slight visual minor-element deficiency symptoms. 

Visual manganese deficiency symptoms were observed on soy­
beans and occasionally on corn. Usually this was in sma ll spots 
where oyster-shell piles had been burned or lime h a d been 
piled or in fields that were heavily limed (usually with a rela­
tively soluble calcitic lime, such as burned shell lime). 

Where corn and soybeans both appeared in a manganese-de­
ficient area, soybeans showed more severe symptoms and ap­
peared to be more sensitive than corn as an indicator plant. 
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Mulch Conserves Moisture, Increases Yields 
Under droughty conditions, corn yields were markedly in­

creased by the use of a surface mulch. In eight experiments 
under droughty conditions (Table 12) the average increase due 
to mulch was 21 bushels per acre. The greatest increase from 
mulch application as shown in Figure 19 was 45.0 bushels. 
Under good moisture conditions, however, yields were not signifi­
cantly influenced by mulch application in most cases. 

Since adequate fertilization was supplied in all comparisons, 
the increases were due to the effect of the mulch upon the soil 
moisture supply and soil temperature. The moisture content of 
the surface two inches of soil under the mulched area was 
higher (Table 13) and the temperature lower than that of the 
unmulched plot during the dry periods. 

The soil moisture* content at 6-, 12-, and 24-inch depths from 
July 18 to September 26 in comparable bare and mulched plots is 
shown in Figure 19. The soil in the mulc2ed plot dried out more 
slowly than that of the unmulched plot due to reduced evapora­
tion. Also the soil in the mulched plot appeared to be wetted 
more by a moderate rain than was the unmulched soil. The 
data in Figure 19 show a close correlation between corn yields 
and the moisture content of the soil. 

In these experiments the plants and leaves in the unmulched 
plots rolled and wilted more severely than those of the mulched 
plots during the droughty periods. During the late August and 
early September drought, the leaves of plants in the unmulched 
plot dried up prematurely, while those in the mulched plots re­
mained green and matured normally. 

• Acknowledgment is due to G. S. Taylor. graduate o88istant. !or taking the moisture 
readings shown in Figure 19. 

<- Figure 19: As shown by thesa soil moisture readings, the mulched plots 
absorbed and held moisture better at all three depths than did either of the bare 
plots. As the solid lines indicate, plant population has liHie effect on the mois­
ture level in bare plots. The yields were 37.8 bushels for the bare plot with 4,000 
plants per acre; 49.9 bushels for the bare plot with 10,000 plants; and 94.9 
bushels for the mulched plot. The soil moisture readings were mode by the 
Bouyoucos plaster block method (1) with duplicate blocks at the 6 inch depth 
and single blocks at the lower depths in each of four replicates. Rainfall during 
the period of soil moisture measurement is given at the top. The rainfall prior 
to that time was May, 2.63 inches; June, 4.66 inches; July 1 to 17, 4.39 inches. 
The corn was planted May 26 and started tasseling August 2. Notice that as 
the per cent water decreases the force (tension) with which it is held in· 
creases. It is the force rather than the percentage that determines the avail· 
ability of the soil moisture. When the force reaches about 15 atmospheres 
tension (shown by the dotted line) the plants wilt. If it goes much above 15 
atmospheres for any considerable time, the plants may die. 
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Figure 20: With fixed and power costs remaining constant, a slight increase in 
fertilixer cost can mean a tremendous increase in yields and profits. These yields 
and returns are average from 49 corn experiments conducted during 1944 to 1948. 
Values are figured at 1944 to 1948 prices (corn, $1.50 per bushel; labor, 30 cents; 
mule power, 22 cents per hour). 

Nitrogen applied per acre-pounds 
Average yield of 49 experiments 

1944-48-bu per acre 
Value of corn at $1.50 
Fixed and mule power costs per acre• 
Cost of phosphoric acid and potash' 
Cost of nitrogen side-dressing 
RETURNS FOR LABOR 
Cost of man labor" 
NET PROFIT PER ACRE 
Cost of fertilizer per bushel 
Cost of production per bushel 
Returns per hour spent on corn 

0 

28 
$42.00 

19.60 
2.60 

0 
19.80 
12.50 

7.30 

1.24 
0.48 

40 80 120 

53 71 81 
$79.50 $106.50 $121.50 

19.90 20.15 20.30 
4.50 6.20 7.10 
5.00 10.00 15.00 

50.19 70.15 79.10 
13.70 14.60 15.20 
36.40 55.55 63.90 
0.18 0.23 0.27 
0.81 0.72 0.71 
1.09 1.44 1.56 

tAll cost figures and price of corn was figured on 1944 and 1946 baaia by the N. C. 
Agricultural Economieil Department. 

1 Fixed cost which include!! use of land, equipmont, buildings and cost of hybrid seed equalll 
$10.00. Mule power cOBts were figured at 25 cents an hour and man labor at 30 cents an hour. 
(Power, labor, and equipment costs were all based on mule operation and hand harvesting. 
The~~e coets have been found to be considerably less on mechanized farms.) 

• Thia represents about twice the amount of phosphoric acid and potash actually removed 
in the grain by the yielda shown. (In the experiments 60 or 80 pounda per acre of both 
P 10 0 and X..O were used at a constant rate for all nitrogen rates.) 



FERTILIZE CORN FOR HIGHER YIELDS 35 

High Yields Bring Greatest Profit 

In corn production, like most undertakings, there are certain 
fixed or overhead costs that remain constant regardless of pro­
duction efficiency. With high yields the fixed cost per bushel 
will be relatively low, and opportunities for profit will be greatest. 

The average corn yields, fixed costs, fertilizer costs, and re­
turns for labor or profit obtained in 49 corn experiments con­
ducted during 1944-48 are shown in Figure 20. (The average 
yields shown in Figure 20 are given in detail in Table 1.) 
These data indicate that the most profitable corn production 
results from ample fertilization and high yields. 

SUMMARY AND CONCLUSIONS 

Field experiments were conducted over a wide range of soil 
and climatic conditions from 1944 through 1948. The aim was 
to find out how to fertilize corn effectively when good hybrids 
were used along with good cultural practices. The results of 
these studies are summarized as follows: 

1. Nitrogen was found to be the most limiting factor for pro­
ducing corn in North Carolina. Corn yields increased about 
one bushel for each two pounds of nitrogen applied within 
the rarige of response to nitrogen. 

2. Climatic conditions greatly influenced the amount of re­
sponse to nitrogen, although substantial responses were 
obtained under drougnty conditions when good management 
practices were followed. Under droughty conditions in 
heavy Piedmont soils, soil moisture was conserved and yields 
increased by mulching after the last cultivation. 

3. The conventional side-dressing method of nitrogen applica­
tion was as good or better than the plow-sole method. 
Withholding all nitrogen until side-dressing time led to 
stunted early growth, delayed maturity, and a significantly 
lower yield than on plots where one-fourth of the nitrogen 
was applied at planting and the rest as a side-dressing. 
Single side-dressings applied when the corn was two to three 
feet high were better than pre-tasseling applications and 
as good as any of the split applications. 

4. Winter legumes turned under for corn furnished consider­
able nitrogen, although supplemental nitrogen applications 
were generally necessary for maximum yields. 
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5. Nitrogen application markedly increased the protein con­
tent of corn grain in most experiments. Three to four 
times as much grain was produced per pound of stover at 
high nitrogen application as in the "zero nitrogen" plots. 

6. The plant population needed was greatly influenced by fer­
tilization practices or the fertility level of the soil. Con­
sidering ear size as well as yield, the optimum stands for 
prolific hybrids appeared to be 4,000, 7,000 and 10,000 to 
13,000 plants per acre at low, medium and adequate nitrogen 
levels, respectively. Under good fertilization practices, pro­
lific corn hybrids proved to be remarkably capable of adjust­
ing both ear number and ear size to fit weather conditions. 

7. The average ear size and number both were increased by 
nitrogen application at any given stand. Ear number ap­
peared to be more flexible and was increased to a greater 
degree than ear size, especially at wide spacings. The 
average size of ears from single-eared plants and the top 
ear of double and triple-eared plants was about the same. 
The second ear of doubles usually averaged about half to 
two-thirds that of the top ear. 

8. Where corn followed lightly fertilized crops (mostly on 
Piedmont soils) it usually responded to applied phosphorus, 
but where heavily fertilized crops had been grown in the 
rotation there was no yield response. Early vegetative re­
sponse to phosphate applications was found in most cases, 
even where the soil phosphorus level was high. 

9. Response to potash depended largely on the potash level 
of the soil. Corn responded on soils that contained less 
than 100 pounds per acre of exchangeable potash. With 
one exception, there was no response on soils containing 
more than 103 pounds of potash per acre. 

10. Nitrogen gave the highest yield response, with increases up 
to fivefold or even sevenfold; potash response was next, 
with about 20 to 60 per cent increase; phosphoric acid re­
sponse was least--about 15 to 25 per cent increase. 

11. In a preliminary survey study of minor-elements no signif­
icant yield responses were obtained even where slight vis­
ual deficiency symptoms were found. 

12. The lowest cost of production per bushel and the greatest 
profit per acre was obtained where nitrogen was applied 
at the rate of 120 pounds per acre with adequate phosphorus 
and potash. 
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Table 1.-The Ell'ect of Nitrogen Application Upon Corn Yields in 49 Fertilizer Experiments.-1944·48. 
(The data from these experiments are grouped by weather conditions in each of the five years. Averages were calculated 
0, 40, 80, and 120 pound rates of nitrogen only.) 

for th& 

Nitrogen applied per acre1 pounds - I o I 20 I 40 60 I 80 I I I I 1
180or 

100 120 140 160 above 

Initials of cooperator' and 
Degree of 

Weather infestation 
soil type' and location conditions4 with leaf Yield per acre' 

disease 
1944 Bu. Bu. J Bu. Bu. Bu. Bu. Bu. I Bu Bu. 

I 
Bu. 

MGB, Lloyd c.I., Mocksville' Dry None 18.0 29.9 44.5 50.4 52.1 
FAA, Alamance si.~ Marshville' Dry None 33.3 41.1 51.1 62.3 60.2 
RMcB, Norfolk san , Red Springs Dry None 21.3 (43)' 52.6 (57) 61.31 I GDK, Norfolk s.I., Four Oaks Dry None 9.4 (30) 37.8 (41) 43.9 
DAA, Norfolk s.l., Willow Springs Dry None (11) 21.0 (37) 50.6 (52) 53.4 (53) 52.5 I 
Average of 5 expenrnents Dry None 19 I 41 53 I 54 
DFP, Norfolk f.s.I., Princeton Fair None 9.9 (38) 52.2 (59) I 72.0 I I 
CHP, Norfolk f.s.I., Princeton Fair None 31.3 (55) 66.0 (70) 

I 
74.1 

CHP, Norfolk f.s.I., Princeton Fair None (32) 43.4 (59) 74.0 (78) 81.0 (83) 83.6 
JP, Norfolk s.l., Raeford' Fair None 24.2 (52) 64.3 (70) 78.8 
JMM, Norfolk f.s.l., Lumber Bridge' Good None 18.8 27.3 44.9 79.0 I 107.0 

(90N)' I 
JMM, Norfolk f.s.l., Lumber Bridge Good None (25) 49.1 (58) 77.3 (87) 102.5 
Average of 6 expenments I Fa1r-Good I None 24 51 74 86 
1945 

51.1 I WBA, Lloyd c.I., Mocksville Very dry None 35.6 37.0 37.7 39.2 
BTB, Davidson c.I., Advance Very dry None (40) 48.5 (50) 50.4 (51) 51.0 (51) 
JSB, Alamance si.l., Monroe Dry None 31.7 54.9 54.5 57.8 I 
Average of 3 experiments I Dry-V Dry I None 36 47 I 48 I 49 
DFP, Norfolk f.s.I., Princeton Good None 2.81 (24) 34.0 (47) I 68.71 
·cHP, Norfolk f.s.I., Princeton Good None 17.4 (46) 58.5 (68) 78.1 
RMcB, Norfolk sand, Red Springs Good Slight 14.6 (39) 49.5 (56) 62.4 1 
REF, Dunbar s.I., Smithfield Good Slight 25.8 35.3 (49) 62.2 (69) (74) 74.7 
JP, Norfolk s.l., Raeford Good Moderate 13.3 (39) 5Q.1 (60) 69.8 
WAD, Norfolk s.l., Clayton Good Moderate (33) 42.2 (51) 68.6 (85) 86.9 
HGS, Norfolk v.f.s.I., Speed Good Moderate 19.8 40.2 (70N) 59.8 80.8 81.5 
CFT, Norfolk s.l., Raeford Good Slight (25) I 35.7 (46) 59.0 (64) 73.0 72.9 
Average of 8 expenments Good I 19 42 I 62 74 



Table 1 (Continued). 

N't 1 rogen app lied per acre d poun s 

Initials of cooperator' and 
soil type' and location 

1945 
JV'Ij; Bladen v .f.s.I., Bethel 
HT , CoxviUe f.s.I., Ayden 
DHY, CoxviUe v.f.s.I., Raeford 
A verage o f 3 t expenmen s 
1946 
JEK, Lynchburg s.I., FarmviUe 
JPM, Norfolk s.I., Tarboro 
CHP, Norfolk f.s.I., Princeton 
DHY, Norfolk s.I., Raeford 
JPM, Norfolk s.I., Tarboro' 
DFP, Norfolk f.s.I., Princeton 
RMcB, Norfolk sand, Red Springs 
JP, Norfolk s.I., Raeford 
HCS(S), Alamance si.l., Monroe 
HCSW), Alamance si.l., Monroe 
JSJ, orfolk s.I., Raeford 
CPK, Norfolk f.s.I., Selma 
Average of 12 expenments 
GWM, Lloyd c.I., Advance 
1947 
CHP, Norfolk f.s.I., Princeton 
DFP, Norfolk f.s.I., Princeton 
Average of 2 experiments 

Degree of· 
Weather infestation 

conditions' with leaf 
disease 

Very wet Severe 
Very wet Severe 
Very wet Severe 

IV erywe t I s evere 

Wet Moderate 
Good None 
Good None 
Good None 
Good None 
Good None 
Fair None 
Good None 
Wet None 
Wet None 
Good None 
Good None 

Fa1r-Good None 
Dry None 

Good None 
Good None 
Good None 

0 I 20 I 40 

Bu. 
. 52.3 

57.9 
24.5 
45 

18.6 
63.9 
24.4 
22.8 
51.7 
11.6 
14.4 
20.8 
43.9 
39.2 

(38) 
(46) 

33 I 
52.0 I 

19.1 1 
7.2 

13 I 

Bu. 

50.1 
56.0 

Bu. 
f37.9 
63.4 
35.2 

56 I 

46.3 
96.9 

(59) 
52.1 
85.1 

(47) 
(34) 
(43) 
71.4 
65.1 

(63) 
(62) 

so I 
63.8 I 

(57) 1 
(45) 

52 

60 

Bu. 

80.0 
69.0 

80 I 100 120 

Yield per acre' 

Bu. I Bu. Bu. 
79.21 76.0 
86.4 84.5 
53.6 65.0 

I 73 75 

53.7 76.5 
102.0 90N 117.0 
(82) 88.1 (100) 
81.7 100.5 

107.1 115.5 
(72) 77.2 (90) 
48.5 (56) 
59.0 (67) 
97.5 109.4 
90.5 104.0 

(84) 92.1 
(73) 83.9 
79 I 93 I 
67.1 I 74.5 I 

(88) 94.4 I (108) I 
(78) 86.7 I (97) 
83 I 103 

140 

Bu. 

I 
I 

1
180 or 

160 above 

Bu. I 
80.0 I 79.6 
62.0 

88.5 
117.1 

102.3 
114.3 

59.0 
70.2 

101.0 
83.9 

Bu. 

110.3 

102.7 

120.9 
103.9 
112 



Table 1 (Continued) . 
Nitrogen applied per acre'-pounds I 0 I 20 I 40 60 I 80 I 100 I 120 I 140 

Initials of cooperator' and Weather 
Degree of 
infestation 

soil type' and location conditions' with leaf Yield per acrea 
disease 

1~48 Bu. Bu. Bu. Bu. Bu. Bu. Bu. Bu. 
eoN 

JP, Norfolk s.l., Raeford Dry None 20.4 (48) (59) 60.8 (67l 
RMcB, Norfolk sand, Red Springs Good None 16.6 (56) (79) 83.6 (93 
JHD, Norfolk f.s.l., Columbia Good None (24) 42.1 63.6 94.6 96.3 
RVM, Barclay v.f.s.l., Columbia Good None 65.2 77.3 101.8 112.0 
TES, Bladen si.l., Plymouth Fair None 39.8 63.5 '78.1 liON 89.0 
DFP, Norfolk f.s.l., Princeton Fair None 3.7 (32) (51) 60.5 (62l 
CHP, Norfolk f.s.l., Princeton Fair None 15.2 (48) (69) 80.9 (81 
EM, Balfour c.l., Brevard Good None 81.'7 112.0 120,6 120.9 
A W, Congaree si.l., Brevard Good None 32.3 67.9 95.6 113.1 
Average of 8 experiments Fair-Good I None I 34 I I 65 I 86 I I 96 I 
Average of 49 experiments-1944-48 I I I 28 I I 53 I 71 I I 81 I 

1 Twenty pounda of the nftroaen wu applied with adequate phosphate ani potuh in bands at planting time and the balance of the nitroaen was 
applted u a aidMreuing. · 

1 Inltiall of farmer cooperaton are aiven in capital )etten; for example, M.GB refers to :M. G. Boger. 
a SoU Qpe n&mel are abbreviated u foUowa: e, clay: ai., ailt: v, very: l, fine: s, Iandy: 1, loam. ~ 
' The eorn plant hna ita sreatett need for fertiliter and moieture durinK' the 6·week period of most rapfd &TOwth, starting jUJt before tu~~elbt8'. 

The tei'IDIJ ued to deteribe the weather eonditiona during tbil period are defined aa follows: 
.. Dey''-Durfnl' this Important period the soil moia'ture wu low enousrh to caU8e the leaves to roll for cme or more weeks. 
"Good''-The rainfall distribution was about normal and soil moisture was not low enough to cause the leaves to roll during this period. 
"'Very wet .. -Refen to a condition in 1946 where rainfall wu about 40 to 6~ above nonnal durina July and Aueust. There waa a severe Jnfesta­

t!on of leaf bll.abt diaeue (caused by Helminthoaporium maydb). Normal rainfall (average 1887 to 1947) in North Carolina tor June, July, and 
Aui'QSt fa 4.64. 6.00, and 6.62 inehel. reepectlvel)r. 

1 Avera1e yields were caleulated for the 0, 40, 80, and 120 pound per acre ratao of nitroa'eD only ainee theae weu the most frequently uaed rate&. 
Nitroaen rates of 120 pounds or more per aere were used in all experiments. , 

Intermediate nftrowen ratet are indicated in italics for example (SON) meana 30 pound& of nitrotren for the particular experiment. 
I Yields at 80 and 120 pounds of nltroKen are an averap of two methods of application at theee three locations. 
1' All )'ielda a1ven In Pftntbeset are intel'polated from ,yield retpoMe curves. This was done in tbe caaea where any four rates (0, 40, 80. or 120) had 

been omitted from the tteatmenta in any given experiment. Aetual yields are .riven in. tenths of a bushel and interpolated vaJoee are given in whole 
nu111'be1'8. Averaa-e values are alto rounded off to the nearest bushel. 

•Yield• at 80, 120. anc1160 uounds of nitroa'en are an averaae of aevetal methods of application of nitrotren u a aide-dreaainl'. 

180or 
160 above 

Bu. Bu. 

68.6 
98.2 

104.9 
113.9 
90.0 

'70.7 
70.7 

130.5 81.2 
11'7.6 

I I 
I I 
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Table 2.-Frequency of Drought Periods of Specified Lengths During 
Critical Periods for Use of Fertilizer Nitrogen by the Corn Crop' . 

Years from 1898 to 1942 with 

Place and period of observation 
droughts during specified pe-

riods longer than 
14 I 21 I 28 I 35 I 42 

days days days days days 
No. I No. ,No. No. No. 

Raleigh, N. C. (June 1-July 15) 17 3 2 0 0 

Montgomery, Ala. (June 1-July 15) 21 6 4 3 2 

Indianapolis~ Ind. (July 1-Aug. 15) 40 21 9 6 1 

1 J. A. R1gney, head, Department of Statistics, assisted in the tabulation and summary of 
the weather data on which this table is based. Rainfall data were obtained from Climatolocienl 
Data of Weather Bureau, U. S. Department of Commerce. 

Table 3.-Comparisons of Side-dressing and Plow-sole Placement of Nitrogen 
for Corn at Two Rates and Six Locations During 1944, 1945, and 
1946 

Yield per acre wlthl 

Initials of cooperator, aoll Weather conditions 60 lb. N ratel fl 100 lb. N ratel 
Side- I Plow- Side- j Plow-type and year 

dressed .. ,. dreued sole 

I Bu. Bu. Bu. Bu. 
1944 

JMM, Norfolk fine sandy loam Normal 82.1*• 71.4 106.9** 94.3 
MGB, Lloyd clay loam Normal for July; 48.0 46.6 50.7 52.2 

dry June & Aug. 
1945 

WBA, Cecil clay loam Very dry 37.7 38.8 39.2 41.6 
JVT, Bladen very fine Very wet 79.2 77.9 76.0 82.3 sandy 

loam 
HTS, Coxville fine sandy loam Very wet 86.4 77.8 84.5 87.6 

1946 
JEK, Lynchburg sandy loam. Wet 53.7 64.2 76.5 81.5 
Mean, 6 locations 64.6 62.7 72.3 73.3 

1 Uniform row application of 20-80-80 was used tn 1944 and 1946 and 20-60-50 (equivalent 
to 600 pound& per aere or 4·10·10) in 1946. The na.nitroeen treatment. at the 6 locations 
yielded 18.8, 18.0, 35.6, 52.8, 67.9, and 18.6 bushelll per acre, re~~peetively. 

s All yielda reported in thfa paper are adjuated to 15.5% moillture in the kernel. 
"Side-dre~~aed"-A nitrate or an ammonium and nitrate form of nltroeen waa applied when 

corn was 2 feet hleh. 
"Piow-eole"-An ammoniacal form of nitrogen Willi applied in banda on bottom of plow· 

furrow at turning time (1 to (. week& before plantine). 
•• Hiehly ahrniticant. 

Lout 
81 ... 
Dlf. 
(.05) 

7.5 
6.8 

5.9 
6.7 

14.1 

16.0 
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Table 4.--Comparisons of Standard and Delayed Nitrogen Applications at 
Three Locations in 1944. 

Yield per acre1 
Standard Delayed Least 

Soil type, lnitlah of cooperator, method method alpUleant 
and location 20..SO.SO tn row 0·80-80 in row difference 

pltu 60-0-0 plu so-o-o 
aide-dreued aide.-dreued 

Bushels Bushels Bushels 
Norfolk s.I., JMM, Lumber Bridge 82.1 76.2 7.5 
Alamance s.I., FAA, Monroe 65.6* 58.0 7.5 
Lloyd c.I., MGB, Mocksville 48.0** 38.0 6.8 
Means of three locations 65.2* 57.2 .. 

1 The no-nitrogen treatments at these 3 locations y1elded 18.8, 33.8 and 18.0 bushels per 
acre, respectively. 

• Shrnificant; •• Highly aisnificant. 

Table 5.-Etrect of Single Vs. Split Applications of Nitrogen Side-dressing 
at Four Locations in 1945 and 1946 where 25 to 35 Per Cent 
Above Normal Rainfall Occurred During June and July_ 

Yield per acrell 

Amount of Time of aide-dresain&' Least 
Soli type, lnltiala of nitrocen 

I 
'hat knee ahmiftcant 

cooperator and location aideedreuln8' htch ataee difference 
appliedl All at lmee 'hat (.05) 

hieh atace pre-tuaelin~r 

Pounds Bushels Bushels Bushels 
Norfolk f.s.I., HGS, 

Speed 140 81.5 82.4 8.9 
Coxville v.f.s.I., DHY, 
• Raeford 60 53.6 47.0 13.4 
Lynchburg s.I., JEK, 

Farmville 100 76.5 66.8 16.0 
Norfolk s.I., JPM, 

Tarboro 100 117.1 101.1* 15.2 
Means of 4 locations . . . 82.2 74.4 N.S • 

1 20-60-60 waa apphed at plantinc 1n addition to the amount of n1trocen aide-dreuinc 
indleated at eaeh location. 

I The yield from the no-nitrogen treatment. in the .( experiment. were 19.8, 24.6, 18.6 and 
63.9 buahela per aere. reapeetively. 

• Significant. ' 
N.S. Non..Sicnifieant. 



Table 6.-The Relationship Between the Weight of Winter Legumes Turned Under and the Corn Yield ~esponse at 
Varying Levels of Nitrogen at Four Loeations (Average of Two Experiments). The Same Wmter Cover 
Treatments Have Been Continued for Four Years on Each Respective Plot and Com Has Been Grown Each 
Summer. 

Yield per acre (15.5% moiature) 
Norfolk fine aand:r loam Norfolk aandy loam (JP) and 

Treatmentl (CHP and DFP), Norfolk loamY aand (RMeB), 
Johnston County Hoke County 

1944 1946 I l9C6 19C7 1944 I 1945 
I 1946 
RMeBonb' 

Bu. Bu. 

I 
Bu. Bu. Bu. 

I 
Bu. 

I 
Bu. 

No nitrogen and no cover crop 20.1 10.1 18.0 13.2 22.8 14.0 14.4 
No nitrogen and a winter legume 39.7 50.1 88.6 95.8 25.1 53.0 
Increase for legume 19.6 40.0 70.6 82.6 11.1 38.6 
60-90 pounds• of nitrogen and no cover crop 59.1 46.3 82.7 90.6 58.8 49.8 48.5 
60-90 pounds' of nitrogen and a winter legume' 64.8 71.6 109.1 117.1 56.9 51.3 65.8 
Increase for legume 5.7 25.3 26.4 26.5 1.6 1.5 17.3 
120-180 pounds4 of nitrogen and no cover crop 73.1 73.4 106.5 112.4 70.1 66.1 65.2 

I 
i 
~ 
E!;l 

·" = !3 
1 One ton of lime wu applied at initiation of experiment and 80 pounds per acre of P 10 1 and 80 pounds of K•O were applied annually. to<: 
160 pounds of nltroaen wu used in 1944 and 1946. In 1948 and 1947 the nitro&'en rate wu inereaaed to 90 pounds in Jobnaton County and to ~ 

80 pounds in Hoke County. 
1 The yields ai.ven are an average of two wtnter leeume eover erop plota; in one 20 pounds of the nitrogen wu applied to the eover erop and the ., 

balanee to the eorn, and in the other all of the nitroll'en wu applied to the eorn. The winter leaume yielda (total top growth j1111t before turning 
under) were 1,286, 1,809, 8,768, and 8,781 'POunds 'Per aere for 1944, 1945, 1946 and 1947, reapeetfvely, in Johnaton County. In Hoke County 1944 through 
1946 the rields were 229, 904, and 2412, respectively. The nitro&'en eontent of tope wu 8 to 4 percent. The roota contained about 1/6 to 1/10 u mueb 
total nitroPD u the tope. 

• 120 pounds of nitro~ren was uaed in 1944 and 1946. In 1946 and 1947 the nitrol'en rate waa lnereaaed to 180 pounds In .Johnston County and 160 
pounda in Hoke CoWlt;,. 
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Table 7.-Eifeet of Nitrogen Applica~ion on the Stove~ to. Grain Ratio 
Under Good Moisture Conditions at Two Locations 1n 1946. 

Pounds of nltrol'en 
applied per aen 

0 
40 
80 
90 

120 
160 
180 

Norfolk aandy 
Raeford 
<DHY) 
-2.83 
1.16 
1.11 

.97 

.93 

Stover to •rain ratlo1 

loam I Norfolk fine sandy 
Princeton 

(DFP) 

3.30 

.94 

.78 

loam 

1 Weight of atover produced divided by the weight of corn grain produced. The grain yiel~a 
at DHY were 22.8, 62.1, 81.7, 100.6, and 102.3 buabela per acre, respectively. The gram 
yields at DFP were 11.6, 77.2, and 102.7 buahela per acre, reapeetively. 

Table 8.-Eifect of Varying Plant Stands on the Yield and Total Weight of 
All Ears on the Plant at Low, Medium, and Adequate Nitrogen 
Applications Under Fair to Good Soil Moisture Conditions. 

Eqa(y, Low nltrocen Medium nltrol'en Adequate nltrocen 
(ZO lb. N/A) (70 lb. N/A) (120·170 lb. N/A) Planta plant 

peraere apadnc I Total ear I Total ear I Total ear (number) in a 3.5 Yield weieht Yield wei~rht Yield welcht foot row per acre1 per plant:r per acre3 per plant:r per acr~ per plant5 

Inches Bushels Pounds Bushels Pounds Bushels Pounds 4,000 37.4 39 .67 58 1.00 63 1.07 7,000 21.4 39 .38 73 .71 84 .82 10,000 16.0 41 .28 71 .49 92 .63 13,000 11.6 36 .19 73 .39 92 .48 
1 Avera~te of S hybrids from an experiment (CFT) on a Norfolk aandy loam sod, Raeford. 

Fertilization-600 lb. per aere of 4•10·10 with no nitrogen aide.dreuin~r. 
1 Total ear wei~tht per Plant refen to the avera~te ear weight multiplied by the average 

number of ean per plant. 
1 Averace of 3 loeatio1111 (CFT, JSJ, and CPK) where 70 pounds of nitrogen waa applied. 
• Averace of 6 experlmenta where adequate nitrocen was Wled, The rate applied varied from 

120 to 170 pounds per acre. 



Table 9.-EO'ect of Plant Population and Straw Mulch on the Percentage of the Yield on One-Eared, Two-Eared, and 
Three-Eared Plants and the Average Ear Size of Each, Under a High Fertility Level and Good Moisture Con­
ditions on a Cecil Loam at Wake Forest in 1947. 

Yield produced on- Weiaht per ear on-
Av. 

Plant. per acre Yield One-

I 
Two-

I 
Three- One-

I 
Two..eared plants I Three--eared plant. 

I 
ears per 

(namber) per acre eared eared eared eared I Top ear / 2nd ear I 3rd ear 
Av.of plant 

planta plants plants planta Top ear 2nd ear all ears 
Bu. I o/o '7o % Lb. Lb. Lb. Lb. Lb. Lb. Lb. No. 

4,600 80.0 2.4 52.0 44.6 0.47 0.62 0.54 0.57 0.51 0.26 0.48 2.48 
7,800 111.6 3.2 75.1 21.6 0.55 0.56 0.46 0.57 0.51 0.21 0.47 2.05 

11,600 
11,500 + 2.5 tons 

126.3 11.3 83.8 4.9 0.61 0.49 0.36 0.62 0.41 0.18 0.42 1.78 

straw mulch 139.1 12.3 83.2 4.5 0.52 0.51 0.39 0.50 0.47 0.24 0.46 1.80 

... 
"' 



46 N. C. AGRICULTURAL EXPERIMENT STATION 

Table 10.-Eifect of Phosphoric Acid Application on Corn Yields in Ex­
periments Conducted During 1944-46 . 

Yield per acre 
Soluble Increase 

Soil type, inltia .. of eoopen.tor phosphorus due to 
Year and location (per aere)t phos-

I phorie Leut 
Top Sub- N-P-K2 N-O-K2 acid Siarnl. 
soil soli plots plots applica. Dif. 

Lb. Lb. Bu. Bu. Bu. Bu. 
Piedmont 

1944 Lloyd c.J., 
MGB, Mocksville' Trace 50.7 43.1 7.6 6.8 

1944 Alamance s.l., 
FAA, Monroes Trace 65.6 55.1 10.5 7.5 

1945 Alamance s.l., 
JSB, Monroe• 14 57.8 42.1 15.7 8.3 

1945 Lloyd c.J., 
WBA, Mocksville' 28 39.2 32.9 6.3 5.9 

1946 Lloyd c.J., 
GWM, Advance' 41 74.5 62.8 11.7 6.0 

1946 Alamance s.l., 
HCS(S), Monroe' 82 28 109.4 86.0 23.4 12.6 

1946 Alamance s.l., 
HCS(N), Monroe• 78 9 104.0 97.7 6.3 N.S. 

Coastal Plain 
1945 Coxville s.J., 

HTS, Ayden• 169 93.4 78.9 14.5 14.1 
1945 Dunbar s.l., 

REF, Smithfield' 110 74.7 53.8 20.9 17.6 
1944 Norfolk s.J., 

JMMC, Lumber 
Bridge' 366 106.9 102.0 4.9 

1945 Norfolk s.J., 
HCS, Speed' 266 81.5 81.2 .3 

1945 Bladen v .f.s.J., 
JVT, Bethel' 248 81.4 84.5 -3.1 

1945 Coxville v .f.s.J., 
DHY, Raeford' 101 64.8 57.2 7.6 

1946 Norfolk s.J., 
JPMc, Tarboro' 202 41 117.1 111.5 5.6 

1 Soluble pboepborus m loU determined by the Truea method (0,002 normal B:zSO,) 
• Plota deallrnated '"N..O-K'" rer:eived fertilizers euntaining adequate nitrogen and potash 

but no phosphoric acid. Plots deaignated "N-P-K" received fertilizer containing adequate 
amounts of nitrogen, phoepborie acid, and potuh. The fertllb.ation included 500 pounds per 
acre of 4-16-16 in 1944 and 1946 and 4-10-10 in 194.6 applied in banda at planting and 100 
to 180 pounda per acre of nitrogen 11ide-drening. 

~ Previous crope included corn, 1mall grain, aoybeanl, lespedeza and other lightly fertilized 
eropa. 

• Prevloue cropa included cotton, tobacco, or potatoes which are ueually heavily fertilized. 
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Table 11.-The Effect of Potash Application on Corn Yields in Experimenta 
Conducted During 1944 46 . . 

K,O 
per acre Yield per acre 

Year Soil type, Jnitlala of cooperator 

I 1 r·····1 and location potuh Lea.t 
Top Sub- N-P-Kl N-P-01 (K,O) Sl~11i. 
a oil •oil plot. plota appllca. Dif. 

Lb. Lb. Bu. Bu. Bu. Bu. 
Coastal Plain 

1945 Coxville f.s.l., 
HTS, Ayden' 103 93.4 62.0 31.4 14.1 

1945 Coxville v.f.s.l., 
DHY, Raeford' 38 64.8 48.8 16.0 13.4 

1945 Dunbar s.l., 
REF, Smithfield' 82 47 74.7 33.2 41.5 17.6 

1946 Lynchburg s.l., 
JEK, Farmville' 54 47 88.5 66.7 21.8 16.0 

1944 Norfolk f.s.l., 
JMMc, Lumber 

: 

Bridge' 273 106.9 100.5 6.4 N.S. 
1945 Norfolk f.s.l., 

Speed' 102 81.5 76.7 4.8 N.S. 
1945 Bladen v.f.s.l., 

·JVT, Bethel' 235 81.4 77.1 4.3 N.S. 
1946 Norfolk s.l., 

JPMc, Tarboro' 85 94 117.1 107.5 9.6 N.S. 

Piedmont 
1946 Alamance s.I., 

HCS(S), Monroe' 53 24 109.4 94.0 15.4 12.6 
1946 Lloyd c.l., 

GWM, Advance' 158 74.5 62.2 12.3 6.0 
1944 Lloyd c.l., 

MGB, Mocksville' 198 50.7 49.4 1.3 N.S. 
1944 Alamance s.J., 

FAA, Monroe2 169 65.6 61.6 4.0 · N.S. 
1945 Alamance s.I., 

JSB, Monroe' 310 57.8 55.6 2.2 N.S. 
1945 Lloyd c.l., 

WBA, Mocksville' 207 39.2 39.0 0.2 N.S. 
1946 Alamance s.l., 

HCS(N), Monroe' 54 46 104.0 96.9 7.1 N.S. 
I I 

" .. lPJota deeJgnated N-P-0 received fertilizer eontamins adequate mtrozen and pb08phoric 
acid, but no potash. 

Plots designated "N-P-K" received feriillzen eontainfnll' amounts of nltro&'en, ph08phorie 
acid and potash. The fertilization included 600 pounde per acre of -4-ttJ..16 in 1944 and 1945 
and 4-10-10 in 1946 applied in banda at plantin&' and 100 to 180 pountW of nitroa"en per acre 
ae a side-dresainlf. 

• PrevioWI eropa included corn, small &Tain, aoybean, Iespedeza and other JlabUT fertilized 
eropa. 

• Previoua crops included cotton, tobacco, or potatoes which are 01uall:r heavily fertfllzed. 
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Table 12.-The EIJect of Mulch Upon Yields of ~~equately Fertilized Corn 
Under Droughty Conditions and Conditions of Normal to Above 
Normal Rainfall During 1944 to 1947. 

Year Initials of cooperator and 
soil type and loc:ation 

Dry conditions 

1944 MGB, Lloyd clay loam, Mocksville 

FAA, Alamance silt loam, Marshville 

1945 WBA, Lloyd clay loam, Mocksville 

JSB, Alamance silt loam, Monroe 

BTB, Davidson clay loam, Advance 

19461 OWM, Lloyd clay loam, Advance 

19471 CES(A), Cecil clay loam, Raleigh 

CES(L), Cecil clay loam, Raleigh 
I Average of 8 experiments 

Good moisture conditions 
1944 JMMc, Norfolk fine sandy loam, 

Lumber Bridge 

1945 JVT, Bladen very fine sandy loam, 
Bethel 

HGS, Norfolk very fine sandy loam, 
Speed 

1946 JPMc, Norfolk sandy loam, Tarboro 
HCS(N), Alamance silt loam, Monroe 
HCS(S), Alamance silt loam, Monroe 
JSJ, Norfolk sandy loam, Raeford 
CPK, Norfolk fine sandy loam, Selma 

1947 WWH(A), Cecil loam, Wake Forest 
WWH(L), Cecil loam, Wake Forest 

I Average of 10 expenments 

Yield per acre 

No mulch1 I Mulch1 I 
Bu. 

57.3 

70.8 

39.2 

57.8 

53.0 

74.5 

49.9 

75.5 
598 

100.0 

81.4 

81.5 

117.1 
104.0 
109.4 

83.6 
80.8 

126.3 
118.9 

100.3 

Bu. 

85.3 

88.5 

52.2 

75.3 

65.3 

92.0 

94.9 

92.5 
80 8 

100.9 

91.0 

88.3 

116.5 
110.0 
108.3 

91.7 
85.8 

139.2 
125.2 

105.7 

Increase 
due to 
mulch 

Bu. 

28.0** 

17.7** 

13.0** 

17.5** 

12.3** 

17.5** 

45.0** 

17.0** 
210 

0.9 

9.6** 

6.8 

-0.6 
6.0 

-1.1 
8.1 
5.0 

12.9* 
6.3 

5.4 
1 The "mulch" and "no mulch" plot. received the aame fertilization in any ~riven comparison. 

Different ratea were used at various locationa, but the amount wu never leu than 120-60-60, 
which waa considered to be adequate at the eiven locationa. The mulch wu applied just after 
the last cultivation when the eorn waa knee hi~rh. The wheat atraw wU the moat common 
material Wiled althou~rh pine needles and muleh paper wu uaed in a few eaaea. 
• ,.. ai~rnifieant: •• • hi~rbly ai~rnific:.ant. 
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Table 13.-The Elfec:t of Straw Mulch upon Soil Temperature and Moisture 
Readings on a Lloyd Clay Loam on July 5, July 17, and 
August 25, 1944. 

Fertilizer and atraw 
treatmentl 

120-80-80 

120-80-80 + 3 tons 
straw mulch per acre 

I 

Depth 
of 

meas. 

In. 
'h 

0-2 
2-4 
'h 

0-2 
2-4 

Soli Soli 
te IL 

July 5' I 
mp. moo 

"F % 
122 

3.9 
9.0 

I 
84 

7.3 
9.8 

July 172 

Soil 
I L moo 

o/o 

6.8 
14.4 

18.4 
. 22.4 

I AuouotZll' 
Soil Soli 

te I L mp. moo 

"F % 
115 

7.1 
10.5 

79 
18.9 
18.6 

1 120-80-80 refers to pounds per acre of nitrogen-phosphoric aeid-potaah. The applleationll 
were split with 100-60-60 on the plow.o&ole and 20-20-20 in the row at plantin8'. The atraw 
mulch was applied just after the corn was "laid by'' at knee high atage on June 16. 

2 Soil moisture and temperature readings are an average of two replicates where the two 
treatments occurred adjacent to each other. Temperature readings were taken in mid-afternoon 
during bright sunshine, when air temperature was about 96° F. 
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