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RESPONSE OF CORN TO NITROGEN FERTILIZATION AND 

PLANT POPULATION IN MISSOURI, 1964 

Earl M. Kroth and Dale Colyer 

Experiments were conducted for the fourth year in Missouri to determine corn yield 

response from nitrogen applications at different planting rates. Seven nitrogen treatment 

rate~ and four plant population rates were used to test yield response on different soil types 

at four widely separated locations in the state. The nitrogen applications were at levels 

between 0 and 200 pounds per acre while the plant population rates were 9 ,000 to 24,000 

plants per acre with different population rates used for different soil types. 

The 1964 growing season was relatively unfavorable because precipitation was meager 

during the latter part of the growing season in most areas of Missouri. Thus lack of moisture 

limited yield response except in southeastern Missouri where the plots were irrigated. The 

highest single plot yield was at the Delta Research Center near Portageville and was 159 

bushels per acre from a plot with 150 pounds of nitrogen and 24, 000 plants per acre. The 

highest treatment average yield (3 replications) was also at Portageville and was 144 bushels 

per acre from plots with 200 pounds of nitrogen and 19, 000 plants per acre. Despite the 

lack of moisture, yields of more than 100 bushels per acre were also obtained at the Spickard, 

Marshal I, and Columbia experimenta I sites. 

Yield variations were statistically significant for nitrogen treatments at all four loca

tions, but response varied widely from site to site. Plant population variances were not 

statistically significant except at the Marshall site where total variation was relatively 

small. The data from the four years this experiment has been conducted indicate that 

response to nitrogen fertilization and plant population rates varies considerably with mois

ture, soil type, and other factors. Thus care should be used in interpreting results from 

one year's data a lone. 

PROCEDURES 

The experiment was conducted for the fourth year on the same plots at the North Mis

souri Agricultural Research Center, Spickard, the A.H. Orr Farm, Marshall, the Bradford 

Farm, Columbia, and for the second year at the Delta Research Center, Portageville. 

Experiments were conducted at other sites in southeast Missouri during the first two years of 

the project. Four levels of plant population were the whole plot treatments while seven 

nitrogen treatment rates were applied to the subplots within each plant population plot.* 

Applications of potassium and phosphorus were made to the plots originally on the 

basis of soil tests. Annual applications also have been made to maintain the levels of those 

nutrients so that they do not become limiting. Starter fertilizer is used to provide 25 pounds 

of nitrogen and the maintenance requirements of the other nutrients. The remainder of the 

nitrogen is plowed down in the spring except at Portageville. Because of the sandy nature 

of the soil and the use of irrigation, 50 pounds of the 150 pound treatment ond 100 pounds 

of the 200 pound treatment are applied by side-dressing at the time of cultivation. All 

plots are planted at high plant population rates and thinned after emergence to obtain the 

desired stands. The plots ot Spickard, Marshall, and Columbia are harvested by hand while 

*The experiment was designed as a complete factorial imposed on a randomized block split-

plot design. 
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those at Portageville are machine harvested. Dropped ears are included in the yield cal
culations which are given in shelled corn equivalents on the basis of a 15.5 percent mois
ture level. 

EXPLANATION OF STATISTICAL METHODS 

Statistical measures are presented in this report to aid the reader in interpreting results 
of the experiments. Experiments such as these are subject to error because of uncontrollable 
factors in the soil, seed, fertilizer, etc., and because of measurement problems. The ex
periment was designed so the uncontrollable or "chance" errors in yield variance could be 
measured. When yield variations among the test plots exceed the variations that could be 
due to "chance," the rates of planting and fertilizer application ore said to produce sign
ificant variances. One statistical measure, the LSD (least significant difference), is listed 
under the yield tables. Analysis of variance tables also are given in the Appendix for those 
who are interested. 

The LSD gives the minimum difference which must exist between two treatment plot 
yields for the yields to be considered significantly different--or, in other words, for the 
difference to be attributed to the treatment rather than to chance or error. The probability 
levels given with the LSD measures indicate the percentage of the time a variation as large 
as the one indicated would occur by chance alone. 

As an example, the footnote of Table 2 lists an LSD for nitrogen treatments of 6.2 
bushels per acre at the 0.05 (or-5 percent) probability level. This means that in two plots 
where different nitrogen treatments are being tested, if the yields differ more than 6.2 
bushels, there is only a 5 percent probability that this difference is due to the uncontrollable 
errors or chance and a 95 percent probability that it is due to the difference in nitrogen 
treatment. 

RESULTS 

A table of yield means (averages) per treatment, a chart showing the yield trends as 
the nitrogen applications were increased at the four plant population levels, and a brief 
description of the results at each experimental site are given in the following pages. Table 
l gives the weather conditions at the stations closest to the experimental sites. 
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TABLE l - CLIMATOLOGICAL DATA FROM WEATHER RECORDING STATIONS NEAREST THE EXPERIMENTAL SITES, 1964 

No. of Days No. Days 
Days With Rain Dry Avg. 90° or More 100° or 

Station Rainfalla Departure May June July Aug . Sept. Periodsb Temp. Departure 1964 Avg. More 

Spickard 19.89 0.57 11 13 9 9 5 7/12-8/16 72.40 -0.9° 31 44 3 

Marshallc 15.30 -4.00 8 8 4 6 2 8/5-8/19 75 .3° J.60 62 39 2 
8/22-9/10 

I 
Columbia 14.31 -3.86 10 14 4 2 6/15-7/7 74.6° 2.3° 45 01 3 39 I 

7/12-7/27 
7/29-8/19 

Portageville 18.71 3.01 12 7 9 10 0 5/13-5/27 76.4° -0.2° 64 2 
8/27-9/15 

aMay l to September 15. 

bDry Period: At least 15 consecutive days with less than 0.25 inches of precipitation. 

cRainfall data is for the experimental site eight miles west of the weather station. 



NORTH MISSOURI RESEARCH CENTER 

The experimental plots at the North Missouri Research Center near Spickard in Grundy 
County are located on Seymour silt loam. Precipitation was below normal during the latter 
part of the growing season and therefore moisture tended to limit yields. MFA-K6 variety 
was planted May 21, 1964, thinned to the desired stands June 24, and harvested October 6, 
1964. The intended populations were 9 ,000; 13, 000; 17 ,000; and 21 ,000 plants per acre. 
The nitrogen was plowed down on May 20, 1964, except for 25 pounds which were supplied 
with 25-25-25 starter ferti I izer when the corn was planted. On the no nitrogen plots 0-25-
25 starter fertilizer was used. 

The nitrogen treatments produced statistically significant yield responses at the 1 per
cent probability level but the plant population yield responses were not statistically signifi
cant. Response to nitrogen treatments was greatest at low rates of application although the 
highest yields generally were obtained at the 150 pound treatment. The highest average 
treatment yield was 128 bushels per acre at the 150 pound treatment and with a plant pop
ulation of about 13, 000 per acre. The two lower planting rates resulted in higher yields 
than the higher plant populations. The average treatment yields are summarized in Table 
2 and Figure 1 . 

TABLE 2 - AVERAGE CORN YIELDS FOR NITROGEN TREATMENTS AT FOUR 
PLANTING RATES, NORTH MISSOURI AGRICULTURAL 

RESEARCH CENTER, SPICKARD, 1964. BUSHELS 
PER ACRE. 

No. of Plants Pounds of Nitrogen Per Acre 
Per Acre 0 25 50 75 100 150 200 

ll ,278 77.2 78.3 110.2 112.7 109.9 120.4 115.3 

13,713 64.0 84.9 111 .2 118.8 116.9 128.3 122.3 

18, 154 47.5 68. l 85.9 98.8 94.6 98.9 99.5 

20,986 37.9 62.3 81.9 94.5 85.2 101.7 104.8 

LSD for plant population (0.05 probability level): 27 .6 bushels per acre. 

LSD for nitrogen treatments (0.05 probability level): 6.2 bushels per acre. 
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Figure 1. Response of Corn Yields to Nitrogen Applications at Four Planting Rates, North Missouri Agricultural 
Research Center, Spickard, 1964 . 



A. H . ORR FARM 

The experimental plots on the A . H. Orr fo rm near Marsha 11 in Sol ine County ore on 
Marshall silt loom. Moisture was limited in the lotter port of the growing season and 
restricted the corn yields, especially at the higher nitrogen application rotes. MFA-K6 
hybrid seed corn was planted Moy 8, thinned June 4, and harvested October 10. The in
tended populations were 9,000; 13,000; 17 ,000; and 21,000 plants per acre. The nitrogen 
was plowed down on Moy 5 except for 25 pounds which was supplied with 25-25-25 starter 
ferti I izer. The no-nitrogen plots received 0-25-25 starter ferti I izer at planting time. 

Yield responses were statistically significant at the l percent probability level for 
both plant population and nitrogen treatments although total yield variation was relatively 
small . Yields were relatively high on the no-nitrogen plots; they showed a large response 
to the 25 pound application, but did not respond proportionately at higher rotes. The 
highest treatment overage yield was 123 bushels per acre and was from plots treated with 
l 00 pounds of nitrogen at the intended 13, 000 planting rote. The lowest overage treatment 
yield was 90 bushels from the no-nitrogen plots planted at the intended rote of 21,000 plants 
per acre. Highest yields were obtained from the intermediate planting rotes. The intended 
high plant populations were not attained, but this experiment was the only one for which 
significant yield responses for plant populations were obtained this year . The overage 
treatment yields for the A. H. Orr form plots ore shown in Tobie 3 and Figure 2. 

TABLE 3 - AVERAGE CORN YIELDS FOR NITROGEN TREATMENTS AT FOUR 
PLANTING RATES, A.H. ORR FARM, MARSHALL, 

1964. BUSHELS PER ACRE. 

No. of Plants Pounds of Nitro9en Per Acre 
Per Acre 0 25 50 75 100 150 

9,343 103.4 106. l 109.7 110.3 107.3 110.4 

12,984 110.6 119.0 120.6 122.1 123.2 122.5 

14,365 101 .2 117.9 121 .7 120.9 116.1 117.5 

17,833 90.4 111 .4 114.2 115.9 116.8 120.0 

LSD for plant population (0.05 probability level): 5.4 bushels per acre. 

LSD for nitrogen treatment (0.05 probability level): 2.6 bushels per acre. 
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Figure 2. Response of Corn Yields to Nitrogen Applications at Four Planting Rates, A. H. Orr Farm, Marshall, 1964. 



BRADFORD EXPERIMENTAL FARM 

The plots on the Brodford Experimental Form, near Columbia in Boone County, ore 
located on Mexico silt loom. Although moisture was restrictive in the lotter port of the 
growing season some relatively high yields were obtained . The plots were planted Moy 9, 
thinned June 9, and harvested September 28 to October 3 . MFA-K6 hybrid seed corn was 
used. The intended populations were 9,000; 13,000; 17, 000; and 21,000 plants per acre. 
The nitrogen was plowed down on Moy 8 except for 25 pounds which were supplied with 
25-25-25 starter fertilizer. On the no-nitrogen plots 0-25-25 starter ferti I izer was used . 

The nitrogen treatments produced significant yield responses for the first year since 
the experiment was started on the Bradford Form in 1961. They were statistically signifi
cant at the l percent probability level. Yields increased up to the 50 pound nitrogen 
treatment and then trended downward because moisture was limiting and restricted the 
yield response. The highest treatment overage yield was l l l bushels which was obtained 
from the 50 pound nitrogen plots at the intended 13,000 plant population rate. Although 
the yield response to planting rates was not statistically significant at the 5 percent pro
bability level, the yield tended to be higher at the intermediate planting rates . The treat
ment average yields for the Bradford Farm experiment are shown in Table 4 and Figure 3. 

TABLE 4 - AVERAGE CORN YIELDS FOR NITROGEN TREATMENT AT FOUR 
PLANTING RATES, BRADFORD EXPERIMENTAL FARM, 

COLUMBIA, 1964. BUSHELS PER ACRE . 

No. of Plants Pounds of Nitrogen Per Acre 
Per Acre 0 25 50 75 100 150 

9,263 93.9 100 . l 106.9 97. l 99 . 3 95.2 

12,716 87.1 108.4 11 l.O 104.3 104.5 102 . 4 

15,953 92.2 104.9 104.2 104.5 104.0 102 . l 

18,442 72.6 93 . 4 96.2 96.4 92 . 2 89.6 

LSD for plant population (0.05 probability level): 22.6 bushels per acre. 

LSD for nitrogen treatments (0.05 probability level): 6 . 4 bushels per acre. 
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Figure 3. Response of Corn Yields to Nitrogen Applications at Four Planting Rates, Bradford Experimental Farm, 
Columbia, 1964. 



DELTA RESEARCH CENTER 

The plots at the Delta Research Center near Portageville in New Madrid County are 
on Salix silt loam. They are the only plots in the experiment which are irrigated. Con
sequently they were not affected by lack of moisture. Pioneer 3304 was planted Apri I 16, 
thinned on May 21, and harvested September 8. The intended plant populations were 
12,000; 15,000; 19,000; and 24,000 plants per acre. A self-propelled combine with a 
corn head was used for the harvest. On the no-nitrogen plots, 0-25-25 starter fertilizer 
was used while on the other plots 25-25-25 was used to provide 25 pounds of nitrogen. 
The remainder of the nitrogen was plowed down on April 11, except on the 150 and 200 
pound treatment plots where 50 and 100 pounds of nitrogen were applied by side-dressing 
on May 20. 

Yields were very responsive to nitrogen treatments and were statistically significant 
at the 1 percent probability level. Response to different plant population levels, however, 
was not statistically significant. The highest average treatment yield was 144 bushels per 
acre at 200 pounds of nitrogen and 19 ,000 plants per acre. The average treatment yields 
are summarized in Table 5 and Figure 4. It is interesting to note that these plots resulted 
in both the highest and lowest treatment average yields for the four sites used in the exper
iment. Sandy soils, together with high yields in the preceding years resulted in a relatively 
small nitrogen carryover. 

TABLE 5 - AVERAGE CORN YIELDS FOR NITROGEN TREATMENTS AT FOUR 
PLANTING RATES, DELTA RESEARCH CENTER, 
PORTAGEVILLE, 1964. BUSHELS PER ACRE. 

No. of Plants Pounds of Nitrogen Per Acre 
Per Acre 0 25 50 75 100 150 200 

13,078 50.7 59.9 91.2 94.5 117.2 122.7 128.0 

15,439 28.8 40 .5 68.8 105.4 129.7 132.7 137.0 

19,664 17.2 27.7 42.0 82.0 104. l 133.0 144. l 

22,413 20.7 32.5 63.0 101.3 114.2 139. 1 139.5 

LSD for plant population (0. 05 probability level): 27.8 bushels per acre. 

LSD for nitrogen treatments (0.05 probability level): 6.7 bushels per acre. 
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APPENDIX 

TABLE I - ANALYSIS OF VARIANCE FOR THE EXPERIMENT AT THE NORTH 

MISSOURI AGRICULTURAL EXPERIMENT STATION, 
SPICKARD, 1964. 

Source d .f. Sums of Squares Mean of Squares 

Replications 2 1442 721.0 

Plant Population 3 10467 3489.0 

Error "a" 6 4587 769. 0 

Nitrogen Treatments 6 31706 5283.3** 

Nitrogen x Plant Population 18 1211 67.3 

Error "b" 48 4810 100.2 

Total 83 54223 

**Significant at the 0.01 probability level. 

TABLE II -ANALYSIS OF VARIANCE FOR THE EXPERIMENT AT THE A.H. 

ORR FARM, MARSHALL, 1964. 

Source d . f. Sums of Squares Mean of Squares 

Rep! i cot ions 2 107 53.5 

Plant Population 3 1775 591 .6** 

Error "a" 6 177 29.5 

Nitrogen Treatments 6 2328 388. 0** 

Nitrogen x Plant Population 18 718 39.9* 

Error "b" 48 870 18. l 

Total 83 5975 

* Significant at the 0.05 probability level. 

**Significant at the 0.01 probability level. 
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TABLE Ill - ANALYSIS OF VARIANCE FOR THE EXPERIMENT AT THE BRADFORD 
EXPERIMENTAL FARM, COLUMBIA, 1964. 

Source d. f. S urns of Squares Mean of Squares 

Rep Ii cations 2 7430 3715.0 

Plant Population 3 1729 578.3 

Error "a" 6 3050 508.3 

Nitrogen Treatments 6 2634 439 . 0** 

Nitrogen x Plant Population 18 1221 67.8 

Error "b" 48 5046 105. l 

Total 83 21110 

**Significant at the 0.01 probability level. 

TABLE IV - ANALYSIS OF VARIANCE FOR THE EXPERIMENT AT THE DELTA 
RESEARCH CENTER, PORTAGEVILLE, 1964. 

Source d. f. Sums of Squares Mean of Sguares 

Replications 2 6479 3239.5 

Plant Populotion 3 3179 1059 .7 

Error 11 0 11 6 4673 778.8 

Nitrogen Treatments 6 136878 22813.0** 

Nitrogen x Plant Population 18 7111 395.1** 

Error "b" 48 5714 119.0 

Total 83 164034 

**Significant at the 0.01 probability level. 
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