
RESPONSE OF CORN TO NITROGEN 
FERTILIZATION AND PLANT 

POPULATION 

1967 TESTS 

EARL M. KROTH 

and 

DALE COLYER 

. . University 6f ,M \ssouri 
Agricultural .Expe~lment'station 

~ , ... _ ... ' '., 

Cofurp:bia 

1/68/2M 



CONTENTS 

INTRODUCTION .•.....••..••....•...•....•... 3 

PROC ED UR ES . • • . . . • • . • . • • • . . • . . . . • . . . . • . . . 4 

STATISTICAL METHODS USED ..•.....•...•....•••. 5 

RESULTS ....•.•.•......•..•..•••••.•.••.• 6 

North Missouri Research Center •.•.•...••..•••••• 7 

A. H. Orr Farm . . • • . • • . • • • • • • • . . . ••..••••• 7 

Bradford Experimental Farm . • • . . • . • • . . • • . . . • • • 10 

Delta Research Center . • • . . . • . • • . • . . . • . • • • • . . 11 

APPENDIX .........•....•........•..•..•. 16 

ACKNOWLEDGMENT 

This report is a joint contribution of the Departments of Agronomy 

and Agricultural Economics on research project 455, The Economics of 

Fertilizer Use in Missouri. E. M. Kroth is assistant professor of Soils 

and Dale Colyer is an associate professor of Agricultural Economics. 

Professors C. M. Woodruff, G. E. Smith and T. R. Fisher of the 

Agronomy Department contributed significantly to this project. W. L. 

Decker supplied the climatological data. The experimental work was 

directed by Earl L. Barnes, Theo M. Dean, and James A. Roth. 

2 



RESPONSE OF 

CORN TO NITROGEN FERTILIZATION 

AND PLANT POPULATION 

Earl M. Kroth and Dale Colyer 

Experiments to determine the corn yield response to nitrogen fer
tilization at various planting rates were conducted for the seventh year at 
four widely separated locations in Missouri - Spickard, Marshall, 
Columbia, and Portageville. Seven nitrogen treatments and four planting 
rates were used at each site. Except for the Portageville site, the nitro
gen applications ranged from 0 to 200 pounds per acre and the intended 
plant population rates from 9, 000 to 21, 000 plants per acre. At Portage
ville the nitrogen applications ranged from O to 300 pounds per acre and 
intended plant population rates from 12, 000 to 27, 000 plants per acre, 
Intended planting rates were closely approximated at Spickard and 
Columbia, but were higher than intended at Marshall and lower at 
Portageville--especially at the higher populations. 

Weather conditions were variable in the state during the 1967 grow
ing seasun with above average rainfall at the Spickard and Portageville 
sites and below average moisture at Marshall and Columbia. Rainfall 
was more than 6 inches below normal at Columbia and nearly 8 inches 
above average at Portageville. Temperatures were about 3 to 5 degrees 
below average at the various sites and there were few extremely hot days. 
None of the sites had a maximum temperature in excess of 100° and the 
number of 90° plus days were considerably less than normal. There were 
at least two dry periods--15 days or more without rain--at each site, 
with one dry period at the beginning of the growing season and one toward 
the end, typically. 

Maximum yields obtained tended to be lower than in previous years. 
The highest single plot yield was 149. 3 bushels per acre while the highest 
treatment yield--three replications--was 137 bushels per acre. The 
latter was obtained at the Marshall site with a plant population of about 
15, 700 per acre and 150 pounds of nitrogen. The highest single plot yield 
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was at Spickard with 16, 580 plants and 200 pounds of nitrogen per acre. 
Yields increased sharply with nitrogen treatment levels of between 

50 and 150 pounds per acre. Yields then generally leveled off with larger 
treatments except at Spickard, where heavy rainfall probably caused 
leaching of some of the nitrogen. As a consequence, yields tended to in
crease in a linear trend with all increased nitrogen inputs. The plots at 
Portageville were irrigated once. However, the fine sandy soil in the 
area does not take water well and consequently yields were considerably 
less than expected and lower than in most previous years. Moisture was 
a very limiting factor at Columbia where yields tended to be lower. The 
higher yields were obtained at lower planting rates than typical in 
previous years. The corn varity used tends to produce multiple ears per 
stalk when planted at low population levels. This results in higher yields, 
with low planting rates, especially when moisture is not limiting. 

Yields had statistically significant differences for nitrogen treat
ments at all four sites, but were significant for planting rate differences 
only at the Marshall site. Nitrogen treatment and plant population in
teraction terms were statistically significant at all sites except Spickard, 
The level of probability tested was 1 percent. 

PROCEDURES 

The experiment was conducted for the seventh successive year on 
the same plots at the Spickard, Marshall, and Columbia sites and for the 
fifth year at Portageville. Other sites in the Delta area were used during 
the first two years of the experiment. A split plot design is used with the 
four plant populations as whole-plot treatments and the seven nitrogen 
application rates as subplots within each population plot. * 

Applications of potassium and phosphorus were made on the basis 
of soil tests the first year of the experiment and maintenance quantities 
have been applied since then. Starter fertilizer has been used to apply 
potassium and phosphorus and the first 25 pounds of nitrogen. The re
mainder of the nitrogen is plowed down in spring except at the Delta 
Center where all of the nitrogen other than the 25 pounds in the starter 
was sidedressed. The soil at the Delta site is a fine sandy loam and since 
the plots are irrigated it was thought that excessive leaching might result 
at the higher application rates if plowed down before planting. However, 
experience has shown this soil to be somewhat impermeable to irrigation 
water and leaching of nitrogen in spring and summer may not be a 
problem. 

All plots are planted at high plant population rates and are thinned 
after emergence to obtain the desired stands. The plots at Marshall, 

*The experiment was designed as a complete factorial imposed on a 
randomized block split-plot with three replications. 
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Spickard, and Columbia are harvested by hand while those at Portageville 
are machine harvested. Dropped ears are included in yield calculations 
which are computed as shelled corn equivalents at a 15. 5 percent 
moisture level. 

STATISTICAL METHODS USED 

Statistical measures are included in this publication to aid in the 
interpretation of the results. All experiments are subject to error be
cause of uncontrollable factors such as variation in soil, seed, fertilizer, 
and other factors and because of measurement problems. This experiment 
was designed so that the uncontrollable or ~chance" errors in yield 
variance could be measured. When yield variations between the test 
plots sufficiently exceed those that are caused by chance the variations 
are said to be due to the treatment (nitrogen or plant population). One 
statistical measure is the least significant difference (LSD) which is listed 
under the yield tables for each site. In addition, analysis of variance 
tables are given in the Appendix. 

The LSD gives the minimum difference which must exist between 
two treatment plot yields for them to be considered significantly different 
--or, in other wo.rds, for the difference to be considered as caused by the 
treatment rather than by chance or error. The probability levels indicate 
the percentage of times a variation of the size indicated would occur by 
chance alone. For example, the footnote of Table 2 lists a LSD for nitro
gen treatments of 6. 3 bushels per acre at the 0. 05 (5 percent) probability 
level. This means that for two plots where nitrogen treatments are being 
compared, if yields differ by more than 6. 3 bushels per acre, there is 
only a 5 percent probability that the difference was caused by uncontrolled 
factors and a 95 percent probability that it was caused by the nitrogen 
treatment. 

RESULTS 

The 1967 experimental results and statistical analyses are given in 
the following pages. A table of yield mean (averages) per treatment, a 
chart showing trends in yields as nitrogen treatments are increased at 
each planting rate, and a brief description of the experiment are given 
for each site. Table 1 reports the weather conditions as recorded at 
weather stations closest to the experimental plots. A table with the 
analysis of variance for the experiment at each site is included in the 
Appendix. 
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TABLE 1--CLIMATOLOGICAL DATA FROM WEATHER RECORDING STATIONS NEAREST THE EXPERIMENTAL SITES, 1967 

No. of 
Inches days 90° No. of 

of De par- Days with rain Dry Avg. De par- or more days 100° 

Station rainfal la tu re May June July Aug Sept periodsb temp. tu re 1967 Avg or more 

Spickard 21. 43 +2. 10 14 16 7 3 4 5/7-5/27 68.0° -5.3° 17 44 0 
8/17-9/12 

Marshallc 14.68 -4.70 7 15 5 2 3 5/B-5/28 70.9° -3.0° 35 39 0 
6/29-7/24 
B/9-9/13 

Columbia 12.08 -6.09 8 7 6 4 3 5/18-6/2 70.8° -2.5° 16 39 0 
6/27-7/14 
8/11-9/2 

Portageville 23.55 +7.85 12 10 9 B 2 5/16-5/31 72 . 3° -4.5° 28 0 
8/5- 9/7 

a May I 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 soil type for experimental plots at the North Missouri Research 
Center near Spickard in Grundy County is Seymour silt loam. Pioneer 
3306 hybrid seed corn, a multiple-ear variety, was planted May 15, 
thinned to the desired stands on June 22, and harvested October 17, 1967. 
Actual stands averaged very close to those desired--9, 000, 13, 000, 
17, 000, and 21, 000 plants per acre. Rainfall at the site was above average 
and distributed throughout the growing season except for 21 days in the 
middle of May and another dry period at the end of August and beginning 
of September. In late May and early June rainfall was excessive and may 
have caused leaching of the nitrogen and consequently lower yields. 

Yields increased with each additional nitrogen treatment and the 
highest yields were obtained at the maximum of 200 pounds per acre at 
each of the four planting rates. Largest average treatment yields were 
obtained at the two medium planting rates, except at low nitrogen levels 
where the lowest planting rate resulted in slightly higher yields (not 
statistically significant at the 0. 05 probability level). Average yields from 
the plots planted at the 13, 000 population rate were somewhat higher than 
those planted at the 17, 000 rate. The highest treatment yield was 132. 2 
bushels per acre from an average population of 13, 222 plants per acre-
for three plots--and the 200 pound nitrogen treatment. The highest single 
plot yield was 149. 3 bushels per acre from a plot planted at a rate of 
16, 886 plants and 200 pounds of nitrogen per acre. This also was the 
highest sin~le plot yield for any of the four sites. 

In the analysis of variance the differences rn yields due to nitrogen 
treatments was statistically significant at the O. 01 probability level. 
Yield differences due to differences in planting rates, however, were not 
significant at either 1 percent or 5 percent levels. The least significant 
difference between planting rates was 9. 6 bushels per acre and between 
nitrogen treatments was 6, 3 bushels per acre. The average nitrogen 
treatment yields at each planting rate are reported in Table 2 and the 
trends are shown in Figure 1. The analysis of variance is given in 
Appendix Table I. 

A.H. ORR FARM 

The experimental plots at the Marshall site, in Saline County, are 
located on the A. H. Orr farm. The soil type is Marshall silt loam, one 
of the more productive soils in Missouri. Pioneer 3306 hybrid seed corn, 
which tends to produce multiple ears at low planting rates, was planted on 
May 11, thinned to desired stand levels on June 8, and harvested on 
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TABLE 2--AVERAGE CORN YIELDS FOR NITROGEN TREATMENTS 
AT FOUR PLANTING RATES 

NORTH MISSOURI AGRICULTURAL RESEARCH CENTER, SPICKARD, 1967 

{Bushels per Acre) 

Pounds of Nitrogen per Acre 
No; of Plants 

per Acre 0 25 50 75 100 150 

8,941 59.4 62.4 73.4 75.3 85.6 101. 9 

13, 131 56.2 62.2 66.8 89.0 98.3 127.2 

16,592 49.0 51.6 55.2 79.3 85.4 114.2 

20,438 47.2 60. l 63.5 74.7 76.7 108.7 

LSD for plant population (0.05 probability level): 9.3 bushels per acre. 

LSD for nitrogen treatments (0. 05 probability level: 6. 3 bushels per acre. 

200 

108.6 

132.2 

130.6 

123.0 

October 13, 1967. Average actual plant population rates at harvest time 
were considerably above the intended rates of 9, 000, 13, 000, 17, 000, and 
21, 000 plants per acre. Rainfall during the growing season, May 1 
through September 15, was 14. 68 mches, nearly 5 inches below average. 
There also were lengthy dry periods in May, June-July, and August
September. Despite these conditions average yields tended to be higher 
than at other sites--probably due to the soil type which is high in organic 
nature and natural fertility. 

The highest single plot yield at this site was 145 bushels per acre 
and was obtained from a plot treated with 150 pounds of nitrogen per acre 
and with a plant population rate of 16, 728 plants per acre (although in the 
whole plot intended to be planted at the 13, 000 rate). The highest average 
treatment yield (three replications) was 137 bushels per acre--on plots 
averaging 15, 960 plants per acre and also treated at the 150 pounds of 
nitrogen rate. The higher yields were obtained from the intermediate 
planting rates, averaging 17, 715 and 18, 936 plants per acre and at 
nitrogen treatment rates of 75 pounds per acre or higher. At rates below 
75 pounds of nitrogen, higher yields were obtained from the lowest planting 
rates. The lower yields were obtained from the highest planting rate with 
less than 100 pounds of nitrogen per acre, but with the lowest planting rate 
at 100 pounds and over. Yields, at all population rates, tended to in
crease sharply to the 75 or 100 pound nitrogen application rates and then 
to nearly level off at higher treatment. 

Differences in yields due to plant population, rate differences, 
nitrogen treatments, and population-nitrogen interaction were all statisti-
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Fig. 1. Response .of Corn Yield to Nitrogen Application at Four Planting Rates, North Missouri Research 
Center, Spickard, 1967. 
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cally significant at the 1 percent probability level according to the analysis 
of variance tests on the results. The least significant yield plot difference 
due to rate of planting was 5. 8 bushels per acre while that due to nitrogen 
treatments was 4.0 bushels per acre--both at the 5 percent level of 
prohabilitv. Average nlt:tog"'n treatment yields at each planting rate is 
shown in Table 3 and Figure 2. The analysis of variance is given rn 
Appendix Table II. 

TABLE 3--AVERAGE CORN YIELDS FOR NITROGEN TREATMENTS 
AT FOUR PLANTING RATES 

A. H. ORR FARM, MARSHALL, 1967 

(Bushels per Acre) 

Pounds of Nitrogen per Acre 
No. of Plants 

per Acre 0 25 50 75 100 150 

10,065 75.6 90.6 97. 1 107.5 111. 2 104.4 

15,715 63. l 81. 5 103.7 132.7 129.4 137.0 

18,936 41. 8 51. 5 87.8 124.3 129.6 130.5 

23,318 25. 9 37. 1 75.3 98.3 119.8 121.6 

LSD for plant population (0.05 probability level): 5.8 bushels per acre. 

LSD for nitrogen treatments (0.05 probabi l ity level): 4.0 bushels per acre. 

BRADFORD EXPERIMENTAL FARM 

200 

106.7 

135.7 

133.2 

117. l 

The Columbia site is in Boone County on the Bradford Experimental 
Farm. The soil type is Mexico silt loam--a gray prairie soil with a clay
pan subsoil. A hybrid seed corn, Pioneer 3306, with a tendency toward 
multiple ears when planted at low population rates and when moisture is 
adequate, was used. The plots were planted on May 19, thinned on June 
21, and harvested October 13, 1967. The stalk count at harvest time 
showed actual stands to be about equal to the intended stands of 9, 000, 

13, 000, 17, 000, and 21, 000 plants per acre. However, rainfall during 
the growing season was only 12. 8 inches, over 6 inches below normal. 
Consequently yields tended to be considerably less than at the other sites. 

Despite the low rainfall and three lengthy dry periods there were 
several plots with yield rates in excess of 100 bushels per acre. The 
highest single plot yield rate was 120. 7 bushels from a plot with the 100 
pounds of nitrogen treatment rate and an actual plant population at the rate 
of 13, 141 plants per acre. The highest yield for three replications of a 
treatment was 105. 7 bushels per acre from plots treated at a rate of 100 
pounds of nitrogen per acre and an average population rate of 12, 862 
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plants per acre. Yields responded positively to increased nitrogen 
application rates up to about 100 pounds per acre and then tended to de
cline slightly. The 13, 000 plants per acre population tended to produce 
the highest yields, but at the higher nitrogen rates yield differences due 
to plant population were small. 

The analysis of variance of the experimental results showed 
statistically significant (1 percent probability level) differences in yields 
due to nitrogen treatments but not for planting rates. In comparing plots 
the least significant difference (5 percent level of probability) for plant 
population was 11. 2 bushels per acre while for nitrogen treatments it was 
5. 6 bushels. Yield results by average nitrogen treatments at each plant 
population level are reported in Table 4 and shown in Figure 3. The 
analysis variance is given in Appendix Table ID. 

TABLE 4--AVERAGE CORN YIELDS FOR NITROGEN TREATMENTS 
AT FOUR PLANTING RATES 

BRADFORD EXPERIMENTAL FARM, COLUMBIA, 1967 

(Bushels per Acre) 

Pounds of Nitrogen per Acre 
No. of Plants 

per Acre 0 25 50 75 100 150 

9, 130 82. 1 84.3 100.6 96.8 99.9 91. 8 

12,722 63.6 86.9 101.0 105.7 105.5 99.3 

17, 120 44.6 69.5 82.8 99.0 92. 1 96 . 8 

20,041 29.0 48.5 80.8 93. l 95.0 92.8 

LSD for plant population (0. 05 probability level) : 11. 2 bushels per acre. 

LSD for nitrogen treatments (0.05 probability level): 5.6 bushels per acre. 

DEL TA RESEARCH CENTER 

200 

92.0 

93.8 

87.0 

93.4 

Salix fine sandy loam is the soil type of the Portageville plots which 
are at the Delta Research Center in New Madrid County. These plots are 
irrigated but the very fine sandy nature of the soil type results in poor 
water absorption and consequently much of the expected benefit is lost. 
As at the other site a multiple ear hybrid corn variety, Pioneer 3306, was 
used. The plots were planted April 3, thinned May 14. and harvested 
September 7, 196 7. Actual plant populations, especially at the higher 
rates, were below the intended plant population levels of 12. 000.17, 000, 
22, 000, and 27. 000 plants per acre. Higher population rates and higher 
nitrogen treai:ment rates are used at the Portageville site because of the 
irrigation facilities. Nitrogen treatments range from 0 to 300 pounds 
per acre in 50 pound increments. 
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For the 1967 experiment the plots were irrigated only once. Rain
fall was considerably above average--nearly eight inches. However, the 
impermeability of the soil to water resulted in relatively low yields. The 
highest single plot yield was 137. 5 bushels per acre obtained with a 
treatment rate of 300 pounds of nitrogen and an actual plant population 
rate of 25, 886 stalks per acre. The highest treatment yield (three 
replications) was 123 bushels per acre also from a 300 pound nitrogen 
rate and an average population rate of 25, 026 plants per acre. Because 
the soil is sandy, low in organic matter, and natural fertility, yields 
were extremely low on the no-nitrogen plots. Yiekls increased sharply 
with added nitrogen up to a rate of 150 pounds per acre. At higher rates 
yields continued to increase but at a much slower rate. At nitrogen rates 
of 150 pounds and less, higher yields were obtained with the intermediate 
planting rates but at higher nitrogen treatments the yields were higher 
at the greatest plant population. 

Yield differences were statistically significant (1 percent probability 
with an analysis of variance test) for nitrogen treatments but not for plant 
population rates. The least significant differences for plot comparisons 
and at a 5 percent probability level were 7. 7 bushels per acre for plant 
population rates and 6. 8 bushels per acre for nitrogen treatments. The 
average yields for nitrogen treatments at each population level are shown 
in Table 5 and Figure 4. The analysis variance is given in Appendix 
Table IV. 

TABLE 5--AVERAGE CORN YIELDS FOR NITROGEN TREATMENTS 
AT FOUR PLANTING RATES 

DELTA RESEARCH CENTER, PORTAGEVILLE, 1967 

(Bushels per Acre) 

Pounds of Nitrogen per Acre 
No. of Plants 

per Acre 0 50 100 150 200 250 

11,733 16. 1 37.4 71.4 80.0 83 . 9 87.6 

16,685 8.3 43.2 78. 9 103.6 111. 1 115.5 

20,898 7.8 23.7 79.7 111.3 110.3 115.4 

24, 858 6.9 16.5 76.6 107. 1 113. 8 120.8 

LSD for plant population (0.05 probability level): 7.7 bushels per acre. 

300 

82;6 

116.2 

112. 6 

123.0 

LSD for nitrogen treatments (0. 05 probability level): 6. 8 bushels per acre. 
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APPENDIX 

APPENDIX TABLE I 
ANALYSES OF VARIANCE FOR THE EXPERIMENT AT THE NORTH MISSOURI 

AGRICULTURAL RESEARCH CENTER, SPICKARD, 1967 

Sums of 
Source d. f. squares 

Rep I ications 2 1,066 

Plant Population 3 l, 625 

Error "a" 6 l, 835 

Nitrogen Treatments 6 52,562 

Nitrogen x Plant Population 18 2,617 

Error "b" 48 5, 624 

Total 83 65,332 

**Significant at the 0. 01 probabi I ity level. 

APPENDIX TABLE II 
ANALYSIS OF VARIANCE FOR THE EXPERIMENT 

AT THE A. H. 0 RR FARM, MARSHALL, 1967 

Sums of 
Source d. f. squares 

Replications 2 222 

Plant Population 3 7,600 

Error "a" 6 701 

Nitrogen Treatments 6 65,585 

Nitrogen x Plant Popu lotion 18 10,223 

Error " b" 48 2,243 

Total 83 86,574 

**Significant at the 0. 01 probability level. 

16 

Means of 
squares 

533 

541 

305 

8,760** 

145 

117 

Means of 
squares 

111 

2,533** 

117 

10,931** 

568** 

46 



APPENDIX TABLE Ill 
ANALYSIS OF VARIANCE FOR THE EXPERIMENT 

AT THE BRADFORD EXPERIMENTAL FARM, 
COLUMBIA, 1967 

Sums of 
Source d. f. squares 

Replications 2 2,225 

Plant Population 3 38,075 

Error "a" 6 2,637 

Nitrogen Treatments 6 19,237 

Nitrogen x Plant Population 18 4,869 

Error "b" 48 4,475 

Total 83 38,078 

**Significant at the 0,01 probab i Ii ty I eve I. 

APPENDIX TABLE IV 
ANALYSIS OF VARIANCE FOR THE EXPERIMENT 

AT THE DELTA RESEARCH CENTER, 
PORTAGEVILLE, 1967 

Sums of 
Source d. f. squares 

Rep Ii cations 2 541 

Plant Population 3 2,292 

Error u a" 6 1,272 

Nitrogen Treatments 6 111,575 

Nitrogen x Plant Population 18 10, 172 

Error "b" 48 6,465 

Total 83 132,317 

**Significant at the 0. 01 probability level. 

Means of 
squares 

l, 112 

1,544 

440 

3,206** 

270** 

93 

Means of 
squares 

271 

764 

212 

18, 596** 

565** 

135 
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