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Plant Population and Row Spacing 
Influence Maximum 

Corn Yield 
F. D. WHITAKER, H. G. HEINEMANN, AND W. E. LARSON] 

Considerable emphasis has been given recently to studying corn planting 
variables, in an effort to increase corn yield. Plant population, row spacing, and 
time of planting have been the variables most often s t~d ied .~  

Higher populations and narrower row spacings have been considered on the 
basis that a greater and better spaced leaf surface may capture more light energy 
and thus increase photosynthesis. Higher populations and narrower row spacings 
than those used 20 years ago have become possible because of (a) availability of 
corn hybrids capable of producing at higher populations, (b) improved fertili- 
zers, (c) availability of herbicides for weed control and pesticides for insect con- 
trol, and (d) improved planting, cultivating, and harvesting equipment. 

The literature on planting variables for corn, including plant populations 
and row spacings, was thoroughly reviewed in 1966 by Rossman and Cook.2 
The response to high populations and narrow rows was found to vary greatly, 
depending on hybrid, climate, soil, water availability, and management variables. 

The objective of this study was to determine the yield response of corn to 
different levels of plant population and row width. However, since 24 plots were 
needed for the different combinations of population and row spacing for each 
hybrid, the study was limited to two hybrids. A truly maximum production study 
was thought to be possible because of the very suitable corn-growing environ- 
ment at the experimental site. Excellent soil and favorable climate, along with 
the availability of irrigation water, were some of the factors that led to opti- 
mism. 

The study showed that a different combination of population and row spac- 
ing than that 'commonly used in the area may be necessary, depending on a de- 
sire for high grain yield or high silage yield. Climatic variations are very irn- 
portant and may override the less pronounced effects of other variables. 

RESEARCH PROCEDURE 

The alluvial soils at the U. S. D. A. Soil Conservation Service Plant Ma- 
terials Station at Elsberry, Mo., have produced as much as 180 bushels of corn 
per acre under high fertility and management conditions, using an adapted hy- 

'Hydraulic Engineering Technician and Center Director, USDA ARS SWC, Columbia, Missouri; 
and Research Investigations Leader, Soil Management, USDA ARS SWC, St. Paul, Minnesota. 
2Pierre, W. H., Aldrich, S. A., and Martin, W. P. Advances in corn production principles and prac- 
tices, 1966. Chapter 3,  by Rossrnan, E. C. and Cook, R. L. soil preparation and date, rate, and pat- 
tern of planting, 49 pp. Iowa State Press, Publisher. 

brid. It was believed, however, that yields might be increased substantially if 
higher populations, narrower row spacing, irrigation (if necessary), and corn 
hybrids with full genetic potentials were used. 

Soils 
The soil at the Elsberry Plant Materials Station is Sharon silt loam and the 

slope is 0.25 percent. The surface topography has been modified so that a num- 
ber of drainageways are available for removing excess surface water. Ground 
water is at a depth of about 5 to 6 feet. 

Experimental Design 
A two-dimensional, second-order composite design used in this study has 

five plant population (stand) levels and three row spacings. The geometric rep 
resentation of this design is shown in figure 1. Population and row spacing were 
assigned to the horizontal and vertical directions, respectively, and were so se- 
lected that the center point (0, 0 )  was estimated to give maximum yield. The 
response surface computed from a second-order polynomial gives a complete 

ROW SPACING (Xn)  

Fig. 1 Geometric representation of design for one bbratrdd 
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Fig. 3 Plot layout of the yield response study located on the Soil Conservation Plant 
Materials Station near Elsbeny, Missouri. 
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Total uptake of potassium, as influenced by plant population and row width, 
varied between 140 and 245 pounds per acre for the Pioneer hybrid. Potassium 
content of the grain was relatively low when compared with the total uptake, 
ranging from approximately 15 to 30 pounds per acre. The differences in uptake 
were related to differences in dry matter and grain yields. 

United Hugz'e 

For this hybrid (fig. 16), total nitrogen uptake varied between 166 and 227 
pounds per acre and increased with increasing plant populations. Total nitrogen 
uptake was largely a reflection of the forage and grain yields. 

Total phosphorus uptake ranged from about 26 pounds per acre at the lower 
populations to 33 pounds per acre at the higher populations. Of the total, the 
amount in the grain varied from about 18 to about 24 pounds per acre. This did 
not vary according to population. 

The total uptake of potassium, as influenced by plant population and row 
width, varied between 139 at low populations and 208 pounds per acre at the 
high populations. The highest uptake in the forage was in the 25- and 30-inch 
rows. The uptake in the grain was very similar throughout, the values ranging 
from 21 to 26 pounds per acre. 

If one assumes that about 75 pounds of N per acre was contained in the 
roots, then that amount plus the approximately 225 pounds contained in the 
Pioneer 321 forage and grain at the higher populations (fig. 15) is equal to the 
total amount of mineral nitrogen applied per year. If only the grain is harvested, 
however, less thah 50 percent of the total applied N is removed. If the grain 
plus forage is harvested, then about 75 percent of the applied N is removed. 

Total uptake of P nearly equaled the amount applied if it is assumed that 
about 5 to 8 pounds was contained in the roots. Approximately 50 and 75 per- 
cent of the P would be removed in grain and in grain plus forage, respectively. 

In contrast to N and P, the total amounts of K taken up by the plants at 
the high populations were probably more than three times the amount applied 
annually (83 pounds). However, most of the amount absorbed by the plant is 
contained in the forage and roots. Thus, if only the grain is harvested, only 
about 25 percent of the K is removed from the field. 

The amounts of N. P, and K contained in the grain plus forage were very 
different at the lowest and highest plant populations. For the 30-inch rows of 
United Hagie 152A (fig. 16), 26 percent more N was taken up at the 28,000- 
plant population as compared with the 12,000-plant population. Comparable fig- 
ures for P and K are 12 and 39 percent, respectively. Total dry matter increased 
27 percent, for the United Hagie 152A hybrid when the population was increased 
from 12,000 to 28,000 plants per acre. 
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Fig. 14 The effect of stalk population and row width on lodging and harvestabil- 
ity of corn, Averages for 1966. 
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Fig. 16 Total nitrogen, phosphorus, andpotassium uptake by corn, as injuenced 
by plant population and row width. (Average of 1965 and 1966, United Hagie 
152A). 

SUMMARY 

A study was conducted in 1965 and 1966 on a fertile Sharon silt loam near 
Elsberry, Missouri, to determine the maximum yield response of corn for differ- 
ent levels of plant population and row widths, using two hybrids. Adequate fer- 
tilizer and irrigation were applied as needed to limit the study to the above vari- 
ables. Analyses of corn leaf and whole-plant samples showed that plant nutrition 
was not a variable. Adequate soil water was maintained so that the plants were 
not under severe water stress after the seedling stage. 

Other climatic conditions such as cold, wet periods during the early grow- 
ing season and above-average temperatures during silking and ear-shoot forma- 
tion limited the yields to below the maximum potential for this soils area. It is 
believed, however, that the differences in yield response to the various treatments 
are representative. 

Average grain yields from the Pioneer 321 hybrid corn were highest from 
the 24,000- and 20,000-plant populations and 30-inch row widths. The average 
yields for the 2 years was 159 bushels per acre from both populations. 

Average grain yields from the United Hagie 152A hybrid corn were highest 
from the 24,000-plant populations and 35-inch row widths. The yields for both 
the 20,000- and 24,000-population levels were almost equal for row widths of 30 
inches or more, with the maximum harvestable yield obtained from the 20,000- 
plant population and 35-inch row width. 

Total dry matter production response was much greater to plant population 
than to row width. Dry matter production increased linearly from 12,000 to 
28,000 plants per acre for both hybrids. 

The percentage of barren and broken stalks increased with increased popu- 
lation. The yield increase expected from higher populations was offset to a con- 
siderable degree by these unproductive stalks, especially on populations of more 
than 20,000 stalks per acre. 

Ear weight is highly dependent on population. Most studies in the Corn 
Belt show that an average ear weight of approximately 0.5 pound is associated 
with maximum yield of full-season  hybrid^.^ If the 0.5-pound value is accepted 
as near ideal, this study shows that the row width should be about 30 inches 
and the plant population should not exceed 22,000 to 24,000 plants per acre. 

The total amounts of nitrogen, phosphorus, and potassium in the corn grain 
and forage were determined for background data for guiding fertilizer usage 
when the grain is removed and when both the grain and forage are removed 
from the land. About 60 percent of the total nitrogen is contained in the grain 
at the 12,000-plant-per-acre population and about 50 percent at the 28,000-plant- 
per-acre population. If the forage is returned to the land, the amount of nitro- 

'Pierre, W. H., Aldrich, S. A,, and Martin, W. P. advances in corn production principles and prac- 
tices, 1%. Chapter 3, by Rossman, E. C., and Cook, R. L. soil preparation and date, rate, and pat- 
tern of planting, 49 pp. Iowa State Press, Publisher. 



TABLE 1.--Yield and composition of corn, Elsberry, Missouri, 1965-1966 
(Measured Values) 

Row Pop. Yield Dry M LbsIA Grain Forage Canposition of Leaf Samples 
Inches StalksIA Bu/A Grain Forage % N % P % K % N % P % K % N % P % K 

Pioneer 321 
(Averages of replications) 

United Hagie 152A 
(Averages of replications) 

Pioneer 321 
(Averages of replications) 

United Hagie 152A 
(Averages of replications) 



TABLE 2. -- Yield and composition of corn, Elsberry,  Missouri, 1965-1966 
[Computed values] 

Row Spacing Population 
1- Stalks/A 

Grain 
BU/A - 

Dry Matter Silage 
Forage Total (72.6%M) 

T/A T/A T/A 

Pioneer 321 
(Averages of replications) 

3.49 6.65 
3.92 7.41 
4.31 7.94 
4.68 8.26 
5.02 8.35 

3.52 6.71 
3.99 7.55 
4.43 8.16 
4.84 8.55 
5.22 8.72 

3.52 6.67 
4.03 7.58 
4.51 8.26 
4.96 8.73 
5.38 8.98 

3.49 6.50 
4.04 7.49 
4.56 8.25 
5.05 8.79 
5.51 9.11 

3.42 6.22 
4.01 7.28 
4.57 8.12 
5.10 8.74 
5.60 9.14 

Dry Matter 
Grain Forage Total 
BU/A T/A T/A 

United Hagie 152A 
(Averages of replications) 

3.10 5.93 
3.57 6.72 
4.07 7.33 
4.58 7.75 
5 .11  7.98 

3.24 6.25 
3.69 7.06 
4.16 7.68 
4.65 8.11 
5.16 8.35 

3.36 6.46 
3.79 7.27 
4.23 7.90 
4.70 8.35 
5.19 8.60 

3.45 6.54 
3.86 7.36 
4.29 8.00 
4.73 8.46 
5.19 8.73 

3.53 6.49 
3.91 7.33 
4.32 7.99 
4.74 8.46 
5.18 8.74 

TABLE 3.--F v a l u e s  from a n a l y s i s  of v a r i a n c e  

United Hagie 152A Pioneer  321  
V a r i a b l e  Uni t  1965 1966 1965 x 1966 1965 1966 1965 x 1966 

21 
Bu/A 

31  1 / 
Gra in  Y ie ld  ' I  9.7 4.27 "4.48 i/ 2 - 7  9 - 8  1.60 
Dry Ma t t e r  L ~ S / A  +$13.6 it 6.20 211-26 - 8.4 4 , l  2/2.10 
No. of Ea r s  ii83m6 Ti73.6 -.i/+.Ol +$107.2 t; 28.3 - 3.66 
Ear Weight Lbs - 70.1 - 52.2 - 4.08 - 42.0 - 124.2 "7.14 

Gra in  N 
Gra in  P 
Gra in  K 

Forage N 
Forage P 
Forage K 

Leaf N 
Leaf P 
Leaf K 

Gra in  N 
Gra in  P 
Gra in  K 

Forage  N Lbs/A 1 2  ' I  5 - 9  0.46 - " 5.7 " 6.3 3i0080 
Forage P Lbs/A ' 3.1 1.2 0.65 11 1.2 11 2.1 - 2.73 
Forage K Lbs/A L / 1 ~ . 5  2.2 0.54 - 6.1 9.1 "3.49 

T o t a l  N 
T o t a l  P 
T o t a l  K 

S t a l k s  broken 
be low e a r  % ---- 1.7 ---- 1.5 

1 / - 
T o t a l  Dry Ma t t e r  ~ b s / A  "18.0 6 ,4  1.26 ' I  6.8 5.7 1.50 

Silage 
(72.6%M) 

T/A 

1.' S i g n i f i c a n t  a t  t he  1 -pe r cen t  l e v e l .  

2/ S i g n i f i c a n t  a t  t h e  5 -pe r cen t  l e v e l .  

2' s i g n i f i c a n t  a t  t h e  10 -pe rcen t  l e v e l .  



TABLE 4.--Regression c o e f f i c i e n t s  f o r  second-order polynomial 

United Hagie 152A Pioneer  321 
Var iable  Uni t  b~ b~ b2 bll b22 b12 b~ bl b2 bll b22 b12 

Grain Yield 
1965 Bu/A 
1966 Bu/A 

Combined Dry Matter 
1965 Lbs/A 
1966 Lbs/A 

No. of Ears  
1965 
1966 

Ear Weight 
1965 Lbs 
1966 Lbs 

Grain N 
1965 Percent  
1966 P e r c e n t  

Grain P 
1965 Percent  
1966 P e r c e n t  

Grain  K 
1965 P e r c e n t  
1966 P e r c e n t  

Forage N 
1965 Percent  
1966 Percent  

Forage P 
1965 Percent  
1966 Percent  

Forage K 
1965 Percent  
1966 Percent  

Leaf N 
1965 Percent  
1966 Percent  

.* . 

*.- 
TABLE 4. --Continued 

* .- .-- 
United Hagie 152A Pioneer 321 * I  

Variable  Uni t  b~ b~ b2 bll '=22 b12 b~ bl b~ bll b22 b12 

Leaf P 
1965 P e r c e n t  
1966, P e r c e n t  

Leaf K 
1965 
1966 

P e r c e n t  
P e r c e n t  

Grain N 
1965 Lbs 
1966 Lbs 

Grain P 
1965 
1966 

Lbs 
Lb s 

Grain K 
1965 Lb s 
1966 Lb s 

Forage N 
1965 Lbs 
1966 Lbs 

Forage P 
1965 Lb s 
1966 Lbs 

Forage K 
1965 Lbs 
1966 Lbs 

T o t a l  N 
1965 Lbs 
1966 Lb s 

T o t a l  P 
1965 Lbs 
1966 Lbs 

T o t a l  K 
1965 Lbs 
1966 Lbs 

S t a l k s  broken b e l w  
ear 
1965 P e r c e n t  
1966 P e r c e n t  

T o t a l  Dry Mat ter  
1965 Lbs /A 
1966 Lbs /A 


