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brid. It was believed, however, that yields might be increased substantially if
higher populations, narrower row spacing, irrigation (if necessary), and com
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 2 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 (O, O) was estimated to give maximum yield. The
response surface computed from a second-order polynomial gives a complete
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Fig. 1 Geometric representation of design for one hybrid,
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summary of the results of the experiment and enables predicting responses for
combinations of variables not actually tested in the experiment but lying within
the ranges of those tested.®

In this experiment, the center point treatment has a population of 20,000
plants per acre and 2 row width of 30 inches. Figure 2 shows the population
levels and row widths and their coded values. Three replicates were used and
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Fig. 2 One replication of experimenial treatments for ome hybrid.

two center point treatments were included in each replicate. Figure 3 presents
the actual plot layout. The experimental treatments were placed on the same lo-
cation each year.

The row length was 70 feet. There were 8, 4, and 4 rows per plot with row
widths of 20, 30, and 40 inches, respectively.

Corn Hybrids
Pioneer 321 and United Hagie 152A hybrids were selected for this study.*

3Cockran, W. G., and Cox, G. M. experimental designs. Second Edition, pp. 335-376, 1957. Iowa

State Press, Publisher.
*Trade names and company names are included for the benefit of the reader and do not imply any

endorsement or preferential treatment of the product listed by the U. S. Department of Agricul-
ture.
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Whole Plant Samples

Ten whole plants were taken from the center rows of all treatments as the
plants approach maturity in September. Uptake of nitrogen, phosphorus, and
potassium was determined on the samples to determine the total uptake of these
elements and their distribution between the grain and forage. These tests also
reflected the adequacy of the fertilizer applications.

Corn Yield Samples

Grain yield was determined from 50-foot lengths of the two center rows of
each plot. The entire sample was weighed, and the yield determination was
based on 15.5 percent moisture in the grain and 72.6 percent moisture in the
silage. Dry matter yields of forage are reported on an oven-dry weight at 60°C.

Miscellaneous

Quantitative estimates of weed growth, insect damage, and stalk lodging
were made for each treatment, as needed, throughout each season. Pictures were
taken and careful observations were made of factors that might affect corn growth
and grain production.

DATA
Climatic Conditions

Climatic conditions during periods of each of the 2 years of study (1965-
1966) were unfavorable for maximum corn production. During 1965, a dry peri-
od of 17 days following seedbed preparation and planting resulted in slow ger-
mination of the corn seed and irregular emergence of the corn plants. A severe
windstorm and heavy rain severely damaged the corn plants on June 20. After
the storm, nearly all of the plants were leaning badly (angles greater than 60°
from vertical), and on many areas of the plots the corn had been flattened by
the wind. However, after 2 weeks, the leaning corn had almost straightened and
the top two-thirds of the flattened stalks had goosenecked to a vertical posmon
and continued to grow.

Cool weather retarded early growth of the corn during 1966. Mean tempera-
tures during April, May, and June were about 4°F. below the long-time (1933-
1965) average for this period. Nighttime temperatures in the 30’s and lower 40’
were frequent until mid-June. Temperatures during July were' above normal, and
precipitation was ncarly 3 inches below normal. Total rainfall during July was
0.52 inch.. No precipitation occurred from June 28 to July 19, when 0.32 inch
was received. During this 20-day period, the average maximum daily tempera-
ture was 95°F. During five consecutive days (July 11 to July 15), the maximum
temperatures were 103°F. and 104°F. Adequate water was provided by irriga-
tion; however, the plants were damaged somewhat by hot winds during the silk-
ing period.
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highest calculated average yield, 159.3 bushels, was obtained in 30-inch rows at
24,000 plants per acre (figure 4 and table 2 of the appendix). This is the highest
point (corn yield axis) above a plot of the row width and stalk population on
the base of the diagram. The distance of this high point above the plotted point
(width/population) can be transferred to the corn yield scale for determining
yield in bushels per acre. The response to population was much greater than to
row width.
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Statistically, the yield differences for the United Hagie hybrid were signifi-
cant at the 1-percent level in 1965 and ar the 5-percent level in 1966. Since the
response to treatment was different in each year, the response surface for each
year is presented in figures 6 and 7. The highest yield in 1965 was from 20,000
plants and with 35-inch row width. In 1966, it was from 28,000 plants and with
40-inch row width. Figure 5 shows that the response to population was much
greater than response to row width.
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Silage

Figures 8 and 9 show the effects of stalk population and row width on sil-
age yields (total dry matter adjusted to 72.6 percent moisture) in tons per acre
from the same hybrid corns. These data are the averages for both years, since
the treatment x years interaction was not significant.
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Stalks (Machine Harvestable)

In figure 14 are plotted the standing stalks and the stalks broken below the
ear, as influenced by row spacing and population for the two hybrids studied.
These data are for 1966 only, since a windstorm on June 20, 1965 badly damaged
the corn on all treatments. The effects of stalk population and row spacing vari-
ables on standability were virtually impossible to ascertain at harvest time. For
this analysis, it is assumed that the standing and leaning stalks would be ma-
chine harvestable, while the ears on stalks broken below the ear would be left
in the field. On this basis, the numbers given in the clear portion of the bars
represent the grain yields that would be machine harvestable and those in the
shaded portion the grain left in the field.

The data for both hybrids indicate that the number of broken stalks increases
with increasing population and decreasing row widths. However, the number of
broken stalks for a given treatment is roughly twice as great for the United Ha-
gie hybrid as for the Pioneer hybrid, which stresses the importance of selecting
stiff-stalked hybrids when planting at high populations.

Total Nutrient Uptake

The total nitrogen, phosphorus, and potassium contents of the grain and
forage as influenced by plant population and row spacing are given for the Pio-
neer hybrid in figure 15 and for the United Hagie hybrid in figure 16. For compara-
tive purposes, the corn yields and forage dry matter yields are shown on the
top of the figure. The percentage of nutrients (N, P, K) in the grain and for-
age was usually not significantly different (see appendix rable 2) for all popu-
lations and row widths. Therefore, the total uptake differences in figures 15 and
16 generally reflect differences in yield.

Pioneer

The total nitrogen uptake in grain and forage varied between approximately
160 and 230 pounds per acre (fig. 15). Of the total, the amount in the grain
ranged from 91 to 120 pounds per acre and the amount in the forage ranged
from 68 to 115 pounds per acre. Total uptake of nitrogen in both grain and for-
age increased with increased population. At the lower populations, the total ni-
trogen uptake decreased with increasing row width. This difference was largely
reflected in the amount contained in the grain which, in turn, is the result of
" lower grain yields. At the higher populations, the total nitrogen uptake increased
with increasing row widths. In contrast with the lower populations, the total
nitrogen uptake increase was due to higher yields of both grain and forage.
Total phosphorus uptake, that contained in the grain and forage for the
Pioneer hybrid, ranged from about 26 pounds at the lower populations to about
34 pounds per acre at the higher populations. Of the total, the amount in the
grain ranged from about 18 pounds per acre at the lower populations to 23
pounds per acre at the higher populations.
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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 Hagie

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 chroughout, 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 absotbed 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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gen returned ranges from about 62 to 115 pounds per acre. In the case of phos-
phorus, about two-thirds of the phosphorus is contained in the grain and one-
third in the forage (8 to 12 pounds). About 12 to 18 percent of the potassium
is contained in the grain. The remainder contained in the forage varies from
about 120 to 220 pouynds per acre. Therefore, when comn is used for silage,
larger amounts of nutrients are removed from the land than when the grain only
is harvested. This requires increased application of fertilizer to maintain the
land at a high nutrient level.

A two-dimensional, second-order composite design was used in this study.
The response surface computed from a second-order polynomial gives a com-
plete summary of the results of the experiment and enables prediction of re-
sponses for combinations of variables not actually tested in the experiment but
lying within the -inges of those tested. The analysis of variance and prediction
equations show. . that the design used for experiments was well suited to this
study.
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