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HYBRID-ROW SPACING-PLANT
POPULATION STUDIES WITH CORN
IN MISSOURI’

L. G. HEATHERLY, N. G. WEIR, R. D. HORROCKS, AND M. S. ZUBER?

INTRODUCTION

With the advent of single cross corn (Zez mays L.) hybrids, improved
methods of weed control by herbicides, and the avilability of large-capacity
farm machinery, a need for the evaluation of traditional methods of corn
production was evident in the mid-1960’s. Because of the increased use
of herbicides in many farming systems, it was no longer necessary to consider
the clearance capacity of farm equipment over corn plants for weed control.
The traditional corn row spacing of 38 to 42 inches could now be considered
expendable instead of necessary. For maximum efficiency of both labor and
equipment, six planter units could now be used for planting narrower rows,
rather than the four planter units used for the traditional spacing. However,
farmers needed information on the effect of narrower row spacings with
varying plant populations on corn production, before using these new practices.

The objective of these studies was to evaluate how various row spacings,
different plant populations, and several environments affected corn production
of currently grown hybrids. This publication presents the results of these
studies and their implication to the Missouri corn grower.

LITERATURE REVIEW

The effect of different plant populations on corn grain yields has been
verified throughout the literature. The response of yield to increased plant
population may depend on locations (26), row spacings (8, 17), hybrids
(5, 10, 21), and moisture availability during the growing season (5, 21, 24).
Plant population levels as low as 7,000 (24) and as high as 28,000 to 30,000
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ment of Agriculture.
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Agronomist, Agricultural Research Service, U.S. Department of Agriculture, and Professor of Agronomy,
Universicy of Missouri, Columbia, MO 65201,
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plants per acre have yielded highest in some environments (5, 9, 14, 25). A
population of 12,000 plants per acre was optimum for grain production earlier
(22, 26, 27), but more recently, 20,000 to 24,000 plants per acre have
produced maximum grain yield (1, 2, 3, 4, 6, 11, 12, 15, 18, 21, 23).

Plant population levels also affect factors in corn production that con-
tribute to yield. Stalk lodging has been found to increase with increasing
plant population (4, 5, 6, 21, 23, 26, 27), whereas root lodging seems to be
little affected by number of plants per acre (26, 27). Stalk crushing strength,
a trait that may be related to stalk breakage or lodging, was shown by Singh
to be negatively correlated with stalk lodging (16). Stalk diameter, another
factor in lodging, decreased as plant population levels were increased (4, 14, 21).
Ear height may increase with increased plant populations (4, 5, 14, 26) or
may not be significantly affected (6, 8, 27). This trait is important since a
higher ear placement would place more leverage on the stalk and possibly
increase lodging and stalk breakage.

A standing stalk that is barren or has dropped its ear is also a negative factor
in grain yield. Therefore, the effect of plant population levels on dropped ears
or barren plants is of interest to the corn grower. At plant populations below
16,000 plants per acre, the number of dropped ears has been shown not to be
affected by the number of plants (26, 27). In contrast, dropped ears
increased linearly as plant populations were increased from 16,000 to 28,000
plants per acre (2). Increasing plant populations increased barren stalks (5, 6,
10, 20).

Stand percentages were found by Sharma and Gupta (15) to decrease
linearly when plant populations were more than 28,000 plants per acre.
Colville (2) reported that the weight per 100 kernels decreased linearly
with each increase of 4,000 plants from 12,000 to 28,000 plants per acre.
However, no difference in bushel weight (test weight) was found when plant
population levels were changed (12).

Sommerfeldt (17) noted that leaf distribution on the stalk was affected
by stand. At 22,000 plants per acre, the leaves tended to concentrate nearer
the top of the plant, whereas they were distributed more uniformly along
the stalk at lower plant population levels. Leaf area per plant was found to
decrease linearly as plant population levels were increased to 28,000 plants per
acre (11), but leaf area index increased with increasing number of plants per
acre (9, 11).

The effect of row spacing on corn grain production is well documented.
Narrow rows (18 to 24 inches) have been shown by numerous research
efforts to be best for maximum grain production (8, 11, 13, 18, 20, 25) in
relation to wide row spacings, especially when the higher populations of 20,000
to 24,000 plants per acre were used (8, 17). Part of the yield increase from
the narrow rows was attributed to a higher efficiency of water use (25), the
presence of fewer barren plants (18, 20), or both. Both of these phenomena
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were brought about by the greater distance between plants within the narrow
rows at a given plant population level, thereby reducing competition for
water and nutrients. On the other hand, some researchers have found no real
advantage in using the narrow rows for increased grain yield (5, 6, 19).

Hayes, Douglas, and Beaty (8), Gill (6), and Giesbrecht (5) found that
neither lodging nor ear height was significantly affected by row spacing.
These results suggest that within-row plant competition, rather than between-
row competition, affected lodging, since stalk lodging was shown to increase
when plant populations were increased.

The difference in the amount of moisture available during the growing
season has been shown to change the optimum plant population for maximum
yields (5, 21, 24). The incidence of more barren plants in the higher popula-
tions has been shown to be altered by the environment (5).

Location effects have been shown to be similar to year effects, since each
location, as each year, presents a different environment. Thus, either of these
factors may alter the row spacing effect (9) or plant population effect (26)
on grain yield. These findings suggest that corn yield response to a change
in these two factors may be location-specific.

Some reports have indicated that some hybrids may have responded
differently in grain yield as the plant population (10, 20, 21) or row spacing
(23) was changed. Others, however, have reported little or no difference in
grain yield among different hybrids as these two variables were changed (3, 9).
Giesbrecht (5) found that the later-maturing, taller hybrids yielded more in
competition brought about by high plant populations.

EXPERIMENTAL PROCEDURE

This study was begun in 1966 at four locations in Missouri to evaluate
how row spacing and plant population would affect agronomic performance of
three corn hybrids. The test sites were the North Missouri Research Center
near Spickard, the Southwest Research Center near Mt. Vernon, the Agronomy
Research Center near Columbia, and the Delta Research Center near
Portageville. The study was conducted for 3 years, from 1966 to 1968, at
each location. However, the 1968 test at Mt. Vernon was abandoned because
of an excessive amount of volunteer corn. The hybrids ‘Pioneer 3306’, ‘MFA
2222, and ‘Dekalb XLG65A’, representing a relative maturity of 110 to 120 days,
were selected for the study. Plots were overplanted and' thinned to attain
populations of 12,000, 16,000, 20,000, and 24,000 plants per acte in rows of
20, 30, and 40 inches in width. A factorial arrangement of treatments was
used in a randomized complete block design with three replications at Mt.
Vernon and Portageville and four replications at Spickard and Columbia. Three-
row plots were used, each row being 33 feet long. Variables were measured
on the center row of each plot.
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The soil type at Spickard was a Seymour silt loam. It has a clay subsoil
with 5 inches of available water in the upper 3 feet of soil. It is slowly
permeable to air and water, but surface drainage was good. The Mt. Vernon
tests were located on a Huntington silt loam. This well drained soil has a
high available water holding capacity (7 inches in the upper 3 feet) and is
well aerated. The Columbia experiments were conducted on a Mexico silt
loam which has a claypan subsoil and an available-water holding capacity of
5.5 inches in the upper 3 feet. It is very slowly permeable to air and water.
Surface drainage was good. At Portageville, the tests,were located on a Tipton-
ville silt loam soil. This well-drained soil has a moderately permeable subsoil
and a high water holding capacity of 6.5 to 7.0 inches.

Each year, all test sites received N, P20Os, and K20 in the amounts of
150-75-100. Five pounds of atrazine (2-chloro-4-ethylamino-6-isopropylamino-
s-triazine)® as the active ingredient (a.i.) were applied per acre on each zest
site, except at Columbia, where 2 pounds of atrazine (a.i.) in combination
with 0.5 pounds of linuron [3-(3,4-dichlorophenyl)-1-methoxy- 1-methylurea]
(a.i.) was applied. Aldrin (1, 2, 3, 4, 10, 10-hexachloro-1, 4, 4a, 5, 8, 8a-
hexahydro-1, 4-endo-exo-5, 8-dimethano-naphthalene) insecticide was applied
at all locations at the recommended rate. ‘

Stand percentages for each test were computed on the basis of the total
plants present, divided by the number of plants required for a perfect stand.
Stands were counted after ear formation to permit the measurement of ear
height at the same time. Ear height was graded as the number of feet from
the ground level to the upper ear-bearing node.

Lodging counts were made prior to harvest. A plant was considered
root-lodged if it leaned more than 30 degrees from the vertical and stalk-lodged
if it was broken below the ear. A plant that was both root- and stalk-lodged
was recorded in both categories. The percentage was based on the total
number of plants present.

Grain moisture was determined at harvest. Grain from each repli-
cate was thoroughly mixed, and the moisture content was determined on one
sample with a Steinlite* moisture meter.

The ear corn from each plot was hand-harvested and weighed. Yield
was determined on the basis of shelled corn with a moisture content of 15.5%.

To determine shelling percentage, we weighed the ears from each plot
with grain intact and then weighed the cobs after shelling. The difference in

3This is a report on the current status of reseacch involving use of certain chemicals that require registra-
tion under the Federal Environmental Pesticide Control Act (FEPCA). This report does not contain recom-
mendations for the use of such chemicals, nor does it imply that che uses discussed have been registered.
All uses of these chemicals must be registered by the appropriate State and Federal agencies before they
can be recommended.

4Mention of a trademark or proprietary product does not constitute a guarantee or warrancy of the
product by the U.S. Department of Agriculture nor imply its approval to the exclusion of other products
that may also be suitable.
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the two weights, divided by the cob-with-grain weight, was recorded as
percentage of grain or shelling percentage.

To determine stalk-crushing strength, we obtained 2-inch sections from the
second above-ground internode of 10 to 15 stalks from each plot and recorded
the number of load pounds needed to break a 2-inch stalk section with a
hydraulic press. We determined cob-crushing strength in the same manner.

Planting and harvest dates for each year at each location are presented in
Table 1.

Table 1. Planting and harvest dates fon the coan hybrid-row spacing-
plant population study at four Locations in Missourd,

Location Planting date Harvest date
1966
Spichard May 9 November §
Mt. Vernon May 25 October 27
Columbia May 17 October 24
Portageville May 10 October 5
1967
Spickard May 9-10 Octoben 17
Mt. Vernon Apnil 6 October 12
Columb.ia Aprnil 26 November 5
Portageville Aprnil 3 Septemben 6
1968
Spickand May 1 November 1
Mt. Vernon April 18 *
Columbia May 16 October 29
Portageviile Aprnil 22 Septembenr 11

*Experiment abandoned.

Analysis of variance was applied to the combined yearly data from each
location. Treatment means were subjected to Duncan’s multiple range test.
For tests of significance, a probability level of 0.05 was chosen.
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RESULTS AND DISCUSSION

Rainfall

Monthly rainfall from April to September 30 at each location appears in
Tables 2 to 5. At Spickard in 1966, rainfall was considerably less than average
(Table 2). The deficits were greatest during April, May, and September. In
1967, total rainfall there was essentially normal, although in July, August,
and September, rainfall was well below each monthly average. In 1968, total
rainfall was below the long-term average. However, the above-normal rainfall
during July more than offset this deficit, as reflected in the higher yields.

Table 2. Monthly nainfall (inches) grom April 1 o Sepifember 30 at
Spickard, Missouri, plus average monthly raingall.

Monith 7966 g% 19638 %m%
Aprnil 1.72 5.03 6.12 3.76
May 2.85 4,87 3.80 5.11
June 4.60 9.86 1.47 4.54
July 4.56 2.71 7.67 5.00
August 4.07 1.65 3.07 4.53
Septemben 1.17 3.88 3.19 5.77
Total 18.97 28.00 25.32 26.71

Rainfall at Mt. Vernon during the 1966 growing season (April to
September) was more than 5 inches less than average (Table 3). In May, June,
and September, rainfall was well below average. In 1967, rainfall was about 2
inches below average for the 6 months. September accounted for most of this
deficit. Amount of rainfall in 1968 has no bearing, since the experiment for
that year was abandoned.

Rainfall at Columbia from April through September of 1966, 1967, and
1968 was less than the 6-month average of 24.56 inches (Table 4). In May and
August of 1966 and in July, August, and September of 1967, rainfall was
much lower than average. In April, 1968, rainfall was 2 inches less than
average. The excellent distribution pattern throughout the 1968 season caused
the higher yields.

At Portageville, rainfall from April through September of each year was
greater than the 6-month average of 22.95 inches (Table 5).
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TabLe 3. Monthly nainfall (inches) from Apail 1 to September 30 at
Mt. Vernon, Missouri, plus average monthly nraingall.

Month 1966 ;I:Z;L 1968 "I%fa‘g%a’*
April 4.12 4.88 2.38 4.64
May 3.14 4.76 6.31 5.93
June 1.47 7.74 4.12 4.90
Juty 4.56 3.17 2.00 3.51
August 5.87 2,23 6.05 3.11
September 2.03 1.42 3.60 4.25
Total 21.19 24.20 24.46 26.34

Table 4. Monthly raingall (inches) grom Apnil 1 to September 30 at
Columbia, Missourni, plus average monthly haingall.

Yeanr _ Avenage
Month 1966 1967 1968 1941-1965
April 4.12 3.12 1.74 3.70
May 2.22 5.32 5.46 4.74
June 3.28 4.97 3.01 4.36
July 4.08 2.04 3.18 4.07
August 1.46 0.87 2.13 3.44
Septemben 3.32 1.96 4.64 4.25

Total 18.48 18.28 20.16 24.56
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Table 5. Monthty nrainfall (inches) from Apnil 1 to September 30 at
Portageville, Missourni, plus average monthly rainfall.

Yean Av e

Month 7966 1567 7963 -

April 7.93 4.15 4.66 3.69
May 5.45 10.00 7.40 5.54
June 1.40 5.80 1.75 3.47
Juty 4,21 5.14 2,82 3.54
August 5.19 1.17 1.46 3.27
September 1.85 3.96 5.34 3.44
Totat 26.03 30.22 23.43 22.95

Stand Percentage

Since the plots were overplanted and thinned to the desired population,
there should have been little, if any, deviation from the intended plant popula-
tion. However, the data in Table 6 show occasional deviations. Stand per-
centage differed somewhat between years within locations. These differences
were undoubtedly related to environmental stresses, such as lack of timely
rainfall immediately after planting. The major deviations, however, were due to
within-row competition. As the row spacing was widened or the plant popula-
tion was increased, stands were reduced significantly at all locations. This
competition between plants established a trend in which stands were always
lowered when planting rates were increased. These results agree with the
findings of Sharma and Gupta (15).

The interaction of row spacing and plant population was significant for
stand percentage at three locations (Fig. 1). At Spickard, changes in plant
population did not significantly affect percentage of stand in the 20-inch row
spacing. However, as plant populations were increased in the 30- and 40-inch
row spacings, stands decreased significantly. At Mt. Vernon, percentage of
stand decreased only when the plant population was increased ar the 40-inch
row spacing. At Columbia, the general trend was a decrease in stand as plant
population was increased in all row spacings, with the magnitude of the decrease
becoming larger as row spacing was increased.

The significant interactions of year and row spacing at Spickard and
Portageville and year and plant population at Spickard and Columbia emphasize



RESEARCH BULLETIN 1008 11
Table 6. Pencentage stand at Spickard, Mt. Vernon, Columbia, and
Porntageville, Missouri.
Location
Factor Spickarnd — WE. Vernon  Columbia  Porfageville Mean
Year t
1966 96.4 a* 97.6 b 96.6 b 94.8 a 96.4
1967 94.7 a 99.5 a 98.5 a 95.7 a 97.1
1968 94.8 a ¥ 8§8.4 ¢ 92.0 b 91.7
Hybrid §
onees 3306 94.1 a 98.9 a 94.5 a 93.1 a 95.2
MFA 2222 96.3 a 99.2 a 96.1 a 95.9 a 96.9
Dekalh XL65A 95.5 a 98.1 a 95.3 a 93.7 a 95.6
Row Spacing T
70 utc%u 98.1 a 99.3 a 97.5 a 96.2 a 97.8
30 inches 96.4 b 99.2 a 96.0 b 95.6 a 96.8
40 inches §9.9 ¢ 97.5 b 91.7 ¢ 90.4 b 92.4
Plants per acnrell
72,300 99.0 a 99.8 a 98.8 a 99.3 a 99.2
16,000 96.3 b 99.0 ab 95,1 b 94,9 b 96.3
20,000 93.0 ¢ 97.9 be 93.3 be 90.5 ¢ 93.7
24,000 91.0 ¢ 97.7 ¢ 92.4 ¢ 8.9 ¢ 92.5
cvi%) 13.2 9.6 12.8 14.6

*Values in individual columns within each factor followed by the
same Letten are not significantly different at the 0.05 Level of
probability.

tAveraged acncss three hybrnids, three row spacings, and four
plant population Levels.

*Experiment abandoned.

SAveraged across 3 yeans, three row dpacings, and four plant
population Levels.

TAveraged across 3 yearns, three hybrids, and four plant
popuwlation Levels.

TAveraged across 3 yeans, three hybrids, and thiee now spacings.
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the influence of the environment on plant-to-plant competition in establishing
stand (Appendix Table 1). Even though stand percentage decreased in all years
as the number of intended plants within rows was increased, the magnitude
of the decrease in stand was altered considerably by the environment or
stresses of the different years.

Root Lodging, Barren Plants, and Dropped Ears

Data were recorded for root lodging, barren plants, and dropped ears.
The means resulting from the darta analysis are too small to be of
significant value. Rarely, if ever, were values larger than 1%, and most of che
mean values were well below 0.5%. From these data, different row spacings
and plant populations appear to have little effect on the above variables. The
findings for root lodging agree with those of other research on plant popula-
tion (26, 27) and row spacing (5, 6, 8). However, these results do not
support the findings of other researchers who found that the number of
dropped ears (2) and barren stalks (5, 6, 10, 20) increased as plant popula-
tions were increased when using plant population levels similar to those of this
study. This lack of agreement can probably be attributed to differences in
weather, effect of European corn borer (Ostrinia nubilalis (Hubner)) on dropped
ears, and hybrids. Moisture supply would greatly influence the number of
barren stalks (5). Our findings also support the results of other research
about the Jack of effect of different row spacings on barren plants (5). However,
Stickler (18) attributed part of the yield advantage of 20-inch rows to the
presence of fewer barren plants.

Stalk Crushing

The stalk crushing data for the four locations is summarized in Table
7. The pressure (psi) required to crush a 2-inch mature stalk section was greater
from the tests grown in 1967 than those grown in 1966 or 1968 at all locations.
The Spickard data ranged most (290 to 1,448 psi) in stalk-crushing values,
and Portageville ranged least (798 to 931) among years. Differences among
hybrids were highly significant at all sites. Differences in stalk crushing
strength among row spacings were significant only at Mt. Vernon. As plant
populations were increased, stalk crushing strength was decreased at all loca-
tions. These results point out that within-row competition affects stalk
crushing strength more than does between-row competition.

The significant year x hybrid interaction at Spickard and Columbia
indicates how stalk strength differs as the different hybrids respond to the
environment (Appendix Table 2). The year x plant population interaction was
significant at Spickard, Mt. Vernon, and Portageville. Thus, the effect of
within-row competition on stalk strength was affected greatly by the growing
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Table 7. Conn stalk crushing strength (psi) at Spickard, Mt. Vernon,
Columbia, and Portagev.ille, Missounri.

Location

Facton Spickand — WE. Vomon  Colunbin — Portageville Mean
Yean+
7964 290 o* 215 b 798 b 798 b 525
1967 1,448 a 903 a 1,007 a 931 a 1,072
1968 525 b I 439 ¢ 915 a 626
Hybrid §
woneern 3306 835 a 624 a 857 a 1,022 a 834
MFA 2222 675 ¢ 470 ¢ 621 ¢ 784 ¢ 638
Dekalb XL65A 753 b 583 b 766 b 837 b 735
Row spacing T
20 an%eb 783 a 585 a 761 a 885 a 754
30 Ainches 735 a 558 ab 725 a 881 a 725
40 Linches 745 a 533 b 757 a 878 a 728
Plants pern achell
12,000 962 a 692 a 904 a 1,042 a 900
16,000 8§07 b 595 b 816 b 918 b 784
20,000 646 ¢ 481 ¢ 670 ¢ 797 ¢ 648
24,000 602 ¢ 468 ¢ 601 d 768 ¢ 610

cv (%) 23.5 19.9 28.4 18.1

*Values in individual columns within each facton followed by the
same Lettfen are not significantly different at the 0.05 Level of
probability.

T Averaged across thiee hybrids, three row spacings, and four
plant population Levels.

¥ Expeniment abandoned.

§ Averaged across 3 yeans, three now spacings, and four plant
population Levels.

TAveraged across 3 yeans, three hybrids, and four plant
population Levels.

TAveraged across 3 yearns, three hybrids, and three row spacings.

conditions of different years. Only at Mt. Vernon was the year x row spacing
interaction significant.

The interactions of hybrid and row spacing and hybrid and plant
population were significant only at Spickard (Appendix Table 2). MFA 2222
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and Dekalb XL65A stalks showed no significant change in stalk crushing
strength among row spacings, but Pioneer Brand 3306 stalks increased in
crushing strength when rows were narrowed from 30 to 20 inches (Table 8).
Pioneer Brand 3306 decreased significantly in stalk crushing strength with
each successive increase in plant population, whereas the stalks of the other
hybrids did not. These results indicate that stalk crushing strength of the
Pioneer hybrid was more responsive to within-row competition than the other
two hybrids.

Table §. Coin stalk crushing strength (psi) for thiee comn hybrids
grown at three row spacings and four plant populations at
Spickand, Missours.

Hybrid
Factonr Pioneen MFA 22772 Vekalb XL65A
Row Spacin
70 4inches 900 a* 691 de 757 bed
30 inches 829 b 661 e 716 cde
40 inches 776 be 673 e 784 be
Plants pern acie
72,505 1,117 a 846 be 923 b
16,000 882 b 743 d 795 od
20,000 723 de 564 gh 650 efg
24,000 618 4gh 546 h 647 efg

*Values within each dactorn followed by the same Letter ane not
sdgnificantly different at 2he 0.05 Level of probability.

Stalk Lodging

The pattern for stalk lodging among years closely followed that for
stalk-crushing strength (Table 9). At all locations, except Columbia, the
percentage of lodged stalks was greatest in 1966, when stalks had the
lowest crushing strength. However, this pattern did not hold for differences in
lodging among hybrids. Thus, factors other than stalk strength may affect the
lodging of a particular hybrid.

Stalk lodging did not differ significant]y among different row widths, but
it did at all locations as plant population was increased. That this trend was
noted for stalk-crushing strength suggests that these two traits were more
subject to within-row than between-row competition. This probability is
further substantiated by the lack of a significant interaction between row spacing
and plant population (Appendix Table 3). Also, the magnitude of increase in
the stalk lodging as plant populations were increased was essentially the
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Table 9. Percentage of corwn stalk Lodging at Spickarnd, Mt. Vernon,
Columbia, and Porntageville, Missourd.

Facton Location
Spickard — ME. Vernon — Columbia ™ Porfageville  Mean
Yeant
7966 12.3 a* 2.5 a 0.9 ¢ 2.1 a 4.5
1967 0.2 b 0.3 b 4.8 a 0.3 c 1.4
1968 0.1 b % 3.3 b 1.4 b 1.6
Hybrid §
foneer 3306 1.6 b 1.6 a 3.1 a 1.0 a 1.8
MFA 2222 2.7 a 1.2 a 3.0 a 1.0 a 2.0
Dekalb XL65A 1.7 b 1.0 a 2.2 b 1.3 a 1.6
Row Spacing 1
20 an%eé 1.7 a 1.5 a 2.7 a 0.9 a 1.7
30 inches 2.0 a 1.2 a 2.8 a 1.3 a 1.8
40 4inches 2.2 a 1.2 a 2.7 a 1.2 a 1.8
Plants per achell
17, 000 0.7 ¢ 0.7 b 1.6 b 0.5 ¢ 0.9
16,000 1.4 b 1.3 a 2.1 b 1.0 b 1.4
20,000 2.8 a 1.5 a 3.9 a 1.6 a 2.4
24,000 3.2 a 1.7 a 3.8 a 1.7 a 2.6
cV (%) 77.4 62,12 57.1 70.8

*Yalues in individual columns within each facton followed by the
same Letten are not significantly different at the 0.05 Level of

probab.ility.

TAveraged across three hybrids, three row spacings, and four
plant population Levels.

¥Experiment abandoned.

SAveraged across 3 yeans, three now spacings, and fowr plant
poputation Levels.

TAveraged across 3 yearns, three hybrids, and four plant
population Levels.

TAveraged across 3 years, ithree hybrids, and three now spacings.

reverse of stalk crushing strength response. A negative relationship is suggested
between these two variables. This same relationship has been noted by Singh
(16). The lack of a row-spacing effect on stalk lodging agrees with reports
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in the literature (5, 6, 8), as does the significant effect of increasing plant
population on lodging (4, 5, 6, 21, 23, 26, 27).

At Spickard, the hybrid x row spacing interaction was significant (Appendix
Table 3). Lodging of the MFA hybrid increased as row spacing increased,
whereas the Pioneer and Dekalb hybrids showed no significant lodging response
to row spacing. The year x hybrid interaction was significant at Mt. Vernon,
Columbia, and Portageville (Table 10), and the year x plant population
interaction was significant at Spickard and Portageville (Table 11). These results
further substantiate previous findings that environment greatly influences the
magnitude of stalk lodging and its components.

Table 10. Percentage of conn sitalk Lodging fon 1966-1968 of thiee
hybrids grown at Mt. Vernon, Columbia, and Portageville,
Missouni, (across three row spacings and four plant

populations).
Hybrid
Year Pioneern 3306 MFA 2272 Dekalb XL65A
ML, Vernon
1966 4.0 a* 7.7 b 2.0 b
1967 0.3 ¢ 0.3 ¢ 0.4 c
1968 + + +
Columbia
1966 0.8 d 0.5 d 1.5¢
1967 7.7 a 3.7 b 3.4 b
1968 2.5 be 6.3 a 1.9 ¢
Porntageville
1966 2.2 a 7.7 a 2.1 a
1967 0.5 b 0.2 b 0.7 b
1968 0.7 b 1.4 a 2.2 a

*Values within each Location §ollowed by the same Letter are noi
sdgnificantly different at the 0.05 Level o4 probability.

T Experiment abandoned.
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TabLe 11. Pencentage of corn stalk Lodging fon 1966-1968 for four
plant populations of comn at Spickard and Portagevilie,
Missourni, (across three hybrids and thiee now spacings).

Vear 17,000 16,oggantz/ac;3,ooo 74,000
Spickard
1966 5.1 ¢* 9.9 b 16.8 a 20.2 a
1967 0.01 e 0.03 e 0.3 de 0.6 d
1968 0.02 e 0.04 e 0.05 e 0.1 de
Portageville
1966 1.1b 2.4 a 2.7 a 2.4 a
1967 0.3 ¢ 0.3 ¢ 0.4 ¢ 0.3 ¢
1968 0.3 c 0.8 b 2.2 a 3.1 a

*Values within each Location followed by the same Letter are
not sdignificantly different at the .05 Level of probability.

Ear Height

Among the variables studied, only years and hybrids affected ear-height
variation (Table 12). Among years, differences ranged from a high of 1.00 ft
at Columbia to a low of 0.18 ft at Portageville, with all locations showing
significant yearly differences. Pioneer 3306 had the highest ear placement at
all locations, although the difference in ear height between any two hybrids
did not exceed 0.40 ft at any location.

Ear height differed significantly because of row spacings, plant population,
or both only at Mt. Vernon. However, the actual difference between any
two row spacings or any two plant populations there did not exceed 0.11 ft.

All significant interactions for ear height involved the year component of
variance. The year x hybrid interaction was significant at all locations, the
year x plant population interaction was significant at three locations, and the
year x row spacing interaction was significant at two locations (Appendix Table
4). These results show that environment strongly influences ear placement.

Since stalk lodging increased at all locations as plant population increased
(Table 9), and only small differences were noted in ear height among plant
populations (significant at only one location), it appears that ear height had
little effect on the degree of stalk lodging in this study.
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Table 12. Coan ean height (42) at Spickand, Mt. Vernon, Colfumbia, and
Pontagev.ille, Missowri.

Facton , Location

Spackarnd ML, Vernon  Columbia  Portageville Mean
Yean T
7988 3.33 p* 2.61 b 2.81 ¢ 2.70 a 2.86
1967 3.66 a 3.05 a 3.81 a 2,52 b 3.26
1968 2.80 ¢ ¥ 3.50 b 2.55 b 2.95
Hybrids
ioneen 3306 3.38 a 3.07 a 3.59 a 2.82 a 3.22
MFA 2222 3.25 b 2.66 ¢ 3.25 b 2.42 ¢ 2.90
Dekalb XL65A 3.16 ¢ 2.76 b 3.28 b 2.53 b 2.93
Row Spacing T
70 mc%u 3.28 a 2.78 b 3,36 a 2.59 a 3.00
30 inches 3.26 a 2.82 ab 3.36 a 2.57 a 3.00
40 inches 3.25 a 2.89 a 3.40 a 2.61 a 3.04
Plants per acrell
72,003 3.25 a 2.86 ab 3.37 a 2,62 a 3.02
16,000 3,23 a 2.79 b 3.38 a 2.59 a 3.00
20,000 3.26 a 2.78 b 3,38 a 2.5 a 3.00
24,000 3.31 a 2.89 a 3.36 a 2.59 a 3.04

Cvis) 10.0 §.9 7.3 15.4

YWalues in individual columns within each factorn folLlowed by
the same Letter anre not significantly different at the 0.05 Level of
probability.

tAvenaged across three hybrids, three now spacings, and four
plant population Levels.

¥Expesiment abandoned.,

SAvenaged across 3 yeans, three now spacings, and four plant
population Levels.

TAvennged acnoss 3 yeans, three hybrids, and four plant
population Levels.

MAvenaged across 3 yeans, three hybrids, and three now spacings.

Cob Crushing

Cob crushing strength may be associated with machine harvesting capability.
This trait was measured in 1967 and 1968 at Spickard and Columbia and
1967 at Mrt. Vernon and Portageville. A large yearly difference occurred at the



20 MISSOURI AGRICULTURAL EXPERIMENT STATION

Tabfe 13. Comn cob crushing strength (psi) at Spickard, Mt, Vernon,
Columbia, and Portageville, Missouri.

Faciton Location
Spickand  ME. Vernon Columbia  Portagevifle Mean

Yean T
7967 1,799 a* 1,352 1,208 a 1,223 1,395
1968 8§10 b ¥ €36 b 823
Hybrid §

Loneeenr 3306 1,439 b 1,486 b 1,086 b 1,548 a 1,390
MFA 2222 1,505 a 1,607 a 1,226 a 1,330 b 1,417
Dekalb XL65A 969 ¢ 962 ¢ 754 ¢ 790 ¢ 869
Row Spacing T
20 inches 1,338 a 1,417 a 1,044 a 1,254 a 1,263
30 inches 1,269 b 1,345 ab 1,020 a 1,212 a 1,212
40 inches 1,305 ab 1,292 b 1,001 a 1,202 a 1,200
Plants per acrell
72,000 1,467 a 1,598 a 1,196 a 1,287 a 1,387
16,000 1,375 b 1,402 b 1,120 b 1,255 a 1,288
20,000 1,213 ¢ 1,232 ¢ 931 ¢ 1,224 a 1,150
24,000 1,161d 1,174 ¢ 839 d 1,125 b 1,075

cv(g) 12.1 14.0 20.8 14.6

*Values in individual columns within each factor followed by the
same Lelten are not significantly different at the 0.05 Level of
probability.

tTAvenaged across thiee hybrids, three row spacings, and four
plant population Levels.

No measurements.

SAveraged acrnoss thiee row spacings, and fowr plant population
Levels. Spickand and Columb.ia avernages across 2 years.

YAveraged across three hybrids and four plant population Levels.
Spickand and Columbia averages achoss 2 years,

TMAveraged across three hybrids and Zhree row spacings. Spickard
and Columbia averages achoss 2 years,

first two sites (Table 13). MFA 2222 had the soundest cobs at three locations.
Cob strength did not differ as much among row spacings as among hybrids or
between years. The effect of plant population on cob strength was significant
at all locations. Cobs with the greatest strength were produced at the lower
populations.



Year x hybrid and year x plant population interactions were significant at
both Spickard and Columbia (Appendix Table 5).
The hybrid x plant population interaction was significant at Spickard only.

Test Weight
Analysis of variance (Appendix Table 6) and the test weight data (Table
14) indicated that, one way or another, the environment significantly affected

Table 14. Test weight (Lb/bu) of coan grain fnom Spickard, Mt. Vernon,
Columbia, and Porntageville, Missourdi.

Location
Factonr Spickard — ME., Vermon  Columb{a  Portageville Mean
Yeart
1966 59.6 b* 60.2 a 60.1 a 59.4 a 59.8
1967 60.7 a 60.1 a 59.9 b 59.3 a 60.0
1968 59.1 ¢ £ 58.9 ¢ 57.6 b 58.5
Hybrid§
Pioneer 3306 58.7 ¢ 59.9 b 5.7 ¢ 58.3 b 58.9
MFA 2222 61.0 a 61.0 a 61.2 a 59.9 a 60.8
Dehalb XL65A 59.7 b 59.5 ¢ 59.0 b 58.1 b 59.1
Row SpacingT
70 Lnches 59.8 a 60.0 a 59.6 a 58.6 a 59.5
30 inches 59.8 a 60.3 a 59.6 a 58.8 a 59.6
40 Ainches 59.9 a 60.1 a 59.7 a 55.9 a 59.6
Plants per acre T
2,000 59.7 a 60.0 b 59.5 b 58.7 a 59.5
16,000 59.8 a 60.0 b 59.6 b 58.8 a 59.6
20,000 59.9 a 60.2 ab 59.6 b 58.8 a 59.6
24,000 59.9 a 60.4 a 59.8 a 58.8 a 59.7
cV (%) 1.2 1.0 1.1 1.8

*Values in individual columns within each factor followed by the
same Letter ane not significantly different at the 0.05 Level of
probability. .

tTAveraged across three hybrids, thiee now spacings, and four
plant population Levels.

*Experiment abandoned.

SAveraged across 3 yeans, thiee now spacings, and four plant
population Levels.

TAveraged across 3 yeans, three hybrids, and four plant
population Levels.

HAveraged acnoss”3 yearns, three hybnids, and three row spacings.
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test weight at all locations. Three of the locations (Spickard, Columbia, and
Portageville) differed significantly in test weight among years.

The largest variation in test weight was due to hybrids. MFA 2222 had the
highest test weight at all locations.

Row spacing did not significantly affect test weight. Test weight increased
slightly as plant population was increased, but the increase was significant
only at Mt. Vernon and Columbia. These findings indicate that within-row
plant completition had little or no effect on test weight, and these results agreed
with the findings of others (12).

The year x hybrid interaction was significant at Spickard, Columbia, and
Portageville. The year x plant population interaction was significant at
Spickard and Columbia. These results stress the importance of environmental
influence on hybrid performance, as well as on within-row plant competition
with respect to test weight.

At Spickard, the hybrid x plant population interaction was significant.
The test weight of the Dekalb hybrid increased significantly as plant
populations were increased, whereas the test weights for the other hybrids
hardly increased (Table 15).

TabLe 15. Test weight (Lb/bu) of three corn hybrids grown at four plant
populations at Spickard, Missouri, (across 3 yearns and thiee
row Spacings).

f
!
1

Plants per acre

Hybrid 12,000 16,000 20,000 24,000
j'P.(](:WL(J.GJL 58.6 d* 58.8 d 58.8 d 58.6 d
MFA 2222 61.0 a 60.9 a 60.9 a 61.1 a
Dekalb XL65A 59.4 ¢ 59.7 be 59.9 b 60.0 b

*Values followed by the same Letfen are not significantly
different at the 0.05 Level of probability.

Shelling Percentage

Shelling percentage differences among the 3 years were not consistent
for the four locations. At Spickard, percentages were highest in 1966 and
1968; at Mt. Vernon and Portageville, in 1967, and at Columbia in 1968
(Table 16).
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TablLe 16. Shelling percentages of cosn grown at Spickard, ME. Vernon,
Columbia, and Portageville, Missouri.

Factonr Location
Spickand ~ ME, Vermon ~ CoZumbia  Portageville Mean

Year T

7966 69.5 a* 67.6 b 68.5 ¢ 62.6 ¢ 67.0
1967 68.7 b 69.5 a 70.8 b 67.8 a 69.2
1965 69.3 a ¥ 71.7 a 4.4 b 68.5
Hgb/u'.d §
onee 3306 68.9 b 68,8 b 70.4 b 64.9 b 68.2
MFA 2222 66.9 ¢ 65.5 ¢ 67.7 ¢ 62,1 ¢ 65.6
Dekatb XL6&5A 71.7 a 71.3 a 72.8 a 67.8 a 70.9
Row Spacing T
——ZO'Z—VLEQE% 68.9 b 68.2 b 70.4 a  64.2 b 67.9
30 inches 69.2 ab 68.7 a 70.1 a 65.1 ab 68.3
40 inches 69.4 a 68.8 a 70.5 65.6 a 68.6
Plants per acnell
12,000 68.7 ¢ 68.0 b 9.7 b 64.2 a 67.6
16,000 69.0 be 68.5 ab 69.9 b 65.2 a 68.2
20,000 69.7 a 68.7 a 70.8 a 65.0 a 68.6
24,000 69.4 ab 69.0 a 71.0 a 65.3 a 68.7
Ccv{%) 1.9 1.7 2.4 4.2

*alues in individual columns within each factorn followed by the
same Letter are not significantly different at the 0.05 Level of
probability.

tAvenaged across three hybrids, three row spacings, and four
plant population Levels.

FExperiment abandoned.

§ Averaged acnoss 3 yeans, thhee row spacingsd, and four plant
population Levels.

TAveraged across 3 years, three hybrids, and four plant
population Levles.

TAveraged across 3 yeans, three hybrids, and three now spacings,

Hybrid differences for shelling percentages were the same at all locations.
Dekalb XL65A shelled the highest percentage of grain whereas MFA 2222
shelled the lowest (Table 16).



24 MISSOURI AGRICULTURAL EXPERIMENT STATION

Except at Columbia, row spacing differences for shelling percentage existed,
and shelling percentage tended to decrease as row spacing decreased. Except
at Portageville, plant population means significantly differed, and shelling
percentage tended to decrease as plant population decreased (Table 16). Thus
decreased between-row spacing appeared to adversely affect shelling percentage,
whereas decreased within-row spacing (higher within-row plant population)
appeared to increase shelling percentage.

The year x hybrid interaction was significant at all locations.

Grain Yield

Yields ranged from a high of 152.6 bushels per acre at Spickard in 1967
to a low of 57.3 at Mt. Vernon in 1966 (Table 17).

The grain yields for 1967 were the highest of the 3 years at Spickard, Mt.
Vernon, and Portageville. This year also had the most rainfall from April
through September at two of these locations (Tables 2, 5). In 1966, their yields
were the lowest, and except for Portageville, they had the lowest rainfall
from April through September. At Columbia, yields were highest in 1966 and
1968, when rainfall was greatest. However, the difference in rainfall there
was only 0.2 inches more in 1966 than in 1967 (Table 4), whereas the
1966 yield was 43.7 bushels per acre more than the 1967 yield (Table 17).
This large difference in yield was attributed to the low amount of rainfall
(4.87 inches) from July through September, 1967. The final number of kernels
to be filled is being determined during the early part of this period (7). Stress
at this time then, may cause an abortion of a significant number of kernels.
Also, the size of the kernel, determined during the mid-to-latter part of this
period, is greatly affected by stress. In either or both cases, the net result is a
significant yield decrease.

Yields differed consistently among hybrids within each location.

At Spickard and Columbia, yields increased significantly with each 10-inch
reduction in row width from 40 to 20 inches. At Mt. Vernon and Portageville,
20-inch rows significantly outyielded 40-inch rows. These data confirm the yield
superiority of narrow rows over the traditional 40-inch row width, as do data of
most other research (8, 11, 13, 17, 18, 20, 25). The decreased within-row
plant competition brought about by the narrowed rows must have allowed for
an increase in some factor (or factors) contributing to final grain yield, such as
ears per stalk, number of kernels per year, or kernel weight. Also, number of
plants present at a given population, especially the higher populations, was
greater in the narrow rows, as evidenced by the interaction of row spacing
and plant population for stand percentage (Fig. 1). More stalks would by
necessity produce more grain if the components of yield remained constant.

At Spickard and Mt. Vernon, grain yield increased significantly with each
successive increase of 4,000 plants from 12,000 to 24,000 per acre. At
Porrageville, the two highest plant populations had the highest yield. At
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Table 17. Coan grain yield (bu/acre) at Spickard, Columbia, Mt. Vernon,
and Portageville, Missowri.

Facton Location
Spickand — ME. Vernon  Columbia Porfageville  Mean

Vear t
7966 109.6 c* §8.2 b 129.2 a 57.3 ¢ 96.1
1967 152.6 a 122.2 a §5.5 b 112.4 a 118.2
1968 133.1 b 131.2 a 102.5 b 122.2
Hybrid §

{oneer 3306 139.1 a 113.6 a 123.3 a 98.4 a 118.6
MFA 2222 128.6 b 98.0 ¢ 109.9 b §5.9 b 105.6
Dekalb XL65A 127.8 b 103.9 b 112.6 b §7.9 b 108.0
Row Spacing T
70 inches 141.8 a 108.5 a 122.9 a 95.1 a 117.1
30 inches 132.1 b 106.2 a 114.4 b 90.8 ab 110.9
40 inches 121.6 ¢ 100.7 b 108.6 ¢ §6.4 b 104.3
Plants per acrell
12,000 118.0 d 93.6 d 107.3 b §3.3 ¢ 100.6
16,000 130.4 ¢ 101.9 ¢ 118.8 a 9.4 b 110.1
20,000 136.2 b 108.0 b 117.3 a 92.7 ab 113.6
24,000 142.%8 a 117.2 a 117.6 a 97.6 a 118.8

cv(%) 10.5 12.9 12.0 19.3

*Walues in individual columns within each factor followed by
the same Letten are not significantly different at the 0.05 Level of
probabllity.

tAveraged across three hybrnids, three row spacings, and fowr
plant popuwlation Levels.

¥Experiment abandoned.

SAvenaged across 3 yeans, three row spacingd, and four plant
population Levels.

TAveraged across 3 yeans, three hybrids, and four plant
population Levels.

TAveraged across 3 years, three hybrids, and thhree row spacings.

Columbia, the three highest plant population levels gave the highest yield,
with no significant differences among them. These results agree with those of
most of the recent research that has reported optimum population levels for
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grain production to be 20,000 to 24,000 plants per acre (1, 2, 3, 4, 6, 11, 12,
15, 18, 21, 23). Percentage of stalk lodging increased significantly as plant
population level increased (Table 9). Nevertheless, lodging would not have
contributed to a decrease in yield unless lodging occurred during pollination,
grain filling, or both, since all plots were harvested by hand. Plant barrenness,
root lodging, and number of dropped ears were unaffected by the plant popula-
tion levels used in this study. Therefore, the increased number of plants gave a
corresponding increase in number of harvestable ears. As a result, yields
increased with increased plant population.

The hybrid x row spacing interaction was significant only at Spickard
(Appendix Table 7). No hybrid x plant population interaction was significant.
Thus, hybrid yields were consistent across the plant populations and row
spacings. These findings agree with those of Hunter, Kannenberg, and
Gamble (9), who found no significant interaction between hybrids and plant
population or hybrids and row spacings, when hybrids of like maturity were
compared. The presence of few or no significant interactions of this type
suggests that hybrids of similar maturity are similar in their response to
changes in row spacing and population. However, when hybrids with maturities
ranging from very early to late were used, grain yields of hybrids responded
differently to changes in plant population (21).

The year x hybrid interaction was significant for yield at three locations
(Appendix Tables 8, 10, 11), indicating a differential yield response of the
three hybrids to changes in environment. The year x row-spacing interaction
was significant at only Spickard (Appendix Table 8), whereas the year x plant-
population interaction was significant at all locations (Appendix Tables 8, 9, 10,
11). Thus, yield response was affected more by within-row plant competition
than between-row plant competition.

The row spacing x plant population interaction was significant for yield at
Spickard (Appendix Table 8). At the two lowest plant population levels, yields
from 20- and 30-inch rows did not differ significancly, although they were
higher than yields from 40-inch rows. At the two high plant population
levels, yields increased significantly with each successive 10-inch decrease in row
spacing. These results indicate that the narrow rows are superior in yield
when used with the higher plant population at Spickard. In favorable
environments, increases in grain yield can be expected for some hybrids with a
plant population of 24,000 plants per acre, when the row spacing is decreased
from 40 to 20 inches. Decreased row spacing decreased the within-row plant
competition, thus giving the plants a greater opportunity to respond. The
significance of this interaction is diminished, since it was found at only one of
the four locations. However, it is significant to growers planning to irrigate
corn to eliminate moisture stress.
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SUMMARY AND CONCLUSIONS

The yield at each location was highest in that growing season with the
greatest amount of well-distributed rainfall. Grain yield increased significantly
at all locations as rows were narrowed from 40 to 20 inches (Table 17). The
largest increase was 20.2 bushels per acre at Spickard, and the smallest was
7.8 at Mt. Vernon. Twenty-inch rows were significantly superior in yield
to 30-inch rows at Spickard and Columbia.

Within locations, the percentage of perfect stand followed the pattern of
grain yield. As rows were narrowed from 40 to 20 inches, the actual increase
in stand of the 20-inch over the 40-inch spacing ranged from 8.2% at
Spickard to 1.8% at Mt. Vernon (Table 6). Therefore, the narrow rows had an
advantage in grain production, partly because of a better stand caused by less
within-row plant competition. The effect of stand establishment on grain yield
among varying row spacings might be even more pronounced, since stalk
lodging, root lodging, barren plants, test weight and dropped ears were not
significantly affected by row spacing.

Grain yields increased significantly at all locations as plant populations were
increased from 12,000 to 24,000 plants per acre (Table 17). The highest
plant population produced the lacgest yield at Spickard and Mt. Vernon
and a numerically, though nonsignificantly, higher yield at Portageville. At
Columbia, no advantage in yield was realized for plant populations of more
than 16,000 plants per acre. The yield was higher with the 24,000 plants
per acre despite the decrease in stand and greater stalk lodging as plant
populations were increased. However, since root lodging, barren plants, number
of dropped ears, and test weight were little affected by plant number,
we assume that the negative effect of the above two variables was not severe
enough to reduce yields. Also important, plots were hand harvested, and ears
borne by lodged plants were harvested for yield determination, thus virtually
eliminating the lodging factor as a negative yield determinant. Under machine
harvesting, yields could have been reduced by the increased lodging associated
with the higher populations.

Stalk strength, as determined by stalk crushing, appeared to contribute
to stalk lodging as plant populations were increased. At all locations, stalk
crushing strength decreased (Table 7), and stalk lodging increased (Table 9) as
population was increased.

The significant row spacing x plant population interaction for percentage of
stand at three locations (Appendix Table 1), points out the importance of within-
row competition on plant establishment. Increasing population level had little
or no effect on number of plants established in the 20-inch rows, but increasing
plant population had a large effect as rows were widened to 30 and 40 inches.
The absence of any significant interactions for the remaining variables emphasizes
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the independent effect of the row spacing and plant populations on variables
other than stand establishment.

Numerous year x hybrid interactions for the several measured variables
emphasized the differential effect of growing conditions on the performance of
different hybrids. The several instances of year x row spacing and year x plant
population interactions indicated that the influence of these factors on the
measured traits of this study depended strongly on the environment.

Lack of any consistent significant hybrid x row spacing or hybrid x plant
population interactions indicated that hybrids of the same maturity were rather
uniform in their response to between-row and within-row plant competition.

From these results, a population of 20,000 to 24,000 plants per acre should
be attained in rows of 20 inches for maximum grain yield in Missouri, if the
grower can be assured of adequate moisture during pollination and grain filling.
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Appendix Table 1.

APPENDIX

Analyses of variance for percentage of pernfect stand
0f corn at four Missouri Locations, 1966-68 (arcsin

Trhans formed data) .

Sowree Spickand Mt. Vernon Cofumbia Pontageville
ms ms ms ms
Yean (A) 2 0.0798 1 0.4126** 2 1.9169** 2 0.1796**
Hybrid {B) 2 0.0924 2 0.0464 2 0.0549 2 0.1132
Row spacing (C) 2 1.3205%* 2 0.1274** 2 0.6670** 2 0.4543**
PLant population (D) 3 0.8502%* 3 0.1314%% 3 0.6423** 3 1.0668**
AxB 4 0.0527 2 0.0115 4 0.2226%* 4 0.0718
AxC 4 0.1869** 2 0.0026 4 0.0251 4 0.1043*
AxD 6 0.0715* 3 0.0243 6 0.0696* 6 0.0192
BxC 4 0.0327 4 0.0200 4 0.0481 4 0.0311
Bx?D 6 0.0340 6 0.0054 6 0.0224 6 0,1328%*
cx? 6 0.0898% 6 0.0554* 6 0.0784* 6 0.0347
AxBxC 8 0.2590 4 0.0134 3 0.0232 3 0.0416
AxBx?D 12 0.0423 6 0.0190 12 0.0334 12 0.0438
AxCx?D 12 0.0307 I3 0.0120 12 0.0312 12 0.0335
BxCx?D 12 0.0418 12 0.0059 12 0.0184 12 0.0226
AxBxCx?D 24 0.0418 12 0.0724 24 0.0143 24 0.0322
Ervwon 324 0.0321 144 0.0194 324 0.0300 216 0.0378

*Significant at the 0.05 Level of probability.

¥*oianificant at the 0.01 Level of probability,

8001 NILITING HIUVISTY
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Appendix Table 2.

Analyses of variance §or corn Atalk crushing at four
Missouni Locations, 1966-68.

Sowiae . Spickand Mt. Vernon Columbia Pontageville
¢ Fit4 WA a3 A 4 s a5 s
Year (A) 2 54,008,640** 1 25,583,072** 2 11,862,205** 2 570,933**
Hybrid (B) 2 922,664** 4 457,774** 2 2,030,506** 2 1,690,367**
Row spacing (C) 2 92,575 2 48,304* 2 55,469 2 1,359
Peant population (D) 3 2,917,451** 3 601,342%% 3 2,034,961** 3 1,277,337**
AxB 4 86,452* 2 23,846 4 233,457** 4 14,863
AxC 4 23,545 2 45,550* 4 29,650 4 26,980
Ax?D 6 198,794** 3 128,191** 6 41,928 6 110,057**
B xC 4 50,580 4 23,593 4 75,633 4 24,399
Bx?D 6 91,247** 6 8,635 6 57,099 6 43,610
Cx0D 6 19,785 6 18,555 6 28,841 6 34,432
AxBxC § 19,453 4 24,467 8 11,083 § 12,952
AxBxD 12 35,258 6 1,943 12 32,091 12 34,246
AxCxD 12 18,476 6 6,325 12 27,488 12 15,182
BxCx?D 12 35,412 12 20,304 12 27,254 12 27,119
AxBxCx?D 24 14,308 12 14,075 24 39,027 24 31,307
Evion 324 31,392 144 12,352 324 45,020 216 26,416

*Significant at the 0.05 Zevel of probability.
**Significant at the 0.01 Level of probability.

rAS
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Appendix Table 3. Analyses of variance for percentage stalk Lodging of corn at four
Missound Locations, 1966-6§ (aresin transfonmed data).

Spichand Mt. Veanon ColLumbia Portageville
Sounce HZ—LIM ;7 GRS HZ—mA Hz_g_m
Yearn (A) 2 5.140%* 1 0.6763%* 2 0.5983** 2 0.2289%*
Hybrid (B) 2 0.068*%* ? 0.0121 J 0.0334% 2 0.0059
Row spacing (C) ? 0.001 2 0.0038 ? 0.0012 2 0.0118
Plant population (D) 3 0.265%* 3 0.0255%* 3 0.1453%* 3 0.0617**
AxB 4 0.025 2 0.0224% 4 0.1607%* 4 0,0222%*
AxC 4 0.005 2 0.0121 4 0.0074 4 0.0133
Ax?D 6 0.095** 3 0.0006 6 0.0148 6 0,0216%*
BxC 4 0.028* 4 0.0015 4 0.0182 4 0.0048
Bx? 6 0.004 6 0.0045 6 0.0143 é 0.004§
cCxD 6 0.007 6 0.0014 6 0.0124 6 0.0032
AxBx¢C s <0.017 4 0.0024 § 0.0120 8 0.0073
AxBxD 12 0.014 6 0.0008 12 0.0111 12 0.0010
AxCx? 12 0.009 6 0.0057 12 0.0052 12 0.0105*
BxCx?D 12 0.008 12 9.0045 12 0.0194 12 0.0075
AxBxCx? 24 0.007 12 0.0035 24 0.0158 24 0.0049
Eanon 324 0,012 144 0.0050 324 0.0090 216 0.0056

*Significant at the 0.05 Level of probability.
*Sianificant at the 0.01 Level of probability.
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Appendix Table 4.

Analyses of variance for corn ear height at four
Missowri Locations, 1966-68.

Spickand Mt, Vernon Cofumb.ia Po. eville
Sounce HZ_E—_mA T T HZ%—M
Year (A) 2 27,12%* 1 10.67** 2 38, 19%* 2 1.06**
Hybnid (B) 2 1.76%* ? 3,30%* 2 5,03% 2 4.76**
Row spacing (C) 2 0.03 2 0.27* 2 0.06 ? 0.03
Plant population (D) 3 0.15 3 0.16* 3 0.01 3 0.06
AxB 4 T 0.46** 2 0.26* 4 0,57%* 4 0.47*
AxC 4 0.29* 2 0.18 4 0.22%* 4 0.02
AxD 6 0.47%* 3 0,59%* 6 0.72%* 6 0.07
Bx¢C 4 0.03 4 0.12 4 0.06 4 0.01
Bx?D 6 0.02 é 0.04 6 0.08 6 0.16
Cx? 6 0.04 6 0.05 6 0.05 6 0.10
AxBxC § 0.07 4 0.12 $ 0,08 $ 0.06
AxBxD 12 0.04 6 0.09 12 0.08 12 0.09
AxCx? 12 0.08 6 0.11 12 0.04 12 0.11
BxCx? 12 0.07 12 0.04 12 0.07 12 0,06
AxBxCx?D 24 0.09 12 0.04 24 0,05 24 0.10
Euon 324 0.11 144 0.06 324 0.06 216 0.16

*Signigicant at the 0.05 Level of probability,
**oignificant at the 0.01 Level of probability,

ve.
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Appendix Table 5. Analyses of variance for corn cob crushing at foun
Missount Locations, 1966-68.

Spickand Mt. Vernon Columbia Pontageville
Sounce T F - m ¥ m £ m

Year {A) 1 70,445, 482** 1 9,969,229**
Hybnid (B) 4 8,221,408** 2 4,228,028** 2 5,644,705%* 2 5,478,983**
Row spacing {C) 4 114,242* 4 142,293* ? 45,291 2 26,778
PLant population (D) 3 1,442,466** 3 980,607** 3 1,953,912** 3 133,509**
AxB 2 1,140,048%* 2 165,205*
AxcC 4 10,827 4 81,414
Ax?D 3 83,426* 3 328,283%*
BxC 4 11,053 4 23,588 4 46,629 4 13,426
Bx? 6 135,737** 6 79,505 6 55,058 6 60,696
Cx? 6 12,591 6 43,132 6 18,511 6 44,711
AxBxC 4 4,900 4 18,095
AxBx? 6 82,556 6 13,768
AxCxD 6 10, 864 6 24,932 :
BxCxD 12 33,150 12 45,441 12 37,686 12 24,928
AxBxCx?D 12 31,808 12 74,313

Ervon 216 74,833 72 36,044 216 45,176 72 31,664

8001 NILITING HOUVISTY

*Significant at the 0,05 Level of probability.
¥*gignificant at the 0.01 Level of probability.
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Appendix Table 6. Analyses of variance for corn test weight at four
Missound Locations, 1966-68.

Spickard Mt, Vernon Columbia Portageville
Sounce dg ms dy ms df ma df ms
Yean {A) ? §9,08** 1 1,04 2 60.40%* 2 112,99%*
Hybrid (B) 2 189.06** 2 44.63%* 2 251.18%* 2 112.05**
Row spacing {C) 2 0.72 2 0.94 2 0.78 2 2.37
Plant population (D) 3 1.02 3 2.00** 3 2.86%* 3 0.40
AxB 4 9,48%* ? 0.71 4 26,69** 4 5,92%*
AxC 4 0.24 2 0.55 4 0.23 4 0.24
Ax?D 6 1.43%* 3 0.22 6 1.09* 6 2.49
BxC 4 0.64 4 0.79 4 0.38 4 0.72
Bx?D 6 1,07* 6 0.33 6 0.77 6 1.39
cCx? 6 0.50 6 0.26 6 0.33 6 0.63
AxBx¢C § 0.78 4 0.55 § 0.32 3 0.43
AxBx?D 12 0.50 6 0.25 12 0.55 12 0.60
AxCxD 12 0.56 6 0.12 12 0.46 12 1.20
BxCxD 12 0.71 12 0.49 12 0,42 12 0.51
AxBxCx?D 24 0.47 12 0.39 24 0.44 24 0.92
Ennon 324 0.47 144 0.35 324 0.46 216 1.19

o¢
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*Signigicant at the 0.05 Level of probability.
*¥*gignificant at the 0.01 Level of probability.



Appendix Table 7. Analyses of varniance for corn grain yield at four
Missoundi Locations, 1966-6§.

Spickard Mt. Vexnon Columbia Posrtageville
Souwnce T Fr a— T q
Year (A) 2 67,128, 5%* 1 62,256, 8** 2 95,965.5%* 2 93,072.2%*
Hybrid (B) 2 5,734.0%* 2 4,456.0** 2 7,281,1%* 2 4,889,0%*
Row spacing (C) 2 14,707.3%* ? 1,157.6%* 2 7,506.6%* 2 2,058, 5%*
Plant population (D) 3 11,991,3%* 3 5,371.0** 3 3,076,2*%* 3 2,929, 1%%
AxB 4 951,4** 2 272.6 4 2,718.0% 4 749.9*
AxC 4 932.1%* 2 348.9 4 410.3 4 129.5
Ax?D 6 902.9*%* 3 1,718.7%* 6 2,749, 6** 6 1,502.3%*
BxC 4 508.2% 4 97.1 4 292.3 4 6.2
BxD 6 292.3 6 154.0 6 199.§ 6 538,5
CxD 6 §13,4%* 6 123.7 6 372.1 6 329.8
AxBxC 8 168.4 4 86.4 8 126.4 § 173.3
AXxXBx?D 12 5.3 6 130.5 12 248.9 12 213.3
AxCx?D 12 193.6 6 282.6 12 251.5 12 159.9
BxCx?D 12 165.1 12 178.2 12 247.9 12 180.§
AxBxCx?D 24 129.0 12 190, 8 24 238.4 24 252.0
Evon 324 190.4 144 185.3 324 190.5 216 305.7

*Significant at the 0.05 Level of probability.
*Significant at the 0.01 Level of probability.
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Appendix Table 8.

Conn grain yields as influenced by various factons
at Spdlckand, Mo.

Vear Hgonid R0 Popubation (plants/acre)  Mean
12,000 16,000 20,000 24, 000
{inches)

1966  Pioneen 3305 20 114.7  126.6  127.5 133.1 125.5
30 106.0 122.6  116.1 119.6 116.6

n 91.8  106.3  107.9  98.0 101.0

MFA 2222 20 105.3  108.§  114.9 124.4 113.4

30 94.9 97.1 106.3 94.3 98.2

40 95.1  102.1  104.4  88.8  97.6

Dekath XL65A 20 107.3  115.8  120.2 133.5 119.2

30 105.7  113.1  110.6 118.4 112.0

%0 7.2 105.1  108.1 109.4 103.2

Mean 1011 111.2  112.9  113.3  109.6

1967 Pioneen 3306 20 148.2  167.4  205.2 206.1 181.7
30 152.6  150.7  159.0 174.4 159.2

20 131.9  144.3  135.9  149.5  140.4

MFA 2222 20 141.3  156.0  178.6 178.6 164.1

30 136.2  151.5  151.1 160.5 149.8

20 130.0  141.6  139.5 147.1 139.6

Dokath XL65A 20 129.3  162.4  162.8 175.4 157.5

30 119.7  142.0  156.6 165.8 146.0

40 119.5  129.8  137.8 159.1 136.6

Mean 134.3  149.7  158.5 168.5 152.8

1968  Pioneen 3306 20 126.5  142.7  156.0 172.6 149.4
30 132.9 1441  144.7 158.2  145.0

40 121.0  129.0  135.3 145.7 132.8

MFA 2222 20 1242 119.3  136.6 154.8 133.7

30 124.7  136.0  140.4 142.9 135.9

40 10,5 131.6  127.7 128.7 124.7

Dekalh XL65A 20 105.7  132.3  137.5 150.7 131.6

30 1142 119.3  132.0 138.6 126.0

40 105.9  116.7  125.7 125.4 118.4

Mean 7831307 737.3 746.4 133,71
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Appendix Table 9. Corn ghain yield as influenced by various factorns
at Mt, Vewon, Mo,
Vear Hponid RO Population (plants/ache) Mean
77,000 16,000 70,000 24,000
{4nches]
1966  Pioneer 3306 20 96.1 108.9 92.0 96.0 98.2
30 §3.2 91.1 95.4 107.7 94.4
40 §4.9 §8.5 91.2 97.1 90.4
MFA 2222 20 78.0 §4.5 76.8 96.3 83.9
30 77.3 79.6 77.9 §3.0 79.4
40 74.2 §3.4 83.6 §9.2 8§2.6
Dehalb XL65A 20 §3.7 94.5 82.3 114.0 93.6
30 84.0 §9.6 71.0 102.9 86.9
40 80.1 75.7 91.9 88.1 §4.0
Mean 82.4 §8.4 84.7 97.1 88.2
1967  Pioneen 3306 20 105.3 144.3 148.6 151.8 137.5
30 122.2 127.3 139.6 141.9 132.8
40 110.1 127.7 130.2 144.5 128.1
MFA 2222 20 97.2 102.3  121.2 136.8 114.4
30 101.4 111.6 127.0 138,0 119.5
40 93.8 105.2 115.3 118.1 108.1
Dekalb XL65A 20 109.4 96.0 137.7 149.6 123.2
30 101.0 113.6 144.7 139.1 124.6
40 101.8 109.9 116.6 115.5 111.0
Mean 104.7 115.3  131.2 137.3  122.1



40

MISSOUR! AGRICULTURAL EXPERIMENT STATION

Appendix Table 10.

Corn grain yield as ingluenced by various factors
at Cofumbia, MO.

Row

Population (plants/acre)

Year Hybrid Lt - 000 7 500 Mean
{anches]
1966  Pioneer 3306 20 144.3 167.2 159.3 140.2 152.8
30 143.3 144.9 144.6 132.8 141.4
40 123.3 142.5 128.6 145.5 135.0
MFA 2222 20 118.3 127.7 130.5 129.2 126.4
30 115.1 127.6 124.4 135.2 125.6
40 115.3 126.3 114.8 133.9 122.6
Dekalh XL65A 20 109.2 127.1 129.7 128,9 123.7
30 113.9 122.9 126.3  106.9 117.5
40 107.7 118.6 120.3 123.6 117.6
Mean 121.2 133.9 130.9 130.7 129.2
1967  Pioneer 3306 20 98.4 110.3 116.0 88.1 103.2
30 8§7.1 115.6 88.9 92.0 95.9
40 93,0 93.5 80.9 73.6 85.2
MFA 2222 20 76.6 93.8 &5.1 76.5 83.0
30 82.9 65.9 81.6 58.8 72.3
40 68.2 75.4 66.9 55.6 66.5
Dekalh XL65A 20 97.6 99.1 72.5 103.6 93.2
30 82.5 92.8 89.9 65.4 82.6
40 §9.1 92.5 88.1 79.4 §7.3
Mean 86.2 93.2 §5.5 77.0 §5.5
1968  Pioneer 3306 20 121.9 134.6 146.7 165.8 142.2
30 123.0 132.2 134.9 141.4 132.9
40 116.2 122.7 120.7 125.4 121.2
MFA 2222 20 120.4 143.3 146.3 154.5 141.1
30 116.6 131.5 133.1 142.9 131.0
40 112.9 117.8 120.7 130.2 120.4
Dekalb XL65A 20 106.9 136.7 151.2  166.6 140.4
30 111.4 128.5 135.1 144.8 130.0
40 102.5 116.9 129.8 135.2 121.1
Mean 114.6 129.4 135.4 145.2 131.1
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Conn ghain yield as influenced by various factons
at Porntageville, Mo,

Row

Year Hybrid width Population (plants/acre) Mean
12,000 16,000 20,000 24,000
(inches)

1966  Pdloneer 3306 20 79.5 74.3 60.8 63.12 69.4
30 50.9 63.0 78.3 52.5 61.2

40 52.0 64.5 68.4 54.3 59.8

MFA 2222 20 77.3 44,7 56.0 54.9 58.2

30 51.7 50.9 49.3 50.6 50.6

40 42.9 42,5 53.7 48,2 46.8

Dekalb XL65A 20 44.5 53.9 62.9 51.1 53.1

30 53.4 56.4 54.1 81.8 61.4

40 47.5 60.0 41.0 72.3 55.2

Mean 55.5 56.7 58.3 58.8 57.3

1967  Pdloneer 3306 20 125.5 121.3 142.5 125.7 128.8
30 105.5 127.4 140.2 141.1 128.6

40 92,8 107.0 121.3 141.8 115.7

MFA 2222 20 95.5 105.8 122.0 133.7 114.1

30 96.0 101.5 124.7 116.6 109.7

40 86.1 103.7 102.0 120.4 103.0

Dekalb XL65A 20 §2.9 102.9 121.0 128.7 108.9

30 §1.8 103.4 109.2 118.2 103.2

40 8§3.8 97.9 100.2 115.2 99.3

Mean 94.4 107.9 120.3 126.8 112.4

1968 Piloneen 3306 20 114.8 97.9 1068.2 130.9 113.0
30 111.3 108.7 101.9 107.4 107.3

40 98.5% 111,2 91.7 106.2 102.0

MFA 2222 20 99.2 106.5 105.2 §9.7 100.2

30 102.2 94.4 87.7 90.6 93.7

40 96.2 96.8 91.0 101.1 96.3

Dekalth XLE5A 20 93.7 113.2 113.7 120.0 110.2

30 94.8 105.4 103.4 100.7 101.1

40 88,3 97.3 91.7 119.2 99.1

Mean 99.9 103.5 99.4 107.3 102.5
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