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RATE OF PLANTING CORN UNDER
IRRIGATED CONDITIONS

By WARRE,N H. LEONARD AND D. W. ROBERTSON*

Corn (Zea m,avs, L.) has become one of the important
crops in Colorado. There were 1,836,000 acres produced in
1932.1 There \vere many failures in th,e early history of
corn growing in this state, due to the fact that the varieties
tried, and the cultural practices used, were those which had
proved successful in the cornbelt. As a result of long experi
ence and considerable experimental evidence, farmers generally
have learned that, for successful corn culture, many cornbelt
recommendations must be modified when applied to Colorado
and other western conditions.

The rate at which corn usually is planted under irrigated
conditions in this state has been similar to the practices in the
cornbelt. The customary rate has been three plants per hill in
42-inch rows where the corn is planted in checks. However,
most of the irrigated corn is surface-drilled. Farmers have at
tempted to drill about the same anl0unt of seed per acre as
\vould be the case for three kernels per hill planted in checks.
As a result, the general practice has been to space individual
plants 12 to 14 inches apart in the drill rows.

Several years ago, the idea was advanced that it might be
possible to plant corn at a thicker rate under Colorado irrigated
conditions, especially where the crop vvas planted on highly
fertile land with good water rights. Another question arose
from observations made with early and late varieties. It is "veIl
known that early varieties do not make full use of the maximum
growing season. Experinlents~ have shovvn that, on the sanle
land, adapted varieties produce a greater yield of both graill
and forage than too early varieties. Thus, it is possible that
the earlier varieties planted at the same rate as the later ones
(three plants per hill) do not make use of the nlaximum pos
sibilities.

The test described in this bulletin vvas undertakell to de
termine the best rate of plallting early and late varieties of
corn under irrigated conditions.

• Associate Agronomists, Colorado Experiment Station. The writcrs wish to thank Dwight
Koonce, Assistant Agronorni::-t. for checking the data.

1 Colorado Yearbook for 1932. The Colorado State Board of Inlmigration.
2 Kiesselbach, T. A., and Keirn. F. D.. 1921. The Regional Adaptation of Corn in Nebraska.
Nebraska EA-periment Station Res. Bul. 19.
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EXPERIMENTAL METHODS

The experiment on rate of planting corn was conducted
under irrigated conditions at the Colorado Experiment Station
at Fort Collins from 1930 to 1933, inclusive. The land was
highly fertile, the light texture phase of the Fort Collins
loam.s

Three corn varieties were used in the test: Golden Glow,
Pride of the North, and Minnesota 13.* These varieties vvere all
"veIl adapted to Fort Collins, although Golden Glow was 5 or 6
days later in maturity than the other two varieties. Golden
Glow was grown all 4 years, while Minnesota 13 was replaced
by Pride of the North after the first year.

The tvvo varieties grown each year were planted to give
three, four and five plants per hill in order to determine the
optimum rate for checkrow practice. The rows were 42 inches
apart. The hills were 36 inches apart in the row. These same
varieties were also planted in drill rows vvith individual plants
spaced 12, 9, 6 and 3 inches apart in the ro,v. The corn for all
rates was planted at double the required stand, and thinned
to the desired stands after the plants came up.

The test was planted in three-row plots. The plots "vere
132 feet long in all years except in 1933 when they were reduced
to 66 feet in length. The different plots were arranged sys
tematically in 1930 and 1931. A random arrangement was used
in 1932 and in 1933. There were two replications (three plots)
of each rate of planting for each variety in all years except
1933. The number of replications was increased to four (five
plots) that year.

The plots received sufficient irrigation water all years to
maintain vigorous plant growth. At least two, and sometimes
three, irrigations were found to be necessary. The first applica
tion was made late in June, the second at tasseling time in July,
and the last before August 10, when that seemed necessary.

The fodder yields were determined from one of the outside
rows in each plot, while the center row was harvested for
grain yields. The corn planted in hills was harvested on a
perfect-stand basis. 4 All other hills were cut and removed
from the field before harvest. The drilled rows were measured

"'The Golden Glow used in this tp..st was a strain grown for several years in Kiowa County
by G. W. Deming. Pride of the North has been grown on the experiment station for at
least 13 years. Originally, it was secured from Northrup, King and Co., Minneapolis, Minn.

3 Sweet, A. T., and Spence·r, J. N., 1927. Soil Survey of the Fort Collins Area, Colorado.
Bureau of Chemistry and Soils, U. S. D. A., Series 1927, No. 27.

"Kiesselbach, T. A., 1922. Corn Investigations, Nebraska Experiment Station Res. Bul.
20, p. 18.
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and the actual number of plants counted. Due to occasional
Inissing plants, approximate distances between plants resulted
in the drill rows instead of the theoretical 12, 9, 6 and 3 inches.

The fodder ro"v was harvested early in September before
the first frost, in order to prevent loss of leaves. The bundles
were shocked and allowed to dry until November. The total
fodder, including ears, was then weighed after which the ear
corn was husked, sacked and hung up in a drying shed. At the
same time, a sanlple of the stover was ground through a silage
c.utter. It was also hung up to dry. These moisture samples
\vere re-weighed in the spring. The percentage of dry matter
was used to correct the fodder sanlples to an air-dry basis.
Fodder yields are reported in pounds of air-dry fodder per acre.

The grain yields, determined from the center row, ,vere
taken each year in October after the ears had dried in the field.
The corn from each row was sacked, after which it was hung
in a drying shed. Later in the winter the corn was shelled and
\veighed. All grain yields were calculated as bushels of air
dry shelled corn per acre.

The yield data \vere analyzed statistically by the analysis
of variance. 5

RESULTS OF EXPERIMENTS
GRAIN YIELDS

The data for the grain yields from 1930 to 1933, inclusive,
are contained in Table 1.

CORN PLANTED IN HILLS.-When planted in hills, Goldell
Glow yielded 83.1, 88.8 and 87.2 bushels of air-dry shelled corn
per acre for the 3, 4 and 5 plants per hill, respectively, as a 4
year average. The highest yield was obtained with four plants
per hill, but the result with five plants per hill is not significantly
lower. The 3-year average for this variety shows the same gen
eral result. Pride of the North yielded 76.6, 87.0 and 90.1
bushels per acre for the 3, 4 and 5 plants per hill, respectively,
over a 3-year period. This vf.l,riety gave its highest yield ,vhen
planted five plants per hill. Again, the difference bet"veen the
four and five-plant rate is too small to be considered significant.
The same general trend was obtained in 1930 with Millnesota
13. The yields were 89.5, 92.0 and 95.7 bushels per acre for
the same respective rates of plalltingo. Both Minnesota 13 and
Pride of the North, as gro"vn at the experiment station, are
slightly smaller varieties and 3 to 4 days earlier than Golden

~ Fisher, R.A., 1932,. Statistical Meth<..xls for Re8earch Workers, fourth edition.
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TABLE I.-GRAIN YIELDS IN RATE OF PIJANTING TEST IN CORN, 1930-193:~ (Incl.)

PLANTED IN HILLS
Plants Plants

Air-dryper pe,r shelled corn per acre
VARIETY hill acre 1930 1931 1932 1933 3-yr. average 4-yr. average

(Percentage (Percen tage
(No.) (No.) (bu.) (bu.,) (bu.) (bu.) (bu.) yield) (bu.) yield)

Pride of the North.. 3· 12,446 75.4 68.1 86.4 76.6 100
Pride of the North.. 4 10.5,94 76.4 86.S 97.9 87.0 114
Pride of the North .. 5 20,743 78.0 90.5 101.9 90.1 118
Golden Glow............ 3 12,446 90.3 71.9 78.1 9') .) 80.7 100 8:~.1 100
Golden Glow ............ -1 16.594 95.0 81.5 85.7 931.1 86.S 107 88.8 107
Golden Glow ............ 5 20.743 99.7 74.0 78.8 96.2 83.0 103 87.2 105

PLANTED IN DRILLS
Space1 Plants

Air-dry shelledbetween per corn per acre
VARIETY plants acre 1930 1931 10932 1933 3-yr. average 4-yr. average

{Percentage (Percentage
(in. ) (No.) (bu.) (bu.) (bu.) (bu.) (bu.) yield) (bu.) yield)

Pride of the North .. 12 12,446 80.3 79.0 90.2 8:3.2 100

Pride of the North.. 9 16,594 85.3 89.2 99.3 91.3 110

Pride of the North.. 6 24,891 68.4 99,4 112.7 93.5 112

Pride of the North .. 3 49,783 50.8 85.2 101.8 79.3 95

Golden Glow ............ 12 12,446 84.7 72.6 80,4 86.6 79.9 100 81.1 100

Golden Glow ........... -_. 9 16,594 98.1 78.3 82.9 9,7.5 86.2 108 89.2 110

Golden Glow -- .. __ ...... 6 24.891 97.0 710.8 93.6 110.S 92.1 115 93.3 115

Golden Glow .... _.......- 3, 49,783 87.9 48.1 81.1 78.6 69.3 87 73.9 91

S. E. in percentages
of general mean ........................ 2.4-0 4.87 5.38 3.38 2.67 2.09
S. E. of a difference (bu.) ...... 3.00 4.98 6,40 4.59 3.26 2.56
Difference for stignificance (bu.) 6.00 9.96 12.80 9.18 6.5,2 5.12

1 The average actu.al space between plants was as follows for Pride of the North: 11.7.
9.3, 6.5 and 3.2 inches for the 12, 9, 6 and 3...inch intervals. respectively. For Golden Glow
the actual space between plants was: 11.9, 9.2, 6.2' and 3.3 inches for the same intervals.

Glow. It is obvious that all three varieties have yielded more
,vhen planted at four or five plants per hill than when planted
three kernels per hill.

CORN PLANTED IN DRILLs.-The results, when the corn
was spaced in the drill row, show the highest yield of shelled
corn per acre for the 6-inch spacing for both Golden Glow and
Pride of the North. The average yields of Golden Glow were
81.1, 89.2, 93.3 and 73.9 bushels per acre for the 12, 9, 6 and 3
inch intervals between plants, respectively, for the 4-year
period. The same order was observed in the 3-year average
for this variety. The average yields of Pride of the North
"vere 83.2, 91.3, 93.5 and 79.3 bushels per acre for the same
respective spacing over the 3-year period. Minnesota 13, grown
only in 1930, yielded 86.9, 93.3, 88.0 and 77.2 bushels per acre
for the 12, 9, 6 and 3-inch intervals, respectively. There were
no significant differences between the 6 and 9-inch rates with
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any of the varieties. The 3-inch interval between plants ob
vi~usly was too close for grain yields as shown by these results.
The percentage of nubbins and barren stalks was much higher
in the 3-inch spacings than in the other rates.

FODDER CORN YIELDS

One of the border rows was taken for forage yields, al
though it was realized that plant competition might have some
influence on the results. However, the ears were later husked
fron1 the air-dry fodder and the shelled-corn yields computed to
determine their agreement \vith the shelled-corn yields from the
center row of each plot. The yields from the outside row were
lower in all cases than those from the center ro,v, but the rank
ing was the same.

The yields of air-dry fodder including ear corn occur in
about the same order as the shelled-corn yields harvested from
the center row. The data for the fodder yields are contained
in Table 2.

TABLE 2.-FODDER YIELDS IN RATE OF PLANTING TEST IN CORN. 1930-1933 (Incl.)

PLANTED IN HILLS
Plants Plants

A ir-dry fodder perper per acre

VARIETY hill acre l~30 1931 1932 1933 8-yr. a veragf'> 4-yr. average

IPer- (Per-
centage centage

(No.) (No.) (lbs. ) (lbs. ) (lbs.) (lbs. ) (lbs. ) yield) (lbs. ) yield)

Pride of the North 3 12,446 7,056 6,680 8,160 7,299 100
Plide of the NOl-th 4 16,59 /1 7.84-9 9 224 S.5G1 8,545 11 "j

Pride of the· North 5 20,743 7,948 8.933 9,042 8,641 118
Golden Glow 12,446 10,005 7,328 8,464- 8,13·4 7,975 100 8,483 100

Golden Glow 16,5-94 10,386 8.007 8,881 8.971 8,620 108 9,061 10;

Goldl:'n Glow 5 20.743 12.151 8.081 7.653 9.393 8.376 105 9,319 110

PLANTED IN DRILLS
Space IPlants

between per
VARIETY -plant:-1 Hl30

Air-drv fodder per acre
1~31 1~132 1933 3-yr average 4-yr. average

(in.) INo.) (lbs.) (}bs. ) (lbs.) Ilbs.)

Pride of tl:e North 12 12A4{j .. 6,967 8.675 8.073

Pride of the North 9 16,594 3.331 9.072 8A5S

Pride of the N Q,rth 6 24,891 8,65G 10.183 10,238

Pride of the North 3 4-9,783 8.5i59 10.221 10.9-17

Golden Glow 12 12,446 9,802 8.186 8,307 8.2:35·
Golden Glcw .. _ 9 16.594 11.23 iO 8,955 8,519 9.089

Golden Glow ..... _. G 2-4,891 11,581 8.895 9.799 9-,94:2

Golden Glow 3 4·9,7S3 12.183 7,958 7.699 10.00;~

(Percentage
(lbs.) yield I

7.905 100
8.620 109
9,659 122
9,80.9 125
8,243 100
8,854 107
9.545 116
8,553 104

~,1Jercentage

Clbs. ) yield)

8.6:33 100
9,448 109

10,054 1,16
9.461 109

S. E. in percentages of gen'l mean 4.4,1 4.96 9.16
S. E. of a difference (lbs.).. 655 565 1,1:32
Difference for significance (lbs.) .... 1,310 1,130 2.264

2.87 8.54
869 4319

738 878

2.88
368

73G

1 The average actual space lJetween plants was as follows for Pride of the North'.: 11.8.
8.9. fi.1 and 3.0 inches for the 12, 9" G and 3-inch intervals, respectively. The Golden Glow
actual space betwe-en plants was 11.7, 9.0, G.2 and 3.1 inches for" the same intervals.
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CORN PLANTED IN HILLS.-Golden Glow yielded 8,483,
9,061 and 9,319 pounds of air-dry fodder per acre for the 3, 4
and 5 plants per hill, respectively, as a 4-year average. The five
plant rate gave the maximum yield. The 3-year average for this
variety was in favor of the four-plant rate, but the difference
between it and the five-plant rate is within the limits of chance
error. The four-plant rates gave significantly more air-dry
fodder per acre, as a 4-year average, than the three-plant rate
commonly used. Pride of the North, a slightly smaller variety,
gave a significantly higher yield for the five-plant rate as a 3
year average, than for the three-plant rate, but the result for
four plants per hill was practically the same. In 1930, the fol
lowing fodder yields \vere obtained for the Minnesota 13 variety:
8,597, 9,547 and 10,276 pounds per acre for the 3, 4 and 5 plants
per hill, respectively.

CORN PLANTED IN DRILLs.-The results for drilled corn
show that the highest fodder yields were obtained from closer
spacings between plants. For Golden Glow, the yields were
8,633, 9,448, 10,054 and 9,461 pounds of air-dry fodder as a
4-year average for the 12, 9, 6 and 3-inch intervals bet"veen
plants, respectively. The highest yield was from the 6-inch
spacing. The 3-year average for Golden Glow gave similar
results, although the only significant difference was between
the 6 and 12-inch spacings. Pride of the North yielded highest
as a 3-year average when the plants were spaced 3 inches apart.
The 1930 yields of Minnesota 13 were consistent with those
obtained in the later years with Pride of the North. The
Minnesota 13 yields for 1930 were 10,454, 9,688, 10,014 and
10,238 pounds of air-dry fodder for the 12, 9, 6 and 3-inch
intervals, respectively.

INFLUENCE OF RATE PLANTED ON OTHER PLANT- CHARACTERS

Counts on suckers and barren stall{s were made on the
fodder (outside) row of the Golden Glow and Pride of the
North varieties during the years 1931, 1932 and 1933. Shelling
percentages and bushel weights were also determined from the
shelled corn on this row. The results are presented in Table 3.

These data indicate that the percentage of suckers de
creases as the plants per unit area become thicker for both
Golden Glow and Pride of the North. The percentage of barren
stalks increased as the rate of planting was increased.

The shelling percentage was influenced only slightly. How
ever, there is an indication that it may be lower for the 3-inch
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~~ABLE 3.-INFLUENCE OF RATE PLANTED ON PLANT AND OTHER CHARACTERS1

PLANTED IN HILLS
Averages for 1981 to 1933 (incl.)

Plants Grain to Shelling Bushel Barren
VARIETY per hill total fodder percentage weight Suckers stalks

(Per- (Per- IPer- (Per-
(No.) centage) centage) (1bs.) ISE.) centage) centage)

Pride of the North........ 3 52 84.2 57.4±O.21 9.9 1.8

Pride of the North ........ 4 54 84.0 57.3±O.21 6.3 2.:3

Pride of the North........ 5 55 83·.5 56.8:;:t:0.20 2.8 4A
Golden Glow .......... ~ ...................-.... 3 52 82.6 56.9±0.20 8.:3 1.5

Golden Glow ........ -................ 4 5,3 82'.6 56.3±O.20 3.7 3.4

Golden Glow .......................... 51 82.8 56.1±0.20 1.5 6.9

PLANTED IN DRILLS
Averages for 1931 to 1933 (incl.)

Space2 Grain to
between total Bus'hel Barren

VARIETY plants fodder Shelling weight Suckers stalks

(Per- (Per- (Per- (Per-
(in.) centage) centage) Obs. ) (SE) centage) centage)

Pride of the North ........ 12 52 83.7 57.2±O.21 49.4 1.4

Pride of the North........ 9 51 83.5 55.9±0.20 :30.0 2.7

Pride of the North........ 6 50 83.8 56.7±0.20 11.8 6.8
North........ 3 43- 82'.9 55.~±a.~0 () - 21.6Pride of the . I

Golden Glow ................... 12 50 82.4 56.6±0.20 422 1.7
Golden Glow 9 51 82.5 56A±0.20 2:3.8 2.7
Golden Glow 6 50 82.4 56.0±O.20 5.G 6.9
Golden Glow 3 41 80.9 54.5±0.20 0.2 26.9

1 These data were taken on the fodder row. The shelling percentages and bushel weights
were obtained from the corn husked after the fodder weights were taken.

2 The average actual space between -plants was as follows for Pride of the Nort.h: 11.8,
8.9, 6.1 anf! 3.0 inches for the- 12, 9, 6 and 3... inch intervals, respectively. For Golden Glow
the actual space hetween plants was: 11.7, 9.0, 6.2 and 3.1 inches for the same intervals.

interval between plants. Some other work* has indicated that
corn may have been harvested at an immature stage vvhen the
bushel weight of the shelled corn falls materially belovv 55
pounds, the requiren1ent for U. S. No.1 corn. The data for
bushel weight, for these rates of planting, indicate that the
corn for all rates was mature at harvest time. The shelled
corn yields averaged 50 percent of the total grain and stover
yields.

"'Unpublished data, Colorado Agricultural Experiment Station.
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GENERAL DISCUSSION

This experiment on rate of planting corn was conducted
under irrigated conditions at the Colorado Experiment Station
over a 4-year period, 1930 to 1933, inclusive. From the stand
point of yield, the results indicate that corn n1ay be planted at
heavier rates thaI1 those generally in use in this state on ir
rigated lands. This agrees with the findings in some other
states, particularly in those northern states where small vari
eties are grown. It has been generally recognized that 1110re
plants can be profitably grown on an acre with small varieties
than \vith large varieties.6

For corn planted in hills, the highest yield of shelled corn
per acre ,vas secured with Golden Glow in four-plant hills.
Pride of the North yielded highest when planted five plants per
4ill. This variety, under 'Fort Collins conditions, is a little
smaller and a few days earlier than Golden Glo,v. Both vari
eties gave significantly better results with the four and five
plant rates than for the three-plant rate. In an Ohio triaP
conducted over a 4-year period, it was found that four plants
per hill gave the highest grain yields per acre when the number
of plants per hill \vas varied from one to five. In Iowa,6
larger average yields were obtained in the northern half of the
state from planting five kernels per hill than from planting
4, 3 or 2 kernels. In the south-central fourth of the state, the
largest yield was obtained from planting four kernels per hill,
and in the southern fourth of the state from planting three
kernels. The superiority of the thinner rate in the southern
part of the state was a reflection of the larger size of the vari
eties grown there.

When Golden Glow and Pride of the North were drilled,
the highest yield of shelled corn per acre resulted from the
6-inch 'Spacing bet\veen plants. However, the yields for the
9-inch spacing \vere within the limits of experimental error. The
results ¥.7ere consistent for both the 3 and 4-year averages. For
corn spaced in drill rovvs, some North Dakota workS indi
cates that s1l1all, early corn varieties can be planted at thicker
rates than large, full-season varieties, from the standpoint of
grain yields per acre. An early flint variety yielded best when
planted in drill rows at a rate not less than 6 inches between
plants.

The fodder yields for Pride of the North were higl1est for
five plants per hill, while four plants per hill gave the highest
fodder yields for Golden Glow. When drill-planted, the 6 to 9
inch spacing bet"veen plants was found to be the most practical.
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The 3-inch spacing gave about the same yield as the 6-inch in
terval for Pride of the North. However, the 3-inch spacing
resulted in many nubbins and small ears, many of which fell
to the ground because of weak shanks. Hence, the 3-inch rate is
not recommended. A similar test in Ohi07 showed that the
average weight per ear decreased with an increase in the rate
of planting.

The data on plant characters indicate that the percentage
of suckers increased consistently as the number of plants per
unit area decreased. The percentage of barren stalks was high
est vvith the thickest rates. Experiments in other states have
shown the same general results. (6 and 7)

Occasionally, it is necessary for the farmer to estimate the
amount of grain in mature fodder corn. This test showed that
the shelled corn yield was 50 percent of the total fodder yield as
an average for all rates. The 3-inch spacing in drill rows gave a
much lower percentage of shelled corn than the other rates.

SUMMARY

I.-Three corn varieties, Golden Glow Selection, Pride of
the North, and Minnesota 13 were planted in 42-inch rows at
different rates to determine the rates of planting ,vhich result
in the highest yields.

2.-A stand of four plants per hill is recommended over
three plants per hill on fertile irrigated soils with dependable
water rights. Even five plants per hill showed no significant
reduction in yield over the four-plant rate. The thicker rates
gave significantly more shelled corn per acre and more fodder
than the three-plant rate.

3.-It is recommended that drilled corn be spaced 6 to 9
inches between plants in the row for the highest shelled-corn
yields. Wider distances between plants were found to give
larger ears at the expense of yield. The same spacing is advo
cated for the highest forage yields.

l; Richey, F. D., 1£)33. Corn Culture, Farmers' Bul. 1714, U.S.D.A.
i Williams, C. G., and Welton, F. A. 1910. Corn Judging: Studies of Prominent Ear
Characters in Relation to Yield. Ohio Exp. Sta. Bul. 212, pp. 235-23-6.

\ Olson, P. J., 1930. Planting Rates for Early Varieties of Corn. North Dakota E~1.J.
Sta. Cir. 43.
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