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cluding Sudangrass, showed no statistically significant differences.



Late planting apparently prolonged date of maturity compared with

the same varieties in early planting.
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Yield of silage was positively correlated with time to maturity

and plant height and inversely with percent grain,
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THE INFLUENCE OF VARIETY, PLANT POPULATION AND
PLANTING DATE ON CORN SILAGE PRODUCTION

INTRODUCTION

Production of corn for silage i.n western Oregon is of interest

primarily to dairy operators, although some corn silage is fed to beef

cattle and sheep. The interest in corn for silage arises from the need

for i.ncreased productio.n of feed per acre and from the response i.n ani-

mal production from high e.nergy feed consumption, particularly when

the silage contains a relatively high perce.ntage of grain.

New commercial hybrid varieties of corn become available every

year. The varieties represent a wide range in maturity dates. There,

fore variation also exists i.n regard to plant height and percentage grain.

It becomes necessary, to evaluate variety performance in terms of yield,

percentage grain and height for a particular climatic area such as the

Willamette Valley,

Although many tests have been conducted in other corn- producing

areas, particularly in the Midwest, to determine optimum population of

plants per acre for maximum grain or silage yields, very little i.nfor-

matio.n. is available for Northwest conditions. In addition, hybrid vari-

eties respond differently to different plant population rates (Lang, 1956)

so that the optimum populatio.n must be determined for a particular

variety i.n each different climatic area.
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In the Willamette Valley, winters are sufficiently mild for pro-

duction of forage from cereals (wheat, rye, oats or barley) or annual

grasses such as annual ryegrass, for use either as winter pasture or

for removal i.n May as a silage crop. A summer annual such as corn

or Sudangrass ca.n follow in order to make full-year use of the land.

This "double cropping" is practiced to some extent to obtain better dis-

tribution of production and possible higher total production per acre,

Earlier maturing varieties of corn would be required for late May

planting. In some years early maturing corn hybrids may be required

because of a cool, wet spring and early fall rains resulting in short

growing season.

This study was under taken to determine (1) the most suitable

varieties for maximum yield a.nd quality, (2) the varietal character-

istics contributing to yield and quality, (3) the effect of high plant popu-

latio.n o.n yield and quality and (4) the varieties suitable for late planting.
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REVIEW OF LITERATURE

In order to take advantage of the potentially high yielding capacity

of hybrid corn and thus obtain maximum yields per acre, more attention

has been given to the cultural or agronomic practices. One very im-

portant factor is to find the optimum seed rates for specific hybrids.

The basic principle involves how to obtain the most effective utiliza-

tion of the environmental factors of moisture, nutrients and light and

the manipulation to remove the i.ntra-specific competition for these

factors as far as possible.

In other parts of the United States considerable progress has been

made in moisture conservation by use of such practices as contour,

minimum and mulch tillage to increase infiltration a.nd storage of

moisture. Weed control with .no tillage have contributed to moisture

supply also. Nutrient supply has undergone great changes also with

the use of relatively high rates of fertilizers. The third limiting fac-

tor-light-has received increasing attentio.n in recent years. Presum-

ably with irrigation and relatively high fertilizer application, further

increase in yield per acre depe.nds on better light utilization. Many

factors are involved in light utilization such as row spacing, plant

spacing within the row a.nd orientation of rows.

In Willamette Valley, all corn grown for silage is irrigated and

relatively high rates of fertilizer are generally used. Thus, increasing
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a. plant population to obtain maximum yields depends to a large extent on

better use of light. With reduced light or increased i.ntra-specific

shadi.ng, morphological a.nd chemical cha.nges can occur that are re-

flected in yield and quality of the product.

By using artificial shading, Earley (1966) found that the reduction

of light resulted in increasing the number of days from planting to tas-

.s el and anthesis stage. The _plant failed to

more than one ear per plant when light was reduced to 70 perce.nt of

normal summer sunlight. In addition there was a reductio.n in the num-

ber of kernels per plant and weight per kernel. When the light was de-

creased to 10 percent, the yield of stover (leaves, stalk and cob) de-

creased in weight per plant and the total amou.nt of protein in grai.n and

stover was reduced. Brook (1962) stated that shading decreased dry

weight and caused nitrate accumulation in plants. Augustine and Shaw

(1964) found that the higher populations of plants utilized more total

radiant energy than did the low populations. With the same population,

closer row spacing was more efficient i.n utilization of radia.nt energy

with no difference i.n plant height.

Roberto and Kamphrath (1969) fou.nd that the leaf area index in-

creased linearly as the plant population of corn was increased from

34,500 to 69,000 plants per hectare. The leaf area per plant, however,

decreased as the plant populatio.n increased. The nitrogen rate had no

effect on leaf area per plant .nor leaf area index but did increase the



efficiency of a given leaf area to produce grain. Maximum grain yields

were obtained with a leaf area index of 3.5 and remained constant up to

an index of 4.5 with adequate nitrogen.

McVicker and Shear (1946) reported that the yield of corn in-

creased as the planting rate increased, but the maximum yield of two

varieties of corn does not necessarily occur at the same rate of plant-

ing. On high fertility soil with an adequate supply of water, the maxi-

mum yield was obtained at five plants per hill. Dungan (1946) suggested

that single plant hills gave a higher yield on productive soil especially

when grown at high population rate. The yield of stover was higher 'in

every experiment for single plant hills.

Pumphrey a.nd Dreier (1959) reported that increased populations

resulted in more small, broken and barren plants. Rutger (1967)

studied the effect of plant density at Ithaca and Newfane, N. Y. and

concluded that the highest silage dry matter yields were obtained at

32,000 plants per acre. There was some evidences that the optimum

for silage yield might be at a density greater than 32,000 plants per

acre and the optimum population differed from one location to another.

Population of about 24,000 plants per acre would be an optimum density

for grain corn under similar growing conditions.

Bryant (1968) stated that yield of dry matter was higher in 71-

cm. row widths with 98,800 plants per hectare (approximately 28-inch

row widths with 40,000 plants per acre) in both early and late maturing
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hybrids than in 53 -cm, and 80-cm. row widths of the same population

(approximately 21-inch and 36-inch row widths respectively).

Hoff and Mederski (1960) concluded that the equidistant planting

gave slightly more yield than the normal 42-inch row spacing in the

same rate of population and the difference was greater in the high

population. The lodging caused by increased population was not af-

fected by planting pattern. The equidistant system tended to increase

fodder weight at the high level of phosphorus. Bryant, Eckhardt and

Sprague (1940) reported that the minor variations in hill spacings were

not important when the number of plants per acre was constant. The

narrow spacing tends to have more lodging than the wider spacing.

Helmut and Miles (1951) found that with high soil fertility in north

central Indiana the drilled, equidistant and hill planting gave in-

creased grain yield, respectively, hill planting has less lodging than

the other two patterns.

Under semi-arid condition, Cunningham (1914) reported that the

corn grown by the double spacing (7-foot row) produced higher yield of

ear and stover than corn grown in normal row spacing. In The Akron,

Colorado area, Brandon and Joseph (1937) suggested that 12-inch spac-

ing in 44-inch rows gave the highest corn yield per acre and slightly

greater than 18-inch in 44-inch rows. The 12 inch to 18 inch spacing

in 44-inch rows appear to be the optimum spacing for silage production.

Mooers (1921), (Osborn (1925), and Kisselbach (1935) reported a
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different result from that of Cunningham (1914). Under average con,

ditions the double row spacing (7-foot row) gave a smaller yield than

the normal row spacing (3.5-foot row) at the same rate of population.

Planting two to three plants per hill was more favorable than one

plant per hill. Hume et al. (1908) conducted spacing tests in various

parts of Illinois and concluded that under Northern Illinois conditions

the highest average yield was obtained from 33-inch rows with three

plants per hill.

Bockholt (1959) reported that for forage production 12 inches

plant spacing was superior to 18 inches and 24 inches spacing but 12

inches spacing had more lodging than those of two spacings. Patterson

(1963) found that close row spacing or high seeding rate failed to in-

crease forage yield of Dixie 18 corn when compared with the conven-

tional row width and seeding rate (40-inch row and 8 pounds of seed

per acre).

Pumphrey and Dreier (1959) concluded that late maturing hybrids

produced higher yields of green fodder. Robertson (1965) presented

evidence which indicated that the multi-ear corn hybrids yielded more

forage than single-eared varieties, but tall growing hybrids did not

always produce more yield than short growing hybrids. McCloud,

Bula and Shaw (1964) suggested that plants with erect leaves may pro-

duce higher yields than plant with drooping leaves at higher populations.

Osborn (1925) found that the tall growing, late maturing hybrids showed



most rapid decrease in yield as the number of plants per acre in-

creased. The proportion of grain in most hybrids decreased slightly

as the plant population increased.

Rutger (1967) stated that the high planting rate retarded maturity

as evidenced by decrease in percentage dry matter as population in-

creased. Maturity was lengthened by narrow rows at the same popula-

tion (88, 000 plants per hectare). Pendleton (1969) found that yield de-

creased linearly after the April 30 planting date at a rate of 103 Kg.

per hectare (1.6 Bu. /A) per day. The stalk strength in late planting

also decreased and caused lodging.

Robertson (1965) found that increased plant population had no

significant effect on nutrient composition but did increase yield and

uptake and percentage recovery of N, P, and K. Without irrigation

the short growing hybrid (Coker 67) responded to nitrogen fertilizer

and plant population better than the tall growing hybrid (Dixie 18).

Lang, Pendleton and Dungan (1965) studied the relationship between

nitrogen level and plant population with corn hybrids. They concluded

that the hybrids responded differently to nitrogen level and plant popu-

lation. The protein and oil content decreased as the plant population

increased and as nitrogen level decreased. The high population rate

increased the number of barren plants. Zuber et al. (1954) and Prince
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(1954) reported similar results in that the crude protein content in-

creased directly with nitrogen level and inversely with plant population.

The protein content varied slightly among varieties.

May (1968) suggested that dry weather at a.nthesis reduced the

yield of grain but the yield of stover was the same as with normal

rainfall. High population increased the total silage yield but decreased

the ear size. The planting pattern and varieties had little effect on

stalk-leaf ratio.

Bryant et al. (1965 and 1966) studied the stage of maturity of corn

for silage production. The corn was harvested in milk stage (21.8

percent dry matter) and in the dent stage (32.0 percent dry matter).

They concluded that the mature corn gave more yield of silage (con-

verted to 30 percent dry matter). The mature silage had more nitro-

gen-free extract and total digestible nutrients but was lower in crude

protein and crude fiber than immature silage. The mature silage was

more palatable than the immature. Body weight gain was higher for

cows fed mature silage than for those fed the immature. Milk fat was

maintained at a high level with both silages. Huber (1965) reported

similar results. Dry matter and nitrogen-free extract of silage in-

creased with maturity, and crude fiber decreased. The dairy intake

of silage dry matter and milk yield was increased from soft to hard

dough stage. Milk composition and body weight were not significantly

affected by the treatments. Rutger (1969) suggested that for the short
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growing season area the early hybrid corn is better than the late ma-

turing hybrid. The hybrid which gives the dry matter content about

30 to 35 percent at harvest time is preferred.
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MATERIALS AND METHODS

The experiments were conducted on Hyslop Agronomy Farm,

Corvallis, on Woodburn silt loam soil. This soil is well supplied with

potash but is deficient in phosphate. The site had been in grass pre-

viously and was in fallow the year prior to planting this experiment.

The seedbed was prepared about one week before planting with

300 pounds per acre 16-20-0 (N-P205-K20) worked into the soil. A

post emergence broadcast application of urea (46 percent nitrogen) at

the rate 240 pounds per acre (110 pounds nitroge.n) provide a total

nitrogen application of 158 pounds per acre. Pre-emergence applica-

tion of two pounds of Atrazine and three pounds Ramrod per acre gave

good weed control with no subsequent tillage.

The tests were sprinkle irrigated o.n June 19, July 17 and August

11 with approximately four inches of water supplied each time. There

was rainfall of approximately 2.5 inches during the period June 22 to

25.

The main variety test and the population test were planted o.n 22

April 1969 and the late variety test was planted 29 May 1969, All

planting was accomplished with hand-operated, hill-dropping corn

planters. Four to five grains were planted in each hill and the plants

per hill were thinned to the desired numbers. Sudangrass in the late

variety corn test was planted with a Planet Jr. seeder in six-inch rows

at 30 pounds per acre.
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All plots were 12 x 20, allowing four rows per plot i.n both variety

tests and four to six rows per plot i.n the population test, depending on

row width. All tests were in randomized block design with three repli-

cations.

Variety tests were in 36-inch rows with 12 inches between hills,

two plants per hill. This provided a population of 26,000 plants per

acre. The varieties included i.n the early or regular variety test and

in the late test are shown i.n Table 1.

In the population study, the different populations were achieved

by varying row width, distance between hills a.nd number of plants per

hill. The varieties used were those suggested by the respective seed

companies for use in high population production. These varieties are

shown i.n Table 2, along with population rates and spacing arrange-

ment.

The two middle rows of each plot were harvested by hand when

the plants reached the hard dough or early dent stage. A date of har-

vesting of each variety was recorded to indicate the maturity. All

three replications of a treatment were harvested on the same day.

Plants were cut approximately four inches above ground level. The

green plot weight was measured by weighing the entire two rows of 20

feet. Six stalks of corn from each plot were randomly selected and the

average height determined.

Each sample of six stalks was then chopped into short length,
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Table 1. Varieties used in variety tests and source of seed.

Variety Source of Seed

NK 610

*NK 442

PX 525

PX 545

*PAG 25

PAG 45

PAG 64

PAG 70

Northrup-King Seed Co.

Minneapolis, Minnesota

PAG (W. R. Grace Co.)
Aurora, Illinois

*G 11 A Germain's Inc, (Funk's)
G 5207 Los Angeles, California

Pioneer 3558

Pioneer 3956
Pioneer 3773

*Pioneer 3862

Pride 109
*Pride 5

Pride 137

Pride 101

Pioneer 1-1i-Bred Corn Co.

Des Moines, Iowa

Pride Co. Inc.
Glen Haven, Wisconsin

**Suda.ngrass (Morsu) W. R. Grace Co.
Rudy-Patrick Seed Division

* Varieties used also in late planting test (early maturing varieties).
** Sudangrass used only in late planting.
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Table 2. Treatments in the population test showing number of plants per acre as influenced by row
spacing, hill spacing and number of plants per hill.

Treatment Variety Plants/Acre Row Width inches Between Plants/Hill
Inches Hill

1 26,000 24 18 2

2 26,000 24 9 1

3 G 5207 52,000 24 9 2

4 52,000 36 6 2

5 26,000 24 18 2

6* 26,000 24 9 1

PAG 25
7* 52,000 24 9 2

8 52,000 36 6 2

9 26,000 24 18 2

10 26,000 24 9 1

Pride 101
11 52,000 24 9 2

12 52,000 36 6 2

13 26,000 24 18 2

14 26,000 24 9 1

15
Pioneer 52,000 24 2
3773

16 52,000 36 6 2

17 26,000 24 18 2

18* 26,000 24 9 1

19*
NK 610 52,000 24 9 2

20 52,000 36 6 2

* Treatments which were saved for chemical analyses.



15

bagged with the ears and weighed. Samples were dried at 160 F for

48 hours or until corn shelled freely from the cobs. Oven-dry weights

provided information necessary to calculate total yields of dry matter

per treatment and served as a reference for percentage moisture at

harvest as an indication of maturity. The grain was then shelled and

weighed separately in order to calculate the percentage grain for each

treatment. Silage can be calculated by adding the same amount of

water back to each variety for the moisture desired, in this case, 70

percent.

Samples of two varieties, each at two populations, as indicated

in Table 2, were saved for grinding and chemical analysis to study

any influence of plant population on feeding value. The samples were

analysed by Agricultural Chemistry Department, Oregon State Univer-

sity, for crude protein, fat, ash and crude fiber content.
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EXPERIMENTAL RESULTS

Variety Tests

The larger, earlier-planted variety test is referred to as the

"regular" variety test. It was planted, as is customary i.n the Valley,

as soon as possible after mid-April. The data should therefore repre-

sent a reliable comparison of the varieties in terms of performance

under favorable practical conditions in the Valley.

All data obtained in the regular variety test are shown i.n Table

3. Perhaps, the most important attribute of a corn variety grown for

silage is the total yield per acre.

NK 610, in common use in the Valley in recent years, produced

significantly more total feed per acre than any other variety except

Pioneer 3558 which produced somewhat less but not significantly so.

A second group of varieties yielded over eight tons per acre of

dry matter and significantly less tha.n the yield of NK 610. The re-

mainder of the varieties yielded less than eight tons per acre, ra.nging

down to 5.96 to.ns per acre for the lowest yield. These varieties would

be considered unsatisfactory for silage productio.n if planted early or

at the recommended time.

The variation in percentage dry matter, show.n in colum.n 4,

Table 3, is the reflection of the inability to judge accuragely the stage

of maturity. The range in dry matter percentage varied from a low of
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Table 3. Measurements on 18 varieties of corn for silage production.

Variety Height Maturity* D. M. D. M. 70 % Grain Grain
Ft/in. (days) % Tons/A Silage % Tons/A

Tons/A (shelled)

NK 610 6/5 153 32.18 9.59 31.93 39.89 3.83

NK 442 5/2 142 38.89 6.82 22.71 50. 35 3. 44

PX 525 6/0 146 38.14 8. 66 28.84 42.82 3.68

PX 545 6/0 148 36.77 8.64 28.77 33.48 2.89

PAG 25 5/3 142 37.76 7. 65 25.47 44.10 3. 37

PAG 45 6/0 148 38.56 8.51 28. 34 43.46 3.70

PAG 64 6/2 160 37.98 8.53 28.40 47.40 4.04

PAG 70 6/2 160 36.40 7.57 25. 21 41.49 3.15

G 11 A 5/4 142 35.30 5.96 19,85 43.74 2.60

G 5207 5/9 153 38.65 8.29 27. 61 51.76 4. 28

Pride 5 4/1 134 34.43 6.11 20.35 46.12 2.82

Pride 101 5/11 127 40. 34 6.73 22, 41 42. 27 2. 79

Pride 109 5/8 131 37.61 6. 36 21.18 41.6$ 2.66

Pride 173 5/6 139 41.48 7.62 25.37 40.83 3.10

Pioneer 3773 6/3 153 34.90 8. 34 27.77 45.68 3,81

Pioneer 3558 6/10 160 33.93 8.74 29.10 38.82 3.40

Pioneer 3862 6/5 146 41, 58 8.14 27. 11 49. 38 4.02

Pioneer 3956 5/6 146 36.03 7.02 23.38 41.76 2.93

* Planted on April 22, 1969. Harvest dates are shown in appendix Table 1.

L. S.D. 0.88 3.12 0.58
OS

L. S. D.
01

1.18 4.20 0.78

C. V. % 6.83 7. 32 10. 41
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32.18 percent for NK 610 to 41.58 percent for Pioneer 3862. At early

dent stage, the intended stage for harvest, dry matter should be ap-

proximately 35 to 36 percent.

The number of days between planting and harvesting (Table 3,

column 3) is an indication of the earliness of the variety. This can be

interpreted also as the length of the season required or, more basi-

cally, the heat units required to silage maturity. No data were avail-

able regarding days required for maturity for this location, which, of

course, varied each year with temperature. Nor were data available

for heat units required for each variety. Nevertheless, those

varieties maturing in 142 days or less are considered by the seed

companies concerned to be early-maturing varieties and the other are

in the group of mid-season or medium in maturity. No long season

varieties were included.

The relationship of days to maturity and yield of dry matter is

apparent since the earlier varieties were generally less productive

than the medium season varieties. This was verified by results of

path-coefficient analysis as shown in Figure 1 with a total correlation

of 0.937 between yield and maturity. Practically all the correlation

was the direct effect rather than indirect effect through plant height or

percentage grain (Figure 2).

Height of each variety, measured from cutting height of four

inches to the base of tassel, showed a range from four feet one inch for



Yield Y = -8.39 + 0. 11X
tons/acre r =0.937**

130 140 150
Maturity (days)
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Figure 1. Relationship of plant maturity and silage yield in different
corn hybrids.



Yield (1)

(3) Maturity

OO

;-

(2)Height

(4) % grain

Residual
= 0.079

Association of plant maturity with yield.
Direct effect. = 0.847

Indirect effect by height. = 0.090

Indirect effect by % grain. = 0.0003

Total = 0.937

Association of plant height with yield.
Direct effect. = 0.161

Indirect effect by maturity. = 0.471

Indirect effect by % grain. = 0.029

Total = 0.661

Association of % grain with yield.

Direct effect. = -0.158

Indirect effect by height. = -0.029

Indirect effect by maturity. = -0.002

Total = -0.189

Figure 2. Path-coefficient analysis showing the direct and indirect effects of plant height, plant
maturity and percentage grain with total silage yield.
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Pride 5 variety to a maximum of six feet ten inches for Pioneer 3558.

Height of plants was related to yield of silage. The correlation co-

efficient is highly significant (Figure 3) but the relationship came in-

directly because of the relationship of height to maturity (Figure 2).

The later maturing varieties that were higher yielding were also taller

than the early varieties.

Table 3, column 7, shows the percentage grain (shelled basis)

for the varieties. These percentage vary from a low of 33.48 percent

for PX 545 to high percentage of 50.35 for NK 442. This latter variety,

although a good grain producer, is an early, short variety and with

early planting is a relatively low producer for silage. The coefficients

(Figure 2)show the relationship of percentage grain and total yield to

be insignificant and negative (Figure 4).

In the late-planted test, only five varieties were used and all

were in the early maturing group according to the information from

the seed companies. Since Suda.ngrass can also be planted in late May

for silage production, one variety was included. Similar measurements

were taken in this test as in the regular test.

All varieties planted late yielded considerably less than the best

varieties planted early. The first three varieties yielded less in late

planting than the same varieties planted earlier by about two tons per

acre or nearly a. 25 percent reduction (Table 3 and 4). The other two

varieties, Pride 5 and G 11 A, were reduced about one ton per acre.
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Figure 3. Relationship of plant height and silage yield in different
corn hybrids.
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Figure 4. Relationship of percentage grain and silage yield in
different corn hybrids.
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Table 4. Measurements on five corn varieties and Sudangrass in a late planted test.

Variety Height Maturity D. M. D. M. 70 % Grain Grain

Ft/in. (days) % Tons/A Silage % Tons/A
Tons/A (shelled)

NK 442 4/11 149 35.39 5.24 17.45 48.92 2.56

PAG 25 5/0 149 33.00 5.65 18.81 47.14 2.66

Pioneer 3862 5/8 146 32. 33 5.45 18.15 45.27 2.46

Pride 5 5/5 143 39.74 5.59 18.61 52.50 2.93

G 11 A 5/0 149 33.64 5.05 16.82 46.53 2.30

Sudangrass
(Morsu) 149 29. 45 6.14 20.45

* Planted on May 29, 1969. Harvest dates are shown in appendix Table 1.

L. S D. 05

C. V. % 8.87 8.83 11.60
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The varieties in the late test did not differ significantly in yield of

dry matter among themselves or with Sudangrass.

It is interesting to note, in Table 4, that the five varieties were

reduced in height by a few inches and increased in days to maturity

(except Pioneer 3862) when planted late compared with the same va-

rities planted early (Table 3). Pioneer 3862 was apparently more

immature at harvest as indicated by the lower percentage dry matter

(32. 33 percent) compared with the other varieties and with the same

variety in the regular test which was harvested at 146 days also but

contained 41.58 percent dry matter.

The varieties planted late did not differ significantly in yield of

grain. They yielded less grain per acre when planted late rather than

early with the exception of Pride 5 which showed a higher percentage

grain and total grain yield when planted late than when planted early.

Yields of dry matter and yields of shelled grain were decreased sig-

nificantly as a result of late planting (Table 5). However, the per-

centage grain of the late planted corn was increased by an average

of three percent (Table 6).

Population Test

This test was located adjacent to the variety tests and was plant-

ed on the same date and provided with the same fertilization and irri-

gation treatments as the regular variety test. Nevertheless, yields of
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Table 5. Comparison between yield of dry matter (tons/acre), shelled grain (tons/acre) of early and
late planting.

Variety Total Yield of Dry Matter

Early

Yield of Grain

Early Late Late

NK 442 6.82 5. 24 3.34 2.56

PAG 25 7.65 5.65 3.37 2.66

Pioneer 3862 8.14 5.45 4.02 2. 46

Pride 5 6. 11 5.59 2.82 2. 93

G 11 A 5.96 5.05 2.60 2.30

Sum 34. 68 26. 98 16. 25 12.91

Mean 6. 93 5.39 3.25 2.58

s-
d 0.44 0.27

t 3.50** 2. 48*

* Significant at . 05 probability level.

** Significant at .01 probability level.

Table 6. Comparison of means of dry matter and grain between the same varieties planted early and
late.

Time of Planting Increase or

Early Late Decrease %

Total Yield (tons/acre) 6. 93 5. 39 -22**

Grain Yield (tons/acre) 3. 25 2.58 -20*

Percentage Grain 46. 89 49. 90 + 3

* Significant at .05 probability level.

** Significant at .01 probability level.
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the five varieties i.n the population test i.n 24-inch rows were consider-

ably less than in the variety test (36-inch rows). The two treatments

with 26,000 plants per acre were comparable to the same varieties in

the regular variety test except for row width (24 vs. 36 inch rows)

and for distance between plants withi.n a row. According to the results

of workers previously cited, these differences in plant distribution

within the row have relative small effect if any. No variation in soil

is suspected. Fertilizer and moisture should have been adequate here

for the lower population if it were adequate for the high yields i.n the

regular variety test. Nevertheless, the test appeared uniform within

and the data support this observation with a relatively low coefficients

of variation.

The summary of all data from the population test is shown in

Table 7.

It is sometimes suggested that closer spacing and higher popula-

tions results in taller stalks of corn, This appeared to be the situation

with three of the varieties as shown in Figure 5. NK 610 and Pioneer

3773 decreased in height with the increase populations.

The five varieties in the population study matured at the same

time as they did in the variety test except for Pride 101. This varia-

tion of one week later maturity in population test is unaccounted for

since dry matter percent actually was lower i.n the population test

than in the variety test even when cut a week later.
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Table 7. Performance of five corn varieties at different populations and row spacings (refer to Table
2 for treatment description).

Treatment Height
Ft/in.

Maturity* D. M.
(days) %

D. M.
Tons/A

Grain
%

(shelled)

Grain
Tons/A

70%

Silage
Tons/A

1 5/5 153 37.42 5.32 49.92 2.67 17.72

2 5/2 153 43.53 5.23 48.59 2.51 17.42

3 5/6 153 37.30 5.67 48.79 2.77 18.88

4 5/9 153 43.56 8.36 48.68 4.06 27.84

5 4/11 142 45.10 5.25 42.86 2.25 17.48

6 4/11 142 39.72 4,18 38.85 1.64 13.92

7 5/6 142 43.19 6.30 40.63 2.25 20.98

8 5/1 142 35.86 8.09 37.69 3.08 26.94

9 4/10 134 36.40 3.22 45.46 1.46 10.72

10 4/8 134 36.07 2.76 48.21 1.34 9.19

11 5/3 134 33.14 3.93 40.22 1.60 13.07

12 5/1 134 38.26 7.03 46.30 3.26 23.41

13 5/10 153 33.63 5.38 43.51 2.36 17.92

14 6/1 153 35.36 5.91 48.70 2.87 19. 68

15 5/7 153 39.14 6. 35 47, 99 3.05 21.15

16 5/5 153 39.98 9.96 50.24 4.98 33.17

17 5/9 153 32.03 6.23 44.44 2.77 20.75

18 5/6 153 32.21 5.23 44.06 2.32 17.42

19 5/5 153 29.87 5, 73 37.94 2.81 19.08

20 5/4 153 30.81 7.92 35.14 2.77 26.37

* Planted on April 29, 1969. Harvest dates are shown in appendix Table 1.

L. S. D.
05 1.09 0. 69 4.91

L. S.D.
01 1.46 0. 92 6.57

C. V. % 11.19 15. 71 15.00
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A = 26,000 Plants per acre.
B = 52,000 Plants per acre.

A-24-2-18 A-24-1 9 B-24-2-9 B-36-2-6

1 = G 5207
2 = PAG 25
3 = Pride 101
4 = Pioneer 3773
5 = NK 610

Figure 5. Effect of population rate and different spacings on height
of corn.
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Any influence of population rate or spacing on maturity of a

variety should be reflected i.n percentage dry matter at harvest since

all treatments of a variety were harvested on the same date. The data

show no consistent differences except for Pioneer 3773 in which case

the higher populations were apparently lower in moisture at harvest

tha.n the lower populations.

The most interesting results in the population study are the yields

of dry matter, yields of grai.n and percentage grain. Comparison of

the influence of spacing within the row show no difference, that is, at

26,000 plants per acre a.nd 24-inch rows, either o.ne plant each nine

inches or two plants each 18 inches made no difference in yield of dry

matter or grain or percentage grain (Table 8).

When population was increased from 26,000 to 52,000 plants

per acre, but in 24-inch rows, there was an increase in total yield

and in yield of grain as shown i.n Tables 9 a.nd 10. Row width increase

from 24 to 36 inches had a very pronounced influence 0.n yield. This

effect can easily be seen in Tables 11 a.nd 12. For example, in Table

11, G 5207 yielded 5.67 and 8.36 tons of dry matter when grown at

the same high population but with the latter in 36-inch rows. This

magnitude of increase occurred in all varieties and amounts to an

average 41 percent i.ncrease in yield of dry matter.

A somewhat smaller increase in yield of grain resulted from the

increased row width. The differences were less consistent. Pride
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Table 8. Comparison of the influence of spacing within the row on dry
matter and grain yields of different varieties of corn.

Variety Spacing Within the Row**

18-2 9-1
Dry Matter (tons/acre)

18-2 9-1
Grain (to.ns/acre)

G 5207 5.32 5.23 2.67 2.51

PAG 25 5.25 4.18 2.25 1.64

Pride 101 3.22 2.76 1.46 1.34

Pioneer 3773 5.38 5.91 2.36 2.87

NK 610 6.23 5.23 2.77 2.32

Sum 25.40 23.31 11.51 10.68

Mean 5.08 4.66 2.30 2.14

s-
d

t*

0.74

0.57

0.37

0.43

* Non-significant at .05 probability level.

** 18-inch hill with 2 plants/hill vs. 9-inch hill with 1 plant hill.
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Table 9. Comparison of the influence of population rate on dry matter
yields (tons/acre) of different varieties of corn in the same
row spacing (24-inch row).

Variety Plants per Acre
26,000

18-2
52,000

9-2
26,000

9-1

G 5207 5.32 5.67 5.23

PAG 25 5.25 6.30 4.18

Pride 101 3.22 3.93 2.76

Pioneer 3773 5.38 6.35 5.91

NK 610 6.23 5.73 5.23

Sum 25.40 27.98 23.31

Mean 5.08 5.60 4.66

sa 0.66 0.70

t 0.79 1.34

* Non-significant at .05 probability level.
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Table 10. Comparison of the influence of population rate on grain
yields (tons/acre) of different varieties of corn in the same
row spacing (24-inch row).

Variety Plants per Acre
26,000

18-2
52,000

9-2
26,000
9-1

G 5207 2.67 2.77 2.51

PAG 25 2.25 2.25 1.64

Pride 101 1.46 1.60 1.34

Pio.neer 3773 2.36 3.05 2.87

NK 610 2.77 2.81 2.32

Sum 11.51 12,48 10.68

Mean 2.30 2.50 2.14

s-
d 0.35 0.38

t* 0.57 0.95

* Non-significant at .05 probability level.
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Table 11. Comparison of the influence of different row spacing on total dry matter yields (tons/acre)
of corn with high and low population rates.

Variety 52,000 Plants/Acre 52,000 Plants/Acre 26,000 Plants/Acre
24-inch row 36-inch row 36-inch row

G 5207 5.67 8.36 8.29

PAG 25 6.30 8.09 7.65

Pride 101 3.39 7.03 6.73

Pioneer 3773 6.35 9.96 8.34

NK 610 5.73 7.92 9.57

Sum 27.98 41 . 36 40.58

Mean

s
d

5.60

0.69

8.27

0.67

8.12

t 3.87** 1.16

*Significant at . 05 probability level.

*4'Significant at . 01 probability level.
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Table 12. Comparison of the influence of different row spacing on grain yields (tons/acre) of corn at
high and low population rates.

Variety 52, 000 Plants/Acre 52, 000 Plants/Acre 26, 000 Plants/Acre
24-inch row 36-inch row 36-inch row

G 5207 2. 77 4. 06 4.28

PAG 25 2. 25 3.08 3. 37

Pride 101 1.60 3. 26 2.79

Pioneer 3773 3. 05 4. 98 3.81

NK 610 2.81 2.77 3.83

Sum 12. 48 18.15 18.08

Mean 2.50 3. 63 3.62

s-
d 0.46 0.47

t 2.46* 0.02

* Significant at . 05 probability level.

** Significant at . 01 probability level.
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Table 13. Comparison between yield of dry matter (tons/acre) and shelled grain (tons/acre) of low

and high population rates.

Variety Total Yield of Dry Matter Yield of Grain

Low High Low High

G 5207 5.32 5.67 2.64 2.77

G 5207 5. 23 8. 36 2.51 4.06

PAG 25 5. 25 6.30 2. 25 2. 25

PAG 25 4. 18 8.09 1.64 3.08

Pride 101 3.22 3. 93 1.46 1.60

Pride 101 2. 76 7.03 1.34 3.26

Pioneer 3773 5.38 6.35 2.36 3.05

Pioneer 3773 S. 91 9.96 2.87 4.98

NK 610 6. 23 5. 73 2. 77 2.18

NK 610 5. 23 7.03 2.32 2.77

Sum 48. 71 68.55 22.16 30.00

Mean 4.87 6.85 2. 23 3, 00

s5

t

0.64 0.35

3.09 ** 2.20*

* Significant at . 05 probability level.

** Significant at . 01 probability level.
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101 doubled in grain yield from widening of row while NK 610 showed

no increase at all (Table 12).

The summary of the increased population effect on yields, Table

14, shows that the magnitude of the effect of increased population on

total yield of dry matter was greater than the effect on grain yield.

This is reflected in a decreased percentage of grain in the silage

although the decrease was not significant.

Table 14. The influence of plant population on total yield, grain yield
and percentage grain.

Plant Population per Acre
26,000 52,000

increase or
decrease %

Total Yield (tons/acre) 4.87 6.85 +41**

Grain Yield (tons/acre) 2.23 3.00 +35*

Percentage Grain 45.79 43. 79 - 2

* Significant at .05 probability level.

** Significant at .01 probability level.

Chemical Analyses

Four treatments of the population test were saved for analyses.

These were treatments 6, 7, 18 and 19, representing two varieties at

two population rates. The samples were divided into shelled grain

and the remainder of the plant. Results of proximate analyses on

plant, less grain, are shown in Table 15.
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Table 15. Proximate analyses of corn stover as influenced by the population rate and variety.

Variety C. P. C. P.. Fat Fat Fiber Fiber Ash Ash

Tons/A % Tons/A Tons/A % Tons/A

PAG 25* 3.82 0.153 1.70 0.067 28.69 1.49 5.56 0.223

PAG 25 4.72 0.120 1.04 0.030 28,04 0.71 5.11 0.103

NK 610* 4.66 0.167 1.33 0.047 28.21 0.99 5.02 0.177

NK 610 4.47 0.127 1.52 0.043 30.24 0.88 5.64 0.163

* High population rate (52,000 plants/acre).

L. S. D. 05 0.034 0.25 0.051

L. S. D. 01 0.052 0.38 0.078

C. V. % 12,06 76.59 13.34 14.45

The concentration or percentage of feed constituents denotes the

quality of the silage. No differences in fat, crude protei.n, fiber or

ash concentration were measured betwee.n the two varieties or betwee.n

two population rates.

Because of the increase in dry matter with higher plant popula-

tion, the production of feed constituents (weight per acre) was increased

as a function of yield of dry matter. There was a.n increase in yield of

crude protei.n, fiber and ash on an acre basis with higher population of

plants. In addition, NK 610 contained more crude protein than PAG 25.

The yield of fat did .not increase with yield of dry matter but

there was a large variatio.n i.n percentage fat, particularly with PAG

25 variety, with a coefficie.nt of variation of 76.59 percent.
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The percentage concentration and total yield of feed constituents

in shelled grain (Table 16) was not influenced by population rate or

variety.

Table 16. Proximate analyses of corn grain as influenced by the plant population rate and variety.

Variety C. P. C. P.
Tons/A

Fat Fat
Tons/A

Fiber Fiber
Tons/A

Ash Ash
Tons/A

PAG 25* 9. 31 0. 210 4. 22 0.097 2. 43 0.057 1. 20 0.027

PAG 25 10.05 O. 163 4.14 0.073 2.08 0.037 1.38 0.023

NK 610* 8.98 0. 197 4.47 0.097 2.51 0.053 1.28 0.027

NK 610 9. 61 0. 220 4.66 O. 107 2. 83 0.067 1. 49 0.033

L. S. D. 05

C. V. % 18.18 32.26 32.08 29.64

* High population rate (52, 000 plants/acre).
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DISCUSSION

The higher yielding corn silage varieties and those bred specif-

ically for silage are usually considered to be taller growing. This was

substantiated by the data but the relationship of height to yield was in-

direct (through time to maturity of the variety). This implies that the

time to maturity is very important in selection of varieties for silage

production. The varieties which make full use of the growing season

are most desirable, particularly if they are tall-growing varieties.

The percentage grain in a variety is important to the livestock

feeder, especially the dairymen, because of the influence of grain on

the quality. Corn grain in dent stage is approximately 85 percent TDN

(total digestible nutrients) compared with 55 percent for the remainder

of the plant. 1 In effect TDN per acre by actual trial or by calculation

should be a deciding factor in selection of a variety for silage produc-

tion. Such calculation were not presented here but were made available

for extension and farm use. Thus, NK 610 had sufficiently high yield

of dry matter that the medium percentage of corn grain did not move

it from the top of the list. However, a lower yielder, G 5207, with

27.6 tons of silage, had 52 percent grain. TDN per acre of the variety

1 Personal communication with Dr. D. C. Church, Animal Science
Department, 0. S. U.
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was higher than that of the varieties yielding over 28 tons of silage per

acre. Eighteen varieties varied from 32 tons per acre of 70 percent

silage for NK 610 to less than 20 tons for G 11 A. A small amount

of the variation is the result of inability to accurately judge a variety

for the early dent stage and a dry matter percentage similar to the

other varieties elected for harvest. Most of the difference i.n yields

are attributed to the inherent genetic capabilities of the varieties for

production under local co.nditio.ns of climate and culture.

This capability was measured in this test as a reflection of days

to maturity for a variety. Early maturing varieties, when planted

early in the seaso.n, do not make full use of the growing season. The

difference of 21 days from the first harvested variety to the last har-

vested represent a loss of growing seaso.n. The harvest of the last

varieties o.n 29 Spetember represent .near full use of the season, since

the varieties were planted as soon as possible according to the weather,

and late September is considered as the desirable harvest date. This

date coincides with the beginning of fall rains although in some years

silage could be harvested through October.

The relationship between maturity a.nd yield indicates that selec-

tion of a variety should be made on the basis of utilizing the full grow-

ing season, with the difficulty of harvest after rains commence taken

into consideration. Corn for silage might be planted late in May or

even in early June because of double cropping, use as a catch crop
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after removed or failure of another crop or even because of unsuitable

weather until that time. In this case, according to the results of the

late planted test, choice of variety is not important so long as the

variety is an early maturity type. Sudangrass can be used as well

although i.n this test, the tall growing Sudangrass-sorghum hybrid

lodged as a result of a rain and wind about mid-September and would

have been difficult to harvest. Use of early varieties in a late planting

means a substantial reduction i.n total yield of silage and in actual

grain production, but the quality (feeding value) of the silage is im-

proved because of increase in percentage grain. Early-maturing

varieties are better grain than silage varieties.

It is very difficult to assess any effect of plant population on

height of corn plant in this study. The increase in height for three

varieties at higher population is in agreement with popular opinion,

but the decrease in height for two varieties would indicate that the ob-

servation of population height is not substantiated. It is possible, too,

that G 5207 and NK 610 were not bred or selected for high population

use and had reached maximum height at the lower population.

Maturity can be influenced by fertilization and moisture supply

and this necessarily produces a confounding of results under the con-

ditions of this experiment when all treatments were fertilized and

irrigated the same. High population corn should require more fertilizer

and moisture than low population corn. When adequate nitrogen and
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moisture are supplied to the high population plots, a.n excess is sup-

plied to the low population plots. There apparently was not enough

deficiency or over supply of fertilizer or moisture to influence the

maturity dates to any extent in this test.

As was pointed out earlier, the population test appeared uniform

but with less production than the same varieties in the adjacent variety

test. Complete analyses and comparison showed that the population

test was uniform and valid and the best treatments did, in fact, yield

as well as the same varieties in the variety test.

The spacing within the row, or number of plants per hill, made

little if any difference, as expected from previous studies. The very

significant relation was the effect of row spacing. Production was

decreased with 24-inch rows, regardless of plant population, compared

with the 36-inch rows. It is suggested that intra-specific competition

for light (shading of lower leaves) might account for response to wider

row spacing. The intensive root system of corn would not support the

idea that moisture or nutrients were taken up more favorably in wider

rows. In fact, one would suspect that, if there were a.n advantage, it

sould be in favor of closer rows which might provide better root dis-

tr ibution.

The aspect of air circulation and carbon dioxide supply is a pos-

sibility but no measurement or comparison was available in this test.

Row direction could have influenced air circulation as well as light
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interception. All rows i.n the test were north-south oriented with pre-

vailing winds during the growing season from the north.

The response i.n yield of grain and total silage to wider row

spacing is not in agreement with recent finding of Bryant a.nd Blaser

(1968). Their data indicated that the corn plant did not respond to

wider rows when the populatio.n rate was increased. Under local con-

ditions, these present data indicated that the response to wider rows

apparently came at the 26,000 plant level. This was confirmed by the

experiment of Surapo.n Oupadissakoo.n (0. S. U., M. S. Thesis 1970)

which was conducted in the same year at Oregon State University

Botany and Plant Pathology Field Laboratory, Corvallis, Oregon.

The response to populatio.n rate apparently came at 27,878 plants per

acre. Increase of population above this level by decreased spacing

resulted in decreased grain yield. The rombus pattern had a tendency

to give a higher yield than other patterns in the same spacing. Cer-

tainly, further work is required to study row width a.nd population

rates in wester.n Oregon.

There is little information available regarding influence of popu-

latio.n of plants o.n chemical constituents. The reduction of crude pro-

tein as plant population increases, reported by Lang et al..(1965) and

Zuber et al. (1954) was not co.nfirmed in this study. Neither stalk or

shelled grain showed any difference in a.ny of the feed constituents re-

sulting from increased population. Both studies cited above included
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varying fertility levels with population rates. The variation i.n chemi-

cal components is relatively small and should be studied in a test de-

signed for that purpose.

It is significant that, although percentage of feed constituents

did not change with population rate, the total yield of the constituents

did increase with the increased yield of dry matter while the perce.ntage

grai.n in silage did not decrease to any extent. This means that higher

production per acre of silage might be achieved with higher population

rates and still maintain approximately the same quality in the silage.
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SUMMARY AND CONCLUSIONS

Corn silage performance tests were conducted o.n Hyslop Agronomy

Farm, Corvallis, Oregon, on Woodbur.n silt loam soil, The site was

supplied with 300 pounds per acre of 16-20-0 (N-P205-K20) worked

into the seedbed and 240 pounds of urea as a topdressing, providing a

total .nitroge.n application of 158 pou.nds per acre.

The total water supplied during the growing season included three

applications of irrigatio.n with approximately four inches each time and

about 2.5 inches of rainfall.

All tests were conducted in randomized block desig.ns with three

replications. The influence of plant maturity, plant spacing, populatio.n

rate a.nd date of planting on silage yield of selected varieties of corn

were studied. The effect of these factors o.n silage yield a.nd their re-

lationships are summarized as follow:

1. Whe.n corn for silage was planted early (April 22), the medium-

seaso.n varieties yielded more'silage per acre than the shorter - season

varieties. For maximum production of silage, full use should be made

of the growing season, in this case from late April to late September.

2. Cor.n varieties varied considerably i.n percentage grain which

has an important influence o.n silage quality a.nd yield of total digestible

nutrients but no relationship to total silage yield,

3. The most productive varieties were taller growing, but the
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relationship was indirect through the correlation of height with season

required for maturity.

4. Early maturing varieties, when planted late in May did .not

differ i.n yield of silage a.nd all varieties yield less than when planted

early. Criteria for selection of the variety to be pla.nted for silage in

late May are that the variety be early maturing and with a favorable

percentage of grain i.n the silage.

5. On a yield of silage basis, a silage type sorghum-Sudangrass

hybrid ca.n be as productive as corn, when planted in late May.

6. At population rates of 26,000 and 52,000 plants per acre, no

difference in yield of silage, grai.n or percentage grain could be mea-

sured by varied spacing within a row, that is, two plants per hill gave

the same results as one plant per hill with half the distance to the next

plant.

7. Increased plant populatio.n from 26,000 to 52,000 plants per

acre resulted in no increase in silage yield or i.n yield of grain in 24

inch rows; however when row width was increased from 24 to 36 i.nches

at either population, a significant increase i.n silage yield occurred.

The large response to row width masked any influence of plant popula-

tion with the design used in the population study.

8. By proximate analyses, high population corn did not differ

in feed constituent concentration from lower population corn.

9. Continued testing of varieties of corn are required because of
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weather variation and release of .new varieties.

10. The most suitable population of plants for maximum silage

production requires further study with variable row width and popula-

tion rates.
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Appendix Table 1. Harvest dates of the corn varieties studied.

Variety

Harvest Dates

Regular
Test*

Population Late Planting Test**
Test*

Pride IC1

Pride 109
Pride 5
Pride 137

8/27/69
8/31/69
9/3/69

9/8/69

9/3/69

-

-

9/30/69

PAG 25 9/11/69 9/11/69 10/6/69

G 11 A 9/11/69 - 10/6/69

NK 442 9/11/69 - 10/6/69

PX 525 9/15/69 -

Pioneer 3956 9/15/69 -

Pioneer 3862 9/15/69 - 10/3/69

PX 545 9/17/69 - -

PAG 45 9/17/69 -

NK 610 9/22/69 9/22/69
G 5207 9/22/69 9/22/69 -

Pioneer 3773 9/22/69 9/22/69

PAG 64 9/22/69 -

PAG 70 9/29/69 -

Pioneer 3558 9/29/69 -

Sudangrass (Morsu) - 10/6/69

* Regular variety test and population test were planted on April 22,
1969.

** Late planting test was planted o.n May 29, 1969.
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Appendix Table 2. Analysis of variance for total yield of dry matter
(variety test).

Source of variation SS. df, M. S. F.

Replication

Variety

R x V

Total

0.37
54.86

9.48

64. 71

2

17

34

53

0.19

3.23

0, 28

0.68

11.54**

* Significant at .05 probability level.
** Significant at .01 probability level.

C. V. = 6.83 %

Appendix Table 3. Analysis of variance for yield of shelled corn
(variety test).

Source of variation SS df M. S.

Replication 0,13 2 0.06 0.50

Variety 13.81 17 0.81 6. 75**

R x V 3. 96 34 0.12

Total 17.90 53

* Significant at .05 probability level.
*):c Significant at .01 probability level.

C. V. = 10.41 %
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Appendix Table 4. Analysis of variance for total yield of dry matter
(late planting).

Source of variation SS df M. S.

Replication 0.46 2 0.23 0.96

Variety 2. 14 5 0.43 1. 79

R x V 2.38 10 0,24

Total 4. 98 17

Non-significant.

C. V. = 8.87 %

Appendix Table 5. Analysis of variance for yield of shelled corn
(late planting).

Source of variation SS df M. S.

Replication 0.08 2 0.04 0.44

Variety 0. 67 4 0, 17 1.89

R x V 0.68 8 0.09

Total 1, 43 14

Non- s ignificant.

C. V. = 11. 60 %
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Appendix Table 6. Analysis of variance for total yield of dry matter
(population test).

Source of variation SS df M. S.

Replication 0.59 2 0.30 0.69

Treatment 117.18 19 9.33 21.70**

R x T 15. 62(38 -2) = 36# 0.43

Total 193.39(59-2) = 57#

* Significant at .05 probability level.
44* Sig nif lea nt at .01 probability level.

# Minus by two missing plots.

Appendix Table 7.

C, V. = 11.19 %

Analysis of variance for the yield of shelled corn
(population test).

Source of variation SS df M. S.

Replication 0.19 2 0.10 0,56
Treatment 42.58 19 2.24 13.18**

R x T 6.13 (38-2) = 36# 0.17

Total 48.90 (59-2) = 57#

* Significant at .05 probability level.
Significant at .01 probability level.

Minus by two missing plots.

C. V. = 15.71 %
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Appendix Table 8. Analysis of variance for the yield of crude protein
in grain as influenced by plant population.

Source of variation SS df M. S.

Replication 0.0012 2 0.0006 0.46
Treatment 0.0055 3 0.0018 1.38
R x T 0.0077 6 0.0013
Total 0.0144 11

Non- s ignificant.

C. V. = 18.18 %

Appendix Table 9. Analysis of variance for the yield of crude fiber
in grain as affected by plant population.

Source of variation SS df M. S.

Replication 0.000217 2 0.000108 3.86
Treatment 0.0014 3 0.0005 0.18
R x T 0.00165 6 0,00028
Total 0.003267 11

Non-significant.

C. V. = 32.08 %
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Appendix Table 10. Analysis of variance for the yield of fat in grain
as affected by plant population.

Source of variation SS df M. S.

Replication 0.001517 2 0.000758 0.85

Treatment 0.001800 3 0.000600 0.67

R x T 0.005350 6 0.000890

Total 0.008667 11

Non-significant.

C. V. = 32.26

Appendix Table 11. Analysis of variance for the yield Of ash in grain
as affected by plant populatio.n.

Source of variation SS df M. S.

Replication 0.000050 2 0.000025 0.36
Treatment 0.000158 3 0.000053 0.77

R x T 0.000417 6 0.000069

Total 0.000625 11

Non-Significant.

C. V. = 29.69
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Appendix Table 12. Analysis of variance for the yield of crude protein
in stover as affected by plant population.

Source of variation SS df M. S.

Replication 0.0014 2 0.0007 2.33

Treatment 0.0044 3 0.0015 5.00*

R x T 0.0018 6 0.0003

Total 0.0076 11

* Significant at .05 probability. level.

** Significant at .01 probability level.
C. V. = 12.06%

Appendix Table 13. Analysis of variance for the yield of crude fiber
in stover as affected by plant population.

Source of variation SS df M. S.

Replication 0.0495 2 0.0247 1.58

Treatment 0.3242 3 0.1081 6.29*

R x T 0.0934 6 0.0156

Total 0.4671 11

* Significant at .05 probability level.
** Significant at .10 probability level.

C. V. = 13.34 %
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Appendix Table 14, Analysis of variance for the yield of fat in stover
as affected by plant population.

Source of variation SS df M. S.

Replication 0.000017 2 0.000008 0.006

Treatment 0.002067 3 0.000689 0.530

R x T 0.007830 6 0.001305

Total 0.002867 11

Non- s ignificant.

C. V. = 76.59 %

Source of variation

*

Appendix Table 15. Analysis of variance for the yield of ash in stover
as affected by plant population.

SS df M. S.

Replication 0.000717 2 0.000358 0.55

Treatment 0.134670 3 0.004489 6.94*

R x T 0.003883 6 0.000647

Total 0.018067 11

Significant at .05 probability level.
** Significant at .01 probability level.

C. V. = 14.45 %


