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ABSTHACT

A two-year study was made at the American Univer-
sity of Belrut farm to evaluate the effect of three planting
rates and two between~row spacings on the performance of
three corn hybrids. The factors studied were grain and for-
age yields, plant and ear-height, tillering percentage, per-
centage of barrenness, number of days from planting to
flowering, uniformity of ears, lodging and protein percent-
age in the grain. Planting rates were 4,000, .5,000 and
6,000 plants per dunum and the row spacings were 100 cm.
and 75 cm. The hybrids tested were S.D. 604, Ind. 620 and
AES 808.

Plant populations employed in this study did not
affect significantly the grain yields, plant height, ear-
height, number of days from planting to flowering, uni-
formity of ears, lodging or protein percentage.in the
grain, Highest percentage of tillers, barrenness and
highest forage yields were obtained at 4,000 plant popu-
lation,

Corn planted in 75 cm. rows produced higher grain
and forage yields than that planted in 100 c¢m. rows. How-
ever, the row spacings employed in this study did not
affect the plant height, ear~height, tillering percentage,
percentage of barrenness, number of days from planting to
flowering, uniformity of ears, lodging and the protein per-
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centage in the grain.

Hybrid S.D. 604 was found to have performed the
best in both grain and forage yields though it had the low-
est percentage of tillers and barrenness when compared to

the other two hybrids, Ind. 620 and AES 808,
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-~ INTRODUCTION

One of the importent advances in food production
in recent years is the development of hybrid maize (Zea
mays). The striking increases in yield that have been
obtained in the United States of America have aroused in-
terest in the possibility of increasing production by
similar methods in maize growing regions of the world.

The value of maize in world agriculture has been
well emphasized by its acreage and its increased number
of uses. In recent years the acreage devoted to maize in
the different parts of the world is on a steady increase.
According to FoA.O.'s estimate the area under maize in the
world has increased from 91.1 million hectars in 1953 to
105.7 million hectars in 1960 (12). This steady increase in
area &8s well as in yield may be attributed to the develop~-
ment of hybrid maize varieties of high yielding ability.
Since high yield per acre warrants a high population and
the maize plant is less capable of adjustment to & poor
stand than other members of the grass family, it is neces-~
sary that the proper plenting rate be chosen with minimum
plent competition for nutrients, moisture, light, etec. Al-
though many yield comparisons between different maize
planting patterns have been made, the superiority of any
one planting pattern has not been clearly established
because of the variations in locality, soill, as well as the
performances of different hybrids.
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In the Middle East, very little work has been done
on this subject even though the recent consumption of maize
and maize producte has increased. This experiment was con-
ducted to evaluate the performance of three hybrid varie-
ties of maize under the conditions prevailing in the Bekaa
plain of Lebanon. The yielding ability, protein content and
other sgronomic characteristics were evaluated when maize
was planted at different plant populations and row-spacings.
The experiments were conducted during the two seasons of

1961 and 1962.



REVIEW OF LITERATURE

Dungan (9) reports that Basil Bemson, formerly
senlor speclalist of the department of Agrioculture, Petro-~
grad, Russia, once sald, "...the factor which has had the
greatest influence in determining the width of corn rows
is the length of the ox yoke." However, with the advent
and Improvement of the tractor, planting and cultivating
equipment, there has been considerable interest in changing
the conventional spacings. Also, with the lmprovement of
hybrid corn varietiles, changing of spacing and population
has been felt necessary by many workers to meet various
requirements.

Stringfield and Thatcher (31) reported that Cun-
ningham credited Mr. A.T. Patterson of Goodland, Kansas,
as being the first to grow corn with double~width row
spaces. The same authors also noted that "...the most com-
prehensive work yet reported dealing with the number and
distribution of corn plants was hy Mooers," who concluded,
"eeothat the best results in practice will‘prohably be ob~
tained with a width of row which permits the satisfactory
uge of tillage implements but allows the determined number
of plants to be as widely spaced as possible." Many workers
have tried to achleve this goel but it is evident that the
plant population and spacing for optimum yileld and maiqten
nance of soll fertility level variles with the variety, soil
moisture, fertility of the soll and many othexr factors. It

3=
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appears that no two workers working at two different places
have recommended the same spacing or population for two
different areas.

A brief review of the literature dealing with the
factors that are affected by the change of population and
plant spacing in meize is presented under the following
headings: grain yield, forage yield, tillering, plant and
ear~height, dates of tasseling and silking, lodging, bar-
renness, ear-slize and uniformity of ears and composition

of grains.

Grain yield
Stringfield and Thatcher (31) reported that in Iowa,

Collins and Sedd compared corn in 21-by-21 inch check rows
with 42-by=-42 inch check rows at comparable acre planting
rates. The results from eight years of research showed
that the narrow rows, having 14 percent thicker stand, out-
yielded the wider rows by 8.5 bushels per acre. Stringfield
and Thatcher (31) from their experiments involving row
spaces ranging from 30 to 80 inches weported, "...where the
s0il and season would produce less than 30 bushels of grain
to the acre the yilelds dropped gradually as row spaces were
wider than 30 inches., But with a soll and season that would
produce 70 to 100 bushels of grain to the acre there was no
perceptible loss by widening the row-spaces to 50 inches, a
loss of only about 4 bushels at the 70-inch row space."

In Israel (28) making experiment with hybrid maize
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variety under irrigation, it was observed that under com~
parable populations and spacings, 6,000 plants per dunum at
row spacings of 1 meter and within-row spacings of 16.5
centimeters gave the highest yield over 4,000 populations
at between-row and within-row spacings of 1 meter and 25
centimeters, respectively.

Dumenil (7), considering soil fertility as the most
important factor in Iowa, based on fifteen years of re-
search, reported that the best stand level for corn at high
fertility levels for most conditions 1s near 16,000 plants
per acre. Lang (20) reported that Dungan of the University
of Illinois came up with an estimate of 16,000 plants per.
acre for each 100 bushels of corn.

Caldwell (5) reported that recommendations in Minne-
sota vary from about 12,000 plants per acre on sandy
drouthy secils to 18,000 to 20,000 plants per acre on heavy
soils of good water holding capacity.

Making recommendations for South Dakota Termunde,
Shank and Dirks (33) maintained that for central and north-
eastern South Dakota 8,000 to 10,000 plants per acre, for
eastern South Dakota, 10,000 to 12,000 plants per acre and
under irrigation, in south-eastern South Dakota 20,000 to
24,000 plants per acre, is the best.

Stringfield (30) for southern Ohio recommended
between 12,000 and 16,000 plants per acre depending upon
the variety, soil fertility and available soil moisture.

Fitts (13), recommending for North Carolina, reported that

£
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the plant population for a given yield should be for 50-75
bushels, 8,000 to 9,000 plants per acre; 75-100 bushels,
12,000 to 14,000 plants; 100-150 bushels, 14,000 to 16,000
plants and over 150 bushels, 16,000 to 20,000 plants.

Jordan (18), recommending plant population for Mis-
sissippi, reported that under non~irrigated condition with
high fertility level a stand of about one plant every 15 to
16 inches in 40-inch rows, which adds up to 10,000 plants
per acre, has been satisfactory. He also reported, "We
maintained a 10-year average of 99 bushels per acre with
this treatment." Reporting the planting rates for corn in
the eleven western states of the United States, Viets (34)
maintained that for grain, stands of about 18,000 to 20,000
plants per acre are needed on irrigated lands while 4,500
to 7,500 plants per acre are best for dry lands.

Data reported by Duncan (8) who studied populations
varying from 8,000 to 24,000 plants per aecre, using three
hybrids differing in maturity, reveals that under high
fertility level late maturing variety gave the highest
yield at 24,000 plant population when compared with early
or medium maturing varieties at comparable treatments. Un-
der low level of fertility, late maturing varieties per-
formed best when population was between 12,000 and 16,000.
He also reported that, "...even on the low fertility level
plots, there was trend for all hybrids to increase yields
as populations were increased to 16,000 plants per acre."

Dungan (9), experimenting with populations ranging from
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6,000 to 20,000 plants per acre, reported 16,000 to be the
best for high yields on a productive soil in seasons with
well-distributed and sufficient rainfall. Dungan, lang and
Pendleton (10) reported in Illinois that plant population
studies with 4, 8, 12, 16, 20 and 24 thousand plants per
acre revealed that the highest yleld per acre was at a
population of 20,000 plants.

Drake, Ishizuks and Gotoh (6), in Japan, averaging
the ylelds of all hybrids at two locations, reported that
the effect of increasing the population from 17,000 to
22,000 plants per acre was to increase the yield of 10.6
bushels of corn grains. Hoff et al (16), evaluating the per-
formance of corn hybrids at populations of 8, 12, 16 and
20,000 plants per acre, observed that 16,000 population was
the best in 42-inch rows. In their study with populations
ranging from 4,000 to 28,000 plants per acre, Kohnke and
Miles (19) observed that the highest corn yilelds were
associated with planting rates between 15,000 and 19,000
kernels per:acre. Data presented by Lang, Pendleton and
Dungan (21), for the nine hybrids used in their experiment
at populations ranging from 4,000 to 24,000 plants per
acre, indicated that 16,000 gave the highest yield under
medium soil fertility level, 12,000 in case of low fertility
and 20,000 plants per acre in case of high fertility level.

McVicker and Shear (22), evaluating three open
pollinated and three corn hybrids at populations ranging
from 4,000 to 20,000 plants per acre, concluded, "Yield in-
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creased as the rate of planting increased but the maximum
yield of two varieties of corn does not necessarily occur
et the same planting rate."™ Pendleton and Seif (25) con-
ducted an experiment with dwarf corn at populations from
12,000 to 32,000 plants per acre and reported as an aver-
age for all row spacings and trials, that a plant popula-
tion of 16,000 to 20,000 plants per acre produced the
highest yield. According to Mohr and Rost (23), who ob-
served plant populations ranging from 12,000 to 31,000
plants per acre, the yield was maximum at the highest pop-
ulation of 31,000 plants per acre at a high fertility
level. Stickler and Lande (29), evaluating 15,700 and
10,450 plants pexr acre at 20 inches and 40 inches between-
row spacings, reported that the grain or stover yilelds of
corn were not influenced by the plant populations oxr the
row spacings employed.

According to Dungan, Lang and Pendleton (10),
Jugenheimex in 1953 and Jugenheimer and Silow in 1954 re~
ported that in corn growing areas of Europe, workers have
found that populations reguired for maximum production are
between 25,000 and 30,000 plants per acre and even at
higher populations.

Bowers (2) reported that when the rows are 3 feet
apart, within-row spacing of 24 inches gave better ylelds
than 18 inches and 36 inches.

Stringfield and Thatcher (32) suggested that

"eescorn row spaceg of 60 inches or even 70 inches without

B
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reducing the acre planting rate may permit same results
with advantage of wheat seeding in between corn rows."
According to Watson and Davis (35) 24x12 inches of spacing
gave the highest yield of grain and stover in their experi-
ment.

Bxperimenting with dwarf corn with row spacings of
20, 30 and 40 inches, Pendleton and Seif (25) reported
that, as\hn average for all populatiocis, 30-inch rows out-
yielded either 20 or 40~inch rows. The same authors also
observed that the wider the row spacing, the lower was the
plant population needed for highest yield up to a certain
levelo. In their experiment, populations of 16,000 and
20,000 plants per acre produced their highest yields at 40
and 30~inch row-widths, respectively,

Haynes and Sayre (15) reported that in rows 8% feet
apart, highest ear corn yields occurred at within-row
spacings closer than those usually give maximum yields ot
closer between-rpw spacings. Enzie (11) reported from the
records taken over a 4-year period that highest average
yield was obtained when plants were O~inch apart in 30-inch
rows. Three~year data on another variety showed that the
highest yield was obhtained in 30 or 36-inch rows with
plants 12-inch apart. Experiments by Bryan, Eckhkardt and
Sprague (4) with row spacings of 21 inches and 42 inches
revealed that, by planting the same number of plants per
acre, minor variations in spacing had little effect on the

acre yield. Brandon (3), under lower rainfall conditions,

4



reported that the highest 12-yeaxr average yield of ear corn
per acre was obtained from 24-inch spaced plants in 44-inch
TOWS .

Dungan, Lang end Pendleton (10), in their review of
1i¥erature. on corn plant population in relation to soil
productivity, reported that many workers (Kisselbach et al.,
1935; MeClelland, 1928b, 1940; Mooers, 1920; and Osborne,
1925) have investigated the possibilities of wide-row
spacing in areas of favourable rainfall and observed that
T=-fo0t rows ylelded from 15 to 25 percent less than 3.5
feet rows even at the same population level. The report
from these same authors slso points out that Lasson and
Willis (1957) obtained equal yields from 40-, 60-, and
80~inch spaced corn rows in the drier than normal seasons
of 1954 and 1955. In reporting the work of FPendleton et al
(1957), who found that 80-inch rows yielded much higher at
12,000 plants per acre than at 9,000 or 6,000 populations,
the authors maeintained that in order to have the same pop=-
ulation in 80~inch rows as in 40-inch rows, the plant
spacing within the 80~inch rows 1s often extremely close
and there exists considerable inter-plant competition. But
Haynes and Sayre (15) believed that the individual plant
compensates for this by developing an oblong root pattern
perpendicular to the rows. Hary and Moss (14) reported that
where soil moisture and fertility are sufficient the lower
yield per acre in high populations is due to lower light
intensity though other fTactors also may contribute to the

4



reduced yield,

Forage yield
\ Termunde, Shank and Dirks (33) reported that in

South Dakota from stand-yleld curves it is evident that
total forage yields Increased as the stand increased until
a maximum was reached. The maximum stand depended on the
season and the location.

In Israel, in comparing, 5, 6, 7, 8, 9, 10 and
11,000 plants per dunum, it was reported by Shlomi (28)
that 8,000 plants per dunum was best for green fodder yield
under irrigated condition. Below or above this population,
the yield was reduced undexr optimum moisture and fertility
level. Termunde, Shank and Dirks (33) reported that under
irrigation the best population for forage yields lies be~
tween 24,000 and 32,000 plants per acre in South Dakota.
Haynes and Sayre (15) reported that in 8% feet rows differ=~
ences in within-rcw spacings from 1 to 4 inches had little
effect on total plant weight per acre. Brandon (3) reported
that the highest total corn yield was obtained from the 12~
inch spacing in 44-inch rows.

Tillering
Dungen, Lang and Pendleton (10) defined tillering

as the cause of the response of plants to environmental
conditions which cen support a larger population than is
present. As reported by the same authors, Williams and

J
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Btheridge (1912) listed the following factors which favor
the\;roduction of tillers, (1) highly productive soil with
adequate moisture supply, (2) a strain of corm having a
high tillering habit, (3) thin spacing of plants and (4)
time of planting which is favorable for vigorous growth.
Many workers have reported their results which are in
general egreement with these principles. Kohnke and Miles
(19) in Indiana, and Stringfield and Thatcher (31) in Ohio
observed that, at optimum stends for grain production till-
ering percentage was relabtively low. Other workers have ©Ob=
served that as the plant spacing was increased the number
of tillers per plant also increased, (1, 11). Also, it was
reported by Kohnke and Miles (19) that tillering was con-

sistently decreased with the increase in plant population.

Plent and eer-height
As reported by Lungan, Lang and Pendleton (10),

Stringfield and Thatcher (1947) found that in their tests
in Ohio the ear-node was somewhat higher on thickly planted
corn. Pendleton and Seif (25) reported that row spacing had
no effect on tassel height and plant population also had no
effect on the ear-height. Dungan, Lang and Pendleton (10)
reported that tests in Illinois and Iowa revealed that
plant population had little effect on plant height or ear-~
height. It was reported by Enzie (11) that there was no
significant difference in plant height as a result of plant
spacing. Reports from Hary and Moss (14) revealed that un-

J
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der extremely high plant populatioms the plants were
8l1ightly taller which he attributed to the competition for
1 igh't o

Dates of Tasseling and Silking

Dungan, Lang and Pendleton (10) suggested that "Re-
tardation of silk emergence may be looked upon as an opera-
tion of plant adjustment to high population which in ex-
tremely thick stands would bring about complete barrenness."
It hes been observed in many places that increasing the p0p4 ‘
ulation density delays plant development. It is reported by
Dungan et _al (10) that a study in Central Illinois was
carried out with dates of the half-tassel and the half silk
stage 0of nine hybrides in rate of planting tests. It was ob-
gserved in this test that the increase in time between
sllking and tasseling due to thick planting was not great.
It amounted to only a little over one day when the popula-
tion was increased from 8,000 to 20,000 plants per acre.
The same authors also reported from the unpublished results
of Lang that the interval was found to be much greater at
populations above 20,000,

Kohnke and Miles (19) reported that silking was
delayed by one day for every additional 3,500 to 4,00C ker-
nels planted per acre. Stringfield and Thatcher (31) re-
ported that the silking period for a stand of 5 plants per
42~inches of row space was roughly 2 days later than for a
stand of 3 plants in the same space. Baily (1) working with

4
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sweet corn reported that wider spacings between plants en-
hanced the silking date. Enzie (11) reported significant
effect of spacing on the maturity of all three hybrids he
tested, Maturity was rapid when grown with abundant space,
whether 36-inch check rows or 36-inch drill rows with
plants 12-inch apaxrt.

Lodging
Dungen, Lang and Pendleton (10) are of the opinion

that increasing the corn population on soil of the same
productivity decreases the strength of stalks and increases
the likelihood of lodging. Bryasn, Eckhardt and Sprague (4),
evaluating a number of hybrids and open-pollinated varie-
ties, using two hill spacings and row spacings of 21 inches
and 42 inches at populations varying from 14,000 to 20,000
plants per acre, reported that closer spacings consistently
had more lodged plants than wider spacings. Data presented
by Termunde, Shank and Dirks (33) revealed that in thick
stands stalk lodgling is heavier. Plent populations studies
ranging from 4,000 1o 28,000 plants per acre by Kohnke and
Miles (19) showed that the percentage of lodged plants in-
creased up to a stand of 20,000 plants per acre. From
20,000 to 27,000, the amount of lodging decreased, which
they credited to be due to wind protection afforded by the
very heavy stand. Stringfield and Thatcher (31) from their
experiment are of the opinion that the most effects of
heavier stands is in the higher incidence of stalk break-

J
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age. Dungan, Lang and Pendleton (10) reported that Dungan
et _al observed in 1938 that 8,000, 12,000, 16,000 and
20,000 plants per acre lodged 22, 31, 39, and 46 percent,
regpectively. It was observed by Pendleton, Jackobs, Slife
and Bateman (26) at Urbana, that under comparable popu-
lation even though the plants were closer together in the
80~inch rows, there was less stalk breakage than in the

narrower rOwsSe.

Barrenness, Ear-gize and Uniformity of Ears

Lang, Pendleton and Dungan (21) found that stalk
barrenness was affected more by population than by the
hybrid or the fertility level. Hoff and Mederski (16) re-
ported that percentage of barrenness was low at lower pop-
ulation and did not increase significantly with high popu-
lation in his study of population of 8, 12, 16 agd 20
thousand plants per acre. With populations ranging from
12,000 to 32,000 plants per acre and row spacings of 20, 30
and 40 inches Pendleton and Seif (25) reported that row
spacings had no effect on percent of barren plants but as
plant populations increased, the number of barren stalks
algo increased at all row spaces.

Baily (1), working with sweet corns reported that
between-row spacing of three feet and within-row of four
inches or less decreased the percentage of usable ears.
Hoff and Mederski (16) reported that ear weight was de-

creased gradually as the population was increased from

J
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8,000 to 20,000 plants per acre. Enzie (11) reports that
the length of ear was increased significantly in 2l the
three varieties he had used by increasing the spacing but
there was no significant difference between the 36-inch
check row and 30-inch drill row with plants 12 inches

apart.

Composition of Grains

From their study of plant populatlons and nitrogen
levels, it was reported by Pendleton and Seif (25) that
protein content in grains was highest at the lowest plant
population under all fertility levels. Oil content was
significantly decreased with increasing populations in all
of the nine hybrids tested.

Prince (27) studied the influence of population on
the composition of protein in corn grain and reported that
increased plant stand decreased total leucine content, but
that this decrease was not so0 great in crude protein con~
tent. Thus, the net effect of population rise was to dew
crease the percentage of leucine in the protein. He also
reported that tryptophan tended to decrease with heavier
plant stands. The zein fraction tended to increase faster
under thinner stands than did total crude protein. Also in-
creasing the population tended to increase the total amount
of isoleucine as well as its percentage in the crude prote~
in, liang, Pendleton and Dungan (21) reported that, in Illi-
noils, the 0il content of grain decreased with population

J
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increase. This was true with population above 12,000
plants per acre. According to Dungan, Lang and Pendleton
(10), Earley and DeTurk found in 1948, in Illinois, that
on each level of soil nitrogen the percentage of protein in
the grain decreased with increasing field stand. Working
with populaticns ranging from 8,000 to 17,000 plants per
acre Suber, Smith and Gehrke (36) obtained similar results
in HMissouri. They observed that the crude protein percent-
age decreased with the increase of population but main-
tained that thicker planting increased the total protein
harvest when proteins in both grains and stovers are taken
into account. It is reported by Dungal, Land and Pendleton
(10) that Genter et_al (1956) observed, in Virginia, that
the highest protein yield was obtained from the higher
plant stand and the heaviest application of nitrogen. They
did not find any appreciable effect of plant population on
the oil content. In Israel (28), recent studies revealed
that a population of 8,000 plants per dunum was bhetter in
respect of protein, fiber, 0il and ash content of both corn
grains and forage. A population below or above this level
was low in quality. Prince (27) from his experiment with
different plant populations, spacings, varieties and soil
fertility in 1954 concluded, "...Hitrogen fertilization in
relation of plant population, as well as variety, has an

important effect on protein composition" of corn grains.



MATERIATS AND METHODS

The experiment was conducted for two years at the
American University farm in the Bekaa plain, located 80
kilometers east of Beirut, under irrigated condition. The
s0il was a clay type with a pH value of 8.0, Three U.S.A.
developed varieties of hybrid msize, S.D. 604, Ind. 620 and
AES 808, varying in maturity, were used in this trial., The
soil was fertilized at the rate of 12 kilogram of ni-
trogen per dunum in the form of ammonium nitrate and 20
kilogram of P205 per dunum in the form of super phosphate.
The fertilizers were broadcast and disced into the soil
before planting time., later, in June and August additionsal
applications of nitrogen were made as a side dress at the
rate of four kilogram of nitrogen per dunum in each appli-
cation. The experimental plot was irrigated every week
throughout the growing season. Sprinklers were used during
the early growth period, and furrow irrigation, during the
later stages of the crop. Moisture and nutrients were not
allowed to be a problem in the experiment, and were kept at
an optimum during the growth period.

At the two-leaf stage a few of the plants were
attacked by cutworms so all of plots were sprayed with
endrine to control them. Later in the season metasystox was
sprayed on the maize plant to control the leaf hoppers.
However, insects and diseases were never a serious problems

The experiment was laid out on & split-plot design

~18=
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involving three populations and two spacings with four
replications. The three populations of 4,000, 5,000 and
6,000 plants pexr dunum were established at two different
between-row spacings of one meter and 75 centimeters. Fop-
ulations were the main plot factors and each subplot was
split for the two spacings, Bach 0f the three varieties
were used in each treatment. Each treatment consisted of
two rows, each five meter long. Une of these rows was
harvested for forage and the other for grain yield.

The planting was made thick and was thinned down
to the desired number of plants in each row. Thinning was
performed when the plants were about six to ten inches
tall. The plot was weeded every week during the early part
of the experiment with regular nursery equipments. During
later stages of the experiment, weeds were not a problem
and during the early part the plot was kept weed free.

Plant height, tillering percentage, number of
1-ear, 2-ear and Q-ear plants per four meters of each row,
ear~-height from the ground, uniformity in position of the
ears, date of tasseling and silking, yield of grains on the
basis of 15.5 percent moisture and alr-dry yield of forage
were determined and recorded. The rows for forage were
harvested at the "dent" stage. From the five meter
rows only four meters were harvested for grain yield
and forage yleld, leaving fifty centimeters at each end
of the row to eliminate border effect. Border rows were

also planted between +two subplots dividing the spacing
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treatments and on each side of the experimental plot,

For determining ajir-dry yield of forage, represen-
tatlve ten pounds sample for each treatment was used to make
a composite sample for all the four replications. For
determining moisture percentage of the grain, only the
central portion of the ear of a representative sample from
each treatment, taken immediately at harvest, was used.

From the oven-dry weight of the samples of representative
ears, the yield of grain was calculated to a 15.5 percent
moisture basis using the conventlonal conversion table.

For protein determination of the kernels, a repre-
sentative sample from each treatment was dried in an oven
for 48 hours at & temperature of 100°C to 103°C and then
cooled and ground in a Wiley-mill with a 40-mesh sieve and
the ground material was collected in a screw top bottle,
Before weighing, the samples were put in the oven at 70°C
for 6 hours to remove the air-moisture, cooled in a
dessicator eand weighed on the electrical balance to the
nearest tenth of a milligram. Analyses for protein were then
made according to the modified Kjeldahl method, as speci-
fied in the Association of Officilal Agricultural Chemists!
official method of analysis to determine the percentage of
nitrogen (17). The nitrogen values obtained were multiplied
by the factor 6,25 and the data reported as percent pro-
tein. Results of duplicates differing from the sample mean
by 6 percent or over were rejected and the analysis re-

peated. The following formula was used to calculate the



2=

range of variation: .

X - Zm

x 100 = 6%
Xm

where, X = percent nitrogen in the sample,

Xm = mean percentage total nitrogen in the sample.

Statistical methods, appropriate to the split-plot
desigh were used to analyze the data (24). Analysis of
variance and the ‘'t'-test were used to calculate the
difference between the treatments and their interactions
(24).

The experiment was conducted during the two years
period, 1961 and 1962. Because of limited time the data
for yield and protein content are not reported in this
thesis for the 1962 crop. It was not possible to ineclude
information in this report that was collected after August
15, 1962.



RESULTS AND DISCUSSION

A two-year study was made to evaluate the effect of
three plant populations and two row-spacings on the grain
yileld, forage yield, tillering percentage, plant height,
ear~height, number of days from planting to flowering,
barrenness percentage, uniformity of ears, protein percent-
age in the grain and lodging of three corn hybrids. Data
for only the tillering percentage and number of days from
planting to flowering are reported for the two years, as it
was not possible to mature two corn crops within the period
of this study. All other data were collected and reported
for the year 1961. The data for the various characters
studied are discussed and reported in tables 1 to 8. Analy~
sis of variance tables are given in the appendix. The LSD
figures were calculated and are presented at the bottom of
the tables only for the treatments that were statistically
significant.

Grain yield
Significant differences were found in grain yields

between the three hybrids as shown in Table 1. Ind. 620 was

found to yield the lowest, 981 kge. per dunum, while S.D.

604 and AES 808 yielded 1123 kg. and 1126 kg. per dunum,

respectively. Ind. 620 yielded significantly lower than the

other two hybrids. However, S.D. 604 and AES 808, though

yielding more than Ind. 620, did not differ significantly
-0
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Table 1, BEffect of rowewidth and plant population
on the grain yield of corn hybrids in kg. per
dunum during 1961 (15.5% moisture level).

Plant population per dunum
Hybrid Row-width
cm. 4000 5000 6000
100 985 920 911
S.D. 604 75 1379 1269 1283
100 939 883 725
Ind. 620 5 11560 1088 1094
100 1062 905 1043
AES 808 5 1341 1222 1181
Means of population 1143 1048 1039
LSD (5%) LSD (1%)
Hybrid 109 146
Spacing 58 84
W
Megns:
Spacings 100 cm. 75 cm.
926 1226
Hybrid Ind, 620 S.D. 604 AES 808
981 1123 1126(;

#¢ Treatments underlined do not differ signifi-
cantly at the 5 percent level.
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at the 5 percent level between themselves.

No slgnificant differences were observed in grain
yields due to variations of plant populations, 4,000,
5,000 and 6,000 per dunum. However, there was a consist-
ent trend in the grain yield obtained since 4,000 plants
per dunum produced more than 5,000 which in turn yielded
more than 6,000 plants per dunum,. Even though the differ-
ences were not significant, the possibility of this trend
in yield response cannot be completely overruled. Further
studies may reveal the significance of such a consistency
in yields,

Grain ylelds were found to differ significantly
because of the change in row spacing. Plots having 75 cm,.
between-row spacing yielded 1226 kg. per dunum while those
with 100 cm. spacing yielded 927 kg. per dunum which is
significantly lower at the 1 percent level (Table 1). A
possible explanation for the higher yield at the 75 cm.
between-row spacing may be that, even though under the
same population individual plants enjoy the facilities of
the same square area, the pattern of the area distribution
does not remain the same when the row-width is changed. At
100 cme between-row spacing plants are more closer within
the row when compared to plants in the 75 cm.-wide rows.
Naturally, the competition for soll nutrients within the
row is less in the 75 cm.-rows than in 100 cm.-rows. Higher
yields were obtained in narrower rows by many other workers

elso (10, 11, 31, 35).
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Interactions between any other two treatments were
not found to be significant (Table 9). However, it seems
that at eny plant population closer between-row spacings
that will not hamper other tillage operation facilities,
may be desirable from the yield point of view.

Forage Yield

There were significant differences in corn forage
yleld due to variations in plant populations. The corn
plots with 4,000 and 5,000 plants per dunum yielded sig-
nificantly higher than those with 6,000 plants (Table 2).
Yield differences between 4,000 and 5,000 populations were
not statistically significant but the consistency that was
observed for higher yield at lower plant populations is not
negligible.

Forage ylelds were found to differ significantly
between the two row spacings studied. Corn planted in 75
cm.-rows gave higher yilelds than when grown in 100 cm.~rows.
A possible explanation for higher yields at lowest plant
population, 4,000 per dunum and closest spacing of 75 cn.
between-rows, may be offered as follows. At low population
and close spacing the plant competition for soil nutrients
was at its minimum and the plants became more vigorous and
stimulated more tillers (Table 3) which in turn accounted
for the higher forage yield. The effect of tillering will
be discussed in the next section.

The three hybrids studied were not significantly
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Table 2., Effect of row-width and plant population
on the forage yield of corn hybrids in kg. per
dunum during 1961 (Air dry weight).

“Row~ Mean
Hybrid width, Plant gopu%ation per dunum of
cme. Hybrid
5.D. 604 100 2016 1585 1279 1759
75 1921 2345 1413
Ind, 620 100 1707 1648 1282 1722
75 2306 1853 1535
AES 808 100 1857 1781 1480 1886
75 2662 2015 1520
Means of population 2078 1871 1418
LSD (5%) LSD_(1%)
Plant population 344 522
Spacing 109 157
Hybrid x spacing x population 360 482
Means
Plant populations 4000 5000 6000
2078 1871}; 1418
Spacing 100 cm, 75 cn.
1626 1952

¢# Treatments underlined do not differ signifi-
cantly at 5 percent level.
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different in their forage yields. The weight of forxrage pro-
duced by AES 808 appears greater than that of Ind. 620 and
S.D. 604 but these differences were not statistically sig-
nificant.

The interaction between hybdrid x population x
spacing was found to be significant (Table 10). The hybrid
AES 808 yielded the highest, 2662 kg. per dunum, at plant
population of 4,000 per dunum and row spacing of 75 om. On
the other hand S.D. 604 produced the lowest amount of forage
(1279 kgo per dunum) at 6,000 plant population and 100 cm.

spacing. o other interactions were found to be significant.

ITillering percentage
A significant difference in tillering percentage

was found between the three plant populations studied
(Table 3 and Table 11). In both of the years 1961 and 1962,
the tillering percentage differed significantly between
each plant population, with the lowest population, 4,000
per dunum, resulting in the highest percentage 56 and 66 in
1961 and 1962, respectively. The highest plant population,
6,000 per dunum, produced the lowest percentage of tiller,
9 and 11 percent in 1961 and 1962, respectively. The data
for both of the years are very consistent and in agreement
with other investigations (1, 11, 19, 31).

Hybrid AES 808 produced & higher percentage of
tillers than 5.D. 604 and Ind. 620 during both of the
years, 1961 and 1962. The difference in tillering percent-
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age between S.bD 604 and Ind. 620 was not significant in
elther year. Interaction between hybrid and population was
found to be significant (Table 11). Ind. 620 at 6,000 plant
population produced the lowest percentage of tillers while
AES 808 gave out the highest percentage of tillers at 4,000
plants per dunum during both of the years.

It appears that higher tillering percentage is a
hybrid characteristic of AES 808 but the same 1s not true
in the case of S.D. 604 and Ind. 620.

Plant height
The data in Table 4 shows a significant difference

in plant height between the three hybrids under study. AES
808 was found t¢ be the tallest with an average height of

271 em. The hybrid Ind. 620 was intermediate with a height
of 259 cm., while S.D. 604 was the shortest with a height

of 249 cm. This significent difference in plant height can
be attributed as a hybrid characteristic.

No significent difference in plant helght was ob-
gserved due to difference in plant population or row-width
(Table 12). This observation is in agreement with the find-
ings of other investigators (10, 11, 25). As reported by
Hary and Moss (14), it seems that the plant populations
used in this study cannot be termed "extremely high" under
the conditions prevailing during this experiment. Experi-
ments in Israel also showed that the plant populations em-
ployed in this experiment cannot be termed "extremely high"
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Table 4. Effect of row-width and plant population
on the plant height of corn hybrids
in centimeters during 1961.

Plant population per dunum

Hybrid Row-width

cm. 4000 5000 6000

100 248 249 254
S.D. 604 75 239 250 255

100 252 264 249
Ind. 620 75 265 265 260

100 267 266 267
AZS 808 75 272 277 277

LSD (5%) LSD (1%)

8 10

Means:
Hybrid: S.D. 604 Ind. 620 AES 808
249 259 271
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under the conditions prevailing in Naveh Yaar, Israel (28),

Ear-height
Plant population and row-width used in this experi-

ment did not seem to influence the ear-height significantly
in the hybrids studied as shown in Table 5. Hybrids, how-
ever, were significantly different in their ear~height.
Hybrid AES 808 was found to have the highest ear~height
with an average of 124 cm. The other two hybrids, S.D. 604
and Ind, 620, did not differ significantly in their average
ear-height. Height of the ear may be regarded as a hybrid
characteristic, since corn hybrids are known to vary great-

ly in average ear-height.

dumber of deys from planting to flowering

The data reported in Table 6 indicate no difference
in the number of days from planting to flowering due to the
plant populations and row spacings employed in this experi-
ment. An inspection of the means reveals that they are the
game for any one year. The three hybrids showed differences
in the number of days from planting to flowering. S.D. 604
and Ind. 620 were found to be earlier than AES 808 in both
of the years, 1961 and 1962. Since the three hybrids were
selected for their difference in maturity, it is assumed
that this is a corn hybrid characteristic. No statistical
analysis was, therefore, made and only the means of the

treatments are reported in Table 6.
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Table 5. Effect of row-width and plant population
on the ear-height of corn hybrids
in centimeters during 1961.

Plant population per dunum

Hybrid Row-width

cm. 4000 5000 6000
S.Des 604 100 121 118 113

75 115 117 117
Ind. 620 100 113 119 116

75 122 119 122
AES 808 100 124 119 123

75 130 122 124

e ————— e
e ————

LSD (5%) Lsﬁrz1%)
306 4.8

Hybrid S.De 604 Ind. 620 AES 808

117 118 124
A

A4 Treatments underlined do not differ signifi-
cantly at 5 percent level.
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Barrenness percentage

The percentage of barrenness in corn hybrids was
found to be influenced significantly by the different plant
populations under study (Table 14). Corn hybrids planted at
the rate of 4,000 plants per dunum had the highest percent-
age of barrenness, 26 percent, while when planted at the
rate of 6,000 plants per dunum, the hybrids had the lowest
percentage of barrenness, 13 percent (Table 7). The barren-
ness percentage was calculated on the basis of all the
stocks including the tillers. A possible explanation for
the lowest percentage of barrenness at high populations and
highest percentage of barrenness at the lowest population
mey be that, at lower population there was maximum tiller-~
ing percentage. Because of the high percentage of tillering
at the lower populations many tillers remained barren be~-
cause of the probable shortage of soil nutrients.

It will be noted that hybrid AES 808 had the high-
est percentage of barrenness while S.D. 604 and Ind. 620
were not significantly different in their barrenness. In
Table 3 it was shown that hybrid AES 808 also had the high-
est percentage of tillering. It appears that the high
tillering is associated or may result in a high percentage
of barrenmness in corn hybrids. Row spacings studied in this
experiment did not affect the barrenness significantly
(Table 14). Also, no interaction was found to affect the
percentage of barrenness in this experiment during the
period of study in 1961,
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Table 7. Effect of row-width and plant population
on the percentage of barrenness of corn hybrids
during 1961.

Plant population per dunum

Hybrid Row~width
cm. 4000 5000 6000
S.D. 604 100 30 19 20
75 23 7 7
Ind. 620 100 22 16 11
75 24 17 5
AES 808 100 32 26 18
75 26 22 18
LSD (5%) LSD_(1%)
Plant population 5 8
Hybrid 4 6
Means:
Hybrid S.D. 604 Ind. 620 AES 808
18 16 24
py.
Population 4000 5000 6000
26 18 13
/4 Treatments underlined do not differ signifi-

cantly at 5 percent level.
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Uniformity of ears

From the means calculated from the raw data it
appeared that there was no consistent difference in the
uniformity of ears due to plant populations, row spacings
or hybrids used in this study. Since the results obtained
were the same for all of the plots, the data are not re-

ported.

Protein percentage in the grain
The data reported in Tables 8 and 15 show that

plant populations, row spacings and hybrids did not sig-
nificantly affect the protein percentage in the grain of
corn. However, an interaction between hybrid x population
x spacing was found to be significant, Ind. 620, at 6,000
population with row spacing of 75 cm., and S.D., 604, at
5,000 population with row spacing of 75 cm., were found to
have the lowest percentage of protein, 9.1 percent, (Table
8). Hybrid AES 808, however, had the highest percentage of
protein in its grain at 4,000 plant population both at 100
cm, and 75 cm. row spacings, 11.2 percent, (Table 8). io
explanation can be offered until more data are collected

from further experiments.

Lodging
No lodging was observed in any of the treatments

during any one of two years of studies in 1961 and 1962,
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Table 8. Effect of row-width and plant population
on the protein percentage in grain
of corn hybrids during 1961.

Plant population per dunum

Hybrid Row-width

CIl. 4000 5000 6000

100 10.9 10.8 9.8
S‘DQ 604 75 1001 9.1 10.7

100 10.9 9.9 10,2
Indo 620 75 10.1 1003 901

100 112 10,7 10,2
AES 808 5 11.2 10.6 9.4

LSD (5%) LSD (1%)
Hybrid x population x spacing 1.1 1.4

= —




SUMMARY AND CONCLUSION

This study deals with the evaluation of the effect
of three planting rates, two between-row spacings, and
three corn hybrids on the yield of grains, forage, plant
and ear-height, tillering percentage, number of days from
planting to flowering, percentage of barrenness, uniformity
of ears, protein percentage in the grain and lodging. Rate
of plantings employed were 4,000, 5,000 and 6,000 plants
per dunum and row spacings were 100 cm. and 75 cm. The
three hybrid varieties tested were S.D. 604, Ind. 620 and
AES 808.

Grain yield was not affected significantly by the
three plant populations investigated. Hybrids grown in
T5-cm. rows resulted in higher yields than when planted in
100~-cm. rows. S.D. 604 and ABES 808 were the two high yield-
ing hybrids when compared to Ind. 620, the third hybrid
tested,

Forage ylelds were lower when the hybrids were
planted at 6,000 plants per dunum as compared to popula~
tions of 5,000 and 4,000 plants per dunum. Corn hybrids
planted in 75-cm. rows resulted in significantly higher
forage yield than those planted in 100-cm, rows. The
hybrids did not differ significantly between themselves in
forage yield.

Both the plent height and the ear-~height were not
affected by the plant populations or the row spacings used

-38-



39

in this experiment. Tpe three hybrids used were signifi-
cantly different in their plant and ear-height. AES 808 had
the highest plant height and the ear-height while Ind. 620
and S.D. 604 did not differ between themselves.

During both of the years, 1961 and 1962, tillering
vercentage was found to be maximum at 4,000 plants per
dunum. Row spacings employed, did not affeet the tillering
percentage. Hybrid AES 808 produced the highest percentage
of tillers while Ind. 620 and S.D. 604 did not differ
significantly between themselves in tillering percentageo

Barrenness percentage was significantly influenced
by plant populations. A population of 6,000 plants per
dunum resulted in the lowest percentage of barrenness
while, 4,000 plants per dunum showed the highest percentage
of barrenness. Row spacings did not affect barrenness but
hybrids were significantly different in the percentage of
barrenness., AES 808 had the highest percentage of barren-
ness while S.D. 604 and Ind. 620 were similar in this
character.

Plant populations and row spacings did not affect
the number of days from planting to flowering. However,
hybrids were found to be different with S.D. 604 and
Ind. 620 being earlier than AES 808.

Uniformity of ears was not affected by plant pop-
ulations, row spacings and the hybrids used. Lodging was
not found to be induced by plant populations, row spacings
and the hybrids used.
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No significant effect was observed on the protein
percentage in the grains due to different plant populations,
row spacings and hybrids. However, a significant interaction
was found between hybrid x population x spacing. It appears
therefore, that AES 808 had a higher protein percentage in
its grains at the lower rates of plenting, while S.D. 604
and Ind. 620 had lower percentage of protein in grains at
the highex planting rates.

It appears from this study that under the conditions
prevailing during 1961 in the Bekaa, 4,000 plants per dunum
planted in 75-cm. rows produced higher grain and forage
yields than the 5,000 and 6,000 plants per dunum plantings
in 100-¢m. rows. This is because the additional tillers
were found to more than compensate for the lower plant popu-~
lations. However, further studies conducted for several

years are needed to come to any definite conclusion.
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APPENDIX



V..

Table 9. Analysis of variance for grain yield

of corn hybrids during 1961,

Sources D.F. M.S.
Population 2 T8985,.,6
Replication 3 940645.7
Error {(a) () 100704 .4
Spacing 1 1603542,0 #££
Spacing x population 2 93648
Error (b) 9 11968,5
Hybrid 2 16325941 £
Hybrid x spacing 2 35150,8
Hybrid x population 4 868841
Hybrid x population x spacing 4 1874241
Error (c) 36 3454645

# significant at 5 percent level.
#¢ significant at 1 percent level,
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Table 10, Analysis of variance for forage ylelds
of corn hybrids during 1961.

Sources | D.F. M.S.
Population 2 2738593 £#
Replication 3 962137
Error (a) 6 237137
Spacing 1 1909709 A4
Spacing x population 2 154443
Error (D) 9 41844
Hybrid 2 177673
Hybrid x spacing 2 16629
Hybrid x population 4 84127
Hybrid x population x spscing 4 322923 #4
Error (c) 36 62918

¢4 significant at 1 percent level,
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Table 11. Analysis of variance for tillering

percentage of corn hybrids

during 1961 and 1962,

Sources D.F. M.S5. 1961 M.5. 1962
Population 2 1350841 44 1887T.4 #4
Replication 3 37449 289.6
Error (a) 6 415.3 295.1
Spacing 1 475.4 2016,.2
Spacing x population 2 42,2 527a1
Error (b) 9 367.2 533.8
Hybrid 2 5442.8 £/ 558849 £4
Hybrid x spacing 2 57945 30041
Hybrid x population 4 T47.9 # 13671 #4
Hybrid x population

x spacing 4 16449 285.9
Exror (c) 36 207.8 14641

# significant at 5 percent level,

FF significant at 1 percent level.
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Table 12. Analysis of variance for plant height

of corn hybride during 1961.

Sources D.F. MeSe
Population 2 1475
Replication 3 2549.4
Error (a) 6 31647
Spacing 1 4014
Spacing x population 2 38e1
Error (b) 9 231.7
Hybrid 2 C 290067 #£4
Hybrid x spacing 2 218.8
Hybrid x population 4 165.4
Hybrid x population x spacing 4 T38
Exrror (c) 36 164.9

#£ significant at 1 percent level.
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Table 13. Analysis of variance for ear-height

of corn hybrids during 1961.

Sources D.F. M.S.
Population 2 20.5
Replication 3 688,7
Error (a) 6 33.9
Spacing 1 117.5
Spacing x population 2 10.3
Error (D) 9 45.8
Hybrid 2 29T.5 £#
Hybrid x spacing 2 5242
Hybrid x population 4 3867
Hybrid x population x spacing 4 40.9
Error (c) 36 377

##¢ significant at 1 percent level.
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Table 14+ Analysis of variance for percentage
of barrenness of corn hybrids during 1961.

Sources L.F. MeSe
Population 2 1004.2 #4
Replication 3 122.9
Exrror (a) 6 50.4
Spacing 1 414,7
Spacing x population 2 640
Exrrox (b) 9 17247
Hybrid 2 378.3 #f
Hybrid x spacing 2 16045
Hybrid x population 4 59.5
Hybrid x population x spacing 4 36.8
Erroxr (c) 36 533

¢4 significant at 1 percent level.
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Table 15. Analysis of variance for the protein

percentage in the grain of corn
hybrids during 1961.

Sources D,F, M.S.
Population 2 4,13
Replication 3 0.47
Error (a) 6 120
Spacing 1 3034
Spacing x population 2 0.07
Error (b) 9 129
Hybrid 2 1649
Hybrid x spacing 2 0.08
Hybrid x pepnlation 4 0,98
Hybrid x population x spacing 4 2447 ££
Erxor (c) 36 0457

#F significant at 1 percent level,





