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— ABSTRACT

An experiment was conducted at the American University farm
to study several characteristics of four forage crops corn, sorghum,
cornssoybeans and soybeans ﬁhen planted in rows 50 and 75 cms. apart
during the yegr“lgﬁz. |

| The rééﬁi%é reveal that the greatest amount of forsge and
total protein was produced from sorghum since two cuttings were pos-
sible under irrigation. Corn alone produced more forage yields than
corn-soybean mixture bﬁt gave 1es§ftotal protein per dunum. Soybeans
grown alone resulted in the lowest yields of total protein.
-

Interplanting of soybean in the corn rows increased the
tasselling and silking period of corn and protein content of the
resulting mixture but reduced the height per plant, weight per plant
and the circumference of corn stalks. Soybean plants growing in corn
had lesser spreading capacity, grew taller, flowered later and
produced fewer number of pods per plant than when grown alone. The
weight per plant of soybean was also reduced by about one-half.

Planting forage crops in rows 50 and 75 cms. apart did not
affect any of the characters studied except the circumference of

stalk. Corn and sorghum crops had thicker stems when growing in 50

CM. T'OWS., b
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INTRODUCTION

Heavy grazing and improper management of range lands in the
Middle East have resulted in a critical depletion of the range cover.
This has not only led to reduced livestock products of poor quality
but also has created soil erosion and water scarcity problems. In
consequence, Lebanon spends some 55 million L.L. (14) a year to import
animals and animal nroducts which is a heavy drain on the limited
resources of the country.

According to Morril (12) the situation can be improved by
incr€asing production and maintaining good feed reserves of high
quality forages. This practide is important not only to provide
for the nutritional requirements of the animal, but also to avoid
overtexing and overgrazing the ranges in times of low production.

Proteins constitute one of the major items in an animal's
feed whether it be supplied from plants or from concentrates.
Morrison (13) demonstrated that by increasing the use of high
quality forage, the concentrate intake could be cut without reduction
in the milk production.

Corn and sorghum are pre-eminently the most important forage
crops all over the world with immense potentialities of yielding

huge reserves of dry matter. In the United States soybean has been



utilized in combination with corn in an attempt to increase the feeding
value of the resulting mixture. By growing soybeans and corn together
the protein content has been increased upto 100 percent over that of
corn alone. This mixture would narrow the nutritive ratio which would
seem sufficient to warrant reducing the amount of concentrates other-
wise necessarily supplied from other more expensive sources.

The present investigations were carried out to determine the
relative productivity and quality of four forages, namely, corn,
soybeans, sorghum and corn—soybean mixture. The crops were grown
under irrigated conditions in the north central Beqa'a, Lebanon

during 1962. .
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REVIEW CF LITERATURE

Corn Planted with Soybeans for Forage

Nevens and Kendall (15) concluded that corn interplanted with
soybeans gave a maximum yield of 6.1 tons of dry matter per acre
followed by corn alone - 6.03 tons, Sorgo + Soybeans - 5.06 tons,
Sorgo alone - 5.0 tons and Soybeans alone - 2.5 tons per acre during
the year 1943. According ?o Wiggans (28) the greatest usefulness of

-~ soybeans in New York will be eitler as a companion crop to corn for
silage or as a hay or silage crop in short time rotations, to increase
the number of legumes and the amount of home grown protein. The same
author (27) (29) (30) (31), on the basis of several years of data
involving the utilization of soybeans as a forage crop to be combined
with corn, obtained the following results:

i. Good soybean varieties when grown alone in cultivated rows,
will produce from 65 - 80 per cent as much dry weight, as does cornm
grown aglone in rows the same distarce apart.

ii. A combination of any good silage corn, at the optimum rate
for silage of one stalk every nine inches in the row, with three times
that number of soybean plants in the same row, results, on.the average,
in a significantly higher yield of total dry matter than does the same
corn without the soybeans.

iii. Any combination of the two crops reduces both the total amount



of dry matter of corm plants and the proportion of grain in the cob,
as g result of increased competition.

ive Without exception, the yield of corn was reduced by the addition
of soybeans. The loss sustained in the total dry weight of corn may go
upto 20 per cent regardless of the variety used.

v. When the two crops are grown together, the losses in soybean
production ranged between 59 to 67 per cent according to the variety
of corn used. :

vi. The depreésing effect of soybeans on corn is somewhat in propor-
tion to the size of the corn. The smaller the corn the greater is the
percentage reduction in dry'matte: of corn and the greater is the
proportion of soybeans in the mixture. |

vii. There seems little doubt that a positive gain occurs by growing

corn and soybeans together as compared to corn alone.

Slate and Brown (24) obtained an increased yield of 500 lbs.
of dry matter by planting soybean mixed in corn as compared to comrn
alone. Hugles and Henson (8) reported that a combination of corn and
soybeans under average Chio conditions produced more feed per acre
over corn alone and soybean alone.

Welton and Morris (26) concluded that the percentage dry matter
of the stems of soybeans is reduced when the soybeans are grown in
combination with corn. Garner and Allard (6), working spehifically
on soybeans, showed the reduction in total dry weight when artificial
shading was practiced, but did not show the effect on percentage dry

mgtter.



Corn and Sorghum for Forage.

Watkins, Hittle, McKibben and Browning (32) observed that hybrid
forage sorghums, such as RS30lF, consistently outyielded corn hybrids
in silage per acre. The best sorghum yields were almost double that of
the best corn hybrids and that the advantages of sorghum over corn were
more favorable when drought conditions prevailed. Nevens and Kendall
(15) reported that the greater yield of forage from sorghum than from
corn is often more of an ap;ﬁrent than a real advantage, since under
Illinois condifions sorghums are ensiled at an early stage of growth
so their dry matter yield may be no more or actually less than that of
corn. |

Lima and Mafra from Brazil (11) reported that sorgo varieties
gave 1000 to 3000 pounds higher yields of dry matter than corn hybrids.
The total amount of proteins in pounds per acre was almost double in
some varieties of sorgo as compared to corn hybrid. Drolsom and Scholl
from Wisconsin (5) revealed that RS30lF, gave the highest yield of
6.31 tons of dry matter per acre és compared to other sorghum hybrids
and corn. The differences between corn and sorghum hybrid RS301F.
were, however, non significant. Hinze and Leonard (9) indicated that
the newly released hybrid RS304F was the high producing hybrid compared
with the Fremont variety. The hybrid RS301F was also outstanding in
yield in the commercial sorgo test. Quinby and Marion (21) found that
corn in Texas is less productive of forage than forage sorghums. Atlas
and Honey produced 26 and 73 per cent more forage, respectively, than

the corn hybrid, Texas 34. According to Owen, Miles, Cowsert, Lusk,

Custer and Cardwell (17), the yield of corn was considerably less than



any variety of sorghum especially during the dry summer of 1954,

Spacing and Yield.

. Hoff and Mederski (7) found that the number of plants being
the same; equidistant plantings of 28 by‘zs inches gave somewhat higher
yield of corn forage as compared to 42 by 18 5/8 inches. The differences
between the two treatments, however, were non-significant. Bryan,
Eckhardt and Sprague (3) in Iowa reported the results of a four year
test in which plants grown four per hill in 42 by 42 inches spacing.
were compared with one per hill in 21 by 21 inch spacing. The popula-
tion was 14,224 plants per acre in both of the cases. The average vield
of grain was 80.4 bushels for the 21 inch spacing ‘and 77.3 bushels for
the 42 inch spacing. The difference, however, was not statistically
significant. Wiggans (29) obtained higher yields by planting soybean
within corn rows than by growing two rows of corn alternated with one
row of soybeans or two rows of corn alternated with two rows of soybeans.
Boyd, Green and Chapman (4) obtained higher yields by planting 3.4 plants
of sorghum per square foot as compared to 1.8 and 2.6 plants per square
foot.

Anstenson, Peabody, Turner and Crandall (1) indicated that at
constant plant populations, the conventional spacing of six inches
between plants in rows 42 inches apart yields less dry matter (386 tons
per acre), than a spacing of 14 by 18 inches (4.88 tons) and 28 by 9
inches (4.53 tons). The narrower row spacings resulted iﬁ sturdier
plants. Stickler and Laude (23) tested corn populations of 15,680 and

10,450 plants per acre in 40 inch and 20 inch rows. They observed that



the grain and stover yields were not influenced by the plant populations
or by the row spacings employed. In the forage sorghum trial, the silage
yields of Atlas sorgo planted at 20 and 40 inch row spacings also did

not show any significant difference.

Protein Content and Feed Quality in Forage Crops

Nevens and Kendall (15) concluded that the average protein
content of the forage of sorgos was 6.9 per cent as compared to 7.4
per cent obtained from the corn hybrid US 13. Wiggans (29) showed
that the.protein content of the forage of corn alone was 4.18 per cent,
soybeans.alone had 7.16 per cent and the mixture of corn and soybeans
ranged from 5 to 6.5 per cent. Interplanting of soybeans in the same
row produced higher percentage of proteins as compared to two rows of
corn alternated with one row of soybeans or two rows of corn alternated
with two rows of soybeans.

Thurman, Stallcup and Reames (25) revealed that the coefficient
of digestible protein was the highest for silage from the hybrid RS301F
followed by Atlas. Reames, Stallcup and Thurman (22), as a result of
feeding trials on steers, concluded that sterile sorghum hybrid RS301F
produced high quality silage which was very similar to corn silage in
T.D.N. content. It was reported by Owen and Webster (16) that hybrid
sorghums are higher in crude protein and lower in nitrogen.free extract
than the standard varieties.

Morrison (13) pointed out that sorghum forage will not be equal
in total digestible nutrients to corn forage if it does not contain

similar quantities of grain. Nevens and Kendall (15) observed that



when corn silage feeding was Changéd to sorghum silage feeding, the
average daily milk yield per cow was reduced by 2.1 pounds. On the

- other hand, the milk yield was increased by 0.8 pounds per day per cow
when sorghum silage feeding was changed to corn silage feeding. COCwen,
Miles, Cowsert, Iusk, Custer and Cardwell (17) found that in the feeding
trials with cows, they produced more milk, consumed more silage and
gained more weight on the corn silage than on any variety of sorghum.
The differences observed were highly significant. They also reviewed
the findings of Good, Horlacher and Grimes (1921) and Lamaster and
Morrow (1929) who observed that péund for pound sorghum silage was
72,2 per cent as efficient as corn silage for milk productiom and the
fattenning of steers; however, when the yields of the two crops were
considered, sorghum was 92.2 per cent as economical as corn.

Slate and Brown (24) concluded that corn and soybean mixture
cut for silage contained 670 pounds of protein per acre while corn
alone provided 550 pounds of protein thus narrowing the nutritive
ratio from 1:13 to 1:9.8. According to Nevens and Kendall (15) the
mean acre yield of the protein from seven sorgos and three kafirs were
approximately 600 lbs. to the acre as compared to 587 lbs. for the
corn hybrid. Wiggans (29) reported that the greatest amount of crude
protein per acre was obtained when corn was grown nine inches apart
in the row with soybeans as a companion crop. All combinafions regard-
less of corn spacing gave greater crude protein productibn than did

corn alone.



Plant Height.

Hittle, McKibben, Browning, Klindworth and Watkins (10) re-
ported that the sorghum hybrid RS301F produced as tall plants as
¢0rn hybrids under Illinois conditions. According to Quinby and Marion
(21), sorghum hybrid RS301F attained a height of 67 inches under
Texas conditions. Probst (20) conﬁluded that varying the distance
between the soybean plants had little influence on the height of plants
of any variety in his experiment. The tendency, however, was for
plants spaced five indhes apart to grow slightly shorter than'when
spaced closer together.

Austenson, Peabody, Turner and Crandall (1) concluded that the
plant height of corn was not affected by spacing between rows at constant
plant populations but the narrower row spacings resulted in sturdier
plants with larger-ears. Watson and Davis (33) reported that the diameter
of the lowest internode of corn stalks increased with increase of the
soil areas upto 3.95 square feet per plant of sweet corn. Further in-
creases in area per hill did not result in increased diameter of stalks.
Porter, Jensen and Sletten (19) expressed the tillering of sorghum
plants on the basis of number of heads per acre at different planting
rates and row spacingse They found that at the same plant populations,
the tillering was not affected by varying the distance between rows

from 20 to 30 inches.



MATERTALS AND METHODS

The investigations reported in this thesis were carried out
ot the American University Farm in the Bega'a plains, under irrigation
during 1962. The soil was of a calcareous nature with a pH. of about
8e

Planting was done on April 25, 1962, when the soil had warmed
up sufficiently to allow good germination of the seeds: Maximum
temperature ranged from gbout 20°C in April to 34°C in the month of
August while the minimum temperature véried between 5°C and 15°¢
during the same months. No rainfall was received during the growing
period. The relative humidity was 99 pér cent at the time of planting
and tended to decrease with the advance of the groﬁing season. On the
whole the seasons were excellent for all of the forage species.

A split plot design with eight replications was employed. The
main plots were, the 50 cms. and 75 cms. row-width spacings, and the
split plots were represented by the four forages. The forages compared
were corn, sorghum, corn s soybeans and soybeans. All plots were over-
planted and later thinned to give the following plant populations at
each of the two row-width spacings. ‘ | |

Corn = 8000 plants. per dunum

Sor ghum = 26,666 " per dunum

10
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Corn-gsoybean - Corn = 6,000 plants per dunum
- Soybean= 50,000 " per dunum

Doybeans - 66,666 = per dunum

Seeds of the hybrids Ind. 620 and RS301lF were used for the
corn and sorghum resPectively, while the variety Lincoln was used for
soybeans. The plot unit consisted of three rows each five meters in
length, both for the 50 cms. and the 75 cms. spacings. One border row
of sorghum separated the adjaceﬁt plots with different spacing patterns.
Corn was planted with a hand-drop corn planter in single kérnel per
hill. A v-belt hand drill was used for sowing sorghum and soybeans.
The soybean seeds were inoculated before sowing with a commercial
inoculum cglled nodogens.

Sprinkler system of irrigation was followed for the first five
weeks after planting the crop followed by surface furrow irrigations
made at weekly intervals until maturity. Metasystox was sprayed for
the control of aphids and corn flea beetles.

Twenty kilograms of P205;per dunum as superphosphate and 12
kg. of nitrogen per dunum as ammonium sulphate nitrate were broadcast
and disked into the soil prior to seeding. Later, an additional 4 kg.
of nitrogen was sidedressed when the plants showed nitrogen deficiency
symptoms in the lower leaves.

The plots were checked daily during the flowering stages of
all the species and the date recorded when 50 per cent of the plants
had flowered. The same was done for silking in corn. Data were also

recorded for yield, plant height, protein content and flowering time.
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The harvesting date of the first cutting of sorghum was the
second of August while the rest of the species were cut on the ninth
of August. The second cutting of sorghum was done on the eighth of
October. Heading in sorghum, denting of the kernels in corn and one
half to two third filling of the green pods in soybeans, were regarded
as the best dates of harvest.

For obtaining yield data a four meter length of the central
row of each plot was harvested. The outer rows and one-half meter at
each end served as border rows. A 10 pound representative sample was
taken from each plot for chemical analysis, and for dry matter content.
Air dry weight of the forage was obtained by storing the samples for
40 days in the seedhouse. To obtain a representative sample the stalks
were chopped into smaller pieces with a knife and a representative 15
grams sample ground in a willey mill. Duplicate chemical determins-
tions for nitrogen content were made on each sample by the official
A. 0. A.C. Methods of Analysis (2). The amount of nitrogen was multiplied
by the factor 6.25 and the results expressed as percentage of crude
protein.

The forage samples from the second cutting of sorghum were
accidentally lost and could not be analyzed for protein content.
Therefore, the average protein percentage of the first cutting was

!

used as an estimate in computing total proteins per dunum fef sorghum

plots.

All of the data were subjected to analysis of wvariance

procedures according to Panse and Sukhatme (18).



RESULTS AND DISCUSSION

In appraising the merits of any forage crop, the yield per unit
area i§ of primary importance. The.objective of this investigation,
however, was not confined to a comparison of the forage crops on the
basis of yield alone. A number of otler factors such as height of plants,
flowering and silking periods, weight per plant and the feeding value of
different forages, were also considered.

The data pertaining to each factor studied, are presented in
Tables 1 to 9, The L.5.D. figures for the forage crops, spacing and
interaction between spacing and forage crops together with the analysis

of variance are also reported in the same Tables.

Yield of Forage

The yield of the four forages tested as is evident from Table
1, showed highly significant differences. Sorghum hybrid, RS301lF,
gave an average of 3.00 tons of air dry forage per dunum which con-
stituted 2.10 tons from the first cutting and 0.90 ton from the second
cutting. This yield was higher than the other forage crops studied
and was about one and one half times that of corn alone. Watkins,
Hittle, McKibben and Browning (32) got double tﬁe yield from sorghum
hybrids as compared to corn alone. ©Similar results have also been
reported by Drolsom and Scholl (5) Quinby and Marion (21) and Owen,

Miles, Cowsert, Imsk, Custer and Cardwell (17).

13
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Table 1. Yield of four forages (air dry weight) in tons
per dunum when grown in Bega'a, Lebanon in 1962.

Sp301n§02:tween Sorghum| Corn | Corn # soybean | Soybean | Average

50 cms. 3111 2.04 1.68 0,92 1-94

75 cmS. 2.89 | 1.94 1,66 1.01 1.87

Average 3.00 1.99 1.67 0.96 -

e S s
At 5 per cent At 1 per cent
Forage crops 0448 0.56
%)a.c ing NeSe Ne S-
Interaction N.Se Ne Do
Analysis of Variance
Source ;I M. S-
Replications 0.085
Spacing 0,060
Error (a) 6% 0.128
Forage crops 11.490%%
Forages X spaclngs 0.076
42 04461

Error (b)

* D, F. reduced by one due to confounding.

#% Significant at the one per cent level.
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Corn alone yielded slightly higher than the corn-soybean combina-
tion. The results do not agree with Nevens and Kendall (15), Wiggans
(27) (29), Slate and Brown (24), and Hughes and Henson'(a), who con-
sistently obtained higher yields by growing corn and soybeans together
as compared to corn alone. One of the reasons may'be the need of more
nitrogen fertilizer for the corn-soybean mixture than corn alone, because
inspite of the supplementary addition of four kilograms of nitrogen per
dunum, the corn leaves continued to show nitrogen deficient, symptoms at
the tasselling and silking stages. WNMoreover, the corn hybrid Ind. 620
and Lincoln soybeans did not reach the optimum maturity at the same time.
The corn hybrid used was later in maturity than the soybeans so this
mixture had to be harvested before the corn reached its optimum growth.

The yield of soybean alone was much lower than that of the other
forage crops. The mean yield per dunum was 0.96 tons of air dry forage,
which is rather low tc be of great importance to a grower.

For- the spacing between rows, the convenience of the cultivator
has been largely responsible for fixing the customary distance between
rows. The yields have to be sometimes sacrificed in order to fit in the.
implements, to facilitate the cultivation and harvesting operations.

The narrow row spacing of 50 cms. between rows resulted in very
slightly higher yields of air dry forage than the 75 cms. spacing, at
constant plant populstions. The differenées, however, were not statist-
ically significant. These results are in conformity with Hoff and
Yederski (7), Bryan, Eckhardt and Sprague (3),, Austensen, Peabody,

Turner and Crandall (1), Stickler and Laude (23) and Boyd, Green and
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Chapman (4), who obtained higher yields from narrower row spacings at
uniform plant populations. Austenson, Peabody, Turner and Crandall (1),
were of the view that narrower row spacings will allow corn roots to
permeate practically all of the surface soil and take up all available
moisture and nutrients. The wider row spacings on the other hand will
result in intense root competition within the row with very poor root
distribution in the wide spaces between the rows. Similarly, the leaf
distributions will affect light availgbility. In the present investiga-
tions, the spacings tried were not widely different hence no significant

differences in yield could be noted.

Feeding Value of Forage Crops

Forage yields alone are not an adequate measure of the feeding
value of a crop. The usefulness of the four forages was studied by de-

termining their protein content and the yield of total protein per dunum.

a. Protein Content. The protein content of the forage crops dif-

fered widely‘falling within the range of 5.34 per cent for sorghum to
10.83 per cent protein for soybeans alone (Table 2). The differences
obtained in the protein percentage due to the forage crops were highly
significant. JSoybean, being a leguminous crop, is rich in proteins and
resulted in a significantly higher percentage of proteins than that in
the otker forages. When soybean was grown in combination with corn, it
increased the protein content of the resulting mixture by about 30 per
cent. Wiggans (29) got an increased protein content of 37.5 per cent
in corn - soybean mixture over corn alone and reported that it was pos-
/

sible to increase the protein content up to 100 per cent by increasing

the amount of soybeans in the mixture.
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Table 2. Percentage protein content of forage crops at maturity
when grown in Beqa'a, Lebanon in 1962.

Spa01nioz:tween Sorghum| Corn | Corn + soybean Soybean | Average
50 cms. 5.15 5.01 7.08 10.30 6 .88
75 cms. 5454 | 'B.aS 7413 11.37 7 .46
Average 5434 5.43 7 .09 10.83 P
Li &8 D
At 5 per cent At 1 per cent

Forage crops 0.66 0.89
Spacing N. Se NeSe
Interaction Ne S Ne S

Analysis of Variance
Jource Dy P, M. Se
Replications 0257
Spacing A5 54480
Error (a) 6% 1.445
Forage crops 3 105.603%%
Forages x spacings 3 0.853

(Error (b)

* D. F. reduced by one due to confounding.

#% Significant at the one per cent level.

e * s
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Corn gave slightly higher percentage of proteins than sorghum
RS301F but the differences were non significant. The results are in
agreement with Nevens and Kendall (15); who reported Oés'per cent higher
protein content from corn forage as compared to sorgo forage. The super-
iority of corn over sorgo silage has also been shown by Morrison (13),
Reames, Stallcup and Thurman (22), and several others.

No differences in protein content were found due to spacing

treatments and the interaction between spacing and forage crops (Table 2).

Dbe. Yield of Protein. In the absence of feeding trials it is of
interest to make comparisons in terms of the total kilograms of proteins
per dunum of forage from corn alone, sorghum alone, soybean alone and
from the combination of corn and soybean. Table 3 reports the data for
this character.

It is evident that sorghum, although it was very low in the per-
centage of protein confent, gave significantly higher yield of total crude
proteins in kg. per dunum, than that from the other forage crops. This
was due to ité high tonnage of forage per dunum. These results are in
agreement with Nevens and Kendall (15), who obtained 600 pounds of crude
protein pexr acre from sorgos against 587 pounds from corn.

Corn - soybean mixture, inspite of being low in yielding ability,
produced 10 kg. more proteins per dunum than corn alone. Slate and Brown
(24) also obtained more yield of crude protein by growing soybean mixed
in corn as compared to corn alone. The same behaviour led Wiggans (29)
to support the growing of the two crops together, where production of

the most nutritious silage, with the greatest economy, is desired.

\



Table 3.

19

Yield of crude protein in kilograms per dunum of

forage crops when grown in Beqa'a, Lebanon in 1962.

* De. F. reduced by one due to confounding.

** QSignificant at the one per cent level.

| e =1
: 3
Spaclniozztween gorghum| Corn | Corn + soybean| Soybean || Averagd
)
50 cms. 159.87| 102.84 11726 94 .80 118.69
75 cms. 160.09| 113.26 118 .89 115.60 lZﬁ.Qﬂ
Average 159.98| 108.05 118,07 105.20 _ﬂ -
Ll S. ﬁl\
At 5 per cent At 1 per cent
-Forage crops 12.8 i Ta
Spacing N. 3. N.S.
Interaction N. S. NeS.
Analysis of Variance
Qource De Feo Mt Sa
Replications 733 .08
Spacing i 1093.13
Error (a) 6% 603.69
Forage crops 10302 .93%*
Forages x spacings 3 361.07
Error (b) 42 319.89
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Doybean alone has also given as good yield of protein as corn
alone but its relative low yield of air dry forage does not justify its
cultivation as a forage crop by the farmers.

The total yield of crude protein was not affected significantly
by the spacing between rows and the interaction between spacing and

forage crops.

Plant Height

The plant height is said to have a direct correlation with the
yield of forage crops. The average height, obtained by measuring five
plants from each plot, was recarded at the time of maturity. The data
are presented in Table 4.

The analysis of variance data reveal that the forage crops
showed significant differences in plant height. The sorghum, hybrid
RS301F, produced the tallest plants followed closely by corn. The
differences between these two, however, were non-significant. Hittle,
McKibben, Browning, Klindworth and Watkins (10), also pointed out that
hybrid sorghum RS301F grows as tall as corn hybrids.

The plant height of corn was significantly reduced by the inter-
planting of soybeans as compared to corn alone. Since soybeans compete
.with corn both for food and moisture, the nitrogen.deficiency'experienced
in these plots during tasselling no doubt contributed towards a reduction
in the height of the comn plant.

It is interesting to note that soybean grown in combination with
corn produced slightly taller plants than soybean alone. This increase

in height may be probably due to the shading effect of ‘corn plants on



Table 4.

21

Height per plant of forage crops in cms. at two

spacings, when grown in Bega'a, Lebanon in 1962,

Spacing between Corn in | Soybean
i osorghum| Corn soyberns| i capn woybean|| Average
50 cms. 246 4,9 232,.2 213.9 179.0 171 .4 208 .6
75 cms. 236.5 255.2 218.1 173 .0 167.9 206.1
Average 2al.7 | 25547 216 .0 176 .0 169.6 o
B Be D
At 5 per cent At 1 per cent
Forage crops 10.32 13,74
Spacing N.S. N. S.
Interac-tion N. St Ne S-.
Analysis of Variance
Source :Dlr' F- “ii S-
Replications 139.62
Spacing 130.05
Error (a) 6% 299.29
Forage crops 4 17443 Q1%%
Forgge x spacings 15%:95
Error (b) 56 211.82

¥ D. F. reduced by one due to confounding.

¥*% DSignificant at the one per cent level.
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soybeans. Garner and Allsgrd (6) also recorded similar increase in
plant height from artificially shaded soybean plants.
The spacing treatments and the interaction between spacing x

forage crops did not significantly affect the height of plants.

Days from Planting to Flowering

An indicator of the relative maturity of forage crops is the
number of days from planting to blooming. To determine the relative
.maturity of the forage crops studied, records were taken for the average
date of tasselling in corn, flowering in soybeans and the first appear-
ance of heads from the boot in sorghum.

It is evident from the data in Table 5 that hybrid sorghum RS301F
required 98.4 days to reach the heading stage under Bega'a plain condi-
tions. Corn growing alone tasselled significahtly earlier than corn
grown in combination wifh soybeans. A similar behaviour was noted in
case of soybeans. The plants growing alone on the average flowered
7.1 days earlier than those grown together with corn. It can be con-
cluded that the relative maturity of both corn gnd soybeans was delayed
by planting them together in comparison with planting each alone.

opacing between rows did not significantly affect the number of
days taken to flowering in soybeans, tasselling in corn and heading in

the case of sorghum.

Weight per Plant

The best method suggested by Wiggans (29) for combining corn

and soybeans for the purpose of producing a high protein silage, is to
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Number of days from planting to flowering in soybeans,
tasselling in corn and appearance of heads in sorghum,
when grown in Beqa'a, Lebanon in 1962.

[ 2 H
Spacing between Soweani| e Corn in §oybean Soybean| Average
TOWS soybeans | in corn
50 cms. 97.9 76 o2 81l.4 58 42 49,5 72 .6
75 cms. 98 .9 77 0 82,1 59.0 D355 74 .1
Average - 98 .4 76 6 81.7 58 .6 5Le5 -
Le 8. D
At 5 per cent At 1 per cent
Forage crops 1.65 2.20
Spacing Ne S NeSe
Interaction Ne Se Ne Do
Anglysis of Variance
source De. Fo Me S
Replications 16467
Spacing ! 41 .65
Error (3.) 6% 6.89
Forage crops 5607, 12%%
Foragge x spacings 8.42
Error (b) 56 5042

* De Fo reduced by one due to confounding.

!

*% DSignificant at the one per cent level.
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grow the two crops together in the same row. The two crops grow nicely
as companions but do compete for light and nutrients.

Tn order to see the effect of each on the weight per plant of
the other, corn and soybean plants were harvested separately from a
four meter row in the mixed plots. The air dry weight of each was
divided by the number of corn and soybean plants growing in that row.
Similarly the weight per plant of corn and soybean growing alone was
calculated for cdmparison. The data are presented in Table 6.

It is clear that without exception, the yield per plant of
corn was reduced significantly by the addition of soybeans. The loss
sustained was 13 per cent in the air dry weight of a single corn plant
as compared to corn alone.

The behaviour of the soybeans under these conditions also is
of considerable interest. The value of this method of silage production
depends on the performance of soybeans under the severe competition of
growth with corn. The weight per plant of soybean alone and in combina-
tion with corn is shown in columns five and six of Table 6.

It is evident from the data that the reduction per plant of
soybean was much higher than that found for corn. This may be expected
since about 75 per cent of the total growth of the combined crop was
corn and 25 per cent was soybeans. The air dry weight per plant of
soybean growing alone was 14.98 gms. as compared to 7.36 gms. when
growing in combination with corn. Therefore, soybean plants.grown

alone were twice as heavy as those grown together with corn. The

results agree with Wiggans (29), who observed that by growing the two
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Table 6. Comparison of weight per plant in gms. of corn
and soybeans when grown alone and in combination
in Beqga'a, Lebanon in 1962.
opacing Corn Poybean
between rows With e
Alone Sevbesn Average Alone | With corn | Average
50 cms. 255.8 216,2 236 .0 13.79 7453 10.66
75 cms. 242 .0 217.9 229.9 15,18 719 11.18
Average 248.9 21740 - 14 .48 7456 -
- j X
I.Jl Si DI
Corn | Qoybean
At 5% At 1% At 5% At 1%
Forage crops 18,2 25.3 B 1.68
SP&Cirlg N- So N- S- N- S- Ni S-
Interaction N. 5. NeSe NeSe NoSe
Analysis of Variance
] B
Source De B | . M 8
Corn Soybean
Replications 2799 .76 2475
Error (a) 6% 912.98 3,66
Forage crops 1 8105.83%* 405 ,84%%
Crops x spacings  ; 478 .17 5.90
Error (b) 14 580,17 _ 2458

* D. F. reduced by one due to confounding.

** Significant at the one per cent level.
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crops together, corn was reduced by 15 per cent while soybeans produced
not more than one third as much as when grown alone. He went further
to say that:

“There seems to be no question that any combination of soybean
with corn in the same row decreases the total yield of corm, a fact
repeatedly established by all experimental work on this problem. The
sgme is true for soybeans as well."

The spacing between rows did not affect the weight per plant of

corn Or soybeans.

Other Characters.
1, Corn.

a. Planting to Silking Time. The date of silking occurs at a

oritical time in the development of corn plants and has been used widely
a8 a criterion of the relative maturity of a variety. I3 also has been
used as marking the transition from the vegetative to the fruiting stage.
This period is very important from the standpoint of yield because it
is the time of ear shoot development and fertilization both of which
greatly influence the amount of seed set. The mean date of appearance
of first silks from five plants in each plot was used as an estimate of
the silking period. The average number of days from planting to silking
for corn growing alone and in combination with soybe ans are recorded in
Table 7.

It is evident from the data that silking occurred 4.3\days
earlier in the corn-alone plots as compared to corn growing in mixture

with soybeans. The differences were highly significant. Soybeans,
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Number of days taken to silking and the circumference

of stalk in cms. of corn grown alone and in combina-
tion with soybeans in Beqga'a, Lebanon, in 1962.

Spacing Days taken to silking Circumference of stalk
between |Corn alone| Corn with] Average | Corn alone | Corn with | Average
row S soybeans soybeans
50 cme. 87,0 0l.5 89.25 8 .56 774 8.15
75 cms. 86.0 90.1 88 .05 B.17 7.40 T+78
Average 8645 90.8 e 836 757
Le 5. D
Days taken to silking | Circumference of ste
At 5% At 1% At 5% At 1%
Forage crops loBB 2-61 0.17 D23
Spacing N. S. N. S 0,28 Ne S
Interaction Ne S, N. S. Ne Se N. 3.
Analysis of Variance
Source B ¥, M. S.
Days taken to silking Circumference of stem
Replications 7 19,63 0.07
Spacing 1 11.28 1.07%*
Error (a) 6 FH% 2.16 o o |
Forage crops 1 148 ,78%% 5. 00%*
Crops x spacing 0.28 - 0.01
Error (b) 14 6ol7 0.05

*¥%**%* D. F. reduced by one due to confounding.

<% Qignificant at the five per

b 3

cent level.

** Bignificant at the one per cent level.
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therefore, delay the appearance of silks in the case of corn-soybean
mixture.
The differences in silking time due to spacing and interaction

between spacing and forage crops did not reach the level of significance.

b. Circumference of Stalk. Stout and sturdy corn plants are very

desirable for high forage productivity. To measure the effect of soy-
beans on the thickness of corn plants, the average circumference from
five plants in each plot was recorded. The data together with the
analysis of variance are reported in Table 7.

Corn growing alone had significantly higher circumference of
stalk as compared to corn growing in combination with soybeans.

It will be noted that the two row spacimgs used in this trial
influenced the size of resulting corn stalks. Corn growing in 50 cm.
rows resulted in plants with significantly larger stalk circumference
as compared to those planted 75 cms. apart. This observation is in
conformity with Austenson, Peabody, Turner and Crandall (1) who reported
sturdier plants from narrower spacings. The interaction between forage
crops and spacing between rows did not produce any significant differ;

E€riCeS .«

2. Soybeans
a. Number of Pods per Plant. The number of pods per plant,

reported in Table 8, were obtained by averaging the number of pods

{
from five plants in each plot. The data show that the number of pods
per plant were higher when the soybeans were grown alone in comparison

to those growing in combination with corn. Soybean grown alone produced
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Table 8., Number of pods and number of branches per plant of
soybean when grown alone and with corn in Beqa'a,
Iebanon, in 1962.
Spacing Pods per plant Number of branches
between Soybean| Soybean | Average Soybean | Soybean | Average
TOWS alone |(with corn alone with corn
50 cms. 31.6 l7¢3 24 4 ] 2 B 1100 185
75 cmS. 24 42 15.6 19.9 1,25 0.75 1.00
Average 279 16 .4 - ln56 0.87
L. 8¢ D
~ Pods per plant Number of branches
At 5% At 1% ~ At 5% At 1%
Forage crops 4 .92 6 .88 0.51 NeSe
SPE.CiI].g NeSe Ne s- N. De Ne S-
Interactiom N. S. Ne Se N. S, N. S
Analysis of Variance
2 Ny - &
oo e Pods per plant Number of branches
Replications 7 169.60 0.81
Spacing 1 166 53 1.53
Error (a) 6 X% * 45,03 0,62
Forage crops X 1046 . 53%%* 3 .78%
Crops x spacing 1 63 .29 0.28
Error (b) 14 42,12 0.46

#%% D, F. reduced by one due to confounding.
% Significant at the five per cent level.
** Significant at the one per cent level.
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27.9 pods per plant as compared to 16.4 in case of soybean interplanted
in corn. Differences for spacing between rows and for the interaction

between spacing x forage crops were not significant.

b. Number of Branches per Plant. The yield of crop plants in soy-

beans for forage can be resolved to its two basic components, height
of plants and number of branches per plant. The latter factor was
studied by recording the average number of branches from five plants
in each plot. The results together with the L.S.D; and the analysis
of variance are reported in Table 8.

Tt is evident from the data that the number of branches per
plant were higher when soybean was growing alone. The differences were
significant at the five per cent level. Soybean interplanted in corn
had a tendency to grow upright producing fewer branches probably due
to the shading effect of corn on soybeans. Row spacings did not influ-

ence branching in soybean.

3. Sorghum

Data on the effect of spacing between rows on the circumference
of second basal internode of sorghum and the number of tillers per
plant are given in Table 9. The differences were compared on the basis
of "t" test. The observed "t" and the D. F. are also reported in the

same Table.

a. Circumference of Stem. The data reveal that plants growing in

rows 50 cms. apart had significantly greater stalk circumference as

compared to those in 75 cm. rows. A similar observation was also made
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Table 9. Bffect of spacing between rows on the circumference
of stem and number of +tillers per plant of sorghum
when grown in Bega'a, Lebanonm, in 1962.

Spacing between Trows Circumference of stem Number of tillers
cms . _per plant
50 cms. 5,55 | 1.61
75 cms. 4478 ' 1.44
Observed "t" 3.08 0.49
D. Fo 14 14

in corn plants which leads to the conclusion that at constant plant

populations narrow between-row spacing increases the thickness of

sorghum stems.

b. Number of Tillers per Plant. The number of tillers per plant

of sorghum, as reported in Table 9 were not affected by the

between row spacings of 50 cms. and 75 cms. The results agree with
those of Porter, Jensen and Sletien (19) who expressed tillering of
sorghum plants on the basis of number of heads per acre at different
planting rates and Tow spacings. They noted that at the same plant
populations, the tillering was not affected by varying the distance

between rows from 20 inches to 30 inches.

Economic Aspect.

f

In the preceding discussion it was shown that sorghum was out-

standing in yield over corn and other forages. This increased yield
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was primarily due %O the two cuttings possible from sorghum and only
one cutting from the otler crops. The second cutting which remained
in the field for two months after the first harvest, gave 0.9 tons of
gir dry forage per dunun. It is important, therefore, to study the
comparative economic value of the four foerage CITOPS under study .

After deducting all of the extra expenses for labour, irrigation
and fertilizer, a farmer will obtain a net income of gpproximately
100 L.L. per dunum by allowing sorghum to continue in the field for an
additional period of two months. In contrast the corn plots were lying
fallow for two months and the land could easily be plowed and prepared
for winter wheat. If the farmer wants to make use of this land just
after the removal of corn by sowing a short duration CIrop like turnips,
he may also get a met income of 100 L.L. in two months. In turnips,
of course, he will have 10 incur. four times more initial expenditure
for preparing the l1and and for labour, seed and other expenses while
for sorghum he does not need to run into such extra expenses.

It is, therefore, regsonable to conclude that getting a second
cutting of sorghum from a hybrid such as RS301lF, is desirable under

the Bega'a valley conditions.



SUMMARY AND CONCLUSIONS

Four forage crops corn, sorghum, corn + soybeans and soybean
were seeded in rows 50 and 75 cms. apart at the American University
farm in the Beqa;a plain,'Lebanon, during 1962. They were evalﬁated
for yielding ability, quality, plant height, flowering time, weight
per plant and otler individual plant characters.

The forage sorghum hybrid,'RS50lF, produced the highest ton-
nage of air dry forage as compared to corn alone, corn-soybean mixture
and soybean alone. _The corn-soybean mixture produced lower yields
than corn alone while the soybean yielded the least.

Soybean forage contained the highest percentage of proteins
of the four crops tested. 'When soybean was grown in combination with
corn, it increased the protein content of the resulting mixture by

/
sbout 30 per cent. Slight differences in protein percentage were
noted in the corn and the sorghum forage.

Sorghum, because of its high tonnage of forage, produced the
greatest amount of total protein per dumum. The corn-soybean mixture
although lower in air d4ry weight than corn, pro&uced slightly more
total protein per dunum than corn alone.

The weight per plant of corn was reduced by the addition of
soybeans. Corn grown with soybeans resulted 1n plants wéighing about

13 per cent less than when grown slone. The weight per plant of the

interplanted soybeans was ]ikewise reduced by about one half.

55
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Interplanting of soybean in corn Irows reduced the height of
corn plants, delayed the tasselling and silking period and reduced the
thickness of corn stalk as compared to corn alone.

Soybean plants growing in mixture with corn grew taller and
thinner, were later in flowering, had lower branching ability and produced
significantlyllower nmamber of pods per plant than when grown alone.

Sorghum hybrid RS301F, proved 1o be a tall growing hybrid and
required 98.4 days for heading. Ratooning of sorghum to get one more
cutting proved successful undexr the prevailing Bega'a plain conditions.

The spacing between rows did not affect any of the characters
studied except the circumference of stalk. The size of the stalks in
corn aﬁd sorghum were larger in the plants growing in the 50 cm. T'OWS
than those in the 75 cm. IrOwWS.

Tt may, therefore, be recommended %O the farmers in Bega'a
valley that the sorghum variety RS301F, is a high yielding hybrid
producing higher tonnage of forage as compared to corn alone, corn-
soybean mixture and soybean alone. On the basis of one year data row
spacings of 50 cms. and 75 cms. had 1little effect on the resulting

yields.
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