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AN ABSTRACT OF THE THESIS OF

Fazal Rahman for M.S. in Agrdnomy

Title: The effect of dates of planting and varieties on
vield and other characteristics in soybeans.

In this experiment, the effects of four dates of
planting on yielding capacity, seed composition, time
required for flowering and maturity, and other agronomic
characters of four soybean varieties were studied.

Plantings made during the later part of April tended
to produce the highest seed yields and oil content in
the soybeans. Delayed plantings produced seeds with
appreciably higher protein content than earlier
plantings. For each two-day delay in planting, the
flowering and maturity were delayed about one day.

The variety Lindarin produced the highest seed
yields, contained the highest protein percentage in the
seeds and proved to be the earliest maturing variety.
Highest 0il content was found to be in the seeds of Clark
which was second in yield only to Lindarin. Perry and
Wabash, the relatively late varieties, produced the
poorest yields in 1966 and 1967 respectively.
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Le ITHTBODUCTION

The population explosion of many areas of the world
demands a constant improvement in the methods of crop
production with the object of increasiﬁg the yield and
quality of cultivated crops. To achieve this objective
man has to experiment, observe and evaluate various crops
and cultural methods to be able to recommend and combine
the best available crops and practices to attain stable
and high production. Secientific research in agricultﬁre
hags proved, beyond doubt, that there is a tremendous scope
for improvement of the crops. Man cannot afford to be
content with the existing levels of production of agricul-
tural crops for the simple reason that nature itself is in
a state of flux. Population increases, varying environ-
mental conditions, genetic changes in crops and their
pathogens, ever-changing fertility levels of our soils, etc.,
2ll contribute to this instability of natural conditions.
Therefore, the best use of seientific lnvestigations is not
made by merely following the same standard procedures on
the same crops for a long period of time.

One of the easiest and.cheapest, although one of
the most important too, method of improvement in agricul-

tural production is to learn how to cooperate with the



.prevailing environmment. Proper time of planting and use
of suitable varieties constitute a major part of the
procedures leading to cooperation with the environment.

In this study these two factors were exploited, in regards
to soybeans, at the Agricultural Research and Education
Center (AREC) in the Bega'a Plain, Lebanon.

The soybean plant, Glycine max (L.) Merrill, belongs

to sub-family Papilionoideae which in turn is a part of
family Leguminosae (%8). It is an upright, branching,
herbaceous, summer annual legume (67). On the basis of
extensive genetic studies, the cultivated soybean‘is presumed

to have been derived from Glyecine ussuriensis, which is a

wild species growing throughout much of eastern Asia (38,
4%). '

The soybeans are oleaginous seeds consisting
principally of lipids, proteins, carbohydrates and mineral
constituents. The seed contains an average of about 21 per
cent 0il and 40 per cent protein on a dry weight basis (38).
The 0il of soybeans is highly digestible and of high
enefgy value. The proteins are also very highly digestible
(41).

In many areas of the world the importance of this
crop has been realized recently through the tremendous
inereases in area and production of this crop. In United
States from 1953 to 1966, plantings of soybeans increased

from 5,101,000 hectares to 14,037,000 hectares, while



production increased in the same period from 7,312,000
metric tons to 23,207,000 metric tons. World total pro-
duction in 1952-53 was 16,000,000 metric tons while in
1965-66 it rose to 36,200,000 metric tons (24).

The general climatic requirements for optimum
soybean'production are about the same as for that of corn
(67). Morse (43) and Weiss (67) reported that it is quite
possible to grow soybeans successfully in any region in
which there is a five-month period of growth and an annual
pfecipitation of 12 inches. Soybeans succeed on nearly
all types of soil, the besgst results being achieved on
mellow, fertile clay or sandy loams (43).

In Middle Eastern ;ountries, relatively little
attention has been paid tolsoybeanﬁ. The nutritive
potentials of this crop should not be ignored in areas
where relatively high nutritive deficiencies exist in the
human diets and animal feeds. ©Soybeans may substitute or
supplement other costly sources of oils and proteins since
i1t may be possible to produce soybeans in large guantities
in cpuntries with large populations.

Several agronomic studies need to be undertaken to
comprehend the actual potentials of this crop in this area.
This study was conducted to provide some information on
the effects of dates of planting and different varieties

on various characteristics of soybeans under irrigated

conditions.



II. REVIEW OF LITERATURE

No single cultural factor 1s more important to
soybean production than planting date (14). This is due
to the extreme sensitivity of this crop to phbtoperiodism
(29). Soybeans have critical stages in thelr development
when they are most sensitive 10 adverse environmental
conditions, while at other stages they may be affected
1ittle (49). Garner and Allard (29) found soybean varileties
to differ strikingly in their response to photoperiod.
Johnson et al. (37) concluded that the best time to plant
a particular variety should be determined on the basis

of day length and soil temperature in different areas.
General Environmental Influences

Schutz and Bernard (53) reported the significance
of genotype x environment interactions in soybean produc-
tion. Weiss (67) concluded that locations and years had
appfoximately equal influence on yield, protein and oil
contents of the seed. Morse (43) pointed out that time of
planting should be adjusted according 1o particular variety,
orea and environment. Marvin (40), however, noted that the
best performence of an individual varietly was limited to a

narrow belt only because of the sensitivity of soybean



varieties to even slight changes of the day length. Under
practical conditions climate is a more potent factor than
soil type in influencing different characteristics of
soybeans (28). |

According to Weiss (67), minimum requirements for
successful soybean production are a five-month-growing
period with a total accumulation of 2400°C and an annual
precipitation of 300 mm. Fukui et al. (27) reported that
the optimum temperature for net photosynthesis in soybeans
was 26.2°C. Brown (8) found the best growth and develop-
ment of soybean plants to occur at 860F, and the relation
between the rate of development and temperature to be
curvilinear and parabolic in nature. Weiss (67)obtained
maximum flower initiation with day temperatures of 750 to
85°F and night temperatures of 65° to 75°F. Early and
Cartter (23) found 22° %o 2700 temperatures in the root
zone to be most favourable for maximum dry weight produc-
tion. Runge and 0dell (49) observed that precipitation and
maximum daily temperatures from June 25 through September
20 explained 68 per cent of the variation in soybean yields
at ﬂrbana, I11inois, T.0:R¢

Competition with weeds was found to be less in June
planted than in earlier planted soybeans by Robinson and
Dunham (48). However, Staniforth (60) noted that reduction
due to competition with foxtail tended to be small when

soil moisture was adequate over the whole season.



Yield

Different planting dates haﬁe marked influences
on the yield of soybeans. The response of early and late
varieties differs considerably in nature (14, 15, 46, 64,
67). Weiss (67), Caviness (15),and Osler and Cartter (46)
agree that early #arietiés, which do not normally require
the entire growing season to mature, may be planted
considerably later than adapted varieties withoﬁt incurring
significant yield reductions. The.yields of relatively
late varieties, which normally utilize the entire growing
season, may be drastically reduced by any delay following
the frost-free date. However, as Caviness (15) has pointed
out, ylelds may be reduced considerably when early Varieties
are planted extremely late.

Different workers like Abel (1), Cartter (14),
Ceamper and Smith (13), Morse (43) and Gill (32) have
associated early planting with higher yields. Feaster
(26) found May 10 to be the best date for planting soybeans
in southeast Missouri. Smith (57) noted that within the
safe rahge of April 10 to June 15, all the varieties tested
gave top yields at the earlier planting dates. Morse (43)
reported that in a five-year date—of-planting test at the
Towa Agricultural Experiment Station, using five varieties
planted at five different dates from May 1 to June 14, the

average yields tended to decrease as the planting was




delayed. Gill (32) observed that delaying the planting
from early May to mid-June almost halved the $0ybean
yields. Dimmock and Werren (21) noted that reduced yields
from later plantings were caused by a reduction in the
number of seeds produced rather than by a decfease in seed
size. Smith (58) obtained maximum yields by sowings made
on May 20 or June 5 and with the two latest maturing
varieties at the Virginia Agricultural Experiment Station,
Weiss (67) concluded that differences in yield, attributable
to dates of planting, were not great when adapted varieties
were planted at successive intervals throughout the first
month following the frost-free date. TFarhaduddin (25)
reported that April 18 planting gave the best yields at
AREC in Lebanon out of the four dates of planting studied
i.e., April 4, April 18, May 3 and May 18. Badawl (5],

at the same location, found that the highest seed ylelds
resulted from the first date of planting, April 10, and

decreased successively thereafter. Worzella et al. (69)

and Ali (2) found 50 cm spacing between rows to give
satisfactory yields under the environmental conditions of the
Bega'a Plain, Lebanon.

Greater light penetration was correlated with higher
soybean yields by many workers like Sakamoto and Shaw (51),
Shaw znd Weber (55), and Sakamoto (50). Sakamoto and
Shaw (51) suggested that an increase in yield could possibly

be achieved by selecting varieties whose natural inclination



leads to deeper penetration of light to a greater number of
leaves. Staniforth (60) found that when soil moisture was
adequate until the end of July and severely limiting from
then until bean maturity, yield reductions, due to foxtail
infestations, averaged four bushels pér acre or approximately

14 per cent. Schwab et al. (54) obtained 40 to 50 per cent

increases in yield of soybeans resulting from irrigation,

at Conesville, Iowa. Uklein (65) noted that the maintenance
of soil moisture at 80 per cent of the field moisture
capacity throughout the vegetatife period provided the best

conditions for plant growth and high yields of soybeans.
Protein and 0il

Morse (44) found the chemical composition of the
soybean seeds to be influenced by the physiological vigour
of the plant as controlled by the environmental conditions
during the growing period. Garner et al. (28) noted that
maximum 0il production in the soybean plant required
conditions of nutrition favourable to the accumulation of
carbdhydrates during the vegetative period, and to the
transformation of carbohydrates into oil during the
reproductive periods.

Howell and Cartter (35) reported that when soybean
seed was produced in the greenhouse at temperatures of 850,
770, and 7OOF, the average percentage of oil was 25.2, 20.8,

and 19.5 per cent, respectively. The 0il percentage was



correlated closely with mean maximum temperatures. On the

other hand, Donovan et al. (22), reviewing the findings of

Viljoen, reported a significantly positive correlation of
0il content and a negative correlation of protein content
with the mean minimum temperatures. With every degree
Fahrenheit increase in the mean minimum temperature, oil
content of the beans increased apﬁroximately 0.44 per cent
and protein content decreased 0.39 per cent. Weiss et al.
(68), however, found no appreciable association between
temperature and oil content.

Howell and Cartter (34) observed that temperatures
exerted greater effect on 0il level during the period
20 to 40 days before maturiﬁy than during other periods.

Weiss (67) reported that seed of the same variety,
grown at 11 widely separated locations at which soil types
and climate differed markedly, varied in its oil content
from 12.7 to 22.1 per cent and in its protein content from
32.06 to 44.3 per cent within the same year.

Badawi (5), Dimmock and Warren (21), Osler and
Cartter (46), Stark (62), Tang (63), Weiss (67), and

Weiss et al. (68) all have reported an inverse relationship

between oil and protein contents of the seed.

Badawi (5), Dimmock and Warren (21), Osler and
Cartter (46), Torrie and Briggs (64) and Weiss (67) have
associated relatively early planting with higher oil

content and relatively later plantings with lower oil



content of the seeds.

Morse (43) did not £ind any appreciable effect of
the dates of planting on the protein percentage of seeds,
while Badawi (5) and Dimmock and Warren (21) associated
delayed planting with higher protein content of the seeds.

Tang (63) reported that spring sowinglgave higher
protein and oil contents than summer or autumn sowings.

Collins and Cartter (19), Feaster (26),and Stark
(62) have found o0il content, in general, to be associated
with the time of plenting at which the best yields of the
seeds could be achieved,

Farhaduddin (25) did not find any appreciable
influence of the dates of planting on the seed composition.

Collins and Cartter (19) found the seeds from the
lower portion of the plants to be 0.5 per cent higher in
0il and 1.0 per cent lower in protein content than seeds
from the upper portions.

Schwab et al. (54) reported that irrigation tended
to decrease the oil content of soybeans by four per cent
and increase the protein content by 3.3 per cent.

Shaw and Weber (55) noted that greater light

penetration resulted in greater oil content of the seeds.

10



Flowering and Maturity

Garner and Allard (29) recognized the significanée
of day length in the flowering behaviour of soybeans as
early as 1920 and designated this phenomenon by the term
photoperiodism. Initiation of flowering is critically
associated with the duration of light and dark periods
in this erop (6, 29, 31, 43, 67). Garner and Allard (31)
found the length of day to be the primary external factor
in determining the relative earliness or lateness of a
particular variety in an area.

Borthwick and Parker (7) observed that most of the
varieties were completely incapable of flowering unless
they received ten or more hours of dérkness daily. All
of the varieties flowered more quickly with daily dark
periods of 14 to 16 hours than with short ones. Borthwick
and Parker (6) noted that stimulus necessary for the
initiation of flower primordia arose in the leaves and then
moved towards the growing points. At Washington, D.C.,
Garner and Allard (29) reported their studies on four
varieties which ranged from 27 to 105 days from germination
to blossoming under summer day light conditions. When the
day length was reduced to 12 hours, all the varieties
became early and blossomed within 21 to 28 days after
germination. Reduction of photoperiod altered the

blossoming time of the earliest variety, Mandarin, only

14



slightly, while in case of the latest variety, Biloxi,

it was radically reduced. Findings of Abel (1), Badawi
(5), Brown and Owen (10), Farhaduddin (25),and Weiss (67)
showed a similar trend.

Shee (56) reported that-Palmetto, a photoperiod
sensitive variety, required at least six conseéutive
short-day cycles of eight hours each to induce flowering,
while Shih-Tan, a relatively less sensitive variety,

flowered under continuous long days. In both varieties,

however, flowering was hastened with more short-day cycles.

Parker and Borthwick (47) noted that in Biloxi

variety, pod formation after flower induction required

continuation of eight-hour photoperiods, and no pods were |

formed if these were changed to 14-hours during flowering.
Borthwick and Parker (6) reported that a light inteﬁsity
of at least 100 foot-candles was required for flower
induction in Biloxi. I

Allard and Garner (3) used different ratios of
light to darkness and produced ready flowering with 1:1
ratio and 12-hour alterations. With 7-, 8-, 16-,and 18-
hour alterations flowering was totally inhibited. It 1is
evident from these observations that the time of flowering
is dependent upon both the ratio of light to darkness and
the length of the cycle.

Besides light, temperature also influences the

flowering and maturity stages in soybeans. Borthwick and

12
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Parker (7) showed that temperature during the dark periéd
was more important than during light for flower induction
in soybeans.

Van Schaik (66) noted that increasing the tempe-
ratures from 60° %o QOOF, generally caused earlief and more
profuse flowering. The appearance of the'firét.pod was
hastened by increasing the temperatures from 60° to TO°F.

Marvin (40) considered proper maturity to be the
most important of several other factors that influence
yield in soybeans. Weiss (67) reviewed the findings of
Viljoen which indicated that four to five days delay in
planting retarded the maturity of soybeans by one day .
Badawi (5) observed that for a delay in planting of each
two days there was a corresponding delay of about one day
in the maturity of soybean varieties ét AREC o

Feaster (26) demonstratéd thaf the time of planting
influenced the date of maturity of early verieties more
than that of late varieties, and that early maturity could
be achieved only by planting genetically early maturing
varieties at an early date. Caviness and Walter (18)
reported that a month's delay in planting of the early
varieties delayed their maturity by 15 to 20 days, while
in late varieties by only four to five days. The findings
of Abel (1), Cartter and Hartwig (14), Caviness and Smith

(16), Garner et al. (28), Morse (43), Osler and Cartter

(46), Torrie and Briggs (64), and Weiss (67) are in
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close agreement with these results.
Plant Height

A variety may vary considerably in height due to
different times of planting. Cartter and Hartwig (14)
found mid-season plantings to produce taller plants than
earlier or later plantings in Mississippi. Moreover,
early varieties tended to gain maximum heights when planted
around May 1, whereas, later strains attained maximum
heights when planted around June 1 or later, Abel (1)
noted that average plant height, in the early llay planting,
was slightly less than in other May plantings, the tall
varieties decreasing more in height than the short ones.

Caviness (15) explained the relative less height
of plants resulting from early plantings on the basis of
low soil temperatures or short photoperiods, inducing early
flowering and hence limiting the height during the life
cycle of these plants.

Other workers, however, have reported quite con-
trasting results. Garner and Allard (31) observed that
average heights attained by earlier plantings markedly
exceeded those attained by later plantings. Badawi (5),
Farhaduddin (25), Morse (43), Osler and Cartter (46) and
Torrie and Briggs (64) have reported similar.results.

Howell and Cartter (35) noted that increasing the

temperature, within reasonable limits, caused an increase
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in plant height of soybeans.

Staniforth and Weber (61) reported that presence
of weeds in the soybean field decreased their.height by
two inches.

Shee (56) observed that plant height decreased with
increasing numbers of short-day photoperiodié cycles.

' Mitrovic (42) reported that average stem height of

early varieties, in general, was 53.7 cm, of medium-early

varieties 64.1 em,and of medium-late varieties 77.7 cm.
Number of Pods and Seeds per Plant

Lehman and Lambert (39) noted a marked increase in
the number of seeds and pods per plant and number of seeds
per pod as spacing between rows was increased from 20 to
40 inches.,

Dimmock and Warren (21) observed that delayed
planting caused a reduction in the number of seeds produced.

Howell and Cartter (35) found that number of pods
snd seeds per plant were constant under varying temperature
from 70° to 85°F.

Badawi (5) noted that number of pods per plant and
number of seeds per pod were only slightly affected by'
different dates of planting.

Farhaduddin (25), using April 4, April 18, May 3
and May 18 as planting dates, found that the highest

average numbers of pods per plant were obtained from



April 18 planting at AREC, Lebanon. Number of seeds per
pod was not influenced significantly by different dates of

planting in this experiment.
Lodging

Weiss (67) stated that the influence of location
on lodging was greater than that of season.

Cartter and Hartwig (14) reported that lodging
tended to increase with delayed plantings and genetic
lateness of the varieties. The findings of Caviness (15),
Farhaduddin (25) and Osler and Cartter (46) are in close
agreement with these observations.

On the other hand, Abel (1) found lodging to
decrease with late plantings, while Badawi (5) and Torrie
and Briggs (64) did not find any effect of planting date
on lodging.

Staniforth and Weber (61) found the presence of
weeds in the field to increase lodging by two to six

per cente.

oeed Weight

Osler and Cartter (46) reported that seed weight
was not appreciably affected by different dates of planting.
The findings of Abel (1), Badawi (5), Dimmock and Warren
(21),and Parhaduddin (25) confirm this observation.

Weiss et al. (68) did not find any association
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between seed size and protein and oil content.

Howell and Cartter (35) reported that increasing
the temperature from 70" %o 850F, during all or a part
of the pod-filling stage, did not affect the 1000-seed
weight.

Garner and Allard (3%0) noted that in Mandarin, an
early variety, shortening the light period from long
summer days to 12 hours or less reduced the seed size,
while in late varieties 12-hour exposures decidedly

gave larger seeds than the full day length.



I1I. MATERIALS AND METHODS

Field trials were conducted to determine the
effects'of dates of planting and varieties on various
characteristics in soybeans. The experiment was carried
out during 1966 and 1967 at the Agricultural Research and
Education Center (AREC) of the American University of
Beirut located in the Beqa'a Plain, Lebanon.

The four varieties included in the experiment were
Wabash, Lindarin, Clark,and Perry since they varied in
maturity and were found to be adapted in the Bega'a Plain
(69). As regards to maturity, Lindarin has been found to
be early, Clark intermediate and Wabash and Perry late
at AREC (5, 25, 69). Lindarin was originally derived from
a cross between Mandarin and Lincoln and has the reputation
of being a high yielding variety with a high oil content
(4, 26). Clark is a selection from the backcross Lincoln x
(Lincoln x Richland) and has been described to yield fairly
high amount of seeds and protein (5, 27, 48).

Each of the four varieties was planted on four
different dates with approximately 14-day intervals between
two successive plantings. The first planting was made at
a date within the safe range of temperature and moisture
relationships. Planting dates were April 8, April 23 .

18
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May 7,and May 21 for the year 1966 and April 12, April 24,
May 8,and May 22 in 1967. The average monthly temperature
and rainfall data from March to October for the years
1966 and 1967, along with the 12-year average from 1956

to 1967, as recorded at AREC, are presented in the
Appendix (Table 17).

The soils in the central Bega'a Plain were found
to be fine textured, alkaline in reaction (pH 8.0 to 8.3),
and high in calﬁium carbonate. The content of organic
matter ranged from 2.03 to 4.62 per cent. Variability in
available phosphorus, sufficient exchangeable potassium
and high cation exchange capacity was also assoclated with
these soils (52).

The experimental design was a latin square with
dates as the main treatments and varieties as sub-plots,
arranged within the main treatments, in a randomized
complete block pattern. Sub-plots consisted of four
rows, each five meters long. The distance between rows
was 50 cm. Seeding rates were adjusted, on the basis of
gcermination tests for each variety, so as to obtain a
uniform stand of about 165 plants per row. The seeds were
inoculated with a standard commercial inoculum shortly
before every planting date. DPlantings were made at a depth
of five cm with a V-belt planter which spaced the seed at a
distance of about three cm within a row,

Preplanting fertilizer treatments consisted of
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application of 12 kg of nitrogen in the form of ammonium
sulfo-nitrate (26.5% N) and 20 kg of P205 in the form of
supérphosphate (18%.P205) per dunum. These were disked
into the soil during seedbed preparation. Post-planting
treatments consisted of four kg and six kg per dunum of
nitrogen in May and July, respectively, as side dressings.
Sprinkler irrigation was practiced until the plants were
about 15 em tall after which period furrow irrigation was
introduced. Irrigation was done at weekly intervals
throughout the growing season. The plots were kept free
of weeds by hand-hoes or by simple hand pulling. Cut worms
caused some damage in the first and second dates of planting
in 1966 and were controlled with Endrin.

For data collection, two central rows of each sub-
plot were utilized. Dates of flowering were recorded at
50 per cent blooming stage, while dates of maturity were
recorded when most of the pods had ripened. At maturity
four plants were selected from every sub-plot for determining
the number of pods per plant, seeds per pod and plant
height. The yield of each sub-plot was determined by
harvesting four meters of each of the two central rows,
leaving one-half meter on each end to eliminate the border
effects. The seed yields and weight of 1000 seeds (in grams)
were recorded immediately after threshing., For the
determination of protein and o0il contents of the seeds, a

representative sample from each sub-plot was oven-dried
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at 70°C for approximately 72 hours, then ground to pass
through a fine mesh screen. For protein content, modified
Kjeldahl method (33, pp 12-13) was used, while for that

of oil, Dry Extraction method (33) was followed. The
percentageé of protein and o0il were calculated on a dry
welght basis. Protein and 0il determinations were made
only on samples from the 1966 crop.

Analysis of variance tests were conducted to find
out the significance of the various results obtained.
For this purpose statistical methods applicable to the
latin square split-plot design were employed (59). The
planting date of April 10 and the variety Wabash were
considered as controls in comparing and evaluating the

datae.



IV. RESULTS AND DISCUSSION

In this experiment the effects of various planting
dates on yield, protein and oil percentages of the seeds,
number of days from planting to flowering, number of days
from planting to maturity, plant height, number of pods
per plant, number of seeds per pod and weightv of 1000
seeds of four soybean varieties were observed and
evaluated. The data and analysis of variance are presented
in the Tables 1 through 16 along with L.S.D. values at
five per cent and one per cent levels calculated for the
treatments found to be significant on the basis of F

values,
Grain Yield

The seed yields of the four varieties as affected
by different dates of planting in 1966 and 1967 are
presented in Table 1 and Table 2, respectively. In both
years differences in seed yields due td various dates of
planting were not found to be significant. This agrees
with the results reported by Badawi (5) and Farhaduddin
(25). The varieties, in general, tended to produce their
highest yields when planted on April 23, 1966 and April

24, 1967, the second dates of planting. However, Wabash

22
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Table 1. Average seed yield, in kg per dunum, of soybean
varieties planted on four dates in 1966 in the
Bega'a Plain, Lebanon.

Variety Date of planting =

April 8 Aoril 25 May 7 May 21 Mean
Wabash 22042 249.9 251,9 226 .0 2370
Lindarin 285.3 314.5 278.4 295.7 29%,5%*
Perry 189.53 22142 220s > 172+ 9 200 9%*
Clark 264 .5 281.5 2550 280.5 272.,9%%
Mean 2%9,8 269.3 25 1.4 247%,.8

** Indicates significant difference at 1% level.

Analysis of variance

Source ey

8.5, T LuE.0.

5% 1%
Rows 5 2992.0 1.64
Columns 3 56T4.8 2,01
Dates 3 2722.0 1449
Error (a) 6 1823, 9
Varieties 3 26555.,3 19,%56%*% 26,59 35,63
Dates x varieties 9 896 .5 e |
Error (b) 36 1571.8

% TIndicates F values significant at the 1% level.
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Table 2. Average seed yield, in kg per dunum, of soybean
varieties planted on four dates in 1967 in the
Bega'a Plain, Lebanon.
Variety Date of planting
grril 12 _April 24  Nay 8 May 22 Mean
Wabash 16120 191,73 98.5 12143 145, 2
Iindarin 23%8.5 258, 1 241,0 2497 246 ,8%%
Perry 184.7 2)2.8 218.1 166.0 200 47%%
Clark 238,5 226.3 193.5 146.3 201, 2%*
Mean 205,86 227 - 1 1878 170.8
% TIndicates significant difference at 1% level.
Analysis of variance
Source de1, i P F LeDolDe
5% 1%
Rows 3 393%8,6 1405
Columns 9 16%38.0 N.S.
Dates 2 9351, 1 4.,%5
Error (a) 6 2148.7 |
Varieties 3 28842,9 16.74** 29,80 39.93
Dates x varieties 9 21111 161" "
Error (b) 36 1723,4

*%* Tndicates F values significant at 1% level.
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yielded slightly more when planted on May 7, 1966, and
Clark when planted on April 12, 1967,

The differences in yield due to varieties were found
to be highly significant. Lindarin gave the highest yields
(293.5 kg per dunum in 1966 and 246.8 kg in 1967) in both
years, while Perry (200.9 kg) and Wabash (143.2 kg)
produced the poorest yields in 1966 and 1967, respectively.
Lindarin produced the highest yields at all four planting
dates. A similar trend in yield was reported by

FParhaduddin (25),
Protein Percentage

The data in Table 3 show that dates of planting
greatly affected the protein percentage in soybeans. The
seeds produced from the May 7 and May 21 plantings contained
significantly higher percentages of protein (35.08 and
34.50) respectively, than those produced from the April 8
or April 23 plantings (32.82 and 33.04), respectively. The
percentage protein in the seed from the April plantings
did not vary significantly. These results are in close
agreement with the findings of Badawi (5), Dimmock and
Warren (21), Feaster (26),and Osler and Cartter (46) who
assoclated delayed planting with higher protein content
of soybeans.

Varietal differences in protein content were also

found to be highly significant. Seeds of ILindarin |



Table 3. Average percentage of protein in seeds of soybean
varieties planted on four dates 1n 1966 in the
Beqa'a Plain, Lebanon. |

Variety : Date of planting

___Apeil & April 25 May 7 May 21 Mean
Wabash 32,71 31.83 35416 335.82 8% 58
Lindarin 3%4.97 55265 3578  55.81 HDia BDEE
Perry 5219 52.97 34.94 33.89 Pl
Clark Skl 5115 34.42 34.46 35.01
Mean .87 59,04 36, 08¥% 34 HO¥*

#*%¥ Indicates significant difference at 1% le#ela

Analysis of variance

Source d.T. M.S.S. g bhabela
0% -1

Rows 2 5.42 9. 85%*

Columns 3 4,25 T.69%

Dates 5 19439 35 2D%* 0,64 0496

Error (a) 6 0,55 i

Varieties 3 21,10 12, T9%* .95 1.2%

Dates x varieties 9 2+07 185" °

Error (b) 36 1.65

¥ TIndicates F values significant at 5% level.
** Tndicates F values significant at 1% level,

26
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contained significantly higher percentages of protein
(35.55) than Wabash which contained %33%.38 per cent protein.
Perry and Clark did not differ significantly in protein
percentage from.Wabash- The results of Farhaduddin (25)

revealed a similar trend in the protein content in soy-

beans.

0Oil Percentage

The oil percentages of soybean seeds, as affected
by different dates of planting and varieties, are shown
in Table 4. Significant differences in oil content due
to dates of planting and varieties were obtained. The
April 2% plantings, which gave the highest seed yields,
also produced seeds which contained the highest o0il per-
centage (23.7). This is in confirmation of the findings
of Collins and Cartter (19), Feaster (26), and Stark (62)
who associated highest 0il content of the seed with the
time of planting at which best yields could be achieved.
The seeds of soybeans from plantings made before or after
April 25 did not vary significantly in olil content,

Among the varieties studied, the seed of the variety
Clark contained a significantly higher percentage of oil in
the seed than Wabash. The varieties Lindarin and Perry
did not vary in oil percentage from that of Wabash. All
the varieties, except Perry, produced seed with highest

percentage of o0il when planted on April 23.
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Table 4. Average percentage of oil in seeds of soybean
varieties planted on four dates in 1966 in the
Bega'a Plain, Lebanon,

Variety Date of planting -
April 8. April 25 May T May 21 Mean
Wabash 2044 2542 18.8 1952 20.9
Lindarin 19,2 gLl 19.7 26 20.4
Perry 21,1 20.4 Zls3 1846 20.4
. Clark 22,3 26.7 21.8 20.0 22, T
Mean 20.8 294 7T* 20,4 1945

*# TIndicates significant difference at 5% level.

Analysis of variance

source T MiS.5. B bbb,

T ST
Rows > 145,.6 1l a4n% |
Columns 3 2leil 298" °
Dates 3 D2 s 2 B21% 2.950 55718
Error (a) 6 8.4 |
Varieties 3 19.8 4,04% 1.59 2.14
Dates x varieties 9 9e5 1.94°
Error (b) 36 4.9

¥ TIndicates P values significant at 5% level.
**%¥ Indicates F values significant at 1% level.



Number of Days to Flowering

The number of days from planting to flowering for
1966 and 1967 are reported in Table 5 and Table 6, respec-
tively. Dates of planting influenced the number of days
from planting to flowering significantly. As the planting
was delayed in 1966 from April 8 to May 21, a delay of 43
days, the average number of days between planting and
flowering were reduced by approximately 24 days. Hence,
with 43 days delay in plenting there was actually only 19
days delay in flowering. In 1967 the delay of 40 days
in planting resulted in a delay of 27 days in flowering.

Significant differences were found among varieties
in the time required from planting to flowering. The time
required to reach flowering stage by Lindarin, Clark and
Perry was significantly shorter than that of Wabash in
both years. Lindarin required the least number of days
for flowering (62 in 1966 and 67.5 in 1967).

Several inveétigators have reported studies showing

a similar trend between dates of planting and flowering

(1, 5y 10, 16, 45, 46},

The differential performance in flowering of different

varieties when planted on different dates was highly signi-

ficant in both years of the study. In 1966 for a delay of
43 days in planting there was a corresponding reduction,

in the time required from planting to flowering, of 26,
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Table 5. Average number of days from planting to flowering
of soybean varieties planted on four dates in
1966 in the Beqga'a Plain, Lebanon.

Variety - Date of planting

April 8 April 235 May 7 May 21 Mean
Wabash 90,0 T8 69.5 4.5 T75.4
hindarin T4.3 65,5 58e5 B1.8 DQa0%E
Perry 85.8 7603 68.5 657 T5 5%
Clark B1.5 69.5 60.8 565 67 o 1%%

Mean B2.9 T1.8%% 64,5%% 59+ 0%*

#% Indicates significant difference at 1% level.

Analysis of variance

Source d.fe. M.Se5, F -~ LeS.Da

: % .
Rows 3 1.83 Be 2%
Columns 3 0. 10 0,45 .
Dates 3 1719.60 T7816.36*%* 042 0,65
Error (a) 6 0,22 Ut s
Varieties o 598,43 1360,07%* 0.49 0,65
Dates x varieties .9 4.98 11352%% 1.54.- 1580
Error (b) 36 0.44 |

r—

* TIndicates F values significant at 5% level.
*¥*%* TIndicates F values significant at 1% level.
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Table 6. Average number of days from planting to flowering
of soybean varieties planted on four dates in
1967 in the Bega'a Plain, Lebanon.
Variety Date of planting -
April 12 April 24 ~May 8  Way 22 Mean
Wabash 88.5 8.3 T9:3 T i 80.9
Lindarin 77.0 693 605 63.0 67 «5%*%
Perry 8743 76,0 13,0 76.0 184 1% %
Clark 79¢3 T2e5 6545 64.8 TO.H%*
Mean 8%.0 T4,.0%* 69.6%* TOae 1%%
** Indicates significant.difference-ét 1% level.,
Analysis of variance
source d.f. M.S.S. B Li.B.D,
e e
Rows > Qs D>
Columns 5 . 0.07 |
Dates 3 611.16 2657,22%% 042 0,63
Error (a) 6 0,23 '
Varieties 3 629,70 1908, 18%* 0,41 0z55
Dates x varieties 9 18473 56 o 76 %* 1,716 1.55
Error (b) 36 4

0.33

*¥% Indicates F values significant at 1% level.



22, 23 ,and 25 days for Wabash, Lindarin, Perry and Clark,
respectively, In 1967 for a 40-day  delay in planting,
the corresponding reduction was 12, 14, 11,and 14 days for

Wabash, Lindarin, Perry,and Clark, respectively.

i

Number of Days to Maturity

The number of days required by different soybean
varieties to mature when planted on different dates in 1966
and 1967 are presented in T%bles 7 and 8, respectively.

It will be noted that, with only a few exceptions, a delay
in planting caused a dela& in maturity of each variety.
However, the delay in maturity was not commensurate with
the delay of planting. For a 43 days delay in planting
(April 8 to May 21) in 1966 and 40 days delay (April 12

to May 22) in 1967, the average maturity of the soybeans
was delayed about 19 days. In other words, for each delay
of two days in planting there was a corresponding delay

in maturity of approximately one day. Various workers have
reported similar results with different soybean varieties
(1, 55 1, 16, 25, 40, 67):

In both years of the study Lindarin proved to be
the earliest maturing variety (114 days in 1966 and 148
in 1967) followed by Clark (135 days in 1966 and 173 in
1967). The varieties'Perry and Wabash were late in
maturity in both years. These results are in agreement

with the findings of Badawi (5) and Farhaduddin (25).

e



Table 7. Average number of days from planting to maturity
of soybean varieties planted on four dates in
1966 in the Bega'a Plain, Lebanon. -

Variety Date of planting

S Apzil 8 . April 23 May 7 May 21 Mean
Wabash 157 .8 149 .5 138.5 132+0 145.9
Lindarin 124.0 1173 113.53 101.5 114, 0%*
Perry 161.5 155.8 144.3 155.5 149 ,.2%*
Clark 1475 137.8 130.5 126 .5 135.6%*
Mean 4T 7 139+ 6%% 151.7%% 125.8%*%

ke

** Tndicates significant difference at 1% level.

Analysis of variance

33

source dils M.8.8. ) Ta Dl
5% 1% _

Rows 3 1.50 Be 0¥

Columns b 0,17 0.61

Dates 5 1677.60 5991.43%% Q447 0,70

Error (a) 6 .28

Varieties 3 3852455 15410, 12%*% Q.37 04,49

Dates x varieties 9 19.84 79.56%% 1,02 1,76

Error (b) 36 .25 3

-

* Indicates F values significant at 5% level.
*%¥ TIndicates F values significant at 1% level.



Table 8, Average number of days from plantihg to maturity
of soybean varieties planted on four dates in
1967 in the Beqga'a Plain, Lebanon.
Variety Date of planting
April 12 April 24 May 8 May 22 Mean
Wabash 19245 18245 186.3 178 .8 185.0
hindarin 159.8 1525 1455 156..3 148 .0%%
Perry 211.8 186.0 197,5 1813 193,2%%
Clark 184 .8 (e T 166.5 1673 1T5.H%"
Mean 187 .2 174, 1%% 172.4%% 165,9%%
¥% TIndicates significant difference at 1% level.
Anglysis of variance
source d;f. M.S.5. B b,
= : i 5% 1%
Rows 3 4.70 4,70 |
Columns > 1440 1,40 _
Dates 3 1277, 40 1277.40%% 0,86 1.30
Error (a) 6 1.00 #5
Varieties > 6196.5 10527 .50%% .55 0.73
Dates x varieties 9 99.0 165, 00%% 1,68 2,12
Error (b) 36 0.6 4

** TIndicates F values significant at 1% level.,

54



Plant Height

The effect of different dates of planting on the
height of four soybean varieties grown in 1966 and 1967
is shown in Tables 9 and 10, respectively. The different
dates of planting made in 1966 did not influence the
average plant heights of soybeans significantly.' However,
in 1967, as the planting was delayéd from April 12 to
May 22 there was a consistent increase in the plant
height from 138.8 cm to 168.2 cm, respectively. The
shortest soybean plants were obtained from the early
plantings while the tallest plants were produced from the
late plantings. The findings of Abel (1) and Caviness (15)
revealed similar trends.

Lindarin produced the shortest plants in both
years (138.5 cm in 1966 and 132.1 in 1967). On the other
hand, Clark was the tallest variety in 1966 (207.3 cm)
while it was near to the short variety Lindarin in plant
height in 1967 (143.7 em). The reason for its excessive
height in 1966 seems to be the higher amount of lodging
observed in this variety during that year. The varieties

Wabash and Perry were intermediate in height;
Number of Pods per Plant

The number of pods per plant of soybeans, as

affected by different dates of planting and varieties in

515



Table 9. Average plant height in cm of soybean varieties
planted on four dates in 1966 in the Beqa'a
Plain, Lebanon.

e B

Variety Date of planting

_April @ Aori)l 29 . Hlay T May 21 Mean
Wabash 202.0 194..5 200.8 174.0 192.8
Lindarin 129.0 141.5 144.5 138.8 138, 5**
Perry 190,5 185.8 202.8 - 170.5 187.4
Clark 205.0 20045 221.8 202.0 207197
Mean “ 181.6 18046 19245 S

* Indicates gignificant difference at 5% level,
%% Indicates significant difference at 1% level.

Analysis of variance

oource de.T, M.S.5. F Lis©ed)s
_ 5% 17
Rows 3 2666 ,6 a2 '
Columns 3 275.6 0.%6
Dates 9 1196.3 1.58
Error (a) 6 157 4
Varieties B 14310, 1 B30 2%% 11,71t 15.89
Dates x varieties 9 250,8 0.94
Error (b) 36 266.4

** TIndicates F values significant at 1% level,

»



Table 10. Average plant height in cm of soybean varieties
planted on four dates in 1967 in the Bega'a
Plain, Lebanon. _

Variety Date of planting
| April 12 April 24 May 8 May 22 Mean
Wabash 149,.5 168.2 167 .1 192.5 169.3
Lindarin 122. 1 i 15842 155.9 132, 1%%
Perry 150. 4 170, 2 174 .6 186.3 170.4°
Clark 1953 159.5 144, 157 .9 1435 T%*
Mean 138.8 152,5 156.0 168, 2%*
«% Indicates significant difference at 1% level.

Analysis of variance
source d.Te NiB.ba B Lisid oD

56 . .1%

Rows 3 970,70 2h 00 |
Columns 3 200,00 N.S.
Dates e 2525.80 5.58%
Error (a) 6 417,10 '
Varieties i 5817470 s 3%%
Dates x varieties 9 151.9 Hels '’
Error (b) 36 399l

¥ Indicates F values significant at 5% level.
**¥ TIndicates F values significant at 1% level.

o
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1966 and 1967 are reported in Tables 11 and 12, respectively.
The various dates of planting did not influence the number
of pods per plant.

In 1966 the varieties Lindarin and Perry had fewer
pods per plant than did Wabash. In 1967, however, all four
varieties of soybeans produced about the same number of
pods per plant.

The dates x varieties interaction was found to be
highly significant in 1966. Wabash produced the greatest
number of pods per plant (48.2) when planted on May 7,
while Lindarin (34.0) on May 21, Perry (52.1) on April 23,

and Clark (46.1) on April 8.
Number of Seeds per Pod

Pables 13 and 14 show the average number of seeds
per pod of soybeans as influenced by planting dates and
varieties in 1966 and 1967, respectively. In 1966 mean
number of seeds per pod was not influenced significantly
by different dates of plenting. However, in 1967, April
24 planting, which gave the highest seed yields, produced
pods with the highest number of seeds per pod (2.58)4
while May 22 planting, which gave the lowest yields, had
pods with the lowest number of seeds on the average (2.15).
Dimmock and Warren (21) also reported that yield differences
were closely correlated with number of seeds produced by a

particular date of planting.



Table 11. Average number of pods per plant of soybean
varieties planted on four dates in 1966 in the
Bega'a Plain, Lebanon.

Variety Date of planting

April 8 April 2% May 7 May 21 Mean
Wabash 48,2 4545 48.3 44,9 46,7
Lindarin 25.4 2845 DR 34.0 30, 0%*
Perry 44,1 58e 1 51.4 25 .9 58 . 4 %%
Clark 46, 1 44.8 591 45.0 4%.8"
Mean 41,0 42,7 T S

e

¥ Tndicates significant difference at 1% level.

Anglysis of variance

source d.1s McD.De B Liaailla

- o% 1%
Rows 3 41.4 N.S.
Columns 3 672 1.15
Dates 5 102.7 s 76
Error (a) 6 5863
Varieties 3 857 .6 13,21%% Beld &5
Dates x varieties 9 192. 1 2.96%% 16.36 21,92
Error (b) 36 64.9 =1

*%* TIndicates F values significant at 14 level,

29



Table 12. Average number of pods per plant of soybean
varieties planted on four dates in 1967 in the
Beqa'a Plain, Lebanon. -
Variety Date of planting
dpril 12 _ . April 24 May 8 May 22 Mean
Wabash 474 48, 1 48.5 44,3 47 « 1
hinderin 53.6 993 565 46.7 43 .9
Perry 586 49.4 49.7 44,0 45 .4
Clark 4%.0 515 44.5 48,3 46 .8
Mean 451 47,1 44,3 45.7
Analysis of variance
source d.Ts M.S.S. i) LieDalo
LT A
Rows 3 T3.4 1.65 |
Columns 3 90.5 2,05
Dates 3 13.9 N.S.
Error (a) 6 44.5
Varieties 3 959 N.8.
Dates x varieties 9 1%24.5 2.62
Error (b) 36 5163




Table 13. Average number of seeds per pod of soybean

varieties planted on four dates in 1966 in the

Bega'a FPlain, Lebanon.
Variety Date of planting

Apridl g . April 2% May 7T May 21 Mean
Wabash 2.48 2.48 2455 2.50 2.45
Lindarin 2.49 2.56 2458 2.59 2HO**
Perry 2.22 el 2492 Pl 2257
Clark 2D 2.55 2.44 2+56 2eH%®
Mean 2.44 2445 2042 2045

* Indicates significant difference at 5% level.
*¥%¥ Indicates significant difference at 1% level.
" Analysis of variance
sSource d.ts M.S5.5. B LeS.D,
| ! oF 8

Rows 2 0.054 2.16 |
Columns 3 0,027 1.08
Dates 3 0.003 N.S.
Error (a) 6 0.025
Varieties 3 0+ 360 2Ha T 1XE .08 Qa1
Dates x varieties 9 0.022 LeD 7'~
Error (Db) %6 0,614
* %

Indicates F values significant at 1% level.
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Table 14, Average number of seeds per pod of soybean
varieties planted on four dates in 1967 in the
Bega'a Plain, Lebanon,
Variety Date of planting
= Aoril 12 April 24 May 8 May 22 Mean _
Wabash 2+ 57 2+43 2.34 2.09 2551
Lindarin 2a53 . 2439 2.39 2+ 14 251
Perry as5t 2.19 2.18 1.92 2, 15%%
Clark 2045 2.49 2.56 2al 2. 47T%%
Mean 2.57 D, 13%*

2ol O

*¥% Indicates significant difference at 1% level.

Analysis of variance

Source d«f. " HES.5, P hatiid.
57 1%

Rows 3 0.020 154

Columns 3 0,023 137

Dates J 0,230 17 ,69%% 0.004 0,006

Error (a) 6 0.013 5

Varieties 3 0,270 18, 00%** 0.004 0,005

Dates x varieties 9 Qo017 Tl

Error (b) 36 0.015

*%¥ Indicates F values significant at 1% level,

42
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Amongst the varieties, Lindarin and Clark produced
the highest number of seeds per pod (2.56 and 2.47) in 1966
and 1967, respectively. Perry produced the lowest number
of seeds per pod (2.23 in 1966 and 2.15 in 1967) in both

years.
Weight of 1000 Seeds

The weights of 1000 seeds of soybean varieties
from various planting dates in 1966 and 1967 are shown
in Tables 15 and 16, respectively. The third date of
planting (May 7 and 8) produced the largest soybean seeds
with an average weight of 189,27 and 189.80 grams per 1000
seeds iﬁ 1966 and 1967, respectively. On the other hand,
the smallest seeds were obtained from the first date of
planting in 1966 and the last planting date in 1967. Soy-
bean seeds intermediate in size were obtained from the other
planting dates.,

The varieties Lindarin, Perry and Clark had larger
seed size than Wabash in both years. With a few exceptions,
the variety Perry had the largest seeds while Wabash pro-
duced the smallest seeds at all the dates of planting. The

findings of Farhaduddin (25) agree with these resultse.
Lodging

In general as the planting date was delayed, a

consistent increase in the number of lodged plants as well
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Amongst the varieties, Lindarin and Clark produced
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planting dates.

The varieties Lindarin, Perry and Clark had larger
seed size than Wabash in both years. With a few exceptions,
the variety Perry had the largest seeds while Wabash pro-
duced the smallest seeds at all the dates of planting. The

findings of Farhaduddin (25) agree with these results.
Lodging

In general as the planting date was delayed, a

consistent increase in the number of lodged plants as well
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Table 15. Average 1000-seed weight in grams, of soybean
varieties grown at four planting dates in 1966
in the Beqga'a Plain, Lebanon.

Variety Date of planting _ |
April B April 23 May 7 May 21 Mean
Wabash 1704775 150 176 .63 175.69 173.64
Lindarin 18%.69 184 .06 18%.06 176 .31 181.78%%
Perry 183.13 191.63 205.50 196,44 194, 18**
Clark 184,25 177.81 191.88 192.63 180.64%%

Mean 180.46 181425 189a27%% 185,27

*¥% TIndicates significant difference at 1% level.

Analysis of variance

source Aot MeSeBe B LiaDele

- ' 5% 1%
Rows 5 45,17 is21
Columns 3 159.25 5.74
Dates 3 265,77 T.08% 5:29 8,01
Error (a) 6 37« 26 '
Varieties 3 1181 5% 29 . 38%* 4,87 B12
Dates x varieties 9 125.51 9.05%% 12,91 17.30
Error (b) 36 40,42 S

*¥ Indicates F values significant at 5% level.
*%¥ Indicates F values significant at 1% level,
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3%.82

Table 16. - Average 1000-seed weight, in grams of soybean
varieties grown at four planting dates in 1967
in the Bega'a Plain, Lebanon.

Variety Date of planting _

April 12 . April 24 . Nay 8 May 22 Mean

Wabash 171,69 17 x4 175.44 167.81 17160

Lindarin  188.38 188,38 187,63. 172.06 184, 11%%

Perry 18%3.50 194.13% 204.94 195.19 195 .94%*

Clark 179,50 179.88 191,19 180,44  182.75%%

Mean 180.77 183.46 189,80%* 178,38

*%* Indicates significant difference at 1% level.

Analysis of variance
Source d L5 M.S.5. TaDul)e
b .10

Rows 5 108.81 254

Columns 3 6,62 N.8. |

Dates 3 587.99 9.06%* 566 8,57

Error (a) 6 42,81 _ o

Varieties 2 1338.59 29,58%% 4,16 5.58

- Dates x varieties 9 114,62 2.59%% 11.79 15,80

Error (b) 36 2

¥ TIndicates F values significant at 5% level.
**¥ 1Indicates F values significant at 1% level.



as in the degree of lodging was observed in this experi-
ment. Considerable lodging was observed in the plots
that were planted on the last date of planting. Plants
from these plots produced many seeds that were discolored
and moldy. The variety Perry showed the greatest amount

of lodging while Lindarin had the least,
Diseases

Seedcoat mottling of the beans was noticed in the
variety Clark in 1966 and 1967. When the mottled seed of
1966 was planted in 1967, the ensuing seed had retained
the mottled character. Cooper and Kennedy (20)

described this disease to be associated with a virus.
Cumulative Day-Degrees

Table 18 (Appendix) shows the cumulative day-degrees
received by the soybean varieties during their growing
periocd in 1966 and 1967.

In both years the highest number of day-degrees
(2774 in 1966 and 3225 in 1967) was received by the first
date of planting. With each subsequent delay 1n planting,
a consistent decrease in the number of day-degrees was
observed.

Perry required the highest number of day-degrees
on all dates while ILiindarin, which produced the best

yields, required the lowest,
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V. SUMMARY AND CONCLUSIONS

The experiment was carried out for two consecutive
years, 1966 and 1967, at the Agricultural Research and
Education Center, Bega'a Plain, Lebanon, to find out the
effect of different planting dates and varieties on various
characteristics of soybeans.

Four dates of planting - April 8, April 25, May 7
and May 21 in 1966 and April 12, AprilI24, May 8 and May 22
in 1967 - and four varieties Wabash, Lindarin, Perry and
Clark were included in this study.

In both years of study, second date of planting
(April 23 and 24) and the variety Lindarin tended to
produce the highest seed yields. Perry in 1966 and Wabash
in 1967 gave the poorest yields. |

Soybeans contained the highest oil content when
plantings were made in the latter part of April, while
May plantings produced the seeds with higher protein per-
centages than the earlier plantings. Among the varieties,
seeds of Lindarin contained the highest protein content,
while those of Clark contained the highest percentage of
oil,

For each two-day delay in planting, there was a
corresponding delay of approximately one day in maturity.

Lindarin was the earliest flowering and maturing variety,
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while Wabash and Perry required the longest time to flower
and mature,

Plant height was affected only in 1967 in which it
increased consistently with the delayed plantings. FPlants
of Lindarin were found to be the shortest in average height
while Clark in 1966, and Perry in 1967, produced the tallest
plants. |

Tindarin and Perry produced fewer pods than Wabash
and Clark in 1966. However, in 1967, different varieties
did not differ appreciably in the number of pods per plant.
Planting time did not exert any significant influence upon
the number of pods per plant in both years of study and
upon number of seeds per pod in 1966. Variety Lindarin,
in 1966 and Clark in 1967, had the highest number of seeds
per pod. Perry contained the lowest number of seeds per
pod.

The third date of planting tended to produce seeds
with the largest size. Among varieties, Perry possessed
the largest seeds.

On the basis of the two-year data fairly satisfactory
soybean yields can be obtained in the Beqga'a Plain, Lebanon
by planting the early maturing variety, Lindarin, during

the later part of April.



4.

A SELECTED BIBLIOGRAPHY

Abel, G.H. Jr. Response of soybeans to dates of
planting in the Imperial Valley of California.
Pereon. do 53, 95, 1961,

Ali, S.M. Effect of spacing of plants between and
within rows on yield and other characteristics
in soybeans. M.S. Thesis. Faculty of
Agricultural Sciences. American University of
Beirut. Beirut, Lebanon. 1962.

Allard, H.A., and W.W. Garner. Response of some
plants to equal and unequal ratios of light and
darkness in cycles ranging from 1-72 hours.

Jd. Agr. Bes. 63, 505, 1941,

Anonymous. DLindarin - a new soybean variety. ©Seed
World. 8%, Neoe. 12, 25, 1958, Cited in Field
Grop Absts., 12, 206, 1959,

Badawi, Y.M. The effect of variety and date of
planting on yield and other characteristics of
soybeans. M.S. Thesis. Faculty of Agricultural
Sciences. American University of Beirut. Beirut,
Lebanon. 1966,

Borthwick, H.A., and M.W. Parker. Photoperiodic
perception in Biloxi soybeans. Bot. Gaz. 100,
Ji14y 1958,

Borthwick, H.A., and M.W. Parker. Photoperiodic
response of several varieties of soybeans. Bot.
Gaz. 101’ 34—1, 1939:

Brown, D.M. Soybean ecology. I. Developmeﬁt—
Temperature relationships from controlled
environment studies. Agron. J. 52, 493, 1960.

Brown, D.M., and L.J. Chapman. Soybean ecology.

II. Development-Temperature relationship
from field studies, Agron. J. 52, 496, 1960.

49



10.

o

12,

13.

~ 14,

~ 15,

: 16.

17 .

18,

- 1Y

20,

P,

Brown, D.M., and C.W. Owen. Effect of photoperiods
on soybean development. Soybean Digest. 21,
1961, Cited in Field Crop Absts. 14, 269, 1961.

Burlison, W.L., and O.L. Whalin. Production and
utilization of soybeans and soybean products in
the United -States. Am. Soc. Agron. J. 24,
HhAd, 1952,

Burtis, B.L. World soybean production and trade.
Soybeans and Soybean Products. 1, 61, 1950,

Camper, H.M., and T.J. Smith. Effects of dates of
planting and width of row on two soybean

varieties. Res. Rpt. Va. Agr. Exp. Sta. 27,
1958, Cited in FPield %rop Abste. 13, 113, 1960,

Cartter, J.L., and E.E. Hartwig. The management of
soybeans. Adv. in Agron. 14, 360, 1962.

Caviness, C.E. When should soybeans be planted.
Arkc, Farm Res., 7, He, 1, 3, 1958,

Caviness, C.E., and P.E. Smith. Arkansas soybean
variety trials 1951-1956. Ark. Agr. Exp. Sta.
Rep. Series 65, 1957,

Caviness, C.E., and P.E. Smith. IEffects of dates and
rates of planting soybeans. Ark. Agr. Exp. Sta.
Rep. Series 88, 1959. .

Caviness, C.E., and H.J. Walter. Performance of
soybean varieties in Ark. Ark. Agr. Exp. Sta.
Rep. Series 105, 1962,

Collins, F.l., and J.L. Cartter. Variability in
chemical composition of seed from different

portions of the soybean plant. Agron. J.
48, 216, 1956,

Cooper, R.L., and B.W. Kennedy. ©Soybean mosaic
linked to seedcoat mottling. Crops and Soils.
Am. Soc. Agren. Publ. 19, 10, 1966.

Dimmock, F., and F.S. Warren. The influence of time
of planting on the yield and composition of

soybean seed. Canad. J. Agr. Seci. 33, 550, 1953,

50



5l

22. Donovan, L.S., H.Marr, and R.B. Carson. Some empirical
relationships between climate and seed quality in
Mandarin (Ottawa) soybeans. Canad. J. Plant Sci,

4Ty 215, 1967.

2%. DBarly, E.B., and J.L. Cartter. Effect of temperature
of the root environmment on growth of soybean
pladtes. dJd. Am. Boe, dAgron. 37, 127, 1945,

24. PF.A.O., Monthly Bulletin of Agricultural Economics and
| Btatisties. 15/4, 20, 1966,

25. PFarhaduddin, K.M. Effect of variety and date of
planting on yield and other characteristics in
soybeans. M.S. Thesis. PFaculty of Agricultural
Sciences. American University of Beirut. Beirut,
Lebanon. 1964, '

- 26, TFeaster, C.V. Influence of planting date on yield
and other characteristics of soybeans grown in
Southeast Missouri. Agron. J. 41, 57, 1949,

2. Fukui, J., Ms Ojima, and I. Watanabe. Effect of
temperature on photosynthesis of soybeans. Proc.
Orop Sels S0ce. dJapan. 33, Ho. 4, 432, 1965,
Cited in PField Crop Absts. 20, 49, 1967.

28. Garner, W.W., H.&. Allard, and C.L. Foubert. 0il
contents of seeds as affected by the nutrition
of the plant, dJ. 2gr. Bes. 3, 227, 1914,

29. Garner, W.W., and H.A. Allard. Effect of relative
length of day and night and other factors of
environment on growth and reproduction in plants.
J. Agr, Bea. 18, 553, 1920,

30. Garner, W.W., and H.A. Allard. Further studies in
photoperiodism, the response of the plant to
relative length of day and night. J. Agr. Res.
25, 871, 1923,

31. Garner, W.W., and H.A. Allard. Photoperiodic response
of soybeans in relation to temperature and other
environmental factors. J. Agr. Res. 41, 719,

1930.

32. Gill, G.S. An investigation of some cultural aspects
of soybeans. Diss. Absts. 24, 11, 1964. Cited
in Mield Crop Absts. 18, 103, 1965.



33.

- 34.

35'

36.

37

38.

29

40.

41.

42.

A3,

44.

45.

Horwitz, W. (Chairman). Official Methods of Analysis.
Assoc. Agr. Chem. Inc. Washington, D.C., 9th ed.,
1960, :

Howell, W.R., and J.L. Cartter. Physiological factors
affecting composition of soybeans. I. Correlation
of temperatures during certain portions of the pod
filling stage with 0il percentage in mature beans.
doren. J. 45, H2b, 1953,

Howell, W.R., and J.L. Cariter. Physiological factors
affecting composition of soybeans. Il. Response
of 0il and other constituents of soybeans to
temperature under controlled conditions. Agron.
Jd. 50, 664, 1958,

Howell, W.R. Physiology of soybeans. Adv. in Agron.
12, 265, 1960,

Johnson, H.W., J.L. Cartter, and E.E. Haritwig.
Growing soybeans. U.S.D.A. Farmers' Bul. 2129,

1959.

Johnson, H.W., and R.L. Bernard. ©Soybean genetics
and breeding. Adv. in Agron. 14, 149, 1962.

Lehman, W.F., and J.W. Lambert. Effects of spacing
of soybean plants between and within rows on
yield and its components. Agron. J. 52, 84, 1660,

Marvin, L.S. How to select a soybean variety. Crops
and Seils. 19, 15, 1966,

Mitchell, H.H. Nutritive factors in soybean products.
Soybeans and Soybean Products. 1, 383, 1950.

Mitrovic, A. Effect of some factors on growth and
yield of soybeans. Arch. Poljopr. Nauke. 19,
No. 65, 46, 1965, Cited in Field Crop Absts.
20, Be. 2, 139, 1967.

Morse, W.J. History of soybean production. Soybeans
and Soybean Products. 1, 3, 1950,

Morse, W.J. Chemical composition of soybean seed.
Soybeans and Soybean Products. 1, 135, 1950.

Osler, R.D., and C.M. Woodworth. The Clark soybean
for Illinois. Ill. Agr. Exp. Sta. Bul. 569, 1953.

52



59

46, Osler, R.D., and J.L. Cartter. Effect of planting
date on chemical composition and growth
characteristics of soybeans. Agron. J. 46, 267,

1954-&

A7. Parker, M,W., and H.A. Borthwick. Effect of photo-
period on development and metabolism of the
Biloxi soybean. Bot. Gaz. 100, 651, 1938.

48. Robinson, R.G., and R.S. Dunham. Preplanting tillage®
for weed control in soybeans. Agron. J. 48,

4‘93! 19560

49, Runge, E.C.A., and R.T. Odell, The relation between
 precipitation, temperature and yields of soybeans
on the Agronomy South Farm, Urbana, Illinois.

Agron. J. 52, 245, 1960,

50. Sakamoto, C.M. Iight relationships in field soybean
communities. Diss. Absts. 26, No. 6, 2945, 1965.
Cited in Field Crop Absts. 20, 50, 1967.

51. Sakamoto, C.M., and R.H., Shaw. Light distribution in
field soybean canopies. Agron. J. 59, 7, 1967.

52. Salib, A.J. Physical and chemical properties of soil
in Beqa'a Plain. M.S. Thesis. Faculty of Agri-
cultural Sciences. American University of Beirut.
Beirut, Lebanon. 1961,

53. Schutz, W.M., and R.L. Bernard. Genotype X environmental
interactions in the regional testing of soybean
streinse. Crop Sel. T, 125, 1967.

54, Schwab, G.0., and others. Research on irrigation of
corn and soybeans at Conesville and Ankevy,
Towa. 1951-1955, Iowa Agr. Exp. Sta. Res.
Bul. 458, 245, 1958, Cited in Field Crop Absts.
12, 166, 19%9.

.55. Shaw, R.H., and C.R. Weber. Effects of canopy
arrangements on light interception and yield

of soybeans. Agron. dJ. 59, 155, 1967.

56. Shee, B.W. Studies on photoperiodism of soybeans.
%, The number of photoperiodic cycles required
for the induction of flowering of soybeans.
J. Agr, Ass. China. 535, 18, 1966, Cited 1in Field
Crop Absts. 20, 140, 1967.



57. Smith, P.E. Planting dates for soybeans. Ark. Farm
Res, 3, No. 4, 3; 1954#

58. Smith, T.J. et al. Soybean performance in Virginia
as affected by variety and planting date. Va,
Aer. hxp. Sta., Bul. 526, 50, 1961, Cited 1in
Field Crop Absts. 14, 268, 1961,

59. Snedecor, G.W. Statistical Methods. Iowa State
College Press. Inc., 5th ed., 1962,

60. Staniforth, D.W. Soybean-foxtail competition under
varying soil moisture conditions. Agron. J.

50, 13, 1958.

61. Staniforth, D.W., and C.R. Weber. Effects of annual
~ weeds on the growth and yield of soybeans. Agron.
Je 48, 467, 1956,

62, Stark, R.W. Environmmental factors affecting the
protein and the oil content of soybeans and the
iodine number of soybean oil., Am. Soc. Agron.
J. 16, 656, 1924.

63. Tang, W.T. ZEffects of different planting seasons and
different localities on the protein and oil
contents of soybean in Taiwan. J. Agr. Ass.
China. 52, 31, 1965, Cited in Field Crop Absts.

20, 139, 1967.

64. Torrie, H.d., and M.G. Briggs. Effect of planting
date on yield and other characteristics of
soybeans. Agron. J. 47, 210, 1955,

65. Uklein, A.I. Experimental cultivation of soybeans
under irrigsted conditions. Zemledeli (Russian).
Agr, B.2.8.R. 25, No. 12, 44, 1961, Cited in
Field Crop Absts. 15, 2, 11, 1962,

66, Van Schaik, P.H., and A.H. Probst. Effects of some
environmental factors on flower production and
reproduction efficiency in soybeans. Agron. J.

50, 192, 1958,
67. Weiss, M.G. Soybeans. Adv. in Agron. 1, 77, 1949,



o5

68. Weiss, M.G., C.R. Weber, L.F. Williams, and A.H. Probst.
Correlation of agronomic characters and temperature
with seed compositional character in soybeans,
as influenced by variety and time of planting,
Agron. J. 44, 286, 1952,

69. Worzella, W.W., S. Abu-Shakra, and H. Nasr. Varietal
and cultural trials with small grains and oil
crops in the Bega'a, Lebanon 1958-1963%, Faculty
of Agricultural Sciences. American University of
Beirut., Publication No. 23, 1, 1964,



I .

56



51

Table 17. Average monthly temperatures and precipitation
at the Agricultural Research and Education
Center, Bega'a Plain, Lebanon, from March to
October in 1966 and 1967 and twelve years
average 1956-1967.
Temperature -C : __Rainfall (mm)
Months 7966 1967 _1956-67 1966 1967  1956-67
March T-0 5«9 719 96,7 16741 62.0
April 11.8 16G.5 11:6 0.0 20,5 2542
May 14,4 5.1 14.8 2.6 54,5 1%.0
June 19,5 17 48 20. 4 0.0 0.0 0.8
July 22.8 20.7 22+ 0,0 0.0 0.0
August Cowil 2045 239 0.0 0.0 0.0
September 20, 1 18+ 3 20,5 0.9 0.0 |
October 1641 15a2 16 o 4 28,0 45.8 1542
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