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Abstract

A field experiment was conducted at Zarzoora Agricultural Re-
search Stalion, EL-Beheira governorate during 1999 and 2000 seasons
to study the effect of five plant densities (70000, 105000, 140000,
175000 and 210000 plants/ fed ) on three soybean cuitivars (G.35 , L.
G.111 and Crawford ) under two sowing dates (May 1%t and May 25”1).
The experimental design was spilt-spilt plot with three replications .The
main resulls of this work could be summarized as follows :

1. Early planting on May 18t significantly increased plant height, weight
of pods and seeds/plant, weight of 100 seeds, seed, oil and protein
ylelds/ fed, but decreased seed crude protein percentage in both sea-
sons. Differences in pods and seeds/plant as well as oil percentage
were significant in one season. However, number of branches/ plant
was not significantly affected by sowing date in both seasons.

2. Plant height, weight of seeds/plant, weight of 100 seeds, seed oil
content and seed, oil and protein yields/fed in both seasons, number
of pods and seeds/ plant and weight of pods/ plant in the first season
only were significantly influenced by soybean cultivars, whereas num-
ber of branches/ plant and seed protein content were not significantly
affected in both seasons.

3. Plant height and protein content were significantly increased by in-
creasing plant population density up to 210000 plants/ fed. While
seed yield/ fed as well as oil and protein yields were significantly in-
creased with increasing density from 70000 up to 175000 plants/
fed in both seasons. All yield components an showed the opposite
trend.

4. Planting date X soybean cultivar interaction signiticantly affected
number of pods and seeds/ plant in the first season, weight of 100
seeds and seed oil % in both seasons. Interaction effects of planting
date X plant density was significant on plant height, number of pods
and seeds/ plant in cne season, weight of 100 seed and seed oil % in
both seasons. Plant height, number of branches/ plant and 100 seeds
weight were significantly affected by the interaction between cultivar
X plant density in the second season. None of the interactions had a
significant effect on seed yield/fed in both seasons.
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INTRODUCTION

The importance of soyhean crop in Egypt as a source of edible oil and cake for
poultry feed is increasing. Raising soybean production per unit area through different
agricultural practices as planting date, plant density, variety and fertilization....etc. is
necessary. Many researchers stated that planting date is an important factor for soy-
bean productivity. Eid et al. (1980}, Ali (1993} and Shafshak et al. (1997) indicated
that delaying sowing date significantly decreased both plant height and seed yield/ fed
as well as weight of 100 seeds.!n addition, Pfeiffer and Pilcher (1987) stated that late
planted scybean on July 3 produced lower yield than did earlier planting on 21 May.
Moreover Pfeiffer and Pilcher (1987), El-Banna et al. (1991), Abdalla et a/.(1993) and
El-Attar and Sharaf (1993) reported that delaying sowing date from 22 April to 6 May
or to 20 May decreased vyield and yield components of soybean. Adam {1983) and
Beaty et al. (1983} found that soybean in optimum date increased oil and protein per-
centage. The differences between soybean cultivars were recorded in plant height
{(Mahmoud 1994), number of branches, pods and seeds/ plant (El-Attar and Sharaf,
1993; Ali, 1993 and Zahou et al., 1994), weight of pods and seeds/ plant and weight
of 100 seeds (Samia et a/.,1993; Shams EI-Din et al, 1997 and Shafshak et al.1997),
and seed yield/ fed (Salama and Ghonema, 1990 and Shams El-Din ef al.,1987). Differ-
ent soybean cultivars recorded variations in seed oil and protein content ( Salama and
Ghonema, 1990 and Shams EL-Din et al, 1997). Many investigators reported that in-
creasing soybean plant density increased plant height and seed yield/ fed (Ablett et al.,
1984; Zahou et al, 1994 and Shams EI-Din et 2/.1997), decreased number of branches/
plant (Board et al,1992), number of pods and seeds/ plant (E!-Attar and Sha-
raf,1993),weight of pods and seeds/ plant (Board et al,1992), 100 seeds weight
Shafshak et al(1997) and Shams El-Din et af {1997} recorded an increase in seed
yield/fed by increasing plant density. Adam (1983) and Ali {1993) found a reduction in

seed oil content and an increase in seed protein content by increasing plant density.

This study aimed at investigating the effect of piant density on some soybean

cultivars under two planting dates.
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MATERIALS AND METHODS

A field experiment was carried out at Zarzoora Experiment Station, Ei- Beheira
governorate during 1999 and 2000 seasons to study the effect of five plant densities
(70000,105000,140000,175000 and 210000 plants/fed on three soybean cultivars
(G.35, G.111 and Crawford) under two planting dates{May 1°! and May 25!"" ).

Treatments were assigned in split-split piot design with three replications. Plant-
ing dates were arranged at random in the main plots, soybean cultivars were devoted
to the sub-plots and plant densities were arranged at random in the sub-sub plots of

3x3.5 m (5 ridges 60 ¢cm apart).

Sail texture of the experimental farm was clay with pHof 7.9 and 2.5 % organic
matter content. Sowing took place on May 15! and May 25!" in 1999 season and on
May 3 rd and May 29 th in 2000 season. Soybean seedlings were thinned to
10,15,20,25 and 30 plants per meter of linear ridge to give 70000, 105000, 140000,
175000 and 210000 piants/ fed respectively. The other recommended agronomic
practices for growing soybean were applied. At harvest a random sample of 10 plants
was taken from each sub-sub plot to determine plant height, number of branches, pods
and seeds/ plant, weight of pods and seeds/ plant and 100-seed weight. Seed yield/

fed was estimated from the three central ridges of each sub-sub plot.

Qil content was determined by using Soxhell apparatus and seed crude protein
content was determined using the modified micro-Kjeldahl's method of the A.O.A.C.
(1970). Protein content was calculated through multiplying the totat nitrogen x 6.25.
Seed oil and protein yields/ fed were calculated by multiplying seed oil and protein per-

centages by seed yield/ fed.

Data were recorded and statistically analyzed according to procedures outiined
by Snedecor and Cochran {1982). Treatment means were compared using the least

significant difference (L..5.D.) at 5% leve! of probability.
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RESULTS AND DISCUSSION

l. Sowing date effects:

Data presented in Table (1) indicated that plant height was significantiy de-
creased with delaying sowing date from May 1st to May 25th in 1999 and 2000 sea-
sons. Also, data in Table (1) revealed a tendency towards the decrease in number of
branches/ plant with delayed sowing in bolh seasons. These results may be due to
longer growing season and favorable environmental conditions for the early sown
plants. This result is in agreement with those obtained by Ei-Banna et al. (1991) and Aili
(1993).

Data in Table (1) revealed that number of pods and seeds/ plant in the first sea-
son only, weight of pods and seeds/ plant as well as weight of 100 seeds were signifi-
cantly affected by sowing date. Sowing soybean on the first date recorded higher val-
ues of these characters compared to the second sowing date. The increases in weight
of pods and seeds/ plant in the first sowing date were due to the favourable effect of
longer growing period on plant height, pods and seeds/ plant. These resuits coincided

with those obtained by El-Banna et al. (1991), Adam {1983) and Ali (1993).

Data in Table (2) revealed that sowing on May 1st significantly increased soy-
bean seed yield/ fed compared to sowing on May 25th in both seasons. Seed yield in-
creases of the first sowing date over those of delayed sowing were 29.18 and 35.60 %
in the first and second seasons, respectively. These increments in seed vield/ fed can
be attributed to the increase in plant height, pods, seeds/ plant, weight of pods,
seeds/ plant and weight of 100 seeds. These results are in accordance with those ob-
tained by Ali (1993), El-Attar and Sharaf (1993) and Shafshak et al. (1997), who re-
ported that high temperature and short day length prevailing during July and August
could be the main reason for the lower seed yield of delay sowing as they reduce plant

height, branches, pod development and in turn seed yield.

Data presented in Table (2} indicated that the delay in sowing date significantly
decreased oil % in the second season and oil and protein yields/ fed in both seasons
Whereas, crude protein % behaved differ in both seasons. Reason in the reduction of oil

and proiein yields/ted because of delaying sowing date seemed to be related to the
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decreased seed yield/ fed. These results agree with those obtained by Adam (1983),
Beaty et al.{1983), Ali (1993} and Shafshak et al. (1997).

[l. Soybean cultivars effect:

Soybean cultivars differed significantly from each other in plant height in both
seasons as shown in Table (1). Tallest plants were recorded by G.111 followed by
Crawford while the shortest plants were produced by G. 35 in both seasons. These dif-
ferences among cultivars in plant height could be due to differences exist in their ge-
netical background structures. Similar results were recorded by Zahou et 2/.(1994) and
Shafshak et a/.{1997).

Number of branches/ plant was not affected by cuitivar in both seasons as
shown in Table (1). Soybean cultivars significantly differed in number of pods and
seeds/ plant and weight of pods/ plant in the first season. Weight of seeds/ plant and
100 seeds weight were significantly affected in both seasons. G.111 variety gave the
highest values followed by Crawford, whereas G.35 gave the lowest values. This is com-
pletely true for each of number of pods and seeds/ plant, weight of pods and seeds/
plant and weight of 100 seeds. The superiority of G.111 may be due to the differences
in genetical make up of the tested genotypes. Many investigators indicated differences
among soybean cultivars in plant height (Salama and Ghonema, 1990), in number of
branches, pods and seeds/ piant (Zahou et al, 1994 and Shafshak et a/, 1937), in
weight of pods and seeds/ plant and 100 seeds weight (Mahmoud 1994 and Shams El-
Din et al,1997).

Seed yield/ fed was significantiy influenced by soybean cultivars in both seasons
as shown in Table (2). Data revealed that G.111 was the highest yielder followed by
Crawford and G.35 in both seascns, Seed yield/ fed of G.111 increased by 10.09 and
5.13 % in the first season and by 17.56 and 10.20 % in the second season over those
of Crawford and G.35. Varietal differences in seed yield were indicated by Salama and
Ghonema (1990}, Zahou et af.(1994) and Shams EI-Din et al.{1997).

There were significant differences among cultivars in seed oil %, oil and protein
yields/ fed in both seasons, whereas seed protein percent was not significantly affect-

ed in both seasons, Similar results were obtained by Mohammed et al. (1993) and



280 EFFECT OF PLANT DENSITY ON SOME SOYBEAN
CULTIVARS UNDER TWO PLANTING DATES

Shams EI-Din et al (1997},

IN. Plant density effects:

Results in Table (1) revealed evidence that plant height was significantly in-
creased by increasing plant density from 70000 up to 175000 plants/ fed in the first
season and up to 21000 plants/ fed in the second season. Such effect may be due to
inter competition between soybean plants for light through the elongation of inter-
nodes, This result is ceinciding with those obtained by Ali (1993), Zahou ef al. (1994)
and Shams EI-Din et al.{1997).

Plant population density effects on all yield components were significant in 1999
and 2000 seasons as shown in Table (1). There was consistent and remarkable reduc-
tion in all seed yield attributes, i.e. number of pods and seeds/ plant, weight of pods
and seeds/ plant and 100 seed weight with increasing plant density from 70000 up to
210000 plants/ fed. These results may be due to competition among plants for light
intercepted by foliage, nutrients and water absorbed by the root system. These resuits
are in agreement with those obtained by EI- Attar and Sharaf(1993) Abdalia et al.
(1993) on number of branches and pods/ plant Zahou et al.{1994) on weight of pods
and seeds/ plant ; Adam(1983) and Board et al (1992), Abdalla et al1993) on
weight of 100 seeds.

Conceming seed yield/ fed, data in Table (2) showed that seed yield/ fed was
significantly increased with increasing plant density from 70000 up to 175000 plants/
fed in both seasons. The increases in plant density from 70000 up to
105000,140000,175000 and 210000 plants/ fed increased seed yield/ fed by 41.68,
85.72, 101.21 and 69.95 %, respectively in the first season and by 23.03, 64.43,
79.59 and 51.52 %, respectively in the second season over that of 70000 plants/fed.
The superiority of 175000 plants/ fed in seed yield/ fed may be due to the great light
interception during the vegetative and reproductive periods as reported by {(Board et
al., 1992). These results are in agreement with those obtained by Zahou et al, (1994)
and Shafshak et al{1997) who reported that increasing number of plantsup 1o

175000 plants/ fed recorded the highest soybean seed yield/ fed.



EL-DOUBY, KA. et al. 281

Data in Table {2) indicated that seed oil and protein contents were significantly
affected by plant popuiation density in both seascns. Seed oil content took the nega-
tive trend of plant density, whereas seed protein content behaved positively in both
seasons. Similar results were obtained by Ali (1993) and Shams EI-Din et af, (1997). Qil
and protein yields/ fed behaved positively with seed yield/ fed in both seasons (Table
2). These results coincided with those obtained by Ali (1993) and Shafshak et al.
(1997}.

VI]. interaction effects:

Table (3) revealed that number of pods and seeds/ plant in the first season and
weight of 100 seeds and seed oil content in both seasons were significantly influenced
by the interaction between sowing date X soybean cultivar. The highest values of these
mentioned characters were obtained from G.111 cultivar sown on May 1st. In contrast,
sowing G. 35 cultivar on May 25 gave the lowest vaiues of pods and seeds/ plant in
the first seasen, 100 seed weight in the second season and seed oil content in both

seasons.

Plant height in the first season, number of pods and seeds/ piant in the second
season, weight of 100 seeds and seed oil content in both seasons were significantly in-
fluenced by the interaction between planting date X plant population density as show in
Table (4). Plant density of 210000 plants/ fed .gave the tallest plants in the first sow-
ing date. On the other hand, the shortest piants were obtained from the population of
70000 piants/ fed under the second sowing date. Moreover, number of pods and
seeds/ plant and weight of 100-seeds as well as seed oil content were significantly af-
fected by the interaction between sowing date X plant population density. The maxi-
mum values of these characters were obtained from 70000 plants/ fed in the first
sowing date and the minimum values were recorded with 210000 plants/ fed when

soybean planted on May 25th .

Resuits in Table (5) revealed that plant height, number of branches/ plant and
weight of 100 seeds were significantly affected in the second season. The tailest
plants were recorded with G.111 under 210000 plants/ fed, whereas the shortest
plants were obtained from G.35 under 70000 plants/ fed. Number of branches/ plant
and weight of 100 seeds gave the highest values with G.111 X 70000 plants/ fed,
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whereas the lowest values for these characters were recorded with G.35 at 210000
plants/ fed. Seed yield per feddans was not significantly affected by any of the interac-

tions,

it could be conciuded that the highest seed yield can be obtained from planting
on May 1st at a population density of 175,000 plants/ fed and G.111 genotype can be

recommended for Behiera Governorate.



Table 1. Effect of sowing date, cultivar and plant density on some growth characters and yield components of soybean in 1999 and
2000 seasons.

Plant height No of branches/ | No of pods/ No of seeds/ | Weight of pods/ | Weight of seeds/ { Weight of 100-

plant plant plant plant plant seed
Treatment {cm} (g} {9} (9)
1999 | 2000 | 1999 | 2000 | 1999 {2000 1999 | 2000 | 1999 | 2000 [ 1999 | 2000 | 1999 { 2000
Sowing date
May 1 92.53[ 9855 | 2.58 | 2.44 |51.44]4593[151.48|140.08| 442 | 4248 | 25.3 | 24.66 | 16.65 | 16.97
May 25 " 846 8486 245 | 2.34 |47.53|42.84]139.66(135.55| 37.8 | 36.62 | 22.85 | 22.09 | 16.26 | 16.52

L.5.D at 5% level 593 | 12.47 [ NS. NS {247 | NS | 5.71 NS 555 | 5.51 2.49 2.4 0.26 0.38
Soybean cultivars

G. 35 §6.331 82.66 | 2.44 2.33 | 46.8 | 44.431137.831 137 38.8 | 38.37 | 22,67 | 22.85 | 16.36 | 16.52
G. 111 91.06) 98.23 { 2.58 2,45 |52.06]44.06]153.23) 139.33| 43.53 | 40.6 |25.061] 24.1 16.63 [ 17.01
Crawford 88.3 | 94.23 { 2.53 2,36 | 49.6 | 44.66] 146.66 ] 137.13| 40.66 | 39.33 1 23.095] 23.19 | 16.37 [ 16.71

L.5SD.at5 % level | 4.04 | 3.21 N.S NS | 235] NS | 0.67 NS 2.52 N.S 1.21 0.69 j 024 0.11
Plant density
70000 plants/ fed. [79.88| 79.61 | 3.08 | 2.97 | 60 |46.61/176.38| 146 | 51.11 ] 43.94 | 30.03 | 25.63 | 17.01 | 17.52
105000 plants/ fed. [ 83.83| 85.88 | 2.82 | 2.76 |55.27| 47 |162.61]143.38] 46.61 ] 41.77 | 27.36 | 24.65 | 16.8 | 17.18
140000 plants/ fed. | 88.11) 91.94 | 2.57 | 2.36 |49.16]45.94]146.83]140.83] 41.22 ) 40.72 | 24.07 | 23.95 | 16,48 | 16.75
175000 plants/ fed. 193.05]198.44 1 217 | 2.11 |43.77742.83] 129 )134.27] 35.33 } 38.16]120.86 { 22.71 1 16,19 | 16.33
210000 plants/fed. [86.931102.66] 1.97 1.7 139.22137.551114.05} 12461} 30.72 1 33.16 | 18.04 | 19.94 | 1578 | 15.93
L.5.D. at 5 % levet 232 215 0.1 0.1 1.5 [ 1651 4.08 | 3.29 1.47 | 1.62 { 071 0.47 0.1 0.09
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Table 2. Efifect of sowing date, cuitivar and plant density on soybean seed ,0il and pretein yields/fed and seed oil and

protein content in 1999 and 2000 seasons .

Seed yield/fed. Ol Oil vield/ fed Protein Protein yield/fed
{k % (kg) % (kg)

Treatment 1999 2000 1999 | 2000 { 1999 L2000 1999 { 2000 | 1999 | 2000
Sowing date
May 1 th 1443.4411324.42120.43[21. 011294, 89]265. 01|36. 60137, 01(534. 21[490. 16
May 25 th 1117.33] 976.66 | 20.18] 19.76 |255. 47[192, 98|37. 60{38. 66]420. 11|377. 57
L.5.D at 5% level 93.61 210.69 [N.S. .]1.08 }23. 70 [59.63 1 1.19 | 1. 09 ]52. 18 ) 40. 31
Soybean cultivar.
G. 35 1220.16] 1064.5 | 19.44120.38)241.25)} 215.53} 36.75) 37.65] 443.47 ) 395.93
G. 111 1343,33] 1251.5 [ 20.84| 20,77 273.53; 257.9 | 37.11} 38.1 | 500.4 1 478.73
Crawford 1277.6611135.36 120,63 [20.021258.59225.99| 37 |[37.671494.54] 435.4
L.S.D. at 5 % level 53.18 82.569 | 0.76 | 0.63 | 10.62 | 16.16 | NS NS | 23.33 | 41.77
Plant density
70000 plants/ fed. 801.66 | 800.55 [ 21.15(21.591166.781173.13§36.22] 36.641290.361 293.32
105000 plantg/ fed. | 1135.83| 984.94 | 20.77120.82[ 236,01 | 206.33|36.56| 37.271415.25| 367.08
140000 planis/ fed. } 1488.88[1316.38|20.26]20.35| 298,66 | 267.88136.95| 37.87 | 550.14 | 498.51
175000 plants/ fed. | 1613.05]1437.77 | 19.86] 19.471320.35| 285.54 | 37.31 | 38.46 | 601.82 | 552.96
210000 plants/fed. 1362.5 | 1213.05119.49119.35|1265.551234.72137.72138.781513.93470.42
L.S.D. at 5 % level 39.83 45.6 0.24 | 029 | 10.96 | 10.36 | 01 0.26 | 4.03 14.54
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Table 3. Some soybean characters as affect by the interaction between planting date X cultivar in 1999

and 2000 seasons.
Noof | Noof |Weight| Weight Qil Oil
Treatment pods/ | Seeds/ | of 100{ of 101
plant { plant | seeds seeds
(9) (9) % ) %
Planting date Soybean cultivar cultivars | 1998 | 1999 1989 2000 1999 ) 2000
May 1 st G. .35 49.86 | 146.33| 16.51 16.71 19.94) 21.25
G. 111 53.33 ] 157.46] 16.78 17.22 120.82}21.31
Crawford 51.13 | 150.66 | 16.66 16.98 {20.5420.49
Mean 51.44 | 151.48116.65 16.97 20.43121.01
May 25 th G. 35 43.73] 129.33] 16.22 16.32 19.98 | 19.51
G. 111 50.80 | 149.00] 16.48 16.80 | 20.42]20.23
Crawford 48.06 | 140.66 | 16.08 16.45 | 20.14] 19.55
Mean 47.563 ] 139.66| 16.26 16.52 20.18| 19.55
L.S.D at 5 % level 3.30 8.55 0.09 0.15 1.07 | 0.90

18 18 Y'Y 'AGN0a-13
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Table 4. Some soybean characters as affecied by the interaclion between plant density x sowing date in 1999 and 20

Plant No of pods/ No of Weight Weight Oil Oil
height plant seeds/ of 100 of 101
Treatment plant seads seeds
_{cm) (@) (@) % %
Planting date Plant density 1999 2000 2000 2000 1999 1989 2000
May 1 st 70000 plant/fed 83.33 49.00 147.33 17.14 26.27 21.38 21.82
105000 piant/fed 85.00 47.66 144.55 16.97 25.30 21.02 21.28
140000 piant/fed 89.22 47 17 142.77 16.74 24.38 20.38 20.81
175000 plant/fed 94.89 45.44 136.77 16.46 23.54 19.88 21.00
210000 plant/fed 100.22 40.44 129.00 15.94 20.82 19.88 19.92
Mean 90.53 45.94 140.08 16.65 24.06 19,50 20.76
May 25 th 70000 plant/fed 78.44 48,22 144.66 16.88 25.00 20.81 21.36
105000 plant/fed 82.66 46.33 142.22 16.63 24.01 21.53 21.55
140000 piantfied 87.00 44.77 138.88 16.23 23.52 20,13 19.88
175000 plant/ied 91.22 40.22 131.77 15.82 21.88 19.84 19.48
210000 plant/ted 95.66 34.66 120.22 15.62 19.06 19.48 18.78
Mean 86.59 42.84 135.65 16.25 22.69 20,17 20.01
LS.D at 5 % level 3.29 2.34 4.66 0.14 0.13 0.34 0.41

98¢
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Table {5): Some soybean characters as affected by the interaction between genotype x plant density in

1' 18 Yy ‘ABN0Aa-13

1989 and 2000 seasons.
Characters Treatment Piant height (cm)| No. of branches | Weight of 100-seeds
! plant (g)
Soybean Piant density 2000 2000 2000
cultivar
G. 35 70000 plant/fed 72.66 2.88 17.21
105000 plants/fed 79 2.71 16.88
140000 plants/fed 82.33 2.3 16.51
175000 plants/ied 87.33 2.11 16.18
210000 plants/fed 92 1.66 15.8
Mean 82.66 2.33 16.51
G. 111 70000 plants/fed 85.83 3.15 17.85
105000 plants/fed 91.16 2.9 : 17.5
140000 plants/fed 98.66 2.64 17.05
175000 plants/fed 105.5 2.08 16.55
210000 plants/fed 110 1.66 16.11
Mean 98.23 2.45 17.01
Crawford 70000 plants/fed 80.33 2.9 17.51
105000 piants/fed 87.5 2.68 17.18
140000 plants/fed 94.83 2.35 16.7
175000 plants/fed 102.5 2.13 16.28
210000 plants/fed 106 1.76 15.9
Mean 94.23 2.36 16.71
L.S.D. at 5 % level 3.1 0.15 0.13

i8¢
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