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ABSTRACT

Two field experiments were conducted during 2001 and 2002 seasons in
the Agnicultural Farm of Suez Canal University at Ismailia to study the effect of
two planting distances between hills i.e. 10 and 15 cm and theee numbers of
plants per hill, namely two, three and four plants per hill on yield, its components
and yield quality of three soybean varieties, Giza21, Giza82 and DR101.

The results showed that Giza2l variety significantly surpassed the other
varieties in plant height, number and weight of pods and seeds /plant, 100-seed
weight and seed, straw and biological yields per fad as well as seed oil and
protein yields/fad. Giza82 variety recorded the highest seed oil and protein
percentages.

Increasing plant population density through decreasing planting. distance
from 15 10 10 cm and/or increasing number of plants per hill from two o Haee
and four plants consisienily and significantly increascd plant height, seed protein
percentage and sced, straw and biological yields/fad as well as seed oil and
protein yickds/fad. The reverse was true regarding the yicld atiributes; usmber of
branches. pods and sceds/plant, weight of pods and seeds/plant and 100-seed
weight as well as sced oil percemtage where the highest values weresrecosded with
the lowest plamt density achieved by sowing in hills spaced [5 cm apast andéor
leaving two plants per hill.

However, the highest secd yield per fad was obtained by sowing four
plants of Giza2} variety in hills spaced 10 cm apant.

INTRODUCTION

Soybean (Glycine max *L."Merr.) is one of the most important crops in
the world as a source of vegetable oil and protein. Its seed protein is the best
nutritional available plant protein sources, because it contains ali essential amino
acids. The otal production of soybean in Egypt is still far below its requirements.
So, hard cfforts should be undentaken 10 increase the area under the crop as well
as 1o improve its productivity and seed oil and protein contents through applying
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optimum cultural practices as suitable plant population density as well as growing
high yielding varieties.
Several researchers mentioned that soybean vaneties showed differences
in plant height, number of branches, pods and seeds/plant, weight of pods and
seeds/plant, 100-seed weight and seed, straw and biological yields/fad as well as
seed oil and protein percentages and their yiclds (El-Attar, i1992; Sharaf and
Salwau, 1992; Hassanein and Ahmed, 1996; Shafshak ef o/, 1997; Shams E!-Din
et al., 1997, El-Karamity, 1998; Kahii, 1998 and El-Metwally, 1999).

With respect to the effect of plant population density on soybean crop,
El-Sheikh (1981) studied two plant spacings 10 and 20 cm with 1, 2 and 3
plants/hill on soybean and revealed that sowing soybean plants in hills of 10 cm
apart with two plants/hill gave the highest seed and straw yields/fad as well as
seed protein content. But the tallest plants were obtained at plant distance of 10
cm apart with three plants/hill. However, maximum number of branches and
pods/ptant were achieved by sowing in hills 20 cm apart with one plant/hill,
Abul-Naas et al. (1986) recorded that increasing the distance between soybean
plants from 2.5 to 10 cm on rows 60 cm apart increased number of pods and
secds/plant, 100-seed weight, seed weight/plant and seed oil percentage. Sowing
plants at 5 cm apart, produced the highest seed yield/fad and seed protein
percentage. El-Karamity (1988) found that over planting distances, plant height as
_well as biological, seed and straw yields/fad were increased with sowing two
plants/hill compared to one plant/hill. One plant/hill produced higher number of
branches and pods/plant and seed oil percentage. Salamah et a/. (1988) evaluated
the inflyence of one and two plants per hill and three planting spaces between
hills i.e. 5, 10 and 15 ¢ on soybean and stated that seed, straw and biological
yields per fad were increased by decreasing the distance between hills from 15 to
5 cm and Jeaving two plants per hill. While seed weight/plant and seed oil content
were increased with increasing planting distance from 5 to 15 cm and sowing one
plant per hill. Zeyada et af. (1988) reported that soybean seed yield/fad was
_increased with sowing two plants/hill compared to one plant/hill, but the yield
components i.¢. number of pods/plant, seed weight/ptant and 100-sced weight
were decreased. That was true over planting distances between hills, Ali (1989)
studied four plant densities i.¢. 105, 140, 175 and 210 thousand plants/fad and
demonstrated that increasing plant density reduced number of branches, pods and
sceds/plant, seed weight/plant and seed oil percentage, but increased plan( height,
seed protein percentage and sced, protein and oil yields/fad. The maximum seed
yield/fad was obtained at plant density of 175 thousand plants/fad. El-Anar
(1992) studicd the effect of four numbers of soybean plants per meler {10, 15, 20
and 25 plants per meter) of row 60 cm apart providing plant populations of 70,
105, 140 and 175 thousand plants/fad. It was found that decreasing plant density
increased numnber of branches and pods/plant, sced weight/plant and 100-seed
weight, while plant height and seed yield/fad were decreased. Mohamed (1994)
studied 35, 70, 105, 140 and 175 thousand planis/fad and found that increasing
plant density increased plant height and seed, straw. oil and protein yields/fad as
well as seed protein percentage, while number of branches, pods and seeds/piant.
seed weight/plant, 100-sced weight and seed oil percentage decreased. Shafshak
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ef al. (1997) studied the effect of intra row spacings 5, 10, 15, 20 and 25 plants
per meter of linear ridge 60 cm apart, resulting in plant population densities 35,
70, 105, 140 and 175 thousand plants per fad on soybean. They revealed that
plant height, sced protein percentage and sced, protein and oil yields/fad were
significartly increased with increasing plant densities, while number of branches
and pods/plant, seed weight/plant, seed index and seed oil percentage were
decreased. Shams El-Din 21 al. (1997) showed that increasing plant density from
93333 up to 280000 plants/fad significantly increased plant height, sced protein
percentage and seed, oil and protein yields/fad while number of branches and
pods/plant, seed weight/plant, 100-secd weight and seed oil percentage were
significantly decreased. Abu-Zaid (1998) evaluated plant population densities 93,
140, 186 and 280 thousand plants/fad and stated that plant height, seed and straw
yields/fad as well as seed protein percentage were increased with increasing plant
population density, while number of branches and pods/plant, 100-seed weight,
seed yield/plant and seed oil percentage were increased with decreasing plant
densities, Salem et al. (2000) studicd the response of soybean to four plant
densities i.e. 93333, 140000, 186666 and 280000 plants/fad and found that
increasing plant density from 93333 to 280000 plants/fad significantly increased
plant height and sced, straw, oil and protcin yields/fad whereas number of
branches and pods/plant and seed index were reduced.

MATERIALS AND METHODS

Two field experiments were conducted during 2001 and 2002 seasons at
the Agricultural Experimental farm of Suez Canal University at Ismailia to study
the effect of planting density as planting distances between hills and number of
planis per hill on growth, yield, yield components and seed quality of three
sovbean varieties.

The soil of the experiments was sandy, with pH values of 7.83 and 7.74
and contained 15.8 and 18.3 ppm available N, 1.92 and 1.96 ppm available P,
13.5 and 16,85 ppm available K and 0.076% and 0.088% organic matter in the
first and second seasons. respectively.

The split-split plots design with four replications was used in every
experiment which included 18 treatments resulted from the following: -
A-Varieties:-

Al- Giza82: maturity group I11 (growth scason 90 days).
A2- Giza2l: maturity group IV (growth scason 125 days).
A3- DR101: maturity group V (growth scason 140 days).
B- Planting distances between hills:-
B1- 10 cm.
B2- 15 cm.
C- Number of plants per hill:-
Cl- Two plants /hill resulting 140000 and 93333 plants/fad with planting
distances 10 and 15 cm, respectively.
C2- Three plants/hill resulting 210000 and 140000 plants/fad with planting
distances 10 and 15 cm, respectively.
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C3- Four plants/hill resulting 280000 and 186666 plants/fad with planting
distances 10 and 15 cm, respectively.

The varieties were allocated randomly ir the main plots, while planting
spacings between hills were arranged randomly in the sub plots and number of
plants per hiil were distributed at randoin in the sub sub plots. Each experimental
sub sul:)2 ptot consisted of 5 ridges, 4.2 meter in length and 60 cm in width, i.c.
126 m”,

Calcium superphosphate fertilizer (16% P,Os) was applied at the rate of
200 kg/fad during preparing experimental soil.

Seeds of soybean were inocutated with the specific Rhizobium and sown
at one side of the ridges on May 24 and 15 in the first and second scasons,
respeciively.

A starter dose of 30 kg N/fad of ammeonium sulphate (21% N) and 75
kg/fad of potassium sulphate (48% K;0) were added to the soil afier thinning.
Afier 19 days from sowing plants were thinned at the previous densities.

The normal cultyral practices for growing soybean crop at Ismailia
Governorate were {ollowed.

At harvest, ten guarded plants were taken randomly from the inncr
ridges in each sub sub plot to determine plant height (cm), number of branches,
pods and seeds per plant, weight of pods and seeds per plamt (g) and 100-seed
weight (g). Seed. straw and biological yiclds (kg/fad) were determined from the
plants of the two inner ridges in each plot and the yields per fad were calculated.

Seed oil content (%) was determined by using the Soxheht continuous
extraction apparalus with petroleum ether as an organic solvent according to
AO.AC. (1975). Seed oil yield per fad was calculated by multiplying oil
percentage and seed yield per fad. Seed crude protein content (%) was determincd
as a total nitrogen (%) of the sceds vsing the modified micro Kjeldah) apparatus
according to the method described by A.Q.A.C. (1975), then the obtained values
were multiplied by 6,25 as used by Tripathi e a/. (1971) and seed protein yield
per-fad was calculated by multiplying sced protein percemtage and seed yicld per
fad.

Data obtaincd were statistically analyzed according to procedures
outlined by Snedecor and Cochran (1982). The combined analysis of variance
was performed for the data of the two scasons. Mcans followed by the same
alphabetical letters are not statistically different according to Duncan’s Multiple
Range Test at the 5% level of significance (Duncan, 1955).
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RESULTS AND DISCUSSION
A — Effect of varicties:-

Data in Table (1) reveal that the two varieties Giza2l and DRI101
produced the tallest plants without significant differences between them in the
second season and in the combined data. While Giza82 variety gave the shortest
plants and differed significantly as compared with the two mentioned varieties in
both seasons and over them. These results are in agrccmcnt with those reported
by El-Attar (1992) and El-Karamity (1998).

The highest number of branches/plant was produced by DRI01 variety
followed by Giza2l followed by Giza82 and the differences among the three
varieties were significant in the two seasons but in the combined data the
differcnce between Giza2] and Giza82 did not attain the statistical significance
(Tablc 1). Similar results were obtained by Sharaf and Salwau (1992} and
Shafshak er al. (1997).

It is clear from Tables (1 and 2) that there were significant variations
ameong the grown soybcan varictics in nwwber and weight of pods and
seeds/plant. The tested varieties could be arranged in a descending order with
regard 1o aforcmentioned (raits as follows: Giza2l, DRI0O1 and Giza82 with
significant differenccs between the threce vareties in both seasons and the
combined data. Such differences among sovbean varieties may be due to their
different genetic constitutions and their response to the prevailing environmental
conditions. These results are confinmed with those recoded by Hassanein and
Ahmed (1996) and Kahi! (1998).

The data in Table (3) show that GizaZl vanety gave the heaviest 100-
seed weight as compared with DRI101 and Giza82 varetics, respectively with
significant differences between the three varieties. That was true in the both
seasons and their combined average. Similar results were reported by El-Attar
{1992) and El-Melwally (1999).

The results presented in Table (3) reveal significant differences among
the tested soybean varieties in seed yield/fad where Giza2l varety exhibited
significant increase in seed yield/lad compared 10 DR101 which in turn surpassed
significantly Giza82 in this respect in both seasons and the combined data.
Giza2| varicty outyielded DR101 and GizaB82 varicties by 18.08% and 32.04% in
the first scason, 25.02% and 42.35% in the second season and 21.79% and
37.50% in the combined data. respectively. Moreover, DRIOI - variety
significantly surpassed Giza82 in seed yicld/fad by 11.82%, 13.86% and 12.90%
in the two scasons and over them, respectively. Such results were expected, since
Giza2l vanety developed more pods and seeds/plant as well as greater seed
weight/plamt and heavier 100-seed weight which subsequemly increased sced
yicld per fad These resulis are in conformity with those reported by Shazaf and
Salwau (1992). Shafshak er al. (1997), Shams El-Din ef al. {1997), EMHKaramity
(1998) and El-Metwally (1999).



Table (1): Effect of varieties, distances between- hills-and number of plants per hill on plant height,mberif branches/
plant and number of pods/

Treatments

iant of sovbean.
Plant height (cm)

No. of branches/ plant

No. of pods/ plant

2001

2002

T Comb.

2001

l

2002

| Comb.

2001

[ 2002 1‘

Comb.

| Varieties (V)

Giza 21

5441 a

60.00 a

ST20A

163b

207y

1358

38.08a

43.50 a

Giza 82

4700¢

49.00b

43.00B

1.35¢

163 ¢

1.49B

31.58¢

36.58¢

DR10}

51.50b

5583a

33.66 A

- 222a

283a

232A

35.16b

39.16b
L

F. test

*

%

*

]

*

*

. Distances between hills {D)

10 cm

55.38a

5866a

5702A

1.58b

2.02b

1.30B

32.16b

37.380

15cm

46.55b

51.22b

48.33B

189%9a

232a

2.11A

37.72a

42.11a

F. test

*

*

*

&

*

]

*

i Number of plants/ hill (P)

2 plants

43.58 ¢

4866 ¢

47.12C

1.99a

242a

220A

38.662

44.83a

3 plants

51.00b

55.00b

53.00B

1.70b

2.15b

1.92B

34500

40.00b

4 plants

61.16 a

58.75A

1.51c¢

1.95¢

1.73C

3l.66¢c

344l1c¢

F. test

*

]

*

*

*®

*

YxD

NS

NS

NS

NS

NS

NS

NS

VxP

NS

NS

NS

NS

NS

*

NS

DxP

*

NS

*

NS

NS

NS

NS

NS

NS

NS
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Table (2): Effect of varictics, distances between hilk #nd aumber of plants per hill on mumber of seeds/ plant, weight of pods/
Iant and wel ht of seedy/ pi ' )

) Tmmms

“No. of seedy/ plant

aht of |

2001

I

2002 | Comb.

2002

vplant (g)

Comb.

200

2002

Varmtnes (V)

Giza 21

61.91 a

77.00a

69.45 A

20.14a

17.97A

8.082a

10.26 a

Giza 82

45.08¢

6483¢

34.95C

1263 ¢

10.63 C

483¢

1.27¢

DR101

54.58b

69.00b

61.79B

15.50b

13.89B

647b

8.27b

F. test

*

*

L

*

*

*

Distances between hills (D)

10 cm

48.61b

66.11b

57.36 B

14.27b

12.58B

575b

7.78b

15 cm

59.11a

7444 a

66.77 A

17912

1575 A

7.18a

942a

F. test

»

*

*

L

Number of plants/ hill (P)

2 plants

60.41 a

78.752a

69.58 A

19.87a

17.19 A

7.80a

10.53a

3 plants

53.33b

70.58b

61.95B

15625

13.84 B

633b

8.46b

4 plants

4783 ¢

61.50¢

54.66 C

12.79¢

i147C

525¢

681c

F. test

L]

[

L]

*

*

L 3

yxD

NS

NS

NS

NS

N§

NS

VXP

*

N§

NS

*

NS

*

DxP

NS

NS

NS

*

NS

*

~VxDxP

NS

NS

NS

NS

N§

[REL  **° * aapuy) SoSUDA upaq,fos mﬂfo a:mnuuoﬁad



Table (3): Effect of varieties, distances betvwel hills and nmﬁber of plants per hill on 100-seed weight, seed yield/ fad and straw
vield/ fad of sovbean.

100-seed weight (2)

Treatments

Seed vield a) B

Straw vield

ad)

2001

[~ 2002 | Comb.

2001

!

2002

| Comb.

2001 |

2002

Comb,

| Varieties V)
|  Giza2l

1236 a

13.61 a

1295 A

928.16a

1124.50 a

1026.33 A

1899.252a

222200 a

2060.62 A_|

Giza 82

10.35¢

11.30¢

10.82C

70291 ¢

789.91¢

74641 C

1416.50 ¢

1624.41 b

152045B |

DR101

11.40b

243D

11.92B

786.00b

899.41b

342.70B

1570.66 b

1776.66 b

1673.66 B

F. test

*

*

L

*

*

*®

)

*®

*®

Distances between hills (D

10 cm

1091 b

11.9tb

11418

876.72a

1040.50 a

958.61 A

1766.72 a

2052.94a

15 cm

11.83a

13.00a

1241 A

73466 b

835.38b

785.02 B

1490.88 b

1695.77b

1909.83 A |

1593.33 B

F. test

x

*

¥

®

*

*

*

| Number of plants/ hill (P)

2 plants

T 1234a

687.66 ¢

802.00¢

74483 C

1401.66 ¢

1633.91 ¢

151779 C

3 plants

11.31b

823.00b

968.50 b

895.75B

1643.33 b

1938.50 b

179091 B |

4 plants

10.46 ¢

906.41 a

104333 a

97487 A

1841.41a

2050.66 a

F. test

*

*

*

»

194604 A |

*

VD

NS

NS

NS

NS

NS

NS

VP

NS

NS

NS

Dxp

NS

NS

NS

NS

*

NS

NS

$00Z ‘(F)SF 194 “doyopysopy ‘o8 o1y Jp spuny
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As shown in Tables (3 and 4) significant variations were detected among
the tested soybean varieties in straw and biclogical yiclds/fad. The highest values
were produced from Giza2l variety which significantly differed with the other
varicties. While DR10} variety ranked the second, whereas, Giza82 variety
ranked the third without significant differences between them in the second
season and combined data. The superiority of Giza2] variety in biological
yield/fad might be due to that it produced higher seed and straw yields per fad.
These results are in accordance with those found by Hassanein and Ahmed (1996)
and Kahil (1998).

It is clearly evident from Table (4) that seed oil and protcin contents (%)
appeared to differ significantly among the tested soybean varicties where Giza82
variety was the leading varicty followed by DR101 variety, while the lowest
valucs were obtained for Giza2l with significant differences among the threc
varieties, and that was true in both seasons and their combined averages. These
results are in a good line with those reported by Hassanein and Ahmed (1996),
Shafshak ef al. (1997) and El-Karamity (1998).

Data recorded in Table (5) show that the variations between the grown
soybean varictics in oil and protein yields/fad were significant. Giza2l variety
outyielded significantlty DR101 and Giza82 varictics, which did not differ
significantly from cach other in the two seasons and over them except that the
difference between these two varielies in oil yield/fad in the second season was
significant. The superiority of Giza2] variety in oil and protein yields/fad might
be due 1o its high seed yield/fad. Similar results were obtained by Shafshak et al.
(1997), Shams EI-Din et o/ (1997) and Kahil (1998).

B - Effect of plapting distances between hills:- -

Data in Table (1) indicale that planting distance had significant effect on
plant height. Increasing plant population density by decreasing disiance between
hills from 15 to 10 cm significantly increased plant height in both seasons and
over them. These results might be due to higher competition among plants for
light in dense plant population, resulting in elongation of internedes and
consequently gave taller plants. Similar results were reported by Ei-Attar (1992)
and Shafshak ét al. (1997).

It is obvious from Tables (1, 2 and 3) that distances between hills
exhibited significant effects on number of branches, pods and seeds/plant, weight
of pods and sceds/plant and 100-seed weight. There were consistent and
remarkable increases in the aforementioned characters as planting distance was
increased from 10 to 15 cm and that was true in both seasons and their combined
data. These results were expected since that in wide planting distance there was a
lowcr competition among plants for growth factors such as moisture, nutrients,
space and light which in turn increased potentiality of soybean plants in
producing more branches, pods and seeds per plant as well as heavier 100-seed
weight and consequently increased seed yicld per plant. Confirming results were
obtained by Abul-Naas er al. (1986), Ali (1989) and Mahamed (1994).



Table (4): Effect of varieties, distances between hills and number of plants per hill on biological yield/fad, seed oil content (%)

and seed protein content (%6) of sovbean.

Treatments | Biological yield ad) Seed oil content (%) Seed protein content (%)
2001 i 2002 I Comb. 2001 | 2002 [ Cowb. | 2001 | 2002 Comb.
Varieties (V)
Giza 21 2827.41a | 3346502 !308695 A| 2556¢ 23.14¢c | 2435C 34.85¢ 3241c¢ 33.63C
Giza 82 2127.75¢ | 241433 b | 2271.04 B| 2737a 2567a | 2652 A | 39.73a 37.36a 3854 A
DR101 2356.66 b | 2676.08b | 2516.37B | 26.12b 2426b | 2519B | 3697b 34.16 b 35.57B
F. test * * ] - * ] L] ] *
Distances between hills (D)
10 cm 2643.44a 1 3093442 | 286844 A ) 25.76b 24.02b | 2489B 38.62a 36.04 2 3733A
15 cm 2231.11b | 2531.16 b [ 2381.13B ] 2694a 2469a | 2582A | 35.75b 33.25b 34.50B
F. test ] * * L ] - * * * *
Number of plants/ hill (F)
2 plants 209766¢c | 243591 ¢ 12266.79C 1 2751a 2525a | 2638A { 3523c 33.09¢ 34.16 C
3 plants 246633 b | 2907.00b | 268666 B| 26.35b 2432b | 2534B | 37.28b 34610 35958
4 plants 274783 a [ 3094.00a (292091 A|l 25.18¢ 2349¢ { 2434C | 39.04a 36.24a 3764 A
F. test * * L 2 L L * ] | ] *
vxD NS NS NS NS NS NS N§ . *
VxP * * NS * NS NS N§ NS NS
DxP NS » NS NS NS NS NS NS NS
YxDxP * * NS * NS NS * NS NS

p8ci
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The results in Tables (3 and 4) show that sced, straw and biological
yields per fad increased significantly and consistently as planting distance was
decreased from 15 to 10 cm in both seasons and their combined averages. Sowing
soybean at close distance (10cm) outyielded wide distance (15 cm) in seed yield
per fad by 19.33% in the first scason, 24.55% in the second season and 22.11% in
the combined data, respoctively, The relative increases for straw yield/fad were
18.50%, 21.06% and 19.86% and for biclogical yield/fad were 18.48%, 22.21%
and 20.46% in the two seasons and over them, respectively.

It is worthy to mention that yield increases recorded at higher plant
population density might be due to rapid and even soil covering, which in turn
resulted in more effective use of growth factors such as space, moistire, mitrients
and light. Moreover, the greater number of soybean plants per unit area in narrow
distance between hills could compensate the reduction in yield components of the
individual plants such as number of pods and seeds/plant, pods weight/plant, 100-.
seed weight and sted weight/plant. It is with great importanice that the unit land
arca not the individual plant, produces its maximum yield. These results are in a
good ling with those reporied by Salamah er al. (1988), El-Atar (1992),
Mohamed (1994), Shafshak et al. (1997), Shams El-Din ef al. (1997), Abu-Zaid
(1998) and Salem et al. (2000).

Data in Table (4) indicate that seed oil content (%) of soybean was
inverscly related to increasing plant density. There was significant increase in
seed oil content (%) by increasing planting space from 10 to 15 cm and that was
true in both seasons and over them. These results are in agreement with those
recorded by Abul-Naas ef al. (1986), Ali (1989), Mohamed (1994) and Shafshak
el al. (1997).

The results in Table (4) show also that increasing plant population
density via decreasing planting distance from 15 to 10 cm, significantly increased
seed protein content (%) in the both seasons and their combined data. Similar
resuits were reported by Abul-Naas et al. (1986), Ali (1989), Mohamed (1994),
Shams El-Din et al. (1997) and Abu-Zaid (1998).

1t is clearly evident from Table (5) that increasing plant population
density through decreasing planting distance from 15 to 10 cm significantly
increased seed oil and protein yiclds/fad in both seasons and over them. The
increases in seed oil and protein yields/fad with higher plant population density
arc mainly du¢ to the incrcase in seed yield per fad. These results are in
accordance with those obtained by Mohamed (1994), Shams El-Din et al. (1997)
and Salem ef af. (2000).

C - Effect of pumber of plants per hill:-

Results in Table (1) show that soybean plant height was significantly
increased also, with increasing plant population density through increasing
number of plants from two to three and four per hill in both seasons and their
combined data. Such ¢ffect may be due to higher competition between plants for
light in dense piant populations, resulting in taller plants. These results are in
harmony with those reported by El-Shaikh (1981) and El-Karamity (1988).
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The data presented in Tables (1, 2 and 3) reveal that leaving two
planis/hill resulted significant increases in number of branches, pods and
seeds/plant, weight of pods and secds/plant and 100-seed weight of soybean as
compared with three and four plants/hill. That was true in the both seasons and
their combined averages. This might be atiributed to the low competition among
plants for growth factors in lower plant population density. These results are in
accordance with those obtained by El-Shaikh (1981). El-Karamity (1988), Zeyada
et al. (1988) and Mohamed (1994).

It is clearly evident from Tables (3 and 4) that increasing plant
population density by sowing four soybean plants per hill led to significant
increases in seed, straw and biological yields/fad in comparison with growing
three or two plants/hill. That held true in both seasons and their combined data.
Leaving four plants/hill surpassed three and two plants/hill in sced yield/fad by
10.13% and 31.81% in the first season, 7.72% and 30.09% in the second scason
and 8.83% and 30.88% in the combined data, respectively. These resufts might be
imerpreted by the fact that increasing the plani population density implied well
ramification of roots within the soil and this in turn results in more utilization of
nutricnts from soil. Moreover, a great amount of lighi energy was intercepied by
plants and converted 10 dry matier in dense sowing per unit areca. Funhermore, the
greater numbcr of soybean plants per unit area with dense planting was great
enough o counterbalance the decrease tn vield components. These results are
confirmed with those found by Ei-Shaikh (1981) and El-Karamiry (1988),
Salamah er af. (1988). Zeyada et af. (1988). Abu-Zaid (1998} and Salem ef a/.
{2000).

The obtained results in Table (4) show that secd cil and protein content
(o) followed an opposite direction in their response to increasing plant
population density. Sowing soybean in hills of two plants significantly surpassed
those sown in hills with three or four plants regarding seed oil content (%) and
vice versa in secd protein content (%). That held true in the both scasons and their
combined dala, Similar results were emphasized by Ef-Karamity {1988). Salamah
et al. (1988), Ali (1989), Mohamed (1994). Shafshak ¢f al. (1997), Shams El-Din
et al. (1997)and Abu-Zaid (1998),

1t ig ﬂ;vmas from:Table (5) that there were significant increments in
seed oil and prosein yields, e {ad with increasing number of plants per hill.
Soybean plants growst at foass. per hill outyictded significantly thosc sown at
threes or twos/hill' in sced oil and protein yiclds per fad in the both seasons and
over them. The increases in sced oil and protein yiclds/fad with increasing plant
density could be mainly duc to the increase in sced yield/fad concerning oil
vicld/fad as well as 10 the increases in seed yicid/fad and secd protein percentage
concerning proicin vigld/fad. These results are confirmed by those recorded by
Ali (1989). Mohamed (1994), Shafshak er a/. (1997). Shams El-Din et al. (1997)
and Salem ef al. (2000).
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Table (5): Effect of varieties, distances between hills and number of plants
per hill on seed oil yield/ fad and seed protein yield/ fad of

Seed oil (k Seed protein yield (kg
2001 | 2002 2008 | 2002 | Comb |

Giza 21 23509a|258.66a (24717 A{326.24a | 36847 a
Giza 82 191.15b[202.27¢c (19671 B | 281.01 b [ 296.78b
DR101 2040006 217.58b |210.79B | 292.98b [ 310.03 b
; F. test * * * * *
| Distances between hills (D) .
E 10 cm 224 152 247.53a (23584 A|33798a [ 373.68a
15 cm 196 41| 204.81b {20061 B | 262.17b | 276.49b
F. test * * * * *
| Number of plants/ hill (P)
| 2 plants 18799¢ | 201 46¢c {19473 C |24l 66¢c | 26435¢
3 plants 215.83b | 233.86b | 22484 B [ 305.89b | 333.72b
4 plants 22702a|243.18a |235.10 A | 352.68a1377.19a
F' test L ] * * & *
VxD NS NS NS N§ NS
V<P * NS *
DxP NS NS *
» NS NS

D - Interactions effects:-

The combined analysis of vaniance for the data of the two seasons
indicated that the all possible interactions among the three studied factors were
not significant regarding the effects on the studied characters except varieties x
planting distances on seed protein percentage, varieties x number of plants/hill on
100-seed weight, distances between hills x number of plants/hill on protein
yield/fad and varicies x planting distances x number of plants/hill on seed
yield/fad (Tables 1- 6).

Results in Table (6) show that the highest protein percentage was obtained
by sowing Giza82 variety in hills spaced 10 cin apart, while the lowest value was
achieved by growing Giza21 in hills spaced 15 cm apant. The highest 100-sced weight
was produced by growing two plants of Giza21 variety per hill, while the lowest value
was obtainced froin Giza82 sown in hills with four plants/hill. Sowing four plants in
hills spaced 10 cm apart produced the highest protein yieldfad, whercas-two plants in
hills spaced 15 cm aparnt gave the lowest value.

Concerning the significant interaction of the second order imesaction.on
seed yield/fad, the highest value was achieved by sowing four plants of GizaZ |
vanety in hills spaced 10 cm apart. Meanwhile, the lowest sced yieldAad was
produced by growing two plants of Giza82 variety in hills spaced ¥5 cm apant
(Table 6).
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Table (6): Seed protein percentage, 100-sced weight, protein yield/fad and

seed yield/fad of soybean as significantly affected by the

interaction between the studied factors (the combined data).

Treatment

Treatment

Gizag82 x 10 cm

Giza2l x 15cm

Giza2l x 2

plants/ hill

(GizaB2 x4 planis/
hill

Protein yield
fad)

10 cm x 4 plants/
hill

15 cm x 2 plants/ |}
hill

Secd yield Giza2] x 10cm x Giza82 x 15cm x
(kg/fad) 4 plants/hill 2plants/hill
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