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ABSTRACT

Two field experiments were conducted at Nubaria Agric. Res. Station during
1999 and 2000 seasons to investigate the effect of two plant densities (10 15c¢m
between hills i.e. 32 and 22 plants/mz) and six tertilization treatments: 1) control -
uninoculation + no nitrogen fartilizer, 2) inocuiation + no nitrogen fertiiizer; 3)
inoculation + 30 kg N/fed; 4) inoculation + 60 kg N/fed; 5) inoculation + 90 kg N/fed,
and 6) uninoculation + 90 kg N/fed, as well as their interactions on soybean yield and
its components.

The obtained results showed that increasing the distance between plants
significantly decreased seed yieldffed and plant height and increased number of
seeds/plant.

All studied characters were significantly increased by increasing nitrogen
fertilizer levels. The economic treatment was obtained by inoculation + 30 kg Nffed for
ail studied characters with 32 piants/mz. In the same time, this treatment save 60 kg
N/fed as compared with 90 kg N/fed + inoculation.

INTRODUCTION

Soybean [Glycine max (L.) Merr.] is grown for its numerous utilization
and considered as an important source for oil and protein. In new areas of
soybean production, inoculation with Rhizobium japonicum is necessary for
economical soybean yield.

Karbachach (1972) reported that inoculation with Rhizobium
japonicum increased soybean yield and was more effective than applying 120
kg N/ha. Abo-Khadrah and Zahran (1984) found that significant differences
among soybean wultivars in piani heigiit, plant pod number and seed yield per
feddan, but three cultivars of soybean studied (Harossy, Clark and Williams)
were not significantly different in number of branches/plant, number of
seeds/pod and 100-seed weight. Fayed et al{1986) concluded that
increasing nitrogen rates caused significant increases in number of
seeds/plant, protein and oil yields per feddan of three different soybean
cultivars (Calland, Mitchell and Davis), whereas 100-seed weight was not
significantly atfected by N level.

Many investigators reported that applied N significantly increased
seed yield of both uninoculated and inoculated soybeans. Sekhon et
al(1984) stated that a basal dose of not more than 15 kg N/ha increased the
yield of inoculated soybean, but the uninoculated plants responded positively
to the increase in N-addition up to 180 kg N/ha. Hammam (1986) reported
that application of 20 or 40 kg N/fed along with Rhizobium inoculation gave
taller plants, more branches/plant, better yield component parameters,
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greater seed yield/feddan and higher seed protein content. Similar results
were obtained by Salwau (1989), Nenadic and Slovic (1994), Singh et
al.{1994), Vara et al (1994) Bhosale et al(1995), Haider (1995), Gomaa
(1296), Hong and Rajagopal (1996) and Sarkar and Tripathi (1996).

Many research workers reported that increasing plant density
increased seed yield (Esechi, 1993; Mimbar and Wardhani, 1993; Nakagawa
et al, 1993; Bhosale ot al, 1994; lkeda et al, 1994; Jadhav et al., 1994,
Zaric, 1994, Bhosale et al.,, 1995 and Szukala ef al., 1995).

The objective of this study was to investigate the response of
soybean to plant spacing, Rhyzobium inoculation and N fertilizer levels on
yield and its components of soybean in the newly reclaimed calcareous soil.

MATERIALS AND METHODS

Two field experiments were carried cut at Nubaria Agric. Res. Station
during the two successive growing seasons of 1999 and 2000. The major
objectives of this study were to investigate the effect of plant spacing and
Ahizobium inoculation alone or belong with nitragen levels ranging from 30 to
90 kg N/feddan on yield, yield components, seed oil and seed protein content
of soybean plants.

Each experiment included 12 treatments which were the combination
of two plant densities: T, = 32 plants/m® (60 cm between ridges, 10 ¢m
between hills and two plants per hill on one side of the ridges} and T, = 22
plants/m® (60 cm between ridges, 15 cm between hills and two plants per hill
on one side of the ridges) with six treatments of inoculation and nitrogen
levels. The treatments of inoculation and nitrogen levels were as follows:
Uninoculation received no N-fertilizer.{control)
inoculation received no N-fertilizer.

Inocutation + 30 kg NAed.
Inoculation + 60 kg NAed.
Inoculation + 90 kg N/fed.
Uninoculation received 90 kg N/fed.

DN

The treatments in the two seasons were arranged in a split-plot
design with four replications. Plant spacings were arranged at random in the
main plots. The treatments of inoculation with nitrogen levels were arranged
at random in the sub-plots.

The sub-plot area was 12 m? {4x3 m). The physical and chemical
analyses of the soil are presented in Table 1. Sowing dates were May 5 and
7 in the first and second seasons, respectively. Nitrogen was applied in split
application one halt before the first irrigation and the rest before the second
irrigation with the previously mentioned rates. Seeds were mixed at sowing
with the recommended soybean inoculation. Plants were thinned to two
plants per hill. Qther cultural practices were carried out as recommended.

At harvest, 10 plants were randomly taken from the middle ridges of
each piot to measure plant height {cm), number of pods/plant, numbsr of
seeds/plant, weight of seeds/plant and 100-seed weight.
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Seed yield/fed. was estimated from the whole plot. Qil content of
soybean seeds was determined by Soxhlet apparatus on dry weight basis as
described by Sorensen (1947). Protein was determined as total nitrogen by
micro-Kjeldahl method according to A.C.A.C. {1970}, then N was multiplied
by 6.25 {Tripathi et al., 1971) to cbtain protein content in soybean seeds,

The collected data wee statisticaily analyzed according to Snedecor
and Cochran (1967).

Table 1: Mechanical and chemical analyses of the experimental seil in
1999 and 2000 seasons.

Soil rti Seasons

oil properties 1999 5000

'Soil particles (%) T

Sand 529 53.3

Sitt 21.8 20.8

Clay 25.3 259

Soil texture sandy clay loam sandy clay loam

Chemical properties

Total N (%) 0.046 0.051

Available N (pprm) 26.30 28.60

Available P (ppm) 9.68 8.40

Available K (ppm) 425.0 403.0

pH 8.2 8.1

E.C. {mmhos/cm) 221 1.95

Bﬁ. (%) 0.95 0.98

CaCQ; (%) 229 22.5
RESULTS AND DISCUSSION

1. Effect of plant spacing

Data presented in Table 2 revealed that plant height was decreased
due to increasing plant spacing from 10 to 15 cm between pfants in both
seascns. This increment may be attributed to the competition between plants
for light within the dense plant population. The tallest plants were obtained by
10 cm between plants. Similar results were obtained by Esechi (1993),
Mimbar and Wardhani (1993), Bhosale ef af.(1995) and Hong and Rajagopal
(1996).

Also, the same table showecd that number of seeds/plant was
significantly affected by plant spacing in the two seasons. The highest
number of seeds/plant was cbtained by 15 cm spacing, whereas the lowest
one was cbtained from 10 cm spacing. Similar results were obtained by
Esechi (1993), Nakagawa et al.(1993), Jadhav et 2/.(1994), Ikeda et al.{1994)
and Nenadic and Slovic (1994).
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Table 2: Average values of plant height, number of pods/plant, number
of seeds/plant and 100-seed weight as affected by plant
spacing, nitrogen levels and inocufation in 1999 and 2000

seasons.
Characters. Plant Number of Number of 100-seed
Height(em} | pods/plant | seeds/plant weight(g)
Treatments 1999 | 2000 | 1999 | 2000 | 1999 | 2000 | 1§99 | 2000
Plant spacing (cm)
10 96.48 | 96.02 | 51.60 { 51.53 [115.50{116.86] 17.94 | 17.54
15 92.03 | 91.95 | 50.30 | 49.41 [118.30{118.05] 17.66 | 17.43
F-test * * NS NS N * NS NS
Nitrogen tertilizer:
Control 65.60 | 65.50 | 21.35 | 21.75 | 42.15 | 44.25 | 16.38 | 16.01
Inoculaticn + zero M R7.60Q | BB.10 | 4495 | 46.40 1103.65(107.85| 17 27 | 16.86
Inocutation + 30 kg NAed. 104.151101.90} 63.80 | 62.20 )143.50|145.60| 18.42 | 18.37
Inoculation + 60 kg Nfed. 105.25{103.70{ 62.10 | 60.70 }140.80|143.25) 18.41 | 18.26
Inoculation + 90 kg Nffed. 109.50(109.85{ 64.70 | 83.45 1149.85)148.901 19.19 | 18.69
Uninoculation + 90 kg N/fed. 03,45 [ 94,85 { 48.40 | 48.35 {121.45{114.857 17.20 | 16.72
L.5.Dogs 1103|1245 | 11.30 | 6.65 | 8.83 | 345 | 1.83 | 144

Data presented in Table (3) indicated that seed yield/fed was affected
by plant spacing in the two seasons. Increasing plant spacing decreased
seed vyieldfed in the two seasons. These results are in agreement with those
reported by Mimbar and Wardhani (1993), Nakagawa (1993}, Bhosale ef
al(1994), lkeda et ai(1994), Szukala et al{1995) and Hong and Rajagopal
{19986).

Table 3: Average values of seed vyield/plant, seed vyield/fed, oil
percentage and seed protein content as affected by plant
spacing, nitrogen levels and inoculation in 1999 and 2000
seasons.

Characters‘ Seed Seed Seed oil Seed protein
yield/plant(g) lyleldfed.(ton}| content{%)} | coentent{%)
1999

[Treatments 2000 | 1999 | 2000 | 1999 |} 2000 | 1999 | 2000
Plant spacing (cm) b
10 20.76 1 21.22 | 1.107 { 1.182 | 20.15 | 20.28 | 41.05 | 41.77
15 21.24 12112 | 0.904 | 0.897 | 20.82 { 20.72 | 41.67 | 41.31
F - test NS NS - . NS NS NS NS
Nitrogen fertilizer:
Uninoculation (control) 787 | 811 10366 | 0409 | 19.01 | 1854 | 37.92 | 37.97
Inoculation + zero N 18.27 | 1893 | 0.824 | 0.871 | 19.77 | 20.26 | 41.28 ] 41.33

Inoculation + 30 kg N/fed. 26.81 2722|1271} 1.251 | 2093 ) 21.02 | 42.12 | 42.62
Inoculation + 80 kg Nffed. 26.42 (2582 ( 1.210 | 1.215 { 20.98 | 20.87 | 42.64 | 4258
Inoculation + 90 kg N/fed. 27.74 [ 27.79 | 1.383 | 1.457 | 21.94 | 21.44 | 42.67 | 42.74
Unincculation + 90 kg NAed. | 18.90 | 19.15 | 0.980 | 1.028 20,28J 20.88 | 40.30 | 40.51
LS0ses 356 | 412 | 0135|0256 | 0.86 | 053 | 1.93 | 1.37

Plant spacing did not show any significant eftect on number of
pods/plant, 100-seed weight, seed yield/plant, seed oil percentage and seed
protein content of soybean in the two seasans.
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2. Effect of inoculation and nitrogen fertilizer levels

All studied characters were significantly affected by inoculation +
nitrogen fertilizer levels in the two seasons, as shown in Tables 2 and 3. in
general, increasing inoculation + nitrogen fertilizer levels from inoculation +
30 kg N/fed to inoculation + 90 kg N/fed increased all studied characters in
both seasons. This increase might be due to the role of nitrogen on
meristemic activity and cell division which, in turn, increased cell number and
size. The tallest plants, highest number of pods and seeds/plant, 100-seed
weight, seed yield/plant, seed yield/fed, seed oil percentage and seed protein
content of soybean plants were obtained by inoculation + 90 kg N/fed in both
seasons. Whereas, the lowest values were obtained by control in all studied
characters. The statistica! analysis {Tables 2 and 3) indicate no significant
increase in soybean yield per feddan and other stucied characters due to the
increase in N-levels plus inocuiation from 30 to 80 kg N/ted. These results are
in good agreement with those obtained by Sekhom of al.(1984), Hammam
(1986), Salwau (1989}, Bhosaie (1995), Haider et a/.(1995), Gomaa (1996),
Hong and Rajagopal (1996} and Sarkar and Tripathi {1996).

3. Effect of the interaction between plant spacing and nitrogen fertilizer
levels with inoculation

It was clear that the interaction between plant spacing and nitrogen
fertilizer levels with inoculation was statistically significant for plant height,
number of pods/plant, number of seeds/plant, 100-seed weight and seed
yield/ted (Tabies 4 and 5). However, the other characters were not affected
by the interaction between the two factors in the two seasons.

The highest values of plant height were obtained from spacing 10 ¢cm
and inoculation + 90 kg N/fed, but the lowest one were obtained from spacing
10 or 15 cm between hills and uninoculation with ne fertilizer (control).

Table (4): Average values of plant height, number of pods/plant, number
of seeds/plant and 100-seed weight as affected by the
interaction between plant spacing, nitrogen levels and

inoculation in 1999 and 2000 seasons.
Ptant height | Number of | Number of 100-seed

Plant

spacing an dlr":i?fougl'::ﬁ:vels {em) pods/plant | seeds/plant| weight{g)
{cm) 1999 | 2000 [1999| 2000 |1999! 2000 [ 1999 : 2000
control 67.0 653 | 220 23.7 |407 ] 427 1671 | 1599
Inoculation + zero N 8/ o 897 | 4431 456 [10e3] 1082 ) 1724 | 1678
10 inoculation 30 kg N/fed. 1073 | 1033 (653 639 |140.7( 1459 | 18.44 | 18 41
Inoculation + 60 kg N/fed 1079 | 1047 | 623 821 |135.7}) 1438 | 1836 | 1823
Inoculation + ¢0 kg N/fed. 1127 1 1144 |B42) 642 [1494| 1482 | 1948 | 18 EGJ
L Uninoculation + 90 kg Med. | 462 087 807 497 |120.2] 1123 | 1746 | 1698
Mean 3648 | 96.02 |5160] 5153 |1155/ 11686 | 1794 | 1754
Control 642 657 1207| 198 [436 458 16.05 | 1603
Inoculation - zero N 87 4 685 (456 472 (10101 1075 [ 1733 | 1895
ipoculation 30 kg Niied. 1010 | 1005 [623] €05 (1463 1483 | 1841 | 1833

15

Inceulation + 60 kg Nited. 1026 | 1027 | 619, 533 (14591 1427 | 1846 | 1B 30
inpculation + 90 kg N/ed 1063 [ 1053 [ 652 | 627 (150.3| 1496 | 1891 | 1853
Uninoculation + 90 kg Nited o7 910 |481) 470 11227) 1174 | 1695 | 1646
L Mean 9203 | 9185 | 503 4941 [1193/ 11805 1768 | 1743

LS Opos
Q SxN 13.36 1406 |16.95| ¢34 (1265 877 119 1.34
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Table (5): Average values of plant height, number of seed yield/plant,
seed yield/fed, oil percentage and seed protein content as
affected by the interaction between plant spacing, nitrogen
levels and inoculation in 1999 and 2000 seasons,

Seed Seed . Seed

s:;:?l: g Inoculation yield/plant | yleld/fed 03:;::1 lo(:‘I/o) protein
(cm) and nitrogen fevels g} {ton)_ content(%)
1999) 2000 | 1999 |2000) 1999 | 2000 | 1999 | 2000
Control 774 | 7.76 | 0.414 [0.430| 1899 | 1804 | 3800 | 38.94

Inoculation + zero N. 18.49| 18.95 | 0.934 |0.959| 19.01 | 20.01 | 41.01 | 4083
10 Inoculation 30 kg Nffed. |26.31| 27.91 | 1.425 |1.499| 20.05 | 20.98 | 4209 | 4257
Inoculation + 60 kg Nffed. |25.91| 2584 | 1.321 [1.432| 20.91 | 20.54 | 42,83 | 4263
Inoculation + 80 kg Nifed. |27.63| 27.63 | 1.544 |1.661| 2195 | 2132 | 4251 | 4257

Uninoculation + 90 kg Nffed. |18.49| 19.44 | 1.005 |1.110| 20.03 | 20.83 | 4042 | 4009
Mean 20.76( 2122 | 1107 |1.182] 20,15 [ 2028 | 4105 | #1.77
Control 801 34z {0319 |0.399| 19.04 | 19.04 | 3784 | 3701
Inoculation + zero N 18.05| 18.91 | 0.715 |0.733| 20.53 | 20.52 | 41.56 | 41.83

Inoculation 30 kgN/ied. |27.32( 26.53 | 1.117 |1.004| 21.82 | 21.06 | 42.15 | 4267
Inoculation + 60 kg N/led. |26.93| 25.81 1.099 (0992 21.06 | 21.21 | 42,45 | 4253
Inoculation + 90 kg Niled. |27.85| 27.95 | 1223 [1.254| 21.94 | 21.56 | 42.83 | 42.91

Uningculation + 50 kg NAed. [19.31| t8.86 | 0.955 |0.946| 20.53 | 20.93 | 4018 | 4093

Mean 21.24] 21.12 | 0.904 [0897| 2082 | 2072 | 4167 | 41.31
L.S Dyaos
SxN NS NS 0174 (0349 NS NS NS NS

The interaction between plant spacing 15 cm and inoculation + 90 kg
N/fed gave the highest values for number of seeds/plant in the two seasons.

The highest values of number of pods/plant and 100-seed weight
were obtained from spacing 15 ¢m and inoculation + S0 kg N/fed in the first
season and the highest values for number of pods/plant and 100-seed weight
were obtained from spacing 10 cm between hills and inoculation + 80 kg
N/fed in the second season.

The highest seed vyieldfed was obtained from spacing 10 cm
between hitls and inoculation + 90 kg Nffed in the two seasons, but the lowest
ones was obtained from spacing 15 cm between hills and uninoculation with
no fertilizer {(control).
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