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ABSTRACT

Two field experiments were carried out at Sakha Agriculture Research
Station Farm during two successive summer seasons of 2002 and 2003 using
soybean (Glycine max L.) variety Giza 111. Split plot design was used. The main
plots were assigned to three nitrogen application times: 1- applicating of nitrogen
fertilizer with the first irrigation (T1), 2- applicating of nitrogen fertilizer with the second
irigation (T2), 3- applicating of nitrogen fertilizer with the third irrigation (T2). The sub
plots were allotted for four nitrogen levels i.e., 0 (No), 20 (Nzo), 40 (Nag) and 60 (Neo)
kg N fed." to investigate the effect of nitrogen application times and levels on
soybean seed, straw, protein and oil yields kg fed.” as well as residual available N
and P in the soil. The plot area was 15 m*.

The obtained resuits show that nitrogen application times high significantly
affected seed, straw, oil and protein yields. T, treatment gave the highest straw yield
in both seasons. While T, treatment gave the highest seed yield (996 and 965 kg fed”
"), oil yield (231 and 287 kg fed™") and protein yield (356 and 346 kg fed™") in the first
and second s. sons, respectively. Nitrogen levels high significantly affected seed,
straw, oil and protein yields. The highest values were obtained with Ne treatment.

Applicating of nitrogen fertilizer with the second irrigation T increased
nitrogen use efficie~cy. On the other hand, increasing nitrogen fertilizer level led to
clear decre: in nitrogen use efficiency values.
Ts treatment gave the highest nodules number, nodules dry weight and the residual
N, P in the soil. Neo treatment had the highest nodules number and nodules dry
weight.

INTRODUCTION

Soybean is a promise crop in Egypt. It has been a valuable source for
high energy, high protein and other nutrients to human and their livestock.

Some of the most exciting research taking place today involves the
use of soybean in preventing cancer, reducing the risk of coronary heart
disease and controlling glucose levels in diabetic patients.

Adding soybean or soyfood as a part of our diet could improve our
health (Ali, 1988). Soybean is one of legumes are of special agronomic and
economic significance because of their ability to fix N, symbiotically in many
cropping systems. It fixes average rates of 57-94 kg N, fixed ha™ (Hardy et
al, 1971, Weber et al, 1971, Keyser and Fudi, 1992 and El-Haddad et a/,,
1998).

Most of the biologically No-fixed by soybean plants accumulates
during 30 days period, between 50 and 80 days from planting (Yanni et al.,,
1987, Danso et al, 1990 and El-Haddad et al, 1998). One of the main
findings associated with soybean production is that Egyptian soils are high in
PH and devoid of the bacterial endophytes Rhizobium Japonicum which
nodulate it (El-Haddad et al,, 1998).
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Symbiotic N, fixation is dependent on pedoclimatic factors as well as
the host cultivar and Rhizobium. Both salinity and drought stress inhibit
symbiotic N, fixation rates in legume nodules (Serraj and Sinclair, 1999).

Soybean could obtain 25-75% of plant nitrogen from the soils with the
balance supplied from symbiotic fixation. Before active nodules form on roots,
all nitrogen will supplied to the plant from soil. Under some conditions, like low
organic matter and low residual nitrogen the supply of nitrogen from the soil
and nodules not be adequate. In this cases soybean yield can be mcreased
by applying nitrogen fertilizer (Marschner, 1995).

It is clear that a low rate of combined nitrogen may result in
increasing plant growth and symbiotic N, fixation presumably by giving the
plant an early booster of nitrogen which makes it healthier to support the N
fixation symbiosis (Eaglesham et al., 1983). Conversely application of a high
rate of N fertilizer to soybean has been generally reported to reduce the level
of N, fixation (La Favre and Eaglesham, 1987).

The objective of the present study is to evaluate the effect of mineral
nitrogen fertilizer level and its application times on soybean growth and yields
under the Egyptian soils conditions.

MATERIALS AND METHODS

Two field experiments were carried out at Sakha Agricultural
Research Station Farm during the agricultural summer seasons of 2002 and
2003 using soybean (Glycme max L., cv. Giza 111) seeds rate 45 kg fed™
was sown, 3-4 seeds in the hill, 20 cm between the hills and 60 cm between
the ridge April, 23 and 14 in the first and second season, respectively to
investigate effect of nitrogen fertilizer levels and application times on soybean
productivity. The plants were thinned to 2 plants in the hill 20 days after
planting. Split plot design was used in four replicates. The main plots were
randomly assigned to three application times of nitrogen fertilization of 1-
applicating the nitrogen fertilizer, 21 days after planting with the first irrigation
(T4), 2- applicating the nitrogen fertilizer 35 days after planting with the second
irrigation (T;), and 3- applicating the nitrogen fertilizer 50 days after planting
with the third irrigation (T3). The sub plots were randomly assigned to four
nitrogen levels of 0 (Np), 20 (N2o), 40 (N4) and 60 (Ng) kg fed."
ammonium nitrate 33%. The plot area was 15 m%. The main properties of the
expenmental soils were 3 and 3.8 dSm- in EC, 8 and 8.2 in pH, 27 and 22
mg kg in available N, 5.9 and 5.7 mg kg™ in available P and 270 and 250 mg
kg™ in available K in the first and second season, respectively and clayey in
textures. The experimental soil characteristics were determined according to
Black et al. (1965).

The other recommended agricultural practices were followed. At
soybean harvest the seed and straw yields were weighted. Seed samples
were collected, oven dried, fine grinded and wet-digested. Total N was
determined by kjeldahl method, total P colorimetrically were determined in the
digestion according to Jackson (1958). Protein (%) were calculated by
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multiplying N% by 6.25 and calculated as kg fed”. Oil was determined in the
seeds according to A.O.A.C. (1975) and calculated as kg fed”. Nitrogen use
efficiency for the added N was calculated as kg seeds per kg N fertilizer. At 80
days after planting single plants were collected from the treatments for
determining the nodules number on the plant roots and their dry weight.

At harvest, soil samples were collected and residual available N and
P were evaluated. The results were statistically analysed according to Gomez
and Gomez (1984).

RESULTS AND DISCUSSION

1. Seed yield:

The results in Table 1 show that the time nitrogen significantly
affected seed yield in the first season. In the second season the effects were
highly significant. The highest seed yield values of 996 and 965 kg fed™ were
obtained with T, treatment in the first and second season, respectively. This
may be due to that the second irrigation time was during the vegetative period
which need nitrogen fertilizer rather than that of the fixed symbiotically.

Nitrogen fertilizer levels high significantly affected seed yield in both
seasons. The highest mean values of 1094 and 1102 kg fed™' were obtained
with Ngo in the first and second season, respectively. On the other hand the
lowest mean values of 691 and 617 kg fed”' were observed with Ny (check
treatment) in the first and second season, respectively (Table 2). Effects of
the interaction between application times of nitrogen and its levels on soybean
seed yield (Table 3)were significant in the first season and highly significant
in the second season. The highest values of 1258 and 1270 kg fed” were
obtained with T, and Ng treatment in the first and second season,
respectively. On the other hand, the lowest values of 691 and 617 were
recorded with Ny this may be due to that the experimental soils had high pH
values (8.0 and 8.2) which affected nodulation process and nodules
efficiency. Application the nitrogen during the vegetative growth stage
enhance plant growth and increase the seed yield. Similar results were
reported by Parsons et al., 1993 and Maschner, 1995.

Table 1: Effect of the nitrogen application times on soybean seed, , oil
and protein yields kgifed.” in the first and second seasons.

N-application | Seed yield | Straw yield | Oil yield Protein yield
e |1 | |12 ™ i
T, 906 | 836 [1079|1033|216| 244 308 288
T, 996 | 965 | 959 [1014|231| 287 356 346
T, 945 | 851 | 950 | 987 |197| 267 271 273
F_test - i * * Ll ek R -

T+ = Nitrogen was applied with the first irrigation (21 days after planting).
T, = Nitrogen was applied with the second irrigation (35 days after planting).
Ts = Nitrogen was applied with the third irrigation (50 days after planting).
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Table 2: Effect of the nitrogen fertilization Ievels on soybean seeds,
straw, oil and protein yields kg/fed.” in the first and second

seasons.
Nitrogen Seed yield [Straw yield| Oil yield Protein yield
levels =2 | 4 il
No 691 | 617 | 802 | 839 | 158 | 187 | 229 206
Nao 859 | 839|904 | 950 | 205 | 248 | 288 278
Nao 1020 | 978 |1126|1126| 244 | 291 | 351 344
Nso 1094 |1102|1151|1130| 252 | 338 | 379 381
F_test i *k * sk ik ek ek ik
LS.D.0.05 | 77.3 |39.2|101.2|115.5| 18.8 [ 178 | 34.8 15.1
No = Zero nitrogen
Nz = 20kgN fed’
Ny = 40kgN fed”
Neo = 60kgN fed”

Table 3: Effect of the interactions between nitrogen fertilizer levels

and apphcatlon times on soybean seed, straw, oil and protein
yields kg/fed.”.

Treatments Seed yield Straw yield Qil yield Protein yield
1Et_ M ﬁt 2nd 1% 2" 1 —2ﬁ—
Ti No 691 617 802 814 158 177 235 | 213
T4 N2o 925 839 1061 974 224 227 323 | 291
T1 Nao 987 851 1159 | 1147 | 247 257 330 | 303
T1 Neo 1024 | 1036 | 1295 | 1196 | 236 314 344 | 346
T2 No 691 617 802 851 158 189 231 | 205
T2 Nz 925 802 765 987 219 245 321 | 278
T2 Nao 1110 | 1172 | 1172 | 1158 | 263 337 421 | 445
T2 Neo 1258 | 1270 | 1060 | 1061 289 375 | 4451 | 455
T3 No 691 617 802 851 164 194 221 | 200
Ta Nzo 728 876 888 888 172 273 221 | 265
T3 Nao 962 913 1048 | 1085 | 220 279 301 | 285
T3 Neo 999 999 1098 | 1122 | 230 323 341 | 341
F-test ¥ * N.S N.S “ 24 % e
LSD 0.05 133.9 | 68.1 326 | 308 | 603 | 88

2. Straw yield:

Results tabulated in Table 1 show that the application times of
nitrogen fertilizer significantly affected soybean straw yield in both seasons.
The highest mean values of 1079 and 1033 kg fed™' were obtained W|th Ty
treatment. On the other hand, the lowest values of 950 and 987 kg fed™’ were
observed with T, treatment in the first and second season, respectively. This
may be due to the application of fertilizer with the first irrigation which gave the
chance for increasing the vegetative growth in long period.

Nitrogen fertilizer levels had significant effects on straw yield in the
first season. In the second season the effects were highly significant. The
highest mean values of 1151 and 1130 kg fed”' were obtained with Neo
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treatment in the first and second season, respectively (Table 2). From the
data in Table 2 no clear variance between N4 and N treatments in straw
yield in both seasons. On the other hand, the lowest mean values of 802 and
839 kg fed’ were observed with N, treatment in both seasons. From the data
tabulated in Table 3 it is clear that no significant effects on soybean straw
yield due to the interaction between nitrogen fertilizer levels and their
application times in both seasons. These results could be supported with
those obtained by Eaglesham et al., 1983; Silsbury et al., 1986 and Maschner,
1995.

3. Oil yield:

It is quite obvious from the data presented in Table 1 that, soybean oil
yield high significantly affected by mtrogen application time in both seasons.
The highest oil yield (231 and 287 kg fed"') were obtained with T, treatment in
the first and second seasons, respectively. The lowest cil yield was recorded
with T in the first season and with T, in the second season. This may be due
to oil yield is related to seed yield.

Qil yield was high significantly affected by nitrogen fertilizer levels in
both seasons. The highest ail yleld was obtained with Ngo treatment in both
seasons, i.e. 252 and 338 kg fed”. The variance between N4 and Ng was
non significant in the first season. On the other hand, the lowest oil yield was
recorded with Ng in both seasons (Table 2).

Data presented in Table 3 show that the interaction between nitrogen
application times and levels significantly affected oil yield in the first season.
In the second season the effects were highly significant. The highest values
(289 and 375 kg fed™") were obtained with T, and N, (application of 60 kg N
fed” before the second irrigation). On the other hand the lowest oil yield (158
and 177 kg fed™) were observed with check treatment in the first and second
seasons, respectively. The previous data show that the oil yield was related to

seed yield. These results arein agreement with those obtained by Knany et
al., 2000.

4. Protein yield:

Data presented in Table 1 show that nitrogen application times high
significantly affected protein yield in the first season. In the second season the
effects were significant. The highest values were 356 and 346 kg fed”
obtained with T, treatment.

Nitrogen levels high significantly affected soybean protein yield in
both seasons. The highest values, 379 and 381 kg fed”’ were observed with
Ngo treatment in the first and second seasons, respectively (Table 2).

The interaction between nitrogen levels and application times
significantly affected protein yield in the first season. In the second season the
effect was highly significant. The highest values of 451 and 455 kg fed”’ were
obtained with T, and Ng treatment in the first and second season,
respectively. This may be due to that T, and Ng treatment increased seed
yield and mtrogen % in the seed, which causes increasing protein % and
protein yield kg fed™'. Similar results were obtained by Hardy et al., 1971.
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5. Hundred seeds weight:

Data tabulated in Table 4 show that nitrogen applicating with the third
irrigation had the highest values of 100 seeds weight (16.7 and 15.2 g) in the
first and second seasons, respectively. On the other hand the lowest values
were observed with T, treatment in both seasons.

Nitrogen fertilizer levels clearly affected hundred seed weight, the
highest values (16.7 and 14.9 g) were obtained with N, treatment. On the
other hand, the lowest value 14.3 was detected with Neo treatment in both
seasons (Table 5). The interaction between nitrogen application times and
levels clearly effectrf 100 seeds weight. The highest values (17.5 and 15.8 g)
were observed with T3 and Ny treatment in the first and second seasons,
respectively. This may be due to applicating the nitrogen fertilizer in the late
time enhance seed filling. Similar results were reported by Eaglesham et al.,
1983.

Table 4: Effect of nitrogen fertilization times on soybean 100 seeds
weight g, phosphorus content of the seeds kg/fed.”, nitrogen
content kg fed” and nitrogen use efficiency.

N-application| 100 seeds P-content N-content N-use
weight efficiency
time 18! 2nd 1 st zncl 1“ znd 1 st zl‘ld
T, 152 | 144 | 409 [418| 49.3 | 46.1 | 22.7 | 209
T 147 | 134 | 414 |435| 570 | 492 | 249 |24.1
Ts 167 | 152 | 423 |468| 434 | 437 | 211 [213 \

Table 5: Effect of nitrogen fertilization levels on soybean 100 seeds
weight g, phosPhorus content of the seeds kglfed.", nitrogen
content kg/fed.” and nitrogen use efficiency.

Nitrogen [100 seeds weight P-content N-content [N-use efficienc
levels 1° 2 1™ "l N IRl e
No 67 | 149 | 315 | 309 | 366 | 330 - -
Nzo 156 | 145 | 389 | 420 | 46.1 | 445 | 430 | 420
Nao 155 | 143 | 408 | 489 | 522 | 550 | 255 | 245
| Neo 143 | 143 | 493 | 551 | 606 [61.0]| 182 | 184

6. Phosphorus content in the seeds:

Results in Table 4 show that nitrogen application times affected
phosphorus content. The highest values (4.23 and 4.68 kg fed') were
obtained with T treatment in the first and second seasons, respectively.
Nitrogen levels affected phosphorus content in both seasons. The highest
values (4.93 and 5.51 kg fed™') were observed with N, treatment in the first
and second season, respectively (Table 5). Table 6 show the effect of the
interaction between nitrogen levels and their application times on P-content of
soybean seeds. The highest values (5.03 and 5.72 kg fed") were obtained
with T, and Ng treatment in the first and second seasons, respectively.
Similar results were reported by Knany et al., 2000 who found that increasing
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nitrogen fertilizers led to clear increase of phosphorus uptake by soybean
seeds.

7.Nitrogen content in the seeds and N-use efficiency:

Data presented in 4 clearly show that nitrogen application times
affected nitrogen content of the seeds and nitrogen use efficiency in both
seasons. The highest nitrogen content values (57 and 49.2 kg N fed') were
obtained with T, treatment in the first and second season, respectively. The
lowest values of 43.4 and 43.7 kg fed”' were observed with T, treatment.
Nitrogen use efficiency had the same trend in N-content. The highest nitrogen
use efficiency values of 24.9 and 24.1 kg seed/kg fertilizer were obtained with
T, treatment.

Nitrogen content and nitrogen use efficiency were clearly affected b1y
nitrogen levels. The highest nitrogen content values (60.6 and 61.0 kg fed™)
were detected with Ngo treatment in the first and second season, respectively
(Table 5). On the other hand, the lowest values of 36.6 and 33.0 kg fed”" were
observed with check treatment. .

Table 5 clear that increasing nitrogen level led to decrease nitrogen
use efficiency in both seasons. The interaction between nitrogen application
times and levels affected nitrogen content and nitrogen use efficiency (Table
6). The highest N-content values were 72.2 and 72.8 obtained with T and Ngo
treatment. The highest N-use efficiency values were 46.3 and 42.1 recorded
with T, and Ny treatment in the first and second season, respectively. These
results could be enhanced with those obtained by El-Haddad et al., 1998 and
Knany et al., 2000.

Table 6: Effect of the interaction between nitrogen fertilization times
and nitrogen levels on soybean 100 seeds weight g,
phosphorus, content of the seeds kg fed™, nitrogen content

kg/fed.” and nitrogen use efficiency.

Treatments (100 seeds weight| P-content N-content _ |N-use efficienc
15 2 T"'_zﬁi 111 nd 15t 2nd
T1 No 16.7 14.0 346 | 309 | 366 | 33.0

T1 Nao 15.8 14.7 417 | 420 52.0 | 46.6 46.3 | 42.0
T1 Nao 14.8 13.8 494 | 426 528 | 48.5 247 | 213
T4 Neo 13.0 14.7 512 | 5.18 55.0 | 55.4 17.1 17.3
T2 No 16.7 14.0 3.46 | 3.09 36.6 | 63.3 - -
T2 N2o 13.7 13.7 463 | 3.61 514 | 445 46.3 | 421
T2 Nao 14.2 13.3 389 | 528 67.4 71.2 278 29.3
T2 Neo 138 13.1 503 | 572 722 | 728 210 | 212
Ta No 16.7 14.0 346 | 3.09 36.6 | 33.0 - -
Ta Nzo 172 15.2 2.91 4.82 354 | 424 364 | 409
Ta Nao 17.5 15.8 385 | 457 | 482 | 456 24.1 22.8
T3 Neo 16.3 15.6 500 | 273 | 546 | 546 16.7 16.7
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8. Nodules number and nodules weight:

Results tabulated in Table 7 show that nitrogen application times high
significantly affected nodules number in both seasons. The highest nodules
number values of 80 and 84 per plant were obtained with T treatment in the
first and second seasons, respectively. On the other hand, the lowest nodules
number values were obtained with T, treatment in both seasons.

Table 7: Effect of nitrogen fertilization times on soybean nodules
number, nodules dry weight mg, residual available N and P in

the soil.
N-application Nodules Nodules Available P | Available N
time number weight m pm)
T a0l A O
Ty 24c 25¢ |029c|032c| 74 | 82b | 28b | 28
T2 60b 75b |041b|042b| 73 | 83b | 38a | 35
T3 80 a 84a |051al051af 81 | 95a | 35a | 31
F-test Y = i e N.S * * IN.S
LS 6.4 4.6 0.07 0.08 0.71 2.44

The nodules dry weight had the same trend of nodules number,
where the highest value (0.51 mg) was obtained with T treatment in both
seasons. The variances between the treatments were high significant in both
seasons.

Nitrogen levels had highly significant effect on nodules number and
nodules dry weight (Table 8). The highest nodules number values of 86 and
97 were detected with Ng treatment in the first and second season,
respectively. The highest nodules dry weight (60 and 69 mg per plant) were
obtained with Ng treatment in both seasons. The lowest nodules number
values were obtained with N, treatment, while the lowest nodules dry weight
values were recorded with Nao treatment in both seasons.

Table 8: Effect of nitrogen fertilization levels on soybean nodules
number, nodules dry weight mg, residual available N, residual
available P in the soil.

Nodules Nodules Available P | Available N
Nitrogen levels : ’numbe;m 1iwei@t2 1;‘(ppm)znﬂ = ppm)ncI
. : 2
No 35 41 0.57 0.69 8.0 9.1 280 | 279
N2zo 39 54 0.33 0.33 7.4 8.4 31.7 | 30.8
Nao 58 63 0.37 0.35 72 84 |448 | 36.2
Neo 86 97 0.60 0.69 T 88 |289| 309
F-test o g e Lo N.S N.S e N.S
L.S.D. 0.05 52 2.48 0.04 0.03 2.11

The interaction between nitrogen application times and levels high
significantly affected nodules number and nodules dry weight (Table 9). The
highest nodules number values of 107 and 135 were obtained with T, and Ngo
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treatment in the first and second seasons, respectively. The highest dry
weight values of 1.22 and 1.20 (mg) were obtained with the check treatment.
_This may be due to nitrogen application could be affect nodules information
and effective. These results are in agreement with those obtained by
Eaglesham et al., 1983 and Parsons et al., 1993.

Table 9: Effect of the interaction between nitrogen fertilization times
and levels on soybean nodules number, nodules dry weight
mg, available P and available N in the soil.

Treatments | Nodules number | Nodules weight | Available P (Egnm[ Available N (ppm)
il W o ™ > 2 el

T1 No 24 f 29g | 1.22a 1.20a 9.0a 93bc | 25.2ef |25.2d
T1 Nzo 9g 71 017g | 0.15e 8.0 ab 83cd [ 224f [23.9d
T1 Nao 23f 22h | 0.20g | 0.19e 65bc | 8.0cd | 280e |28.0¢c
T4 Neo Ve 42 f 057¢c 0.72b 6.0c 72d | 280e |283¢
T2 No 25f 29g 1.02 a 135a 9.0a 9.3bc | 25.2ef [256d
T2 Nzo 24f 21h |046de| 049c 7.0bc 83cd | 44.7¢c |38.7Dbc
T2 Nao 53d 58e | 0.39ef | 037d 80ab | 95bc | 56.0a |495a
T2 Neo 107a | 135a | 0.58c | 069b 8.0ab 79cd | 224f |26.1d
Ta Ng 25f 29g |01.07a| 1.09a 9.0a 9.38c | 25.2ef |26.4d
Ta Nzo 85¢ 96 d 0.36f 0.37d 7.3 be 84cd | 28.0e |299¢
T3 Nao 97b 108¢ | 053cd| 051¢ 7.0 bc 7.7d | 50.3b |41.4Db
T3 Neo 101a | 113b | 0.66b 067b 9.0a 11.2a | 36.4d [38.8bc
F_test i - e Ll L i il -

L.S.D. 0.05 9.08 4.2 0.076 0.05 1.46 1.44 3.6 4.8

9. Available residual nutrients:

Data presented in Table 7 show that nitrogen application times had
no significant effect on available phosphorus in the first season. In the second
season the effect was significant. The highest value of 9.5 ppm was obtained
with T; treatment.

Available nitrogen was affected high significantly by nitrogen
application times in the first season. The highest available nitrogen was
detected with T, treatment. In the second season no significant effects were
detected.

Data tabulated in Table 8 show that no significant effect of nitrogen
levels on available phosphorus was observed in both seasons. Meanwhile,
available-N was high significantly affected by N-levels in the first season.

The highest available-N value of 44.8 ppm was obtained with N4,
treatment. No significant effects were detected in the second season. These
results are in agreement with those obtained by Eaglesham et al. (1983),
Keyser and Fudi Li, 1992 and Parsons et al,, 1993.

REFERENCES

Ali, M. (1998). The role of soybean in health and diseases. Proceeding of the
International Conference on Soybean Production Under Newly
Reclaimed Lands in Egypt, November 28-29. 1998, p. 143-174.

4765




Knany, R.E. et al.

AO.AC. (1975). Official Methods of Analysis of Association of Official
Agriculture Chemists. 12" ed. Published by A.D.A.C. Washington D.C.,
US.A.

Black, C.A.; D.D. Evans; J.L. White; L.E. Ensuminger and F.E. Clark (1965).
Method of Soil Analysis. Am. Soc. Agron. Inc. Publisher. Madison,
Wisconsin, U.S.A.

Danso, S.KA., F. Zapta and KOA. Anonaike (1990). Effect of post
emergence supplemental inoculation on nodulation and symbiotic
performance of soybean at three levels of nitrogen. Appl. Environ.
Microbiol. 56: 1795-1798.

Eaglesham, AR.J.; S. Hassouna and R. Seegers (1983). Nitrogen fertilizers
effects on N,-fixation by cowpea and soybean. Agron. J. 75: 61-66.

El-Haddad, M.: Magdi, |. Mostafa and Shawky, M. Selim (1998). Prospects of
biofertilization of soybean under Egyptian conditions. Proceedings of
the International Conference on Soybean Production Under Newly
Reclaimed Lands in Egypt, November, 28-29, pp. 44-68.

Gomez, KA. and AA. Gomz (1984). Statistical Procedures for Agricultural
Research. John Willey and Sons. Inc. York.

Hardy, RW.F.; R.C. Bumns; R.K. Hebert, R.D. Holsten and E.K. Jackson
(1971). Biological nitrogen fixation a key to world protein. Plant, Sail
Spec. Vol. 561-590.

Jackson, M.L. (1958). Soil Chemical Analysis. Prentice Hall Inc. Englewood
Diffs, New York, U.S.A.

Keyser, M.H. and Fudi Li (1992). Potential for increasing biological nitrogen
fixation in soybean. Plant and Soil. 141: 119-135.

Knany, R.E. AA. Abd El-Magid; H.G. Abu El-Fotoh and AM. Hamissa
(2000). Effect of the addition of sulphur, phosphorus, potassium and
some micronutrients on soybean productivity and phosphorus
utilization. Proc. IAOPN X™ International Colloquium, Plant Nutrition for
Next Millenium. Nutrients Quality and the Environment April 8-13, 2000,
Cairo, Egypt Publ. IAOPN-NRC pp. 169-175.

La Favre, A.K. and A.R.J. Eaglesham (1987). Effects of high temperature and
starter nitrogen on the growth and nodulation of soybean. Crop. Sci. 27:
742-745.

Marschner, H. (1995). Mineral Nutrition of Higher Plants. 2™ ed. Academic
Press, London. p. 889.

Parsons, R.; A. Stanforth; J.A. Raven and J.I. Sprent (1993). Nodule growth
and activity may be regulated by a feedback mechanism involving
phloem nitrogen. Plant Cell and Environment, 16: 125-136.

Serraj, R. and T.R. Sinclair (1999). Physiology of salinity and drought effects
on symbiotic nitrogen fixation in legumes. Dahlia Greidinger
International Symposium. Nutrient Management Under Salinity and
Water Stress. Technion-Israel Institute of Technology, Haifa, pp. 127-
138.

4766



J. Agric. Sci. Mansoura Univ., 29(8), August, 2004

Silsbury, J.H.; D.W. Catchpole and W. Wallace (1986). Effects of nitrate and
ammonium on nitrogenase (C;H, reduction) activity of swards of
subterranean clover, trifolium subteraneuml. Australian Journal. Plant
Physiology, 13: 257-273.

Weber, D.F.; B.E. Caldwell; C. Sloger and H.G. Vest (1971). Some USDA

studies on the soybean-Rhizobium symbiosis. Plant Soil SPC. pp. 293-
304,

Yanni, Y.G.; M.M. El-Beheiry and A.A. Hassan (1987). Intensity of spider mite
infestation on nodulated soybean as affected by nitrogen fertilization
and foliar spraying elements. Soil and Water Res. Inst. 1* Conference
of Fertilizers, Cairo, April, 1987, p. 572-578.

bseall J g Lalll) o 4iila) wel gag g il dland Gl gia 25
ke o laa g * s dgaaa Aa cible  * LS Jelad) Gl
raa — o 5aadl — A )30 Sisadl) 38 e — ALl sliall g el §) S gay dgaa

Opassall Pli by duel ;3 Gipad) Aana e ) ey il (0503 cy ol
Lol o aila) sl gy (hiny il sladl Sl gine 3 A 0 Yoo o YaLY il
o Al adadll areial aadiul LS VY)Y o i e Lgall J g andiul Cus L gall J g
Pt Al el ga A D )l adaill i L) Sa day
eI Al ae g il Slad) Al )
AN A ae g i) slasd) Blal -
AN A ae g il sledd) L) -

£ i Yo ‘M@ﬁjﬂawiwagwwjhlﬂlchﬂléuw
a__,,.-,\)ylc_.L_LLanqﬁi,ve\o@ﬁﬂnmahmgms,.c};ﬂwuyﬁsm ‘
Siba gl LS (5 AY)
‘ () (A e Juaaiall il adli

o Jymana (o A il Jle 0 ay i) slasd) dilal del gl oS
ALal) Jy¥) ALY slage el Cua oyl Jpeanay ) Jpasay Gl Jganay
Al ol nse el Lty gl BUa 8 Jeana e (A1 30 ga cam sl
el (U3/aa8 110 ¢ 199) 44 Jpeana el (2 L e e il diLzl) )
2 (U228 YT 0 FO1) (45 p Jpana el y (lafaaS YAY YY) Cu) Jsana
_ (A e By I e pal

bl Laby L olawdl aladiud 5eUS 0l ) A5l 4, ) e Oyl dibal 5o LS
Sl 5l i el il e 406 e e ol RN 3 ) g cny il Ail
(Yl (B Ale puse sy G el y sl

L.uumngm__ugmgcaﬁagm);t&,ﬂm Baudll Sl ghusal S LS
1Oy Sy Gty g% geana ef Glaill cpa g i san g Ve g sinddl el Cua
adl ladi ol 50 US ali M g il dpandll Gl giase 3305 il AY) Ll e
Hw|musgu_hi¢,nxnawﬁ;h,mthan;i,qmtu_g_;um
e VST FISYLEN

4767



