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ABSTRACT

The current work was conducted in 2007 and 2008 seasons at the Experimental
Farm of the Facuity of Agricuiture *Saba Basha", Alexandria University, at Abees Alexandna
Egypt, to study the effect of soil moisture stress, biological and mineral nitrogenous
fertilization on growth, yield and yield components of soybean. The experimental design was
a split split-plot with three replicates. The main plots were assigned to four irngation regimes
70%, 60 %, 50 % and 40 % of soil field capacity (SFC) , three levels of nitrogen fertilization
(zero, 15, 30 kg N/fed.) were randomly distributed in the sub-plots. Whereas, the sub-sub
plots were represented by four biofertifization treatments (control, Rhizobacterien,
Bradyrhizobium japonicum and dual inoculation).
The obtained data showed that plant height, no. of branches, pods, seeds, seed yield / plant,
100~ seed weight, leaf area index, seed and biological yield (ton / fed), oil and protein yield
(kg/fed), oil percentage, number and weight of nodules and N P K content in leaves
depressed by increasing soil moisture depletion, whereas seed protein content exhibits an
opposite trend. The mean values for seed yield (ton/fed) in the two growing seasons were
1.288, 1.172, 0.751 and 0.574 ton / fed. at 70 %, 60 %, 50 % and 40 % of soil field capacity,
respectively. The data showed that application of nitrogen fertilizer was affected on most
growth and vyield attributes, particularly, in conjunction with Rhizobium japonicum.
Conceming utilization of biofertilizers, the mean values for seed yield in both seasons were
0.911, 0.815, 1.02 and 1.04 ton / fed by uninoculation, Rhizobacterien, Rhizobial and dual
inoculation, successively.
The concentration of NPK in soybean leaves decreased with increasing soil moisture
depletion. In addition, its concentration increased with Rhizobial inoculation in comparison
with the other biofertilizers.

INTRODUCTION

Soybean {Glycine max (L) Merr.} is an important leguminous crop all
over the world, it accounts for approximately 50 % of the total production of
oil seed crops in the world. The seeds of soybean contain about 40 %
protein and 20 % oil. Moreover, seed is also valuable in the manufacture of
many human foods and livestock feeds. Therefore, efforts are being
focused on increasing the productivity of soybean crop by
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growing high yielding cultivars under the most favourable agricultural
conditions.

Water supply is one of the most environmental factors that control
growth and development in plants.

Increasing demand for fresh water sources makes it necessary to
save as much water as possible. In general, depending on the level of
reductions, deficit irrigation results in reduced yields (Dogan et al., 2006;
Karam et al., 2005). it is reported that depending on hybnd characteristics,
soybean use about 450-700 mm of water (Doorenbus and Kassam, 1979).
The most critical period for water stress in soybean was claimed by some
researchers to be the fltowering stage and those stages following flowering.

Ergun et al. (2007) indicated that any water stress imposed on
soybean in three different generative stages (R3, R5, and R6) resulted in
substantial yield reduction compared with full irrigation; yield reduction was
greatest at the R6 stage.

Several investigators reported that exposing soybean plants to
moisture deficit reduced plant height, number of pods/plant, seed
yield/plant, 100- seed weight, seed yield, oit % and protein yields, i.e Al-
Assily and Mohamed(2002), EL — Sabbagh et al., (2006), Omar et al,,
(2007), Salwa (2008) and Moursi et al., (2009).

Nitrogen is an essential plant nutrient and, in agriculture, fertilization
with nitrogen products is widely and increasingly practiced to increase the
production yield of food (Reinhold- Hurek and Hurek, 2003). Nitrogen
nutrition in soybean is met by a combination of the uptake and assimilation
of inorganic soil N and symbiotic N2 fixation. The proportion of soybean
crop's N derived from inorganic - soil N or from N2 fixation may change
depending upon whether or not the crop is exposed to drought or other
environmental constraints.

Biofertilizers are products containing living cells of different types of
microorganisms, which have an ability to convert nutritionally important
elements from unavailable to available form through biological processes
(Hegde et al., 1999; Vessey, 2003). In recent years, biofertilizers have
emerged as an important component of the integrated nutrient supply
system and hold a great promise to improve crop Yyields through
environmentally better nutrient supplies. However, the application of
microbial fertilizers in practice, somehow, has not achieved constant
effects. The mechanisms and interactions among these microbes still are
not well understood, especially in real applications.

Inoculation of soybean is a significant agency for the manipulation of
rhizobia for improving crop productivity and soil fertility. It can lead to the
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establishment of a large rhizobial population in the plant rhizosphere and to
improved nodulation and N2-fixation, even under adverse soil N conditions.
Sometimes, yields are not increased by inoculation, but N concentration in
seed or plant parts may be increased over that of non-inoculated plants .in
cases where both types of responses are not observed, the result might
simply be a saving of soil N for succeeding crops. (Wani et al.1995).

MATERIALS AND METHODS

Two field experiments were conducted at the Experimental Farm of
the Faculty of Agriculture "Saba Basha", Alexandria University, at Abees
Alexandria Egypt, in 2007 and 2008 seasons to study the effect of soil
moisture stress, biological and mineral nitrogenous fertilization on growth,
yield and yield components of soybean (Glycine max L. Merril). Each sub-
plot consisted of 5 rows, 3.5 m long on 0.6 m width (10.5 m2). Seeds of
Giza 111(soybean cultivar) were planted on one side in hills at 20 cm apart,
on 28 and 30April, in the first and second season, respectively. The
preceding crop was Egyptian clover (Trifolium alexandrinum L.) during both
of growing seasons. The experimental soil was clay loam in texture, poor in
organic matter

(0.80%) with pH (8.0).Available phosphorus was (0.41mg/kg) and
available nitrogen was (0.42 mg/kg) ( average of the two seasons for upper
30 cm of the soil surface ). Soil moisture content was gravimetrically
determined in soil samples collected before each irrigation from 60 depth
by using cylindrical sharp edge samples Vomocil (1957). The cylinder was
pressed gently into the soil to the desired depth to obtain a known volume
of the soil sample which placed, immediately, in moisture container, then,
oven dried at 105°C for 24h.Soil field capacity was approximately ( 43.0%
as average of two seasons). lrrigation water was applied when soil
moisture content decreased to the desired available soil moisture in each
treatment, which divided into separated plots to keeping them away from
interaction effects. Inoculation with strains of Bradyrhizobium japonicum
(Okadin) and Rhizobacterien was performed by coating the wetted soybean
seeds using a sticking substance (Arabic gum) just before sowing and
irrigated for securing the moist surrounding to bacterial inoculation.
Nitrogen fertilizer was in form of NH4NO3 and was added to the
experimental unit once after twenty days from sowing date. Phosphorous
fertilizer in the form of calcium super phosphate (15.5% P205 ) was applied
at the rate of 30 kg/fed during land preparation. Other practices for growing
soybean were realized as recommended. Harvesting took place on 15 and
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17 September for the first and second seasons, respectively. Protein
content in seeds was determined according to the improved Kjeldah!
method of A.O.A.C. (1980). Crude protein percentage was calculated by
multiplying the total nitrogen percentage for each sample by a factor of
6.25. Oil Percentage was determined according to A.0.A.C. (1980). Total
N was determined colorimetrically by the Nessler's methods (Chapman and
pratt, 1978). Total P was determined using Vanadomolybdophosphori
method (Jackson, 1973) by Spectrophotometer apparatus. Total Potassium
was determined using the Flame spectrophotometer.

All the collected data were subjected to statistical analysis of
variance according to Gomez and Gomez (1984). The treatment means
were compared using L.S.D. to 0.05 level of significant.

The measured characters included

A) Growth attributes:

Plant height, no. of branches, leaf area index, number and weight of
nodules.

B) Yield and yield components:

No. of seeds/plant, no. of pods/plant, seed yield (g/plant), 100— seed
weight, seed yield (ton/fed), biological yield (ton/fed), harvest index, oil and
protein yield (kg/fed).

C) Chemical composition:

Oil, protein percentage-in seeds and N, R, K in the leaves.

RESULTS AND DISCUSSION

1- Growth attributes

Means values of the studied characters as affected by soil moisture deficit,
N levels and biofertilizers in both seasons are presented in Table (1). The
results indicated that increasing soil moisture deficit from 70 % to 40 % of
soil field capacity (SFC) significantly decreased plant height, no. of
branches/plant, L.A.l, number and weight of nodules/plant. This may be
due to water deficit which causes losses in tissues water, and in turn
reduces the turgor pressure in cell, thereby inhibiting both cell enlargement
and cell division. Moreover, the photosynthesis and translocation of their
product may become limited under water deficit conditions ( Hsiao and
Aceved, 1974). Conforming results were reported by Karam et al. (2005),
El-Sabbagh et al. (2006), Omar et al. (2007) and Moursi et al. (2009).
Exposing soybean plants to soil moisture stress up to 40 % of soil field
capacity obviously affected on number and weight of nodules.
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Andy and Purcell (2001) indicated that large nodules maintained
higher relative water content than small nodules across a range of soil
water deficit. Moisture deficiency is major causes of nodulation faiiure,
affecting all stages of the symbiosis and limiting rhizobial growth and
survival in soil. This may contribute to undesirable changes in rhizobia,
including plasmid deletions, genomic rearrangements and reduced
diversity.

The data in Table (1) clarified that plant height, no. of branches, number
and weight of nodules were not significantly affected by N leveis in both
seasons. While N levels influenced leaf area index significantly in both
seasons, where 30 kg/N/fed produced the highest L.A.l. These resuits,
partially, are in agreement with those achieved by Varco (1999), Hoetft et
al.,(2000), , Scharf and Wiebold, (2003).

Data also revealed that biofertilizers significantly affected no. of branches,
L.A.l, number and weight of nodules in both seasons, whereas plant height
did not affect by biofertilizers. The acquired data indicate that
Rhizobacterien gave comparative increment in L.A.l compared with control,
Rhizobial and dual inoculation by approximately (13.0%, 9.4%,and 16.7%,
orderly, as a mean of the two seasons. These findings are relatively in
harmony with the results obtained by Abd El- Lateef et al.,(1998), Mkhaeel
et al., (2000) and Samira and El- Melegy (2005). Inoculation soybean
seeds with Rhizobacterien failed to create root nodules with soybean in
both seasons. This may contribute to concept of specialization between
bactenal strains and host plants. The roots of leguminous plants secrete a
variety of organic compounds, such as amino acids, which can be utilized
by soil microorganisms, such as free — living Rhizobium. Thus, these
organisms can grow to high density in the area surrounding these roots.
Nodulation takes place because of specific and complex interactions
between bacteria strains and the plant. Ueli A. Hartwig (1998). The
interaction between soil moisture deficit x nitrogen fertilizer was significant
for plant height, no. of branches, number and weight of nodules in the first
season, while it was significant for leaf area index in the two seasons. First
order interaction between soil moisture deficit x biofertilizer was significant
for leaf area index in the first season only and for number and weight of
nodules in both seasons. The interaction between nitrogen fertilizer x
biofertilizer for leaf area index was significant in both seasons and for
number and weight of nodules in the first season. Second order interaction
was significant for leaf area index and nodules weight in the first season

only.
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Table: (1) Effect of soil moisture deficit, Nitrogen fertilization and biofertilizers on some growth attributes of

soybean in 2007 and 2008 seasons

Treatments , No.of ‘ Nodules Nodules
A) lrrigation Plant height(cm) branches LA number/plant weight(g)/plant
treatments 2007 2008 2007 2008 2007 2008 2007 2008 2007 2008
70 % 77.4a 538a 40a 48a 258 22a 1268 1278 0.12s 0.14a
60 % 72.3b 525a 41b 49a 18b 19b 11.7a 125a 011b 01438
50 % 225¢ 404b 35¢c 37b 13¢ 13¢ 82b 87b 008c 0.00b
40 % Sw.0c 371b 254 31c¢  098d 1.1d 720 88¢c 0.04d 0.07¢
8)N(kg/fed)
0 €4.0b 461a 37a 43a 12¢c 14c 10688 1038 009a O.118a
15 88.1a 4752 38a 43a 15b 1.6b 9.3a 93a 0.08 8 0.118
30 71.4a 4408 4238 39a 21a 198 9682 98ae 008a 0.11e
C)Biofertilizers
Control 87.9a 430a 34c 39D 15b 16b 00c 00c 00¢c 00c
Rhizo 68.8a 440a 36b 38b 18a 17a 00c 0.0¢c 00¢ 00c
R.J 617a 488a 41a 438 15b 17a 208a 210a 0.19a 0238
Dual inoculation 8 Tfa 477a 40a 46a 15b 15¢ 189b 19.7b 0.16b 0.22b
Interactions
AxB . ns ns ¢ * . had ns - ns
AxC ns ns ns ns . ns - - e o
BxC ns n.s ns ns o . o ns - ns__
AxBxC n.s n.s ns n.s - n.s ns ns . ns

Means followed by the same lelter or letters are not significantly different at the level of5 Rhizo = Rhizol:acterlen

n.s = not significant

R.} = Rhizoblum Japonicum
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2-Yield and yield components:

Table (2) showed that no. of seeds, no. of pods, seed yield (g)/plant and
100- seed weight decreased as soil moisture deficit increased. soil
moisture deficit at 70 % of SFC gave relative increase in comparison with
60 %, 50 % and 40 % SFC in No. pods / plant (4.86%, 14.85%, 76.24%),
(5.45% , 78.1% and 136.7% ) in seed yield(g)/plant and (7.85, 27.07,
51.09%) in 100- seed weight, respectively,as mean of two seasons. These
findings are consistent with those attained by Karam et al. (2005), EL —~
Sabbagh et al.(2006) and Salwa (2008). The data also indicated that N
levels not significantly impact on the aforementioned characters in both
seasons. John Imsande (1998) Cited that the conflicting responses of
soybean yield to fertilizer N could be caused, at least in part, by differences
in soil pH, the relative abundance of nitrate and ammonium in the soil,
and/or the relative efficiency with which the two forms of N are taken up
and assimilated by the plant. Concerning the effect of biofertilizers, the
data in Table (2) manifested that biofertilizers significantly affected no. of
seeds, no. of pods/ plant in the second season, while it significantly
affected 100- seed weight in the first season only.These findings are in
agreement with the results obtained by. Freeborn et al. (2001), Gan yinbo
et al. (2003) and Moursi et al. (2009). The data in Table (2) showed that
first order interaction between soil moisture deficit x nitrogen fertilizer was
significant for no. of pods/ plant in the second seasononly. | - The
interaction was Significant between soil moisture deficit x biofertilizer for no.
of seeds, no. of pods, seed yield / plant and 100- seed weight in the second
season only. Other order interactions were significant for no. of seeds,
pods, seed yield / plant in the second season only.
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Table: (2) Effect of soil moisture deficit, Nitrogen fertilization and
biofertilizers on some yield characters of soybean in 2007 and

2008 seasons

No. of No. of seed 100 - seed
Treatments ceedsiplant __ podsiplant __yield(g/plant) weight
A) Irmigation
treatments 2007 2008 2007 2008 2007 2008 2007 2008
70 % 60.7a 68.3a 353a 448a 88a 98a 149a 14.2a
60 % 5322 6B4a 309a 454a 74ab 1028 123b 14.7a
50 % 254b 391b 385a 312b 56b 48b 106c 122b
40 % 13.2b 387b 199a 256D 43b 36b 99c 94c
B)N (kg/fed) :
0 332a 535a 275a 363a 59a 73a 11.7a 127a
15 417a 540a 373a 350a 69a 71a 120a 125a
30 395a 532a 288a 389a 66a 67a 121a 127a
C)Biofertilizers
Control 356a 568a 287a 357b 64a 73a 113b 118a
Rhizo 329a 428b 369a 29.9c 58a 55a 11.3b 123a
R.J 389a 548a 295a 414a 70a 7.3a 127a 131a
Dual inoculation 451a 59.9a 29.7a 399a 68a 83a 124a 13.1a
Interactions
AxB n.s n.s n.s - n.s ns ns ns
AxC n.s - n.s - n.s b ns *
BxC n.s - n.s - n.s - n.s n.s
AxBxC n.s b n.s - n.s - n.s ns

Means followed by the same letter or letters are not significantly different at the level of 5%
Rhizo = Rhizobacterien |, R. j = Rhizobium japonicum n.s = not significant

The data in Table (3) indicated that soil moisture deficit significantly
affected seed vyield, biological yield ton/ fed, harvest index, oil and protein
yield (kg/ fed) in both seasons. The previously mentioned characters
decreased with increasing soil moisture depletion. The mean values for
seed yield (ton/fed) in two growing seasons were 1.288, 1.172, 0.751 and
0.574 ton / fed at 70 %, 60 %, 50 % and 40 % of soil field capacity,
respectively. These results are confirmed by Omar et al., (2007), Salwa
(2008) ,Moursi et al., (2009) and Rotundo and Westgate. (2010). The data
demonstrated that nitrogen fertilizer levels have significant effect on
biological yield/fed , harvest index, oil yield / fed in the first season only.
These results are in the same line with Freeborn et al. (2001), Gan yinbo et
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al., (2003), and Dorivar et al., (2009). Regarding the effect of biofertilizers,
Seed, biological yield (ton/fed), oil and protein yield (kg/fed) significantly
affected by biofertilizers in the second season only, while biofertilizers have
significant effect on harvest index in both seasons. Seed yieid (ton / fed)
with dual inoculation treatment was higher than other Dbiofertilizers
treatments. The relative increases in seed yield(ton/fed) by application of
dual inoculation in comparison with Rhizobial, Rhizobacterien and control
treatments were 10.7%, 46.1%, 21.1%, respectively. These conclusions
are in agreement with those obtained by Mehasen, et al. (2002), Mohamed
(2003) and Lorena et al.(2010). In addition, data in Table (3) indicated that
first order interaction between soil moisture deficit x nitrogen fertilizer was
significant for biological yield and harvest index in the first season, the
interaction between soil moisture deficit x biofertilizer was significant for all
aforementioned characters. First order interaction between nitrogen
fertilizer x biofertilizer was significant for seed yield (ton / fed), harvest
index, oil and protein yield (kg / fed). Concemning second order interaction,
it was significant for seed yield, biological yield (ton /fed) in the second
season and harvest index in both seasons.
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Table: (3) Effect of soll moisture deficit, Nitrogen fertilization and biofertilizers on some yield characters, in 2007 and

2008 seasons
seed Biological Harvest T Protein yield (k
Treatments ..\ i(tonffed) yield(tonffed) index % O Yield (kg/ fed) A o
?r)elar?rgr:ﬂ?: 2007 2008 2007 2008 2007 2008 2007 2008 2007 2008
70 % 128a 129a 4165a 3.23%3a 306b 39.6a 20074s 308.94a 47168a 469.17a
60 % 1.01b 1332 3308b 3.274a 31.9a 40.3a 220.19s 28.38a 376.77ab  509.83a
50 % 0.781c 0.722b 2558c 2291b 311ab 30.6b 171.02b 47050 27263b  259.20b
40 % "06812c 0.536c 1.912d 1.870c 3.5a 280b 127.32b -05683b 222.17b 192.8%b
BIN (kg/fed)
0 0.841a 09892 2552b 2.771a 328a 329a 18506b 223998 337.13a 360.26a
15 101a 0982a 3062a 2680a 33.9a 359a 22246a 223.80a 34067a 361.35a
30 -0.913a 0.9442 3323a 2.551a 27.1b 35.1a 205.20ab  210.70a  320.63a 351.70a
C)Biofertilizers
Control 0.882a 0.941b 2881a 2.573b 30.5b 349a 18584a 221.57a 324.56a 361.39a
Rhizo 0851a 0.780c 3.001a 2.311b 208b 32.3b 18230a 168.05b 277.90a 268.85b
R.| 1012 103sb 33308 2791ab 31.0b 38.2a 230520 25.928 41488 382.31a
Dual inoculation 0.942a 1.1da 2.731a 3.002a 33.8a 35.0a 21952a 263.53a 32582a 418.53a
Interactions )
AxB ns n.s - ns . n.s ns n.s n.s n.s
Axc - Ell ”e - - ns - - ".s -
BxC ns - n.s ns n.s - n.s - n.s .
AxBxC ns ” ns - . ™ ns n.s ns ns

Means followed by the same letter or letters are not significantly different at the level of 5 %. Rhizo = Rhizobac erien  R. } = Rhizobium japonicum

not significant
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3- Oil, protein percentage in seeds and N, P and K in leaves.

The concluded data in Table (4) indicated that oil percentage and
content of N, P and K in soybean leaves depressed by increasing soil
moisture deficit in both seasons except protein percentage, which showed
reverse trend. The mean values for oil, protein percentage and N, P, K in
both seasons as affected by soil moisture deficit at 70%, 60%, 50 %, and
40% were ( 21.5%, 21.4%, 20.4%, 19.9%), ( 31.3%, 32.8%, 34.5%, 35.2%)
, (3.04, 3.06, 2.57, 2.37), (0.23, 0.28, 0.18, 0.14) and (1.80, 1.70, 1.60,
1.51), respectively. These results are in agreement with those achieved by
Noureldin et al., (2002), EL — Sabbagh et al., (2006) , and Rotundo and
Westgate. (2010). '

Levels of Nitrogen fertilizer have significant influence only on K
leaves content in the two seasons. It could noticed that 30 kg /N/fed gave
the highest values in protein % and N , P , K in leaves compared with zero
and 15 kg/N/fed, while application nitrogen fertilizer 15 kg/N/fed and 30kg /
N/ fed realized the same value (20.9%) for oil percentage as an average in
both seasons. Similar results were obtained by Saleh et al., (2004),
Mehasen and Saeed (2005) and El — Murshedy et al., (2008).

Regarding the effect of biofertilizers, the data obviously exhibited
that Rhizobium japonicum gave the highest values for oil, protein
percentages and leaves content of N, P and K. The data in Table (4)
exhibited that Rhizobial inoculation acquired relative increases in oil,
protein percentages and N, P, K over control, Rhizobacterien and dual
inoculation by about ( 7.0%, 3.4%, 1.4%) , ( 5.20%, 4.9%, 2.1%, ( 14.7%,
15.2%, 12.2%), ( 9.1%, 33.3%, 20.0%) and ( 10.0%, 10.0%, 6.7%),
respectively. These findings are in agreement with those achieved
Mehasen, et al. (2002), Mohamed (2003) and Samira and El — Melegy
(2005). The interaction between soil moisture deficit x nitrogen fertilizer was
significant only for K content in leaves in the second season. First order
interaction between soil moisture deficit x biofertilizer was significant for oil
percentage in two seasons and N, K content in leaves in the second
season only. First order interaction between nitrogen fertilizer x biofertilizer
was significant for K content in the leaves in two seasons. Second order
interaction between soil moisture deficit x nitrogen fertilizer x nitrogen
fertilizer was significant for K content in the leaves in the first season only.
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and N, P, K content in leaves of soybean in 2007 and 2008 seasons

Table: (4) Effect of soil moisture deficit, Nitrogen fertilization and biofertilizers on oil, protein percentages in seeds

Treatments Qil % Protein % N P K
':\r);;"?;""“’: 2007 2008 2007 2008 2007 2008 07 2008 2007 2008
70 % 220e 2108 306d 320c 306a 302a 0z2ab 024b 175a 1808
60 % 213ab 2148 326¢ 33.0b 3028 310a 027a 028a 167b 174b
50 % 204 2030 33.3b 3582 254b 260b 017b D.18¢ 156¢ 160 ¢
40 % 19.9b 19.8b MUTa 37a 232¢ 242¢ 0.45b 0.13d 1.49d 153d
BIN (kg/fed)
0 208a 20438 3242 338a 263a 280a 018a 021a 1.58 b 158¢
18 209a 20838 329a 343a 277a 277a 019a 020a 1.58b 166b
30 2108 20.8 2 33.0a 343a 280a 279a 024a 021a 169a 1752
C)Biofertilizers )
Contro! 200a 1992 22¢ 333b 282b 269b 024s O0.19¢c 1560 158¢c
Rhizo 2092 2053 3R21¢ 336b 261b 267b 0.16a 020b 159b 160¢
R.j 2162 212a 339a 350a 302s 306a 024a 0243 168a 183a
Dual inoculation 21.3a 2098 330b 346a 269b 272b 018a 020b 165a 165b
Interactions '
AxB ns ns ns ns ns ns ns ns ns b
AxC . . ns ns ns . ni ns ns s
BxC ns ns ns ns ns ns ns ns .- .
AxBxC ns ns n.s ns ns n.s ns ns . ns

R.} = Rhizoblum japonicum

ns = not significant

Rhizo = Rhizobacterien

Means followed by the same lefter or lstters are not significantly different at the level of 3 %

(eyseq eqes Ty oey ) 'say 3By APV T
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