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NODULATION, NITROGEN FIXATION AND YIELD OF
SOYBEAN IN SALINE SOIL AS AFFECTED BY SALT
TOLERANCE OF BRADYRHIZOBIA

8]

Sharaf', M.S.; Sonya H. Mohamed?; H.L Abdel—l?attahJ
and SH.M. Selim'

ABSTRACT

The effects of increased concentrations of NaCl, ranged from 0.05 to 14 %, on
growth of 3 strains of Bradyrhizobium. japonicum, ie, USDA110, UF201 and
UF305 were studied in vifro. The growth, nodulation, nitrogen fixation and yield of
soybean were also evaluated when inoculated with those strains under saline soil
conditions. Data of this study, showed that while the 2 strains UF201 andUF305
tolerated NaCl up to 10 and 12%, respectively, the USDA110 was quite sensitive.
This observation was also reflected on the effects of those strains on soybean
grown in saline soil. In many cases, the 2 former strains effectively stimulate all
above-mentioned parameters with insignificant differences between them. The
USDAL110 strain proved to be ineffective in the saline soil due to its lower nodu-
lating frequency under this condition. This finding was also conjugated with re-
duced levels of nitrogen fixation and productivity of plants inoculated with that
strain. '
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INTRODUCTION

Soybean (Glycine max L.) crop is
widely grown as a low economic input
crop and has the potential for balancing
the protein deficiency in cereal-rich diets
of the rural popuiation in arid and semi-

arid regions. In Egypt, a very poor nodu~
Iation in soybean under field conditions
was attributed mainly to the absence of
bradyrhizobia in Egyptian soils (El-
Haddad et al 1984 and El-Fayoumy et
al 1996). Other environmental factors
such as salinity, high temperature and soil
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moisture stress may also affect nodulation
and biological N, fixation (El-Essawi et
al 1982; El-Haddad et al 1984; Attia,
- 1989; El-Sheikh and Wood, 1990; El-
Essawi and Abali, 1990; El-Essawi et al
1993 and El-Fayoumy et al 1996). How-
ever,the performance of different legumes
was generally shown to be negatively
affected under saline conditions (Lanter
et al 1981; Yousef and Sprent, 1983;
Singleton and Bohlool, 1984; Marcar
al 1991 and Zou et al 1995),and those

symbiotic plants were found to be more .

sensitive to salts in the root medium than
plants received mineral nitrogen (Wilson,
1970 and Lauter et al 1981). The poor
symbiotic performance of legumes was
mainly attributed to: a) the salt intoler-
ance of the host plants, and b) the Rhizo-
bium and Bradyrhizobium strains were
not specifically selected for their ability
to form nodules and fix nitrogen under
saline conditions. The finding that any
symbiotic nitrogen fixing strains being
similarly effective but differed in their
salt tolerance (Zou et al 1995; El-Sheikh
and Wood, 1995 and Shabeb et al 1999)
has opened the possibility of improving
the salt tolerance of the Rhizobium-
legume symbiosis through inoculation
with salt tolerant Rhizobium strain.

This work has been carmried out to
evaluate the effects of inoculation with
three Bradyrhizobium japonicum strains
varied in their salt tolerance on nodula-
tion, nitrogen fixation and yield of soy-
bean plants under saline soil conditions.

MATERIAL AND METHODS
Soil
A pot experiment was conducted

during the summer season of 2000°in El-
Fayum Governorate. The soil was

obtained from El-Fayum and analyses
showed that it was a loamy sand (79.4%
sand, 12.8% silt and 7.8% clay) with EC
of 9.93 dSm™ |, total nitrogen of 0.15%,
organic carbon of 2.2% and CaCO; of
5.36%

Seeds

Soybean seceds (Glycine max cv. Giza
82) were kindly provided from the
Department of Soybean Research,
Agricultural Research Center, Giza,
Egypt .

Bradyrhizobium japonicum strains

Three effective strains of B. japoni-
cum ie, USDA110, UF210 and UF305
were obtained from the Culture Collec-
tion of the Unit of Biofertilizers, Faculty
of Agriculture, Ain Shams University,
Cairo, Egypt. They were grown and
maintained using yeast extract mannitol
broth (Somasegaran and Hoben, 1985)
at 28+2°C.

Experimental techniques

Salt tolerance of B. japoniéum strains

In this experiment, 250-mi conical
flasks contained yeast extract mannitol

~broth (50-ml flask™ ) supplemented with

cither of nine concentrations of NaCl,
1e.,0.05, 1,2, 4,6, 8, 10, 12 or 14% were
inoculated with 2 ml inoculum flask”.
The inoculum contained about 10° cells
ml? of the active culture of B. japonicum
USDAL110, UF201 or UF305. Inoculated
flasks were incubated at 28+2°C for 7
days. The pgrowth of the three above-
mentioned strains was recorded as
positive and negative.
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Performance of soybean inoculated
with bradyrhizobia under saline soil
conditions

Inoculum preparation

The three Bradyrhizobium strains
were separately grown in yeast extract
inannitol broth (Somasegaran and Ho-
ben, 1985) for 7 days at 28+2°C. The
broth cultures were then mixed with
CaCO; neutralized peat moss to give a
density of about 10%ells g carrier.

Seed inoculation and planting

One hundred milliliter (10° cells mi™)
of the inoculant prepared from each strain
were mixed with one kilogram of soy-
bean seeds using gum arabic 16% as an
adhesive agent. Eight kilograms of the
soil were packed in pots (30 cm in di-
ameter) and planted with five inoculated
seeds, with either of the 3 strains and then
watered to provide suitable moisture for
the inocula and to maintain the water
holding capacity at the suitable rate (ap-
proximately 60%). After complete ger-
mination, seedlings were thinned to two
plants per pot. Ten replicates were made
for each treatment. Developed plants
were carefully uprooted after 45 days of
cultivation to recored different parame-
ters related to growth (]shoot height, num-
ber of branches plant™, number of leaves
plant” and leaf dry weight plant®)and
nodulation (nodulation frequency, num-
ber and dry weight of nodules plant™).
Dry weights of plant materials were de-
termined after oven drying at 70°Ctoa
constant weight. Nitrogenase activities in
nodules were measured by acetylene re-
duction assay as described by Hardy et al
(1973).

Timing of flowering and pod filling of
soybean plants grown under different
inoculation treatments was also recorded.
Ninety days after cultivation, plants were

‘harvested to record total pod yield (kg

fed'), seed yield (kg fed™), straw yietd
(kg fed) and biological yield (kg fed™).
Three other yields related parameters
were  also calculated according to
Wallace et al (1972) as follows:

_ Seed yield (kg fed -1 )X 100
Crop index =

Straw yield (kg fed -1 )

~1
Seed yield ed
Harvest index = 4 (e I )

Biological yield (kg fed -1
Seed index = weight of 100 seeds (g)

Representative samples of soybean
seeds of each treatment were analyzed for
protein % and oil % according to
A.0.A.C (1990). The results of those two
parameters were used to calculate both
protein and oil yield (kg fed ). Data were
statistically analysed according to Sne-
decor and Cochran (1969)

RESULTS

Resistance of B. japonicum strains te
increased NaCl concentrations

Data in Table (1) indicated that the
tested B. japonicum strains have the ca-
pability to tolerate increased concemntra-
tions of NaCl in different degrees. While,
the UF201 and UF305 strains seemed to
be quite tolerant to increased NaCl con-
centrations, the USDA110 strain was
very sensitive to high salt cocentrations.
In this respect, the two former strains
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Table 1. Resistance of B. japonicum strains to NaCl concentrations in yeast

extract broth
B. japonicum NaCl Concentrations (%)
strains 0.05 1 2 4 6 8 10 12 14
UF201 + + + + + + . + - -
UF305 + + + + + + + + -
USDA110 + + + - - - - - -
+= Growth. - = No growth.

tolerated up to 10 and 12% NaCl, respec-
tively, and the latter only tolerated 2%.
However, the 14% concentration of NaCl
inhibited the growth of the three tested
strains.

Growth, nodulation status and yield
components of inoculated soybean
plants grown in saline soil

Growth

Records of growth characters obtained
after 45 days of cultivation showed that
the two strains UF201 and UF305 are
generally good halotolerant enhancing
soybean development under saline soil
conditions (Table, 2). This finding was
clear in the records of shoot height, num-
ber of branches plant’ and number of
leaves plant®. No significant differences
were observed between these parameters
of plants inoculated with either of the two
above-mentioned strains. Only plants
inoculated with strain UF201 produced
significantly greater amounts of leaf dry
weight (g plant”) than those inoculated
with strain UF305. However, the two
groups of plants showed significant
growth enhancement in comparison to

those inoculated with the
USDA110.

strain

Nodulation and nitrogen fixation

While all soybean plants inoculated
with strain UF201 or UF305 developed
root nodules, only 30% of those inocu-
lated with USDAI110 strain did so in the
tested saline soil (Table, 3). This obser-
vation was also conjugated with signifi-
cantly lower records of the number and
dry weight of nodules as well as acety-
lene reduction activity. In this respect,
plants inoculated with strain UF305
showed significantly higher records of all
the above mentioned criteria

Yield and yield components

Soybean plants inoculated with strain
USDA110 showed a late flowering and
pod filling compared to those inoculated
with strain UF201 or UF305 (Table, 4).
The latter two groups of plants were
nearly similar in their timing of growth
development.

Results presented in Table (5)
confirmed the effectiveness of strain
UF201 and UF305 in enhancing the pro-
ductivity of soybean plants compared to
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Table 2. Growth of soybean plants cultivated in a saline soil and inoculated with B.

Japonicum.different strains
B. japonicum  Shootheight  No. of branches  No. of leaves  Leaf dry weight
strains (cm) plant'-lv -+ - plant! - (g plant™)
UF201 67.6 cd 13e 145a 52.3d
UF305 71.2¢ 12¢ 13.2ab 464¢
USDAI10 559f 1.1f 10.9 cd 432

For each parameter, means not followed by the same letter are not significantly different by
Duncan’s LSD test (P 0.05).

Table 3. Nodulation and nitrogen fixation of soybean plants cultivated in a saline soil
and inoculated with B. japonicum different strains '

o it Yool Dyl Nirgmessgy
) plant plant _dry nodules™)
UF201 100 244¢l 217 gh 37.2¢
UF305 100 265d 223d 39.2a
USDALlO 30 080¢g 098 i 10.7g

For each parameter, means not followed by the same letter are not significantly different by
Duncan’s LSD test (P 0.05).

Table 4. Timing of flowering and pod filling of soybean plants cultivated
in a saline soil inoculated with B. japonicum.different strains

B. japonicum strains Days to flowering Days to pod filling
UF201 50* 81*
UF305 51 83
USDA110 55 88

*: Average of ten replicates.
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Table 5. Yield and yield characteristics of soybean plants cultivated in a saline soil
inoculated with B. japonicum different strains

B. japonicum Total pod Seed Staw Biological Crop  Harvest . Seed
strains yield Yield yield 1 yield index index index

(kg fed’)  (kgfed') (kgfed) (kgfed")
UF201 . 1696.6b  12903d 2987fg 4277.3de 432 30.1 41.1
UF305 1880.7ab 1298.1d 2889fg 4187.1f 449 310 13.9
] USDAI110 10908d 0501.2e 1270 177128 395 283 134

For each parameter, means not followed by the same letter are not significantly different by Duncan’s

LSD test (P > 0.05).

strain USDA110. This finding was clear
in insignificant differences between
plants inoculated with either of the two
strains with respect to total pod yield,
seed yield and straw yield. These results
were also reflected on crop index, harvest
index and seed index. In contrast, the
lowest records were obtained from plants
inoculated with strain USDAI110. While
nearly similar contents of protein and oil
were determined in seeds of plants in-
oculated with either of the three strains,
the yields (kg fed™) of these inoculated
with strain USDA110 were markedly low
(Table, 6).

DISCUSSION

Salinity has been reported to reduce
shoot and root weights, tiodulation and
total nitrogen in legumes such as chick-
pea (Lauter et al 1981), soybean (Single-
ton & Bohlool, 1984 and Grattan &
Mass, 1988) and faba bean (Yousef &
Sprent, 1983 and Zahran & Sprent,
1986). Plants grow under salinity stress
show considerable differences in physio-

logical and biochemical activities, as a
result of adaptive mechanisms during
evolution. Grattan and Grieve (1992)
and Amer (1999) mentioned that salinity
disrupted the nutrient acquisition by
plants in two ways. The first, through
ionic strength of substrate, regardless its
composition, which can influence uptake
and translocation. The second, and the
more common mechanism is reducing the
nufrient availability through ionic com-
petiion with ions. However, the process
of root hair infection of legumes was
shown to be particularly sensitive to sa-
line stress, perhaps due to the common
cessation of root hair growth under these
conditions (Sprent, 1984). A reduction in
50% of soybean nodulation, compared to
maximum nodules number and weight
was reported by Singleton & Bohlool
(1984) and El-Sheikh & Wood (1995)
with 26.6 and 34.2 mM NaCl in solution
culture, respectively. Also, Hafeez ef al
(1988) reported that nodulation of cow-
pea was reduced about 50% by 5. 0 dSm*
when compared to 1.4 dS m’ w1th a
complete depression at 10.0 dS m’
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Table 6. Seed protein, oil content and their yield of soybean plants cultivated in a saline
soil inoculated with B. japonicum. different strains

B. japonicum Seed protein Seed oil

strains Content (%) Yield (kg fed') Content (%) Yield (kg fed™)
UF201 39.9* 514.8* 24.7* 318.7*
UF305 40.9 530.9 25.4 329.7
USDAL110 39.8 199.5 229 117.8

*: Average of ten replicates.

Salinity may also interfere with nod-
ule initiation due to its effect on the bac-
terial partner. There are marked differ-
ences between rhizobia strains in adapta-
tion to saline conditions and the host leg-
umes which are much more sensitive to
salinity than the bacteria. Subba Rao et
al (1990) showed that rhizobia strains
were markedly different in their ability to
infect and form nodules on pigeon pea
under saline conditions. This finding was
confirmed in this study, where the salt
tolerant B. japonicum UF201 and UF305
were quite effective in nodulating soy-
bean under saline soil conditions com-
pared to the sensitive strain USDAI110.
This variation in nodulating ability was
reflected on all measured parameters of
growth, nitrogen fixation and soybean
yield. In contrast to these data, Yelton et
al (1983) found no difference between R.
Jredii strain USDA 191 (salt tolerant) and
B. japonicum strain USDA 110 (salt sen-
_ sitive)., in terms of the total nodules
number plant”, nodules weight and total
plant weight for soybean grown under
non-saline conditions. However, the salt
sensitive strain fixed more nitrogen than
the salt tolerant strain under those condi-
tions. This finding may indicate that the

cultivar used may also have an important
effect on the performance of salt tolerant
strain (Raovelagaleti and Marsh, 1989).
Overall, the obtained data indicate that
the use of salt tolerant strain of Brady-
rhizobium to inoculate soybean plants
under saline conditions can produce an
increase in biological nitrogen fixation
when compared to a salt sensitive strain.
Similar conclusion was also reported by
El-Sheikh and Wood (1995).
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