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ABSTRACT. Soil salinity with different
harmful effects on plant growth and
productivity is one of the main reasons in
diminishing biological nitrogen fixation and
nitrogen assimilation in legume plants.
Molybdate has a key role on nitrogen
metabolism of plants and can be has a
beneficial effect on it. Thus, this experiment
was conducted to evaluate the effects of
sodium molybdate spraying (0.2 and 0.4%
solutions in water) on nodulation, nitrogen
uptake and translocation in soybean plants
under different levels of salt stress (0, 5 and
10 dS m™ NaCl, respectively). Salinity
reduced the nodulation, root and shoot
growth and special flavonoids content in
roots, which are have a key role in
nodulation includes, daidzein, genistein,
coumestrol and glycitein, also diminished
nitrogenase, glutamine synthetase (GS),
glutamate dehydrogenase (GDH), glutamine
oxoglutarate aminotransferase (GOGAT)

and nitrate reductase (NR) activities in
nodes, nitrogen content of nodes, roots and
leaves, nitrogen uptake and translocation by
soybean plants. Under salt stress and non-
saline  condition, sodium  molybdate
treatments improved the nodulation by
increasing flavonoids content of roots, also
these treatments enhanced the plant growth
and nitrogenase, GS, GDH, GOGAT and
NR activities of nodes. Furthermore,
nitrogen content of nodes, roots and leaves,
nitrogen uptake and translocation by
soybean plants improved by sodium
molybdate applications. Both of the sodium
molybdate doses, exposed the similar effects
on improving nodulation and nitrogen
metabolism of soybean.

Keywords: flavonoids; nitrogen
metabolism; nodulation; salinity; sodium
molybdate.
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INTRODUCTION

Salt stress is one of the main
limiting factors in agriculture and
crop productivity. The adverse effect
of salt stress is expressed in whole
plant levels (Munns & Tester 2008;
Chen et al, 2017). A salt
concentration in the soil of 4 dS m™'
or 40 mM NaCl has an osmotic
pressure of about 0.2 MPa, which
affects the ability of plants to take up
water and nutrients. Previous studies
indicated that abiotic stresses, such as
salt stress, can have an adverse effect
on  nodulation and  nitrogen
metabolism in  legume  plants
(Chakrabati & Mukherji 2003; Flowers
et al., 2010). High concentration of
soil salt has a damaging impact on
growth, nodulation and crop yield. In
a report, Abd-Alla et al. (1998) stated
that salt stress reduced the nitrogenase
activity in different cultivars of
soybean. Comba et al. (1998) reported
that high level of salt toxicity
inhibited the nodulation processes and
nitrogen metabolism (by decreasing
some key enzymes activity), but these
processes did not change wunder
moderate levels of salinity. Similar
results were shown in other legumes
(Chakrabati & Mukherji 2003; Araujo
et al., 2015). In upper organs of
soybean, salt stress causes a reduction
in general growth by decreasing the
leaf area and the activation of
chlorophyll degradation enzymes such
as chlorophyllase and inhibition of
chlorophyll synthesis (Munns &
Tester, 2008).
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Nitrogen (N) deficit is one of the
most important yield-limiting factors
for crop production in the world. This
element applied in the highest
quantity for most annual crops (Huber
& Thompson, 2007). It shows an
essential role in various physiological
and biochemical processes in crops.
Nitrogen is the main element of many
important organic compounds, such as
proteins and nucleic acids. It is a key
component of the chlorophyll
molecule, which has an important role
in plant photosynthesis. Nitrogen is
also a structural constituent of cell
walls and enzymes (Fageria & Baligar,
2005). The rhizobia bacteria fix
nitrogen in a mutual association with
the leguminous plants, such as
soybean.  Successful conductivity
between plant roots and rhizobia is an
important process, which that has
affected the nitrogen supply for the
plants. Some of the root flavonoids
(depending on the plant and rhizobia)
have a main role in this symbiosis
between the bacteria and plant roots
(Antunes et al., 2006). Enzymatic
activities in nodes and plant tissues
are the other important factors for a
superior  nitrogen fixation and
nitrogen metabolism of legumes.
Some of the key enzymes, such as
nitrogenase, glutamine synthetase
(GS), glutamate  dehydrogenase
(GDH), glutamine  oxoglutarate
aminotransferase  (GOGAT) and
nitrate reductase (NR), has a key role
in nitrogen metabolism in legume
plants. The nitrogenase enzyme has a
critical role in nitrogen fixation
process with the synthesis of the
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molecular nitrogen (N,) to ammonium
(NH4") in nodes (Chakrabarti &
Mukherji, 2003). GS 1is the other
important enzyme in  nitrogen
metabolism with the multifunctional
roles in plants, and improving the
activity of this enzyme can endorse
plant nitrogen metabolism and
translocation (Becker et al., 2000;
Wang et al, 2003). The next
important enzyme is the NR, this
enzyme is a melodic-enzyme that
converted nitrate (NO™) to nitrite
(NO™). This act is very critical for the
protein metabolism in most of the
plant species, because nitrate is the
dominant form of nitrogen in farm

soils (Srivastava, 1980). Previous
studies indicated that under salt stress,
nitrogen  uptake and  nitrogen

metabolism reduced (Bai et al., 2017;
Ahanger & Agarwal 2017).

The significance of molybdenum
(Mo) in plant nutrition is well-known
(Fageria, 1992; Marschner, 1995;
Mengel et al., 2001). Molybdenum is
required by crops in very small
amounts (Choi et al., 2007).
Nevertheless, it has vital roles in
crops via molybdate-enzymes (Stiefel,
1993). One of the important roles of
molybdenum in plant metabolism is
related to reduces of nitrate form of
nitrogen to nitrite form. In legume
plantsv, such as soybean, Mo is a key
member in nodulation process for
symbiotic nitrogen fixation.
Therefore, Mo absence in a legume
crop may be displayed as an N
deficiency. Mo is a component of
some enzymes, including nitrate
reductase and nitrogenase (Taiz &
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Zeiger, 1998). This ion helps plants in
several processes, such as protein
synthesis and N metabolism. In
soybean, Mo deficiency decreased the
plant growth, seed yield, nodulation,
the total N content of plant and
protein contents of the seeds (Sinclair
& Shiraiwa 1993).

The soybean is an annual legume
that has many industrial, human, and
agricultural uses. The productivity of
this crop is the limits by soil and
water salinization, up to date, there
has been no study concerning the
interaction  effects of  sodium
molybdate and salt stress on the
nodulation and nitrogen metabolism
of soybean, Therefore, this study was
conducted to assess these factors
under salt stress.

MATERIAL AND METHOD

This experiment was conducted on 5
March 2016 in a glass greenhouse with a
factorial design on the Dbasis of
randomized complete block with four
replications. Three levels of salt stress
(non-saline, 5 and 10 dS m™' of NaCl) and
three doses of sodium molybdate
(contains 39% molybdenum) applications
(non-sodium molybdate, 0.2, and 0.4 %
sodium molybdate solution in water) were
used for the analysis of nitrogen
metabolism and nodulation of soybean
plants under salt stress (Glycine max cv.
M7). Salinity levels were chosen
according to the range of the salinity
tolerance of soybean plants (Grieve et al.,
2012). Initially, the soil filled to the pots
(20 cm radius and 30 cm height) with
contained 2.5 kg soil, some properties of
the uses soil are shown in Table 1. Than
six seeds of soybean after inoculation
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with Bradyrhizobium japonicum (10°
bacteria per gram) were sown in each
plastic pot. The pots were kept in a glass
greenhouse under controlled conditions
with 25/23°C day/night temperature, 55-
60% relative humidity, 150 W m™ light
intensifies and 13 h photoperiod. Pots
were irrigated every day with tap water in
the growth period to preserve the soil
water content near field capacity. After
exposes of the first trifoliate leaf, NaCl
was added to irrigation water supplied to

saline treatments. During the experiment,
electric conductivity of each pot was
measured via a digital conductivity meter
(Inolab Model, Weilheim, Germany).
Conductivity was preserved in a favorable
level by adding water or concentrated
NaCl to the pots. The sodium molybdate
treatments were sprayed on plants at
vegetative [V1 (First Trifoliate) and V3
(Third Trifoliate)] and full flowering
stages (R2) (Pedersen et al., 2014) in
accordance with the treatments.

Table 1 - Some physio-chemical properties of the experimental soil

Soil Values
Texture Silty loam
pH 7.4

EC (dSm™) 1.38
Organic carbon (g kg'1) 13.1
Total N (%) 0.08

P (mgkg”) 37

K (mg kg™) 157
Cation exchange capacity (cmol kg'1) 17.8

Node numbers, node, shoot and root
dry weights of soybean plants were
measured 64 days after sowing at full
flowering stage (four days after the last
spraying). The dry weights of tissues were
determined after oven drying at 80°C for
48 h.

From each pot (at 64 days after
sowing), all root systems were carefully
washed out of the soil, then, roots were
freeze-dried, sectioned with scissors and
finely ground in a mortar and pestle for
analysis of flavonoids. Concentrations of
flavonoids were determined using a high-
performance  liquid chromatography
(HPLC, Model Waters 600 E, Waters
Inc., USA) (Franke et al., 1995). The
reagents were bought from Sigma
Chemical Co. (Missouri, USA).

Nitrogen content of nodes, roots and
leaves of soybean plants were measured at
64 days after sowing (at full flowering
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stage). The plant tissues were washed
with deionized water, and then dried in an
oven for 48 h, at 70°C. Dried tissues were
powdered and then the contents of
nitrogen in different parts were assayed
by a CHNS elemental analyzer
(Elementar-group, Hanau, Germany).
Nitrogen uptake was determined as mg
total nitrogen/g root dry weight and
nitrogen translocation was calculated as
mg nitrogen content of leaves /mg
nitrogen content of roots.

On full flowering stage (64 days
after sowing date) assaying enzymes
activity was done from nodes, roots and
leaves of soybean plants. In nodes
nitrogenase activity was assayed by the
method of Turner &  Gibson (1980).
Acetylene is converted to ethylene by
nitrogenase activity. The manufactured
ethylene with nitrogenase was analyzed
by a gas chromatograph (Agilent 7820A,
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equipped with a Column - Porapak Q)
with flame Ionization detector (FID). The
oven/column temperature was set in 60°C,
intector temperature 65°C and detector
temperature is 85°C. Helium used as a
carrier gas with a flow rate of 30 ml min™.
The nitrogenase activity was stated by
ethylene creation per node fresh weight in
an hour. The activity of GS is measured
by the method of Sawhney & Singhv
(1985). A 50 mg of nodes were
homogenized in an extraction buffer
(0.1 M potassium phosphate buffer with
pH 7.8, 10 mM, KCI, 0.4M sucrose, DTT,
10 mM EDTA, 1 mM MgCl,), prepared
samples were measured at 540 nm (100
Conc UV Visible Spectrophotometer,
Varian, California, USA). GS activity was
calculated with the standard curve of
commercial y-glutamyl-hydroxmate with
100-800 pg range. For the determining
GDH activity, about 50 mg of fresh
tissues of nodes were homogenized with 4
ml of extraction buffer (0.05 M Tris-HCL
with pH 7.5, 0.01 M B-mercaptoethanol
and 0.4 M sucrose) then prepared samples
were centrifuged at 20000 g for 30 min,
then 1 ml Upper layer of each sample was
added to the reaction mixture (1.6 ml of
0.1 M Tris-HCI buffer with pH 7.5,
0.1 ml of NH, I 3M, 0.1 ml of
2-oxoglutarate (0.33 M) and 0.2 ml of
NADH). The absorbance was read at
340 nm. For the assaying GOGAT
activity we used the same extraction
buffer for GDH. The reaction mixture was
made with 0.7 ml of 0.IM Tris-HCI
buffer (pH 7.5), 0.1 ml of 0.33M
2-oxoglutarte, 1 ml of glutamine (pH 7.0),
0.2 ml of 10-3M NADH. 1 ml of
extraction enzyme was added to the
reaction buffer and then, absorbance was
read at 340 nm (Duke et al., 1976). The
NR activity was Assayed
spectrophotometrically at 540 nm
(Jaworski, 1971).
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The data were analyzed by
MSTATC software, and the means were
compared by Duncan multiple range test
at p< 0.05. The figures were drawn by the
Microsoft Excel 2016.

RESULTS

Node number and node weight
per plant, significantly reduced by
enhancing  salt  stress.  Foliar
application of sodium molybdate
under all levels of saline and non-
saline conditions improved the
number and weight of the nodes in
soybean root. Both of the doses of
sodium  molybdate  applications,
exposed the similar effect on nodes
number and weight (Fig. 1).

Increasing salt stress, decreased
the root and shoot dry weight of
soybean plant. Application of sodium
molybdate enhanced the root and
shoot dry weight (Fig. 1). This
improvement effect on root growth is
more noticeable under non-saline than
in saline conditions. The results
clearly showed that two doses of
sodium molybdate statistically
showed the same effect on root and
shoot growth.

Flavonoids content of soybean
root considerably decreased by
increasing salt stress. Glycitein
content up to 5 dS m™ did not change
significantly, but further increasing in
salt stress reduced that. The contents
of daidzein, genistein, coumestrol and
glycitein in soybean roots, improved
by sodium molybdate applications.
Increasing doses of sodium molybdate
from 0.2% to 0.4% did not rise the
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flavonoids content in soybean roots
(Table 2).

All of the enzymes activity in
soybean nodes includes: nitrogenase,
GDH, GS, GOGAT and NR
considerably decreased under salt
stress. In all of the enzymes, the
lowest activities were observed under
10 dS m™ salinity. Foliar applications
of sodium molybdate improved the
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Figure 1 - Nodes number, nodes weights, root and shoot dry weights of soybean
plants under different levels of salt stress and sodium molybdate applications. SM:
Sodium molybdate; DW: Dry weight. Different letters in each column indicate
significant difference at p< 0.05.
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Table 2 - Meanst standard error of root flavonoids (mg g'1 dry weight) of soybean

plants under salt stress and sodium molybdate applications

Treatments Daidzein Genistein Coumestrol Glycitein
Salinity
Non-saline 35.54+0.88a  0.070+0.018a 2.20+0.13a 2.25+0.21a
5dSm’” 27.38£0.43b  0.060+0.011b 1.30+0.24b 2.23+0.18a
10 dSm’’ 21.54+0.67c  0.039+0.009c 1.10+0.15¢ 1.68+0.08c
Sodium molybdate
SM 0.0% 24.25+0.94b  0.041+0.026b 1.36+0.08b 1.73+0.18b
SM 0.2% 28.9740.22a  0.061+0.012a 1.64+0.28a 2.21+0.14a
SM 0.4% 29.24+0.89a  0.077+0.016a 1.58+0.19a 2.23+0.15a

SM: Sodium molybdate. Different letters in each column indicate significant difference at p< 0.05.

Table 3 - Means* standard error of different enzymes activities in soybean nodes
under salt stress and sodium molybdate treatments

Treatments Nitrogenase GDH GS GOGAT NR

Salinity

Non-saline 0.088+0.012a 2.54+0.18a 2.43+0.27a 0.121+0.014a 1.48+0.11a
5dSm™” 0.066+0.019b 1.63+0.15b 2.03+0.18b 0.063+0.018b 0.86+0.13b
10 dSm’” 0.022+0.009c  1.02+0.15¢ 1.61+0.15¢c 0.041+0.011c 0.43+0.04c
Sodium molybdate

SM 0.0% 0.041+0.016b 1.16+0.03c 1.25+0.23c 0.062+0.004c 0.77+0.13b
SM 0.2% 0.081+0.011a 1.78+0.18b 2.34+0.11b 0.088+0.011b 0.97+0.10a
SM 0.4% 0.077+0.016a 1.98+0.15a 2.66+0.10a 0.092+0.023a 1.03+0.14a

SM: Sodlum molybdate Nitrogenase (nmol C,H, g"FW H™); GDH: Glutamate dehydrogenase (nmol
NADH g ' FW min” ) GS: Glutamine synthetase (nmole y- glutamylhydroxmate g FW min ) GOGAT:
Glutamine oxoglutarate aminotransferase (nmol NADH g’ FW min™) and NR: Nitrate reductase
(umoles nitrite g™ FW H™"). Different letters in each column indicate significant difference at p< 0.05.

Table 4 - Means* standard error of nitrogen content in different parts of soybean,
nitrogen uptake and nitrogen translocation under salt stress and sodium
molybdate treatments

VI Nor‘:jzes R(r;l;ts Lera‘l\z;es Up':;ke Transltizcation

Salinity

Non-saline 35.61+1.34a 29.63+1.23a 43.78+0.39a 29.30+0.56a 1.48+0.15a
5dSm” 27.43+0.95b 25.03+0.47b 32.21+0.96b 30.12+0.81a 1.28+0.07 b
10 dSm™' 19.13+1.11¢c 18.73+0.37c 24.23+1.02c 27.62+0.50b 1.29+0.05b
Sodium molybdate

SM 0.0% 24.53+1.13c 21.24+0.37b 27.85+0.07b 32.72+0.56b 1.30+0.18b
SM 0.2% 29.64+0.88b 27.75+0.75a 36.23+0.04a 36.45+0.47a 1.30+0.13a
SM 0.4% 33.26x0.94a 28. 15+0 40a 35.87+0.16a 35.86+0.82a 1.27+0.06a

SM: Sodium molybdate; N, - mg Nitrogen g~ DW

N, uptake: mg total nitrogen g root dry weight™ and
N, - Translocation: mg nitrogen of leaves mg mg nitrogen of roots. Different letters in each column
indicate significant difference at p< 0.05.
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The content of nitrogen in nodes,
roots and leaves of soybean plants
considerably decreased under salt
stress (Table 4). Sodium molybdate
treatments raised the nitrogen contents
in nodes, roots and leaves of soybean.
In soybean nodes, with increment of
sodium molybdate doses, nitrogen
content increased, nevertheless this
increment in doses of sodium
molybdate did not change the nitrogen
content in roots and leaves of soybean
plants.

Enhancing salinity to 5 dS m™
did not change the nitrogen uptake by
soybean roots, but further increment
of salinity stress from 5 to 10 dS m™
significantly decreased that. Nitrogen
translocation from roots to leaves
reduced under 5 and 10 dS m™, there
was no difference between the two
levels of salt stress. Foliar
applications of sodium molybdate,
improved the nitrogen uptake and
translocation by soybean plants, two
doses of sodium  molybdate
applications exposed similar effects
on nitrogen uptake and translocations
(Table 4).

DISCUSSION

Soil salinity is one of the main
factors in decreasing nodulation
processes and nitrogen metabolism of
crops (Lopez-Gomez et al, 2016).
Reducing node numbers and weights
of soybean under different levels of
salt stress (Fig. 1) is related from
adverse effect of salt toxicity on
rhizosphere biota and soil pH.
Furthermore, our results clearly
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indicated that salt stress with
reduction of special flavonoids in
soybean roots (which known as
nodulation factors in soybean) has an
adverse effect on nodulation processes
(Table 2 and Fig. 1). Decreasing root
and shoot growth under salt stress
(Fig. 1) is the general reaction of crops
to the salt toxicity (Ghoulam et al.,
2002). One of the common effects of
salt toxicity in plants, is the enhancing
oxidative damages to the root and
shoot cells (Farhangi-Abriz & Torabian
2017). Moreover, salt stress with
decreasing nodulation processes and
nitrogen metabolism in  nodes,
reduced the nitrogen supply. Also
reduction of root and shoot growth of
soybean under salt stress is attributed
with reducing nitrogen uptake and
translocation by soybean plants
(Table 4). Successful nodulation with
application of sodium molybdate
under salt stress (Fig. 1) is associated
with improving root flavonoids
composition (Table 2), which have a
key role in nodulation processes in
soybean plant (Antunes et al., 2006).
Enhancing root and shoot growth of
soybean  plants  with  sodium
molybdate under salt stress, resulted
from improving nitrogen metabolism
in nodes (Table 3) and increasing
nitrogen content in different parts of
the soybean (Table 4). Because,
increasing nitrogen content in plants,
has a positive correlation with their
growth. Salt stress by decreasing
general plant performance (Fig. 1) and
nitrogen content (Table 4) reduced
the flavonoids content in soybean
roots (Table 2). Because nitrogen
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availability is so important factor for

the flavonoids synthesis processes
(Coronado et al., 1995). Sodium
molybdate with  decreasing the

harmful effect of salt stress and
improving the nitrogen content in
plant tissues, increased the contents of
daidzein, genistein, coumestrol and
glycitein in roots (Table 2).

Reduction of nitrogen content in
nodes and plant tissues of soybean
under salinity (Tables 4) is associated
with decreasing nitrogen fixation by
the  nitrogenase  enzyme, the
inhabitation of nitrogen metabolism in
nodes, diminishing nitrogen uptake by
roots and translocation to the upper
organs (Tables 3 and 4). Nitrogen
availability in plant cells directly
related to the GS, GDH and GOGAT
activities. Decreasing  enzymes
activity with increasing salt toxicity
are related to adverse effect of salt
toxicity in plants, such as oxidative
damages and downregulation of some
important gens (Kusano et al., 2011).
Availability of oxygen in nodules is
an essential aspect of nitrogenase
activity in legume plants. Inhibition of
nitrogenase activity with rising salt
toxicity is resulted from decreasing
the oxygen permeability in root cells
and nodule cortex (Serraj et al., 1994;
Fernandez-Pascual et al.,, 1996).
Also, assimilate mobilization to the
nodes is inhibited under salt toxicity
(Fougere et al., 1991; Munns & James
2003) and in this situation,
nitrogenase activity was diminished
(Table 4). Sodium molybdate with
providing molybdate under salt stress
enhanced the enzymatic activities in
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nodes (Table 3), because molybdate
has an essential role in symbiotic
nitrogen fixation. This element is a
structural substitute of some key
enzymes in nitrogen metabolism, such
as nitrate reductase and nitrogenase
(Taiz & Zeiger 1998a). Improvement
of nitrogen uptake by soybean plants
in response to sodium molybdate
applications is resulted from enriching
root cells by nitrogen (Table 4) and
improvement of nitrogen metabolism
and fixation in nodes (Table 3).

CONCLUSIONS

In conclusion, salt stress reduced
plant growth, nodulation, nitrogen
metabolism of nodes, nitrogen uptake
and nitrogen translocation of soybean.
Foliar spray of sodium molybdate in
both of the doses improved nodulation
processes by increasing special
flavonoids includes daidzein,
genistein, coumestrol and glycitein in
soybean  roots.  Also, sodium
molybdate  treatments  increased
nitrogenase, GDH, GS, GOGAT and
NR activities of nodes. Sodium
molybdate enhanced the plant growth,
nitrogen content in nodes, roots and
leaves by increasing nitrogen uptake
and nitrogen translocation. In general,
results showed that application of
sodium molybdate under salt stress
has a great potential in alleviation of
salt toxicity by improving nodulation
and nitrogen metabolism in soybean.
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