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Abstract

The present study was conducted to investigate the effects of Sodium Chloride (NaCl) 60
milli Molar (mM) and 80mM on inoculated and uninoculated plants of two cultivars
(Williams-82 and its hypernodulating mutant NODI-3) of soybean [Glycine max (L.)
Merr.]. The study comprised two sets of experiments. Experiment | was aimed at
investigating the changes in Indole Acetic Acid (IAA) as auto regulatory factor for root
nodulation and its response under NaCl stress. In this experiment, the changing level of
IAA was monitored at 48 h after inoculation, in leaves of potted plants of soybean
cultivars, grown under controlled conditions. A decrease in IAA content was found in
both the cultivars with salt treatment in inoculated plants. The uninoculated plants
showed an increase in IAA content with salt stress. The level of IAA and sugar content
was also measured in phloem sap at 0 hour (h), 48 h --- the critical stage of nodule
development, and at 192 h after inoculation, that is, at nodule initiation. Sugar content in
phloem sap varied in both the varieties. Williams-82 showed more sugar contents in
phloem sap while NODI-3 showed more accumulation of sugar in leaves. NaCl treatment
reduced the sugar as well as IAA content in phloem sap in Williams-82, while, there was
an increase in NODI-3. Experiment 2 was designed to study the effect of inoculation and
NaCl (60mM and 80mM) treatment on the root nodulation, yield performance and

nutritive quality of soybean. NODI-3 showed more accumulation of sugar in leaves,

-1
greater number of nodules plant . Williams-82 exhibited higher protein content in leaves
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and seeds and greater number of flowers plant , more seed weight and greater fresh and

-1
dry weight plant . The inoculated plants showed vigorous growth and development than

that of uninoculated ones.
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Introduction

The soybean plant is an annual plant native to Southeast Asia. It has oblong pods
that contain 2 to 4 seeds or beans. Soybeans are legumes, a member of the pea family,
and have a high protein content of 40% by weight, 32% carbohydrate, 20% fat, 5%
minerals and 3% fiber, and other trace substances. They are processed to make many
foods and food additives. Soybean products are promoted for their protective properties
against cancer. It an important crop that provides fatty acids and proteins for human
beings and its production is severely affected by saline soils environmental conditions
(Luo et al., 2005). Over the last two decades, Pakistan has been mostly importing edible
oil due to low domestic production. Edible oil (1.467 million tons) having worth of Rs.
145 billion (US$ 1.654 billion) was imported during the year 2011-12. Local production
during 2011-12 was 0.636 million tons (Anonymous, 2012).

Salinity is a major environmental constraint to crop production in the arid and
semi-arid regions of the world (Jaleel et al., 2007a; 2007b). Han and Lee (2005) found
that salinity in soil decreased plant growth, photosynthesis, stomatal conductance and

mineral uptake in soybean plants compared to those from non-saline soil.

Plant hormones play an integral role in controlling the growth and development of
plants. Hormones are not only frequently found as stress metabolites, but they are also
part of signaling systems particularly under stress (Davies, 1995; Dobrev et al., 2005;
Javid et al., 2011). Several workers (Elsheikh and Wood., 1995; Andrade et al., 1998;
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Lucas-Gracia et al., 2004; Naz et al., 2009) have suggested involvement of plant growth
promoting rhizobateria (PGPRs) and hormones in nodulation & Np-fixation in legume
plants. Phytohormones play a role in initiating and/or maintaining meristematic activity

during nodule development.

Hirsch et al. (1989) & Davies (1995) presented a model describing the
involvement of cytokinin and auxin in stimulating cell divisions in the inner cortex that
leads to nodule formation. Abd-Allah et al. (1998) found that salt stress (0, 30 and 60
mM NaCl) significantly inhibited the nitrogenase activity, nodule number and dry matter

accumulation plant ! of all the four cultivars (Williams 82, P1416937, DRI (an Egyptian
cultivar) and NODI-3 (a hypernodulating mutant selected from Williams) when
investigated in hydroponics culture and growth chamber environments. El-Fayoumy et al.
(1996) showed that soil salinity >5.72 dS/m markedly affected biological N2 fixation,

nodulation, growth, nitrogen content, water use efficiency and biomass of soybean.

The present investigation was undertaken to evaluate the role of phytohormones
in root nodulation under salt stress and to study the effect of salt stress on nodulation,

yield and biochemical contents of soybean.

Materials and Methods

Seeds of soybean cultivar Williams 82 and NODI-3 were used for the experiment,
which was divided in two sets. In one set, the experiment was conducted at Department
of Biological sciences, Quaid-1-Azam University Islamabad. The other set of experiment

was conducted in green house at National Agriculture Research Centre, Islamabad.
Experiment in Growth Room

Seeds were surface sterilized with methanol for 1 min. followed by shaking in
10% Clorox (commercial grade) for 2-3 min. and finally successively washed with
sterilized water before sowing. The seeds were raised in the controlled temperature room
provided with 16 h light and 8 h dark period. Hoagland nutrient solution (Hoagland and

Arnon, 1950) of quarter strength was added to the plants twice a week. Plants were
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inoculated with pure culture of Rhizobium japonicum strain USDA-110 at the trifoliate
leaf stage. After inoculation, aqueous solution of NaCl (60 mM and 80 mM) was applied

to the treated plants at the trifoliate leaf stage. Following parameters were studied:

1. Changes in the level of IAA in leaves of inoculated and uninoculated plants at

48 h after inoculation

2. Changes in the level of IAA in phloem sap of inoculated and unioculated plants at
0 h, 48 h and 192 h after inoculation.
3. Changes in the sugar content in phloem sap of inoculated and uninoculated plants

at 0 h, 48 h and 192 h after inoculation.

To study the level of IAA and sugar content in phloem sap following procedure was
adopted.

Phloem sap was collected as follows:

Shoots of plants were severed, approximately 3 cm below the cotyledon node,
using a sharp razor blade against a paper towel bathed in a solution of 10 mM diSodium
EDTA with 5 mM phosphate buffer (pH 6.0). Plant shoots were transferred to 1.5 ml
micro centrifuge tubes containing 1 ml of 100 mM disodium EDTA (pH 7.0). The micro
centrifuge tubes holding the shoots were placed in a water bath (25 °C) lined with H20
saturated paper towels and then covered to maintain high humidity and darkness fora 2 h
EDTA pretreatment. After 2 h, plant shoots were removed from the pretreatment solution
and thoroughly rinsed in distilled H2O. Plant shoots were transferred to 1.5 ml-micro
centrifuge tubes containing 1 ml of distilled H20 and returned to the water bath for
phloem collection. After 4 h, the collection period was terminated and the solution

containing phloem exudates were pooled and stored at — 20 °C until further analysis.

IAA level was measured by the estimation of residual IAA by using Salkowski’s
reagent (Malik and Singh, 1980). Sugar estimation was done following the method of
Dubo et al. (1956) as modified by Johnson et al. (1966).

To study the changes in the level of IAA and GA, fresh leaves were ground in 80%
methanol with butylated hydroxy toluene (BHT) and extracted for 72 h with subsequent
changes in solvent after every 24 h. The extracted sample was centrifuged and

Asim, et al., 2013: Vol 1(5) 194 ajrc.journal@gmail.com



American Journal of Research Communication WWwWw.usa-journals.com

supernatant was taken and reduced to aqueous phase using rotary film evaporator (RFE).
The pH of aqueous phase was adjusted to 8 with 0.1N NaOH to remove the basic and
neutral compounds before it was partitioned three times with one-third volume of ethyl
acetate. The pH of aqueous phase was readjusted to 2.5-3.0 and partitioned three times
with one-third volume of ethyl acetate. The ethyl acetate phase was taken and dried down
completely using Rotary Film Evaporator (RFE). The sample was redissolved in 1 ml of
methanol (100%) and analyzed for the presence of phytohormones (IAA) using HPLC
(LC-6A SCHIMADZU).

Experiment in Green House:

Seeds of soybean cultivars Williams-82 and NODI-3 were sown in plastic pots
containing soil and farmyard manure. The parameters studied in this set of experiment

21
were number of nodules plant , sugar contents of leaves, protein contents of leaves and

1 1 1

seeds, number of flowers plant- , number of pods plant- , number of seeds pod - , seed size

(100 seed weight plant-l), fresh and dry weight of shoot and root. Protein estimation of
fresh leaves was done following the method of Lowry et al. (1951) using BSA as
standard while protein contents of the seeds were measured by Kjeldhal Digestion
following the method of AOAC (1982). Sugar estimation was done following the method
of Dubo et al. (1956) as modified by Johnson et al. (1966).

Six different treatments were made to both sets of experiment

1 Inoculated Control denoted as T1

2 Uninoculated Control denoted as T2

3 Inoculated + NaC1 (60 mM) denoted as T3

4. Uninoculated + NaC1 (60 mM) denoted as T4
5 Inoculated + NaC1 (80 mM) denoted as T5

6 Uninoculated + NaC1 (80 mM) denoted as T6
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Results and Discussion
IAA Content of soybean leaves at 48h after inoculation

Salt stress (80 mM) had a significant (P<0.05) effect on IAA level in soybean leaves at
48 h after inoculation. Maximum IAA level was observed in inoculated plants of cv.
Williams-82 receiving no salt treatment whereas; minimum IAA level was observed in
uninoculated plant of cv. NODI-3 receiving no salt treatment (Figure 1). The endogenous
level of IAA was decreased in response to inoculation under salt stress. The observed
differences in IAA content of soybean leaves at 48 h after inoculation may be attributed
to the differences in the genetic make up of the two varieties. In a study it was observed
that major changes in endogenous level of phytohormones occur between 48 to 96 h after
inoculation (Asim et al., 2010). These phytohormones may be transported to the infected
site in roots through phloem sap where they may promote a signal for nodulation as
Dullart (1970) found large concentration of IAA in root nodules of Lupinus luteus. ). IAA
can strengthen the capacity of resistance of the soybean to saline environment (Wei and
Chen, 2000). Root-produced organic compounds in the xylem sap, such as hormones and

amino acids, are considered to be vital for plant development (Oda et al., 2003).

o Williams 82 m NODI 3

IAA concentration (ng/g)

Figure 1. Effect of NaCl treatment on endogenous IAA concentration in leaves of

Soybean at 48 h after inoculation
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IAA and sugar content in phloem sap at Oh, 48h and 192h after inoculation

The major changes in the level of IAA occurred during 48-96 h after inoculation.
Figures 2a & b showed that salt treatment affected the IAA content in phloem sap at Oh,
48h and 192h after inoculation. Both the varieties showed an increase in IAA content of
phloem sap under induced salt stress. There was an increase in the IAA content in
uninoculated plants as compared to inoculated plants. The observed increase in I1AA
content of phloem sap may be due to the transportation of IAA from leaves to roots
where it may be involved in roots nodulation. This is in accordance with the previous
findings where relatively large concentration of IAA has been found in root nodules of
Lupinus luteus (Dullaart, 1970). Root initiation, adventitious root formation, and early
development of root are also stimulated by auxin (Bellamine et al., 1998; Pan and Tian,
1999; Fisher et al., 2007).

— OH g 48H —a— 192H

IAA concentration in phloem sap

11

Figure 2a. Effect of NaCl treatment on IAA concentration (ug/l) in phloem sap of

soybean cv. Williams 82 at 0, 48 and 192 h after inoculation
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Figure 2b. Effect of NaCl treatment on IAA concentration (ug/l) in phloem sap of
soybean cv. NODI-3 at 0, 48 and 192 h after inoculation

Salt treatment also affected the sugar content in phloem sap of both the varieties.
Williams-82 showed more sugar contents in phloem sap at Oh, 48h and 192h after
inoculation as compared to NODI-3. This might be attributed to more accumulation of
sugar in leaves of NODI-3 as compared to Williams-82 due to more accumulation of

sugar in leaves to other parts such as roots etc. through phloem sap (Figures 3a & b).
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Figure 3a. Effect of NaCl treatment on sugar contents (ug/l) in phloem sap of

soybean cv. Williams 82 at 0, 48 and 192 h after inoculation.
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Figure 3b. Effect of NaCl treatment on sugar content (ug/l) in phloem sap of
soybean Cv.NODI-3 at 0, 48 and 192 h after inoculation

Sugar Contents in leaves (Pod filling stage) and protein contents in Leaves (pod

filling stage) and seeds (mature pod stage)

Salt stress significantly reduced the sugar and protein contents in soybean leaves
at pod filling stage and protein contents of seeds at mature pod stage as compared to
Williams-82 (Figures 4 & 5). The increased accumulation of sugar in leaves of the plants
following NaCl treatment is perhaps an adaptation mechanism of plants to cope with the
salinity by using sugar for osmoregulation. Alarcon et al. (1993); Perez-Alfocea et al.
(1993) and Gao et al. (1998) reported that the organic solutes contributing to osmotic
adjustment in the leaves of tomato plants grown under salt stress are organic acids and
sugars. Cayuella et al. (1996) & Singh et al. (2000) reported that in leaves, salt treatment
generally increased sugar concentration several folds over that of control plants.
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Figure 4. Sugar content (ug/g FW) in leaves of soybean cv. Williams-82 and NODI-

3 as affected by NaCl treatment at pod filling stage
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Figure 5. Protein contents (ug/g FW) in leaves and seeds (ug/g) of soybean cv.
Williams-82 and NODI-3 as affected by NaCl treatment at pod filling stage

Juliano (1981) & Panneerselvam et al. (1998) reported decrease in the protein content of

salt stressed plants. Salinity inhibits the incorporation of amino acids into proteins

subsequently decreasing the protein content (El-Saidi et al., 1986; Eder et al., 1977,
Stewart and Boggess, 1978; Chaudhuri and Chaudhuri, 1993). The salinity in rooting
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medium reduced incorporation of labeled amino acids into proteins of pea roots (Khane
and Poljakoff-Mayber, 1968). Salt stress was also responsible for a decrease of the
cytosolic protein content, specifically of leghemoglobin, in the nodules (Delgado et al.,
2006).

Number of nodules plant™

Salt stress significantly reduced the number of nodules plant-t in booth the cultivars
(Figure 6). Number of nodules in both the cultivars decreased with the increase in NaCl
concentration. This may be due to the fact that nodulation was more sensitive than plant
growth to salinity. The addition of NaCl had a negative effect on the initial growth and
nodulation of soybean grown in pots (Tamura, 1992). Soil salinity decreased root
nodulation and N2-fixation (Qifu and Murray, 1993). NODI-3, however, showed two to
three times number of nodules than Williams-82. This significant difference among the

varieties may be attributed to the differences in genetic make up of the varieties.
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Figure 6. Number of nodules plant of soybean cv. Williams-82 and NODI-3 as

affected by NaCl treatment
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Yield parameters

Maximum fresh and dry weight plant-* was observed in inoculated plants of cv. NODI-3,
receiving no salt treatment whereas minimum fresh/dry weight plant * was observed in
uninoculated pants of William-82, receiving 80 mM NaCl treatment (Figure 7). A
decrease in fresh and dry weight plant -t was observed in both the cultivars (William-82
and NODI-3) with the increase in NaCl concentration. The reduction in fresh weight is
probably due to decrease hydraulic conductivity of water form the growth medium as
observed for other crops under saline conditions (Ahmed et al., 1985; Sharma, 1997;
Ashraf and Bashir, 2003). The reduced dry weight also indicates decreased
photosynthetic activity of seedlings. EI-Tayeb, (2005) reported that decrease in
photosynthetic pigments due to salt stress may result in decreased plant growth.
Panneerselvam et al. (1998) reported that NaCl stress decreased root growth, shoot length

and dry matter production of Glycine max seedlings.

W2 (FW) C— NODI 3 (FW)
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Figure 7. Effect of NaCl treatment on Fresh Weight (g) and Dry Weight (g) plant
of soybean cv. Williams-82 and NODI-3 as affected by NaCl treatment
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Figure 8. Number of Flowers and pods plant of soybean cv. Williams-82
and NODI-3 as affected by NaCl treatment

Salt stress significantly reduced the number of flowers, number of pods, 100 seed

weight, and number of seeds pod-!, as evident from the Figures 8 & 9. The observed

decrease in the seed size due to salt treatment may be due to the consequences of

increased flowers drop resulting in the reduction in pods plant-* and seeds plant-t. Boguet

et al., (1987) and Hussain (1997) also observed differences in seed weight and number of

pod plant-! in soybean cultivars. This may be attributed to the fact that the presence of

excessive salts in soil suppressed plant growth and development including inhibition in

the weight of seeds and that water and salinity stress effect the seed yield due to

plasmolytic effect of water and salinity stress in soybean (Salinas et al., 1996). Singleton

and Bohlool (1984) suggested that legumes grown in saline environment exhibited

reduced yield potential.
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Figure 9. Number of seeds pod and seeds size (100 seed weight (g)) plant of
soybean cv. Williams-82 and NODI-3 as affected by NaCl treatment

Conclusion

It is inferred from the present investigation that soybean is NaCl-sensitive crop
but variation in sensitivity occurs in the cultivars. Both the NaCl concentrations (60mM
and 80mM) showed reduction in all the physiological and biochemical parameters. Sugar
content in leaves and phloem sap varies in both the varieties. Williams-82 showed more
sugar content in phloem sap while NODI-3 showed more accumulation of sugar in leaves

perhaps using sugar as osmoregulant.
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