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Abstract Pot experiments were conducted to evaluate the damaging effects of salinity on Sesbania

sesban plants in the presence and absence of arbuscular mycorrhizal fungi (AMF). The selected

morphological, physiological and biochemical parameters of S. sesban were measured. Salinity

reduced growth and chlorophyll content drastically while as AMF inoculated plants improved

growth. A decrease in the number of nodules, nodule weight and nitrogenase activity was also evi-

dent due to salinity stress causing reduction in nitrogen fixation and assimilation potential. AMF

inoculation increased these parameters and also ameliorated the salinity stress to some extent.

Antioxidant enzymes like superoxide dismutase (SOD), catalase (CAT), ascorbate peroxidase

(APX) and glutathione reductase (GR) as well as non enzymatic antioxidants (ascorbic acid and

glutathione) also exhibited great variation with salinity treatment. Salinity caused great alterations

in the endogenous levels of growth hormones with abscisic acid showing increment. AMF inocu-

lated plants maintained higher levels of growth hormones and also allayed the negative impact

of salinity.
ª 2015 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is

an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

As sessile organisms plants are frequently encountered by

many environmental stresses including abiotic as well as biotic
resulting in altered plant growth and metabolism. Salinity is
one of the important abiotic environmental factors having

great effects on plant growth and development (Barnawal
et al., 2014). Increased industrialization and use of saline water
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for irrigation purposes causes conversion of fertile soils into
salt affected soils making the situation much graver. It has
been estimated that around 5% to 7% of global land is salt

affected (Ruiz-Lozano et al., 2012). This increase in soil
salinity induces osmotic stress resulting in altered growth
and physiology. Several physio-biochemical processes includ-

ing photosynthesis, respiration, nitrogen metabolism and ion
homeostasis are affected adversely by salinity (Tejera et al.,
2004; Porcel et al., 2012).

Exposure of plants to stresses enhances the production as
well as accumulation of toxic reactive oxygen species (ROS)
including O2

�, H2O2 and OH� (Mittler, 2002). Increased pro-
duction of ROS leads to oxidative damage and causes mem-

brane leakage through lipid peroxidation (Shah et al., 2001).
Moreover ROS induced effects are also obvious on the several
other macromolecules including proteins, nucleic acids and

photosynthetic pigments (Ahmad et al., 2010). In order to
avoid salt stress induced oxidative damage plants have devel-
oped several protective mechanisms. Synthesis and accumula-

tion of organic osmolytes, enhanced activities of antioxidant
enzymes and efficient compartmentalization of toxic ions into
other cellular compartments like vacuoles help plants to avert

stress induced damage (Parvaiz and Satyawati, 2008; Tong
et al., 2004; Liu et al., 2014). Both enzymatic as well as non-
enzymatic antioxidants are involved in scavenging of toxic
ROS. Enzymatic system comprises of superoxide dismutase

(SOD), peroxidases (POD), catalase (CAT), ascorbate peroxi-
dase (APX) and glutathione reductase (GR) while as non enzy-
matic system includes ascorbic acid, glutathione, phenols,

tocopherols etc are among the key antioxidants involved in
scavenging of toxic ROS (Mittler, 2002; Ahmad et al., 2010).

Most plants form symbiotic associations with the arbuscu-

lar mycorrhizal fungi (AMF) and it has been well studied that
AMF has the potential to enhance the rhizospheric soil char-
acteristics considerably thereby affecting plant growth

(Navarro et al., 2013; Ahanger et al., 2014). By acting as
bio-ameliorators, AMF improves soil structure so as to pro-
mote plant growth under normal as well as stressed conditions
(Rabie and Almadini, 2005; Cho et al., 2006). AMF enhances

growth and mitigates stress by affecting both morpho-physio-
logical and nutritional aspects. A direct beneficial effect of
AMF on the plant growth and vigor is well documented

(Asghari et al., 2005; Ahanger et al., 2014). In addition of
affecting the plant physiological status AMF also alters root
morphology so as to increase the absorption of water and

nutrients (Aroca et al., 2013; Ahanger et al., 2014). AMF colo-
nized plants show increased absorption as well as efficient uti-
lization of essential mineral nutrients (Neumann and George,
2005; Hart and Forsythe, 2012).

Sesbania sesban Linn, a plant within family Fabaceae is an
important medicinal plant and is commonly known as
Egyptian sesban and is well widely distributed in several tropi-

cal countries (Gomase et al., 2012). According to World
Health Organization about 80% of people living in developing
countries rely exclusively on traditional medicines for their pri-

mary health care needs. Different parts of the Sesbania sesban
including leaves, pods and seeds are known for their medicinal
value (Mittal et al., 2012). Traditionally leaves of S. sesban

have been used as purgative, demulcent, maturant, anthelmin-
tic, inflammation and all pains (Gomase et al., 2012; Mythili
and Ravindhran, 2012). Present study was carried out with
the aim to evaluate the role of AMF in ameliorating the
salinity induced changes in growth and biochemical attributes
in S. sesban.

2. Material and methods

2.1. Pot experiment and treatment

Seeds of sesbania (S. sesban [L.] Merr; Syn Sesban aegyptiaca
Poiret) were obtained from farms of Faculty of Agriculture,

Cairo University, Giza, Egypt. Present study was conducted
at the Plant Production Department, College of Food and
Agricultural Sciences, King Saud University, Riyadh, Saudi

Arabia. The soil used for the experiment has the following
properties (%): sand (83.5); clay (8.7); silt (7.8); organic car-
bon, 0.15; total nitrogen, 0.0062; EC, 7.14 dS/m; and pH 7.5.

Equal quantity (450 g) of autoclaved soil was divided among
plastic pots. The seeds were surface sterilized with sodium
hypochlorite (0.5%, v/v) for 3 min, washed thoroughly with
distilled water before germination on blotter. Healthy

germinating seeds were transferred to pots (1 plant/pot) with
normal soil in one set of experiments and soil of second set
of experiment was amended with Arbuscular Mycorrhizal

Fungi (AMF). The biofertilizer (Rhizobium leguminosarum
bv. viciae Frank) was added to the germinated seeds as thin
film of Peat Inoculant (2 · 108 CFU/g) at rate of 4 g inocu-

lant/kg seed. Hoagland’s solution (Hoagland and Arnon,
1950) was used for irrigation with different concentrations of
NaCl to get concentration of 0, 75 and 150 mM. The irrigation

was carried out every alternate day. The seedlings were grown
for eight weeks at 27 ± 1 �C with 12 h light
(750 lmol m�2 S�1) and 12 h dark photo-cycle and relative
humidity of 70–75% after transplantation. The experiment

was laid out in a completely randomized block design with five
replications. At the end of pot experiment (8 weeks), the plants
were harvested carefully, washed in distilled water, separated

into shoots and roots. The samples were dried at 70 �C for
48 h and dry weight was recorded. Leaf samples were used
for estimation of photosynthetic pigments, antioxidative

enzymes, non enzymatic antioxidants and growth regulators.
Fresh root samples were used for observing rhizobial nodules
and related mycorrhizal studies.

2.2. The mycorrhizal inoculums

The selected mycorrhizal fungi [Funneliformis mosseae (syn.
Glomus mosseae); Rhizophagus intraradices (syn. Glomus

intraradices) and Claroideoglomus etunicatum (syn. Glomus etu-
nicatum)] used in the present experiment were isolated as
described by Hashem et al. (2014). Fungal inoculums potential

was determined by the most probable numbers method
(Alexander, 1982) and each trap culture contained 10.2 · 103

propagules per pot (1 Kg capacity). Fungal inoculums con-

sisted of AM fungal spores, hyphae and colonized root frag-
ments. 10 g of trap soil culture (approx. 100 spores/g trap
soil,M = 80%)/ pot (1 Kg) was added to the experimental soil
as mycorrhizal inoculum.

2.3. Nodulation and nodules activity

Nodules were speared from roots and counted instantly. Fresh

weight of nodule was taken instantly after harvesting, whereas
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dry weight was determined as described above. For estimation
of leghemoglobin, nodules (2.0 g) were ground in liquid N2

and 50 mM KPO4 (pH 7.4) buffer that contained 1 mM

EDTA was added. The mixture was stirred until it thawed to
a homogenate at temperature 2 �C and then transferred to cen-
trifuge tubes. Following centrifugation at 10,000·g for 10 min

at 4 �C. The supernatant was collected and mixed with 50 mM
KPO4 (pH 7.4) buffer containing 1 mM EDTA and the color
intensity was recorded spectrophotometrically at 710 nm

(Keilin and Wang, 1945). Nitrogenase activity was measured
using the method described by (Bergersen and Turner, 1967).
The concentration of NH4

+ was measured calorimetrically
according to the methods of Bergersen and Turner (1967)

and Bergersen (1980) and modified by Minchin et al. (1983).

2.4. Determination of photosynthetic pigments

The photosynthetic pigments were extracted from leaves in
dimethyl sulfoxide (DMSO) as described by Hiscox and
Israelstam (1979). Absorbance was read at 480, 510, 645,

663 nm using DMSO as blank.

2.5. Extraction and estimation of antioxidative enzymes

Fresh leaves (5 g) were crushed in 100 mM Tris–HCl (pH 7.5)
containing 5 mM Dithiothreitol (DTT), 10 mM MgCl2, 1 mM
EDTA (Ethylene diaminetetra acetic acid), 5 mM magnesium
acetate, 1.5% polyvinylpyrrolidone, 1 mM phenylmethanesul-

fonyl fluoride (PMSF) and 1 lg ml�1 aprotinin. The homoge-
nate was filtered through cheese cloth and subjected to
centrifugation for 15 min at 10,000 rpm. The supernatant col-

lected after centrifugation was used as source of enzyme.
Extraction medium of ascorbate peroxidase (APX) contained
2 mM ascorbic acid in addition of the above constituents.

All experiments were performed at 4 �C. Protein in the enzyme
extract was estimated according to Lowry et al. (1951).

The activity of superoxide dismutase (EC 1.15.1.1) was esti-

mated following Van Rossum et al. (1997) measuring the pho-
toreduction of nitrobluetetrazolium (NBT) at 560 nm and
activity was expressed as enzyme unit (EU) mg�1 protein.
One unit of SOD was defined as the amount of protein causing

50% decrease of the SOD-inhibitable NBT reduction. The
method of Nakano and Asada (1981) was followed for the
determination of APX (EC 1.11.1.11) activity. The decrease

in absorbance was read at 290 nm and was expressed as
enzyme units (EU) mg�l protein. Glutathione reductase [GR]
(EC 1.6.4.2) activity was determined according to Carlberg

and Mannervik (1985). The decrease in absorbance was
monitored at 340 nm for 2 min. The activity of GR was
calculated using the extinction coefficient of 6.2 mM�1 cm�1

and expressed as enzyme units (EU) mg�l protein. Catalase
[CAT] (EC 1.11.1.6) activity was determined according
to the method described by Luck (1974) by measuring
change in absorbance at 240 nm. Extinction co-efficient of

36 · 103 mM�l cm�l was used for calculation and expressed
as enzyme units (EU) mg�1 protein.

2.6. Extraction and estimation of non-enzymatic antioxidants

Non-enzymatic antioxidant substances including ascorbic acid
(AsA), glutathione (GSH), oxidized glutathione (GSSG) were
extracted using 1% (w/v) ice-cold trichloroacetic acid (TCA).
The homogenate was then centrifuged at 12,000·g for 20 min
at 4 �C. For estimation of AsA the method of Law et al.

(1983) was adopted, however GSH and GSSG contents were
determined following the method of Anderson (1985).

2.7. Extraction and quantification of plant growth regulators

Indole acetic acid (IAA), indole butyric acid (IBA) and abscisic
acid (ABA) were extracted in aqueous acetone (80%) supple-

mented with 10 mg/l butylated hydroxyl toluene and purified
using EtOAc and NaHCO3 as described by Kusaba et al.
(1998). The purified extract residue was subjected to HPLC

on a column of PEGASIL ODS (6 mm i.d. · 150 mm,
Senshu Kagaku, Tokyo, Japan). Standard curves of IAA,
IBA and ABA ranging from 10 to 200 ng/ml were used as
references for quantification. The method described by Lee

et al. (1998) was followed for extraction and estimation of gib-
berellic acid (GA3) by gas chromatograph–mass spectrometer
(GC–MS). Standard GA3 was used as references.

2.8. Statistical analysis

Two-way analysis (ANOVA) was used for statistical analysis

followed by Duncan’s Multiple Range Test (DMRT). Values
presented are the mean ± SE of five replicates. P value at
0.05 was considered as significant.
3. Results

3.1. Growth parameters

Salinity stress reduced the morphological and growth parame-
ters studied while as inoculation of AMF mitigated the salinity

stress induced changes (Table 1). Percent reduction in shoot
and root length was 21.17% and 40.85% in 75 mM and
150 mM. However AMF inoculated plants showed 23.8%

and 47.5% increase in shoot and root length as compared to
control. Reduction in fresh weight of shoot and root due to
salinity was 25.64% and 48.9% respectively for 75 mM and

57% and 80.1% in for 150 mM NaCl treated plants. AMF
induced enhancement in fresh weight of shoot and root was
reported to be 37.6% and 29% respectively. In addition salin-

ity induced percent reduction in number of leaves and leaflets
was 22% and 59.6% in 150 mM salinity levels (Table 1).
Relative to control AMF inoculated plants showed 29.5%
and 4.8% increase in number of leaves and leaflets respectively.
3.2. Nodulation and nodules activity

Salinity caused a drastic decline in nodulation attributes like

number of nodules per plant, fresh and dry weight of nodules,
leghemoglobin content and nitrogenase activity (Table 2).
However AMF inoculation increased these parameters con-

siderably and also reduced salinity induced decline. Decline
in number of nodules per plant, fresh and dry weight of nod-
ules and leghemoglobin content in salinity stressed plants
(75 mM NaCl) was 61.3%, 50%, 49.4% and 33.5% respec-

tively. Higher concentration of NaCl (150 mM) caused total
inhibition of nodule growth and AMF inoculation mitigated



Table 1 Effect of salinity in presence and absence of AM fungi on shoot length (cm), root depth (cm), fresh weight (g), of shoot and

fresh weight (g) and dry weight (g) and root of Sesbania sesban (L.) Merr.

Treatment Shoot height Root depth Shoot fresh wt. Root fresh wt. Number of leaf Number of leaflets

Control 24.23 18.20 1.17 0.709 9.00 20.66

AMF 30.03 22.10 1.61 0.915 11.66 21.66

75 mM NaCl 19.10 12.76 0.87 0.362 9.33 15.66

75 + AMF 22.66 15.73 1.18 0.594 8.33 18.33

150 mM NaCl 14.33 7.86 0.50 0.141 7.00 8.33

150 + AMF 17.40 11.30 0.82 0.397 6.66 12.66

LSD at: 0.05 1.26 0.97 0.07 0.09 0.26 2.74

Table 2 Effect of salinity in presence and absence of AM fungi on number of nodules per plant, fresh and dry weight of nodules (mg),

leghemoglobin and nitrogenase activity of Sesbania sesban (L.) Merr.

Treatment No. of nodules/plant Fresh wt. (mg) Dry weight (mg) Leghemoglobin Nitrogenase

Control 10.33 19.66 2.59 10.73 0.583

AMF 15.33 36.33 3.77 14.21 0.776

75 mM NaCl 4.00 9.66 1.31 7.13 0.263

75 + AMF 9.00 17.00 2.22 6.35 0.483

150 mM NaCl 0.00 0.00 0.00 1.70 0.00

150 + AMF 4.33 10.33 1.17 5.05 0.353

LSD at: 0.05 0.25 0.48 0.16 0.75 0.11
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these deleterious effects of salinity (Table 2). Observed percent
increase in number of nodules per plant, fresh and dry weight

of nodules, leghemoglobin content in AMF inoculated plants
was 48.40%, 84.91%, 45.55% and 32.43% respectively.
Moreover, nitrogenase activity declined by 54.88% and

100% in low (75 mM NaCl) and high (100 mM NaCl) salinity
stresses. However, AMF inoculated salt stressed plants showed
only 17.15% (75 mM NaCl + AMF) and 39.45% (150 mM

NaCl + AMF) reduction in nitrogenase activity. Relative to
control, AMF inoculated plants showed 33.10% increase in
nitrogenase activity (Table 2).

3.3. Chlorophyll

Salinity caused considerable decline in chlorophyll pigments
with the effect being more obvious under higher concentra-

tions (100 mM NaCl). At higher salt concentration, percent
reduction in chlorophyll a, chlorophyll b and total chlorophyll
Table 3 Effect of salinity in presence and absence of AM fung

chlorophyll and Carotenoids in Sesbania sesban (L.) Merr.

Treatment Pigments system (mg g fresh weight�1)

Chlorophyll a Chlorophyll b C

Control 0.880 0.276 3.

AMF 1.241 0.345 3.

75 mM NaCl 0.597 0.280 2.

75 + AMF 0.851 0.304 2.

150 mM NaCl 0.244 0.103 2.

150 + AMF 0.513 0.172 2.

LSD at: 0.05 0.052 0.034 0.
contents was 72.2%, 62.6% and 70.5% respectively while as
AMF inoculated salinity stressed (150 mM NaCl + AMF)

plants showed only 41.7%, 37.6% and 15.5% decline respec-
tively (Table 3). Relative to control, AMF increased chloro-
phyll a, chlorophyll b and total chlorophyll contents by

41%, 25% and 33% respectively.

3.4. Antioxidant enzymes

Results regarding activities of antioxidant enzymes are
depicted in Fig. 1. Salinity stress caused a significant increase
in activities of antioxidant enzymes studied and increase was
consistent with the increase in concentration of salt.

Exposure to low NaCl (75 mM) concentrations increased
SOD, CAT, GR and APX activities by 34.8%, 44.4%,
37.6% and 37% respectively while at higher NaCl concentra-

tions (150 mM) activities increased by 42.36%, 66.88%,
94.8% and 69.9% respectively. AMF alone increased the
i on chlorophyll a, chlorophyll b, chlorophyll a/b ratio, total

hlorophyll a/b ratio Carotenoids Total chlorophyll

19 0.135 1.29

62 0.133 1.72

13 0.120 0.99

79 0.164 1.32

36 0.039 0.38

98 0.810 1.49

011 0.002 0.048
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Figure 1 Effect of salinity in presence and absence of AM fungi on (A) superoxide dismutase (SOD), (B) catalase (CAT), (C) ascorbate

peroxidase (APX) and (D) glutathione reductase (GR) activity of Sesbania sesban (L.) Merr. Data presented are the means ± SE (n= 5).
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activities of SOD, CAT, GR and APX by 14.7%, 19.8%,
26.8% and 37% respectively. In combination with salt treat-
ment AMF inoculation further enhanced the activities of

antioxidant enzymes studied. At higher concentrations
(150 mM) AMF enhanced the activity of SOD, CAT, GR
and APX by 53.5%, 78.2%, 113.1% and 80.3% respectively.
3.5. Non-enzymatic antioxidants

Results pertaining to the combined effect of salinity and AMF

on ASA, GSSG and GSH are depicted in Fig. 2. Salinity stress
reduced ASA content by 36% and 48.3% at 75 mM and
150 mM respectively while as GSSG and GSH was increased
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by 60.4% and 62.3% at lower concentrations (75 mM) and
151.2% and 123.6% at higher concentrations (150 mM).
However inoculation of AMF caused considerable increase
in these attributes. Percent increase in ASA, GSSG and GSH
due AMF was 12.4%, 15% and 2.4% respectively. Decline
in ASA in AMF inoculated salinity stressed plants was only%
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(75 mM + AMF) and% (150 mM + AMF). AMF inoc-
ulation in salinity stressed plants further enhanced the contents
of GSSG and GSH (Fig. 2).

3.6. Endogenous levels of plant growth hormones

Drastic decline was observed in endogenous levels of IAA,

IBA and GA3 due to salinity stress. Inoculation of AMF not
only increased the growth hormone levels but also ameliorated
the salinity induced deleterious effects (Table 4). Percent

increase in IAA, IBA and GA due to AMF inoculation was
9.4%, 1.9% and 153.1% respectively. Decline in the above
pointed hormones due to salinity was 33%, 54% and 43.8%

at 75 mM NaCl and 70.3%, 74.9% and 89.2% at 150 mM
NaCl. However ABA levels decreased due to AMF inoculation
while increased under salinity stress conditions (Table 4). ABA
increased by 125.8% and 236.4% at 75 mMNaCl and 150 mM

NaCl respectively.

4. Discussion

Salinity stress reduced the biomass and inoculation of AMF
mitigated the stress induced changes in biomass. Reduced rates
of cell division and cell elongation due to stress are the main

causes of reduced growth of plants under stress (Yeseen
et al., 1987). Salinity induced reduction in growth attributes
has been reported by several workers (Perveen et al., 2011;

Ahmad et al., 2012; Padder et al., 2012). In Vigna radiata L,
Padder et al. (2012) and tomato, Babu et al. (2012) demon-
strated that length as well as fresh and dry biomass of shoot
and root declined with the increasing salinity. Exposure to

stress reduces hydraulic conductivity and disturbs extension
of cell wall causing considerable decline in morphological attri-
butes of plants (Ehlert et al., 2009). AMF enhances stress resis-

tance and adaptability of plants by mediating maintained
uptake and assimilation of important mineral nutrients.
Usha et al. (2005) demonstrated that AMF inoculated plants

showed maintained growth due to efficient uptake of mineral
elements. Our results of AMF induced increase in morphologi-
cal attributes and subsequent mitigation of salinity stress sup-

port the findings of Tang et al. (2009) for maize and Shekoofeh
et al. (2012) for Ocimum basilicum. In wheat subjected to salin-
ity, Bheemareddy and Lakshman (2011) demonstrated that
Table 4 Effect of salinity in presence and absence of AM

fungi on growth hormones (nM g fresh weight�1) of Sesbania

sesban (L.) Merr.

Treatment Growth hormones (nM g fresh weight�1)

IAA IBA IAA/IBA GA ABA

Control 433.26 250.56 1.72 131.66 110.40

AMF 474.36 255.43 1.85 215.33 71.33

75 mM NaCl 290.03 115.10 2.52 73.96 249.33

75 + AMF 332.93 188.03 1.77 120.83 145.10

150 mM NaCl 128.26 62.73 2.04 14.13 371.46

150 + AMF 277.96 139.80 1.98 63.33 209.80

LSD at: 0.05 12.74 3.46 0.18 8.42 9.23

Indole acetic acid (IAA), indole butyric acid (IBA), gibberellic acid

(GA), abscisic acid (ABA).
reduction in plant height, biomass, leaf area and number of
leaves per plants was observed and inoculation of AMF
increased these attributes and also mitigated the salinity

induced deleterious effects.
Salinity induced reduction in nitrogenase activity reported

in our results is corroboration with the findings of Severin

et al. (2012). Our results of AMF induced enhancement in nod-
ule growth and nitrogenase activity support the findings of
Zarea et al. (2011). In Trifolium alexandrinum L. and

Trifolium resupinatum L., Zarea et al. (2011) demonstrated that
inoculation of AMF enhanced growth and nitrogenase activity
significantly. Reduced nodule weight, nodule number and
nitrogenase activity has also been reported in salt stressed soy-

bean plants (Qifu and Murray, 1993). AMF colonization
stimulates nodulation, nodule growth and nitrogen fixation
in legume crops (Abbott and Robson, 1977). In phosphorous

deficient soils, Powell (1976) observed that nitrogen fixation
mainly depends on the availability of phosphorous provided
by inhabiting AMF.

Reduction in chlorophyll pigment content observed in our
study is in corroboration with the findings of Doganlar et al.
(2010) Azooz et al. (2011) and Alqarawi et al. (2014) for

tomato, faba bean and Ephedra alata respectively. In faba
bean, Azooz et al. (2011) demonstrated that increased use of
saline water irrigation caused considerable decline in
photosynthetic pigment content and hence reduced growth.

Reduced synthesis of chlorophyll pigments during stress is
due to enhanced activity of chlorophyllase. Essa and Al-Ani
(2001) also reported reduction in chlorophyll content due to

salinity stress in soybean. Salinity alters synthesis of pigment
protein complex and associated proteins hence resulting in
altered carbon metabolism (El-Tayeb, 2005). Under normal

as well as salinity stress conditions enhanced synthesis of
chlorophyll pigments due to inoculation of AMF has earlier
been reported by in Solanum lycopersicum L. (Hajiboland

et al., 2010) and lettuce (Aroca et al., 2013). Aroca et al.
(2013) observed enhanced uptake of essential mineral nutrients
in AMF inoculated plants. Enhanced chlorophyll synthesis in
AMF inoculated plants and subsequent amelioration of salin-

ity stress induced deleterious effect may be due to the increased
uptake of magnesium which forms an important part of
chlorophyll pigment molecule (Aroca et al., 2013).

Antioxidant enzymes play an important role in scavenging
of reactive oxygen species and hence averting the oxidative
stress induced damaging effects on several sensitive molecules

like proteins nucleic acids and lipids. In our results increase
in activities of SOD, CAT, GR and APX due to salt stress is
in concurrence with the findings of Chen et al. (2007) for
Vigna unguiculata Koca et al. (2007) for Sesamum indicum

and Mittal et al. (2012) for Brassica juncea. Increased activity
of antioxidant enzymes help plants to maintain the ROS levels
well below to their deleterious levels. SOD is involved in scav-

enging of superoxide radicals into water and hydrogen perox-
ide (Mittler, 2002). H2O2 produced is converted into water and
oxygen either by CAT and APX (Mittler, 2002). In our results

AMF inoculation increased the activity of the antioxidant
enzymes studied. Salt stressed AMF inoculated S. sesban
plants maintained higher activities of antioxidant enzymes as

compared to their uninoculated stressed counterparts.
Increased antioxidant activities help plants to mediate quick
removal of toxic ROS so that metabolism remains stable.
Increased activities of antioxidant enzymes in AMF plants



Medicinal plant Sesbania sesban (L.) Merr 281
support the findings of Ghorbanli et al. (2004) for soybean,
Tang et al. (2009) for Zea mays and Latef and Chaoxing
(2011) for tomato. GR, APX, reduced glutathione (GSH), oxi-

dized glutathione (GSSG) and ascorbic acid (ASA) are the
important components of ascorbate–glutathione pathway
which is actively involved in scavenging of ROS (Mittler,

2002). Ascorbate–glutathione cycle involves a series of redox
reactions where the net electron flow is from NADPH to
H2O2 resulting in the conversion of H2O2 into water.

Increased activity of GR helps in enhanced production of
reduced glutathione. Reduced glutathione produced from the
reduction of oxidized glutathione acts as electro donor during
the conversion of dehydroascorbate (DHA) into ASA and

ASA acts a electron donor in conversion of H2O2 into water
and oxygen (Noctor and Foyer, 1998; Mittler, 2002). Higher
activity of glutathione reductase results in maintaining higher

ratio of NADP+/NADPH so that photosynthetic electron
transport and flow of electrons to molecular oxygen is main-
tained resulting in reduced formation of superoxide radicals

(Noctor and Foyer, 1998; Mittler, 2002). Increased activity
of GR also keeps GSH/GSSG ratio well maintained which is
important for several physiological processes (Noctor and

Foyer, 1998; Mittler, 2002). Decrease in content of ASA and
increase in GSH found in our study is in concurrence with
the findings of Umar et al. (2011) for Brassica juncea.
Glutathione and ASA are the important non enzymatic

antioxidants protecting cells from oxidative stress through
their active roles in scavenging of ROS (Umar et al., 2011;
Shan et al., 2011). ASA and glutathione are the potential scav-

engers of toxic ROS like superoxide and hydroxyl radicals
(Briviba et al., 1997).

Salinity stressed S. sesban plants showed drastic decline in

the endogenous synthesis of IAA, IBA and GA3 while as
AMF inoculated plants showed higher contents of these
growth regulators. Endophytic fungi cause increase in endoge-

nous levels of IAA and GA (Waqas et al., 2012). Abscisic acid
acts as an endogenous anti-transpirant reducing water loss
through stomata. Enhanced biosynthesis of ABA in stressed
and AMF inoculated plants causes redistribution and

accumulation of ABA in guard cells resulting in the release
of water, ion flux and turgor loss of guard cells and hence
mediating stomatal closure (Bray, 1997). Babu et al. (2012)

demonstrated that salinity stressed tomato plants showed
increment in the concentration of ABA and IAA leading to
better adaptation of tomato to salt stress. Hamayun et al.

(2010) observed that soybean cultivars subjected to salt stress
exhibited increase in ABA and decrease in GA3 synthesis.
ABA is among the different signaling components involved
in regulation of stomatal movements (Kuppusamy et al.,

2009). ABA is a ubiquitous phytohormone concerned with
mediating stomatal closure, regulating plant growth and devel-
opment under stress conditions (Shinozaki and Yamaguchi-

Shinozaki, 2007; Wasilewska et al., 2008). It has been reported
that stress resistance is usually acquired by slowing the biosyn-
thesis of gibberellins and while as increasing ABA (Xiong

et al., 2002). In our results it was observed that salt stress
reduced the content of auxin and GA in S. sesban plants.
AMF fetch increased nutrient uptake including phosphorus,

sulfur, calcium, magnesium and potassium. AMF induced
enhancement in nutrient uptake promotes various biologically
important metabolites and enzymes (Yuan et al., 2010).
Among essential metabolites plant hormones including GA
and auxin have an irreplaceable role in plant growth regulation
under normal as well as stress conditions.

5. Conclusion

Salinity stress reduced growth, physiological and nitrogen

metabolizing attributes considerably. However inoculation of
AMF mitigated the salinity induced deleterious effects on
plant growth and physiochemical attributes. Increase in activ-

ity of antioxidant enzymes was evident in S. sesban plants sub-
jected to salinity stress which were further increased by AMF
inoculation thereby mediating the fast scavenging of ROS and

reducing oxidative damage. Increase in levels of growth hor-
mones and non enzymatic antioxidants due to AMF infer
the beneficial role of AMF in enhancing growth of S. sesban

under salinity stress.
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