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Abstract 
 

The present study aimed to investigate the effects of AMF on the growth and physio-biochemical attributes, antioxidant 
enzyme activities, plant growth regulators and inorganic nutrients in tomato grown under salt stress condition. Tomato 
plants were exposed to different concentrations of NaCl alone (0, 50 and 150 mM) and in combination with AMF 
(0mM+AMF, 50mM+AMF and 150mM+AMF). Spore population and colonization, growth and biomass yield, pigments, 
membrane stability index and malondialdehyde were negatively affected. Exposure of plants to combination of NaCl and 
AMF showed positive impact on the above parameters. Proline and antioxidant enzyme activity increased with increasing 
concentration of NaCl and further increase was observed in plants treated with NaCl in combination with AMF. Acid and 
alkaline phosphatase, hydrolytic enzymes and pectinase are also affected with increasing concentration of salt. However 
plants treated with NaCl in combination with AMF balances the above enzymatic activity. Salt stress decreases the auxin 
concentration in plants but application of AMF has been shown to restore the auxin content. ABA increases with salt 
concentration but less accumulation of ABA have been found in plants treated with AMF. Regarding the nutrient uptake, 
Na+ and Na;K ratio increased and P, K, Mg and Ca decreases with increasing concentration of NaCl. Enhanced 
accumulation of P, K, Mg, Ca and K:N ratio and less uptake of Na+ was observed in presence of AMF. The results confirm 
that NaCl imposes threat to the survival of tomato plants and application of AMF mitigates the negative effect to an 
appreciable level. 
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Introduction 
 

Plants being sessile often experience fluctuations in 
external environment and disturb the plant’s normal 
growth and development (Ahmad et al., 2014a). Abiotic 
and biotic stress is engulfing the cultivated land at an 
alarming rate. Among the abiotic stresses salt stress is 
having a greater impact on farmlands worldwide. It is 
reported that about 7% of the total land on earth and 20% 
of the total arable area are affected with high salt content 
(Anon., 2010). On the other hand the human race is 
increasing and is believed to reach 8.3 billion by 2030 
(Anon., 2010). It is difficult to feed this increasing 
population as the productive land is decreasing day by 
day. So to combat with these problems scientists are 
looking for an alternative to bring the uncultivated land 
under cultivation. 

Salinity stress hampers the plant growth and 
development due to: (i) decrease in osmotic potential of 
the soil solution that leads to water stress, (ii) imbalance 
of essential nutrients, (iii) specific ion effect (salt stress), 
or (iv) combination of these factors (Rasool et al., 2013; 
Hashem et al., 2014a). During osmotic stress plants also 
synthesize low molecular weight compounds known as 

compatible solutes or osmolytes like proline, protein, 
glycinebetaine etc. (Ahmad et al., 2014a,b). These 
compatible solutes don’t interfere with normal 
biochemical reactions and makes plants to tolerate the 
stress. Salt stress is also responsible for oxidative stress 
through the generation of reactive oxygen species (ROS) 
(Ahmad et al., 2010a,b). The ROS are singlet oxygen 
(1O2), superoxide ions (O2

−) and peroxides like hydrogen 
peroxide (H2O2) (Ahmad et al., 2014b).  ROS are 
deleterious to biomolecules like proteins, DNA, RNA, 
membrane lipids etc. To combat with these ROSs plants 
are equipped with defense mechanisms like enzymatic 
(superoxide dismutase (SOD), catalase (CAT), ascorbate 
peroxidase (APX), glutathione reductase (GR) and non-
enzymatic non-enzymatic (ascorbic acid (ASA), 
glutathione (GSH), glutathione S-transferase) antioxidants 
that neutralize the harmful effects of these ROSs (Apel & 
Hirt, 2004). Na/K ratio increases and the elements like K, 
P, Ca2+, Mg2+ etc are decreasing with increasing 
concentration of NaCl. Na+ replaces the other cations and 
hampers their uptake through root system.  

Arbuscular mycorrhizal fungi (AMF) are ubiquitous 
and they are made up by a different variety of land plants, 
including at least 80% angiosperms and fungi belonging 
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to glomeromycota. AMF have been shown to promote 
plant growth (Hameed et al., 2014; Hashem et al., 2014b), 
enhance nutrient uptake such as nitrogen, phosphorus, 
magnesium, and micronutrients from the soil (Evelin et 
al., 2012), improve soil structure, and also able to 
enhance plant tolerance under different stresses such as 
drought and salinity (Wu et al., 2014), and protect host 
plants against pathogens (Sikes et al., 2009). Plants 
treated with AM fungi have been shown to enhance the 
growth and yield, and maintains the osmotic and ionic 
balance to a normal level so that plants will thrive well 
under these stress conditions (Hameed et al., 2014). 

Tomato (Solanum lycopersicum L.) is an important 
vegetable crop and are consumed fresh or cooked 
throughout the world. Tomatoes are also consumed as 
processed food products such as sauce, ketchup, tomato 
juice; puree etc. Tomato is full of phytochemicals like 
lycopene, β-carotene, flavonoids, vitamin C and essential 
nutrients. Most abundant is lycopene, which represents 
80-90% of total pigments and is responsible for the deep 
red color of the ripe tomato fruits and other tomato 
products (Shi & Le Maguer, 2010). Tomato is moderately 
tolerant to salinity stress (Al-Karaki, 2000). NaCl stress 
leads to growth inhibition, decreased photosynthetic 
pigments and induction of oxidative stress in tomato 
plants (Giannakoula & Ilias, 2013).  
 
Materials and Methods 
 
The experimental plant and soil: Seeds of salt tolerant 
tomato (Solanum lycopersicum L. var. Castle rock) were 
surface sterilized with sodium hypochlorite (0.5%, v/v) 
for 3 min, washed thoroughly with distilled water before 
germination on blotter. The sandy was divided among 
plastic pots (1 kg capacity). Hoagland’s solution 
supplemented with different concentrations of NaCl to 
get concentration of 0, 75 and 150 mM/ L was used for 
irrigation.  
 
Mycorrhizal inoculums: The mycorrhizal fungi used in 
the present study were isolated previously from salt march 
habitat soil [(EC) = 9.2 dS m–1] sown with wheat plants in 
Alserw, Dakahlia, Egypt at summer of 2012 (Alqarawi et 
al., 2014c). The extraction and quantification of AM 
fungi was carried by wet sieving, decanting and sucrose 
density gradient centrifugation techniques as described by 
Daniels & Skipper (1982) and modified by Utobo et al. 
(2011). The selected AM fungi [Funneliformis mosseae 
(syn. Glomus mosseae); Rhizophagus intraradices (syn. 
Glomus intraradices), and Claroideoglomus etunicatum 
(syn. Glomus etunicatum)] were inoculated singly with 
tomato plants using autoclaved soil (clay:sand, 1:1, w/w) 
as a host plant for three generations in pot cultures in a 
greenhouse for propagation of fungal spores. Fungal 
inoculums potential was determined by the most probable 
numbers method (Alexander, 1982) and each trap culture 
contained ~10.2 x 103 propagules per pot (1 Kg capacity). 
Fungal inoculums consisted of AM fungal spores, hyphae, 
and colonized root fragments. The mycorrhizal inoculum 
was added to the experimental soil as 10 g of trap soil 
culture (approx. 100 spores/g trap soil, M = 80%)/ pot 
(1Kg). Non-mycorrhizal soil was used as reference. 

Pot experiment: The pot experiment was carried out by 
split-plot in randomized complete block design with five 
replications. Healthy similar germinating seedlings were 
selected for the experiments. The seedlings were grown 
for eight weeks at 27 ± 2oC with 18 h light (750 µmol m-2 
S-1) and 6 h dark photo-cycle, and RH of 70-75% after 
transplantation. At the end of pot experiment, the plants 
were harvested carefully, washed in distilled water, 
separated into leaves, shoots and roots and were used for 
analyses of different parameters.  
 
Determination of arbuscular mycorrhizal colonization: 
The mycorrhizal spores were extracted from the 
experimental soil of each treatment by wet sieving and 
decanting method as described by Daniels & Skipper 
(1982) and modified by Utobo et al. (2011). The intensity 
of fungal infection (mycelium, vesicles and arbuscules) and 
development within the infected regions of the roots were 
calculated according to the following formula: 
 

Total number of AM positive segments% Colonization = Total number of segments studied x 100 

 
Determination of growth parameters: Fresh weight 
(FW) of root and shoot was taken instantly after 
harvesting, whereas dry weight (DW) was determined by 
drying the plant samples at 65°C for 72 h and then 
weighed. 
 
Determination of photosynthetic pigments: The 
photosynthetic pigments were extracted from leaves of 
tomato plants in dimethyl sulfoxide (DMSO) as described 
by Hiscox & Israelstam (1979). Absorbance was 
determined spectrophotometrically at 480, 510, 645, 663 
nm (T80 UV/VIS Spectrometer, PG Instruments Ltd, 
USA), DMSO was used as blank. 
 
Determination of proline and Leaf water content: 
Proline was estimated following the method of Sadasivam 
& Manickam (1996). The mixture was boiled for 1 hour 
and then absorbance determined spectrophotometerically 
at 520 nm. Standard curve of pure proline was used as a 
reference. 

Leaf water content (LWC) was estimated according 
to the method described by Smart & Bingham (1974). 
Calculation of LWC was done by the following formula: 
 

Fresh weight – Dry weight 
TWC = 

Turgid weight – Dry weight 
 
Determination of membrane stability index and 
malondialdehyde: Membrane stability index (MSI) was 
determined according to the method of Sairam et al. 
(1997). 0.1 g of fresh leaf samples was taken in test tubes 
in two sets and 10 ml of double distilled water was added 
to each. One set was kept in water bath for half an hour at 
40oC and the electric conductivity was recorded (C1). 
Water bath with boiling temperature (100oC) was used for 
2nd set of test tubes and the EC was also recorded (C2).  
 

(MSI) = [1 - (C1/C2)] × 100 
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The method of Heath & Packer (1968) was used to 
determine the concentration of malondialdehyde (MDA). 
Absorbance at 532 and 600 nm were used for calculation 
of MDA equivalents. Blank sample was used as reference. 
MDA equivalent was calculated according to the 
following equation:  
 

MDA equivalents (nmol.cm-1) = 1000 
[(Abs 523- Abs 600nm)/155]. 

 
Antioxidant enzymes assays: Fresh leaves (10 g) were 
homogenized in 50 mM sodium phosphate buffer (pH 
7.0) containing 1% soluble Polyvinyl pyrrolidone (PVP). 
The homogenate was centrifuged at 15,000 rpm for 20 
min at 4oC and the supernatant was completed to known 
volume with sodium phosphate buffer and used for the 
assays of enzymes activity. Protein in the enzyme extract 
was estimated according to Lowry et al. (1951). 

CAT (EC 1.11.1.6) was assayed by the method of 
Samantary (2002). Titration of the reaction mixture 
against KMnO4 (0.01M) was performed to observe the 
quantity of H2O2 used by the enzyme. 

APX (EC 1.11.1.11) was assayed by the method of 
Nakano & Asada (1981). Decrease in absorbance at 290 
nm of ascorbate was used for APX assay. APX activity 
was expressed at Units mg-1 protein. 

The method of Kar & Mishra (1976) was employed 
for the peroxidase (POD) (EC 1.11.1.7) assay. 
Absorbance was measured at 420 nm. The enzyme 
activity was expressed as EU mg-1 protein. 

The method of Bayer & Fridovich (1987) was used 
for the assay of SOD (EC 1.15.1.1) activity. The 
absorbance was measured at 540 nm. The activity of SOD 
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. 

Activity of GR (EC 1.6.4.2) was assayed by the 
method of Foyer and Halliwell (1976). Oxidation of 
NADPH was measured at 340 nm for 2 min. the GR 
activity was calculated using the extinction coefficient of 
NADPH of 6.2 mM-1 cm-1 and expressed as EU mg-1 
protein. 
 
Determination of Acid phosphatase and alkaline 
phosphatase activity: The method of Gianinazzi-Pearson 
& Gianinazzi (1976) was used for the assay of acid 
phosphatase (EC 3.1.3.2) and alkaline phosphatase (EC 
3.1.3.1) activity. Absorbance was measured at 410 nm. 
The acid phosphatase activity was expressed as μmol-p-
nitrophenol released min-1 mg protein-1. 
 
Hydrolytic enzyme assays: The method of 
Cuglielminetti et al. (1995) was used for the assay of α-
amylase (EC 3.2.1.1). Standard curve of glucose used as 
reference. Enzyme unit expressed as mg reducing sugar 
liberated h-1 mg protein.  

Carboxy methyl cellulase (E.C. 3.2.1.4) was assayed 
using the method described by Shewale & Sadana (1978). 
Standard curve of glucose (10-100µg/ml) was used as 
reference. Enzyme unit expressed as mg reducing sugar 
liberated-1 1h-1 mg protein-1. 

The method of Shewale & Sadana (1978) used for 
estimation of cellulase activity. Standard curve of 
glucose (10-100µg/ml) used as reference. Enzyme unit 
expressed as mg reducing sugar liberated-1 1h-1 mg 
protein-1. 

Invertase (E.C. 3.2.1.26) activity was assayed by the 
method of Pressey & Avants (1980). Standard curve of 
glucose (10-100 µg/ml) used as reference. Enzyme unit 
expressed as mg reducing sugar liberated-1 1h-1 mg 
protein-1. 

Proteinase (EC 3.4.24.4) activity was assayed 
according to the method of Anson (1938). Enzyme unit 
was expressed as the amount of enzyme required to 
produce an increase in liberate folin-positive amino 
acids and peptides by 1.0 µmol tyrosine -1 min-1. 
Standard curve of tyrosine (10-100 µg/ml) used as 
reference. 

Polygalacturonase [PG] (EC3.2.1.15) activity was 
assayed by the method of Wang & Pinckard (1971). 
Standard curve of polygalacturonic acid (10-100 µg/ml) 
used as reference. Enzyme unit expressed as mg 
reducing sugar liberated-1 1h-1 mg protein-1. 

Pectin lyase [PL] (EC 4.2.2.10) activity was assayed 
using the thiobarbituric acid technique according to the 
method of Olutiola & Akintunde (1979). The absorbance 
was recorded at 540 nm. Enzyme unit was expressed as 
the increase in absorbance of 0.01 1h mg protein under 
assay conditions. 

Pectin methylesterase [PME] (PME, EC 3.1.1.11) 
activity was assayed by the method of Bateman (1963). 
Enzyme unit was expressed as the amount of enzyme 
equivalent 0.01 N NaOH-11h-1 mg-1 protein. 
 
Determination of plant growth regulators: Plant 
growth regulators (IAA, IBA and ABA) were extracted in 
80% aqueous acetone (4:1, v/v) supplemented with 10 
mg/L butylated hydroxytoluene 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. x 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. 
 
Estimation of ion accumulation: A known weights of 
oven dry leaf samples were digested and Na+, K+, Mg2+ 
and Ca2+ were estimated according to the method of 
Wolf (1982) using a flame photometer Jenway Flame 
Photometer, Bibby Scientific Ltd-Stone-Staffs-St15 
0SA–UK. The Phosphorus (P) was extracted by nitric-
perchloric acid digestion and measured using the 
Vanado-molybdophosphoric colorimetric method. 
Standard curve of each mineral (10- 100 µg/ml) was 
used as reference. 
 
Statistical analysis: Duncan's Multiple Range Test was 
performed using One Way ANOVA for a completely 
randomized design by SPSS-21 software and the 
differences in means were determined by the least 
significant differences (LSD) (p=0.05) test. 
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Results 
 
Spore population and total colonization: The total spore 
population showed decrease as NaCl concentration increases. 
At 75 mM NaCl a decrease of 31.9% and at 150 mM a 
decrease of 72.2% was observed in total spore 
population/100gm of soil (Table 1). Salt stress increased 
mycelium, vesicles and arbuscles by 12.8%, 6.9% and 11.5% 
respectively at 75 mM NaCl stress. However 150 mM NaCl 
decrease mycelium to 30.3%, vesicles to 21% and arbuscles 
to 25.6% as compared to the control (Table 1). 
 
Growth and biomass yield: The results related to the 
effect of salt stress and AMF on biomass yield of S. 
lycopersicum is depicted in table 2. The shoot length 
decreases by 42.9% and 67.9% at 75 and 150 mM NaCl 
stress respectively as compared to the control. Salt 
treated plants in presence of AM fungi showed less 
decrease in shoot length by 28.9% at 75 mM and 56.5% 
at 150 mM as compared to plants treated alone with 
NaCl. A decrease of 32.7% and 28.8% in root length 
was observed in plants treated without AM fungi and 

with AM fungi respectively at 75 mM NaCl stress. The 
decrease was more pronounced in 150 mM NaCl stress. 
The shoot and root DW also decreased with increasing 
concentration of NaCl stress. Salt stress decreases the 
shoot dry weight to 76.6% in plants treated with 150 
mM NaCl alone. The AMF treated showed a decrease of 
only 56.1% at the same concentration of salt. Root DW 
is also showing the same decrease but the decrease was 
more pronounced in plants not treated with AM fungi 
(Table 2). 
 
Pigments: Table 3 deals with the effect of different salt 
concentrations and AMF on pigments contents. The 
results showed that all the pigments chl. ‘a’, ‘b’, 
carotenoids, total pigments decreased with increasing 
concentration of salt but plants treated with AMF showed 
less decrease. A decrease of 72.2%, 63.3%, 74.4% and 
69.9% was observed in chl. ‘a’,‘b’ carotenoids and total 
pigments, respectively at 150 mM NaCl stress. However a 
decrease of only 45.3% in chl. ‘a’, 34.1% in chl. ‘b’, 
60.3% in carotenoids and 49.4% in total pigments were 
observed in plants treated with AMF. 

 
Table 1. Effect of different concentrations of NaCl in presence and absence of AM fungi on total spore 

population and structural root colonization in S. lycopersicum. 
Total colonization (%) Salt treatment 

(mM) 
Total spore 

population/100g soil Mycelium Vesicles Arbuscules 
Control 1486 ± 13.5a 76.2 ± 2.2a 34.6 ± 1.4a 26.1 ± 1.0a 
75mM 1011 ± 11.3b 87.4 ± 2.9b 37.2 ± 1.6b 29.5 ± 1.3a 

150 mM 412 ± 6.4c 53.1 ± 3.2c 27.3 ± 1.1c 19.4 ± 0.87b 
Data presented are the means ± SE (n = 5)  
Different letters next to the number indicate significant difference (p<0.05) 

 
Table 2. Effect of different concentrations of NaCl in presence and absence of AM fungi on length (cm)  

and dry weight (g) of shoot and root of S. lycopersicum seedlings.  
Growth and Biomass yield 

Without AM fungi With AM fungi 
Shoot Root Shoot Root Salt treatment 

(mM) 
Length (cm) Dry wt.  

(g) 
Length  

(cm) 
Dry wt.  

(g) 
Length  

(cm) 
Dry wt.  

(g) 
Length  

(cm) 
Dry wt.  

(g) 

Control 26.84  
± 1.37a 

0.34 
± 0.05a 

12.44 
± 1.13a 

0.23 
± 0.03a 

42.8 
± 2.4a 

0.57 
± 0.09a 

21.43 
± 1.29a 

0.47 
± 0.07a 

75 mM 15.31 
± 1.27b 

0.19 
± 0.02b 

8.36 
± 0.72b 

0.14 
± 0.01b 

30.4 
± 1.48b 

0.36 
± 0.06b 

15.24 
± 1.25b 

0.32 
± 0.05b 

150 mM 8.61 
±0.75c 

0.08 
± 0.007c 

5.52 
± 0.54c 

0.08 
± 0.007c 

18.6 
± 1.29c 

0.25 
± 0.04c 

10.73 
± 1.1c 

0.18 
± 0.02c 

Data presented are the means ± SE (n = 5) 
Different letters next to the number indicate significant difference (p<0.05) 

 
Table 3. Effect of different concentrations of NaCl in presence and absence of AM fungi on  

photosynthetic pigments of S. lycopersicum seedlings. 
Pigments content (mg g-1fr. Wt.) 

Without  AM fungi With AM fungi Salt treatment 
(mM) Chl. ‘a' Chl. ‘b’ Carotenoids Total 

pigments Chl. ‘a’ Chl. ‘b’ Carotenoids Total 
pigments 

Control 0.87 
± 0.09a 

0.41 
± 0.05a 

0.17 
± 0.009a 

1.46 
± 0.19a 

1.12 
± 0.12a 

0.59 
± 0.06a 

0.24 
± 0.01a 

1.96 
± 0.59a 

75 mM 0.47 
± 0.05b 

0.27 
± 0.03b 

0.09 
± 0.005b 

0.83 
± 0.07b 

0.92 
± 0.09b 

0.49 
± 0.04b 

0.18 
± 0.007b 

1.44 
± 0.14b 

150 mM 0.24 
± 0.02c 

0.15 
± 0.007c 

0.04 
± 0.001c 

0.43 
± 0.06c 

0.61 
± 0.05c 

0.39 
± 0.02c 

0.09 
± 0.005c 

0.99 
± 0.10c 

Data presented are the means ± SE (n = 5)  
Different letters next to the number indicate significant difference (p<0.05) 
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Proline: Proline content showed an increase with 
increasing concentration of NaCl. An increase of 46.5% 
and 55% in proline content was observed at 75 and 150 
mM NaCl stress respectively in non-AMF treated plants. 
Plants treated with NaCl in presence of AMF showed 
further increase of 51.6% at 75 mM and 62.9% at 150 
mM NaCl (Fig. 1A). 
 
Leaf water content (LWC): LWC also showed 
decreasing trend with increasing concentration of NaCl. 
An increase of 14.01% at 75 mM and 35.08% at 150 mM 
NaCl in LWC was observed in plants in present study. 
However AMF treated plants showed less decrease of 6% 
and 12.9% at 75 and 150 mM NaCl respectively (Fig. 
1B). 
 
Membrane stability index (MSI): Plants treated with 
AMF showed 12.9% and 29.9% decrease in MSI at 75 
and 150 mM NaCl stress respectively while plants 
without AMF showed more decrease of 22.6% at 75 mM 
and 44.9% at 150 mM NaCl stress (Fig. 2A). 

Malondialdehyde (MDA): The results related to the 
effect of NaCl in presence and absence of AMF on MDA 
content is depicted in figure 2B. The MDA content 
increased with increasing concentration of NaCl. An 
increase of 30.8% and 53.2% in MDA content was 
observed at 75 mM and 150 mM NaCl respectively in 
plants without AMF. However a less amount of MDA 
content 23.8% at 75 mM and 37.4% at 150 mM NaCl was 
observed in plants treated with AMF.  
 
Antioxidants: Salt stress induces the activity of 
different antioxidant enzymes. All the enzymes showed 
increasing trend with increasing concentration of salt. 
CAT activity increased by 22.1% and 57.7%, APX by 
14.1% and 25.3%, POD by 5.6% and 23.7%, GR by 
28.9% and 37.1% and SOD by 23.9% and 36.8%, at 75 
and 150 mM NaCl respectively in plants without AMF. 
Plants treated with AMF showed further increased 
activity of 59.6%, 53.8%, 43.7%, 68.2% and 48.7% in 
CAT, APX, POD, GR and SOD respectively at 150 mM 
NaCl stress (Fig. 3A-E). 

 

 
 
Fig. 1. Effect of different concentrations of NaCl on (A) proline content (mg g-1 DW) and (B) leaf water content (%) in presence and 
absence of AM fungi in S. lycopersicum seedlings. Data presented are the means ± SE (n = 5). Different letters indicate significant 
difference (p<0.05). 
 

 
 
Fig. 2. Effect of different concentrations of NaCl on (A) membrane stability index [MSI] (%) and (B) MDA content (μmol g-1 FW) in 
presence and absence of AM fungi in S. lycopersicum seedlings. Data presented are the means ± SE (n = 5). Different letters indicate 
significant difference (p<0.05). 
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Fig. 3. Effect of different concentrations of NaCl on (A); CAT (EU mg-1 protein); (B) APX (EU mg-1 protein); (C) POD (EU mg-1 
protein), (D) GR (EU mg-1 protein) and (E) SOD (EU mg-1 protein) in presence and absence of AMF in S. lycopersicum seedlings. 
Data presented are the means ± SE (n = 5). Different letters indicate significant difference (p<0.05). 
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Acid and alkaline phosphatase: The results pertaining to 
the effect of NaCl on phosphatase enzymes in presence 
and absence of AMF is depicted in figure 4A-B. Acid 
phosphatase showed an increase of 53.5% at 75 mM and 
67.8% at 150 mM NaCl stress in plants without AMF. 
Plants treated with AMF showed only 26.9% and 46.4% 
increase in acid phosphatase at 75 mM and 150 mM NaCl 
respectively. Alkaline phosphatase also showed the 
similar response but the decrease was less in AMF treated 
plants as compared to non AMF treated. 
 
Hydrolytic enzymes: The hydrolytic enzyme activity 
with respect to NaCl in presence and absence of AMF is 
shown in table 4. The amylase activity decreases by 
29.6% and 79.7% in plants treated with 75 and 150 mM 
NaCl alone as compared to control. However, plants 
treated with NaCl in presence of AMF showed decrease 
of only 22.9% at 75 mM and 35.5% at 150 mM NaCl. 
Other hydrolytic enzymes showed increase with NaCl in 
both cases with and without AMF. An increase of 
32.2%, 29.3%, 40.8% and 51% in CMase, cellulose, 
invertase, proteinase respectively was observed at 150 
mM NaCl alone. Plants treated with NaCl in presence of 
AMF also showed an increase in hydrolytic enzyme 
activity but the increase is less as compared to plants not 
treated with AMF. 
 
Pectinase enzymes: Figure 5A-C explains the results 
related to pectinase enzyme under salt stress in presence 
and absence of AMF. Salt stress increased the pectin 
lyase (PL) to 71.6% and 79%, pectine methyl esterase 
(PME) to 17.4% and 32.51% and polyglacturonase (PG) 

to 22.4 and 44.7% at 75 and 150 mM NaCl respectively 
in non AMF treated plants. AMF treated plants showed 
increase of only 55.8% and 67.1% in PL, 7.5% and 
16.4% in PME and 5.8% and 16.3% in PG at 75 and 150 
mM NaCl stress respectively. AMF treated plants 
showed less increase in pectinase enzymes as compared 
to plants treated with NaCl alone. 
 

Plant growth regulators: The results pertaining to the 
effect of NaCl in presence and absence of AMF on plant 
growth regulators is presented in figure 6A-C. Salt stress 
alone decreases IAA and IBA to 58.5% and 40.2% 
respectively at 150 mM NaCl. However plants treated 
with NaCl in presence of AMF showed less decrease of 
42.5% in IAA and 37.9% in IBA at 150 mM NaCl. ABA 
were increased to 86.4% and 93.5% at 75 mM and 150 
mM NaCl alone. Plants treated with AMF showed 
80.1% at 75 mM and 88% increase in ABA at 150 mM 
NaCl stress. 
 
Ion accumulation: The results related to the effect of NaCl 
in presence and absence of AMF on elemental 
accumulation is depicted in table 5. Among the elemental 
accumulation only Na+ and Na/K ratio showed increase 
with increasing concentration of NaCl in absence as well as 
in presence of AMF. Maximum accumulation of Na+ and 
Na/K was 65.5% and 86.6% respectively at 150 mM NaCl 
alone. 150 mM NaCl along with AMF showed increase of 
61.6% in Na+ and 76.7% in Na/K ratio. Other elements like 
K+, Mg2+, P, Ca2+ decreases with increasing concentration 
of salt and AMF treated plants showed increment in uptake 
of above elements to an appreciable level. 

 
Table 4. Effect of different concentrations of NaCl in presence and absence of AM fungi on  

hydrolytic enzyme activity of S. lycopersicum seedlings. 
Hydrolytic enzyme activity (EU mg-1 protein) 

Without AMF With AMF 
Salt 

treatment 
(mM) Amylase CMCase Cellulase Invertase Proteinase Amylase CMCase Cellulase Invertase Proteinase

Control 6.17 
± 0.51a 

25.19 
± 0.51a 

4.78 
± 0.22a 

2.63 
± 0.11a 

2.92 
± 0.11a 

1.35 
± 0.17a 

22.12 
± 1.20a 

3.14 
± 0.21a 

2.11 
± 0.10a 

2.43 
± 0.14a 

75 mM 4.34 
± 0.32b 

31.22 
± 0.70b 

5.18 
± 0.41b 

3.97 
± 0.29b 

4.11 
± 0.30b 

1.04 
± 0.05b 

24.35 
± 1.91b 

4.23 
± 0.31b 

2.74 
± 0.12b 

3.01 
± 0.20b 

150 mM 1.25 
± 0.11c 

37.18 
± 0.80c 

6.77 
± 0.61c 

4.45 
± 0.33c 

5.96 
± 0.49c 

0.87 
± 0.09c 

27.88 
± 2.11c 

4.96 
± 0.39c 

3.25 
± 1.24c 

3.78 
± 0.25c 

Data presented are the means ± SE (n = 5) 
Different letters next to the number indicate significant difference (p<0.05) 
 

Table 5. Effect of different concentrations of NaCl in presence and absence of AM fungi on  
elemental accumulation of S. lycopersicum seedlings. 

Elemental accumulation (mg g-1 dry wt.) 
Without AMF With AMF 

Salt treatment 
(mM) 

Na+ K+ Na/K Mg2+ P Ca2+ Na+ K+ Na/K Mg2+ P Ca2+ 

Control 8.12± 
1.42a 

34.81± 
5.51a 

0.23± 
0.07a 

1.78± 
0.92a 

1.37± 
0.73a 

4.27± 
0.82a 

14.32± 
2.95a 

41.63± 
6.52a 

0.34± 
0.14a 

3.92± 
0.84a 

3.85± 
0.81a 

5.18± 
1.51a 

75 mM 17.79± 
3.62b 

22.75± 
4.02b 

0.78± 
0.03c 

1.04± 
0.51b 

1.24± 
0.62b 

3.16± 
0.73b 

25.41± 
4.32b 

36.78± 
5.8b 

0.69± 
0.22b 

2.14± 
0.65b 

3.61± 
0.75b 

4.53± 
1.33b 

150 mM 23.55± 
4.11b 

14.22± 
2.91c 

1.65± 
0.40c 

0.67± 
0.31c 

0.73± 
0.28c 

1.25± 
0.11c 

37.31± 
5.93c 

25.41± 
.35c 

1.46± 
0.52c 

1.63± 
0.49c 

2.43± 
0.21c 

3.01± 
0.69c 

Data presented are the means ± SE (n = 5)  
Different letters next to the number indicate significant difference (p<0.05) 
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Fig. 4. Effect of different concentrations of NaCl on activities of (A) acid phosphatase and (B) alkaline phosphatase enzymes (μmol 
min-1 ml-1) in presence and absence of AM fungi in S. lycopersicum seedlings. Data presented are the means ± SE (n = 5).  
 
Discussion 
 

AMF is reported to alleviate toxic effects caused by 
salinity stress and improves growth rate, biomass, 
nutrient uptake of plants (Evelin et al., 2009; Hameed et 
al., 2014). Our results of decreasing root colonization 
corroborates with the findings of Juniper & Abbott 
(2006), they also reported that salt stress can affect AM 
fungi by slowing down root colonization, spore 
germination and hyphal growth. Our results showed 
increase in colonization at 75 mM NaCl and decrease at 
150 mM NaCl stress. The reason behind the increase of 
colonization at low concentrations of salt and decrease 
at high concentrations of salt may be AM fungal species 
have varying tolerance to salinity. Johnson-Green et al. 
(2001) reported that arbuscular mycorrhizal fungi could 
resist 50 mg total salt ml-1 soil water. Root coloization 
by AMF is reduced by NaCl and is reported by Giri et 
al. (2007) in Acacia nilotica, Sheng et al. (2008) in Zea 
mays. It indicates that AMF is suppressed by NaCl stress 
(Sheng et al., 2008). From the reports it is concluded 
that the hyphal growth is sensitive to increasing 
concentration of NaCl. 

The length of shoot and root decreased with the 
increasing concentration of NaCl and the results are in 
accordance with Rohanipoor et al. (2013) who also 
reported decrease in shoot length under salt stress in 
maize. Ahmad et al. (2014b) also observed decrease in 
shoot length with increasing concentration of salt in 
mulberry. Our results of decreasing shoot and root dry 
weight corroborates with the findings of Ahmad et al. 
(2012) on different cultivars of Brassica juncea. Plants 
inoculated with AMF have been reported to improve plant 
growth and yield even under stress conditions (Wu et al., 
2010; Alqarawi et al., 2014c). Ying-Ning et al. (2013) 
observed that citrus plants inoculated with AMF 
overcome the adverse effects of NaCl stress. The 
enhanced growth in AM fungi treated plants is due to 
adequate supply of mineral nutrients, particularly 
phosphorous, increase in surface area for absorption 
caused by profuse branching of hyphae and uptake of 
water from soil with low water potential. 

Increasing concentration of salt decreases the 
pigment concentration in the present study. Salt stress 
decreases the photosynthetic pigment is also reported in 
chickpea genotypes (Rasool et al., 2013), broad bean 
(Azooz et al., 2011) and mustard (Ahmad et al., 2012). 
Our results also showed that plants inoculated with AMF 
have less impact on pigment system and is reported by 
Al-Qarawi et al. (2014 a,b) in lettuce. Mycorrhizal plants 
in response to salt stress have been observed to increase 
the chlorophyll content (Al-Qarawi et al., 2014 a,b) 
suggesting the less interference of salt with chlorophyll 
biosynthesis. Mycorrhization increases the absorption of 
Mg2+ that was negatively affected by salt stress hence the 
synthesis of chlorophyll increases in mycorrhizal plants. 
Zhu et al. (2010) reported that maize plants inoculated 
with Glomus etunicatum showed decreased Na+ level. The 
increased photosynthetic pigments by mycorrhizal 
colonization in plants are due to the inhibition of Na+ 
transport, which leads to better functioning of 
photosynthetic machinery. 

Proline accumulation is one of the natural means to 
adapt to environmental stress conditions. Proline is a non-
toxic osmolyte and maintains the osmoregulation under 
salt stress (Rasool et al., 2013; Ahmad et al., 2010b). 
Plants when colonized by AM fungi show high degree of 
protection by accumulating more and more solute (Evelin 
et al., 2009). Proline also acts as energy storage (i.e., C & 
N) during salt stress (Aggarwal et al., 2012). Enhanced 
proline accumulation can be linked with increased N-
fixing ability of plants.  

Water status is disrupted by salt stress, however, 
mycorrhizal colonization prevents the host plant from 
dehydration and thereby increases the root hydraulic 
conductivity at low water potential (Aroca et al., 2007). 
Kumar et al. (2010) also demonstrated normal levels of 
water in leaves of mycorrhizal Jatropha curcas under salt 
stress. This symbiosis results in efficient water 
conductance in roots and simultaneously increases 
stomatal conductance and hence transpiration (Jahromi et 
al., 2008). AM inoculation help the host plant to acquire 
nutrients through their hyphal network and thereby 
improves the photosynthetic rate as well as water osmotic 
homeostasis. 
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Fig. 5. Effect of different concentrations of NaCl on activities of 
(A) pectinelyase (EU mg-1 protein); (B) pectine methyl esterase 
(EU mg-1 protein) and (C) polyglacturonase (EU mg-1 protein) 
enzymes in presence and absence of AM fungi in S. lycopersicum 
seedlings. Data presented are the means ± SE (n = 5).  

 
 
Fig. 6. Effect of different concentrations of NaCl on (A), 
auxins (mM g-1 FW); (B), IBA (mM g-1 FW) and (C), ABA 
(mM g-1 FW) in presence and absence of AM fungi in S. 
lycopersicum seedlings. 
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Cell membranes are the organelles that are 
susceptible to stress injury and are the important 
parameter to plant resistance against salt stress. Plants 
treated with NaCl in presence of AMF showed less 
decrease in MSI in the present study. Rawat et al. (2013) 
also demonstrated that Trichoderma spp. have positive 
impact on MSI in chickpea under salt stress. Mycorrhizal 
plants improve the stability as well as the integrity of 
membrane proteins by maintaining the relative 
permeability of the cell. NaCl induced ROS reacts with 
membrane proteins leads to fragmentation of peptide 
chain and proteolysis so the membrane stability is 
disrupted. Plants inoculated with AMF showed enhanced 
activities of antioxidants that counterbalance the negative 
effect of ROS on MSI. 

Lipid peroxidation is often seen when cell is 
undergoing some stress. Increased lipid peroxidation with 
increasing concentration of NaCl was also reported by 
Rasool et al. (2013) in different genotypes of chickpea. 
Plants treated with NaCl in combination with AMF 
showed less increase in MDA content as compared to 
plants treated alone with NaCl (Wu et al., 2010). AMF 
accumulate less MDA content than non-AMF plants so 
helped in decreasing oxidative damage to lipids (Evelin & 
Kapoor, 2013). ROS reacts with polyunsaturated fatty 
acids (PUFAs) linoleic (18:2) and lenolenic (18:3) and 
forms complex mixture of lipid hydroperoxides. Increased 
activities of antioxidants like SOD, CAT, POD, GR in 
AMF treated plants showed less lipid peroxidation. The 
reason might be that antioxidants scavenges the radical 
production before reacting with the membrane lipids and 
minimize the lipid peroxidation. 

Salt stress increases activity of antioxidant enzymes 
in chickpea genotypes (Rasool et al., 2013). Similar 
results have also been confirmed in different plants 
(Ahmad et al., 2010a). Increase in antioxidant activity 
under salt stress is an important criterion of salt 
tolerance (Ahmad et al., 2010a). Salt treated plants in 
combination with AMF further increases the antioxidant 
activity in present study and coincides with the results of 
Evelin & Kapoor (2013) who also showed an increase in 
antioxidant activity with Glomus intraradices 
colonization in Trigonella foenum-graecum. AMF 
inoculated plants were observed to have elevated 
activities in SOD, CAT, POD, APX, and GR. SOD is the 
first line of defence that catalyzes the disproportionation 
of O2

�− to H2O2 and O2. It removes O2
�− and hence 

decreases the risk of OH� formation from O2
�− via the 

metal catalyzed Haber-Weiss type reaction. CAT is 
present in all aerobic eukaryotes and is responsible for 
the H2O2 removal from the different organelles of the 
cell. APX and POD is involved in scavenging of H2O2 
and have been reported to have a leading role in ROS 
management under stress. GR is a flavo-protein 
oxidoreductase and is very important enzyme of 
ascorbate-glutathione system. GR catalyzes the 
reduction of glutathione, a molecule involved in many 
metabolic regulatory and oxidative processes in plants. 
GR catalyzes the NADPH dependent reaction of 
disulphide bond of GSSG and is thus important for 
maintaining the reduced pool of glutathione. The 

increase in SOD, CAT, APX and GR in the present 
study suggested that AMF inoculation increased 
enzymatic antioxidant production to protect the plants 
against oxidative damage, thus helps in enhancing salt 
tolerance. 

Acid phosphatase is an important hydrolytic 
enzyme, which is widely distributed in plants. Increased 
activity of acid phosphatase with NaCl was also reported 
by Ehsanpour & Amini (2003) in alfalfa. Deficiency of 
phosphorous is responsible for the increase in acid 
phosphatase activity. The higher acid phosphatase 
activity might be due to the high resistance of the pre-
existent acid phosphatase to stress induced degradation 
or due to stress-stimulated new acid phosphatase 
synthesis (Pan & Chen, 1988). The increased activity of 
alkaline phosphatase in present study corroborated with 
the findings of Rai & Sharma (2006) who also showed 
NaCl increases extracellular alkaline phosphatase and 
decreased intracellular phosphorous content and P 
uptake in Anabaena doliolum. Abiotic stress including 
NaCl hampers the uptake of P from the soil. This leads 
to activation of cellular phosphatases that helps in 
release in soluble phosphate from its insoluble form and 
helps in osmotic adjustment. Fujita et al. (2010) showed 
that when P of the soil decreases root phosphatase 
activity increases. AMF provides the P content to the 
plant and the activity of the cellular phosphatases 
decreases (Beltrano et al., 2013). 

Amylase is an important enzyme in carbohydrate 
metabolism and has a role in degradation of starch that 
can be used for the growth of seedling. Salt stress 
decreases the α-amylase content in the present study. 50% 
reduction in amylase activity was observed in seeds of 
Zea mays treated with 100 mM NaCl (Sangeetha, 2013). 
The reduction in α-amylase is one of the main factor for 
reduced assimilate transportation and reduction in growth. 
The AMF inoculated plants have been shown to increase 
the α-amylase activity, may be due to the increased levels 
of phytohormones like IAA (Kim et al., 2006), absorption 
of nutrients through hyphal network that compensates the 
negative impact of NaCl stress in plant cell. 

NaCl negatively affects the hydrolytic enzymes 
CMCase, cellulase, invertase and protease in the present 
study. Thakur & Sharma (2005) reported the increase in 
invertase activity in sorghum under NaCl stress. Our 
results of increased protease activity under NaCl stress 
corroborates with the findings of Kennedy & De Fillippis 
(1999) in Grevillea species. Proteases hydrolysed proteins 
to form amino acids, which are used in osmotic 
adjustment, storage form of nitrogen and maintenance of 
cellular pH. Application of AMF in combination with salt 
stress maintains the hydrolytic enzyme activity to normal. 
This may be due to AMF inoculated plants maintain 
relatively higher water content as compared to 
uninoculated plants. AMF helps the plant in uptake of soil 
nutrients, higher stomatal conductance thereby increasing 
the demand for transpiration (Sheng et al., 2008). Plants 
inoculated with AMF showed lower osmotic potential, 
which is maintained by fungal accumulating solutes, 
consequently resulting in improved plant osmotic 
adjustment (Evelin et al., 2009). 
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Pectin is one of the main components of the plant cell 
and functions as barrier against environmental stress (An 
et al., 2008) and is degraded by pectinases. Pectin lyases 
are the only pectinase, which has the capability of 
degrading pectin polymer directly. Transgenic arabidopsis 
expressing pepper methylesterase inhibitor protein 
(caPMEII) exhibit enhanced resistance to abiotic and 
biotic stress (An et al., 2008). In the present study NaCl 
leads to increase in PL, PME and PG which resulted in 
degradation of pectin. Application of AMF has resulted in 
less increase in these pectinases, thus giving stability to 
the plant cell wall. PME (pectin methyle esterase) activity 
controls the methylation of pectins, cell wall cation 
exchange capacity and thus the ion dynamics in this 
compartment (Gerendas, 2007). 

Phytohormones have been observed to modulate the 
effects of different biotic and abiotic stresses. Our results 
of decreased IAA due to salt stress corroborates with the 
findings of Sakhabutdinova et al. (2003). IAA has been 
reported to alleviate the NaCl stress in different plants 
like wheat (Egamberdieva, 2009), maize (Kaya et al., 
2010). Ghodrat et al. (2012) showed that priming with 
IBA improves germination and increase the resistance 
against salt stress. Jung & Park (2011) also reported the 
role of auxin in modulating seed germination under high 
salinity. AMF inoculated plants have showed enhanced 
auxin (IAA and IBA) content as compared to control and 
the results are in conformity with Luo et al. (2009). Plant 
hormones also act as signaling molecules and have a role 
in plant developmental processes and are having main 
function in colonization process (Ludwig-Mueller, 2000). 
IBA, an auxin increases the number of lateral roots thus 
facilitates the colonization of host (Kaldorf & Ludwig-
Mueller, 2000). Our results of increased ABA under NaCl 
stress corroborates with the findings of Zörb et al. (2013) 
in maize leaves. Jia et al. (2002) reported that salt stress 
resulted in ABA accumulation in roots up to 10 fold. 
Plants inoculated with AMF showed lower ABA levels 
than non-inoculated ones under salt stress, suggesting that 
they are less stressed (Aroca et al., 2013). AM fungi have 
the capacity to alter the levels of ABA and thereby adapt 
to different environmental stresses including salinity. 

Salt stress resulted in significant increase in Na+ and 
reduced accumulation of K+ and Ca2+ in leaves of cowpea 
cultivars (Patel et al., 2010). Talei et al. (2012) also 
reported that salinity increases Na+ accumulation and 
decreases phosphorous, potassium, calcium and 
magnesium in Andrographis paniculata. According to 
Azcon-Aguilar et al. (1979) phosphorous becomes 
unavailable as phosphorous ions precipitate with Ca2+, 
Mg2+ and Zn2+ ions in salt stressed soil. So for the plant 
growth and development, this unavailable phosphorous 
must be made available to plants. AMF inoculation has 
been reported to increase the P content in plants through 
the enhanced uptake by the hyphae (Ruiz-Lozano & 
Azcon 2000). This suggests that AMF increased P uptake 
may reduce the negative effect of NaCl in plants. 
Increased Na+ always hampers the uptake of K+ because 
Na+ ions compete with K+ for binding sites. AMF 
inoculated plants have been reported to enhance K+ ions 
under NaCl stress (Kadian et al., 2013). AMF increases 

K+:Na+ ratio in roots and shoots of plants (Evelin et al., 
2009). High K+:Na+ ratio helps the plants to maintain the 
normal K-mediated enzymatic processes and protein 
synthesis. NaCl stress hampers the uptake of Ca2+and 
Mg2+ions from the soil. Lettuce inoculated with 
mycorrhizal fungi showed enhanced uptake of Ca2+ 
(Cantrell & Linderman, 2001). Higher Ca2+ concentration 
mitigates the negative effects of NaCl and maintains high 
K+:Na+ ratio which leads to salt adaptation (Rabie & 
Almadini, 2005). Mg2+ being the component of 
chlorophyll help to enhance the photosynthetic rate. 
Mycorrhizal plants have been shown to enhance more 
Mg2+ than non-mycorrhizal plants. 

In conclusion, NaCl has detrimental effect on the 
growth and development of tomato plants. NaCl greatly 
affected biomass yield, biochemical attributes, enzymatic 
activities and also affected the plant growth regulators and 
ion homeostasis. Applications of AMF have reversed the 
negative effect of NaCl in the present study and are also 
reported by other workers. Utilization of AMF will be a 
sustainable approach in alleviating the salt stress in plants 
and at the same time salt affected land will be converted 
to cultivable land. 
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