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Abstract: Salt stress is an important environmental stress. Plants cope with salt stress with diff erent strategies. In this 

study the eff ects of 2 diff erent arbuscular mycorrhiza species (Glomus mosseae and G. intraradices) on some biochemical 

parameters in pepper plants (Capsicum annuum L. cv. Cumaovası) exposed to long term salt stress were studied. It was 

found that mycorrhizal inoculation increased RWC, P, total chlorophyll, and carotenoid content of pepper plants during 

salt application. Th e enzyme activities changed depending on the enzyme and salt stress application. Th e lowest MDA 

content was found in the plants inoculated with G. intraradices; however, there was no signifi cant diff erence between the 

NaCl applications. It was found that plants inoculated with G. intraradices had less lipid peroxidation, and therefore it 

can be said that these plants have an advantage under salt stress. 
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Uzun dönem tuz stresinde yetiştirilen Capsicum annuum bitkisinde arbusküler 

mikorizanın biyokimyasal parametreler üzerine etkileri

Özet: Tuz stresi önemli bir çevresel strestir. Bitkiler tuz stresine karşı değişik stratejilere sahiptir. Bu çalışmada iki 

farklı mikoriza türünün (Glomus mosseae ve G. intraradices) uzun dönem tuz stresine maruz bırakılan biber bitkisinde 

(Capsicum annuum L. cv. Cumaovası) bazı biyokimyasal parametreler üzerine etkileri çalışıldı. Mikorizanın tuz 

uygulamalarında biber bitkisinin oransal su içeriği, fosfor, toplam klorofi l ve karotenoid miktarlarını artırdığı belirlendi. 

Enzim aktivitelerinin tuz stresi uygulamalarına ve enzime göre değiştiği belirlendi. En düşük MDA içeriği G. intraradices 

ile enfekte olan bitkilerde bulundu, fakat tuz uygulamaları arasında önemli bir fark gözlenmedi. G. intraradices ile 

enfekte olan bitkilerde daha az lipid peroksidasyonu olduğu belirlendi, dolayısıyla G. intraradices ile enfekte edilmiş 

bitkilerin tuz stresinde daha avantajlı olabileceği söylenebilir.

Anahtar sözcükler: Capsicum annuum, arbusküler mikoriza, tuz, antioxidan enzimler, lipid peroksidasyonu
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Introduction

Salinity is currently one of the most severe abiotic 
factors limiting agricultural production. High rates of 
population growth and global warming are expected 
to further exacerbate the threat of salinity, especially 
in areas with a semi-arid climate in the Mediterranean 
region (Paranychianakis & Chartzoulakis, 2005). 

Th e ability of plants to tolerate salt is determined 
by multiple biochemical pathways that facilitate 
retention and/or acquisition of water, protect 
chloroplast functions, and maintain ion homeostasis. 
Essential pathways include those that lead to synthesis 
of osmotically active metabolites, specifi c proteins, 
and certain free radical scavenging enzymes that 
control ion and water fl ux and support scavenging of 
oxygen radicals or chaperones (Parida & Das, 2005).

In recent years the use of biological methods as 
a practical way to alleviate soil stresses, including 
salinity, on plant growth has received increased 
attention (Daei et al., 2009; Miransari et al., 2009; 
Al-Khaliel, 2010). All plants studied in natural 
ecosystems are symbiotic with fungi that either reside 
entirely (endophytes) or partially (mycorrhizae) 
within plants. Th ese symbioses appear to adapt to 
biotic and abiotic stresses and may be responsible for 
the survival of both plant hosts and fungal symbionts 
in high stress habitats (Rodriguez et al., 2004).

Arbuscular mycorrhizal fungi (AMF)—which 
are probably most abundant in agricultural soils 
and belong to the order Glomales—can form AMF 
association with the roots of 90% of the terrestrial 
plant species (Smith & Read, 2008) in which plant 
photosynthates are exchanged for water and mineral 
resources are acquired by the fungi from soils (Wu 
& Zou, 2010). Furthermore, it is extremely diffi  cult 
to distinguish between direct and plant-mediated 
eff ects of salinity on AMF biology. Presumably, any 
environmental factor aff ecting the physiology of 
the host plant is likely to aff ect its fungal symbiont 
(Aliasgharzadeh et al., 2001). Some studies indicated 
that AMF can increase plant growth and the uptake 
of nutrients and decrease yield losses under saline 
conditions (Ruiz-Lozano et al., 1996; Al-Khaliel, 
2010). In addition, degradation of reactive oxygen 
species in arbuscular mycorrhizas (AM) may be an 
effi  cient mechanism to attenuate the activation of 
plant defences (Lambais et al., 2003). However, the 

mechanism by which AMF improves salt resistance 
remains unclear (Kaya et al., 2009). 

Once the basis of symbiotic communication is 
elucidated, it may be possible to develop predictive 
capabilities for establishing symbioses between 
specifi c fungi and plants in order to achieve desirable 
stress tolerance specifi c to geographic regions. Fungal 
symbiosis may ultimately provide an inexpensive and 
viable strategy for mitigating the impacts of global 
change on plants and plant communities (Rodriguez 
et al., 2004). Since global warming is expected to 
increase the amount of salt-aff ected land, the need 
for a thorough understanding of the mechanisms 
determining salt tolerance in plants is becoming 
a crucial component in maintaining agricultural 
production within economically viable levels 
(Paranychianakis & Chartzoulakis, 2005). 

Pepper is one of many horticultural crops grown 
primarily in mid-latitudes, and it is sensitive to high 
temperatures (Wheeler et al., 2000; Martin & Stutz, 
2004); it is also an important vegetable in Turkey 
and the rest of the world (Sensoy et al., 2007). Th e 
mechanism of mycorrhiza with pepper plants during 
long term salt stress is not well understood. 

We hypothesised that mycorrhizal species can 
increase pepper plant tolerance against long term 
salt stress. Th e eff ects of mycorrhiza on antioxidant 
enzyme activities and lipid peroxidation during 
long term salt stress are not well known. Th e 
objective of the present study was to compare the 
eff ects of 2 diff erent AMF—Glomus mosseae and 
G. intraradices—in phosphorus content, relative 
water content, antioxidant defence systems, 
photosynthetic pigments, and lipid peroxidation 
in Capsicum annuum L. grown under long term 
salt stress conditions. Th is study may be helpful for 
understanding the mechanism of mycorrhiza during 
low but long term salt stress in pepper plants.

Materials and methods

Plant material and stress application 

In this study, pepper plants (Capsicum annuum 
L.cv. Cumaovası) and 2 diff erent arbuscular 
mycorrhizal fungi (AMF), Glomus mosseae 
(Nicolson and Gerdemann; Rothamsted Isolate, 
UK) and G. intraradices (Schenck and Smith; Nutri-
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Link Isolate, USA), were used. A 100 g inoculation 
(approximately 1000 spores) of G. mosseae and G. 
intraradices inoculum was made both to the seeds 
and the seedlings as a 3 cm layer below. Control 
plants received mycorrhiza free inoculum. For each 
treatment 3 replicates were used. Plants were grown 
in pots. Th e soil medium was sterilised in an autoclave 
at 121 °C, 1 atm for 2 h. Th e mineral content of the 
soil was measured [P, 4.13 mg kg–1; K, 2.44 mg kg–1; 
Zn, 0.11 mg kg–1; Fe, 2.33 mg kg–1; Mn, 5.93 mg kg–1; 
Cu, 0.92 mg kg–1; pH, 7.96; salt, 0.24 mS; CaCO

3
(%) 

= 16.6]. Plants were grown at 26/22 °C (day/night) on 
65% RH in a growth chamber with 480 μmol m–2 s–1 of 
light. Th e salt treatments (0, 1, 2, 4, and 8 mM NaCl) 
were made 1 week aft er germination of the seedlings 
and applied for 2 months. Salt application was carried 
out on both mycorrhizal and nonmycorrhizal plants. 
Th e root samples were kept in alcohol for mycorrhizal 
inoculation analysis. Relative water content was 
analysed from the leaves immediately aft er harvest. 
Th e leaf samples were stored at −50 °C.

Relative water content (RWC): To determine 

relative water content (RWC) of plants, 4 leaf discs 

were weighed [fresh weight (FW)] immediately aft er 

harvesting. Th e same tissues were then placed in 

redistilled water for 2 h at 25 °C, and then their turgid 

weights (TW) were calculated (Sairam & Srivastava, 

2002). Th e samples were dried in an oven at 110 °C 

for 24 h to obtain their dry weights (DW). RWC was 

calculated by the following equation:

RWC = (FW – DW)/(TW – DW) × 100 

Mycorrhizal colonisation: Root samples were 

washed and stained according to Koske and Gemma 

(1989). Th e samples of root material were taken and 

cleared in KOH solution and stained using trypan 

blue. Mycorrhizal colonisation was determined by 

the grid-line intersection method (Giovannetti & 

Mosse, 1980). Th e percentage of root infection was 

calculated as:  Infection % = 100 × (total mycorrhizal 

root intercepts/total root intercepts). 

Phosphorus analysis: Th e shoots and leaves 

of plants were dried at 65-75 °C for 48 h and then 

burned at 550 °C for 5 h in an ash oven. Aft er the 

digestion of the plant material, the concentration of P 

was determined by spectrophotometer. Th e samples 

were measured at 882 nm (Murphy & Riley, 1962). 

Extraction and analysis of pigments: Th e 
extraction of chlorophylls was carried out according 
to Porra et al. (1989). Th e leaves (0.5 g) were 
homogenised with 80% acetone. Chlorophyll a and 
chlorophyll b were measured at 647 and 664 nm by 
Perkin Elmer Lambda EZ 200 spectrophotometer, 
and then total chlorophyll content was calculated. 
For carotenoid analyses fresh leaf material (0.5  g) 
was ground in a pre-chilled mortar in 5 mL acetone 
containing 200 mg Na

2
SO

4
 and then fi ltered through 

glass fi bre disks (Whatman GF/A). Th e samples 
were applied to silica gel (Sigma Type GF, 10-40 μm) 
TLC plates (20  × 20  cm, 0.5  mm thickness). Th e 
chromatograms were developed with hexane/diethyl 
ether/acetone (60:30:20, v/v/v) (Moore, 1974) . 
Xanthophyll and β-carotene spots were scraped from 
the TLC plates and centrifuged in 5 mL acetone for 
5  min at 5000 × g. Th e absorbance of supernatants 
was determined at a wavelength of 450 nm by Perkin 
Elmer Lambda EZ 200 spectrophotometer.  

Enzyme extraction and assays: Fresh leaves (1 g) 
were homogenised in 5 mL of 0.1 mol/L potassium 
phosphate buff er (pH 6.8) containing 0.1 mmol/L 
EDTA. Th e homogenate was centrifuged at 16,000 
× g for 5 min at 4 °C, and the supernatant was 
immediately used for the following enzyme assays. 
Total superoxide dismutase (SOD, EC 1.15.1.1) 
activity was assayed by monitoring the inhibition 
of photochemical reaction of nitro blue tetrazolium 
(NBT), as described by Beyer and Fridowich (1987). 
Th e amount of enzyme required to cause 50% 
inhibition of the reduction of NBT at 560 nm was 
defi ned as 1 unit of SOD activity. Catalase (CAT, EC 
1.11.1.6) activity was assayed by measuring the rate 
of decomposition of H

2
O

2
 at 240 nm, as described 

by Aebi et al. (1983). Glutathione reductase (GR, 
EC 1.8.1.7) activity was measured by following the 
change in 340 nm as oxidised glutathione (GSSG)-
dependent oxidation of NADPH, according to the 
method of Carlberg and Mannervik (1985). To 
determine ascorbate peroxidase (APX, 1.11.1.11) 
activity, a fall in absorbance at 290 nm was measured 
as ascorbate was oxidised. APX activity (unit/g FW) 
was calculated using an extinction coeffi  cient of 2.8 
mmol L–1 cm–1 for ascorbate at 290 nm (Bonnet et al., 
2000). Protein concentrations were determined by a 
modifi ed Lowry method (Hartree, 1972) with bovine 
serum albumin as a standard protein.
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Lipid peroxidation: Lipid peroxidation was 
determined by measuring malondialdehyde (MDA) 
formation using the thiobarbituric acid method 
described by Ohkawa et al. (1979). For MDA 
extraction, 0.2 g of leaf samples was homogenised 
with 1 mL of 5% trichloroacetic acid (TCA) solution. 
Th e homogenate was centrifuged at 12,000 rpm 
for 15 min at room temperature. Equal volumes of 
supernatant and 0.5% thiobarbituric acid (TBA) in 
20% TCA solution (freshly prepared) were placed 
into a new tube and incubated at 96 °C for 25 min. 
Th e tubes were transferred to an ice bath and then 
centrifuged at 10,000 rpm for 5 min. Th e absorbance 
of the supernatant was recorded at 532 nm and 
corrected for nonspecifi c turbidity by subtracting the 
absorbance at 600 nm, and 0.5% TBA in 20% TCA 
solution was used as the blank. MDA content was 
determined using the extinction coeffi  cient of 155 
mM−1 cm−1.

Statistical analysis

Experimental data were statistically analysed by 
Statistica 6.0. Tukey’s Honestly Signifi cant Diff erence 
(HSD) was calculated in the determination of 
diff erent groups (P < 0.050).

Results

It was found that mycorrhizal inoculation 
increased the RWC ratio of the leaves (P < 0.001). 
Mycorrhizal plants inoculated with G. intraradices 
had higher RWC than plants inoculated with G. 

mosseae and nonmycorrhizal plants. However, 
salt application decreased the RWC ratio in 
mycorrhizal and nonmycorrhizal plants (Figure 1). 
Mycorrhizal plants had a higher P concentration 
than nonmycorrhizal plants (P < 0.001). Th e highest 
P content was found in the plants inoculated with 
G. intraradices, however salt application decreased P 
content signifi cantly (P < 0.001)  (Figure 2). 

Th ere was no infection in the nonmycorrhizal 

plants because the pots were used separately. Th e 

highest root infection was determined in the plants 

inoculated with G. intraradices (P < 0.001). Salt 

application decreased the infection ratio. However, 

the infection ratio in plants inoculated with G. 

intraradices was higher than in plants inoculated 

with G. mosseae (Figure 3). 

According to our results mycorrhiza—especially 

G. intraradices—increased total chlorophyll. 

However, salt application generally decreased 

total chlorophyll content (P < 0.001), especially in 

nonmycorrhizal plants and plants inoculated with G. 

intraradices (Table). Similar to chlorophyll content, 

mycorrhiza also increased total carotenoid content 

(P < 0.001). Salt application produced a diff erent 

eff ect on the mycorrhizal and nonmycorrhizal plants 

(P < 0.01). An application of 8 mM NaCl increased 

the carotenoid content in plants inoculated with G. 

mosseae and nonmycorrhizal plants; this content 

decreased in plants inoculated with G. intraradices 

(Table).
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Figure 1. RWC (%) content of leaves of pepper plants grown 

under salt stress; bars represent standard errors.

Figure 2. Phosphorus content of leaves and shoots of pepper 

plants grown under salt stress; bars represent standard 

errors.



F. Ö. ÇEKİÇ, S. ÜNYAYAR, İ. ORTAŞ

67

In our study mycorrhizal inoculation increased the 
antioxidant system in some of the salt applications. 
Applications of NaCl at 2 and 4 mM increased the 
SOD activity of nonmycorrhizal plants; however, 
mycorrhizal plants were not aff ected by low salt 
concentrations. An 8 mM NaCl application increased 
SOD activity of plants inoculated with G. intraradices 
(P < 0.05) (Figure 4).

According to our results, mycorrhizal application 

did not increase GR activity. Th e highest GR 

activity was found in nonmycorrhizal plants. In 

addition, long term salt application did not aff ect 

GR activity signifi cantly in the plants inoculated 

with G. mosseae and G. intraradices (Figure 5). In 

contrast to GR activity, the highest APX activity was 

found in the plants inoculated with G. intraradices 

under salt application (Figure 6); it was also found 

that mycorrhiza signifi cantly aff ected APX activity 

(P < 0.01). Th e highest CAT activity was found in 

plants inoculated with G. intraradices without salt 

treatment. However, an 8 mM NaCl application 

decreased the CAT activities of both mycorrhizal and 

nonmycorrhizal plants (P < 0.001) (Figure 7).

In our study it was found that mycorrhizal 

inoculation decreased the MDA content of pepper 

plants. As a result of these fi ndings, it can be said that 

mycorrhizal plants had less lipid peroxidation than 

nonmycorrhizal plants. Th e lowest MDA content was 

found in the plants inoculated with G. intraradices, 

but there was no signifi cant diff erence between the 

NaCl applications (Figure 8). 
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Figure 3. Th e root colonisation mycorrhizal plants with G. 

mosseae and G. intraradices grown under salt stress; 

bars represent standard errors.

Table. Total chlorophyll and carotenoid content in the leaves of pepper plants.

Treatments
Salt 

(mM NaCl)

Total chlorophyll

(mg g−1)

Total carotenoid

(μg g−1)

Non-mycorrhiza 

0

1

2

4

8

3.936 ± 0.035

3.888 ± 0.029

3.930 ± 0.006

3.873 ± 0.010

3.900 ± 0.057

7.847 ± 0.051

7.953 ± 0.240

7.841 ± 0.042

7.736 ± 0.010

7.897 ± 0.010

G. mosseae  

0

1

2

4

8

3.948 ± 0.025

3.955 ± 0.012

3.935 ± 0.024

3.908 ± 0.007

3.965 ± 0.020

7.922 ± 0.063

7.953 ± 0.042

7.810 ± 0.035

7.847 ± 0.135

8.060 ± 0.063

G. intraradices 

0

1

2

4

8

4.006 ± 0.065

3.968 ± 0.064

3.950 ± 0.065

3.983 ± 0.049

3.712 ± 0.077

8.151 ± 0.017

8.039 ± 0.058

7.897 ± 0.042

7.953 ± 0.019

7.940 ± 0.010

Mean of 3 replicates and ± is standard error.
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Discussion

Salinity is the most serious threat to agriculture and 
the environment in many parts of the world (Parida 
& Das, 2005). Previously it was reported that some 
chemicals can improve salt resistance in some plants 
(Munir & Aft ab, 2009). AM is a biological strategy. 
Cho et al. (2006) indicated that AM-induced salinity 
resistance might help explain the observation that 
AM plants are oft en more resilient to drought stress 
than their nonAM counterparts. Due to the diff erent 
AM symbionts and diff erent ways of salinising soils, 
the presence of excess salt in soils occasionally widens 
the diff erence in drought responses between AM and 
nonAM plants. 
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Figure 4. SOD activity in leaves of pepper plants grown under 

salt stress; bars represent standard errors.

Figure 5. GR activity in leaves of pepper plants grown under salt 

stress; bars represent standard errors.

Figure 7. CAT activity in leaves of pepper plants grown under 

salt stress; bars represent standard errors.

Figure 6. APX activity in leaves of pepper plants grown under 

salt stress; bars represent standard errors.

Figure 8. MDA content in leaves of pepper plants grown under 

salt stress; bars represent standard errors.
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Previous studies show the positive eff ects of 
mycorrhiza on plant growth (Ortas & Akpınar, 2006; 
Miransari et al., 2009; Wu & Zou, 2010). In our 
study AMF positively aff ected the growth of pepper 
plants; mycorrhizal plants had higher P content 
than nonmycorrhizal plants. Similarly, Roldán et 
al. (2008) reported that mycorrhizal inoculation 
signifi cantly increased growth, foliar nutrients, and 
shoot water content of the plants, independent of the 
water regime. 

However, highly available soil P oft en limits 
AM colonisation and causes the C-costs to the host 
to outweigh the benefi ts of colonisation (Ryan & 
Graham, 2002). In our study, soil with a low P level 
was used. Even when P availability is low and AM 
colonisation levels are high, AMF may not always 
contribute to plant growth for reasons not yet 
understood (Ryan & Graham, 2002). Th erefore, soil 
P availability is an important factor for determining 
the eff ects of mycorrhiza.

Wu and Zou (2010) indicated that the benefi cial 
eff ects of mycorrhiza could contribute to high 
chlorophyll and therefore high photosynthetic 
activity. Demir (2004) reported that G. intraradices 
increased the chlorophyll concentrations of Capsicum 
annuum. Similarly, in our study mycorrhizal plants 
had higher chlorophyll content than nonmycorrhizal 
plants. 

Th e inhibition of photosynthesis under low 
to moderate salinity stress appears to be mainly 
attributed to diff usional limitations (stomatal and 
mesophyll conductance), and biochemical limitations 
to photosynthesis appear to occur only when stress 
becomes heavy (Paranychianakis & Chartzoulakis, 
2005). In addition, the amounts of some minerals 
accumulated in the soil result in low water potential. 
Th is, in turn, blocks the water absorbance of roots and 
results in a lack of water supply to the mesophyll, thus 
infl uencing stomatal opening and the photosynthetic 
biochemical reactions (Yang et al., 2010).

 In our study long term salt stress generally 
decreased chlorophyll and total carotenoid contents. 
Al-Khaliel (2010) reported that chlorophyll 
content and leaf water content of peanut increased 
signifi cantly under salinity stress aft er inoculation 
with G. mosseae. Previously it was reported that 
mycorrhizal colonisation of wheat under water 

stress conditions had benefi cial eff ects on water 
status (Beltrano & Ronco, 2008). In our study it was 
found that mycorrhizal plants, especially plants with 
G. intraradices, had higher RWC than other plants. 
However, salt application decreased the RWC ratio in 
mycorrhizal and nonmycorrhizal plants. 

Roots of the pepper normally form symbiotic 
associations with AMF (Davies et al., 1992; Martin 
& Stutz, 2004). Th e infection ratio of G. intraradices 
was found to be higher than that of G. mosseae. 
Some researchers mentioned that infection could 
be altered by environmental stresses, for example 
temperature (Martin & Stutz, 2004). Similarly, in our 
study it was found that salt application decreased 
mycorrhizal inoculation. Previously it was reported 
that germination of spores and the subsequent hyphal 
growth of some AMF are reduced by increasing the 
concentration of salt (Juniper & Abbott, 1993).

In most of the previous studies mycorrhizal 
application enhanced the antioxidant system (Ruiz-
Lozano et al., 1996; Lambais et al., 2003). Malan et 
al. (1990) found a correlation between antioxidant 
activities, SOD, GR, and environmental stress 
tolerance in inbred maize. In our study there was 
a correlation between mycorrhiza and antioxidant 
systems and salt stress. However, the activities of the 
enzymes changed depending on the enzyme and the 
salt stress application. 

Previously it was reported that SOD activity was 
enhanced by drought in nonAM plants (Caravaca 
et al., 2005). Ruiz-Lozano et al. (1996) reported that 
increased SOD activity in mycorrhizal plants is not 
related to their nutritional status, but is the direct eff ect 
of AM association in response to drought treatment 
of the host plant. Similar to drought stress, the eff ect 
of salt stress on SOD activity was signifi cantly higher 
in nonmycorrhizal plants exposed to 2 mM and 4 
mM NaCl stress. Increasing the antioxidant activity 
plays an important role in scavenging oxidants. With 
these strategies plants can fi nd protection from the 
deleterious eff ects of oxidants and cope with salt 
stress.

Koca et al. (2006) reported that the salinity 
tolerance of L. pennellii is associated with higher 
SOD and POX activities and a lower level of lipid 
peroxidation than in L. esculentum. It was also 
reported that CAT activity in nodulated soybean 



Eff ects of arbuscular mycorrhizal inoculation on biochemical parameters in Capsicum annuum grown under long term salt stress

70

roots inoculated with G. mosseae was induced when 
the plants were well watered but not under drought 
stress (Porcel et al., 2003). Cekic and Unyayar (2006) 
mentioned that higher SOD, APX, and CAT activities 
in tomato plants may be associated with the enhanced 
growth and salt tolerance during salt exposure. In 
our study the highest CAT activity was detected in 
the plants inoculated with G. intraradices without 
salt application; however, during salt application—
especially 8 mM NaCl application—CAT activity 
decreased signifi cantly in mycorrhizal plants. 

Blilou et al. (2000) stated that APX and CAT 
activities were induced in tobacco plants inoculated 
with G. mosseae in the early stages of symbiosis 
development. Porcel and Ruiz-Lozano (2004) 
reported that under well watered or drought stress 
conditions soybean plants inoculated with G. 
intraradices had lower APX activity. ZhongQun et 
al. (2007) indicated that APX activity was induced 
gradually by AMF. In our study the highest APX 
activity was found in the plants inoculated with G. 
intraradices under an 8 mM NaCl application.

According to our results mycorrhizal application 
did not increase GR activity. In nonmycorrhizal 
plants GR activity was higher than in mycorrhizal 
plants. GR activity was found to be diff erent than 
other antioxidant enzymes. Marulanda et al. 
(2007) indicated that G. intraradices increased GR 
activity under drought conditions. Th e response of 
antioxidant enzymes can be changed according to 
mycorrhiza, plant, and stress conditions. Th ere are 
several diff erent reports about AMF and antioxidant 
systems. According to our data plant reaction can be 
changed in response to AMF.

 In previous studies it was reported that AM 

plants had lower MDA content than nonAM plants; 

AMF decreased oxidative damage to lipids during 

stress conditions (Porcel & Ruiz-Lozano, 2004; Wu 

et al., 2006; Rahmaty & Khara, 2011). Th ese fi ndings 

are similar to our results. Low MDA content is an 

advantage in alleviating the deleterious eff ects of 

lipid peroxidation for the pepper plant. 

Kaya et al. (2009) suggested that under saline 

conditions pepper plants need mycorrhiza, not only 

for acclimatisation but also for continued nutrient 

uptake during the progressive growth stages. 

Similarly, according to our results mycorrhiza can be 

a strategy for alleviating the deleterious eff ects of salt 

stress in pepper plants.  

Th e right combination of AM species and host 

plant can partially or completely alleviate the stress 

of salinity and make the use of saline soil and water 

for the cultivation of crop plants even more eff ective 

than before (Daei et al., 2009). According to our 

results we can conclude that G. intraradices would be 

more eff ective as a defence strategy during long term 

salt stress conditions in the pepper plant. Further 

studies should be done to determine the mechanisms 

for eff ects of AMF, at high doses, on the growth of 

pepper plants under long term salt application.
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