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ABSTRACT- Water stress is the main cause for crop yield reduction in the majority of 
agricultural regions of the world because it affects almost all plant functions. The effects 
of Glomus mosseae on growth, nutrients uptake, and antioxidant enzymes of sour orange 
(Citrus aurantium) and rough lemon (Citrus jambheri) rootstocks were assessed in 
sterilized soil under greenhouse conditions.  A three-factor experiment was set up in a 
completely randomized design with three replicates of each treatment. Treatments 
consisted of water stress at four levels (irrigation intervals of 2, 4, 6, and 8 days) and 
mycorrhizal treatments at two levels (inoculation with G. mosseae and non-mycorrhizal 
control). Mycorrhizal seedlings of two citrus rootstocks were successfully infected by G. 
mosseae. As water stress increased, root colonization, shoot dry weight, shoot N, P, Mn, 
Cu, and Fe uptake of two citrus rootstocks significantly decreased but shoot Zn uptake 
and the antioxidant enzymes [superoxide dismutase (SOD), catalase (CAT), glutathione 
peroxidase (G-POD) and ascorbate peroxidase (APX)] activities of two citrus rootstocks 
leaves increased. With inoculation of seedlings by G. mosseae compared with control, 
shoot dry weight, N and P uptake, and antioxidant enzymes activities increased. It may 
be concluded that mycorrhizal inoculation notably influenced shoot nutrients uptake and 
leaves antioxidant enzymes activities in citrus and an increase in these parameters 
alleviated water stress. 
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INTRODUCTION 
 
In Iran, water stress is one of the important 
environmental factors that limits the distribution and 
productivity of major crops because more than 82 % of 
Iran's regions are located in the arid and semi- arid 
zones with average rainfall about 250 mm, which is less 
than 1/3 of the average rainfall in the world (860 mm) 
(Amiri et al., 2010). Water stress is caused by reducing 
the availability of external water, which limits the 
ability of the plant’s roots to take up nutrients and 
induces cellular and photo-oxidative damages, through 
the increased accumulations of reactive oxygen species 
(ROS) such as superoxide, hydrogen peroxide and 
hydroxyl radicles (Wu et al., 2007). The photosynthetic 
electron transport system is the major source of active 
oxygen in plant tissues, having potential to generate 
singlet oxygen, O2 and superoxide, O2

–. The production 
of active oxygen is an unavoidable consequence of the 
operation of the photosynthetic electron transport chain 
in an oxygen atmosphere (Arora et al., 2001). Citrus is 
one of the largest and most important groups of fruits of 
tropical and subtropical regions (Wutscher, 1989). 
Citrus plants are cultivated on an area of 235000 
hectares with annual production of 3712000 tons in the 

North and South of Iran. Citrus has number one position 
in Iran and is grown on an area of 290 thousand hectares 
(FAO, 2011).  Most citrus species such as sour orange 
and rough lemon have rare and short root hairs and are 
moderately dependent on mycorrhizal symbiosis 
especially most of Glomus species (Wu and Xia, 2006). 
The vegetative stage of citrus plants is more sensitive to 
drought stress (Syvertsen, 1985). Mycorrhizal symbiosis 
involves a complex interaction among plant, soil and 
mycorrhizal fungi. Arbuscular mycorrhizal (AM) 
associations' relationships are rather important in 
horticultural crops because they are believed to increase 
nutrients uptake, improve plant fitness, and plant water 
relations and thus increase the drought resistance of host 
plants (Augé, 2001). AM symbiosis improves water 
relations of plants in part due to increases in antioxidant 
enzymes (Wu et al., 2007). Wu et al. (2007) studied the 
efficacy of five Glomus species, Glomus mosseae, G.
geosporum, G. versiforme, G. etunicatum and G.
diaphanum for the ability to improve water relations and 
antioxidant enzymes activities of leaves. The more 
efficient fungus in C. tangerine was G. mosseae or G.
geosporum and the least was G. etunicatum under both 
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well water and water stress conditions (Wu et al., 2007). 
This study is to evaluate the effects of Glomus mosseae 
and water stress on nutrients uptake and activities of 
some antioxidant enzymes in sour orange (C. aurantium 
L.) and rough lemon (Citrus jambhiri) in a calcareous 
soil. 
 

MATERIALS AND METHODS 
 
Fresh fruits of sour orange (C. aurantium L.) and Rough 
lemon (Citrus jambhiri  ) were provided from 
Narenjestan Museum of Shiraz and Agricultural 
Research Center of Darab, Fars Province, Iran, 
respectively. Fresh fruits were washed with water, 
surface sterilized with 5% hypochlorite sodium and then 
dried. Seeds were taken out and sterilized by immersing 
in 70% alcohol for 5 min, rinsed four times with sterile 
distilled water, and planted into plastic pots containing 
sterilized mixture of field soil, humus and sand (1:1:1, 
v/v/v).  After 90 days, the same size seedlings were 
transferred to plastic pots containing sterilized soil. The 
fungus was prepared from Iranian soils, because they 
are abundant in these soils (Aliasgharzadeh et al., 2001, 
Kariman et al., 2005; Zarei et al., 2008).Glomus mossae 
inoculum was prepared through the trap culture of 
maize (Zea mays L.). Trap culture medium was 
composed of autoclaved soil/quartz-sand (<1 mm) (1: 4, 
v/v). Simultaneously, some pots were kept without any 
spore inoculation for preserving the naturally-occurring 
microbial associations and used for control treatments. 
After 4.5 months, at the beginning of the reproductive 
period, shoots were removed and the contents of pots 
(mycorrhizal roots plus soil possessing fungal spores 
and mycelia) were maintained in polyethylene bags at 
4°C. For extraction and counting of spores, and 
evaluation of root colonization, inoculants potential 
(spore numbers of 10 spores g-1 substrate and root 
colonization of 75%) was measured based on the 
described methods (Zarei et al., 2008). For determining 
water stress levels, moisture content of pots containing 
3 kg of the used soil was kept at field capacity (FC) (FC 
and permanent wilting point were 23% and 9.8%, 
respectively based on method of Klute (1986)) and total 
weight was recorded. Pots were weighed daily at the 
specified time for 15 days. Daily moisture reduction 
was recorded by Sepaskhah and Yarami equation 
(2009). Then soil moisture retention curve was plotted 
by moisture contents which was obtained during 15 
days (Moisture content at the vertical axis and time at 
the horizontal axis were shown). Afterwards, by using 
this curve, four irrigation intervals or soil drying 
intervals of 2, 4, 6, and 8 days were determined. Soil 
sample wascollected from depth of 0-30 cm (fine mixed 
mesic calcixerollic Xerochrept) in Bajgah Agricultural 
Station of Shiraz University, Shiraz, Iran.  The soil 
sample was air-dried, passed through a 2 mm sieve, and 
mixed uniformly. Some physical and chemical 
properties of the studied soil were measured using 
standard methods (Olsen et al., 1954; Chapman, 1965; 
Lindsay et al., 1978; Nelson and Sommers, 1996; 

Rhoades, 1996; Thomas, 1996) and are presented in 
Table 1. The experiment was a completely randomized 
design with three replications. Treatments consisted of 
four water stress levels (2, 4, 6, and 8 days irrigation 
intervals equivalent to 100%, 75%, 50% and 25% FC, 
respectively), mycorrhizal treatments at [G. mosseae 
and non-mycorrhizal treatment (NM) (control)] and two 
rootstock citrus [sour orange (C. aurantium L.) and 
rough lemon (Citrus jambhiri)]. Each pot was filled 
with 5 kg of sterilized soil (autoclaved for 1 h at 121°C 
under 1.1atm of pressure) (Al-Khaliel, 2010). Nitrogen 
(100 mg kg-1 of soil), Fe, Zn, Cu, and Mn (5 mg kg-1 of 
soil) were applied to all pots as urea (46%), 
FeSO4.7H2O, ZnSO4.7H2O, CuSO4.5H2O, and 
MnSO4.H2O, respectively (Koo, 1980). In mycorrhizal 
treatments, 70 g of fungus inoculum was spread as a 
thin layer below the soil surface before planting. In 
control (NM treatments), 70g of pots that were kept in 
the trap culture were added. Two seedlings were 
transferred to each pot in the main culture. Water 
treatments were applied after one month of sowing. Pots 
were placed in greenhouse conditions at 15-28˚C, with a 
16/8 h light/dark periods.  

After 6 months, all plants were harvested. Shoots 
were separated, oven-dried at 65°C for 72 h, and 
weighed. The percentage of root colonization was 
determined using the grid-line intersect method, after 
clear washing the roots in 10% KOH and staining with 
0.01% acid fuchsin in lactoglycerol (Kormanik and 
McGraw, 1982). Shoots samples were ashed at 500-600 
oC and the residues were dissolved in 2 M HCl. The 
estimation of Fe, Zn, Mn and Cu was carried out in the 
dry-ashed sample solution byatomic absorption 
spectrophotometer (Shimadzu AA-670, Kyoto, Japan) 
and P concentration was measured (Cottenie, 1980). 
Shoot N was determined by the Kjeldahl method 
(Bremner, 1965). 
 
Table 1. Some physical and chemical properties of the studied 

soi 

Properties  Characteristics  

Sand (%) 47.1 NaHCO3- extractable P 
(mg kg-1)

9

Silt (%) 28 DTPA-extractable Fe 
(mg kg-1)

2.7 

Clay (%) 24.9 DTPA-extractable Cu 
(mg kg-1)

1.5 

pH (1:1) 7.9 DTPA-extractable Mn 
(mg kg-1)

4.3 

EC(dS m-1) 0.3 DTPA-extractable Zn 
(mg kg-1)

1

Organic Matter (%) 0.9  
CEC (cmol+ kg-1) 24  
EC: Soil electrical conductivity, CEC: Cation exchange 
capacity. 
 

Fresh leaves samples were separated and kept at -80 
0C, then homogenized in 2 mL of phosphate buffer 
(pH= 8), centrifuged at 13000×g for 15 min at 4°C, and 
the supernatant was used for superoxide dismutase 
(SOD), catalase (CAT), guaiacol peroxidase (G-POD) 
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and ascorbate peroxidase (APX) activities. The SOD 
activity was determined and expressed as Unit g-1 fresh 
weight (fwt.). One SOD unit was defined as the amount 
of enzyme that inhibited 50% nitroblue tetrazolium by 
light (10). The CAT activity was assayed by measuring 
the rate of disappearance of H2O2 (17).  The G-POD 
activity was determined by Chance and Maehly method 
(14). The APX activity was measured by a decrease in 
absorbance at 290 nm for 1 min (Nakano and Asada, 
1981). Data were analyzed with SAS 9.1 statistical 
software. Means were compared by least significant 
difference (LSD) test. 
 

RESULTS AND DISCUSSION 
 
There was no mycorrhizal colonization in roots of non-
mycorrhizal (NM) control seedlings at all levels of 
water stress but inoculated seedlings were successfully 
infected by G. mosseae in two citrus rootstocks (Fig. 
1A). Root colonization notably decreased with 
increased levels of water stress. Root colonization of 
seedlings by G. mosseae was 39.36- 76.14% and 46.55-
86.48% in the sour orange and rough lemon, 
respectively (Fig.1A). Root colonization of rough lemon 
was significantly higher than sour orange in well water 
conditions (irrigation interval of 2 days), whereas there 
was no significant difference between them and other 
treatments. Tommerup (Tommerup, 1984) showed that 
the rate of spore hydration and hyphal growth (two 
phases of spore germination) decreased when the matric 
potential decreased. The hydration and hyphal growth 
required higher water for growth (Tommerup, 1984). 
Abiotic stresses can change the quantity and quality of 
host root exudates and soil extracts (Daniels et al., 1980; 
Sangtarash et al., 2009). Host root exudates and 
specifically, flavonoid compounds are stimulator for 
mycorrhizal symbiosis (Gianinazzi-Pearson, 1989; 
Hassan and Mathesius, 2012). 

Water stress significantly decreased shoot dry 
weight in two citrus rootstocks (Fig. 1B). Shoot dry 
weight was significantly higher in G. mosseae 
mycorrhizal citrus rootstocks than control at all levels of 
water stress except for 4 days irrigation interval in sour 
orange. In mycorrhizal and NM citrus rootstocks, shoot 
dry weight of rough lemon was significantly higher than 
that of sour orange up to 6 days irrigation interval (Fig. 
1B). Wu and Zou (Wu and Zou, 2009a; Wu and Zou, 
2009b) showed that water stress caused a significant 
reduction in shoot and root dry and fresh weights. 
Others reported that plant growth could be reduced by 
changes in the elastic properties of cell walls (Nonami 
and Boyer, 1990) or by production of abscisic acid in 
the roots (Saab et al., 1990) under water stress 
conditions. Moreover, soil water availability and 
nutrients uptake reduction cause decrease in plant dry 
weight (Marschner, 1986). 

 

Fig. 1. Root colonization (A) and shoot dry weight (B) of sour 
orange and rough lemon seedlings affected by water 
stress and Glomusmosseae. NM Control=Non-
Mycorrhizal Control. 

Arbuscular mycorrhizal fungi promoted plant 
growth in the well-water and water stress conditions via 
different mechanisms. An increase in plant growth 
following mycorrhizal fungal inoculation was related to 
improving the exploration of the soil pore space, soil 
aggregation, uptake of nutrients and water by external 
hyphae, antioxidants production and plant growth 
promoting factors (especially under water stress 
conditions) (Augé, 2001;Wuand Zou, 2009b). Safiret al. 
(Safir et al., 1972) demonstrated that hyphae access 
smaller pore spaces than plant and provide additional 
surface area in the root system. By increasing water 
stress from 2 to 8 days, shoot N, P, Mn, Cu, and Fe 
uptake of two citrus rootstocks decreased, but shoot Zn 
uptake increased (Table 2). Other investigators stated 
that soil moisture affects the movement of nutrients and 
water in the soil. Decrease in soil water availability 
affects transpiration, diffusive flux of plant nutrients, 
the composition and concentration of soil solution and 
plant nutrients. Under drought stress conditions, the 
number of root hairs reduced and root morphology and 
branching were damaged. Over a period of water stress, 
a marked decrease in nutrients uptake has been reported 
through decreasing the transfer of ions to roots 
(Marschner, 1986; Nahar and Gretzmacher, 2002). In 
our experiments, the increase in shoot Zn uptake may be 
due to its interactions with other micronutrients. 
Micronutrients may compete for the same sites for 
absorption into the plant root (Mousavi et al., 2012). 

Shoot N and P uptakes were significantly higher in 
mycorrhizal seedlings than NM seedlings of two citrus 
rootstocks, whereas there were no significant 
differences in shoot Mn, Cu, Zn and Fe uptake of two 
citrus root stocks at all irrigation intervals (Table 2).  
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Table 2. Mean comparison of water stress and Glomu smosseae (GM) interaction on nutrients uptake (N, P, Fe, Mn, Zn (mg pot-1) and 
Cu (µg pot-1)) of shoot in rough lemon and sour orange seedlings 

 2 days 4 days 6 days 8 days 

Sour orange Roughlemon Sour 
orange 

Rough 
lemon Sour orange Rough 

lemon 
Sour 
orange 

Rough 
lemon 

N

control 491.99 bc 581.48 b* 326.68 ef 360.98 de 159.47 hi 232.06 
fgh 110.20 i 98.97 i 

GM 705.16 a 772.41 a 452.78 cd 510.31 bc 258.70 fg 371.04 de 224 fgh 239.10 fgh 
P
control 25.46 b 27.80 b 19.05 cd 15.44 def 10.13 fg 11.73 efg 7.23 g 6.74 g 
GM 35.03 a 37.68 a 25.09 b 27.70 b 16.83 de 21.59 bcd 15.89 def 15.41 def 
Mn
control 1.02 b-e 1.74 ab 0.86cde 1.44 abc 0.55 de 1.37abc 0.29 e 0.99 b-e 
GM 1.49 abc 1.85 a 1.07 a-e 1.66 abc 1.06 a-e 1.49 abc 0.41 e 1.27 a-d 
Cu
control 202.43 c-g 296.00 abc 148.04 fg 240.96 b-f 125.86 g 205.44 c-g 113.98 g 169.2 d-g 
GM 259.08 a-e 350.23 a 212.74 c-g 328.62 ab 150.47 efg 276.58 a-d 121.90 g 193.28 c-g 
Zn
control 0.74 d 0.85 cd 0.84 cd 1.18 bcd 0.94 cd 1.36 a-d 1.15 bcd 1.48 abc 
GM 0.86 cd 1.32 bcd 0.85 cd 1.45 abc 1.07 bcd 1.69 ab 1.20 bcd 1.10 bcd 
Fe
control 2.11 a-d 2.40 abc 1.86 a-d 1.65 a-d 1.55 a-d 1.37 bcd 0.93 d 0.99 cdf 
GM 2.56 ab 2.83 a 2.01 a-d 2.07 a-b 1.63 a-d 1.47 bcd 1.56 a-d 1.09 bcd 

Means with the same letter are not significantly different at the 0.05 level using LSD test 

Changes in the host physiology because of 
mycorrhizal formation and mycorrhizosphere may 
influence nutrients uptake (Wu and Zou, 2009b). 
Mycorrhizal symbiosis can enhance the resistance of 
plants to abiotic stresses probably by maintaining higher 
nutrients uptake including P and N and other elements 
(Augé, 2001) because mycorrhizal plants enhanced root 
growth and created a greater nutrients absorption 
surface area. Soil water availability influenced mobility 
of nutrients in the soil–root system, fungal mycelia 
extended from the root surface into the soil and 
increased the surface areas and water by the roots and 
thus acquired more nutrients beyond the depletion zone 
(Schnepf et al., 2011). It has also been reported that the 
effect ofArbuscular mycorrhizal symbiosis on plant 
drought tolerance may be because of physical, 
nutritional, physiological, and cellular effects (Augé, 
2001). Rough lemon had significantly higher shoot N, 
Mn, Zn, and Cu uptake than sour orange, whereas there 
was no significant difference in shoot P and Fe uptake 
of two citrus root stocks (Data not shown). 

The highest leaves catalase (CAT) activity was 
observed in sour orange seedlings colonized by G. 
mosseae and irrigation interval of 8 days, although they 
showed no significant difference with other treatments. 
The lowest leaves CAT activity was observed in NM 
rough lemon seedlings and irrigation interval of 2 days.  
The highest superoxide dismutase (SOD) activity of 
leaves was observed in mycorrhizal seedlings of sour 
orange at irrigation interval of 8 days. By increasing 
water stress, the leaves SOD activities of sour orange 
seedlings increased and there was a significant 
difference between low (2 and 4 days) and high (6 and 8 
days) irrigation intervals. At each level of water stress, 
there were no significant differences between the SOD 

activities of leaves in mycorrhizal and NM seedlings of 
sour orange and rough lemon. Among different 
treatments of two citrus root stocks, the SOD activity of 
leaves in mycorrhizal seedlings of sour orange was 
significantly higher than that of mycorrhizal seedlings 
of rough lemon at 8 days irrigation interval, while no 
significant differences were observed between other 
treatments (Fig. 2B).  

 
Fig. 2. Catalase (CAT) (A) and superoxide dismutase (SOD) (B) 

activities of leaves in sour orange and rough lemon 
seedlings affected by water stress and Glomusmosseae.
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When plants are subjected to stress, the first reactive 
oxygen species (ROS) scavenging enzyme active in the 
enzymatic mechanism is SODwhich plays a key role in 
cellular defenses against ROS (Scandalios, 1993). The 
increase of SOD activity in leaves is closely related to a 
higher ability to scavenge active oxygen radicals under 
water stress. The increase in SOD activity in citrus 
leaves at irrigation interval of 6 days occurred faster 
than the increase in irrigation interval of 8 days in rough 
lemon (Fig. 2B). Other researchers have also reported 
that activities of this anti-oxidative enzyme increased 
when plants were exposed to water stress (Singh et al., 
2009; Abedi and Pakniyat, 2010). 

Results showed that antioxidant enzymes activities 
in citrus leaves increased with increasing water stress. 
The highest leaves APX activity was observed in 
mycorrhizal seedlings of rough lemon at irrigation 
interval of 8 days. However, no significant differences 
were observed between this treatment and other ones 
(Fig. 3A). At each level of water stress, there were no 
significant differences between leaves APX activity in 
mycorrhizal and control seedlings of sour orange and 
rough lemon (Fig. 3A).  

By increasing water stress, leaves guaiacol 
peroxidase (G-POD) activities in mycorrhizal and 
control seedlings of rough lemon and control seedlings 
of sour orange were not significantly changed, but it 
significantly increased in mycorrhizal seedlings of sour 
orange (Fig. 3B). There was no significant difference 
between the G-POD activities of leaves of mycorrhizal 
and control seedlings of rough lemon at all levels of 
water stress and for sour orange at 2 and 4 days 
irrigation intervals. The G-POD activity of leaves in 
mycorrhizal seedlings of sour orange was significantly 
higher than that of control at irrigation intervals of 6 and 
8 days. Generally, leaves G-POD activity was 
significantly higher in sour orange seedlings than those 
in rough lemon seedlings (Fig. 3A). The increase in G-
POD activity might be responsible for the elimination of 
H2O2 from the cytosol. An increase in G-POD activity 
as affected by water stress had been reported by Wu et 
al. (Wu and Zou, 2009a).  

Water stress can reduce the production of crops by 
inducing generation and accumulation of ROS such as 
superoxide anion radical, hydrogen peroxide, hydroxyl 
radicals, and singlet oxygen that results in disturbance 
of cellular homeostasis and induces oxidative stress 
(Neill et al., 2002). The antioxidant enzymes SOD, 
CAT, and APX activities effectively scavenged ROS. 
Our experimental findings on antioxidant system 
indicated that two citrus rootstock acted similarly under 
normal and water stress conditions. Defense system 
against ROS under stress conditions and enzymatic free 
radical processing systems include: SOD, catalyzing the 
dismutation of superoxide into H2O2, O2 and those 
involved in the detoxification of H2O2 include: CAT and 
APX activities. Increase in CAT and SOD activities 
promote water stress tolerance (Sairam et al., 2000). 
Protection against stresses was achieved as a result of 
higher activities of SOD, CAT, and APX under water 

stress conditions in the leaves of Zea mays (Helal et al., 
2008). 
 

Fig. 3. Ascorbate peroxidase (APX) (A) and guaiacol 
peroxidase (G-POD) (B) activities of leaves in sour 
orange and rough lemon seedlings affected by water 
stress and Glomusmosseae.

Similarly, the SOD, APX and CAT activities 
increased in rice leaves under water stress (Gaber 
Gomaa et al., 2010). The activities of antioxidant 
enzymes increased in the presence of AM fungi (Wu et 
al., 2006). The CAT and G-POD activities increased in 
the presence of AM fungi under water stress conditions 
(Wu and Zou, 2009a). It seems that AM inoculation 
notably influences the activity of antioxidant enzymes 
in citrus leaves under water stress and an increase in the 
activity of antioxidant enzymes alleviates water stress 
(Asada, 1999). Resistance to oxidative stress may be 
closely related to water stress tolerance. These results 
are consistent with the results of other researchers 
(Alguacil et al., 2003; Lambais et al., 2003, Roldán et 
al., 2008; Wu and Zou, 2009a). 
 

CONCLUSIONS 
 
Seedlings were successfully infected by arbuscular 
mycorrhizal fungus but root colonization decreased with 
increased levels of water stress. Water stress 
significantly decreased shoot dry weight in two citrus 
rootstocks. Mycorrhizal rough lemon rootstocks had 
significantly higher shoot dry weight than the control at 
all levels of water stress. By increasing water stress, 
shoot N, P, Mn, Cu, and Fe uptake of two citrus 
rootstocks decreased, but shoot Zn uptake increased. 
Shoot N and P uptake were significantly higher in 
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mycorrhizal seedlings than NM seedlings of two citrus 
rootstocks, whereas there was no significant difference 
in shoot Mn, Cu, Zn and Fe uptake of two citrus root 
stocks at all levels of water stress. As water stress 
increased, SOD, CAT, G-POD and APX activities of 
two citrus rootstocks leaves increased. With inoculation 
of seedlings by G. mosseae compared with the control, 
antioxidant enzymes activities increased. The results 
suggested that the AM inoculation may play an 
important role in water stress tolerance. 
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تـنش خشـكي از مهمتـرين فاكتورهـاي كـاهش توليـد در كشـاورزي اسـت زيـرا بـر تمـام-چكيده
و قـارچ در ايـن پـژوهش گلخانـه. هـاي گيـاه اثـر دارد فعاليت  گلومـوس موسـه اي اثـر تـنش خشـكي

ــزيم و ان ــذايي ــر غ ــذب عناص ــد، ج ــر روي رش ــات ب ــه مركب ــيدان دو پاي ــي اكس ــاي آنت و ه ــارنج ن
ــون ــد) رافلم ــتريل بررســي ش ــاك اس ــامالً. در خ ــرح ك ــب ط ــاكتور در قال ــه ف ــه از س ــن مطالع در اي

،2دور هـاي آبيـاري(هـا شـامل سـه سـطح تـنش خشـكي فـاكتور. تصادفي با سه تكرار استفاده شـد 
در)روز8و4،6 و شــاهد تلقــيح( ســطح2، ميكــوريز ــارچ گلومــوس موســه ــه مركبــات) ق (و دوپاي

و رافل گلومـوس هـاي ميكـوريزي دو پايـه مركبـات بـه خـوبي توسـط قـارچ دانهـال. بودنـد) موننارنج
بــا افــزايش ســطح تــنش خشــكي درصــد كلنيزاســيون ريشــه، عملكــرد. كلنيــزه شــده بودنــد موســه

و آهــن در انــدام هــوايي دو پايــه  مــاده خشــك انــدام هــوايي، جــذب نيتــروژن، فســفر، منگنــز، مــس
ــه طــور معنــي  ــزيم داري كــاهش مركبــات ب و فعاليــت آن ــدام هــوايي ــي جــذب روي ان هــاي آنتــي ول

و آســكوربيك پراكســيداز اكســيدان  در) سوپراكســيد دســموتاز، كاتــاالز، گلوتــاتيون پراكســيداز
ــا. بــرگ در هــر دو پايــه مركبــات افــزايش يافــت ــا قــارچ در مقايســه ب ــا تلقــيح دو پايــه مركبــات ب ب

و آنـزيم گياهان بدون قـارچ عملكـرد مـاده خشـك انـدام هـواي  هـاي آنتـي ي، جـذب نيتـروژن، فسـفر
ممكــن اســت قــارچ هــاي ميكــوريز آربوســكوالر بــا افــزايش جــذب عناصــر. اكســيدان افــزايش يافــت

و فعاليـت آنـزيم  هـاي آنتـي اكسـيدان بـرگ مركبـات اثـرات تـنش خشـكي غذايي در انـدام هـوايي
.را تعديل نمايد
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