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Abstract 
 
In a greenhouse experiment, the influence of arbuscular mycorrhizal fungi (Glomus mosseae and Glomus intraradices) 
and water stress [100% field capacity (FC), 75% FC, 50% FC and 25% FC] on maximal quantum yield of photosystem II 
(PSII) photochemistry (Fv/Fm) and some other ecophysiological characteristics of two pistachio cultivar (Pistacia vera 
cv. Badami-Riz-Zarand and Pistacia vera cv. Qazvini) were investigated. 

No difference was found in colonization rate between the two arbuscular mycorrhizal fungi (AMF) applied. Water 
stress reduced the mycorrhizal colonization in both cultivars at the same rate but the difference was significant just with 
severe water stress level (25% FC). The Fv/Fm was also adversely affected by water stress from 75% FC downwards in 
Qazvini cultivar while in Badami, increase in water-stress intensity had no significant effect on this parameter. Gas-
exchange parameters were decreased with increasing stress intensity and chlorophyll (Chl) pigments were increased with 
mild water stress (75% FC) compared with control (100% FC) and then decreased with increasing stress intensity. The 
carotenoids (Car) content increased significantly in the stressed leaves in all water-stress levels irrespective of AMF 
treatment and cultivar type. 

The adverse effects of water stress were significantly reduced by AM inoculation and in the most of measured 
parameters, both AMF had an equal influence except with the intercellular CO2 concentration (Ci), where 
G. intraradices was superior. Results obtained from Chl fluorescence probe indicated that inoculated AMF enhanced 
photochemical efficiency of light reactions of the PSII in intact pistachio leaf tissues both under irrigation and water-
stress conditions. Under mild and moderate water stress, mycorrhizal pistachio plants had higher relative Chl and Car 
content and higher gas-exchange capacity (increased photosynthesis and transpiration rate) but under severe water-stress 
condition (25% FC), the effects of mycorrhizal treatments were not noticeable. Data obtained in present study 
emphasized that Qazvini is more tolerant to water stress than Badami because photosynthesis activity in Qazvini was 
more efficiently protected than in the Badami, as indicated by related parameters. 
 
Additional key words: chlorophyll fluorescence; Mycorrhizae; photosynthesis; pistachio; water stress. 

 
Introduction 

 
Pistachio is a subtropical fruit and has become one of the 
dominant crops in south-east regions of Iran especially in 
Kerman province. It is mainly produced in a variety of 
infertile, salty and alkaline soils and in environments 
subjected to varying periods of drought stress (Sheibani 
1994). Pistachio is commonly known to possess a good 

capacity to withstand drought stress due to its deep root 
system and leaf structure. It has been claimed that the 
performance of pistachio trees under water stress 
surpasses that of all other fruit tree species (Spiegel-Roy 
et al. 1977). These authors stated that pistachio roots 
exploit soil moisture effectively at highly negative soil  
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water potentials. Although pistachio is reputed for its 
drought tolerance, limited information is available on its 
mechanisms of drought tolerance associated with 
photosynthesis (Vemmos 1994, Novello and de Palma 
1995) especially in combination with arbuscular 
mycorrhizal fungi (AMF) symbiosis.  

About the ability of pistachio for establishing 
symbiotic relations with AMF, Ferguson et al. (1998) 
reported that inoculation of three pistachio rootstocks 
(P. atlantica, P. integerrima, and UCBI) at 4–5-leaf 
stage resulted in colonization percentage ranged from 39 
to 80% and there were no significant differences in 
colonization extent between rootstocks. Kafkas and Ortas 
(2009) inoculated two genotypes from each of P. vera 
(cvs.‘Siirt’ and ‘Kirmizi’), P. eurycarpa, P. atlantica, and 
P. terebinthus with ten different mycorrhizal species. 
They found significant differences among Pistacia 
species in growth, nutrient uptake, and the percentage  
of mycorrhizal infection. Mycorrhizal infection was  
70–95% in P.vera, 56.7–95% in P. eurycarpa, 53.3–95% 
in P. atlantica, and 51.7–91.7% in P. terebinthus. 

PSII is well known for its sensitivity to abiotic 
stresses and hence it is a good choice to study response 
and adaptation to stress by plants (Strasser et al. 2000). 
Fv/Fm, a parameter commonly known as maximum 
quantum yield of primary photochemistry or maximal 

relative electron transport rate (ETR) of PSII reflects the 
potential quantum efficiency of PSII and is used as  
a sensitive indicator of plant photosynthetic performance, 
with optimal values of around 0.83 measured for most 
plant species (Maxwell and Johnson 2000). Values lower 
than this will be seen when the plant has been exposed  
to stress. Per definition, the performance index (PI) 
accounts for functionality of both photosystems I and II 
and provides a general quantitative value of the actual 
status of plant vitality by combining three independent 
parameters: (1) density of fully active reaction centers per 
Chl (= TR/ABS),where TR is the energy flux for trapping 
and ABS is absorption; (2) efficiency with which  
a trapped exciton moves an electron into the electron 
transport chain further than QA (= ET/TR), where ET is 
the energy flux for electron transport; and (3) the 
probability that an absorbed photon will be trapped by the 
reaction centre RC (= ET/ABS) (Strasser et al. 2000). 

The objective of this study was hence to determine the 
mycorrhizal infection of two pistachio cultivars under 
different water-stress levels and to study the influence of 
AMF inoculation and water stress on the photochemistry 
of ‘Badami-Riz-Zarand’ (Badami) and ‘Qazvini’, the 
most popular rootstocks of pistachio in south-east of Iran, 
under greenhouse conditions. 

 
Materials and methods 
 
Experimental site: A greenhouse experiment was con-
ducted in 2009 at the Agricollege of Vali-e-Asr university 
of Rafsanjan (30°23′06˝N, 55°55′30˝E), at 1,523 m a.s.l.  

 
Preparation of AMF inocula: The AMF used in this 
study was originally recovered from pistachio (Pistacia 
vera L.) orchards grown in different sites of Rafsanjan, 
Kerman, Iran. These native isolates [Glomus mosseae 
(Nicolson and Gredemann) and G. intraradices (Schenck 
and Smith)] were maintained and propagated in wheat 
(Triticum spp.) pot cultures using autoclaved soil (as it is 
described below) in a greenhouse (Tmax: 30 ± 3°C;  
Tmin: 22 ± 2°C; RH: 58 ± 3%) and adequate amount of 
sterilized water was supplied every day during the period 
from February to May 2009. At maturity, the shoots of 
the wheat plants were removed and substrate was allowed 
to dry for a week at 30 ± 5°C. The roots were finely 
chopped and the dried root/soil mixture was thoroughly 
mixed to obtain a homogenous inoculum. 

 
Soil preparation and seed sowing: A sandy loam soil 
was sterilized by autoclaving (121°C, 2 h) on 3 consecu-
tive days in order to eliminate the indigenous endophytes. 
The major characteristics of the soil were as follows: sand 
72.2%, silt 14.2%, clay 13.6%, pH 7.6, P 16 mg kg−1 soil, 
K 76 mg kg−1 soil, Fe 0.1 µg g–1, Zn 1.29 µg g–1, Mn 
1.3 µg g–1 , Cu 1.35 µg g–1, and cation exchange capacity 
2.65 dS m–1. 

Seeds of two pistachio rootstocks were incubated at 
30°C on sterile moist cloth for one week. Five germinated 
seeds were sown into plastic pots (25 ×35 cm) containing 
5 kg of autoclaved soil. The number of seedlings per pot 
was reduced to 3 within 21 days of germination. 

 
Mycorrhizal inoculation: The inocula consisted of soil, 
wheat chopped root fragments, spores and hyphae 
colonized with one of each of the above fungi. 100 g of 
fresh mass (FM) of inoculum having on average of 75% 
of infected roots was placed on the soil surface and after 
placing the 5 germinated seeds on it, seeds were covered 
with sterilized sand. Control plants received the same 
amount of an autoclaved mixture of both inocula. Before 
starting the irrigation treatments, the seedlings were 
watered every day up to FC level with distilled water 
during 120 days. 

 
Irrigation treatments: The four water regimes were 
100% field capacity (FC) as control, 75% FC (mild 
stress), 50% FC (moderate stress), and 25% FC (severe 
stress). For determination of soil moisture content in FC, 
pots were saturated and kept for 48 h to let the 
gravimetric water be drained and then pots were weighed. 
The difference between pot mass after 48 h with initial 
pot mass (before saturation) was considered as soil water 
content in FC. In 100% FC treatment, individual pots 
were weighed, water added to bring the soil to the FC. 
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For 75, 50, and 25% FC treatments, pots received 75, 50, 
and 25% of water added to the 100% FC treatment, 
respectively. Thereafter, for 50 days (from 1 July to 
20 August 2009), soil water contents were determined by 
weighing the pots daily and water was added following at 
the time of weighing to maintain the predetermined water 
content in each pot. During the experiment, the average 
PAR measured at noon ranged from 916 to 1,760 µmol 
m–2 s–1 (without additional artificial lightening), the maxi-
mum temperature was 35 ± 4°C, the minimum tempera-
ture was 21 ± 3°C and the relative humidity was 55 ± 5%. 

 
Root sampling and assessment of arbuscular mycor-
rhizal colonization: Whole root system with soil was 
excavated from each plant and carefully rinsed with 
running tap water then the roots of 3 plants in each pot 
were mixed and cut into 1 cm long segments. Samples for 
mycorrhizal assessment were prepared according to 
method of Phillips and Hayman (1970). Roots were 
boiled for 1 h in 10% KOH and then washed with tap 
water. Staining was performed in 0.05% trypan blue for 5 
min followed by washing with tap water. Samples were 
stored in lactoglycerol [mixture of lactic acid, glycerol, 
and water 1:1:1 (v/v/v)]. Root segments were mounted on 
glass slides and examined under a compound microscope 
(CHS, Olympus Optical Co., Ltd., Japan). Mycorrhizal 
colonization (abundance of hyphae, vesicles, and arbus-
cules) was estimated according to Giovannetti and Mosse 
(1980) at 100 × magnification using 40 root segments of 
each sample.  

 
Chl and Car contents were determined according to 
Lichtenthaler (1987). At the end of the experiment,  
3 fully extended leaves from each pot (one leaf from each 
plant) were collected and wrapped in aluminium foil to 
avoid degradation of pigments by light. The extract was 
prepared from fresh leaves (1 g) by grinding in a cold 
mortar and pestle together with 10 ml of 80% aqueous 
acetone. After filtering, absorbance of centrifuged  
 

extracts was measured at 663, 645, and 470 nm using a 
spectrophotometer (U-2000,Hitachi Instruments, Tokyo, 
Japan).  

 
Gas-exchange parameters and Chl fluorescence: Gas-
exchange traits [net CO2 assimilation rate (PN), transpi-
ration rate (E) and intercellular CO2 concentration (Ci)] 
were measured between 10:00–12:00 h at the end of the 
experiment using a portable photosynthetic system  
(LI-6200, LI-COR Inc., Lincoln, NE, USA). Top fully 
expanded leaf was clamped to the leaf chamber and the 
observations were recorded when RH and atmospheric 
CO2 concentration (Ca) reached a stable value. Photosyn-
thetically active radiation, air temperature, relative humi-
dity and CO2 concentration inside the sensor head were 
set at 1,300 ± 100 μmol m–2 s–1, 32 ± 2°C, 60% and  
335–340 μmol mol–1, respectively, when measuring PN. 
At the same time, Chl fluorescence parameters were 
measured with a portable handy Plant Efficiency Analyzer 
(PEA, Hansatech Instruments Ltd., UK). Three leaves 
were selected from each pot and pre-adapted to dark 
period for 20 min by fixing special tags on each leaf 
blade before measurements were taken. During dark 
adaptation, all the reaction centers are fully oxidized and 
available for photochemistry and any fluorescence yield 
is quenched. After 20 min of dark adaptation, the sensor 
cup was fitted on the leaf for measurement. The vitality 
state of the pistachio plants was characterized with the 
performance index PI (Strasser et al. 2000). 

 
Experimental design: A completely randomized design 
method was adopted in the experiment with three 
mycorrhizal treatments, four irrigation regimes and two 
pistachio cultivars in five replications. The data were 
statistically analyzed by three-way analysis of variance 
using MSTATC software (Michigan State University, 
USA) and the means were separated by Duncan’s mul-
tiple range test (P<0.05). Correlation coefficients analysis 
was performed using Minitab software, version 11. 

Results 
 
All water-stress levels and AMF treatments had signifi-
cant effects on almost all of photosynthetic and Chl 
fluorescence parameters and pigments contents. These 
parameters were significantly different between two 
cultivars except the mycorrhizal infection percentage and 
total Chl. The interaction effects of applied treatments 
(M×S, M×C, and S×C) were significant for leaf pigments 
content (Table 1). Only severe water stress reduced the 
mycorrhizal colonization in both cultivars. Non-
mycorrhizal (–M) plants showed no AMF colonization 
(Fig. 1).  

Fig. 2A shows the maximum quantum yield of PSII 
photochemistry (Fv/Fm) of pistachio seedlings. Values of 
Fv/Fm below 0.800 were recorded for the plants of all 

treatments. The Fv/Fm was adversely affected by water 
stress from 75% FC downwards in Qazvini cultivar while 
in Badami the increase in water-stress intensity had no 
significant effect on this parameter. Surprisingly, well 
watered pistachio plants showed the lowest values in 
nearly all treatments. Mycorrhizal treatments improved 
Fv/Fm and PI significantly as compared with –M plants 
and the best results were obtained with Badami cultivar 
(Fig. 2A). Well watered plants in all treatments showed 
the lowest values of PI and the effect of water stress led 
to reduced PI values from 75% FC downwards for 
Qazvini cultivar whereas Badami maintained higher PI 
levels. In most of the cases PI values were decreased with 
increasing water-stress intensity except with –M Badami  
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Table 1. ANOVA results for mycorrhizal infection percentage 
(MI), chlorophyll fluorescence and photosynthesis parameters 
and pigments content of Badami and Qazvini pistachio cultivars 
(C) exposed to varying intensities of water stress (S) and 
different AMF (M) treatments. Fv/Fm – maximal quantum yield 
of PSII photochemistry, PI – performance index, PN – net 
photosynthetic rate, E – transpiration rate, Ci – intercellular CO2 
concentration, Chl a – chlorophyll a, Chl b – chlorophyll b, 
Chl (a+b) – total chlorophyll, Car – carotenoids. *** – 
significant (P<0.001); ** – significant (P<0.01), * – significant 
(P<0.05); ns – not significant. 
 

Parameters M S C M×S M×C S×C M×S×C 

MI% *** *** ns *** ns ns ns 
Fv/Fm * * *** ns ns ns ns 
PI ns *** *** ns ns * ns 
PN *** * ** ns * ns **

Ci 
*** ns *** *** *** ns ***

E *** *** *** ns ns ns *

Chl a *** *** * * *** *** ns 
Chl b *** *** * * ** * ns 
Chl (a+b) *** *** ns * ** ** ns 
Car *** *** ** *** *** * ns 

 

 
 
Fig. 1. Effect of different water-stress levels on mycorrhizal 
infection percentage (MI) in ‘Badami’ (B) and ‘Qazvini’ (Q). 
Values are means (n = 5) and the vertical bars indicate standard 
error. M2 – G. mosseae; M3 – G. intraradices. 
 

plants or inoculated with G. intraradices (Fig. 2B,  
Table 1). 

Net photosynthetic rate (PN) was decreased signifi-
cantly as the effect of different water deficit levels 
especially with 25% FC treatment, where a 44% reduc-
tion in mean PN was recorded compared with control 
(100% FC) (Fig. 3A, Table 1). Root colonization by 
G. mosseae and G. intraradices enhanced PN by 191 and 
205%, respectively, irrespective of water-stress level and 
pistachio cultivar. The PN of Qazvini was significantly 
higher compared with Badami cultivar (Fig. 3A, Table 1). 
Furthermore, Qazvini obtained the best PN in 
combination with G. intraradices whereas Badami had 
the highest photosynthesis with G. mosseae. E was 
influenced adversely by water-stress extent where a 
negative relationship was found between stress intensity  

 
 
Fig. 2. Effect of mycorrhizae application and different water-
stress levels on chlorophyll fluorescence parameters, Fv/Fm (A) 
and PI (B) in ‘Badami’ (B) and ‘Qazvini’ (Q). Values are means 
(n = 5) and the vertical bars indicate standard error. M1 – not 
inoculated with AMF; M2 – G. mosseae; M3 – G. intraradices. 

 
and transpiration (Fig. 3B). Ci also decreased slightly 
with increase in water stress level but the differences 
were not significant (Fig. 3C). Applied mycorrhizal 
species influenced E of treated plants significantly and 
the highest value was obtained with G. intraradices on 
Qazvini cultivar. The results about Ci followed the same 
pattern where the highest value was recorded with the 
same AMF and cultivar. In general, E and Ci were signifi-
cantly higher in Qazvini with respect to Badami regard-
less of water-stress and AMF treatments (Fig. 3B, C). 

Chl pigments were increased with mild water stress 
(75% FC) compared with control (100% FC) and 
decreased with increasing stress intensity (Fig. 4A–C), 
especially with the 25% FC treatment. The Car content 
increased significantly in the stressed leaves in all water 
stress levels irrespective of AMF treatments and pistachio 
cultivar (Fig. 4D). Applied AMF caused a significant 
increase in all the Chl pigments and in the Car content 
compared with –M plants under different water stress 
levels (Fig. 4A–D). Mean Chl a, Chl b, and Car content 
were significantly higher in Badami than in Qazvini. 
Car/Chl was kept relatively stable in all water-stress 
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levels except with the severe water-stress (25% FC) 
treatment where a remarkable increase was observed 
especially in Qazvini cultivar (data not shown).  

Total Chl showed significant correlation with fluores-
cence indices under severe water stress. The correlation 
value between Chl and Fv/Fm was 0.005 at 100% FC and 

0.731 at 25% FC. Higher correlations were found 
between PI and total Chl content (Table 2). Gas-exchange 
parameters did not show significant correlation with 
fluorescence parameters. A strong correlation was found 
between Chl and Car content especially under mild and 
moderate water stress. 

 
Discussion 
 

Although mycorrhizal colonization levels have some-
times been reported to be unaffected by water stress 
(Nelsen and Safir 1982, Allen and Boosalis 1983, 
Simpson and Daft 1990), these results are in agreement  
 

 
 
Fig. 3. Effect of mycorrhizae application and different water-
stress levels on leaf gas-exchange parameters, Net photo-
synthetic rate, PN (A), transpiration rate, E (B) and intercellular 
CO2 concentration, Ci (C) in ‘Badami’ (B) and ‘Qazvini’ (Q). 
Values are means (n = 5) and the vertical bars indicate standard 
error. M1 – not inoculated with AMF; M2 – G. mosseae; M3 – 
G. intraradices. 

with the work of Osonubi et al. (1991) and Busse and 
Ellis (1985). A reduction in mycorrhizal colonization by 
water stress is dependent on root exudates (Graham et al. 
1982, Schwab et al. 1983) which under these conditions 
will be limited due to reduced photosynthesis, as stomata 
most often remain closed to conserve water. In addition,  
 
 

 
 

Fig. 4. Effect of mycorrhizae application and different water 
stress levels onchlorophyll (Chl) a (A), Chl b (B), Chl (a+b) (C) 
and Car content (D) [mg g–1(FM)] in ‘Badami’ (B) and 
‘Qazvini’ (Q). Values are means (n = 5) and the vertical bars 
indicate standard error. M1 – not inoculated with AMF; M2 – 
G. mosseae; M3 – G. intraradices. 
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Table 2. Correlation coefficients analysis in pistachio seedlings between leaf pigments, photosynthesis and chlorophyll fluorescence 
parameters and mycorrhizal infection percentage (MI). Fv/Fm – maximal quantum yield of PSII photochemistry, PI – performance 
index, PN – net photosynthetic rate, E – transpiration rate, Ci – intercellular CO2 concentration, Chl a – chlorophyll a, Chl b – 
chlorophyll b, Chl (a+b) – total chlorophyll, Car – carotenoids. *** – P<0.001; ** – P<0.01; * – P <0.05; ns – not significant. 
 

 Drought level MI PN E Ci Chl (a+b) Car Fv/Fm 

PI 100% FC 0.105 ns 0.031 ns 0.327 ns 0.332 ns 0.003 ns 0.747 * 0.606 ns 
   75% FC 0.241 ns 0.240 ns 0.086 ns 0.012 ns 0.205 ns 0.226 ns 0.795 * 

  50% FC 0.212 ns 0.004 ns 0.024 ns 0.066 ns 0.218 ns 0.317 ns 0.967 *** 
   25% FC 0.016 ns 0.059 ns 0.006 ns 0.166 ns 0.843 ** 0.369 ns 0.767 * 
 100% FC 0.076 ns 0.029 ns 0.048 ns 0.062 ns  0.005 ns 0.369 ns  

Fv/Fm   75% FC 0.420 ns 0.231 ns 0.124 ns 0.024 ns 0.150 ns 0.263 ns  
  50% FC 0.310 ns 0.003 ns 0.001 ns 0.012 ns 0.287 ns 0.354 ns  

   25% FC 0.003 ns 0.003 ns 0.005 ns 0.079 ns 0.731 * 0.335 ns  

Car 100% FC 0.148 ns 0.001 ns 0.289 ns 0.074 ns 0.227 ns   
   75% FC 0.698 * 0.626 ns 0.714 * 0.379 ns 0.887 **   

  50% FC 0.662 * 0.022 ns 0.012 ns 0.069 ns 0.948 ***   
   25% FC 0.512 ns 0.055 ns 0.530 ns 0.117 ns 0.698 *   

Chl (a+b) 100% FC 0.035 ns 0.233 ns 0.086 ns 0.268 ns    
   75% FC 0.619 ns 0.507 ns 0.752 * 0.233 ns    

  50% FC 0.704 * 0.045 ns 0.041 ns 0.162 ns    
   25% FC 0.152 ns 0.004 ns 0.058 ns 0.171 ns    

Ci 100% FC 0.238 ns 0.739 * 0.431 ns     
   75% FC 0.342 ns 0.810 * 0.481 ns     

  50% FC 0.470 ns 0.776 * 0.824 *     
   25% FC 0.306 ns 0.626 ns o.oo1 ns     

E 100% FC 0.618 ns 0.435 ns      
   75% FC 0.855 ** 0.698 *      

  50% FC 0.384 ns 0.895 **      
   25% FC 0.606 ns 0.307 ns      

PN 100% FC 0.339 ns       
   75% FC 0.632 ns       

  50% FC 0.462 ns       
   25% FC 0.005 ns       

 
water shortage in the soil can reduce and delay AMF 
spore germination (Tommerup 1984), root growth and 
thereby subsequent mycorrhiza development. 

Values of Fv/Fm below 0.800 were recorded for the 
plants of all treatments. This suggests that photosynthetic  
apparatus was not fully developed or slightly injured, 
which could occur in plants cultivated under greenhouse 
conditions (Klamkowski et al. 2009). The decrease in 
Fv/Fm is a good indicator of photoinhibitory damage 
caused by light when plants are subjected to environ-
mental stresses. At low water availability, leaves exhi-
biting low assimilation rates may be exposed to high 
irradiance stress, especially at midday (Lootens and 
Heursel 1998). Under such conditions, the photosynthetic 
apparatus suffers photodamage as a result of over-
excitation of PSII (Powles 1984). Although PSII plays  
a key role in the response of leaf photosynthesis to 
environmental perturbation (Baker 1991), in the present 
study, parallels between PN and Fv/Fm cannot be drawn 
and no significant correlation was found between these 
two parameters (Table 2). The Chl fluorescence traits 
were less affected by water stress respect to the photosyn-

thesis capacity, however, some studies have shown that 
the maximal PSII photochemical efficiency is only slight-
ly affected by water stress (Genty et al. 1987, Stuhlfauth 
et al. 1990, Cornic and Briantais 1991) and thus, it is still 
a matter of uncertainty about how water stress affects 
PSII photochemistry. Our results seem to support the 
recent view that PSII is highly resistant to water stress 
(Cornic 1994) although many other studies have shown 
that water stress decreases PSII function (Masojídek et al. 
1991, He et al. 1995, Giardi et al. 1996). 

Photochemical quantum yield was enhanced by AMF 
association and this effect was more pronounced under 
water-stress condition respect to –M plants (Fig. 2). This 
indicates that AMF inoculation can enhance drought 
tolerance in pistachio by ameliorating to some degree of 
the injury done to the photosystems reaction centers. 

One of the first responses of plants to drought is the 
stomatal closure, which protects plants against excessive 
water loss, but also restricts the diffusion of CO2 into the 
photosynthetic parenchyma (Chaves et al. 1991). In our 
study, the lowest rates of gas exchange were recorded for 
the stressed –M pistachio plants (Fig. 3), instead the root 
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colonization by AMF enhanced PN of the plants, both 
well watered and water-stressed ones. In inoculated 
pistachio seedlings, PN may have been stimulated by the 
increase of the sink strength arising from the additional 
carbon requirements of the AMF colonizing the roots 
(Wright et al. 1998). 

Chl loss is a negative consequence of stress (Moran  
et al. 1994, Loggini et al. 1999), on the other hand, it has 
also been considered as an adaptive feature in plants 
grown under extreme climatic conditions, usually 
exposed to an excess of excitation energy (Maslova and 
Popova 1993, Kyparissis et al. 1995). Chl loss reduces 
the amount of light intercepted by leaves and at the same 
time it reduces the possibility of further damage to the 
photosynthetic machinery by the formation of activated 
oxygen under high light (Munné-Bosch and Alegre 2000, 
Kranner et al. 2002). In our study, the mild and moderate 
water stresses resulted in the small increase in total Chl 
content per unit leaf FM, which in a certain degree might 
happen due to the decline in relative water content of 
leaves under drought. Our results indicated that the AMF 
symbiosis could enhance the Chl concentration of 
pistachio leaves, which is in agreement with the results of 
other studies (Giri and Mukerji 2004, Sannazzaro et al. 
2004, Colla et al. 2008). This, together with no signifi-
cant association between the enhancement of relative 
Chl concentration and the improvement of gas-exchange 
parameters via AM symbiosis (Table 2), suggests that 
the mycorrhizae-mediated increase in gas-exchange 
parameters is not related with mycorrhizae-mediated 
improvement of Chl concentration. 

The Car contents significantly increased as the effect 
of water stress. In addition, the ratio of Car/Chl signifi-
cantly increased under severe water stress while no 

significant change was observed in the other stress levels. 
Car content and Car/Chl ratio are correlated with the 
capacity of light-protecting mechanisms. Besides their 
structural roles, they are well known for their antioxidant 
activity, inhibiting lipid peroxidation and stabilizing 
membranes (Demmig-Adams and Adams 1996). They 
also play a critical role in the assembly of the light-
harvesting complex and in the radiationless dissipation of 
excess energy (Munné-Bosch and Alegre 2000). There-
fore, the results of our experiment revealed that +M 
pistachio plants provided stronger photoprotective system 
against water stress compared with –M plants by 
increasing leaf Car. 

It could be concluded from this study that there were 
enhancements of quantum yield of PSII of the used 
pistachio cultivars (Badami and Qazvini) by G. intra-
radices and G. mosseae inoculations. It was established 
that one of the mechanisms employed by AMF associa-
tion in bringing about increase in photosynthetic rate 
during water stress is alleviating the quantum yield of 
PSII photochemistry, which consequently leads to 
quantum yield of noncyclic electrons of photosystems 
(Genty et al. 1989, Flagella et al. 1995), but a direct 
relation was not found between these two parameters 
since despite of predominance of Badami in Chl fluores-
cence parameters and pigments content, Qazvini had 
higher photosynthesis and transpiration rate. A compa-
rison between two applied AMF reveals an equal 
influence of them on measured parameters except with 
Ci, where G. intraradices was superior. Based on our 
results, in comparison with Badami, Qazvini produced 
more biomass (data not shown), thus it is evident that 
photosynthetic rate is more viable that directly 
contributes to plant productivity. 
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