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ABSTRACT The aims of this study were to assess the effects of drought stress on peroxidase 

(POD), superoxide dismutase (SOD) and catalase (CAT) activities as well as free proline content 

and growth parameters of Pistacia khinjuk seedlings under drought stress. Therefore, the one-year 

seedlings of Pistacia khinjuk subjected to water stress (25%, 50%, 75%, and 100% field capacity) 

for 8 months in greenhouse condition. Results showed that drought stress decreased height, collar 

diameter, shoot dry weight and root dry weight of P. khinjuk seedlings. But it had different effects 

on antioxidant enzyme activities in root and shoot of P. khinjuk seedlings. Drought stress increased 

CAT activity in shoot and root of seedlings and its activity was higher in 25% field capacity than 

other treatments. Also, the POD enzyme activity increased in root and shoot of seedlings subjected 

to drought stress. The SOD activity was at the lowest level in 100% FC than other treatments. The 

results also showed that free proline accumulation was lower in well watered seedlings and 

increased under drought stress.     
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1 INTRODUCTION  

Pistacia khinjuk Stocks is a shrub or tree of the 

family Anarcadiaceae growing to 3-7 m tall in 

arid and semi-arid regions of Iran (Marvie-

Mohadjer 2005). These are adapted to summer 

drought typical of Mediterranean climate and 

grew slowly in hardy and drought conditions in 

Zagros forests (Al-Saghir and Porter, 2005). 

The natural regeneration of this species is 

limited due to arid condition. 

Drought stress is an important environmental 

factor that limits plant growth in Zagros region 

(Mirzaei et al., 2011). Seedling establishment is 

a critical process in these regions, especially 

 

under adverse environmental conditions. 

Drought stress is a severe abiotic environmental 

factor that constraint survival (Engelbrecht et al., 

2005), growth (Xu et al., 2007), nutrient 

relations (Richardson, et al., 2004; Engelbrecht  

et al., 2007), photosynthesis (Jinying, et al., 

2007; Apostol, et al., 2009), and respiration 

(Aroca et al., 2008) in plants. 

Seedlings adapt to environmental stress by 

different mechanisms, including changes in 

morphological and developmental patterns as 

well as physiological and biochemical 

processes. Adaptation is associated with 

maintaining osmotic homeostasis by metabolic 
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adjustments that lead to accumulation of 

metabolically compatible compounds such as 

enzyme activity (Zhang et al., 2010), soluble 

sugar, and proline content (Jinyou, et al., 2004; 

Rao, et al., 2008; Heidari and Moaveni, 2009). 

So that, drought stress had significant effects on 

free proline content of Zizyphs spinosus 

(Jinying et al., 2007), Abies fabri (Guo et al., 

2010), Albizzia lebbek, Dalbergia sissoo, 
Leucaena leucocephala, Shorea robusta and 

Tectona grandis tree seedlings (Rao, et al., 

2008). Also, enzymatic responses of Juniperus 

oxycedrus (Alguaci et al., 2006) and Carthamus 

tinctorius (Hojati et al., 2011) are determined. 

But, there is a little information about the 

different response mechanisms of P. khinjuk 

under drought stress. Therefore, an adequate 

supply of water is the most important factor 

determining the suitability of P. khinjuk 

cultivation areas in some regions of Zagros 

forest. Thus, this paper seeks to further clarify 

adoption and responding mechanism under 

drought stress and provide valuable information 

for P. khinjuk planting.  

 

2 MATERIAL AND METHOD 

2.1 Greenhouse experiment 

P. khinjuk seeds were collected in November 

2008 and maintained at 4°C for 2 months to 

overcome seed dormancy. Germinated seeds 

were transplanted into pots with a 2:1 (v/v) 

mixture of autoclaved native soil and sand 

(Table 1). Seedlings were watered to field 

capacity every 3 days for 2 weeks and arranged 

randomized in a greenhouse condition. The 

diurnal period was set at 12-14 h and day/night 

temperatures and humidity were set at 23/17°C 

and 35/43%. A completely randomize design 

was employed to study 4 levels of irrigation 

(25, 50, 75, 100% of field capacity). Treatments 

were arranged in 4 plants with 5 replicates of 

each treatment. 

 

 

  
 

Table 1 The soil characteristics in the greenhouse experiment 
 

Value  Soil parameter 

7.5 pH (1:2.5) 

392.7 Electrical conductivity EC (1.5 mmhos/cm) 

0.53 Total organic C (%) 

23.1 Total N (g/kg) 

53 Total K (g/kg) 

0.25 Total P (g/kg) 

25 Mg (g/kg) 

8.1 Ca (g/kg) 

50 Sand (%) 

26 Silt (%) 

24 Clay (%) 
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2.2 Measurements and Analysis 

Root and shoot biomass were determined 

after oven drying at 70°C for 90 h. Basal 

diameter, shoot height and root length were 

measured at the end of experiment. 

For enzyme assays, frozen leaf and root 

samples were ground to a fine powder with 

liquid nitrogen and extracted with ice-cold 

phosphate buffer (pH 7.0). The extracts were 

centrifuged at 4°C for 20 min at 13000 g and 

the resulting supernatants, which were 

hereafter referred to as crude extracts, were 

collected and used for measuring the enzyme 

activities. The total superoxide dismutase 

(SOD) activity was determined according to 

the method described by Giannopolitis and 

Ries (1977). The activity of peroxidase 

(POD) was determined using the guaiacol 

oxidation method described by Kar and 

Mishra, 1976. The catalaze (CAT) activity 

measured using Cakmak and Horst (1991) 

method. Proline content was determined by 

the Ninhydrin and Sulfosalisilic acid method 

(Bates et al., 1973).  

 

2.3 Statistical analysis 

Normality of the variables was checked by 

Kolmogrov - Smirnov test and Levene test was 

used to examine the equality of the variances. 

Differences were tested with one-way analysis 

(ANOVA). Also, Duncan test apply to separate 

the averages of the dependent variables which 

were significantly affected by treatments. 

 

3 RESULTS 

3.1 The effect of drought stress on growth 

parameters 

The results of growth parameters are shown 

at Table 2. Height and collar diameter (CD) 

of seedlings were the most in control 

treatment (100% FC) and decreased as 

drought stress tend to increasing. But, the 

root lengths (RL) of P. khinjuk seedlings 

were lower in control treatment than drought 

stress conditions.  

The results of measured biomass 

demonstrated that drought stress decreased 

shoot dry weight (SDW) and root dry weight 

(RDW) of seedlings. As shown at table 1, the 

SDW and RDW tend to decrease as drought 

stress condition increasing. 

 

 

Table 2 The effect of drought stress (DS) on height, collar diameter (CD), root length (RL), shoot dry weight 

(SDW) and root dry weight (RDW) 
 

 DS Height (cm) CD (mm) RL (cm) SDW (gr) RDW (gr) 

25 (%FC) 5.66±1.33 
b
 2.34±.095 

c
 86.6±9.45 

ab
 0.53±.084 

b
 1.03±.11 

c
 

50 (%FC) 11.35±1.35 
b
 2.73±.21 

bc
 108.3±10.1 

a
 1.35±.27 

b
 1.83±.21 

bc
 

75 (%FC) 26.16±5.32 
a
 3.14±.14 

b
 114.1±6.8 

a
 2.91±.48 

a
 2.75±.42 

a
 

100 (%FC) 26.75±2.35 
a
 3.94±.22 

a
 77±5.3 

b
 3.32±.26 

a
 2.4±.31 

ab
 

 

 The same letter in the same row indicates not significantly difference (P >0.05), according to Duncan , s test 

 

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

70
0.

20
13

.1
.4

.1
.7

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 e

co
pe

rs
ia

.m
od

ar
es

.a
c.

ir
 o

n 
20

24
-0

5-
06

 ]
 

                               3 / 9

https://dorl.net/dor/20.1001.1.23222700.2013.1.4.1.7
https://ecopersia.modares.ac.ir/article-24-974-en.html


J. Mirzaei and H. Yousefzadeh __________________________________ ECOPERSIA (2013) Vol. 1(4) 

332 

 
 

Figure 1 Comparison of the shoot and root SOD of P. khinjuk at different levels of drought stress; Error bars are 

± SE 

 

 

 
 

Figure 2 Comparison of the shoot and root POD of P. khinjuk at different levels of drought stress; Error bars are 

± SE 

 

3.2 The effect of drought stress on SOD, 

POD and CAT 

The drought stress had different effects on SOD, 

POD and CAT enzyme activities. It increased 

the SOD in shoot of P. khinjuk seedlings, while 

drought stress had no effect on root SOD activity 

(Figure 1). Drought also had significant effects 

on POD enzyme of shoot and root. So that, the 

shoot and root POD was lower at control 

treatment (100 % FC) and increased in drought 

stress conditions (Figure 2). The activity of shoot 

CAT enzyme was higher at 25 %FC water 

availability, while drought hadn’t significant 

effects on root CAT (Figure 3). 
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3.3 The effect of drought stress on proline 

content 

The shoot and root proline contents were 

increased in plants subjected to drought stress. 

But it only had significant effects on free 

proline of shoots (P<0.05). The lowest amount 

of free proline content was seen at control 

treatment and it increased with increasing of 

drought stress (Figure 4). 

 

 

 
 

Figure 3 Comparison of the shoot and root CAT of P. khinjuk at different levels of drought stress; Error bars are 

± SE 
 

  
 

 
 

Figure 4 Comparison of the shoot and root proline of P. khinjuk at different levels of drought stress; Error bars 

are ± SE 
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4 DISCUSSION  

P. khinjuk is an endemic and resistance species 

in dry and sub-dry forests in mountainous 

regions of Western Iran. In this study, growth 

and enzymatic responses of this species was 

assayed at different levels of water availability. 

The results indicated that drought stress 

decreased some biological parameter such as 

height and collar diameter of seedlings. This 

supported the former reports on Sophora 

davidii (Wau et al., 2008), Eucalyptus 

microtheca (Li and Wang, 2003), Zizyphs 

spinosus (Jinying et al., 2007) and Poncirus 

trifoliate (Wu and Xia, 2005) species. Also, this 

study showed that drought stress can decrease 

biomass of root and shoots. Similar results have 

been reported in some plants such as Zizyphs 

spinosus (Jinying et al., 2007), and Poncirus 

trifoliate (Wu and Xia, 2005). 

Although the accumulation mechanism of 

proline content in plant organs exposed to 

stress, but it is believed that engineering of the 

proline levels will greatly enhance the 

resistance capability of the plant to abiotic-

stress (Cao et al., 2011). High proline content in 

plants under stress could favor a better recovery 

of these plants and could also be a good defense 

mechanism for survival under stressful 

condition (Ghars et al., 2008). Our study 

showed that under drought stress, the free 

proline tends to increase in P. khinjuk organs, 

especially in shoot of seedlings (Figure 4). This 

is in accordance with observations of other 

studies (Smith, et al., 2002; Jinyou, et al., 2004; 

Porcel, et al., 2005; Guo, et al., 2010; Rao, et 

al., 2008; Hojati, et al., 2011).  

According to previous studies, when the 

plant is subjected to oxidative condition such as 

water stress, the antioxidant enzymes (SOD, 

CAT and POD) are generated from plant tissues 

and its activity increased (Zhang et al., 2010). 

They can easily convert superoxide anion 

radicals into O
-2

 and H2O2 and plant released 

from stressful condition. In our study, the SOD, 

POD and CAT activities were increased in 

shoots (Figure 4 and 5). Our results are 

confirmed by Alguaci et al., 2006 and Hojati et 

al., 2011 for Juniperus oxycedrus and 

Carthamus tinctorius respectively. They 

showed that there are significant correlations 

between plants resistance and the activities of 

antioxidant enzymes. This adaptation 

mechanism helps plants to stand in drought 

condition for short time. When the drought 

happens for long time, the induced active 

oxygen was greatly accumulated and the ability 

of the antioxidant system to cope with them 

decreased and damage to cellular components 

occurred (Sanchez, et al., 1998; Suzuki and 

Mittler, 2006).   

 

5 CONCLUSION 

It is the first study regarding the morphological 

and biochemical responses of P. khinjuk under 

drought stress conditions. This study’s results 

showed that water stress decreased all the 

measured morphological parameters, except 

root length. Moreover, the experiment results 

mainly presented that the proline content and 

the activities of POD, CAT and SOD 

antioxidant increased at shoot organ in drought 

condition. It seems that it is adaptation 

mechanism that P. khinjuk seedlings acquired in 

order to mitigate drought stress damages. So 

that, at low amount of water availability (25% 

FC) the seedlings survived up to end season 

growth, although, they have low height and 

collar diameter (Table 2). So, we suggest this 

species for reforestation in Zagros region, 

where there have sub-dry climate and there are 

amount of water availability for establishment 

of seedlings at first year. 
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 ( Pistacia khinjukخنجوک ) یهانهالسید دیسموتاز و کاتالاز در کپراکسیداز، سوپرا هایآنسیم یتفعال

 تنش خشکیتحت 

 

 2حاهذ یَسف صادُ ٍ 1جَاد هیشصایی

 

 ایلام، ایشاى ،، داًطکذُ کطاٍسصی، داًطگاُ ایلامعلَم جٌگلگشٍُ  -1

 ، ًَس، ایشاىگشٍُ جٌگلذاسی، داًطکذُ هٌابع طبیعی داًطگاُ تشبیت هذسس -2

 

 1333خشداد  22/ تاسیخ چاپ:  1332آرس  11/ تاسیخ پزیشش:  1332خشداد  22تاسیخ دسیافت: 

 

(، سَپشاکسیذ PODّای پشاکسیذاص )تٌص خطکی بش فعالیت آًضین شاتتشیي ّذف ایي تحقیق اسصیابی اثهْن چکیده

بشای ایي هٌظَس، . باضذهی خٌجَکّای ًْال چٌیي سضذ ٍ هحتَای پشٍلیي( ٍ ّنCAT( ٍ کاتالاص )SODدیسوَتاص )

 دسصذ 100ٍ  52، 20، 22تحت تٌص خطکی ) هاُ 8ای ٍ بشای هذت دس ضشایط گلخاًِ ّای یک سالِ خٌجَک ساًْال

ًتایج ًطاى داد کِ تٌص خطکی سبب کاّص سضذ استفاعی، قطش یقِ ٍ ٍصى تش ٍ خطک  ضذ. قشاس دادُ ظشفیت صساعی(

ّا دس سیطِ ٍ کِ اثشات هتفاٍتی سٍی فعالیت آًتی اکسیذاًتدس حالی ،ُ استضذّای خٌجَک ًْال سیطِ ٍ اًذام َّایی

. گشدیذّای خٌجَک داسد. تٌص خطکی سبب افضایص فعالیت آًضین کاتالاص دس سیطِ ٍ اًذام َّایی ًْالْا اًذام َّایی ًْال

. علاٍُ بش ایي، فعالیت آًضین پشاکسیذاص هطاّذُ ضذ دسصذ ظشفیت صساعی 22شیي هیضاى فعالیت ایي آًضین دس سطح تبیص

صهاى با تٌص خطکی افضایص پیذا کشد. فعالیت آًضین سَپشاکسیذدیسوَتاص ًیض دس ّا ّنًیض دس اًذام َّایی ٍ سیطِ ًْال

 ییّادس ًْالچٌیي ًطاى داد کِ تجوع پشٍلیي آصاد . ًتایج ّنسا ًطاى دادتشیي هیضاى کن ،دسصذ ظشفیت صساعی 100هاس تی

 . ِ استٍ با افضایص ضذت تٌص خطکی هیضاى آى افضایص یافت ُتشیي هیضاى بَدکن اًذکِ بِ خَبی آبیاسی ضذُ

 

 سَپشاکسیذدیسوَتاص، کاتالاصتٌص خطکی، پشاکسیذاص، ،  Pistacia khinjuk: کلمات کلیدی
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