
Advances in Environmental Biology, 8(17) September 2014, Pages: 1177-1184 

 

AENSI Journals 

Advances in Environmental Biology 
ISSN-1995-0756      EISSN-1998-1066 

 

Journal home page: http://www.aensiweb.com/AEB/ 

 

 

Corresponding Author: Hamideh Sanaeirad, Department of biology, Young Researchers and Elit Club, Damghan Branch,  

Islamic Azad University, Damghan, Iran 

Effect of Environmental Stresses on Poly Phenol Oxidase and Nitrate Reductase 
Enzymes of the Salsolacrassa plant in the Natural Growth Environment of Sultan 
Pond 
 
Hamideh Sanaeirad 

 
Department of biology, Young Researchers and Elit Club, Damghan Branch ,Islamic Azad University, Damghan, Iran  

 

A R T I C L E  I N F O   A B S T R A C T  

Article history: 
Received 25 September 2014 

Received in revised form 

26 October 2014 
Accepted 25 November 2014 

Available online 29 December 2014 

 

Keywords: 

Stress, Enzyme, Sultan Pond, Salsola 

crassa 

 Non biologic stresses such as salinity and dryness effect the growth, development and 
reproductively of plants. In this study, the effect of soil salinity and dryness in the two 

seasons of Spring and Summer and at various distances from the lake in the natural 

growth environment of the Sultan Pond Region was evaluated on the level of activity of 
poly phenol oxidase and nitrate reductase enzymes in the root and shoot of the 

halophyte plant Salsola crassa MB. Four samples of soil were removed in the two 

seasons and from two distant and close regions from the lake area and were physically 
and chemically analyzed. In the plants sampled, activities of poly phenol oxidase and 

nitrate reductase enzymes were evaluated. With increased salinity and dryness in 

summer, nitrate reductase activity (root and shoot) decreased but the activity of poly 
phenol oxidase enzyme (root and shoot) increased in summer and at a far distance from 

the lake. 
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INTRODUCTION 

 

 Plant species have been classified into two groups of halophyte and glycophyte based on ability to grow in 

salty conditions [43]. Salsola crassa is a halophyte plant, annual, erect, 30-60 cm long, none banded and thick 

stemmed, alternating and thick leaved and are very short in the flowered section. Flowering is in the months of 

September and October. Geographic extension in Iran includes regions around Tehran, Ray, Salty heights of 

Mardabad in Karaj, Boiin Zahra, Azerbaijan, shores of the Urmia lake, salty plains around Arak, Hamedan, 

Zayandeh river salty steppes, central south east between Kerman and Tabriz [26]. Even though providing a 

correct definition for stress is not simple, yet, all factors that lead to abnormalities in the process of a plant’s 

growth and development are called stress. Salinity and dryness tension that generally occur in dry and semiarid 

regions of the world such as Iran are among the main environmental stresses for plants [15]. Special sections of 

the surface of earth and large areas of Iran, based on weather conditions, are considered dry and semi arid 

regions. In these regions, the degree of evaporation is high and amount of raining is little and much dispersed. 

As a result, in surface layers of soil, a large amount of various minerals accumulate. Production of various forms 

of reactive oxygen (ROS) is one of the biochemical changes that happen in plants subjected to biologic and non 

biologic stresses. Plants that are exposed to environmental tension, commonly suffer from oxidative stress. 

Resistance to dryness is a general term that refers to a series of mechanisms that lead to plant resistance to dry 

weather. Long standing dryness leads to production and accumulation of toxic free radicals in plant cells and 

their injury. For survival and continuation of growth of the plant, these radicals need to be removed. 

Additionally, the saltiness of soil which is mainly the result of high levels of sodium and chlorine elements in 

soil leads to expression of ionic dysfunction and osmotic stress in the plant which results in decreased growth 

and metabolic abnormalities by increased production of reactive oxygen species (ROS) [31]. As a result salinity 

and dryness by way of mutual ionic, osmotic and nutritional effect lead to complex changes in the plant, the 

result of which is anatomic and physiologic changes to avoid or adapt with these environmental factors. The 

issue of salinity and dryness and dry salty and desert soils is considered an important difficulty. As a result, 

humans need to think more about solving these problems. One of the methods of solving the problem of facing 

salinity and dryness of salty and dry soils is development and advantage taking from halophyte and desert 
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plants. The issue of saltiness of soils and halophyte and desert plants has various dimensions such as study and 

identification of salty and desert regions, salty and desert plant species and evaluation of the various aspects of 

tolerance of salinity and dryness mechanisms. Increased tolerance to salinity and dryness for persistent 

production of crop is a necessity and can lead to stability of functioning in salty and dry soils [39]. Research has 

shown that all non biologic tensions induce oxidative stress, one of its results of which in the cell is per 

oxidation of lipids [5]. During stress, various forms of active oxygen such as superoxide radical, hydrogen 

peroxide and hydroxyl radical are created and lead to injury to membranes and other important macromolecules 

such as oxidation of proteins and nucleic acid [6,28,20,21,22]. Very good evidence exists showing the presence 

of relationship between decreased oxidative stress and increased tolerance for salt and dryness with the 

efficiency of the anti oxidative system [7]. Anti oxidant enzymes such as catalase, peroxidase, poly phenol 

oxidase lead to omission and inactivity of reactive oxygen species [34,6]. Phenol compounds are considered 

indices of oxidative stress. Accumulation of various phenol compounds under stress conditions can participate 

as a signal in activating a chain of reactions which eventually lead to increased tolerance to tension [4]. The poly 

phenol oxidase enzyme catalyzes the change of monophenol to diphenol and oxidation of diphenols to quinones 

which have a role in polymerization of pigments. Nitrate reductase (NR), is a regulating and limiting enzyme for 

the level of nitrate consumed and its catalyzing functions has been evaluated in numerous studies. Nitrate 

reductase is a factor that limits growth, development and protein production in plants. This enzyme is influenced 

by environmental conditions. Nitrate reductase is one of the key enzymes in processes related to nitrate usage. 

Great evidence exists that shows that regulation of nitrate reductase in higher plants is complex. Physiologic 

studies show a complex regulating system that controls the nitrate reductase gene expression in response to 

environmental signals [8]. Additionally, numerous studies show that the response of this enzyme changes 

depending on environmental conditions. The activity of the nitrate reductase enzyme in response to low 

temperature, salinity, dryness or osmotic stress changes rapidly. Presence of nitrate which leads to expression of 

creating genes or decreases its destruction processes has significant role in inducing and increasing this enzyme 

[9]. The source of tensions such as nutritional limitation begins with water stresses. With increased water 

deficiency, the level of amonification (release of ammonium form organic nitrogen containing compounds) and 

nitrification (oxidation of ammonium to nitrate) are decreased and the amount of accessible nitrogen for the 

purpose of homogenization is decreased and following that, the activity of the nitrate reductase enzyme 

decreases. Based on species, higher plants have four genes encoding nitrate reductase. 

 In this study, the level of activity of the poly phenol oxidase and nitrate reductase enzymes in the Salsola 

crassa plant in the region of Sultan pond located at 50 Km in the north of Ghom is evaluated. The “Sultan Pond” 

lake is located in a corner of the Salt Lake in the form of a desert basin. For evaluating the effect of 

environmental stresses on the level of activity of the poly phenol oxidase and nitrate reductase enzymes, 

samples were collected in the two seasons of spring and summer and at far and close distances from the lake. 

 

MATERIALS AND METHODS 

 

 Samples were collected in the two seasons of spring and summer and at two far and near distances from the 

lake in the region of Sultan Pond (located 50 Km north of Ghom, near the Tehran-Ghom Freeway, which is a 

desert basin with a size of 7428 acres). Next, for measuring poly phenol oxidase enzyme, protein extracts were 

prepared: one gram wet tissue was grinded in a china mortar containing 5 milliliters Tris buffer-HCL 0/05 

Molar, PH 7/5- for 30 minutes and was completely grinded in ice bath. The homogenate produced was 

transferred to a centrifuge tube and after ten minutes of standing at rest, samples were centrifuged for 20 

minutes at 13000 turns at the temperature of 4 degrees centigrade using a fridge containing centrifuge device. At 

the end of the centrifugation stage, tubes were gently removed from the instrument and the top solution was 

passed through several layers of cloth and was distributed into several small vials. 

A) Evaluation of the activity of poly phenol oxidase [36] 

 1/5 milliliter Tris buffer PH-7/6, 0/2 molar and 0/4 milliliter pyrogallol 0/02 molar were mixed with each 

other in ice bath and immediately 0/05 milliliter protein extract was added to it. The change curve was read at 

420nm using the spectrophotometer. Enzyme activity was calculated based on the change in unit adsorbed per 

minute for every gram of wet weight. 

B) Measuring the activity of nitrate reductase [48] 

 Dissolving 0/5 gm sulfanilic acid in 50 milliliter acetic acid and bringing its volume to 100 milliliter (Gris 

solution I). 

 Dissolving 0/2 gm alpha-neftilamine in 50 milliliter acetic acid and bringing its volume to 100 milliliter 

(Gris solution II).  

 Combining potassium mono hydrogen phosphate and potassium dihydrogen phosphate N/10 with a volume 

ratio of 1:7 (tampon phosphate). 

 Preparation of 5 milliliter solution in which potassium nitrate concentration is 150 millimolar, propanol 3% 

by volume, tampon phosphate 100 millimolar (incubation solution) and pouring it into an experiment tube and 
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placing the plant sample (one gram wet tissue of the shoot and half a gram of the root) in the experiment tube 

containing incubation solution. The tube is placed in the oven at 30 degrees centigrade for one hour. The 

solution is filtered. Two milliliter of the above solution is removed and 1 milliliter Griss I and Griss II solutions 

are added in order. Absorbance is read at 520nm. The concentration of the nitrite produced form reduction of 

nitrate is determined based on the adsorption. 

A-Amount of nitrite produced 

C-Various concentrations of sodium nitrite (Nm No2-g
-1

h
-1

) 

 
 

Result: 
 Effect of Saltiness and Dryness on the Activity of Poly Phenol Oxidase Enzyme 

 According to the results obtained, in the Salsola crassa plant, activity of poly phenol oxidase enzyme in the 

root and shoot of the samples taken from the location near the salt lake (far from the road) has decreased. This 

decrease in enzyme activity in the root and shoot is meaningful (Table 1 and Diagrams 1-1 and 1-2). 

 Additionally, in summer, the enzyme activity in the root and shoot has somewhat increased. This increase 

in enzyme activity in the root and shoot is not meaningful. 

 Considering both of the two factors of season and distance, increased activity in the root and shoot is not 

meaningful. 

 Results related to evaluation of soil are shown in Tables 3 and 4. 

 
Table 1: Comparison of the level of activity of poly phenol oxidase enzyme of S. crassa plants in various seasons and different distances  

from the lake ( SE ) ( DWgmolm 1
) 

Summer Spring  

Far from the lake Close to the lake Far from the lake Close to the lake 

0/592±0/035 
b 

0/505±0/035 
a 

0/566±0/035 
b 

0/482±0/035 
a 

Activity of poly phenol 
oxidase in the root 

0/567±0/026 

B 

0/446±0/026 

A 

0/552±0/026 

B 

0/429±0/026 

A 

Activity of poly phenol 

oxidase in the shoot 

 

 Effect of Salinity and Dryness on the Activity of the Nitrate Reductase Enzyme 

 According to the results obtained in the Salsola crassa plant, in the root and aerial limb of the samples taken 

from near the lake and in summer when salinity is increased, the activity of nitrate reductase enzyme has 

decreased (Table 2 and Diagrams 2-1 and 2-2). 

 

The Root polyphenoloxidase activity of S.crassa plants  at different seasons 
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Diagram 1-1: Evaluation of the effect of season and distance from the lake on the level of activity of poly  

phenol oxidase enzyme in the root of Salsola crassa plants. 

 The decrease in the nitrate reductase activity in the root of the Salsola crassa plant in the samples from near 

the lake was meaningful and also decrease in summer was meaningful and by considering both factors of season 

and distance, also decrease in the activity of the nitrate reductase enzyme was meaningful.  
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 Decreased nitrate reductase enzyme activity in shoots of samples taken near the lake is meaningful and also 

decrease in summer is meaningful. Yet, by considering both factors of season and distance, decreased nitrate 

reductase activity is not meaningful. 

 
Table 2: Comparison of the level of activity of nitrate reductase in the root and shoot of the S. crassa plants in various seasons and at  

various distances from the lake (SE)  (
11

2

 hgNOmol)  

Summer Spring  

Far from the lake Close to the lake Far from the lake Close to the lake 

0/118±0/004 
D 

0/092±0/004 
c 

0/123±0/004 
b 

0/113±0/004 
a 

Activity of nitrate 
reductase in the root 

0/103±0/003 

D 

0/085±0/003 

C 

0/118±0/003 

B 

0/111±0/003 

A 

Activity of nitrate 

reductase in the shoot 

  

The Shoot polyphenoloxidase activity of S.crassa plants  at 

different seasons and distances from lake
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Diagram 1-2: Evaluation of the effect of season and distance from the lake on the level of activity of poly  

phenol oxidase in the shoot of Salsola crassa plants.  

 

 
 

Diagram 2-1: Evaluation of the effect of season and distance from the lake on the level of activity of nitrate  

reductase in the root of Salsola crassa plants 
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Diagram 2-2: Evaluation of the effect of season and distance from the lake on the level of activity of nitrate  

reductase in the shoot of Salsola crassa plants. 

 
3-Results of physical and chemical analysis of 4 soil samples 

Lab. 

No 

Description Potassium 

K mg/I 

Carbonate 

3Co 

mg/I 

Bicarbonate 

3Hco 

mg/I 

Chlorine 

Cl 

mg/I 

Sulfate 

4So 

mg/I 

Calcium 

Ca 

mg/I 

Magnesium 

Mg 

Mg/I 

Sodium 

Na 

mg/I 

Sodium 

Absorption 

Ratio SAR 

9885 Spring soil 

near the lake 

4/4 None 1 1550 129 400 325 895 47/03 

9886 Spring soil 

distant from 

the lake 

0/8 None 3 12 17/5 10 7 14/5 4/98 

9887 Summer soil 

near the lake 

5/5 None 0/8 2500 99/2 450 370 1630 80/5 

9888 Summer soil 

distant from 

the lake 

4/5 None 1 890 99 250 200 560 37/3 

 
4-Results of physical and chemical analysis of 4 soil samples 

Lab. 

No 

Description Depth 

Deep.Cm 

Saturation 

% 

S.P 

Texture % 

Sand 

% 

Silt 

% 

Clay 

Total 

Nitrogen 

% 

N 

Electric 

conduction 

ds/m 

Total 

saturation 

reaction 

pH 

Soil 

Moisture 

% 

9885 Spring soil near 

the lake 

--- 38 SL 53 29 18 0/045 123 7/4 20/485 

9886 Spring soil 

distant from the 

lake 

--- 23 SL 61 23 16 0/024 30 7/4 2/006 

9887 Summer soil 

near the lake 

--- 33 SL 53 30 17 0/047 185 7 15/88 

9888 Summer soil 

distant from the 

lake 

--- 22 SL 63 22 15 0/018 78/1 7/2 1/158 

Chalk level in samples 9885 and 9887 was high. 

 

Discussion and Interpretation: 

 Numerous sources of reactive oxygen species’ production exist in plants and some are involved in the 

plant’s normal metabolism such as photosynthesis and respiration. Superoxide radical and hydrogen peroxide is 

produced by photo system 2. Additionally, when plants are exposed to environmental stresses such as dryness, 

salinity and cold weather, production of various reactive oxygen species increases in the chloroplast. Increased 

reactive oxygen species can both be considered as threats to the cell and as active messengers in the path of 

signal transmission related to stress. As a result, the cell needs two mechanisms both for detoxifying excess free 

oxygen radicals and for regulating their best amount for message transmission. Due to the stresses of salinity 

and dryness, one of the early events is closure of the pores. The latter leads to lack of carbon stabilization 

despite photosynthetic reactions dependent on light. NADPH is produced in the chloroplast that needs to be 

utilized in the Calvin cycle so that the NADP+ carrier does not become deficient. Otherwise, oxygen acts 

instead of NADP+ as receiver of electron and superoxide anion is produced. Therefore, by activating the 

glyoxylate pathway, the plant creates a path for NADPH usage so that superoxide production is inhibited [32]. 

The other point is that lipid peroxidation increases under conditions of salinity and dryness and this shows 

occurrence of oxidative stress [49]. Now a day, the index of membrane stability and lipid per oxidation level are 

used as criteria for evaluating injury to biologic membranes. The amount of lipid per oxidation shows the 

severity of injury to biologic membranes due to environmental stresses [22]. Additionally, increase in this index 

due to stress, shows increased production of various reactive oxygen species and occurrence of oxidative stress 
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in the plant [17]. Increased hydrogen peroxide has been reported to happen because of salinity and dryness and 

increased hydrogen peroxide leads to injury to biologic membranes and their per oxidation [22]. Numerous 

researchers have reported decreased injury to key cellular constituents such as membranes with increased 

activity of antioxidant enzymes due to stress. They believe that increased activity of these enzymes leads to 

control of production of various kinds of reactive oxygen species and prevents oxidative stress in plant cells 

[22,25,1]. 

 During stress, plant antioxidant enzymes such as catalase, peroxidase, superoxide dismutase and poly 

phenol oxidase become activated which decompose reactive oxygen species. As a result, the plants’ antioxidant 

capacity is directly related to their tolerance for stress. Research has shown a strong correlation exists between 

tolerance of oxidative stresses produced by environmental tension with increase in concentration and efficiency 

of plant antioxidants [12,49,47,7]. Antioxidants have various mechanisms for preventing lipid per oxidation 

such as decreasing oxygen concentration, preventing initiation of lipid per oxidation by acquiring active free 

radicals and prevention of free radical production by using metal ion chelators. Additionally, breaking the chain 

of fatty acids by antioxidants prevents hydrogen absorption by active radicals. By break down of peroxides, 

antioxidants prevent start of radical producing chains [45]. The plant antioxidant system by removal of reactive 

oxygen species leads to decreased injury caused by them. Therefore, level of antioxidants is correlated with 

level of tolerance for stresses and the more the amount of antioxidants, the less will the injury to cells become 

[3]. 

 Based on results obtained, the activity of poly phenol oxidase enzyme in the Salsola crassa plant in the root 

and shoot has increased in summer. According to the results, the only meaningful increase was in the activity of 

poly phenol oxidase in the root and shoot of the Salsola crassa plant sampled near the road (far from the salt 

lake). 

 This shows that salinity, air pollution and dryness (percentage of soil moisture is less at a distance far from 

the lake) influences the level of activity of the poly phenol oxidase enzyme. Poly phenol oxidase has an 

important role in plant cells in oxidation of phenols to quinines and formation of lignin. This enzyme is involved 

in defense reactions and plant sensitivity against viruses, bacteria and fungi. The role of quinines has been 

shown in plant resistance to disease causing agents [1]. The importance of poly phenol oxidase is due to 

coordination between regulation of level of poly phenol oxidase and phenyl propanoid synthesis. When a cell is 

injured, in result of the activity of this enzyme, phenol compounds are changed into quinine that is influential in 

induction of programmed cell death. Additionally, polymerized phenol compounds are made available for 

prevention of subsequent pollution [40]. The poly phenol oxidase enzyme is a constituent of plant defense 

mechanism against disease causing agents. Production of quinines due to the activity of this enzyme is toxic to 

disease producing factors. At the time of dryness stress, the plant due to weakening of the immune system 

increases phenol compounds so that it can show appropriate defense reaction against attack of microorganisms 

[14]. 

 In general, it can be concluded that the activity of antioxidant enzymes is considered a very important 

defense mechanism and increase in their activity at times of environmental stress can decrease oxidative stress 

or prevent its occurrence [21]. 

 The nitrate reductase activity decreased in the Salsola crassa plant in the shoot and root of the collected 

samples from near the lake and in summer when salinity is increased. 

 In 1994, Jacoby noted that salinity leads to prevention or decrease in activity of many enzymes present in 

the plant metabolic cycle including the enzymes RubisCO, malate dehydratase, phosphoenol pyruvate 

carboxylase and nitrate reductase which causes disruption in important activities such as photosynthesis and 

nitrate reduction. 

 The results of other researchers show that stress decreases nitrate reductase activity in wheat [16], beet 

leaves [27] and the root of soya [46,35]. 

 The activity of nitrate reductase is a controlling stage in nitrate homogenization. Its activity is influenced by 

nitrate flow into the cellular cytosol [9]. 

 Additionally, nitrate reductase activity in leaves is dependent on flow of nitrate from the roots. The activity 

of this enzyme is affected in osmotic shock [2] because nitrate entrance is limited by salinity stress. Nitrate 

reductase activity can decrease initially because of decreased or inactivation of the enzyme and decreased gene 

expression and protein synthesis [24]. 

 The activity of nitrate reductase enzyme is not under strong genetic control and environmental factors have 

a more important role [35]. 

 In the opinion of Borsani et al, 2004, effect of salinity on the activity of nitrate reductase in wheat may be 

either related to decreased nitrate absorption, because decreased nitrate concentration in leaves and roots in 

salinity stress has been reported, or may be the result of the large amount of chlorine ion in the leaves that 

influence the transfer of nitrate from the vacuole to the cytoplasm, because nitrate reductase is a cytoplasmic 

enzyme. 
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 Erskine et al, 1997, considers decreased activity of nitrate reductase as a response to salinity a biochemical 
adaptation that limits accumulation of nitrite or ammonium and overall, decreases the plants’ carbon and energy 
needs in conditions of salinity stress. The reason is that use of nitrate is a process that needs considerable 
amount of energy. In the opinion of Erskine et al, 1997, absorption and transfer of nitrate and its transformation 
from the 5+ oxidation state in nitrate to -3 in ammonium can consume a large portion of the electrons produced 
in photosynthesis. 
 In the opinion of Borsani et al, 2004, decreased nitrate reductase activity due to salinity shows decreased 
nitrate absorption in the root in the presence of salt. The presence of nitrate is necessary both for continuation of 
synthesis of the enzyme and its protection from break down or inactivity. 
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