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Abstract

Water deficit stress is a major abiotic factor that limits crop production. Hence plant Nutrition can have play-
determining role in moderating the adverse effects of water deficit stress. This research was conducted as a
factorial experiment based on randomized complete blocks design with zinc (Zn) at three levels (0, 10 and 20 mg
Zn per kg dries soil as ZnSO,4+7H-0), phosphorus (P) at three levels (0, 30 and 60 mg P per kg dry soil as Calcium
(Ca) (H2PO,4)2¢H20) and soil moisture at three levels (0.5FC-0.6FC, 0.7FC-0.8FC and 0.9FC-FC) using three
replications under greenhouse conditions. The results showed that the moderate (0.7FC-0.8FC) and severe water
deficit conditions (0.5FC-0.6FC) decreased significantly activity of peroxidase isozymes (POX) than to the
enzyme activity in full irrigated (0.9FC-FC) conditions (P< 0.01).The higher activity of peroxidase isozymes
appeared in POX; under the moderate water deficit condition and the lowest related to POXjsisozyme
under severe water deficit condition. In addition, the main effect of Zn and two way interaction of Zn x soil
moisture were significant on the enzymatic activity of POX., POX3 and POX, isozymes. The highest activity of
peroxidase isozymes resulted for POX: at application ofio mg Zn per kg of soil. The two ways interaction of soil
moisture x Zn for POX3, POX. and POX, showed that the effect of Zn application on these esozymes were
significant only under severe water deficit condition the highest activity of POX2 and POX3 were obtained at

application of 10 mg Zn per kg dried soil and for POX, under using of 20 mg Zn per kg soil condition.
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Introduction

Water deficit is one of the most prevalent
manifestations of abiotic stress in plants. Water
deficit is the major yield-limiting factor of crop plants
and it's actively and continuously determines the
natural distribution of plant species. Water deficit
exacerbates the effect of the other abiotic or biotic
stresses which plants are submitted and effect of
several different abiotic stresses (like salt and cold
stresses) tense in water stress condition (Cruz de
carvalho, 2008). Among these the water deficit is a
major abiotic factor that limits crop production
(Reddy et al., 2004). Water deficit may increase the
formation of free radicals of oxygen. These reactive
oxygen species (ROS) involve superoxide (O:°),
hydroxyl radical (OH*), hydrogen peroxide (H-=0-),
and single oxygen (Oy2). ROS are highly reactive to
membrane lipids, protein and DNA. It is believed that
ROS are the major contributing factors to stress
injuries and to cause rapid cellular damage,
particularly when plants are exposed to stress
conditions (Gupta et al., 2005). In order to protect
cell membranes and organelles from ROS damaging
effects, plants are equipped with an antioxidant
system. This system consists of low molecular weight
antioxidants such as ascorbate, glutathione, a
_tocopherol and carotenoids, as well as several
enzymes, such as superoxide dismutase (SOD),
(CATD), (POX),
peroxidase (APX), and glutathione reductase (GR)

catalase peroxidase ascorbate

(Gaber, 2010).

Peroxidase isoenzymes are hem groups contain
(iron), which catalyzes the conversion of hydrogen
peroxide to water and oxygen and have Important
role in clearing the toxic effects of hydrogen peroxide
in cells (Gaber, 2010). There is POX on all cellular
components producing ROS, s and more stretch are
to it (at the micro-molar) and with specific delicacy to
a sustainable level ROS regulates, purposes signal

transduction (Cruz de carvalho, 2008).

Zinc (Zn) deficiencies is one of the most widespread

deficiencies of nutrients in plant at all part of the

world, especially in arid and semi-arid climate
because of alkaline soils and higher phosphorus
availability (Cakmak, 2000). Zinc has structural role
inside the Carbonic

important enzymes like

anhydrase, alcohol dehydrogenase, superoxide
dismutase, alkaline phosphatase, phospholipase and
carboxyl peptidase and activates a number of
enzymes such as dehydrogenases, aldolases and
isomerizes. Zinc plays an exclusive role in DNA
replication, transcription and regulation of gene
expression (Coleman, 1992; Vallee and Falchuk,
1993). Due to its main role in the activation of gene
expression, perhaps zinc in gene expression induced
by oxidative stress and production of anti-oxidant
enzymes such as superoxide dismutase, peroxidase,
glutathione reductase is involved in detoxification of

hydrogen peroxide (Cakmak, 2000).

Phosphorus is the second important nutrient that
required by plants. It is an essential component of
nucleic acids, phosphorylated sugars, lipids and
which
(Raghothama, 1999). Plants phosphorus uptake

proteins, control all life processes

reduces in water deficit condition. Phosphorus
Consumption or utilization of methods with higher
phosphorus uptake can be useful in reducing the
destructive effects of water deficit (Yuncai and
Schmidhalter, 2006).

Limited studies have been conducted on the
combined effects of Zn and P on peroxidase activity
especially under water deficit condition. The
objectives of this study were to evaluate (a) effect of
soil moisture on peroxidase activity and banding
pattern, (b) ability of phosphorus and zinc on
prevention of oxidative stress in potato under with or

without water stress conditions.

Materials and methods

Plant material and stress of treatment

A pot experiment was conducted in a naturally lighted
greenhouse during 2012 at Agricultural Research
Station of Tabriz University, Iran. The experiment

was arranged as factorial 3 x 3 x 3 with n = 3 based
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on randomized complete block's design with three
factors, including Zn at three levels of 0, 10 and 20
mg Zn per kg of soil as ZnSO4+7H-0, P at three levels
of 0, 30 and 60 mg P per kg of soil as Ca
(H2PO4)2H-0 (mono calcium phosphate), and soil
moisture at three levels of 0.5FC-0.6-FC, 0.7-FC-0.8-
FC and 0.9-FC-FC in three replications that all of
these factors plants cultivated at same time
(04/26/2013 ) with total 81 pots. Soil moisture levels
were applied at flowering period for 21 days. The
physic-chemical properties of used soil were

described previously by Motalebifard et al. (2013).

Enzyme extraction and electrophoresis

The crude extracts of fresh and healthy leaves from
adult plants were prepared with separate mortars and
pestles in a Tris-HCI extraction buffer with pH 7.5
(Tris 50 mM, sucrose 5%, ascorbic acid 50 mM,
sodium metabisulfite 20 mM, PEG 2% and 2-
Mercaptoethanol 0.1%) as described by Valizadeh et
al., (2011) with a ratio of 0.5 mg pl-1 (1W:2V) and
centrifuged at 10,000 rpm under 4°C and for 10
minutes using small Eppendorf tubes. Enzyme
extracts were immediately absorbed onto 3x5 mm
wicks cut from What man 3 mm filter paper and
loaded onto 7.5% horizontal slab polyacrylamide gels
(0.6x15x12 cm) using TBE (Tris-Borate-EDTA)
electrode buffer (pH= 8.8). Electrophoresis was
carried out at 4°C for 3 hours (constant current of
30mA, and voltage of 180V). Peroxidase isoenzymes
were analyzed in this study. The gel slabs rifted
horizontally and stained based on protocol that was
performed for POX by Olson and Varner (1993). The
gels were fixed and scanned immediately after

staining.

Statistical analysis

A factorial experiment on the basis of completely
randomized design was carried out. An image analysis
program (MCID1 software) was used to measure DxA
(optical density x area) parameter for each isozymic

band to evaluate the activity on to gels.

Data were subjected to analysis of variance as

factorial 3x3x3 with n=3 based on randomized
complete blocks design by using MSTATC software.
Tukey’s test at p<0.05 probability level was applied to
compare the mean values of measured attributes. The
Excel software (Excel software 2007, Microsoft Inc.,
WA, USA) was used to draw Figures.

Results

Considering to Fig. 1 five isozymes was observed for
the POX enzyme. Under water deficit stress
(0.5FC-0.6FC, 0.7FC-0.8FC), POX
isozymes generaly had further activity than what was

conditions

observed under full irrigated (0.9-FC-FC) conditions
(Fig. 1). Fig. 2 shows an example of the two pots with
cultivated potato that growth wunder different
conditions of soil moisture, Zn, P. Based on this
figure, the growth of plant reduced by increasing
water deficit (Fig. 2).

The analysis of variance (ANOVA) showed that the
main effect of soil moisture were significant for POXj,
POX., POX3, POX,, and POXs5 at 0.01 probability
level. The main effect of zinc and two way interactions
of Zn x soil moisture were significant for POX>, POX3
and POX, at mostly 0.05 probability level (Table 1).
The POX isozymes activity were not affected
significantly by the main effect of P, two way
interaction of P x soil moisture and three way

interaction of factors (Table 1).

The means Comparison of POX isozyme activity
under different Zn, P and moisture levels are
summarized in Table 2. According to Table 2
the higher peroxidase activity related to POX; under
the moderate water deficit conditions (0.7FC-0.8FC),
whereas, POX; showed the Minimum activity at
severe water deficit conditions (0.5FC-0.6FC). The
activity of POX;, POX», POX3; and POX, isoenzymes
increased 48, 43, 29, 17, and 43, 40, 17, 22 percent
under moderate and severe water deficit conditions
compared to full irrigated condition, respectively. The
activity of POX;s had totally opposite trend under
stress conditions. The activity of POX;5 increased 14

percent under moderate water deficit condition but
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surprisingly decreased 21 percent at severe water

deficit condition compared to full irrigation.

The effect of soil moisture x Zn interaction on POXois
shown in Fig. 3. Zn had no significant effect on POX-

isozymes activity under full irrigated and moderate

water deficit conditions. While under severe water
deficit condition Zn usage affected significantly the
enzymatic activity of POX. and the most enzymatic
activity is obtained when zinc applied in 10 mg Zn per

soil kg of dried soil.

Table 1. Summary analysis of variance (mean squares) densitometric activities of peroxidase isozymes in potato.

Source of variation DF POX; POX. POX; POX, POX;
Replication 2 0.147** 0.791%* 0.252** 0.195** 0.065**
Moisture 2 0.301%* 0.721%* 0.126** 0.112%% 0.376**
Zn 2 0.021s 0.185% 0.051% 0.198** 0.004"s
P 2 0.009"s 0.0310s 0.007" 0.03108 0.01"8
Zn x moisture 4 0.014"s 0.122% 0.034* 0.057* 0.008"
P x moisture 4 0.042* 0.045"s 0.024"s 0.0391s 0.01208
Zn x P 4 0.010s 0.0811s 0.026"s 0.005" 0.005"s
Zn x P x moisture 8 0.034"s 0.023ns 0.018ps 0.008"s 0.029"
Error 52 0.017 0.042 0.013 0.018 0.012
Coefficient of variation (%) 24.97 27.71 21.05 20.42 24.99

Zn: Zinc; P: phosphorus; ns, non-significant; * Significant at p < 0.05.; ** Significant at p < 0.01.

The quality of soil moisture x Zn interaction for POX3
was also almost like the POX2 (Fig. 4). This means
that only in severe water deficit condition, the
application of 10 mg Zn per kg soils caused a
significant increase in POXj; enzyme activity. The
means Comparison for POX, in relation to combined
soil moisture and Zn treatments are shown in Figure

5. The interaction was same as the POX2 and POX3

variations under soil moisture x Zn two ways
interaction. Again it can be seen which the difference
between POX,; means under the three levels of Zn
effects were significant only in severe water deficit
condition but Unlike POX. and POXj the highest
amount of POX, isoenzyme obtained with application

of 20 mg Zn per kg of soil.

Table 2. The mean densitometric activity of isozymes POX (Gram per of fresh weight) in conditions levels of

water stress.

Soil moisture POX; POX. POXj3 POX, POX;
0.9 FC-FC 0.029b 0.055b 0.047b 0.057b o0.04b
0.7 FC-0.8 FC .0.058a 0. 079a 0.061a 0.067a 0.056a
0.5 FC-0.6 FC 0.056a 0.077a 0.055a 0.060a 0.033a
The rate of increase or decrease in the average stress conditions 48+ +43 + 29 +17.5 +14
than to normal mode (%)

The rate of increase or decrease in the severe stress conditions +43 +40 +17 +22 -21

than to normal mode (%)

Two ways Interaction of P x soil moisture for
densitometric activity of is shown in Figure 6.
Application of phosphorus showed significant
difference in activity of POX: isozyme under full

irrigated conditions and enzymatic activity of POX:

under without P application was significantly higher
than the values of 30 and 60 mg P per kg of soil.
However, the application of phosphorus had no
significant effect on POX: isozyme activity under

severe and moderate water deficit conditions.
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Discussion

Sun et al. (2010) showed that activity of isoenzymes
of peroxidase (POX) conform from an increase and
reduction pattern when exposed to water stress and
under severe and prolonged water deficit stress

conditions occurs reduction of mentioned enzyme

POX., POX; and POX,; than normal water stress
conditions and reduction of activity of isozyme POX5
than the normal stress conditions. In another study, it
was observed that POX activity increased during the
early stages of water deficit, heat, or combination of

these imposing. However when stress was prolonged,

activity. In present study, study was observed the POX enzyme activity was reduced.
coincides with the increase in activity, isozymes POXj,
average stress Normal

P3 P2 P1 P3 P2 P1T

Zn3 In3 In3 In2 2n2 IZn2 In1 In1 2n1 Zn3 In3 In3 In2 IZn2 In2 2Int Int1 Int
P3 P2 PT P3

POX2
POX1

P2 P1 P3 P2 PT P3 P2 P1

Fig. 1. The naming of peroxidase isozymes in plants potatoes.

Fig. 2. A sample of the potato plants growth under stress of Zn, P and drought.

Therefore it seems that the adverse effects of water
deficit such as cell membrane injuries slaked by
increasing the activity of POX (Jagtap and Bharagava,
1995). Contradictory responses have been reported to
water deficit stress by the POX isoenzymes (Zhang et
al., 2004). The results (increasing activity of POX

isozyme under water deficit conditions) corresponded

with the results of Pen et al. (2006), Terzi and
Krdioglo (2006), XiYao et al. (2009), and Lutfor
Rahman et al. (2002). Conflicting result is obtained
over the years that this difference could be reason's
age or developmental stage of the plant duration and
severity of treatment water deficit stress be attributed

against the water deficit tolerance strategies.
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Fig. 3. The mean of densitometric activity of POX. under water stress treatment combination and Zn at

probability level of 5%.

00s S
E o074 .a. = &l 7
E—_,_ ans ] = 1] |:| al:l |:| _ ~
- e bz == o b B Zrld
E 005 S |IIIC i : E : be : E : EZ 20
& oo o o o
i |:| |:| |:|
= 00z 4 = - =
@ = = =
g ooz |:| |:| |:|
-_: III III III
£ 0.01 - — — —
L1 - - -
[ [ T Y T
0.9 FC—FC 0.7 FC—0.8FC 0.5 FC—0.a FC
Moisture siress levels

Fig. 4. The mean of densitometric activity of POX3; under water stress treatment combination and Zn at
probability level of 5%.

Despite this some authors have reported a significant increased the activity of POX3 and POX. isozymes

correlation between the degree of water deficit under severe water stress conditions. While for POX,
tolerance and induction of antioxidant system in this affluence was occurred by application of 20
some species or genus (Cruz de carvalho, 2008). mg Zn per kg of soil. The results showed that the
Some researchers believed that zinc protected higher amounts of antioxidant enzymes induced by
membrane proteins and lipid's against the adverse Zn may as a secondary defense mechanism against
effects of free radicals and other products of the oxidative stress. The results of this study was in
intracellular reduction reactions that resulted in agreement with results of Waraich et al. (2011),
maintain cell membranes integrity In addition zinc in Cakmak (2000) and Morsy et al. (2012) that
corporate with copper had main role in superoxide examined the role of micronutrients in plants under
dismutase enzyme structure as scavenging free drought stress. Phosphorus is essential for storage
oxygen radicals (Rion, and Alloway, 2004). In the and transfer processes of energy, photosynthesis,

present study addition of 10 Zn mg per kg of dry soil regulating the activity of enzymes and transport of
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carbohydrates. The higher availability of phosphorus
in soil could be useful under water deficit stress. Garg
et al. (2004) noted that the phosphorus deficiency
was one of the first effects of mild to moderate water
deficit stress in plants. So, the application of
phosphorus fertilizer could markedly improve plant

growth in such conditions. In the present study, the

ability for

upraising of peroxidase isozymes activity (POX:) that

phosphorus deficiency (Po) was
by application of phosphorus (30 or 60 mg P per kg of
dry soil) reduced POX activity. However, the
significant deference in peroxidase (POXy) activity was
not observed by P levels imposing in moderate and

severe water deficit conditions.
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Conclusion

XiYao et al. (2009) in review on the potato plant were
reported that phosphorus requirement enriched in
water stress conditions to two times than normal

conditions. significant increase in POX isozymes

activity under phosphorus deficiency have been
reported by Ahn et al. (2005) in tomatoes, Han et al.
(2007) in rice, Jin et al. (2010) in soybean which were

in agreement with present studies results.

40 | Mirashzadeh et al.



J. Bio. Env. Sci. | 2016

References

Ahn M, Schofield G. 2005. Effects of phosphorus
fertilizer supplementation on antioxidant enzyme
activities in tomato fruits. Journal of Agricultural and

Food Chemistry 53(5), 1539-45.

Cakmak I. 2000. Possible role of zinc in protecting
plant cells from damage by reactive oxygen species.
The New Phytologist 116, 185-205.

Coleman JE. 1992. Zinc proteins: enzymes, storage

proteins, transcription factors and replication
proteins. Annual Review of Biochemistry 61, 897-

946.

Cruz De Carvalho MH. 2008. Drought stress and
reactive oxygen species. Plant Signaling and Behavior

3, 156-165.

Gaber MA. 2010. Antioxidative defense under salt
stress. Plant Signaling & Behavior 5, 369-374.

Garg K, Burman U, Shyam K. 2004. The

influence of phosphorus nutrition on the
physiological response of moth beans genotypes to
drought. Journal of Plant Nutrition and Soil Science

167, 503-508.

Gupta KJ, Stoimenova M, Kaiser WM. 2005. In
higher plants, only root mitochondria, but not leaf
mitochondria reduce nitrite to NO, in vitro and in

situ. Journal of Experimental Botany 56, 2601-2609.

Han SF, Deng R, Cao Y, Wang Y, Xiao K. 2007.
Photosynthesis and active-oxygen-scavenging enzyme
activities in rice varieties with different phosphorus
efficiency under phosphorus stress. Ying Yong Sheng

Tai Xue Bao 18(11), 2462-2462.
Jin J, Wang G, Liu X, Pan SJ. 2006. Interaction
between phosphorus nutrition and drought on grain

yield. Journal of Plant Nutrition 29, 1433-1449.

Lutfor Rahman SM, Mackay A, Mesbah Uddin

ASM. 2002. Superoxide Dismutase Activity, Leaf
Water Potential, Relative Water Content, Growth and
Yield of a Drought-Tolerant and a Drought-Sensitive
Tomato (Lycopersicon esculentum Mill.) Cultivars

Plant Science 54, 16-22.

Morsy AA, Salama KH, Kamel HA, Mansour
MM. 2012. Effectes of heave metals on plasma
membrane lipids and antioxidant enzymes of

Zygophyllum species. Eurasia of Biosciences 6, 1-10.

Motalebifard R, Najafi N, Oustan S,
Nyshabouri MR, Valizadeh M. 2013. The
combined effects of phosphorus and zinc on
evapotranspiration, leaf water potential, water use
efficiency and tuber attributes of potato under water

deficit conditions. Scientia Horticulturae 162, 31-38.

Olson PD, Varner JE. 1993. Hydrogen peroxidase
and lignification. Journal of Plant 4, 887-892.

Raghothama KG. 1999. Phosphate acquisition.
Plant Molecular Biology 50, 665-693.

Reddy AR, Chaitanya KV, Vivekanandan M.
2004. Drought induced responses of photosynthesis
and antioxidant metabolism in higher plants. Journal

of Plant Physiology 161, 1189—1202.

Rodriguez D, Goudriaan J. 1995. Effects of
phosphorus and drought stress on dry-mater and
phosphorus allocation in wheat. Journal of Plant

Nutrition 18, 2501-2517.

Sun C, Du W, Chang X, Xu X, Zhang Y, Sun D,
Shi J. 2010. The effects of drought stress on the
activity of phosphatase and its protective enzymes in
pigweed leaves. African Journal of biotechnology 9,

825-833.

Terzi R, Krdiogl A. 2006. Droughts stress tolerasce
and the antioxidant enzyme system in Ctenanthe

Setosa. Acta Biologica Botanica 48, 89-96.

41 | Mirashzadeh et al.


http://www.ncbi.nlm.nih.gov/pubmed?term=Oke%20M%5BAuthor%5D&cauthor=true&cauthor_uid=15740037
http://www.ncbi.nlm.nih.gov/pubmed?term=Schofield%20A%5BAuthor%5D&cauthor=true&cauthor_uid=15740037
http://www.ncbi.nlm.nih.gov/pubmed?term=Schofield%20A%5BAuthor%5D&cauthor=true&cauthor_uid=15740037
http://www.ncbi.nlm.nih.gov/nlmcatalog?term=%22Journal%20of%20plant%20nutrition%20and%20soil%20science%20(Online)%22%5bTITLE%5d%20NOT%20101536480%5bNLM%20Unique%20ID%5d
http://www.ncbi.nlm.nih.gov/pubmed?term=Han%20SF%5BAuthor%5D&cauthor=true&cauthor_uid=18260448
http://www.ncbi.nlm.nih.gov/pubmed?term=Cao%20YF%5BAuthor%5D&cauthor=true&cauthor_uid=18260448
http://www.ncbi.nlm.nih.gov/pubmed?term=Wang%20XY%5BAuthor%5D&cauthor=true&cauthor_uid=18260448
http://www.ncbi.nlm.nih.gov/pubmed?term=Xiao%20K%5BAuthor%5D&cauthor=true&cauthor_uid=18260448
http://www.ncbi.nlm.nih.gov/pubmed/18260448
http://www.ncbi.nlm.nih.gov/pubmed/18260448
http://www.ncbi.nlm.nih.gov/nlmcatalog/100971492
http://www.ncbi.nlm.nih.gov/nlmcatalog/101629416
http://www.ncbi.nlm.nih.gov/nlmcatalog/9106343
http://www.ncbi.nlm.nih.gov/nlmcatalog/9882059
http://www.ncbi.nlm.nih.gov/nlmcatalog/9882059
http://www.ncbi.nlm.nih.gov/nlmcatalog/100971492
http://www.ncbi.nlm.nih.gov/nlmcatalog/100971492
http://www.ncbi.nlm.nih.gov/nlmcatalog/101612115
http://www.ncbi.nlm.nih.gov/nlmcatalog/9100855

J. Bio. Env. Sci. | 2016

Valizadeh M, Mohayeji Mz, Yasinzadeh N,
Nasrullahzadeh S, Moghaddam M. 2011. Genetic
diversity of synthetic alfalfa generates and cultivars
using tetrasomic inherited allozyme markers. Journal

of Agricultural Science & Technology 13, 425-430.

Vallee BL, Falchuk KH. 1993. The biochemical
basis of zinc physiology. Physiological reviews 73, 79-
118.

Waraich EA, Amad R, Ashraf MY, Ahmad M.
2011. Improving agricultural water uses efficiency by
nutrient management. Journal of plant physiology

61(4), 291-304

XiYao W, Zou X, Wang J. 2009. Drought
tolerance enhanced by phosphorus deficiency in

potato plants. Zhongguo zuo wu xue hui 35, 875-883.

Yong TL, Zongsuo S, Hongbo D. 2006. Effect of
water deficits on the activity of anti-oxidative
enzymes and osmoregulation among three different
genotypes of radix astragali at seeding stages

colloids and surfaces. Biointerfaces 49, 60—65.

Yuncai H, Schmidhalter U. 2006. Drought and
salinity: A comparison of their effects on mineral
of Plant Nutrition

nutrition of plants. Journal

and Soil Science 168, 541-549.

Zhang F, Guo Jk, Yang YL, He WL, Zhang LX.
2004. Change in the pattern of antioxidant enzymes
in wheat exposed to water deficit and rewatering. Acta

Physiologiae Plantarum Plant 26, 345-352.

42 | Mirashzadeh et al.


http://www.ncbi.nlm.nih.gov/nlmcatalog/101089134
http://www.ncbi.nlm.nih.gov/nlmcatalog/101148937
http://www.ncbi.nlm.nih.gov/nlmcatalog/101148937

