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Table 1. Analysis of variance data from the influence of genotype and drought on physiological traits
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Table 2. Main effects of genotype and drought stress on PPO
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Figure 1. Diagrams the interaction of five irrigation levels on chlorophyll a in Durum wheat varieties
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Figure 2. Interaction five irrigation levels on chlorophyll b in Durum wheat varieties
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Figure 3. The effect of five irrigation levels on chlorophyll total content in durum wheat varieties
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Figure 5. The effects of irrigation on the five levels of CAT in Durum wheat varieties
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Figure 6. Interaction five irrigation levels of GPX on the Durum wheat varieties
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Figure 7. Interaction five irrigation levels on the APX in Durum wheat varieties

S G5 4 gl 5 GlalS 1 o)l AT g 10)
(1Y) b goo by e 4 5y9 5 SiS e
sbjles g pB)l ) plp Y= Ve iy (g ol
s S i Lial33 (V) ol o b3S caliske
ol rizzen ¢ Slns] Bl slaml culld il
Ol o2 5 Cdon g 5 ChaseS (e
2o Ve g M N B IS gaw 5> (s5gd Sy,
O iy s 5 (hmys Y0) sl o & Cop
3l Sl (Sis A5 Gl GRIBI L sed e ol
Jbo)lS (liae (Rl g 0l 2Lj paS Sy )0 bl
Jools gl b 45 (¥Y) 03 dalss iy Sits pobw
cdld ol sl il Jlgen Siolesl ol
(s e 35 gy sl a5l
O Jep pie g B eSgean 4 cuwl Cud alS
S (e 5395 4 Juxin B 3 2y sl
@Vl cdld b oadlae )50 Sl sl slag sl
934995 Om P s pB)l cpl )3 (yp 390 dL“_rv’..}J’]
951|559 3l g 00 Jlb (58T Elgl (6 )9leon
9 Oiored eSlp oS lie & Cwl 038 (654l
Oldlles gols (FY) cal ol Whe o GamoliwsTy
0o wle (el loorisSelaly (lise o (LS oty
bl Gl 25 gl Jpaily Sl s &5 lole y L
& gy Ol gl Sas byl o uzJﬁf FoZS |
Odon Mg g 4l el S ol o] Jouily 31>
PP 0ks e’ Seelil sy ) JsegySes 033b b a3t
JLid Sl oS oo Rl g Of puS bl
o) basdl sl (YY) cusl sdd Jole oyl (g jewl
oVl 85 Sy slaceis) b pasuie Sk
CEP) 5 SFegd opSS) Glie b 1) (S0ke
5 SMeSlnl ampl cdld Glie it SSpud
9 Odan B9 Ol YL 5 gl oeinen
Ol 2 emop e slacsE ple om > Chamg S

b il

Sioml GLOAS T iy (S AT
(102955 9 (W9 2) Jow

«Sob Fl osly by 4l Jobs mls b
P 5 (ool ciliseo o Jlosl G b ) (Sts i
By ghaw ) obidne Ooli5 byl 2)90 pgy9d S
5 odon Wl rewl SosiSolal ol n do)
15 edalie (£V0) sols (gylol maw 4 Cons @lyjing S
Spd 5955 9 (V0F) ooyt )5 <95 () o)
ol 1y 0l (5 pSejlil Slhdng S lie oy yieS (V1)
c“_‘lﬁ“’ Pl S Gy (Sid g pi5 Jlite g1 h
SlidengrS (VA) Glise (g VL (o)) byl dops V-
2oy W gaw 3 (/FF) Shame S Glise cnyieS 4
ORI U)o i 48T Cgs s el e b
Al 2 lbigne GLlPl el (Sis A5z
Sy oS Sy o9 adyy » Jobw  slaud
2 oad dels LS L oawle j» (Salvia leriifolia)
oo laJsUge dlus 4 (S (Giowl Sl lals
Bl Joas s 5l (gjoul wilats 9 3> Jslore
Wil Jolowo (glard 4 (S5 5 atlts il Jgloel
(YY) dgdie @lat 3595 5 5L sy legSsl
N (Sid 5 50 Cod g a olS Ay g g
NP (St A5 b codyily olS A bl 2pS e
ORI (5tmgs Y garme (e AD) BB L g w8
(7 Jos2) oSl awlie gols wloly () wbie
ade b elyj cudyl 0o )0 B maw 0 45,8 9 Ud g
P Sy Spd G5 9 odon Olie ousie /A
oS TV (Sle b (o) cudyls wopd VO e
3 (Ve JSKB) ol oladl 363 4 1y mpl ol 5l lie
S )b sl ()5S g Lais (Sid S35 jep (b
OBl b ) A dddl g jress oih oS5 b
5 ShamgS .l e se2g 4 Jobo Jobre oMl clal
@ Odon o ol 2 eies SlS Gl Cneke oo
Sy N 4 GBS & Cwglie il padls SO lpe


http://dx.doi.org/10.29252/jcb.10.26.22
http://jcb.sanru.ac.ir/article-1-661-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-02-06 ]

[ DOI: 10.29252/jch.10.26.22 ]

¥4 WA lals V5 0ot /o5 Sl /sy lalS o5ol acliingsy

Fal%)

1. Agarwal, S. and V. Pandey. 2004: Antioxidant enzyme responses to Nacl stress in Cassia
angustifolia. Journal of Biology Plant, 48: 555-560.

2. Ahmadi, A. and A. Ceiocemardeh. 2004. Effect of drought stress on soluble carbohydrate,
chlorophyll and Proline in four adopted wheat cultivars with various climate of Iran. Journa of
Agricultur Science, 35: 753-763 (In Persian). o _

3. Alvesda Costa, P.H., A.D. Azevedo Neto, M. Alves Bezerra, J. Tarquinio paisco and E. Gomes-
Filho. 2005. Antoxidative-enzymatic system of two sorghum genotypes differing in salt tolerance.
Plant Physiology, 17: 353-361.

4. Amiri Deh Ahmadi, SR. and E. MohamadiGanjeali. 2010. Effects of drought stress on
morphological characteristics and yield components in different phenological stages of chickpea
%Clc.er )arletlnum L.) greenhouse conditions. Journal of Agricultura Research, 8: 166-157 (In

ersian).

5. Azrnon, A.N. 1967. Method of extraction of chlorophyll in the plants. Agronomy Journal, 23: 112-
121.

6. Ashraf, M.Y., AR. Azmi, AH. Khan and SA. Ala 1994. Effect of water on total phenols,
peroxidase activity and chlorophyll content in wheat. Acta Phsiologiae Plantarum, 16: 185-191.

7. Bandyopadhyay, P., X. Linehan-Stieers, C.B.T. Kren and C.J. Steer. 1999. Nucleotide exchange in
genomic DNA of rat hepatocytes using RNA/DNA oligonucleotides. Targeted delivery of liposomes
?8?6%0%?9%%3 mine to the asiaoglyco protein receptor. Journal of Biologica Chemistry, 15:

8. Bates, S., R.P. Waldern and E.D. Teare. 1973. Rapide determination of free proline for water stress
studies, Plant and Soli, 39: 205-207.

9. Beers, G.R. and |.W. Sizer. 1952. A spectrophotometric method for measuring the breakdown of
hydrogen peroxide by catalase. Biology Chemical, 195: 133-140.

10.Blum, A., G. Gozlan and J. Mayer. 1981. The Manifestation of Dehydration Avoidance in Wheat
Breeding Germplasm. Crop Science, 21: 495-499.

11.Bonwell, E.S.,, T.L. Fisher, AK. Fritz and D.L. Wetzel. 2008. Determination of endosperm
secondary structure in hard wheat breeding lines using synchrotron infrared crospectroscopy protein.
Journal of Vibrational Spectroscopy, 48: 76-81.

12. Delauney, A.J. and D.P.S. Verma. 1993. Proline biosynthesis and osmoregulation in plants. Plant
Journal, 4: 215-223.

13.Esfandiari, E., A. Javadi, M. Shokrpour and F. Shekari. 2011. The effect of salt stress on
theanti oxidant defense mechanisms on wheat seedling. Fresenius Environmental Bulletin, 20: 2021-
2036 (In Persian).

14. Esfandiari, E.A., M.R. Shakiba, S.A. Mahboob, H. Alyari and S. Shahabivand. 2009. The effect of
water stress on the antioxidant content, protective enzyme activities, proline content and lipid
peroxidation in wheat seedling. Pakistan Journal of Biological Sciences, 11: 1916-1922 (In Persian).

15. Fedine, L.S. and A.V. Popova. 1996. Photosynthesis, photorespiration and proline accumulation in
water-stressed pea leaves. Crop Science, 32: 213-220.

16. Fielding, J.L. and J. Hall. 1978. A biochemical and cytochemical Study of peroxidase a ctivity in
root pea. Journal of Experimental Botany, 29: 98-989.

17.Gharbi, A., A. Rashidin, S. Tarynzhad and Q. Chlbyyany. 2013. Salinity and drought tolerance of
gurum ;Nheat lines under greenhouse conditions. Journal of Crop Eco Physiology, 4: 393-410 (In

ersian).

18. Gosset, D.R., E.P. Millhollon and M.C. Lucas. 1994. Antioxidant response to NaCl stress in salt—
tolerant and salt sensitive cultivars of cotton. Crop Science, 34: 106-714.

19. Gregersen, P.L. and P.B. Holm. 2007. Transcri ﬁtome analysis of senescence in the flag leaf of wheat
(Triticum aestivum L.). Journal of Plant Biotechnology, 5: 192-206.

20.Gressel, J,, E. Galun, C. H.Foyer and P. M.Mullineaux. 1994. Genetic controls of photo oxidant
tolerance. Causes of photooxidative stress and amelioration of defense systemsin plants, 237-273

21. Hassanpour Lesko Kalaye, K., J. Ahmadi, J. Daneshian and P. Hatem. 2015. Determine the changes
in chlorophyll, protein and antioxidant enzymes in durum wheat under drought stress. Journal of
modified crop plants, 7: 76-87 (In persian).

22.Heidari, M. and F. Tarahomi. 2010. Effect of different levels of salinity on physiological reactions
and Zn uptake of sodium and potassium. Journal of environmental stress on Crop Science, 3: 83-93

(In persian).
23.Hendry, G. 1993. Evolutionary origins and natural functions of fructanc. New Phytologist, 123: 3-
14

24. Hernandez, J.A., M. Angeles Ferrer, A. Jimenez, A. Ros Barcelo and F. Sevilla. 2001. Antioxidant
Systems and 02.—/H202 Production in the Apoplast of Pea Leaves. It’s Relation with Salt-Induced
Necrotic Lesionsin Minor Veins. Plant Physiol. 2001 Nov, 127: 817-831.

25. Hissao, T. 1973. Plant responses to water stress. Ann. Rev. Plant Physiol, 24: 519-570.

26.Irrigoyen, JH., D.W. Emerich and M. Sanchez Diaz. 1992. Water stress induced changes in
gzn%esntégtion of proline and total soluble sugars in nodulated alfalfa plant. Physiologic Pantarum,

27. Jagtap, V., S. Bhargava, P. Stredo and J. Feirabend. 1998. Comparative effect of water, salt and light
stresses on photosynthetic reactions in (Sorghurm biocolor L. Moench). Journal of Experimental
Botany, 49: 1715-1721.

28. Janovitz-Klapp, A.H., F.C. Richard. P.M.J.Goupyand and J. Nicolas. 1990. Inhibition studies on
apple polyphenol oxadase. Journal of Agricultural Food Chemistry, 38: 926-931.


http://dx.doi.org/10.29252/jcb.10.26.22
http://jcb.sanru.ac.ir/article-1-661-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-02-06 ]

[ DOI: 10.29252/jch.10.26.22 ]

v G Ohiene S s s gt (S T Slam T clld i p (St (35

29.Kamrava, S., N. Babaeian Jolodar and N. Bagheri. 2017. Evaluation of Drought Stress on
(P:hl orophyll and Proline Traits in Soybean Genotypes. Journal of Crop Breeding, 9(23): 95-104 (In

ersian).

30. ﬁée%rfann P.E. 1980. Stomatal and photosynthetic limitations to leaf growth. Plant physiology, 13:

31.Kuznestov, VI.V. and N.I. Shevyakova. 1999. Prolin under stress. metabolism and regulation.
Russian jornal of Plant Physiol og?;, 46: 274-286.

32.Lichtenthaler, H. 1987. Chlorophylls and carotenoids. pigments of photosynthetic biomembranes
Methods in Enzymol ogy, 148: 350-382.

33.Loggini, B., A. Scartazza, E. Brugnoli and F. Navarilzzo. 1999. Antioxidative Defense System,
Pigment Composition, and Photosynthetic Efficiency in Two Wheat Cultivars Subjected to Drought.
Plant Physiology, 119: 1091-1099.

34. Maali-Amiri, R., |.V. Goldenkova-Pavlova, V. Pchelkin, V.D. Tsydendambaev, A.G. Vereshchagin,
A.N. Deryabin, T.l. Trunova, D.A. Los and A.M. Nosov. 2007. Lipid fatty acid composition of
potato plants transformed with the A12-desaturase gene from cyanobacterium. Russian Journal of
Plant Physiology, 54: 678-685. )

35. Malek Ahmadi, F., K.H.M. Station and A. Taher Race. 2005. Ghrga no stress on the accumulation of
some minerals and induce oxidative stress in plants pepper (capsicum annum L.), Fourth National
Conference on Biotechnology Iran, Kerman, International Center for Advanced Science and
Technol (?S%y and Environmental Sciences, 104-214 (In Persian).

36.Masinovsky, Z., G.l. Lozovaya and A.A. Sivash. 1992. Some aspects of the early evolution of

hotosynthesis. Advances in Space Research, 12: 199-205. _ -
37.Michalak, P. 2006. RNA world-the dark matter of evolutionary genomics. Journal compilation
European society for Evolutionary Biology, 19: 1768-1774.

38. Mihailovi¢, N., M. Lazarevi¢, Z. Dzeletovi¢, M. Vuckovi¢ and M. Burdevié. 1997. Chlorophyllase
activity in wheat, (Triticum aestivum L.). Leaves during drought and its dependence on the nitrogen
ion form applied. Plant Science, 129: 141-146.

39. Mittal, S., N. Kumari and V. Sharma. 2012. Differential response of salt stress on Brassica juncea:
Photosyntheticperformance, pigment, proline, D1 andantioxidant enzymes. Plant Physiolgy
Biochemical, 54: 17-26.

40. Moradi, A., A. Ahmadi and M. Judy. 2005. Response of photosynthesis and stomatal conductance O.
gram Severe and Moderate Drought stress at different growth stages. First Conference on bean
National Institute of Plant Sciences Plant Sciences University of Mashhad, 272-268 (In Persian).

41. Ranney, T.G., N.L. Bassuk and T.H. whitlow. 1991. Osmotic adjustment and solute contributes in
leaves and roots of water-stressed cherry (prunus) trees. Journal of the American society for
Horticultural Science, 116: 684-688.

42. Shahriari, P., A. Mirshams Kakhaki and M. Amini. 2012. Molecular detection of enzyme polyphenol
oxidase in a number of common wheat varieties in Iran marker by STS. Iran's third national
conference on aag:icultural biotechnology of plant, anima and industrial, Mashhad, Ferdowsi
University of Mashhad, 45 pp (In Persian).

43. Shokrpur, M. and AS. Esfandiari. 2014. Grvhbndy different varieties tolerant to salinity based on
biochemical and physiological indices. Journal of Crop Breeding, 14: 54-65 (In Persian).

44. Syosamardha, A.A., K. Ahmadi, V.H. Postini and H. Ebrahimzadeh. 2004. Factor controlling
stomatal ture and photosynthesis and its relationship with drought resistance in wheat cultivars.
Journal of Agricultural Science, 35: 93-106 (In Persian).

45. Tarahomi, P., D. Lahooti and P. Abbasi. 2010. Effects of drought stress on soluble sugars,
gh(llor%phy_ll a;nd potassium S. leriifolia (Salvia leriifolia Benth). Journal of Biological Sciences, 3: 1-

n Persian).

46.Verma, S. and R.S. Dubey. 2003. Lead toxicity induces lipid peroxidation and alters the activities of
antioxidant enzymes in growing rice plants. Plant Science, 164: 645-655

47. Xue, T., X. Li, W. Zhu, C.H. Wu, G. Yang and C.H. Zheng. 2008. Cotton metallothionein GhMT3a,
a reactive oxygen species scavenger, increased tolerance against abiotic stress in transgenic tobacco
and yeast. Journal of Experimental Botany, 60: 339-349.

48.Yan, B., Q. Dai, X. Liu, S.H. Huang and Z. Wang. 1996. Plant and Soil Flooding-induced membrane
damage, lipid oxidation and activated oxygen generation in corn leaves. Springer, 179: 261-268.

49.Yoshimura, K., Y. Yabute. T. Ishikawa and S. Shigeoka. 2000. Expression of spinach ascorbate
peroxidase isoenzymes in response to oxidative stresses. Plant Physiology, 123: 223-233.


http://dx.doi.org/10.29252/jcb.10.26.22
http://jcb.sanru.ac.ir/article-1-661-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-02-06 ]

[ DOI: 10.29252/jch.10.26.22 ]

Journal of Crop Breeding Vol. 10, NO 26, SUMMEY 2018 ...... ..ottt et ettt s et et e et et aie e e e neneanne e eeane 31

The Impact of Drought Stress on Antioxidant Enzymes Activities, Containing of
Proline and Carbohydrate in Some Genotypes of Durum Wheat
(Triticum turgidu L.) at Seedling Stage

Tahereh Naeemi?, Leila Fahmideh? and Barat Ali Fakheri®

1 and 3- M.Sc. Student and Professor, Department of Plant Breeding and Biotechnology, University of Zabol,
2- Assistant Professor of Department of Plant Breeding and Biotechnology, University of Zabol
(Corresponding author: |.fahmideh@uoz.ac.ir)

Received: November 14, 2016 Accepted: September 10, 2017

Abstract

Drought and changes in weather conditions, cause damage and reduce their agricultural
products. The fact that durum wheat, after common wheat or Simultaneous with that, is one of
the major sources of food supplies, makes it a necessity to identify its drought tolerant
species.This article reports an experiment on the impact of different levels of drought (
5,10,20, 25 percent of field capacity) on activity of antioxidant enzymes, including Catalase
(CAT), Poly phenol oxidase (PPO), Ascorbate peroxidase (APX), Guaiacol Peromdase (GPX%,
and also some photosynthetic pigments ( Chlorophylis a, b, total Chlorophyll and Carotenoid ),
as well as some osmosic regulators include Carbohydrates and Proline in durum wheat
?enotypes (Shabraendq, Behrang, Karkhe, Aria, Dena ). This experiment was designed as a
actorial randomized blocks with three repeats, conducted at the Institute for Biotechnol ogical
Research in the University of Zabol. Following planting the seeds in pots, the drought stress
was introduced at the tillering stage, after which the attributes of the plants were measured.
The results of analysis of variance demonstrated that the impact of genotype, drought stress,
and the interaction of stress and drought were statistically significant at 1 percent and 5 percent
in al the attributes under investigation. The impact of genotype and drought stress on
polyphenol oxidase trait was not significant. The most significant effects observed were those
of 5 percent watering level of the capacity on antioxidant activity and osmos regulator. The
results of this study indicated that in the conditions of this experiment, Behrang and Karkheh
genotypes determined the highest level of photosentises pigments and Shabrang genotype have
most level of antioxidant activity and Karkheh genotype have highest level of proline and
carbohydrate contain, identifying It as a drought tolerant species.

Keywords: Drought, Field capacity, Genotype, Physiologica response, Seedling stage
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