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Table 1. Specifications of genotypes used in the study

No. Genotype No. Genotype cod Origin Seed yield
1 210 62-157-00310 America High
2 291 62-157-00421 America High
3 313 62-157-00451 America High
4 30 62-069-00030 India Medium
5 307 62-157-00444 America Low
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Table 2. Physical and chemical properties of the soil used for sowing
Texture calss Silt (%) Clay (%) Sandy (%) Organic matter (%) EC (dSm™) PH
Clay 25 52 0.82 2.62 79

slos jo celo FA Gow 4y 5 slaankad oK1 .0
G Gln ) dsesd 5l caled po T s 4 5 ]
10 oolawl oeus g_j Slgime Q.;)9T Cawd
(1) s S S gma =
(5 Oy = Sas (j9)
(oolel (9 = a3 (359

X

(RWC)MQT &lgizxo
o Jleel 5l atin S s O (slgiome
5)4 u;):>—‘ )‘| )914}.;.,0 Q?-‘ (_glﬁ W) ‘_g).:fo)"..\.;‘
‘5’3)%53 9 b ’abo‘ (_g)loﬁﬁyu' oL:f :\JL:\M}:
V loankd 4 oS, g Jate oKisk;] 4 ladiges
9 9 Cpeend T 856 09 WAl S (5 e S0l
(ogamds a0 Vo 4y S0 3p) U1 sleo jo el



YY) e g S oiSIol slaps 3T 51 cam el pwy i), Ked g (5,5 ee

ol 5l o soliwl lowSTy Sl ygSwl GlaswSTy,
oolatwl yuigy cdale (g ,805lwl ol Plate Reader
515 8,590 oo i ) pslite ol sl a5
4 ey S B0 ol 5 ad ai ) qu g VO slodl)
Q»MQM)|W5M43L4|L;J33)LA.CLJ
) Sl b GpSojlal egls 00 zeesb s
crmagdl gy alisee glacdale 5l s fasbinl e

(CAT) ;Y6 o 351
>0 YO ke o (CAT) MUK ro-.’.}é'i Codled
ABDI 29) 4 5 flagidy Sl 3l ooliinl b (ugendes
cllsd e i sy b (g eFojll (1984)
2 ol 9iS cols (5,8 grwdeb o8t | 3
Sy g o Jolme b oolitul jiegl YF+ zgosh
s 3L iy See Yoo Jeld oadoolizd
039038 STy s e O Yga lee O+ (PH=Y)
5 009 w3l Slas XdsSee 0 5 aoye ¥4 (HO,)
Sy slealols o asds an Soe M)'ﬂ Edles
ol 4 5L g YB3l s ol (gl e

WS oo a5 H0 50, oy 1, HoO; busl>

(GPX) 3l JoSLE o 51
aslen 55 (GPX) laraSTy JSLE o3l collad
D99y A Legedw 8550 YO sles o VB o 5]
9 &9 b (5 ,Sejlwl (1955) Maehly 4 Chance
JsLE mayl G ly 9y50 3Y Slse (e
Sland B s See Yoo ol oSy
AdssSar Ve OHEY) Vg les 00 Sosgio
Joboe yidsSen Voo )s Yoo i 0 aeSTy
lac jloSee B0 g Voadeo Yoo JSLE
ol YV (g5 ()95 mimcieb olSiss gy (o051
ooy Slye den Jols oS walis Jolwo b o aelass
A (0,8 iwly g w3l b)lac Ll 4
Sy sralols 1o g adds aw Gue 4 M}AT Codled
005 Aol b oo 5l cudlad ads ool (lasl s
iz Ol 0B 90 STy bl 4 aifnsT O

collad lee cls il Wi, oley Ll b

(MDA) ssaulfoy9lle
adllsopglle gazs &l loazalS (LS o5
D S sl SG gt bigd Sl eslaul b Sy
e gleSy A (S dged oS e Voo
B ke ¥y wisg eud ans ble e
Sde A g 03l u)}o.ﬁb (M)Q \ TCA) CbM‘
30 590 Weve o b oy il jo addo o0l
Clblygw 31 pd e VY oal ools I3 Az
Sopgi sbes Jolme e VL edelossa
A0) e ol plem 40 9 bglse (ao,0 Y+ TCA)
Al ools 18 aads sw Sow 4 ((ugeede A0
Veoo Copw bog dBBo 00 Do 4y diged o
S dged JBa g i wiad Gedy il e
Gop b s o el OYY zsesb
A aesd (Shimadzu UV-160  iegidg mSowl)
2 dolons 2 J3nsb By pmalligsslle cile
Ny pled wye By JBs 4 o)lal D &S
Carmak & Horst, ) o,ls (V/0#x\ WO o sl Jg0)
(1999

D

C=—

E
IS g n gl
(1979) Bradford g, » Ly IS puiigpn gl 5!
OV les po zlziwl Jole den 85 O jso
SIS V0 cmle (s o8 5 (e ool )0 S
IR i) 0 0ssIl o ealyog S dl
C‘)M‘ )Bl.a J...JGL..A Y0 u] L o551 9 b oals
)‘ ) A o\)s)’él (pH:WO AS.,).\.:).lS..\ml wJ)J)
d> 0 F Gles o g aids ool Gow 4 baigad
Salesyd ad Gordy il VWer e 590 b ugendes
VO &las slaadg) g, sawlcwsas bl pgw
shiad 558 mle (9 s Jolo g aisu; (65 (e
5 05 Oein Ol oailss sl oasliussay §)lac
JSLE VB slagspl codled o5 iouw



YYAQ Leals oF 8 Ll Y 5,90 oyl ) el)5 lblS psle YyYy

u..ﬁj.lo o 50 Yo U’“‘"‘" C_E«: 9 OM‘DL?D‘ ‘-).oi'l.».ﬂ
s 2 Gl Gl 2565 5 e £
5 (2ay3PVA) L VY gy @ bgpe ooy &
YoV oY) Y slacaisis 5 og (Ao, of)) LYY
L syl sime Dglds (comnd O] (Glgime asls s
sad Jlae! ii5 a8 ollsl sl lis YV o g
@ ode (nl 39y (phagy oy Al e o Lo yuSoslul
cod llS olS pulS 5l iy i maw pl e
Sialesl ol 5 iz (VUSE) Wis o 3l 25
Vo s sy cadib aeys PO 55 gl o
ol 6rad Oliee & bgaisy Ses b aslie ;o
2,0 FYIFY (] s O (lgiome (yl5me g ols Cowd
Ole b 35 YA gy (5 gl cnl )0 09
@1y ot Ol Glgize i op 2eS doys 04/FF
RWC e @ azgi b cplpls g olo plaiz! og>
o5 llyd 5o e gy o Shes mhaw (599 YU
oby Jle=! 4 (Mafakheri et al., 2015)  Ss
lapd) S & S wad 25 llyd ) 68, ()l
Sle YL (Sis 1S Jesd led g Y oSl
30 dedgw parld SO laiedy oo ol slgioe
Sl 00 @L»))‘ kSi‘o O J»o.?u dba ua...u;
PN ui Slyoe Conl uimen .(Dedio, 1975)
gty (S2 4 Caglie Sl Sy g
ol 0ad slpais 0 (1988) Canfield et al.
Olie & olS Siglsnsed slacdld s o512
Graca et al., ) Cowl atusly olS s Ol (glgizme
LS 45 cul sad B eimes (2010
Olee (rlple S (oo )IM5S 095 3 1, (6
5 ol (Silva et al., 2007) x,ls RWC 5L
oS o o Gl g5, 55 (Sas A5 olej
ol alen slaplasl dawgs a5 5 sbas o)l 3G
Sb S5 GlalS 45 Wgd oo ge g 03,5 Jite

.(Cameron, 1999) ales

(MDA) Lig sla o132 (ygumslmmnsT

SrSo3l b ol sloS 55 (22 GerlieSTy

S5 @i Gl &by laSTy JoSLE 3l
elign cdale 08 Loy JoSLET S SS, o )b

(APX) 3l &y o 351
«(2003) Ranieri et al. s, L a3l codlad e
5| g San £ e gol STy Lo b sduein
liwd 3 iy Seo 10+« Vge o /) EDTA
sl Sy 55T 2l S o (PHEY) Vg o)
9 oy Ve HiOp 2dg e Feov (Vo Lo <0
ol iomin 0 w3l Slac 2y See 0
St Sloj sloalols L oaids 5o Job )0 w3l
SepgSwl G STy Aol jo ol Cod (glasl
Sl lsSl 5l j9a> 50 HOp 5 ol
YA zsedsb o a5 09dice wdgi Sl jsSslyames
sl Sy San oot losls 5 iy agl
OIS GeFan e ke 50 aRSS )0 adensnsS]

S g s

(RWC) o T (glgizno
Glacais sl ouib)ly 525 5l sasliwsdy mbi
3o Gt o O (Slgime Cdio (gl 5 (20550
Oom Sy ) sl mhaw o gyl pxe Dl oS
(Fdga2) o)l0 0929 (i alides olaw 5 lacadss)
3o oal 8l boas ol las s alisee
e ol Gl e e Glalesl cal o
a el aad,b as oV b oals byld 4y by e
@ bae ol Glae opyeS 5 sy YVEY e
VAR Glie 4y elyy cod,b as o0 i mhaw
o o) Glgime e L pien g Gy
a0 Sles a5 VYo (obgi) A5 CB,5 A (lgi oo
32 3 Gl o (o) p0sse Slagad s
PR3 & Cnd (A2 FOLLS 65 0 a5 Ll o
sloanslio 5l oaslcwsa mls ol olis laewsss;



YyYyY e g S oiSIol slaps 3T 51 cam el pwy i), Ked g (5,5 ee

oz ol (Rl coge (ROS) Jld 5sT]
Slys colys j0 a5 sals slasl slalas EL"“‘)"-“
OllS )5 8eb e ads wedllsanlle e ol
bl Gads Jd b (Sas o5 Lylyd 4 pglis
Gl cage owuplne 5 syl Sonshbl
2 g Ngh e oS 9,0 oy LROS (5
5 slasl slae a ey ol axs
Patel & ) was e Lii |, a5 SWROS I sk

Sz s bl s s (Hemantaranjan, 2012
49 sabods (g5 Jll cely colu,g juals
J-*Jj‘ Q‘}:t" S 50 g el S I a S yg3>
Saimen b ilE MDA wlys coles ;s 5 ROS
2 e sl lad Glagyr bS] oS Olie
Capmos et ) oyl o jleadas 25 4 LS Joxs
4 G.YL, Cwglie a5 slacuigl o .al., 2003
Byl Loy g (Si aile ww) e sla s
50 05 S0 3luil aaallsosyslle oylpe a5 ol
s oy ol o Jlislu wwl oS gl
sl | 6t Gl sl 5les sl
gldld slagyz nl 45 0)l0 3929 elidlnd 0 2
g Wyl 0eF Llsle o g &g g
oS ey (nl o Lad oS Glie 4
ol o aaalleopgdle e jo als g og aalys
gl 5o G5l 50 &5 39800 Sl | lacaSsl;
w9y 4 bgipe MDA (e ity ol (A5
g codls boaigs o bl goe Sglay a5 0 Y4V
Lulpd 3 b o Shoe 929 L Ye 9 VY slacasss)
U e Rt R TSN EPSOR VU] B e e
ol 4 oy S M&Tgogglu el &b
5 il el YL (Sis 55 @ o] Caglie
i s cod lS 0 MDA glyize s
)%bprwh&&ﬁdonm
(i S mhaw cp il 0 (RWC) s

Sobe 4 9 RWC le (oYL YV g

aS ols oyl 035 yS 031l “\:‘!-"“\HLSQQﬁjL“ &lgizae
Ve 3 5 pobe 5 S sl om
YU (Y gaz) 35l 8929 (5,0 s OS] wo o
Q] Sl baimoylis oLS ;o MDA Ol o9
el il slooyz 4 s cuml g 5 4 olS
I VEINY TVEIRRIIUL | VN W F PR o] o dy s
Ole G ol Gldl boas ol las mas
GwlBl 58 MDA plie 9 (22 GgemlonnSTn
Lalyds 5o seadllisopglle (slyime il ol
O R ICE N (PR EEES
Jus sloaisT 5l soly olie odes samssles
Sl oy o o el lapd, !y y5enS]
Luls o MDA 2ul3l wlesls bl a5 gl
Svetleva et al., 2012; ) wilos,S (jo,155 |, s
.Yasar et al., 2010; Zlatev et al., 2006; Turkan
LS ol 4 talaST ol ol 50 L
e Coled )0 ¢ (Zhang & Kirkham, 1996) <ol
«Smirnof, 1993) o4s oo Lie S LSS ials 4
Sy sl SO Glgea aaallgonglle 51 cdel 13
oS o oalitel _cigleST ol 2l33l ol oo
slewssy o (Demiral and Turkan, 2005)

Ol i @l zohw (00 35 w2990

Ol (pyis aSg ebay il ogzg o gme
5 (YY/-qumol/gr) Y-V sy 4 bge MDA
@Q/Fumol/gr) YAy whsil 4 bgyse ol p e
Lol hlite 315l sowlamsas bl (Y JSo) oy
V&&ﬂc_b.w)aﬁelod)wigﬁcshw
YVe cuigs o (VYA pmol/gr) YAY Cuigis aws o
RS g op i s 4 (YE/YY umol/gr)
3 e e oal Grels b oasssls MDA olae
bewissy ;0 MDAl ao,ofd 4 YO xhuw
(e &S 6 sba cdb telS (6, Seis jeba
w95 4 baye (MDA) sl sopglle lime
Qo 0P S mhaw o (YY/-4 pmol/gr) Y-V
gl (nl 50 38 Gl (0 eS 5 o el cud)l
o (VFIAR umol/gr) YV - gy @ bgrje i

P& ey Gleedr cuey cpl Sl Gl e oS



YYAQ Leals oF 8 Ll Y 5,90 oyl ) el)5 lblS psle Yyvf

RWC asls ks 3l lacasesy onl om )lssime APl Gl &l p (SAS S 4 gy (o Spglie
ewigs ol ;o Yb o Slee 0429 L i oau0 YoV 5 YAY ¥ lacdssl ped A, 0 g
.ay\Jlg},gLaQ—lé..buwcqij&o Selas g wols olas 1, RWC e o 5L

(Wit Slaryo (52kes Jgur (9,9 Slael) MDA g RWC (il )lg & 525 ¥ Jgor
Table 3. Analysis of variance for RWC and MDA (The numbers in the table are mean square)

S.0.vV df RWC MDA
Repeat 2 19.24™ 3.95™
Stress 2 449.27 272.38"
Repeat x Stress 4 28.19™ 0.41"™
Genotype 4 112.03™ 127.16™
Genotype x Stress 8 127.74” 25.69™
Error 24 20.11 2.83
C.V% 7.88% 9.57%

(S gre il g 3oy o) maw (8 (6 Sre S ANS g
*, **and ns: Significant at 5%, 1% probability levels and not significant, respectively.
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Figure 1. Amount relative water content in different genotypes and different levels of drought stress
*Means followed by the same letters for each column are not significantly different by the Duncan test at 1% probability level.
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Figure 2. Amount MDA in different genotypes and different levels of drought stress
*Means followed by the same letters for each column are not significantly different by the Duncan test at 1% probability level.
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Table 4. Analysis of variance for antioxidant enzymes (The numbers in the table are mean square)

S.0.V df GPX APX
Genotype 4 24137 21.377
Stress levels 2 2.03™ 9.42"
Genotype x Stress levels 8 ) 3517 0.53
Main error 30 0.0000007 0.0000005 0.0000015
Time 1 70.66" 8.31"
Genotype x Time 4 2.78** 2.697
Stress levels x Time 2 3417 0.94™
Genotype x Stress levels x Time 8 441" 2.11™
Sub error 30 0.0000004 0.0000004 0.0000004

(GO s paf g do 30 o 3 s 18 (5l Fre o 5 A NS g s
*, ** and ns: Significant at 5%, 1% probability levels and not significant, respectively.
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Table 5. Means for different time’s drought stress of cowpea genotypes (7 and 14 days)

Caatalaz (CAT)

Glotation peroxidase (GPX)

Ascorbat peroxidase (APX)

Genotypes 7 day 14day 7day 14day 7day 14day
210 0.03625° 0.03374? 0.01176° 0.02215° 0.03748° 0.03538°
291 0.03062° 0.03093® 0.00820® 0.01556° 0.03290° 0.03438%
313 0.02459° 0.02699™ 0.00807% 0.01144™ 0.02292° 0.02823%°
30 0.02149° 0.02494° 0.00407% 0.01129% 0.01819° 0.02539"
307 0.01889° 0.02355° 0.02355° 0.00321° 0.01623° 0.02304°

* Means followed by the same letters for each column are not significantly different by the Duncan test at 1% probability level.
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Figure 3. Trend of catalase (CAT) in seven and fourteen days drought stress

* Means followed by the same letters for each column are not significantly different by the Duncan test at 1% probability level.
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Figure 4. Trend of Glutathione peroxidase (GPX) in seven and fourteen days drought stress

* Means followed by the same letters for each column are not significantly different by the Duncan test at 1% probability level.
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Figure 5. Trend of Ascorbate peroxidase (APX) in seven and fourteen days drought stress
* Means followed by the same letters for each column are not significantly different by the Duncan test at 1% probability level.
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ABSTRACT

Understanding the physiological processes associated with drought stress lead to an understanding of the
basic mechanisms of resistance, maintaining yield potential and contribute to the identification of drought
tolerant cultivars. For this purpose, the effects of drought stress in cowpea genotypes was evaluated using
five different genotypes with different yield potential in a pot experiment in split plot in a randomized
complete block design with three replications under drought stress levels (35, 65 and 100% of field
capacity) in the College of Agriculture, University of Tehran in 2014. Drought stress decreased RWC of
cells and increase antioxidant enzyme and MDA content. Drought stress decreased RWC and increase
MDA content and antioxidant enzyme activities by increasing levels of stress, but for catalase enzyme in
stress levels the highest activity was 65%. With increasing stress and the stress level of 35% of field
capacity, catalase activity exhibited higher reduction. Genotypes 210 and 313 had the lowest MDA level
at 35% of field capacity and in these two genotypes enzymes CAT, GPX and APX 210 had the highest
value. High levels of antioxidant enzyme activity in genotypes 210 and 291 associated with lower levels
of MDA content in these genotypes, probably indicates the high potential of these genotypes to eliminate
oxygen species production and yield stability compared with other genotypes.
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