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1- Yield in drought stress condition (Y's)
3- Yield reduction (YTr)

2- Yield in non-stress condition (Y p)
4- Stress sengitivity index (SSI)


www.sid.ir

WY Sis s @iBee gla el leslaiuwl b (Sis s 4y Coens Bl B STy oL )

sk Gilejl 93 ;8 50 wlio S 0y,
deslae Lol g pSolail &) o 0 ailSlas
o bl o a8 ads o Slas Sl
S (Vo) oodbe g )lal 5 (V) (Soas

el dle BB lesT 1S ps
g-1%

P
Jlasl s Sul row el a4 pl plo
oy el 3l el o Slee Sl oals
1 Ygmone a5 5, Shoe sSlas U1, S_as
aeld o9 ad dunlae “\,»'T‘So Cewd &y wgllas
ol_:))‘;)_MBOQyu_iJ5).n.,ou.uqu
g Do ,Slas (S an Soop a8, o]
(V) cenl oas Jlosl s (YL (o5
2k, Sl (el i (TOL) (J—ozs
Sse,le eNlee el (MP) s 550 42
‘_,’_..ud.l.@ u.‘j.xl.‘.o ua.‘>L.u s(HARM) 590y
o dgy Jezd a2l (GMP) (550 )40
tobin 23ll So aS (ol g L
Sl (A) S S5 C 9 B (slrog )5 5
o jloged olel p b udgly 5 (330 SS&
sobiie (o &S 285 Sjg0 Z g Y X s
o=l 5o s eolaul SigmaPlot 158l 5 5l
Ll, s poSle i g aZ oY X (logas

oo b oS alo e b s )l
gad adgi |y 0, Shos 2l (g k] al> e
Sy ol sediie 4y Gdod
ool i lpe g5 S
plosl (St i 4o oot sl ll

VR

B9, 9 dlge
ac 0 O VYAZ (elys Jbo 5o ialesl oyl
Ol (65,988 wladod 55 o (Slidod
=l S5 (65,9leS Dlado oS! jo #dlg
SCid Jls (65,9laS @Bl glls a0 )3
omlelh oo (SYsb g p )5 Lo (Lol b
s Jsla Sob 2yl B o Gedos
5 Jloy aslBlas iobosl 90 9 )55 aw o
S50 slo,log 00 I ol SCis s
@ Gile o8, b Jold GuBizd (pl )0 (g
Jol (S1o)lg a1 g el <55 sl ol
alold .o PUSA ¢ MN22 MN94 MN92
PR smo_lf al> o b Lg)L,gT D9 o gl
als o ol 5l us ui.iLo)"l 4 9 ‘ab;.il &LO}T
(fly) Oldas alS IRV adad 6)@.31 A 4
250 50 sldle g dadig 0,5 SIS
Slas a8 F olil (LSS ek @ ui’.%Lo)’T 99
59y « @M ao,0 0 b 59, Jolds (g2 0590
g gLl Sauw, L 59, oDl 50 b
Azl olass (M Job (M o awlo olaws
LS jo ails o Slae wils e 59 digr 4o

1- Stressintensity (SI)


www.sid.ir

W\ O YYAY b 9 5mb Y ojleds [oouy Jlo /2l (LS 2ol aslizags,

S G B Dl pess a0

oals Hlad YV Jgaz ,0 oals (6,5 o3l Slaw
Sl S _Sas a5 byld o sl onds
ol IS s el 00,5 Ty il 55
Sl 08, ¥ g 50,8 lagl 03,V (55, ()
Oy 1o Sl a s ol L aaw
3y Shoe &y bgye (St 15 51 (L35 o]
asls 5o ()35 4 bgrye el (2 yeS 5 Al
Al oS —ing, 0,90 juals .ol oog
asle Sis sl s sl piilSe Jbls
Tl Gz il @8se 5l 5055 w09
Sy5=0 50 (1) (hlLSe g Sho; ) Lo

i Ggam sl % 0 0, Slee (YS) i
Jol slod alge a a0 S
S S Ay Sl g9 e sla e Ll
45 3,90 Minitabld g ,Lal 1580 0 5 o
ailio 93 DM (b o) b e 285138
ALd 52 o g oaSls G LLS
RWSS) 0)51).3 LS‘)" A3 LS)L)‘ffl" lsb:\.n.]}o B
ool oy atayl) o ol LU Ol s

VR
(cP-cD)
CP

C=
C= -2 J-:-:-;JM)Q

CP= a5 g Ll 1 o o (0o
CD= s lyls cov cao (Sl

Plo 6l o3y, (Sid 155l (AL Oliis 9,0 5 5 (Jlop Ll il 0 (o p 990 Dlie (ke ) Joo

Slao Ol s do o O e dl gl o las 5.l o hlpd o Sl 5.0k Slao
VY \nligs YAISY S do0 0 b g,
£IVY \drled \flied B oo U 35,
INAR AN OFIVY S, U39,
\VIAY INVAR \arALd (yowtilo) glas )|
YYIZA VAR #ITY SAMe o ails olass
O/A- AIFA AV (iagislw) e Jobo
fY/A. /00 Y100 Gy, azld olass
fIvY fYIvY foIvy (p,5) als e oy3q
£/va VeoV/-0 QOAIYY S o wls o Sles
YYIv# IVY -IY0 (p,5) B yo ails 359

Yp) ol o ol Gl b esls
golae o ing oS Gl ¢ PUSA ()
o yeS MN22 g MNO2 53 | 4 ails o Sloc
4 G5 Ge Ll o ) als 3 Sles olie

o A Sl g Joxd gla Ll
STI .GMP.MP .TOL.SS sla_asLs

90 0 beuwigd) o,Sles wlwl 5 HARM 4
Soky GRS o9 9 o sl e


www.sid.ir

" SKis 5 Gliske sl atls S oolitul b (K55 25 & e ile o) 25T o3

Syl (Sl parls 4 axg L
s PUSA B, (HARM) 205 Jsaxe
£S5 eSOV g VVFO/O L s )5 4 MNO4
4 MNO2 3 MN22 58 )l ¢ -y iy LS o
LS yo 0 Sels YAV, OVYVA L sy
4 MN92 4 PUSA oB)1 (Y Jguz) aisls
(STl s @ Joow ols e b ey
3505 Gl oY) jaL,8 (Y Jgoz) disg a8l
2 3pd e olacadsl LGS 4 e
Foml oSles Glls iS5 e Ll
O, Sles ( Sis iy Lall o S S
S a5l ped o b oYL L
5 S et lacsy s
sl ofles Jeuilny o5, olacais;
AOY) aiS oo @2 5l adjls
Lilys 3 &5 05dee (placasl bl
OY) Wyls iomb o slee (il e
as wis,S gland()) }Alo—l g 358 LwsS|
ol = ey umaib oS
&S Cowl dies )l Sloy (Sid 4y Jesd gl
i byl ghls lasee jo et cudess

(YS) bl 5 (¥ Jguz) wisls olaiz| se=
polis oy i MN94 5 PUSA L3I 5
S g s MNO2 o5l 5 ails 5 ,Slae
i s bl o 1) als o Slee polae
(Y Jguz) wiols  plaiz| sz

s MN92 o) SS el Lolol
prdemie s3> o5 S polie L MN22
Bl g wop Sis A5 4 bacods)
oo Boaisl (nf ol 555 5 Ol
b b OY) S ggmdly = el o
S slag) sbageiss (S 4 Jos
G < /F7 o Galo ol Jlade a5 wis S Lo
38 e Gl sl lp VIVY
G MND2 o5l 55 TOL Josss aslis Ll
Byl o Jemie TOL 5 olie L MN22
s 5108 s s PUSA 651 5 aissy
arg b (Y Joaz) ails Sis i 4,
B AMP) 23 Jyaze (Sl (Ll 4
AAIE g AYYY L b 5 & ol ¢ PUSA
9 MN22 (B )1 5 o iy LSa 1o 0, 54LS
2 p,SekS FAZIA 5 DA L 55 & MNO2
s> 4 |y a3l cnl Jlade (p eSS
eyl e 0 (Y Jgux) wisls plais]
s MWAMF L oy o ol 9 PUSA
Byl 5 i HiSa o a5l YAV
s OAIY L i 4 MNO2 5 MN22
SJade peS JlSe jo 8 55LS FAT/F
(¥ Jgaz) aizils |, GMP _asls


www.sid.ir

WYy

YYAY b 9 5mb Y ojleds [oouy Jlo /2l (LS 2ol aslizags,

lo3yss 45 b ol yom

HARM STl S TOL GMP MP (k;/shr) (k;ﬁ’]r) REN
OAYIN(F) <IYa(t) MARI()) Yo7 (f) FYV(E) FEYIANCY) Y7 ¢) AN (F) 955
FARY(Y) PN VIE2() APYIY(B) YAYN(Y) AAAIF(Y) f20(F) VWYY/IY(Y) R o

faY e IYEE) JF) avieQ) fa¥/f ) faf/f¢) FEAD) NN MN92
YO-IY(Y) <17+ () <JAY(Y) Y- () YYYN(Y) YYYN(Y) HAB(Y) VVO(Y) MN94
OYY/AB) AR ()] <IEY(Y) YAMNZ(Y) OA-IY(®) OA-IY(®) Fav/e ) FAYIV(Q) MN22
AR EAVINGD) VIE-(V) <[%(F) FOFIF(F) VYAMEQY) YYYY(Q) -¥70) AINATANED! PUSA

Ot (Ko el o Bl oo e 9 50
slesl Seis i bl b o als o Sles
5 oo Gl asln L s (e 5 Jad
ool (LAY Jguz o S 4 conles
Ll 00
L= (YY) s bl & o0, Slee
Siwsn GMP STl HARM (¢lo oL
5 3oy S Jlixl mhaw )0 o s 5 e
o2 SSI g TOL (sl o ol L
Lyl by ails o Sles ol lias I8 e 8
GMP TOL slamsls bi(Yp) G5 o
g )0 o 5 St ( Nenon MP
STI HARM ol b g oz 0 S Jlas!
o, 0 Jhishzmhe o b caxe  Sacon
Olas s)losims (Siwren (SS) a2li b
YU ez ;0 (MP) azlis (¥ Jguz) ol
5155 503, 5 Jae 5, Shae Juudliy (0,
L MP) e (Soas o Sos (slectols
co =0 YL OY) 050 cio 75 (V)
G g Ll o als o Sles (Koo
sds] Cewds STI g GMP MP sla a5Li b
STV TR EER T
HARM  slo osli b cud 4 ails o ,Shes

S ccl )l S (sl Cales | S
shls Ll & jots, Slas cadd ol o
F 935 Al L Gen llpd 4 i
J= Gl S e L alde o
SraSoill Ghlasl jo 52 5e slacaiss
g oL 0 Sles L cadgiy 90 (nlple aiS o0
sl LS SH jlaie aly o o5
s Ll iy 0 Shae G 92 carily
Sl oo el 99 e sl a5 Wl g S
G A Jeod (a2 Ll (1) wil pleSs
2 aS WS e S ) aleaelss (ST
S 8dee (25 (g 9 25 sl aree g0 50
V) 50,8 45 3abs ol iy (V) s YL
Lo sy S 6l AL e
Sl ol 8 9> ol STl 2zl &
e C 3B o, 5 51 A 09,5 slacssss
Qoles
4lo 3 Shos g L aslh (b (Swmnon

95 ;2 0 a8 ole sl (JS 5 b o
S Sl (i (90 g S Ll p8
0 LS e Olye 4 il o Shes b (VL
e 4 0Bl (a3ls (pllp; Led oo (82
P VLo Shoe b slocaisy plolid 5 (398


www.sid.ir

WA i s GliBee gla el jleslainl b (Sis iis 4y coens Ble pB ) 2iSTy oL )

bl @lr 85 de el aw cnlply cuils
i Laasiy (Sis (25 & Jood
dw loged 5l ( Sis a pylie pB )] i (6l
Guw A Llogad (V) S ol solaswl g
g bass o plas |y (ST (Sis o
D sC B A yS Lz apld,l Law aw

o=l mles e 8 ol MP .GMP STI
Lacigi) (g ad, (VYY) o)l cppline
i 5k (MP) Sl Sl 6l
oSS STH (i Jozw als (GMP)
ol o Slae bl als pul o (s)lo cxe
Sery (SA S g A5 e Ll 9o e

OOLA Igb)l Q)S_Lg_cj é...} aQ wjl.a.n 6Lbua.‘>l.w O ool M w‘)@ -Y Jﬁ..\}

Yp Ys MP_ avP TOL_ SSi STL HARM
\ IV Y -y N SV AR - AV Yp
\ N NI -ITE -[-F) Jas LT Ys
\ a8 “IVY - 16Y v s’ MP
\ NN “JFY 2" a8 GMP
\ Ay <% - I0A TOL
\ - IFY e ssi
\ a8 STI
\ HARM

TN 970 Jliml mhaw jo jls Sxe cud 54 FF g

MHMNBS

PSTE a3l G5 3 5 G5 s sladarmme 10 5 Slae ulol  lacadgi (2351, =) IS
RVAR QIR SRR


www.sid.ir

V14 YYAY b 9 5mb Y ojleds [oouy Jlo /2l (LS 2ol aslizags,

i by pe 0l 51 /A8 Laes ol adlse
Jsl adlge mow (g 0505 4255 1) boaslt
A Ul laasls S Sl ks e o
Yo slaasls Jol ailge jo (F Jsiz) o5
cnsi—ivs HARM 4 STI .GMP MP .Y,
aS Lul 5l g wisls plais! sg a1, colpo
Cothae Lo o Lo (azls (nl VL polie
Ol b gl adlie coto dlally 4y azgi b g ol
9= sl o GYL (e ;ST o Lo
hlo 45 wigd (oo 0035 placds)
GRS g QA g Jaamma 93 e 50 Vb o Slee
adlie plgie an adlio cnl gy ol 5l oiinn
5YLs ahls PUSA 15, .05 5 ,me
2olie iz @ g (V JS2) Jol adlge jlade
5 STl .GMP MP .Y¢.Yp oVl b5
(Y Jgu=>) .09 HARM

e bl 5 L gt )55k o8, &)
2 50 emwlio 9, 5es atlsi (g ails ddlaie
eled a5 Gy I S anee 99
s MN22 s MN92 sl 5l |l o
(V JSaing: Jgl adlse jlade o jeS

039 )_.)_, c-b.:.‘?bo 90 ;& 4O aS u.:LQws.a) (\

(A 09,5) W5ls (6 s ails o Slas 4
P st e )5 i oS placeiss (V
e Dl e
(B 0g)5) wiwn (ily o Shoe b slocas s
Lds YU L o Shee 6l)ls sloeassss (F
b i 4SS (gy5-b o i b o
OBly 0,Sbee shils gl 05 5 55 5 (e
{(C 09,5) %55 0,13
90 2 o ol o, See L placaisis (¥
(D 65,5) IS i 9 15 (e Laome
S8 A 05,550 PUSA o8, IS0 4y azg
g Sl (Si AT @ Jooxio op (m 310
S8%as by i g 5 G5 lanmee )0 o0
MNOA 5 b s 5,1 B 09,5 ;5 ensl Y
8,5 8 el e Cog 5 o ils )8
MNO2 5 MN22 .55, pL5,1 55 D 05,5 o
95 2 5 Omb o Ses lils a5 a8 )5 I8
WO S g 9 GRS e
5 Jorss slo sl slaol sloailzo & 4525
b ald (e bLI)| iy S0 jshaie
90 .0 oolaiwl J_ol slaadse 4y 4y 52

s > )L)

adlge o ol b asls culyo polie g by adls 4 Lo e Ol s IS )0 addge ;0 g -F Joo

b asls cul o
HARM STl SS TOL GMP MP Ys Yp ilgn b op adlge
<I¥A YA <Y -4 -4 AIYY “I¥A “IA- PC1

Y -I8Y -/%9 — VY

R _JfY NiYs VA PC2



www.sid.ir

\Y- i s GliBee gla el jleslainl b (Sis iis 4y coens Ble pB ) 2iSTy oL )

2.0 1
1.5

1.0+ PARTOO
v

0.5+

PC2

SISTSN

v

0.5 MN22
v

MN92

104 Y

0.0 MNOG4

PUSA

PC1

230 5 Jl ol sloadlge ulul 5 (Sas 25 (90

N0y SH g TOL polae o eS pize2
S yso SBS 4 calple (VS35 Y Jsu2)
fb) (Sis 25 Gl sladae (olp &
izl Fewlie MNO2 s PUSA
o bl o as o5 Gl (V) a8
Loy Ol s 5l ae,o £ ol dalse dawgie
3 9 05l dzgl ed oS 81 o el &
|y G oyt Yo o MP (STl ailge ol
g Sl dalie 1) adlin Cpl cplply ol
Iy 09290 Olyusd 5l oo ,0 Ve aS' 1) pgo ddlbe
TOL Lo msls o] 1o 509 03400 duzgs
Olg—e am auiBlo 1) G5 o yiden Ys 9SS
oy 0,5 ()SpL 18 4 Jeod adlie
ol ST a3 ls 4 o) e Sl 4
il 55 slagss ol sl el
O bl oS alaaasls 09,00
SSbos (o5 shls Webi oo S aSlo

polia p 5ol MN22 4 MNO2 EN

|) HARM 5 SI-I 4GMP cMP 4Y5 4YP
L alyl oV Jaaz) wisls plais! o9 4
R 00gs u.ub )qu LQHT Jjﬁo& le.u 9
b ja>ls S Olss 5l as,e VA pgd ddlbe
SH sl jasls dadlie pl )0 0ged g |,
495 e adlge cpluln (Y Jgaz) Laioge TOL
O A Comolas b oo addie lei oo |,
O 5 wles lacasgy G S coge
AL Gl Gl o8, 0ed 0 aie
polie (p iy pized g ade (pl ok
4 MN92 4 PUSA ‘alé)l 509 S8 4 TOL

9 adie (pl lade p S Gl sy


www.sid.ir

YYAY b 9 5mb Y ojleds [oouy Jlo /2l (LS 2ol aslizags,

0y Shee 5l g cdls g, i Ay Jood S (295 Joo 51 (el 50 9 0090 (5 5VL
nggw)@aorm)o@vbw &\)o.mb)lo)Pﬁb&b&ﬁbﬁfi}g

9.

10.

11.

12.

13.

14.

15.

Oy &S Cpl pogdle g 09 caTei o e

&b

Acosta-Gallegos, J.A. and M.W. Adams. 1991. Plant traits and yield stability of dry
bean cultivars under drought stress. Journal of Agricultural Science, Camb. 117:
213-2109.

Agheri, A. 1998. Breeding crops for stress tolerance and non-biologica life. Articles
Abstract the Fifth Congress of Agronomy. Tehran University. (In Persian)

Clarke, JM., R.M. Depauw and T.F.T. Smith. 1992. Evaluation of methods for
quantification of drought tolerance in wheat. Crop Science, 32: 723-728.

CostaaWam, De. and K.N. Shanmugathasan. 1999. Effects of irrigation at different
growth stages and source-sink manipulations on yield and yield components of
mung bean (Vigna radiata (L.) Wilczek) in dry and ‘intermediate zones of Sri
Lanka. J. of Agronomy and Crop Science, 183(2): 111-117.

Ebrahimi, M. 2001. A number of red and white bean genotypes in response to limited
irrigation. M.Sc Thesis. Tehran University. (In Persian)

Ehdai, B. 1993. Selection for drought resistance in wheat. Articles Congress of
Agronomy. Tehran University, 43-62 pp. (In Persian)

Fernandez, G.C. 1992. Effective selection criteria for assessing stress tolerance. In:
Kuo, C.G. (ed.), Proceedings of the International Symposium on Adaptation of
Vegetables and other Food Crops in Temperature and Water Stress. 257-270 pp.
AVRDC Publications. Tainan, Taiwan.

Fischer, R.A. and R. Maurer. 1978. Drought resistance in spring wheat cultivars. .
Grain yield responses. Australian Journal of Agricultural Research, 29: 897-912.

Grzesiak, S., W. Filek, G. Skrudlik and B. Niziol. 1996. Screening for drought
tolerance: Evaluation of seed germination and seedling growth for drought
resistance inlegume plants. Journal of Agronomy Crop Science, 177: 245-252.
Khodabandeh, N. and A. Jdlilian. 1997. The effect of stress on reproductive stages
of soybean seed germination and power. Journal of Agricultural Science, 28(1): 11-
19. (In Persian)

Normand Moaied, F. 1997. Variation of quantitative traits and their relation to yield
of wheat under rainfed and irrigated and drought resistance index. M.Sc Thesis.
Tehran University. (In Persian)

Ramirez-Vallgo, P. and J.D. Kelly. 1998. Traits related to drought resistance in
common bean. Euphytica, 99: 127-136.

Rosielle, A.A. and J. Hamblin. 1981. Theoretical aspects of selection for yield in
stress and non-stress environment. Crop Science, 21 943-946.

Srivastava, R.L., R.N. Sahai, JK.S. Axena and I.P. Singh. 1976. Path analysis of
yield component in soybean .Indian Journal of Agricultural Research, 10: 171-173.

Vieira, R.D., D.M. Teerony and D.B. Egli. 1991. Effect of drought stress on
soybean seed germination and vigor. Journal of Seed Technology, 16: 12-21.


www.sid.ir

Journal of Crop Breeding Vol. 5, No. 12, Autumn and WINter 2013 ...t it et et e e e e 122

Evaluation of Responses of Mung Bean (Vigna radiata) Genotypesto
Drought Stress Using Different Stress Tolerance Indices

M ahdi Hashemzehi*, Aboalghasem M oradgholi? and Ahmad Ghasemi®

1- MSc, Agriculture and Natural Resources Research Center of Zabol
(Corresponding author: hashemzehi.mehdi @gmail.com)
2 and 3- MSc and Research Instructor, Agriculture and Natural Resources Research Center of
Zabol
Received: October 26, 2011 Accepted: February 24, 2013

Abstract

A field study was carried out in 2007 to determine-the response of promising
genotypes of Mung bean to late season drought stress at zabol climatic condition. The
experiment was conducted in a randomized complete block design with three
replications at two locations (with and without drought stress). Treatments were 6
different genotypes of Mung bean. All treatments in two fields were irrigated normally
until 50% heading stage. The last irrigation in-drought stress conditions was done at
50% heading stage and then plants were developed under stress conditions until
harvesting. Comparisons of traits in both conditions showed that water stress have
negatively affected plant growth. The stress conditions had the highest effects on yield
and the least effects on number of slinked pod. For evaluation of drought stress
tolerance indices such as mean productivity (MP), geometric mean productivity (GMP),
stress tolerance index (STI), tolerance index (TOL), stress sensitivity index (SSI),
harmonic mean of productivity (HARM), were used. According to these indices,
genotype PUSA was the most tolerant and the genotypes MN22 and MN92 were the
most sensitive genotypes to drought stress. Principal component analysis used to study
the relationship between indices. Two first components could explain more than 99% of
variations of indices. Also, biplot of PC1 and PC2 showed the genotype PUSA was the
most tolerant-and the genotypes MN22 and MN92 were the most sensitive genotypes to
last season drought stress between evaluated genotypes of Mung bean in zabol climatic
conditions.

Keywords. Mung bean, Drought stress, Stress tolerance indices, Yield, Principal
component analysis
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