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Table 1. Name and origin of 32 studied cowpea genotypes

i S 5 ol s i S e ol L
Code of genotype  Genotype No.* Origin Code of genotype  Genotype No.* Origin
175 62-069-00276 India 8 62-034-00008  Columbia
107 62-002-00157  Afghanistan 196 62-157-00297  America
210 62-157-00310 America 203 62-157-00304  America
43 62-069-00048 India 162 62-110-00255 Nigeria
141 62-071-00218 India 193 62-157-00294  America
49 62-019-00004 Brazil 294 62-157-00424  America
307 62-157-00444 America 174 62-069-00273 India
186 62-157-00287 America 192 62-157-00293  America
220 62-157-00324 America 232 62-157-00341  America
222 62-157-00331 America 30 62-069-00030 India
291 62-157-00421 America 17 62-117-00017 Paraguay
7 62-034-00007  Columbia 76 62-015-00110  Belgium
37 62-153-00041 Turkey 9 62-157-00311  America
215 62-157-00318 America 229 62-157-00336  America
246 62-157-00355 America Parasto 62-157-00347  America
313 62-157-00451 America Mashhad 62-071-10003 Iran
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*: Genotype number of gene bank, Faculty of agriculture and natural resources, University of Tehran-Karaj
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Table 2. Analysis of variance for drought tolerance quantitative indices in cowpea genotypes

(Mean-square) bz yo (11 5beo

L3N é’L."“
HM STI Y1 YSI SSI GMP MP TOL Yp Ys @3 S.0.V
an Sl
137" 0.002™ 0.011™ 0.0164™ 0.145™  0.778™ 4.16™ 4.46™ 448.47™  315.81™ 2 sk Block
1888.94™ 0719 2.286™ 0359 899  1886.92" 2057.58" 3579.68" 2820.28" 3026.94" 31 g5 Genotype
2.39 0.003  0.004 0.007  0.0422 0.968 1.29 1.38 778.73 540.04 62 ol Error
1.74 6.45 5.48 9.53 5.41 1.081 1.23 6.47 27.41 26.82 o Ol CV%

o Sl a3 li=SSI cwais (1 SLTGMP 5 sl o SL=MP 5 5 Joss (a3 Li=TOL ;5 Jily o Sles=YP 5 o pnl Lyl 1o Cog 0 Slee=Y's

Sge,le ( SLe™HM 5 o5 Jos (a3 li=STI 5o Slee a3 li™ YT 5o Slae 6,lul asle=YSI
Ys=Yield stress; Yp= Yield potential; TOL=Tolerance Index; MP=Mean Productivity; GMP=Geometrical Mean Productivity; SSI=Stress
Susceptibility Index; YSI=Yield Stability Index; YI=Yield Index; STI=Stress Tolerance Index; HM= Harmonic mean.

T g 1Y Jlein! a5 09 o sire g IS Sre puf o iy kg NS
ns, **and*: Not significant, significant at 1% and 5% levels probability, respectively.

C 05,5 i)l s 0, Shae Jloy o)kl bl ,o Lais
oySdes (Sis bl b 0 a8 Cenl glacadgis Jels
3 a8 0 biee Jold | slocisgiy D og 5wy (9>
oy Shes (Sis i bl b j0 9 Jlay s)lol il
oot Sl ogdlae 5 cwlie (as Ll i jla Gisucals,
Slgadsis Wlgiy a5 Coul Glaaslls (25 oo b Cueglia
Aled S8 Loy, 5 plw slacis 511 A og, 5

.(Fernandez, 1992)

Lylps o asls o Sles o lailin) las ¢ (Sl polio

S s bl b e 0, Slee jlaie 5 (YD) Jloy sk
GRS Sl o A e o)l slaasls 5 (YS)
Lol 00l LI Y Jgaz o a5 050 5 awlxe des) op yin
aS ol gl Scas i g Jloy Llyd o asls o Slee
3,50 (5 5 o) Sl 08,1 5 odgil Yo olaad (lgs oo
Jols A g, ol () 3 5905 osncs 09,5 oz 41, Sl
5 o lld 90 pe 50 (093 0 Slee o5 ol slacse)
aS Cewl slacsey Jolis B og )5 oy las as e

;7..»: ) ‘SLbua’L» 9 g ugl!a.o Ja;b.w 39 Q,SJ.M: (StD) 3 ylastew! Llsl..‘ap' 9 (Mean) u.«.i.’la.n =Y Joos

b ot begd oYY 0
Table 3. Mean and standard deviations for Yp, Ys, and drought stress indices in 32 cowpea genotypes

Ys Yp TOL MP

SSI YSI YI STI HM

Mean 83.57 101.82 18.24 92.69
StD  31.76  30.66  34.59 25.97

-3.74 0.850 1.106 0.856 89.17
1.76 0316 0.895 0.502 24.71

oS ol a3 li=SSTH cwais (1 SL~GMP § ol o SL=MP 5 s oo (a3 li=TOL ;5 Jily o Sles=YP 5 o inl byl 15 cog o Slee=Y's

Sgelo (W SLe=HM ;5 25 Joss a3 W=STI o Slee a3 li=YT 50 Slee gl 25 Le=YSI
Ys=Yield stress; Yp= Yield potential; TOL=Tolerance Index; MP=Mean Productivity; GMP=Geometrical Mean Productivity; SSI=Stress
Susceptibility Index; YSI=Yield Stability Index; YI=Yield Index; STI=Stress Tolerance Index; HM= Harmonic mean.



VAP 099 doud ¥ 3 lous £l [ o ! Qb,’ 6‘5&32 Qg [ Joxd (gl s 35 2] K00 9 5,5 Lo

Jom sy Lis TOL eSS polie wms oo olis s,ko]
Sl 5 4 e b)) e b oe (SiS S i
P YP 5 Y8 o S Jlas a5 05 ploceiss JLis &
Coomw 40 |y L2t 3 MP asls g 00 o 0o Ll o ,Slae
byl b g0 5o 005 0, Slee gyl slacsgeiy ololiss
.(Shirinzadeh et al., 2008) oS o Colan i § sl
A Cad 25 @ Jole laoy e olulids jo MP L
Moghadam ) oS o Jos yigo TOL 4 SSI sl asLs
il i 4 S| 350 4y (& Hadizadeh, 2000
ool ey (pl goae YL ol S MP) ol
3,315 MP=92.69 aalllas 'l ;0 el 35 &) (o Jo2
»Laceiss SIMP asls oo 8 4 a2 g5 b oS ol on
b VU el ansl ansls oYU o Slae (i (g0 Layl
s 3S O MP asli cpl bl ol salgs MP ol
S s bl s s VL s, Shee (olls 45 lacasy
Ahmadzadeh .(Fernandez, 1992) cous cwlio coicwn
Loy alolis o MP asls a5 5,5 355 (1996)
odde A ol Collae )3 Sis 4 Joxio § Jgate
99 ;2 3 4S8 Sl (patlh atlh (n e Ol i
o (sl ¢ Sis i g Sl gyl bl
4y dazg L .Blum, 1988) ail o, Slas L (5,0 —no
Lyl b cov o ,Slas ool Cuvoas goole sla Swon
(St Jord sl asls 5 (Sis i g Jboy sl
5 Cio (i HM s MP STI .GMP slo oL
90 Cod 0, Shee L a0 Jlaisl mhaw o 1) (g)lo sine
o=l rlplb (F Jgoz) wisls plis (25iyem 9 25 Ll p0
Sl Lo oy 5elin ol ieas olsicse |y bapasls
Ll 5o o o St (5 4 Jaoie slocsis’s i
pasly o, Slee L TOL asls g0 ol 25 g Jloy
gh o 1) Gyl e St (Sen (55 o il 0
smad i ]Sy dile o Slee b g o yo) Jleis]
YSI aslis ol lis oo o) mhaw jo jlo e g Ao
L fosinn 5 e Strat 515 5k 5l L)
Sl g a0y maw jo g )l b s adlh o, Slee
B9 dmeyd B )3 S0 Lulph 5o e (Saen
L e (Koo (5 (5 & o) SST L
st 115 g 0s 0 maw jo i byl h jo o Sles
S-Sl Jloy Ll jo 0 Shee b ao )0 8 haw 0 coe
il S s8 laals l olia 4z m bl (F Jpaz)
Schneider ef al, (2004) .54 wnles 5 fazio bowiss)
YL polie ellyy Lo laml o 45 wis,S slgidny

\YY

Syl 5:Silie) (s )lal ool (sl ol )y dusls
oo Gl ey 955 ozt sl axls gl y (o,laslnl
9= sl g9 5l adlllas 9590 Slacisi; &5 (7 Jooz)
SSEG 053 plgreds Wlgh oo £955 (nl &5 w5595
S SaS a5 lalis s ol o 1 ol Soliiay
St i bl sl sy sebes 0 ,Sles (5:Sike
Lyt Gl oy (oles o Shee (:S0ke 5 Y5=83.57
L 6 piomiir &glds a5 090 YP=101.82 Ly L]
bt L) 85 ams o ol 5ol ol 5 aisithes 50,
e el (S i 4 YU e il b 8L
lbewss YL Joss saunsylis a5 59 SSI=-3.74 a5l
s So )l e le cpl Al jo il oo (S S
ol s B by g dae 5w jasls a5 ST D 6l o
SSI jazlis il 55,5 552 opl a2 2 45 598 oo oolazul
.(Moghadam & Hadizadeh, 2002) sg-& o ,5S>sS
0l il gl aS (i D) ST e ls o lea
el azly ol Jlade iSTas 095 o0 4 1 4 Conlus
Wil eS h,laie axye (SSI) i 4 Conlas 23l
by M A 65 Cumles aslllas )90 slacaes)
SgraS & Cornd Lol (oo Jod (ke b g damo oo i
O Ys Jlade a5 5955, 500 Ol 4 g sl yiios O
O Sl e lod 4 il 11505 YD 4 oS s
Shirinzadeh e ) 54 aaly> S  Sid il 4wl
loa ol (s 4y Cawlus) SSI a3l (al., 2008
5 S i A Jeodie a8l QL g o 1) (Dl
Loyl i g0 cod Lil o, Sles Jlaie Ol poss a5 205LeS
e ld )0 08 e Colue (el S i g gdlas
Ll b )3 oo o Shee (i 2 ogdle (25 & Sl
8 ke 5o (i i1 o bagadgis 4y 00,y ol 15
5 oS bl il 90y 0 A S Se S Dygein S o
6ol s oy Lol il (6 5YL & Sl lls s 9
@bsled Jomte cudgi Olprear was Glis (o yShee )3,
Lo asls plaw an Caws TOL Jlade nSloe 090 o5
oz Ll ol polan «(TOL=18.24) c..! Fomb
oL adly 5 ol boaigi§ (o oo st i3
a1y 55 Ll 5l Jols Sl 55 s
s Sl TOL (a3l )l 45 slacssis (o

TOL YL polias a5 ol olis &3 sbbas un 59, p

g il b o Leﬂ o, Sleas 0 yidon Olysd oaumo L
ebd Ll ol oy poe Coli Gl 5 il o ogllas



WA 093 foud oF 5 lods Pl /o U g SB35 ... Joos (51 i 3 10, Ko g (5,5 Lo

Naroui Rad .aios 3,00 Joxie slaopV olgieds aiils
Slis eas esis VA bl b lasdllas ,s ef al, (2010)
Codn (Siwad (3 iy STy GMP sl L a5 wisls
g aaly Jloy gylul g (Seis bl o 00, Slee U,
@bobd |y (Sas a polie ooieis 99 basls cul Gulul
Slas plo g ails o Sles (o abaly cSLs Bi0ged By g
Dl ol Caenl iy IS sldsl sl o el
s (F Jsaz) basls s ooles (Sran 51 Jol> b
sloasrls U s g Jbg Ll o ails o Slee 4 0lo
2,08 04y i Ly e (S i ay Jesd
Cp> doasls p Sewle Glgea (TOL) s & oo
Wloays 5 (Byme 0950 5 (A A5 4 pglhe g8 i3S
MP STI GMP sla_asLs (Farshadfar et al., 2001)
oS Cgz wal )l g clie loazle lgieas HM
Ganjeali ) Wl Syme 0955 S 4 Joxle slocse)
Sl og50 sl cw)p jekiie & iy 4o (et al., 2005
Jloss 5l 5 (St i A e sla el L
sloarli (Jloy g i byld cog o Slas  Sison
O3S Sz Lopar b el plymean 5l
DS9S (e (SiS i A polie slacS e

(Farayedi, 2004)

31 oliebl Jgax j5lais gy g 9 2igd Ll GMP
Sy Glogis) (e 5l (i Ll b o 0, 8lee (o)lky
o5k & igd SBIYS polie (pytin b slacess) asdllas
Glaall (b cne 5 oo laKian 3575 (IS
Ll 5 o 50 0, Shae 5 (S85 A5 & Cunglio il
=l 09 LS eamo s al e (S 0g 5 i
ooliwl bl boaie) (Sis a4 Jood o))l )0 basls
595 Shat (&9l (oo Sl STI 5 GMP (slo o
s 3555 aL5,1 13 0Ly 5, Shas Uy slaedsi mbolis
s S sl azli lsicas Samieezadeh (1996) L
Y o, Shee b slocuisl olwlid 05050 ,5 3 ,m0 a5
Lwg Y s GMP VU, yolie ubuly (i byl s cow
slac s olwlis cg> Schneider et al, (2004)
MP .GMP Lo oLl wios Byme i 4o Jamxio
0 Slos b jlo sxe 5 YU (Ko gl )ls 457 STT g HARM
Fathi et al, lawg asos iis g ogllae Lyl i g0 40 ails
TOL (glaLoxs o5 il ol by ] 5 wiands wliel (2012)
50 0, Sles L (6o e g e (Sion gl)ls SSI
o bl b 50 0, Sles b phie (e 5 sl Lyl
Wil ySz9S SSI 5 TOL jlade az o cnlply caiil oo
Habibi et al, .o o_alss 5 Joxin Sis 4 o)
aS aoly (lis 508 Lug) ¥V —wyp ;0 (2006)
L1y Stamrad o2y STI g GMPMP (sLa oL
St 25 5 S sl Bl 50 o o s o Slae
1, Lagasls ol @YU ol a8 slacny olply syl

G A oo g a Ll b S (9 g (SlS AS Laul i 50 9 ;e o 00l (Stwenod calpb -F Jgua
b i begd o g3 VY 0
Table 4. Correlation coefficients between Yp Ys and stress tolerance indices in drought stress and non stress

conditions in 32 cowpea genotypes

Ys Yp TOL MP GMP SSI YSI YI STI HM
Ys 1
Yp 0.386* 1
TOL  -0.576** (.532** 1
MP 0.839**  0.826**  -0.038™ 1
GMP  0.849**  0.805**  -0.067"  0.994** 1
SSI  -0.734**  0.320* 0.957**%  -0.260™  -0.275™ 1
YSI 0.734**  -0.320* -0.957**  0.259™ 0.275™ Bl 1
YI 0.856** 0.122"  -0.678**  0.595**  (0.569**  -0.812**  (.812** 1
STI 0.834**  0.800**  -0.056™  0.982** 0.987**  -0.262™ 0.262™  0.566** 1
HM 0.849**  0.766**  -0.092"  0.977** 0.944**  -0.285"™ 0.285™  0.536**  0.981%** 1

10,8kes 5l LaslEmYST ;25 Colas aslim=SST ;s (e Sle=GMP 5 o (o SLAMP 5 25 oo (s La=TOL 5 iy 3,SLoas=YP 5o il sl oo 5, SLac=Ys

Sige e SlamHM a5 Jass (asli=STI 1o Skee (a3L2=Y1

Ys=Yield stress; Yp= Yield potential; TOL=Tolerance Index; MP=Mean Productivity; GMP=Geometrical Mean Productivity; SSI=Stress Susceptibility Index;
YSI=Yield Stability Index; YI=Yield Index; STI=Stress Tolerance Index; HM= Harmonic mean.

T 9N sl mhaws 10 090 o sixe 5 S sire puf o ey 1

ns, **and*: Not significant, significant at 1% and 5% levels probability, respectively.
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Fig. 1. 3D plot for determination tolerant genotypes to drought stress based on Yp, Ys and GMP index
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Fig. 2. 3D plot for determination tolerant genotypes to drought stress based on Yp, Ys and HM index
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Fig. 3. 3D plot for determination tolerant genotypes to drought stress based on Yp, Ys and MP index

STI

200

2000

Yp

Ll g (Yp) Jloyi o ,5dos g (Y) idd i 0 Slos bl (Sl 4y oo o851 (ot (g1 0 (gurs dowr iS5y 510905 —F STl
STI
Fig. 4. 3D plot for determination tolerant genotypes to drought stress based on Yp, Ys and STI index
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Table 5. Eigen values, eigen vector and cumulative variance of tolerance indices. Yp and Ys in 32 cowpea genotypes

ailla o9 ypolio (SO ke 0 5O
Eigen Cumltative of
Component values () variance Ys Yp TOL MP GMP SSI YSI Y1 STI HM
1 6.23 62.33 0.744 0900 0.115 0985 0.982 0 1-02 0.102 0.466 0.976 0.968
2 3.49 97.24 0.665 0418  0.982 0.160 0.174 0.990 0.990 0.791 0.164 0.185

s0,85kes 5l LaslE=Y ST 255 Cols (asli=SST ;5 wsin (uSlw=GMP 5 s (o SL=MP 5 25 Joms (aLs=TOL ;5 Junily 3,SLac=YP o il Lyl s 3, Shac=Ys

Seigorls nSLHM 55 Jass (a3 li=STI 1o Shee Lo Ls=Y1
Ys=Yield stress; Yp= Yield potential; TOL=Tolerance Index; MP=Mean Productivity; GMP=Geometrical Mean Productivity; SSI=Stress Susceptibility Index;
YSI=Yield Stability Index; YI=Yield Index; STI=Stress Tolerance Index; HM= Harmonic mean.
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Fig. 5. Biplot display for 32 cowpea genotypes at 10 drought tolerance indices on the basis of first and second principal
components
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Ys=Yield stress; Yp= Yield potential; TOL=Tolerance Index; MP=Mean Productivity; GMP=Geometrical Mean Productivity; SSI=Stress Susceptibility Index; YSI=Yield
Stability Index; YI=Yield Index; STI=Stress Tolerance Index; HM= Harmonic mean.
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Introduction

Drought stress is one of the most important abiotic stresses all around the world. The aim of breeding
studies and breeding for resistance to drought is that breeders seek to identify varieties and genetic resources
to drought resistant and comparison of drought resistance among the varieties and the introduction of
superior varieties to farmers. Drought or imbalance between supply and demand for water is one of the most
important limiting factors affecting crop production which is very important in this context, effective and
economic use of water resources especially for areas with arid and semi-arid climatic conditions which
covers about two-thirds of the total area of Iran (Shahram & Daneshi, 2005). Breeders have been trying that
by testing different varieties under normal and stress conditions to identify varieties and use them to plant
breeding programs.

Cowpea (Vigna unguiculata L. Walp), a member of the family leguminous (Fabaceae) is a crop grown
under the tropical and sub-tropical areas covering Africa, Asia, South America, and parts of Southern Europe
and United States (Singh et al., 1997). Dry seeds of cowpea contain 20-25% protein, 1.8% fat, and 60.3%
carbohydrate and are rich sources of iron and calcium (Majnoon Hoseini, 2008).

In this study, various drought tolerance indices were used to identify drought resistant in varieties.
Indices included drought tolerance, Tolerance Index (TOL), Mean Productivity (MP), Geometric Mean
Productivity (GMP), Stress Susceptibility Index (SSI), Yield Stability Index (YSI), Yield Index (YI), Stress
Tolerance Index(STI), and Harmonic Mean (HM) (Ahmadi et al., 2000; Fernandez, 1992; Safari et al., 2007,
Bouslama & Schapaugh,1984; Gavuzzi ef al.,1997).

Materials and Methods

In order to study and determine the most effective traits, drought tolerance indices and identify tolerant
genotypes in vegetative drought stress on the cowpea genotypes, All 32 cowpea genotypes were cultivated in
a randomized complete block design with three replications which each replication consisted of 32
experimental units, each unit or plot, three lines with a length of two meters with line spacing of 70 cm were
planted. The distance between rows of plants, 10 cm and 50 cm was considered the distance between each
plot, in two separate experiments including normal irrigation and water stress conditions. The study was
conducted at Experimental Research Farm, University of Tehran, Karaj Agricultural Research Institute at
College of Agriculture and Natural Resources in Karaj, Tehran, Iran during 2014. Drought stress was
imposed by doubling the irrigation time about 50 days after planting against normal irrigation on thirty-two
cowpea genotypes. Evaluation of drought resistant in different genotypes was conducted using eight indices
including Tolerance Index (TOL), Mean Productivity (MP), Geometric Mean Productivity (GMP), Stress
Susceptibility Index (SSI), Yield Stability Index (YSI), Yield Index (YI), Stress Tolerance Index (STI), and
Harmonic Mean (HM).

Results and Discussion

Analysis of variance showed that there is a significant difference between genotypes for all the indices
of drought tolerance and grain yield in both normal and stress conditions (P<0.01). This result suggested that
the genetic variation among genotypes is capable of selection for drought tolerance.
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A simple calculation of statistical parameters (mean and standard deviation) for drought tolerance
indices indicated that there is a great diversity among the study genotypes which it can be used as rich
genetic resources to help breeders to improve and identify resistant varieties.

The average yield of all genotypes under drought stress and normal irrigation condition was Ys = 83.57,
and Yp =101.82, respectively. Significant differences between two different conditions indicated that cowpea
plant has a high potential for tolerance under drought stress condition. TOL index revealed the lowest
average value among various indices (TOL =18.24).

The low level of stress tolerance index shows a high relative tolerance genotype. In fact, stress tolerance
index showed the changes of stress condition in genotypes. It means that genotypes with low TOL index
indicate less changes and genotypes with high TOL index show more changes.

Correlation coefficient was calculated to determine the relationship between grain yield and drought
tolerance indices. The STI, MP, HM and GMP indices which have the most positive and significant
correlation with grain yield under stress and non-stress conditions were introduced as the best indices for
screening tolerant genotypes to drought and high-yielding in both environmental conditions. Using Biplot
scatter graph in 32 cowpea genotypes and according to genotypes situation in Biplot display, genotypes 998,
313, 291 and 7 were identified as tolerant genotypes with high-yield. Cluster analysis based on investigated
indices and yield under drought stress and non-stress conditions showed that genotypes were grouped in four
clusters and most of the drought tolerant genotypes with high yield were grouped in the second cluster. while

most of drought sensitive genotypes were grouped in the fourth cluster.
Conclusions

In this study, genotypes showed high genetic diversity in terms of drought tolerance using drought
tolerance indices. Based on the results obtained in this study genotypes 291, 7, 313, and the Mashhad cultivar
(998) can be proposed as drought tolerant genotypes.
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