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Genetic Diversity of Cowpea (Vigna unguiculata (L.)Walp) Germplasm Based on
Agronomic and Morphological Traits
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Table 1. Origin and code of cowpea genotypes

oolet GBSkl SNEIE ) oolads S8 eokd S )

No. Genotype No.  Genotype cod s Origin No. Genotype No.  Genotype cod I Origin
1 175 00276-069-62 + okwsis India 17 8 00008-034-62 L.l Colombia
2 107 00157-002-62 ok.bsl  Afghanstan 18 196 00297-157-62 & T America
3 210 00310-157-62 1 »T America 19 203 00304-157-62 L »T America
4 43 00048-069-62 slusis India 20 162 00255-110-62 4 ~s Nigeria
5 141 00218-071-62  okwsis  India 21 193 00294-157-62 & T America
6 49 00004-019-62 < Brazil 22 294 00424-157-62 L »T America
7 307 00444-157-62 T America 23 174 00273-069-62  okwsus India
8 186 00287-157-62 T America 24 192 00293-157-62 K »T America
9 220 00324-157-62 i »T America 25 232 00341-157-62 L »T America
10 222 00331-157-62 & ,.T  America 26 30 00030-069-62  slwsus India
11 291 00421-157-62 T America 27 17 00017-117-62 <51, Parague
12 7 00007-034-62 Lls" Colombia 28 76 00110-015-62 sl Belgium
13 37 00041-153-62 «s 5 Turkey 29 9 00311-157-62 .7  America
14 215 00318-157-62 T America 30 229 00336-157-62 & »T America
15 246 00355-157-62 i »T America 31 Parasto 00347-157-62 i »T America
16 313 00451-157-62 & ,.T  America 32 Mashhad 10003-071-62 ol Iran
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Table 2. Measured agronomic traits for evaluation of genetic variation in cowpea genotypes

Sl
Trait de Abbreviation
100 seed weigh(g) Gl Ver Oy 100GW
Biological yield(g) 58 gm s Shas BY
Economical yield(g) (gslaB)als s Shes GY
Harvest index Cals y Lesls HI
Pod length(cm) e Jsb PL
Pod diameter(mm) LN Calies PD
Pod width(mm) LNl 5 e PW
Number of seed per pod CME s 4ils sluws NGPP
Date of 50% podding CMe W 5 400 B, DP-50%
Date of 50% maturity O Sy 40055, DM-50%
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Table 3. Simple analysis of variance for characteristics of cowpea genotypes under normal irrigation (based on mean-squares)
a3 lsdo 059 s Shes @alasls Slee Sl jetls M Jb Cwlbes P PHERRES A0 ;A:MJ'/.O-
@slsT eSS oM oM O s oM oM
SOV, St wle A 100GW BY EY HI PL PD PW NGPP  DP-50%  DM-50%
Block S 2 0.43 6278.36 448.46 0.00180  0.0778  0.0290 0.133 1.219 54.260 36.447
Genotype wss; 31 18.177 1450518 282028  0.01827  5.0520™ 0.7113" 07177  4.880" 66.478"  56.407"
Error il 62 1.29 494988 778.73 0.00363  0.6478  0.1056 0.134 0.847 19.060 17.684
CV. % i 8.11 20.05 27.41 20.52000  5.1300  5.2900 4.690 7.020 3.470 3.510

ns, *and**: Not significant, significant at 5% and 1% levels of probability, respectively.

For abbreviations of traits see Table 2.
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Table 4. Simple analysis of variance for characteristics of cowpea genotypes under drought stress (based on mean-squares)

arys abe 0)s s Shes bl s Shes Sl esls O Jb W o 4l sl FNREETY) LAWY

@37 58 Y oM M s oMe e
SOV, Sl e df 100GW BY EY HI PL PD PW NGPP  DP-50%  DM-50%
Block S 2 0.816 5190.04 315.18 0.00005  2.6460 - 0.00456  0.0152 0.060  23.698 16.385
Genotype wss; 31 14250 46034.15"  3026.94" 0.01004™ 1.1240” 131800 <1.0090""  3.558" 50.721" 8.472"
Error dzsl 62 1.514 10867.64 540.04 0.00420  0.0004  0.13680  0.2002 1.576  26.085 4.493
C.V. % s o 10.030 31.17 27.81 24.86700  7.1820  6.8980 6.1120  10.438 4.504 1.972

ns, *and**: Not significant, significant at 5% and 1% levels of probability, respectively.

For abbreviations of traits see Table 2.
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Table 5. Mean, minimum, maximum, standard deviation and change of characteristics
of cowpea genotypes under normal irrigation

Sl S 3l glas Sl a5 Ol e ke
Trait olie Min. Max. Standard error  Rate of change Mean
100GW alades 035 10.12 2343 0.27 13.31 13.99
BY SSdmoSes 220,00 660.00 9.18 440.00 350.85
EY bzl > Slas 49.00 225.00 3.87 176.00 101.82
HI Cls p als 0.16 0.60 0.01 0.45 0.29
PL e b 1322 20.74 0.15 7.52 15.71
PD O Ll 5.25 8.00 0.06 2.75 6.15
PW SN o e 6.43 9.74 0.06 3.31 7.81
NGPP e 55 4wl sl 10.00  18.67 0.15 8.67 13.11
DP-50% O g T0b a0l 112,00 135.00 0.61 23.00 125.76
DM-50% O (S, 70 655,504 110,00 131.00 0.57 21.00 119.85

For abbreviations of traits see Table 2.
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Table 6. Mean, minimum, maximum, standard deviation and change of characteristics
of cowpea genotypes under stress condition

Jola S 3,k (glas ol s O o oNile
i Min. Max. Standard Rate of Mean
Trait 7 error change
100GW Slsds0)s 9.19  18.09 0.39 8.90 12.26
BY SSdmaSee 18944 75510 21.90 565.66 334.43
EY @ladlsShee 3150 19504 5.62 163.74 83.57
HI whroel 16 0.37 0.01 0.21 0.261
PL oM db 4339 1848 0.19 5.09 15.32
PD SHeals g3 7.79 0.12 3.48 5.36
PW SNl 624 9.22 0.10 2.98 7.32
NGPP SHe w945 16,66 0.19 721 12.03
DP-50% S 0o 0167 11933 0.73 17.67 113.39
;v\:—»_;'/.b' U_j})}'.,\.ﬁ
DM-50% e 10433 112.00 0.30 7.67 107.48

For abbreviations of traits see Table 2.
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L als do 055 oo Ly 1 5o 45 izl
40 g > e sldar 9 e js alils sluws
Lasd plo)l s doms e OLiS e Stres
Dlio U3, Ses o VL 5 e Soan
53 415 310 (V) aS 5 53 CoDE sl
Sl GIYA)&Isas O35 5 (+/FAD) oDl
(Keshavarznia et al., 2013) cwl ol

Sls 5, Shes Lo S 25 Lol s
sl 3 (HI) tls ; et L (EY)
g 53 &S 5 Shas Cdo b 5 Ao )30
Sls Olis Sl ae g e LS‘I‘M oy )
> Shes ol il oS (g 5LST ol 551 ST
& 53305 s 5 ke 1 olS gl
Lo (100GW) 413 55 S Lol
53 (PL) Ot Jsb 5 (HI) asls 5 esls
dwu&.@c)u—pl_f}u)mdﬂ_ﬂ
D+ 5 gy slass 5 (PW) UsMe s ¢ «(PD)
o 53 (DM-50%) Oode Sy A3
Sl OLES Lls dme 5 e Sisad das ) |
2 5 s S Ll b s e Slis oyl
Sl Ol e 4 015 r T de i Ll 2
Y5 Ses b olaes 55 obsl ¢l colis
55 eslizul

ils 5, o o Lailyy 5 (Siros (o)
Ll s s o) e 53 (oS Slie ple g

5oL wlsto 0s o o33 0L (g,LT Je

\hitd

3 435S 0l (Lope-Huertas et al., 2000)
FLE ) (gm0 53 55, Ses Cio L s
3590 Slio 0o 53 1§55 Olje o 2y olS
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(sl e s Slie S i35 Ll
s 53 S g 2 e 5 s 03
o )3 O gy sl Sl g Loy S
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Saan e Sy 5 D A5 1D
Lien 0 9 o Ll Hld e 9 Cie
s S 0Ly (Habibi and Bihamta, 2007)
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SR ol 4 ools DL 4o 530 e
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5 Shee b (Ao s ) cboﬁjé)‘)‘}‘-glaﬁjc;s;ﬁ
Ltad s 5 o aalllan Ly 487 505 0las
Ls sl s, (Habibi and Bihamta , 2007)
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Table 7. Correlation coefficients between different traits of 32 cowpea genotypes under normal irrigation condition

Sliw alads 055 Soidsn Ses (oolasls Sl Sl Letls e J b O Clbes g OMe ya alsslaws M LS50 6 g,
Traits 100GW BY EY HI PL PD PW NGPP DP-50%
EHESWINST
100GW 0.333"
S5 5 5 3 Shas
BY 0.266" 0.517"
sl J_)glaﬁ
EY 0.077™ -0.150™ 0.741°
C.fh\éj u.a:-ua
HI 0.120™ 0.149™ 0.049™ 01044
O Jsb
PL 0.423" 0.083" 0.167™ 0.112™ 0.444"
e Caldes
PD 0.514" 0.107" 0.140™ 0.082™ 0.427" 0.642"
e b0
PW -0.225% -0.065™ 0.004™ 0.029™ 0.597" 0.184" -0.050"™
e s il sl
NGPP 0.128™ 0.289" 0.154™ -0.052" 0.031™ 0.095™ 0.229° 0.014™
e A5 701 6 5,
DP-50% 0.176™ 0.239" 0.226" 0.090™ 0.167™ 0.174" 0.293" -0.127" 0.453"

o3 G 5oy 0 Jw‘c!a.u)a)b@uub@.aﬂ&\f.;;q:**j* ans
ns, * and**: Not significant. significant at 5% and 1% levels of probability, respectively.
Sedanl 0 ¥ Jgd 4 Olaw Ol )l ol
For abbreviations of traits see Table 2.
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Table 8. Correlation coefficients between different traits of 32 cowpea genotypes under drought stress condition

Slaw &lsds 09 St Ses’ (olasl s Sl Sl esle e J b O s M o e M alsalas M 5 7006 s,
Traits 100GW BY EY HI PL PD PW NGPP DP-50%
EHEW WP
100GW 0.181™
oS58 5 3 Shas
BY -0.124" 0.770"
©slasl JJQA.G
EY 0.350" -0.215"™ 0.393"
C_,..f'u\éj.: u.a’LJ-r
HI 0.406" -0.044™ 0.079™ -0.040™
O Jsb
PL 0.498" -0.033" 0.147™ -0.083™ 0.812"
e Ll
PD 0.511" 0.150™ 0.071™ -0.236™ 0.715™ 0.791"
e S e
PW -0.127™ 0.095™ 0.143™ 0.096™ 0.336™ 01183™ -0.026™
O s &l sl
NGPP 0.320™ 0.398" 0.001™ -0.655™" -0.132" -0.040™ 0.098™ -0.257™
SN 5D b 5y,
DP-50% 0.527"" 0.216™ -0.144" -0.494™ -0.001™ 0.084" 0.189™ -0.243™ 0.722""

o3 65 Aoy O Jk}lcb):)‘aguaj\:@uﬂb\f;jq:**‘g* ans
ns, * and**: Not significant. significant at 5% and 1% levels of probability, respectively.
Db anl 0 ¥ Jgd 4 Olaw Ol )l gl
For abbreviations of traits see Table 2.
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(Keshavarznia et al., 2013)
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(Nyestani et al., 2004 <Abbasi et al., 2005)
SN sl Lo by G 55 (o) 00
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(Azizi et al., 2002) J5,ls ls 5, Shas
Cdm oy 45 215 QLS Ly gl LS, (o
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ES 5 gm 5 Shas 5 oDt 3 asls sldw
(Habibi et al., 2006) 13 35> 5 Stuen
5 (NGPP) uadl &5 asils sliws Sliw
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Table 9. Stepwise regression analysis under normal irrigation

Cie
Step &= Trait a b, b, R%adj
Stepl sl d o HI 8.89™ 316417 e 0.637
Step2 033 dl o BY -91.82" 351.84" 0.257" 0.980

.M)Ag&”du"cb)é)\éﬁnjjhwﬁi o5« 4ns
ns and**: Not significant. significant at 1% level of probability.

SN A Ll 53 Gl e 0 5 55 25 =Y el
Table 10. Stepwise regression analysis under limited irrigation condition

Cen
Step NEs Trait a by b, R’adj
Stepl Jsl e BY 17.52" 0198 e 0.58
Step2 £33 a0 HI -77.29" 0.23" 321937 0.916

.—Lajéégrndh.:"cb)é)\:&))h&»ﬁi oy« 4ns
ns and**: Not significant. significant at 1% level of probability.
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Table 11. Principal components analysis in normal irrigation condition (varimax

rotation)

V ol Y Jole ¥ Jele ¥ hle
Trait ol  Factor 1 Factor2  Factor 3 Factor 4
100GW 4> Lo O 0.703 -0.163 -0.067 -0.570
BY Sidsm s, Shs 0591 -0348  -0.268 0.144
EY sbasl s Shee 0.629 -0.197 0.679 0.204
HI Sl Latls 0.312 0.008 0.925 0.105
PL O J b 0.505 0.696 -0.263 0.194
PD O cals  0.704 0.505 0.041 -0.285
PW oMe s e 0.788 0.173 -0.131 -0.402
NGPP O 3 &l sldas 0.142 0.776 -0.010 0.546
DP-50% ALNE Loy O 0.541 -0.404 -0.345 0.450
DM-50% OMe Sy Aoy 00 0.668 -0.440 -0.172 0.378
Variance bty 34.673 19.147 16.303 13.213
Cumulative variance e eboly 34,673 53.820 70.123 83.33

Ssb a0 ¥ Jgdar 4 Olie Ol (ol

For abbreviations of traits see Table 2.

(S lens i 2 L) (S a8 ol glaadd o 4525 1Y s
Table 12. Principal components analysis in drought stress condition

(varimax rotation)

V kle Y Jole ¥ ol
Trait R W Factor 1 Factor 2 Factor 3
100GW TP 0.594 0.527 0.028
BY S 2 Shes 0.047 0.277 0.929
EY &olazil 5 Shas -0.101 -0.233 0.938
HI Sl el -0.135 -0.780 0. 108
PL e Jsb 0.919 -0.145 -0.028
PD O Calis 0.935 -0.015 -0.075
PW M e 0.868 0.177 0.039
NGPP CoME s 4ils sl 0.272 -0.439 0.239
DP-50% XL N -0.051 0.881 0.220
DM-50% R WY 0.111 0.846 0.047
Variance bl 32.501 24.715 18.406
Cumulative variance S S W 32.501 57.216 75.622

For abbreviations of traits see Table 2.
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Fig. 1. Biplot based on the first and second components of the 32 cowpea genotypes in

normal irrigation
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Fig. 2. biplot based on the first and second components of the 32 cowpea genotypes
under drought stress condition
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Fig. 3. Cluster analysis of 32 cowpea genotypes based on morphological traits measured
in the normal irrigation condition
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Fig. 4. Cluster analysis of 32 cowpea genotypes based on morphological traits measured
in drought stress condition
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