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Cowpea is a multiple-purpose drought-tolerant leguminous pulse crop
grown in several dry tropical areas. However, detailed genetic

information is lacking in many Asian countries, limiting the success of
breeding programs. In this research, in order to evaluate the drought
tolerance of 30 cowpea genotypes, an experiment was conducted in the
form of a randomized completely block design with three replications
in two conditions without stress (60 ml evaporation from the
evaporation pan) and drought stress (120 ml of evaporation from the
evaporation pan) was done in field conditions. The genotypes were
significantly different from each other in terms of agro-morphological
traits. The cluster analysis grouped the genotypes into four clusters. In
general, based on bi-plot analysis, cluster analysis, and correlation,
genotypes 4, 6, 14, 28, and 29 in normal conditions and in drought stress
conditions genotypes 5, 6, 14, 28, and 29 have the highest seed yield. Due
to the fact that genotypes 28, 29, and 14 have a lower yield under
drought stress than normal, they were identified as tolerant genotypes,
which had higher yields than the control cultivars that which might
represent promising cowpea genetic resources for improving drought
tolerance breeding.
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NSP 30 16.14 13.00 19.70 12.45 0.37 0.22 -1.11 9.60 7.33 16.00 18.34 0.32 211 5.69 13.41**
NPP 30 12.98 10.40 16.10 12.80 0.30 0.26 -1.00 12.59 10.10 17.83 12.71 0.29 1.68 3.32 0.91
DTM 30 111.60 94.00 125.30 4.88 0.99 -0.36 3.79 98.53 88.00 107.00 4.95 0.89 -0.43 -0.41 9.79**
DTF 30 70.46 57.00 80.33 7.98 1.03 -0.40 0.19 67.10 54.00 76.33 8.04 0.99 -0.43 0.25 2.36*
LFP 30 11.21 7.67 15.33 18.71 0.38 0.31 -0.77 9.17 7.00 12.00 13.36 0.22 0.50 -0.31 4.61**
PL (cm) 30 14.80 11.53 17.27 10.12 0.27 -0.34 -0.36 12.57 10.23 20.33 14.62 0.36 2.36 7.74 4.90**
PW (cm) 30 6.56 5.17 10.67 15.51 0.19 2.46 8.59 6.02 4.67 9.50 14.73 0.16 2.20 7.37 2.16*
SL (mm) 30 7.75 6.03 9.03 9.18 0.13 -0.59 0.59 6.06 5.00 7.33 10.77 0.12 0.03 -0.87 9.59**
SW (mm) 30 5.83 4.83 7.50 9.50 0.10 0.83 2.25 4.68 3.17 5.83 12.36 0.11 -0.14 0.88 7.91**
ST (mm) 30 4.83 4.00 6.00 9.92 0.09 0.37 0.02 4.29 3.50 5.50 11.20 0.09 0.55 0.11 4.30%*
GY (g per m?) 30 592.75 378.30 881.00 21.16 22.90 0.52 -0.04 381.36 200.70 618.50 29.28 20.39 0.52 -0.25 6.89**
GYP 30 23.89 14.09 35.97 21.41 0.93 0.72 0.36 10.49 6.02 19.08 29.52 0.57 0.91 0.97 12.28**
BY (g per m?) 30 1416.85 1096.50 1682.70 9.60 24.83 -0.41 0.47 976.32 620.80 1332.00 18.69 33.32 0.10 -0.34 12.28**
HI (%) 30 41.49 32.49 53.64 12.83 0.97 0.38 -0.25 38.51 31.75 48.29 13.20 0.93 0.56 -0.74 2.22*
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GYP

. PH LW LL LA TKW PL PW SL SwW ST GY (g BY (g per
Environment (cm) (cm) (cm) (cm?) © NSP NPP DTM DTF LFP (cm) (cm) (mm) (mm) (mm) per m?) F(J?a;r)](i)r m?) HI (%)
Normal 1289a 6.33a 8.17a  893.67a 144.82a 16.14a 1298a 111.59a 70.46a 11.21a 14.8a 6.56a 7.75a 5.83a 4.83a 592.74a 23.89a 1416.85a 41.49a
Dsrt(:'l;g:t 69.76 531b  7.28b  609.96b 115.77b 9.6b 12.59a 98.53b 67.1b 9.17b 1257b 6.02b 6.06b 4.68b 4.29b  381.36b 10.49b 976.32b 38.51b

5185 o e Jleis] g )3 (Sl el elel (6l sime M| aian S jnde B S (sl s &S ol gt
Columns with at least one later in common did not have a statistically significant difference based on the Duncan test at %5. PH plant height; LW leaf width; LL leaf length; LA leaf area; TKW 1000-grain weight;
NSP number of seeds in a pod; NPP number of pods per plant; DTM days to maturity; DTF days to flowering; LFP length of flowering period; PL pod length; PW pod width; SL seed length; SW seed width; ST
seed thickness; GYP grain yield per plant; GY grain yield per plot; BY biological yield; HI Harvest index.

u_i..o Y e L;U.:m..» L;9J dl.aau...?y) o.\jd)ﬁfa)‘ml Slas u.i.:‘.m A lio S Jg.\b

Genotype PH (cm) TKW (g) NSP NPP LFP GY (g per m?) GYP é%a?let; BY (g per m?) HI (%)
1 120.67+6.67(22) 124.37+2.02(26) 13.87£0.22(26)  11.13+0.2(25) 10.33+0.67(20)  457.67+21.53(26) 20.37+0.95(24)  1301.93+14.39(26) 35.13+1.32(27)
2 120.53+7.02(23) 160.67+2.34(8) 17.8340.27(8) 14.27+0.24(8) 14+1(4) 732.33+35.2(4) 24.81+0.91(10) 1548.17+13.07(6) 47.27+1.92(4)
3 104.5045.27(29)  153.5+6.92(10) 1740.76(11) 13.6£0.61(12) 11+0(16) 703.67+38.25(7) 23.31.15(15) 1512.33+16.35(8) 46.5242.4(5)

4 133.33+4.37(15) 172.3+9.5(3) 19.27+1.02(3) 15.53+0.78(4) 11.33+1.2(12) 865+2.52(2) 29.76+2.2(5) 1682.73+57.25(1) 51.51+1.6(2)

5 107.27+8.28(27) 156.33+10.31(9) 17.1741.11(9) 13.8+0.81(10) 10.3340.33(19) 668.33+8.69(9) 22.87+4.44(16) 1464.83+53.33(10) 45.71+1.12(7)
6 136.53+0.47(10) 172.63+5.03(2) 19.4+0.61(2) 15.67+0.55(2) 10+1.15(21) 690.33+50.17(8) 31.23+2.21(4) 1546.4+55.94(7) 44,52+1.71(9)
7 133.83+2.32(14) 123.03+1.33(27) 13.74£0.1(27) 10.9740.12(27) 14+1.15(5) 575.67+15.01(15) 19.59+1.82(25) 1306.9346.02(25) 44.04+0.99(10)
8 111.67+4.37(25) 120.83+9.09(28) 13.3+0.95(29) 10.63+0.67(29)  9+1(26) 412+8.5(29) 17.29+0.4(29) 1268.5+30.77(28) 32.49+0.41(30)
9 132.33+2.33(17) 150.33+7.77(12) 17.13+0.79(10)  14.07+0.57(9) 10.67+0.67(17)  607.33+17.7(11) 32.67+0.66(3) 1454.67+21.82(12) 41.77+1.35(13)
10 150.23+2.66(1) 131.17+2.69(22) 14.630.2(22) 11.8+0.06(22) 14.330.67(3) 574.67+50.15(16) 22.18+1.76(18)  1380.83+24.18(19) 41.52+2.92(14)
11 112+3.06(24) 163.83+9.14(7) 18.2+0.96(7) 14.5740.72(6) 11.3340.88(13) 544.33+21.76(18) 25.55+0.52(9) 1463.67+18.4(11) 37.23+1.84(25)
12 132.674#1.45(16)  117.1+2.35(30) 13+0.31(30) 10.4+0.26(30) 8.670.88(27) 506.67+35.63(24) 17.8+1.43(28) 1271.3+9.56(27) 39.83+2.65(19)
13 139.67+3.28(8) 135.5+3.75(19) 15.3+0.35(19) 12.43+0.19(19)  15.33+0.33(1) 881+19.86(1) 26.42+1.21(8) 1647+47.96(2) 53.64+2.7(1)
14 140.33+4.1(7) 166.93+2.17(5) 18.47+0.2(5) 14.67+0.09(5) 12+0.58(10) 727+3.51(5) 24.03+1.1(12) 1564.34.93(3) 46.47+0.36(6)
15 101.33£6.98(30)  129.6+0.75(24) 14.43+0.12(23)  11.63#0.12(23)  7.67+0.67(30) 567+90.56(17) 21.49+1.12(19)  1358.97+60.86(20) 41.27+5.04(17)
16 134.33+2.85(12) 149.23+4.2(14) 16.63+0.44(13) 13.3340.34(13) 8.33+0.88(28) 535+10.41(20) 24.08+0.47(11) 1415.2416.93(18) 37.8+0.4(23)
17 136+4(11) 149.63+3.17(13) 16.4340.13(14) 13.3340.15(14) 10+0(22) 599.67+34.71(13) 23.53+4.38(13) 1448.73+17.35(13) 41.36+1.97(16)
18 125+1.53(20) 136.13+5.98(18)  15.47+0.61(18)  12.7+0.44(15) 13+0.58(8) 75129.5(3) 28.7820.46(6) 1500.57+26.95(9) 50.0620.28(3)
19 134+6.66(13) 127.67+4.6(25) 14.3+0.49(24) 11.53+0.43(24)  9.33+0.33(24) 431.33+50.21(28) 2259+1.25(17)  1108.67+221.92(29) 41.1+5.89(18)
20 125.17+3.44(19) 142.93+6.42(15) 15.77+0.68(16)  12.47+0.48(18)  11.33+1.2(14) 591.67+30.9(14) 19.33+0.62(27)  1424.63+26.27(16) 41.5+1.74(15)
21 124.33£3.18(21)  151.9+3.52(11) 1740.42(12) 13.73:0.33(11)  12+0.58(11) 543+58.04(19) 26.620.78(7) 1427.2+32.62(15) 37.9143.25(21)
22 147.33+1.45(3) 141+8.36(17) 15.67+0.83(17)  12.5+0.56(17) 15+0.58(2) 508+46.58(23) 21.27+0.95(21)  1337+71.15(23) 37.89+2.15(22)
23 108.33+6.01(26) 132.43+5.83(21) 14.7340.58(21) 11.8+0.4(21) 13.33+0.88(7) 437.67+11.2(27) 20.99+1.04(22) 1316.13+15.17(24) 33.27+1.01(29)
24 105.33+5.86(28)  130.3+4.48(23) 14.240.44(25) 11.1+0.26(26) 8.330.88(29) 512.67+35(21) 14.09+1(30) 1347.23+25.94(22) 38+1.99(20)
25 143.67+3.84(5) 142.47+3.74(16) 15.8+0.56(15) 12.57+0.56(16)  13.33+0.67(6) 603.33+22.42(12) 21.39+4.06(20)  1429.07+22.18(14) 42.19+0.94(12)
26 148.33+3.67(2) 134+1.31(20) 14.9+0.15(20) 11.93+0.19(20)  9+1.53(25) 509.67+19.41(22) 20.88+0.98(23)  1356.83+12.04(21) 37.54+1.13(24)
27 130.33#5.17(18)  120.57+4.58(29)  13.43:0.52(28)  10.8+0.42(28) 11.33£1.2(15) 378.33251.91(30) 19.58+1.63(26)  1096.53+72.52(30) 34.19+2.38(28)
28 139+2.08(9) 167.87+4.62(4) 19.1+0.56(4) 15.67+0.47(3) 12+0.58(9) 705+12.58(6) 35.97+1.51(1) 1556.1+10.38(4) 45.31+0.95(8)
29 141.67+1.76(6) 174.5+6.46(1) 19.740.66(1) 16.1+0.47(1) 9.67+0.67(23) 657.33+21.53(10) 34.66+1.49(2) 1552.17+14.93(5) 42.36+1.48(11)
30 147.33£2.4(4) 165.83+1.94(6) 18.37+0.22(6) 14.53+0.19(7) 10.33:0.67(18)  505.67+73.94(25)  23.5320.45(14)  1417+63.31(17) 35.433.78(26)
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Different numbers represent the mean + standard error (rank of each (5955 o a5)) Jlrs (llad F 4 Slo saimdjlis cilises dlacl
genotype).
PH plant height; TKW 1000-grain weight; NSP number of seeds in a pod; NPP number of pods per plant; LFP length of flowering period; GYP grain yield per plant; GY grain yield per plot; BY biological

yield; HI Harvest index.

cSid i b ) (et Log) slacais ) el s xS0l Glas (1 Sile dulio Y Joda

Genotype  PH (cm) TKW (g) NSP NPP LFP GY (g per m?) Gﬁa(rf’tfer BY (g per m?) HI (%)

1 611%455(24) 107.642.94(20)  9+058(21)  11.73046(21)  8%0(26)  411.65+3129(9) 10.01+0.42(15) 973.05%13.27(17)  42.24+2.68(7)
2 75546.21(7)  112.23+5.88(16)  9+1(19) 121404(17)  10.33+0.88(6) 393.67+33.75(12) 0.84:0.64(16)  982.8+17.19(14)  40.02+3.13(11)
3 7817+4.16(5)  119.647.27(10)  9+1.15(17)  12.7+067(9) 833:067(21)  488+18.23(7)  11.21+331(11) 107248+7457(8) 45.69+1.39(4)
4 60.57+5.07(25) 1205+1.15(6) 9.33+0.33(13) 1357+0.15(6) 8.33+0.33(19) 368.74+1.15(15)  1203+0.3(8)  1089.424527(7)  33.85+0.12(24)
5 755+454(8)  13837+413(3) 13.67+0.33(2) 159+0.42(2) 8.67+0.33(17)  563+28.75(3)  14.88577(3) 1253.8+127.37(4)  45.37+2.45(5)
6 7357+335(10) 151.63+323(1)  16+0.58(1)  17.83+0.20(1)  8+0.58(24)  523.44%22.62(4) 19.08+0.19(1)  1331.07+46.83(1)  39.28+15(13)
7 75.11$342(9) 112.77+623(15) 9.33:033(15) 12.23+035(14) 10+058(7)  513.17+10.94(5) 12.58+0.85(7) 114282+62.13(6) 47.83+0.08(3)
8 66.67+3.35(18) 101.03+528(28)  10+1(8)  11.6+045(4)  8+0.58(27) 200.67+18.22(30) 7.51+1.81(25)  620.8+44.46(30)  32.26+1.37(28)
9 68.43:5.16(17) 125.83+350(8)  9+058(16)  13.13+0.43(8) 9.33+0.33(13) 388.88+44.72(13) 12.65:0.00(6)  1027.1¥5472(9)  37.61+2.55(16)
10 77.27:3.96(6)  1015+3.81(26) 9.67+0.33(11) 1153+0.33(25) 11.33+12(3) 256.82:32.88(26) 9.22:0.39(21) 768.45:89.58(25)  33.35:0.5(26)
11 63.2+133(22)  127.83+166(7) 0.33t0.67(14) 13.43+0.29(7) 8.33+0.33(20) 345.76+32.77(18) 9.68+0.36(17) 102548+7.12(10) 33.76+3.45(25)
12 851+744(3) 107.03+2.23(21) 10.33+0.33(6)  12.240.3(16) 101(8) ~ 431.33:3384(8) 10.840.36(13) 992.2+1582(13)  43.43+3.06(6)
13 724351(13)  111.3345.13(17) 9.67:033(9) 12.3:051(12) 1133:0.67(2) 401:44.03(10)  11.5:046(9) 1021.43+2141(11) 39.474521(12)
14 7317+262(12)  145.2+43(2)  1167:0.88(3) 15.67+0.58(3) 0.67+0.67(9) 613.33+20.85(2) 13.38:0.52(5)  1260.97+38.75(3)  48.29+0.33(1)
15 78.24397(4)  93.03+1.39(30) 7.67+033(29) 10.1+0.17(30)  7+058(30)  217+458(29)  6.88:05(27)  684.38+26.62(29) 31.75+0.56(30)
16 59.8+4.91(26) 103.93:0.67(24) 8.67+0.67(24) 11.33+028(27) 8.33:0.33(22) 23L67+12.57(28) 6.02:0.86(30) 725.62+28.36(27)  31.89+0.5(29)
17 88.8742.89(2)  104.43+33(23)  10:058(7)  1187+0.00(20) 7.67+0.67(28) 395:30.31(11)  10.48:0.84(14) 975.23+12.76(16) 40.52+4.15(10)
18 5153t398(30)  96.6+3.62(29) 1140(5)  11.67+0.27(22) 9.67+0.67(11) 247.61+21.65(27) 9.62+056(18) 720.18+29.23(28)  34.26+1.87(23)
19 65245.1(19)  118+164(12)  9+058(18) 1257+0.12(11)  8+1(25) 313:2364(22)  8.44+028(23)  898.4+632(23)  34.9+16(21)
20 7357+302(11)  1205:4.6(9) 8.67+0.67(22) 12.6+01(10) 8.67+0.33(18) 354.01+873(17) 9.42+065(19) 996.93+12.44(12)  35.54+1.3(19)
21 724153(14)  116.57+4.22(13) 8.67+033(23) 12.3:042(13) 0.67+0.88(10) 312.61426.08(23) 10.87+0.65(12) 954.75+62.16(18) 32.71+141(27)
22 6513:308(20) 110.73+2.65(19) 9+058(20)  1197:0.03(18) 12:0.58(1)  367+32.52(16)  11.22+0.34(10) 946.03:52.78(19)  38.65+1.39(14)
23 7147+305(15) 11547+4.97(14) 8+058(28) 11.93:032(19) 9.33+0.67(15) 333.336.89(21) 6.65+0.17(28)  912.5+1242(21)  36.55+1.04(17)
24 5457+2.92(29) 11127+453(18) 7.33+0.67(30) 11.37+033(26) 7.67+0.33(29) 343.33+21.88(19) 6.97+0.19(26)  908.12+9.98(22)  37.87+2.85(15)
25 63.8+64(21)  105.97+0.73(22) 8.33:0.33(25) 11.33+0.09(28) 10.67+0.33(4) 385.33+23.38(14) 7.98:02(24)  917.4242.68(20)  42+2.52(8)
26 56.57+4.71(27) 101.330.92(27) 8.33:0.67(26)  11+0.21(29)  8.33+0.33(23) 27167+27.96(25) 6.39+0.37(20)  763.72+51.82(26)  35.43+1.37(20)
27 612+452(23)  102.77+41(25) 0.67+0.33(10) 1163+043(23) 9.67+0.67(12) 307.57+458.32(24) 9.25:037(20) 830.5:120.36(24)  36.413.44(18)
28 99.53:0.79(1)  130.47+2.58(5) 9.33:0.33(12)  13.6+0.32(5) 9+1(16)  618.47+32.18(1)  14.3+038(4)  1282.33+7263(2)  48.26+0.24(2)
20 70.33+0.33(16) 130.93+2.71(4) 11.33+0.67(4) 14.4+006(4) 1033+0.88(5) 504.67+4.67(6)  16.98+0.76(2) 1217.37+2597(5)  41.48+0.53(9)
30 5567+3.28(28) 119.53+4.89(11)  8+058(27)  12.23+0.2(15) 9.33+0.67(14)  339+13.32(20)  8.67+1.46(22)  975.37+36.04(15) 34.75+0.21(22)

Different numbers represent the mean + standard error (rank of each genotype) (5955 45)) Jhre (sllad E . Slo o3l Calises Sl

PH plant height; TKW 1000-grain weight; NSP number of seeds in a pod; NPP number of pods per plant; LFP length of flowering period; GYP grain yield per plant; GY grain yield per plot; BY biological
yield; HI Harvest index.
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Genotype  Yp Ys TOL MP GMP STI HM ssl YSI _ATI DI

1 457.67 41165 46.0 4347 4341 0536 4335 0.100503 0.695 0.031 0.971
2 73233 393.67 3386 563.0 5369 0.821 5121 0.462379 0.664 0.283 0.555
3 703.67 488.00 2157 5959 586.0 0977 5763 0.306523 0.823 0.196 0.887
4 865.00 368.74 496.3 6169 564.7 0908 517.0 0.573757 0.622 0.436 0.412
5 668.33 563.00 1053 6157 6134 1.071 6111 0.157564 0.950 0.100 1.244
6 690.33 52344 1669 6069 601.1 1.028 5954 0.241779 0.883 0.156 1.041
7 575.67 513.17 625 5445 5436 0.841 5427 0.108563 0.866 0.053 1.200
8 412.00 200.67 211.3 3064 2876 0.235 2699 0.512864 0.339 0.094 0.256
9 607.33 388.88 2184 498.1 486.0 0.672 4742 0.359625 0.656 0.165 0.653
10 57467 256.82 3179 4158 3842 0420 355.0 0.553158 0.433 0.190 0.301
11 54433 34576 1985 4451 4338 0536 4229 0.364689 0.583 0.134 0.576
12 506.67 43133 754 469.0 4675 0.622 466.0 0.148806 0.728 0.055 0.963
13 881.00 401.00 480.0 641.0 5944 1.006 551.1 0.544835 0.677 0.443 0.479
14 727.00 613.33 113.7 670.2 667.7 1269 6653 0.156396 1.035 0.118 1.357
15 567.00 217.00 350.0 3920 350.8 0350 3139 0.617284 0.366 0.191 0.218
16 535.00 231.67 3033 3834 3521 0353 3234 0566916 0.391 0.166 0.263
17 599.67 395.00 204.7 4974 486.7 0.674 4763 0.341337 0.666 0.155 0.682
18 751.00 247.61 5034 4993 4312 0529 3724 0.670306 0.418 0.337 0.214
19 431.33 313.00 1183 3722 3674 0.384 3627 0.274287 0.528 0.068 0.596
20 591.67 354.01 2377 4729 4577 0596 443.0 0.401724 0597 0.169 0.555
21 543.00 312.61 2304 4278 4120 0483 396.8 0.424309 0.527 0.148 0.472
22 508.00 367.00 1410 4375 4318 0531 426.1 0.277559 0.619 0.095 0.695
23 437.67 33333 1044 3855 3819 0415 3784 023852 0562 0.062 0.666
24 512.67 34333 1694 428.0 4195 0501 4112 0.330408 0.579 0.110 0.603
25 603.33 38533 218.0 4943 4821 0.662 4703 0.361346 0.650 0.163 0.645
26 509.67 271.67 238.0 390.7 3721 0.394 3545 0.466941 0.458 0.138 0.380
27 37833 30757 70.7 343.0 3411 0331 339.3 0.186889 0.519 0.037 0.656
28 705.00 61847 865 6618 660.3 1241 6589 0.122695 1.043 0.089 1.423
29 657.33 504.67 1526 581.0 576.0 0944 5710 0.232162 0.851 0.137 1.016

30 505.67 339.00 166.7 4224 4140 0.488 4059 0.329642 0.572 0.107 0.596
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PH plant height; LW leaf width; LL leaf length; LA leaf area; TKW 1000-grain weight; NSP number of seeds in a pod; NPP number
of pods per plant; DTM days to maturity; DTF days to flowering; LFP length of flowering period; PL pod length; PW pod width; SL
seed length; SW seed width; ST seed thickness; GYP grain yield per plant; GY grain yield per plot; BY biological yield; HI Harvest
index.
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i plo b Ll Lugd o 4l 3,Slas  (Starad &5 an3 o ol (i Slills 5 Jols gl Nsd asbs
E95 )y » (2005) Dadson et al. 5 (2014) Hayatu et al. .(Dadson et al., 2005; Ezin et al., 2021) Caws <ol
Ok (gl S3glan 0, Slas 5 gy pd BME dlawi ild)lia 59 b aild 5 Sas a8 winly L Jdyeuins Logd pB,l S5
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Sy g Jobo a5 Jbp il (gl ime g Cute (Sisar pgd Jolo b (235 0)95 Jsb g (235 203 B0 U 5o,
Slaogad b (b)) (i35 4 joxie ailge 93 cpl Gl olil o i3S el by izidls Jale (ol b (6l e 5 siie b
Jol adge (Sis 15 bl 53 b Jole & 425 5 Lol @bt ol 2 (8 Jgi2) 39800 Jlo 5 Ll pd )3 uslio 3)Shos
o)l oo 0 V5 o YOI i s pgd g Jol sla Jole oS wiiS angi 1y @l s 51 o jd FA/A g0mme )0 diuilss pod o
(Ve Jgiz) 835 a2 |y Ol yess

el (ol ly ety JS 51 2eny3 syt ol ol Jole 53 (S5 85 5 Jloys Ll 92 32 2 Sl % s
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o ol Jolo 93 (pl bawgi bicuins] g adlllas )90 Glio a g e 5 (Simod Gline 0diiS (ol & Claises Hloges
alge bl ) Jlages (Vb Caond sl Caws )3 & Qb (¥ JS) Jloys Ll 3 sl yloges ol 2 a3
Otpvin b glaass) plyear (T4 5 YA OF AT o)lod slacuis alox ) wlab )5 )5 Jbgel cuto 50 53 (pg 9 sl
a5 gl oy )bl bulps p3 aild 5 Sloe

Jol addge (polal 0 &5 oy (V JS8) @Ml jlages 53 pB)) STy (ol 2 3o () (St a5 bl
YA Y Y @D ojloss slacawie;) (Suis (i byl b o ail o)Sles oy g (glyld Wlaid )3 51,8 jloges Cute (5w )0 pgd g
i 4 Jood lag S ye )3 e JoSa Sl S g 4 48 3590 sl yiall olul » PCA mjgs iibie (V4 4
»lo 9 (Nkomo et al., 2020; Santos et al., 2023) Jdyeuix Loy o (Sid 4 sy op 5 Joodie (i35 50 dond 53 4
ob pAS 5 (Shah et al, 2020) >y55 (Sanchez-Reinoso et al., 2020) Jsoxo Loy sl LS
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g (Suid bl )3 sy Goyb jl pae Ol GlAl 4 e Wi ey edgiCuw ) S ST > (Abdou et al., 2013
2 Suid odlo yidy zesd jl Cawl (Sow Sy s il 4 S ey (el iesd iolssl (Iseki et al., 2018)
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Traits Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6
PH 0.277 0.182 0.521 0.321 0.552 -0.194
LW 0.053 -0.693 0.387 -0.036 0.067 0.382
LL 0.041 -0.800 0.213 -0.128 -0.001 0.241
LA -0.044 -0.217 0.786 -0.151 0.159 -0.185

TKW 0.899 -0.047 -0.181 0.282 -0.083 0.021
NSP 0.917 -0.030 -0.180 0.267 -0.033 0.032

NPP 0.929 -0.016 -0.189 0.240 0.014 0.054
DTM 0.040 0.362 0.275 0.543 -0.488 0.071
DTF -0.304 0.481 0.411 0.245 -0.376 0.184
LFP 0.172 0.742 0.304 -0.187 0.085 -0.252
PL 0.296 0.548 -0.143 -0.082 0.554 0.243
PW 0.550 -0.293 -0.214 -0.312 -0.092 -0.395
SL 0.648 -0.174 0.295 -0.046 -0.079 -0.417
SwW 0.778 -0.222 0.013 -0.029 -0.277 -0.259
ST 0.564 -0.371 0.214 0.477 0.158 0.066
GY 0.802 0.250 0.201 -0.389 -0.177 0.217
GYP 0.835 0.091 -0.164 0.044 0.346 0.148
BY 0.888 0.141 0.071 -0.193 -0.185 0.103
HI 0.654 0.292 0.270 -0.458 -0.133 0.312
Eigenvalues 7.005 2.896 1.867 1.476 1.354 1.020
Cumulative variance 0.369 0.521 0.619 0.697 0.768 0.822
(%)
e L) G Vo po (s 15 bame 53 Slis wrw 9 0y slalby g polie Ve Jou
Traits Factor 1  Factor 2 Factor 3 Factor 4 Factor 5 Factor 6
PH 0.329 0.549 0.227 -0.400 -0.284 0.080
LW 0.061 -0.200 0.762 0.165 -0.377 -0.057
LL 0.110 -0.434 0.723 -0.150 0.173 -0.124
LA -0.149 0.119 0.253 0.344 0.278 0.731
TKW 0.890 0.024 0.016 0.178 0.185 -0.113
NSP 0.772 0.020 -0.185 0.083 -0.078 -0.254
NPP 0.937 0.023 -0.069 0.158 0.093 -0.187
DTM -0.501 0.622 0.096 0.411 -0.026 -0.287
DTF -0.500 0.649 -0.019 0.407 -0.029 -0.312
LFP -0.054 0.699 -0.312 0.244 0.035 0.270
PL 0.240 -0.382 -0.412 0.065 0.589 0.084
PW 0.685 -0.350 -0.339 0.124 -0.143 -0.051
SL 0.549 -0.127 -0.019 0.413 -0.529 0.265
SwW 0.490 -0.357 0.037 0.531 -0.313 0.127
ST 0.014 -0.032 0.514 0.489 0.552 -0.169
GY 0.845 0.388 0.196 -0.173 0.122 0.092
GYP 0.902 0.233 -0.089 0.002 0.005 -0.108
BY 0.901 0.290 0.102 -0.011 0.165 0.015
HI 0.602 0.482 0.318 -0.328 0.095 0.169
Eigenvalues 6.685 2.776 2.074 1.635 1.481 1.097
Cumulative variance 0.352 0.498 0.607 0.693 0.771 0.829

(%0)

PH plant height; LW leaf width; LL leaf length; LA leaf area; TKW 1000-grain weight; NSP number of seeds in a pod; NPP number
of pods per plant; DTM days to maturity; DTF days to flowering; LFP length of flowering period; PL pod length; PW pod width; SL
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seed length; SW seed width; ST seed thickness; GYP grain yield per plant; GY grain yield per plot; BY biological yield; HI Harvest
index.

PCA - Biplot
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PH plant height; LW leaf width; LL leaf length; LA leaf area; TKW 1000-grain weight; NSP number of seeds in a pod; NPP number
of pods per plant; DTM days to maturity; DTF days to flowering; LFP length of flowering period; PL pod length; PW pod width; SL
seed length; SW seed width; ST seed thickness; GYP grain yield per plant; GY grain yield per plot; BY biological yield; HI Harvest

index.
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PH plant height; LW leaf width; LL leaf length; LA leaf area; TKW 1000-grain weight; NSP number of seeds in a pod; NPP number
of pods per plant; DTM days to maturity; DTF days to flowering; LFP length of flowering period; PL pod length; PW pod width; SL
seed length; SW seed width; ST seed thickness; GYP grain yield per plant; GY grain yield per plot; BY biological yield; HI Harvest
index.
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