Effect of iron nano-fertilizer on grain yield and genotypic and environmental
indices of cowpea genotypes
Ali Asghar Ghanbari', Hasanali Naghdi Badi?*, Ali Akbar Ghanbari®, Amir Mohamad
Naji*
1 Ph.D. Student, Department of Agronomy and Plant Breeding, Faculty of Agriculture, Shahed University, Tehran, Iran..
Email: aaghanbari70@yahoo.com.
2 Associate Professor, Department of Agronomy and Plant Breeding, Faculty of Agriculture, Shahed University, Tehran, Iran.
Email: Naghdibadi@yahoo.com , Naghdibadi@shahed.ac.ir. ORCID: 0000-0001-7070-8467
3 Professor, Seed and Plant Improvement Institute, Agricultural Research, Education and Extension Organization, Karaj, Iran.
Email: aghanbari2004@yahoo.com. ORCID: 0000-0003-2558-6063
4 Assistant Professor, Department of Agronomy and Plant Breedin, Faculty of Agriculture, Shahed University, Tehran, Iran.

Email: naji@shahed.ac.ir. ORCID: 0000-0002-5251-9934

Introduction

Cowpea (Vigna unguiculata L.) is a valuable food legume from the Fabaceae family. This crop originated from West
Africa (Nigeria) and was then transferred to the Middle East and Europe. Cowpea is suitable for cultivation in tropical regions.
lin addition to its multipurpose uses (green pods, dry seeds, animal feed), it also has high agronomic value. Despite breeding
research worldwide to increase cowpea production, its yield is low in most growing regions. Therefore, to increase the yield,
along with breeding activities, more studies should be conducted in the field of agronomic management. One of the important
factors in farm management and increasing the production of legumes, including cowpea, is the use of micronutrients,
especially iron.

Materials and Methods

In the present study, the responses of 12 cowpea lines (C1 to C12) along with the Mashhad cultivar to the application
of iron nanofertilizer were investigated in four regions of Iran (Karaj, Dezful, Khomein and Shiraz). The experiments were
conducted in a strip plot based on a randomized complete block design with three replications in 2023. Genotypes were placed
in horizontal plots and treatments of using or not using iron nanofertilizer were placed in vertical plots. Some morphological
traits including yield and yield components of genotypes were evaluated in different environments.

Results and Discussion

The results showed that the effects of location, nanofertilizer and genotype on all studied traits were significant. The
interaction effect of location and nanofertilizer was significant on all traits except biomass, harvest index and 100-grain
weight, but the interaction effect of location and genotype was significant on all traits except the number of grains per pod.
The interaction effect of genotype and nanofertilizer was significant on all traits except plant height, biomass and grain yield.
All traits, except the number of seeds per pod, were significantly affected by the three-way effect of location, genotype and
nanofertilizer. Lines C4 and C5 were the earliest and the most late-maturing genotypes, respectively. The highest biomass

yield of 3810 kg ha' was related to the Mashhad cultivar, and the biomass yield in all lines was lower than that of the Mashhad
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cultivar. Plant height and number of branches per plant varied from 55.9-72.7 and 5.4-7.4, respectively. Only four lines, along
with the Mashhad cultivar, had a grain harvest index higher than the average. The highest grain harvest index was related to
C1 line (38.77%). All 13 genotypes studied responded positively to the use of iron nanofertilizer and had better growth
compared to the conditions of no nanofertilizer use. The highest average percentage increase was related to the number of
seeds per plant (27.25%). The use of iron nanofertilizer accelerated the maturity of the genotypes. In the absence of iron
nanofertilizer, the number of pods per plant and the number of seeds per pod, and consequently the number of seeds per plant,
were significantly lower than when iron nanofertilizer was applied. In line C11, although the values of these traits were lower
than the average of the genotypes in the absence of iron nanofertilizer, it showed the greatest response to iron nanofertilizer
application. Yield components (number of pods per plant, number of seeds per pod and 100 seed weight) showed a significant
increase (17.4%, 8.8% and 3.2% respectively) under the influence of iron nanofertilizer application. Grain yield also increased
by 10.8%. In accordance with our experimental results, it has been reported in various studies that the use of nanofertilizers
significantly increases the yield of crop plants compared to treatments without the use of nanofertilizers. The main reason for
this is the improvement of the growth of plant components and metabolic processes such as photosynthesis, which causes
greater accumulation of photosynthetic products and their transport to the economic organs of the plant.
Conclusion

Based on the environmental index, the evaluated locations differed from each other. Accordingly, Dezful region had
the highest value of environmental index. Line C1, along with lines C4 and C11, were the best genotypes. Although the use
of iron nanofertilizers improved the growth and development of the studied genotypes, since there are limited reports on the
biological consequences of nanofertilizer use and their absorption by plants, and humerous questions remain about the fate
and behavior of nanomaterials in plants, the use of these types of fertilizers should be done with more caution.
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Table 1- List of evaluated cowpea genotypes

G95] IS Olrl o (2lS 5 Kb oS 2 )
Genotype Code IR National Plant Gene Bank Code Seed Color
C1 TN-38-7013 Cream, Black-eyed
Cc2 TN-38-7158 Cream, Black-eyed

C3 TN-38-7162 Cream, Black-eyed



C4
C5
C6
c7
Cs8
C9
C10
Cl1
C12
Mashhad

TN-38-7248
TN-38-7265
TN-38-7281
TN-38-7284
TN-38-7285
TN-38-7290
TN-38-7292
TN-38-7296
TN-38-7309
Traditional variety

Cream, Black-eyed
Cream, Black-eyed
Cream, Black-eyed
Cream, Black-eyed
Cream, Black-eyed
Cream, Black-eyed
Cream, Black-eyed
Cream, Black-eyed
Cream, Black-eyed
Cream, Black-eyed
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Table 2- Characteristics of four studied locations and sowing date of the genotypes

il cusdge SE sla Shy S o g Ol Cundg
Geographical characteristics Soil characteristics Weather characteristics cutS oo
B° Y
J
Jib o gl Skdl ool byady  baawS  oSke  wicwb,  Sowing
Location olo
kil Wl Elevation Soil pH Fe Month Max Temp.  Min Temp. Mean Humidity Date
on
Longitude  Latitude (m) texture (mg.kg?) (°C) (°C) Temp. (°C) (%)
June 30.2 14.8 225 31.6
s Clay July 35.4 19.0 27.2 22.2
50° 55' 35947 1255 7.5 8.8 June 1th
Karaj Loam August 33.4 184 25.9 355
September 305 16.5 235 21.3
August 47.3 29.3 38.3 323
Js85 Loam September 43.7 25.0 34.3 37.1 August
48° 30' 32024 154 7.1 8.5
Dezful Clay October 355 19.7 29.1 38.3 2th
November 29.5 16.4 23.0 64.8
June 38.7 13.3 258 11.6
(e Loam July 39.6 16.6 275 19.6
49° 57 33039 1885 7.2 8.3 June 19th
Khomein Clay August 35.8 14.9 253 20.0
September 34.7 11.0 22.4 16.6
July 38.8 20.3 29.5 26
e Clay August 36.3 19.6 28.0 36
52041 29047 1596 7.9 5.2 June 28th
Shiraz Loam September 33.9 151 24.5 33
October 30.2 10.6 204 34
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Table 3- Analysis of variance of days to maturity, plant height, No. of branches per plant, biomass yield and harvest index (HI) of

cowpea genotypes at four locations under two Fe conditions (use and non-use)

Slayo (1S5ke
@)
e @lie ) M.S.
o3l
S.O.V. L;M)b)” Sl g zlm)l UC)B s Lo olias 0395 w)),glo& C,w:l))) Q»LL
df
Days to maturity Plant height Branches per plant Biomass yield HI
o 3 1515.15 ** 41482.17 ** 120.29 ** 16058090.03 **  1754.78 **
Location (L)
(o) S5 8 53.82 169.25 0.71 261280.45 12.11
rep (L)
onl 2555k 1 980.15 ** 1138.51 ** 36.01 ** 2061150.26 **  406.98 **
Fe
ol 295 5% ol 3 26.33 ** 66.43 ** 055 * 99738.62 ns 17.79ns
L*Fe
(onl 298 90X o) 1,85 8 0.35 1.54 0.08 59043.34 5.26
rep (L*Fe)
w955 12 224,56 ** 552.93 ** 6.73 ** 95379050 *  191.46 **
Genotype (G)
g ol 36 260.62 ** 609.49 ** 5.40 ** 1824096.00 ** 49,08 **
L*G
(g™ olse) )85 96 42.66 46.23 1.06 404841.63 2413
rep (L*G)
Gl onl 295 g 12 2.26 ** 3.17ns 037 * 19980.49 ns 257*
Fe*G
g ol 28PN e e 2.99 ** 3.86 * 0.27* 27726.62 ** 1.96 *
L*Fe*G
L 96 0.58 221 0.17 12846.1 1.26
Error
0.74 231 6.83 3.24 3.38
CV (%)

S gime cglis JBlas ygeil bl g o )3 Vg hoyd B Jlein] paws )3 I3 (dme g I3 me pi b ga FF g F NS

ns,* and ** are: non significant and significant at the 5% and 1% levels of probability based on LSD method, respectively.



G5 5 g yals £ 4 dun gl 1 plS 2 o Coranl g 3 (St 93 0 L g ol b Bpan b daady) Gl 4 gliE olis 5l elizl

.(Vaneeckhaute et al., 2014) il wglae Slgs o 2LS

OB 355 95U e pas 5 S pae byl pud Cod (50 Jlea 55 (i Ly (Scwisiy 3 Shas (152l 9 5 Shos (il ply 41525 —€ Jgoa
Table 4- Analysis of variance of the yield and yield components of cowpea genotypes at four locations under two Fe conditions

(use and non-use)

Slaye (1:50ke
)
i @olio i M.S.
L;Jl)'l
S.OV. gy > AU oluss B 5 &ils slus gy > &l Dl &b o 59 4l > Slas
df
Pods per plant Seeds per pod Seeds per plant 100 seed weight Grain yield
o 3 952.05 ** 35.31 ** 126924.7 ** 1046.71 ** 6715437.67 **
Location (L)
(8] 1,55 8 60.17 1.35 6606.9 2.32 48313.82
rep (L)
onl 2555 1 308.01 ** 51.53 ** 63446.7 ** 28.64 ** 1096836.54 **
Fe
ool 355 X ol 3 8.92 ** 2.70 ** 451.48 * 0.34ns 16055.59 ns
L*Fe
(ool oS glX ) 5 o 0.19 0.32 94.78 0.13 12640.81
rep (L*Fe)
St 12 41.61 ** 6.47 ** 7091.53 ** 25.69 ** 451364.11 **
Genotype (G)
S o 36 48.85 ** 1.87 ns 5305.88 ** 13.17 ** 441509.39 **
L*G
(Gigi* olse) LS5 9% 9.36 1.82 860.51 1.22 145159.27
rep (L*G)
S oal 295 9 12 5.13 ** 0.84 ** 1110.32 ** 1.14 % 3577.60 ns
Fe*G
g ol 2SN e o 1.20 ** 0.17ns 95.69 * 017 * 4757.48 *
L*Fe*G
s 96 0.47 0.16 55.74 0.09 2657.25
Error
Olyoss o b
5.57 4.28 6.15 1.64 4.33
CV (%)

*k k

s ixe iglis JBlus 905l bl p doyd Y g o3 B Jlein] paws 43 )5 dme g ) dxe pé i gy FF 5 * NS

ns,* and ** are: non significant and significant at the 5% and 1% levels of probability based on LSD method, respectively.
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Table 5- The means of evaluated traits of cowpea genotypes in the studied locations under two conditions of Nano-fertilization (-Fe, without iron; +Fe, with iron)

onl 258 5

Geig)

),'.i.:u"._\.\o).)

o ol Fe N Genot oo o LSD
. . e Nano- enotype 0 (5%)
Trait — Location o iizer — €1 C2 €3 C4 G5 C6 C7 C8 C9 CI0  Cii Ciz Mashhad M Change
o Fe 1056 843 810 823 1063 1063 993 1053 1046 1083 1090 1083 107.3  100.6 i3
ara -3.
: +Fe 1020 836 803 813 1023 1023 980 1010 101.0 1030 1036 1033 1026  97.2
b 9 ol el Fe 1050 1030 1036 940 1043 1040 1036 1043 1036 1050 1023 1003  99.3  102.4 i1
ezTu -o.
S +Fe 1010 993 1006 920 1000 100.3 100.6 1006 1006 1013 990 976 973 992 oa3
_ Fe 1093 1113 1133 1113 1193 1136 1123 956 1146 1200 966 1150 1186 1116 '
Daysto  Khomein 4.6
maturity +Fe 1050 1060 107.0 1056 1123 107.6 107.3 943 1083 1130 953 109.3 1126  106.4
o Fe 930 1076 1073 1086 1060 1030 1020 1020 1083 1020 960 1026 101.6  103.0 23
Iraz -Z.
+Fe 916 1046 1043 1056 1033 1006 1000 993 1053 1000 946 1003 986  100.6
o “Fe 996 736 800 536 1066 1070 106.6 89.6 1026 993 1050 996 1130 950 o6
ara; .
sy ¢l : +Fe 1083 826 893 616 1140 1156 1100 953 1053 1060 1116 1036 1156 1014
Fe 540 450 423 433 566 473 526 466 490 500 523 540 500 494
(20055L0) Dezful 7.2
+Fe 56.6 486 473 476 586 513 553 513 536 536 560 570 530 530 055
Plant _ Fe 580 560 676 760 593 813 466 500 543 510 483 573 533 583 '
. Khomein 3.4
height +Fe 603 586 686 766 603 810 506 540 566 533 500 600 550 603
(cm) o Fe 50.6 436 440 416 510 486 440 560 403 466 443 483 510 469 oo
Iraz .
+Fe 550 483 463 466 550 500 476 576 433 506 480 506 533 501
_ Fe 56 56 46 36 46 46 56 43 53 30 46 36 6.0 46
Karaj 15.9
+Fe 63 60 53 40 60 60 66 43 60 43 53 43 6.3 5.4
i sl Fe 76 46 33 63 46 33 43 43 40 50 40 20 33 43
Dezful 20.6
; +Fe 80 53 46 66 60 43 53 50 53 53 50 36 4.0 5.2
e 0.23
_ Fe 83 50 60 50 70 56 60 70 76 83 83 80 7.0 6.8
Branches  Khomein 8.5
+Fe 83 63 70 60 73 70 63 73 83 83 83 90 7.3 7.4
per plant
_ Fe 70 60 63 70 70 60 76 70 63 73 73 63 7.0 6.7
Shiraz 7.2
+Fe 83 66 70 70 80 70 76 76 63 76 16 66 7.3 7.2
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Table 5- Continued

, ool 358 g o 3 5 oy
Catuo o Ol LSD
Fe Nano- Genotype %
Trait Location » Mean (5%)
fertilizer Cc1 Cc2 C3 Cc4 C5 C6 c7 C8 C9 C10 C11 Cl12  Mashhad Change
5,8des Kara -Fe 3362 4621 3875 3297 3765 2888 4211 3186 2566 3123 2477 3261 3915 3426 57
ara .
: +Fe 3516 4783 4100 3533 3866 3076 4316 3390 2850 3366 2850 3450 4016 3624
Desful -Fe 3352 2844 2208 4002 4035 3543 3680 3844 4058 5093 4976 4252 3920 3831 28
c ezfu .
2 pS9) +Fe 3456 3352 2650 3940 4200 3630 3660 3950 4250 5143 4923 4316 4233 3977
(S Khormei -Fe 3458 4031 3110 3768 3648 4070 3865 3330 3993 3643 3433 3293 3893 3656 19 64.94
omein .
Biomass +Fe 3550 3983 3183 3766 3730 4033 3906 3500 4050 3800 3566 3356 4033 3727
: -Fe 3490 2915 2874 3037 2941 2085 2658 2618 2251 2175 2894 2499 3134 2736
yield (kg gpira 8.6
ha'l) +Fe 3523 3033 3053 3093 3166 2650 2883 2960 2483 2716 3066 2683 3333 2972
Kara -Fe 344 31.7 25.9 29.6 27.8 24.3 28.3 25.1 24.6 27.3 25.2 22.6 26.3 27.1 56
ara .
: +Fe 35.0 313 27.2 315 28.8 25.4 29.1 274 26.8 29.1 30.0 24.6 27.0 28.7
o= Desful -Fe 39.5 29.2 25.0 40.3 35.6 304 38.0 36.3 36.6 39.6 435 40.0 36.3 36.1 59
ezfu .
cusly +Fe 42.0 31.6 30.8 415 37.8 36.2 39.0 37.7 38.3 41.3 451 40.2 36.9 383 0.64
(103) ) -Fe 39.2 36.9 31.9 40.3 329 36.1 37.8 325 37.1 35.6 36.1 331 37.0 35.8 '
) Khomein 5.6
HI %) +Fe 422 39.5 33.9 429 35.1 384 39.2 34.8 38.2 37.1 39.2 347 37.6 37.9
0
Shi -Fe 374 28.0 26.5 33.9 28.0 19.8 29.7 26.5 23.9 23.6 33.3 25.0 33.7 28.4 129
iraz .
+Fe 40.2 31.2 29.9 36.1 31.3 26.4 339 31.2 28.8 27.7 36.7 28.5 35.2 320
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Figure 1- No. of seeds per pod in the cowpea genotypes under two fertilization conditions (A) and its increase (%) under the
influence of iron nano-fertilizer application (B)
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Table 6- The means of yield and its components of cowpea genotypes in the studied locations under two conditions of Nano-fertilization (-Fe, without iron; +Fe,
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with iron)
i ol I;}‘“"\:fﬁ"b 5 w:’) oSl ;ﬁéi/wﬂ LSD
. . e Nano- enotype 6 0
Trait Locat I M (5%)
ral OCalON  fertilizer — C1  C2  C3 _cC4 C5 C6 C/ _C8 C9 CI0 Cil Cl2 Mashhad '  Change
Karai -Fe 15.0 13.7 10.5 8.6 17.9 14.6 16.6 8.6 17.6 13.0 15.7 14.7 19.3 14.2 8.0
ara i
I +Fe 16.3 14.6 11.6 11.6 18.6 16.0 17.0 10.0 18.3 14.3 17.3 15.6 19.6 15.4
e ol Dezful -Fe 9.0 13.6 18.3 25.3 12.0 14.3 15.3 9.6 14.3 15.6 12.3 12.0 17.0 14.5 18.0
ezfu .
Gy +Fe 13.0 14.0 20.0 28.3 16.6 15.6 17.3 12.3 15.6 19.0 18.3 14.3 18.3 17.2 0.39
d . -Fe 9.6 6.0 5.4 9.0 6.5 10.3 8.8 4.8 8.5 10.0 5.6 5.6 7.2 7.4 .
Podsper  Khomein 325
plant +Fe 11.6 8.6 7.6 12.3 8.6 11.6 10.3 7.6 10.3 11.6 12.3 7.6 9.00 9.9
] -Fe 9.6 8.3 9.0 10.0 10.6 10.0 8.6 12.6 8.0 8.6 8.0 7.0 10.0 9.2
Shiraz 18.3
+Fe 12.6 10.3 10.6 12.6 11.3 10.6 10.3 13.0 10.0 10.6 11.6 8.3 10.6 10.9
Karai -Fe 133.0 122.6 95.5 93.6 1759 131.3 167.9 71.4 1565 127.8 1534 128.1 166.3 132.5 185
ara .
I +Fe 163.3 143.0 1166 1400 186.6 160.0 182.0 96.6 177.6  153.0 202.3 145.0 177.8 157.2
2 4l ol Dezful -Fe 90.6 114.4 1840 2805 1144 1458 156.6 98.2 157.0 161.3 1331 1234 162.9 147.8 225
ezfu .
Sy +Fe 139.0 130.0 210.0 3216 1641 1616 1825 129.3 169.1 203.3 2140 150.6 179.6 181.1 427
. -Fe 86.9 419 45.2 77.1 55.6 89.0 81.2 35.2 63.6 80.2 429 46.0 50.6 61.1 .
Seeds per  Khomein 52.3
plant +Fe 121.0 68.0 74.6 124.6 80.0 106.6 101.0 66.6 93.3 109.0 123.3 72.0 72.0 93.2
Shi -Fe 93.6 74.6 69.0 103.6 100.3 91.3 83.6 118.3 80.3 86.6 63.3 70.0 90.6 86.5 78
iraz .
+Fe 131.3 96.3 96.0 135.3 113.3 103.3 106.3 130.0 103.6 110.0 120.3 85.6 107.3 110.6
=1 Jgas ald!
Table 6- Continued
onl 3955 )] L ey
oo ol oSSke LSD
Fe Nano- Genotype %
Trait Location N yP Mean (5%)
fertilizer C1 Cc2 C3 C4 C5 C6 Cc7 C8 C9 C10 Cl1 C12 Mashhad Change
i . . -Fe 225 21.9 21.6 19.1 19.9 20.6 20.4 20.8 19.7 20.1 19.0 18.5 21.0 20.3
W e 09 Karaj 2.2
+Fe 22.8 221 22.1 20.3 20.3 21.0 20.8 20.8 20.1 20.6 20.0 19.1 21.1 20.8 0.18
(¢5) Dezful -Fe 20.4 24.9 24.9 145 22.6 23.6 21.7 21.6 21.6 18.7 22.3 24.0 23.2 21.8 2.4



100 seed +Fe 21.0 25.0 25.0 17.0 23.1 23.6 22.0 22.1 22.3 19.3 23.0 24.1 235 22.3
weight (g) Kh . -Fe 13.7 14.1 13.2 14.0 13.0 125 14.2 14.7 13.6 125 14.8 12.1 13.1 135 54
omein .
+Fe 14.6 15.0 14.0 15.3 13.6 13.3 15.3 15.0 14.0 13.0 15.3 12.6 14.0 14.2
Shi -Fe 235 21.3 20.4 15.0 20.2 20.2 19.9 19.5 20.4 19.8 19.2 19.9 19.6 19.9 -
iraz .
+Fe 24.3 21.6 20.6 18.0 20.6 20.3 20.6 20.0 21.0 20.6 20.0 20.3 20.3 20.6
. -Fe 1162 1471 1009 980 1048 704 1195 803 632 856 627 744 1032 943
aly 3,Slee Karaj 10.7
+Fe 1233 1500 1117 1116 1119 783 1250 933 766 983 850 850 1083 1044
2 pSekS) Dezful -Fe 1352 827 558 1635 1452 1226 1413 1428 1525 2027 2176 1719 1453 1445 -
ezfu .
(S +Fe 1466 1058 816 1666 1600 1333 1450 1516 1666 = 2133 2234 1750 1583 1559 2953
. ) -Fe 1358 1498 993 1518 1215 1470 1465 1096 1483 1303 1246 1093 1443 1321 '
Grain Khomein 7.3
ield (k +Fe 1500 1583 1083 1616 1316 1550 1533 1216 1550 1416 1400 1166 1516 1418
yie g
. -Fe 1307 825 774 1054 841 419 824 718 541 565 984 633 1067 811
ha) Shiraz 19.6
+Fe 1416 950 916 1133 1000 700 1000 933 716 783 1133 766 1183 971
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Table 7- Changes (%) of the studied traits cowpea genotypes in all locations under two conditions of Nano-fertilization (-Fe,

without iron; +Fe, with iron)

' ol 2555 s
o
Trait Fe Nano- Genotype
ral
fertilizer ~ CL C2 C3 C4 C5 C6 C7 C8 C9 Cl0 CII Cl2 Mashhad
S b 53, olass “Fe 1032 1015 1013 990 1089 1067 1043 101.8 1077 1088 100.9 1065 106.7
Deys to +Fe 99.9 983 980 961 1044 1027 1014 988 1038 1043 981 1026 1027
maturity %Change -3.22 -313 -321 -2.95 -413 -377 -271 -295 -369 -414 -2.82 -368 -3.68
o Fe 655 545 584 536 683 710 624 605 615 6L7 624 648 668
b Raed
+Fe 700 595 628 581 719 744 658 645 647 658 664 678  69.2
Plantheight o ~pange 686 912 752 834 527 482 548 661 512 672 628 463 359
SEPRTRIN: Fe 71 53 50 54 58 48 58 56 58 59 60 49 58
+Fe 77 60 59 59 68 60 64 60 64 63 65 58 62
Branches per
plant %Change 842 1415 1832 7.76 17.67 2462 979 7.08 1164 805 826 1809  6.87
e Fe 3415 3602 3016 3526 3597 3146 3603 3244 3217 3508 3445 3326 3715
+Fe 3511 3787 3246 3583 3740 3347 3691 3450 3408 3756 3601 3451 3903
Biomassyield o opange 280 513 762 162 398 638 244 633 594 706 454 376 507
s Fe 376 314 273 360 3L0 276 334 301 305 315 345 301 333
+Fe 398 334 304 380 332 316 353 327 330 338 377 320 341
HI %Change 591 620 1144 548 7.00 1429 553 889 810 7.22 934 605 255
. Fe 108 104 108 132 117 123 123 89 121 118 104 98 133
gy > BAMe dlass
+Fe 133 118 124 162 137 134 137 107 135 138 148 114 143

Podsperplant o -pange 2384 1418 1528 2250 17.28 935 1136 2051 11.98 1758 4303 1654  7.48

-Fe 101.0 883 984 1387 1115 1143 1223 80.7 1143 981 918 1176 107.0
+Fe 138.6 109.3 1243 180.3 136.0 1328 1429 1056 1359 143.8 1649 1133 1341
%Change  37.24 2371 2629 30.05 2192 1620 16.86 30.76 1885 26.19 68.04 2332 14.09

Gy pd il dlasy

Seeds per plant

. “Fe 200 205 200 156 189 192 100 191 188 177 188 186 192
+Fe 206 209 204 176 194 195 196 194 193 183 195 190 197
100 seed weight o ~yange 325 182 200 1278 251 169 328 170 279 338 398 215 260
Sl “Fe 1204 1155 833 1296 1139 954 1224 1011 1045 1187 1258 1047 1248
+Fe 1403 1272 983 1382 1258 1091 1308 1149 1174 1328 1404 1133 1341

Grain yield

%Change 842 1017 1794 6.63 1051 1432 6.86 13.67 1237 1187 11.60 8.19 7.41
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Table 8- Grain yield (kg ha) and genotypic and environmental indices of cowpea genotypes in the studied locations.

ol
w9 Location OSSbe S “’”L" JOVE AW
Genotype &S Jsi3» O s Mean Gei:?jte{(p'c % Change
Karaj Dezful Khomein Shiraz
C1 1198 1409 1429 1362 1350 160 13.44
c2 1486 957 1540 887 1218 28 2.35
C3 1063 688 1038 845 909 -281 -23.61
C4 1048 1651 1567 1093 1340 150 12.61
C5 1082 1526 1266 920 1199 9 0.76
C6 744 1280 1510 559 1023 -167 -14.03
C7 1222 1431 1499 912 1266 76 6.39
cs8 868 1472 1157 825 1081 -109 -9.16
C9 700 1596 1516 629 1110 -80 -7.26
C10 919 2080 1360 674 1258 68 5.71
C11 738 2205 1323 1058 1331 141 11.85
C12 797 1734 1130 700 1090 -100 -8.40
Mashhad 1057 1518 1480 1125 1295 105 8.82
Mean 994 1504 1371 892 1190
e g3
-196 314 181 -298
Environmental index
P Ao yd
-16.47 26.39 15.21 -25.04
% Change
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