Iranian Journal of Field Crop Science el el - bls
Vol 52, No 4, Winter 2022 (63-71) O 0B '°"J’°
DOI: 10.22059/1JFCS.2020.302878.654721 FY-VY ) VFr e (b oF 6l OY 690

S i Tyl 30 gt g S el Ol Sl g Galwe il 8 Sos LI L

-b‘ﬁ' aC)S 5‘5})‘9\&5 @‘9;‘5 uﬁ)}&i s&&:ﬁ?ﬁ dLﬂjLA g)-:\gj JL@J “wg Cw‘ QLE.:E;'J A 90 4‘;&‘5'}; JL:..U'}
OYA/AN o pdy SRR MATAR R TP '@,U)

ol

Coatl L) e 55 plelid (O 35S Il b 55 OF OB pae 5 51 TS 61 a5 (2Nl sl drm s 5o
- 45 el 1 (K a8 ealitel Gl glapas i O s a8 4 ) STy g Sl (gl p a0
(ol ml 3 Ses LIS el S SeS (Ol wlp 4 S8 Bl S s S slagd g QB s dilg
Syt byl ol (Ol samS i llyd s Ly s Shes oLS Lasls g s Shes gl o Shes pmn sl
23 (G5 5 b ) olel Bl b ad 1l 1SS Dl b (ol JulS saS ol # b B s 5 0id s 5 g S
A ey 48 s UL Olae uilyly wies KA s P SO S 5 Ld CE g ey Lol o S
S 3 BV fals ol Of 5amS A amdls Hls pme gl ) p 5,80 slac 85 55 5 Ses gl 5 s Shes
zdls 1y als 3 Shes a8 Lasls cp gie o 54 COS16 5 ANDI00T o 55 .ad o 55 4ls 5, Shas
ol ks ey £ Ol WS SBauS O juae Ol gea MCDA011 5 WALS02-1 ol ot il 33 op)
@B & 45 b sy MCDA0I1 5 COS16 ANDI00T lags 55 o s o S & Caglin 5 Comlo sla jasls
ol Dl 908 A5 4 L) Saas 85 STy Gl el Dl il 5 Ses 2B e la (b1
oM (as DL o5 STy Calhe bl 4 5 S e M5 e 3 Shes (15 I s a5

Sl o s BB OISl gles S b 3 55 (Vs Shes Jouily Bk 4y 0B 5 cdies i 35

cFyere Logd (Ol 0908 0 Shae 0 Shae L5 asli cuisis (ls” Soslg
Grain yield efficiency index, a criterion for selecting the best bean genotypes in
drought stress conditions
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ABSTRACT

Identification of bean genotypes in terms of water use efficiency is important in developing a breeding
program to improve cultivars efficient in water use under water deficit conditions. Different indicators are
used to better understand the response of cultivars to water scarcity. One of the indicators that can help in
selecting the best genotypes under stress conditions is the yield efficiency index. Therefore, to determine
the yield, yield components and efficiency index of beans under water deficit condition, this experiment
was performed as split plots in a randomized complete block design with four replications. Irrigation
conditions (normal and stress) in the main plots and eight bean genotypes in the sub-plots were
investigated. Analysis of variance of traits showed that growth period, yield and yield components were
significantly different in the evaluated genotypes. Water deficit stress reduced grain yield of genotypes by
47%. AND1007 and COS16 genotypes had the highest grain yield efficiency index, respectively. These
two genotypes, along with MCD4011 and WA4502-1, were classified as efficient water consumers.
Based on susceptibility and resistance indices, the best genotypes were AND1007, COS16 and
MCDA4011. In general, the grain yield efficiency index is a good criterion for determining the response of
bean genotypes to water deficit stress. Cultivars that produce higher yields under stress conditions and
respond well to optimal irrigation are the most desirable genotypes because they are able to maintain their
high yield potential over a wide range of available water.
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Table 1. Statistical parameters of studied traits in bean genotypes

Std.

Trait Range Min. Max. Mean S Variance
Deviation
R9 (days to maturity) 47.00 61.00 108.00 95.57 113 29.94
Pods per plant 16.30 3.20 19.50 10.15 3.24 10.54
Seeds per pod 3.22 1.90 5.12 3.43 0.67 0.45
100 seed weight 25.85 26.85 52.70 38.77 5.82 33.98
Yield (g per plant) 21 0.15 21.15 10.6 6.58 43.29
Yield (g m?) 361 63 424 2435 1.74 3.05
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Table 2. Variance analysis of studied traits in bean genotypes under different irrigation conditions

S.O.V.

Mean of squares

Rr'?]a(t(zj ?i/tsygo Pods per plant  Seeds per pod 1\?v(e):isger$td Yler!(lja%per Yield (g m?)

Year (Y) 1 273.19 ** 82.72 ** 2.27 ** 1132.88 ** 35.91 ** 36.57 **
Rep (year) 6 2.65 1.10 0.14 15.12 0.21 0.31
Irrigation (1) 1 1.32ns 130.81 ** 6.28 ** 231.98 * 95.46 ** 229.05 **
Y*I 1 106.94 ** 3.95* 0.03 ns 76.13 ** 6.38 * 11.1**
Error , 42 1.19 1.45 0.30 4.31 2.42 1.12
Genotype (G) 7 2015.25 ** 70.64 * 4.34 ** 298.91 ** 14.77 ** 9.36 **
Y*G 7 218.25 ** 34.96 ** 0.12ns 2471 ** 4.70 ** 1.66 **
I*G 7 28.41ns 9.90 ns 0.37* 9.61ns 1.07 ** 1.61**
Y*I*G 7 28.11 ** 9.51 ** 0.18 ns 9.57* 0.35ns 0.25ns
Error » 84 0.77 2.68 0.14 341 0.27 0.22
CV (%) 0.92 16.14 10.98 541 10.18 11.72
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", “and ™: non-significant and significant at the 5% and 1% levels of probability, respectively based on DMRT (P<0.05).
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Table 3. Mean growth period and yield components of bean genotypes under normal (N) and water stress (S)
conditions

R9 (days to maturity) Pods per plant Seeds per pod 100 seed weight (g)

Genotype Bean type
S N S N S N S

COsS16 Chitti 104.6 a 103.0b 13.62b 11.15a 3.55bc 344 bc 35.75d 32.78¢
KS21486 Chitti 720e 72149 9.54 def 747¢c 3.22cd 3.08¢ 35.49d 31.17e
MCD4011 Chitti 9%.1c 94.1e 10.18 de 9.43 ab 2.92d 2.34d 4351b 4231a
WA4502-1 White 105.5a 105.3a 15.60 a 10.36 a 4.38a 3.31bc 36.55d 35.57d
WA4531-17 White 1035b 103.5ab 12.79 bc 10.66 a 3.72b 3.42bc 39.58 ¢ 38.38 bc
AND1007 Red 103.0b 101.1c 11.23 cd 9.82a 4.27 a 3.89a 47.14 a 43.55a
Ofogh Red 88.0d 86.5f 7.80f 7.95 be 3.10d 2.58d 43.83b 39.22b
Akhtar Red 98.0c 98.8d 8.59 f 6.33¢ 411a 3.67ab 38.55¢ 36.48 cd
Mean 96.4 95.1 11.16 9.14 3.65 3.21 40.05 37.43
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Means with the same letters in the same column are not significantly different based on DMRT (P<0.05).
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Table 4. Mean seed yield under normal (N) and water stress (S) conditions, percentage reduction (PR), and grain
yield efficiency index (GYEI) of bean genotypes

Grain yield (g m?)

Grain yield (g per plant)
Genotype Bean type N S PR (%) N S PR (%) GYEI
COs16 Chitti 13.1cd 9.7b 255 389a 227a 41.6 1.64
KS21486 Chitti 58f 3.2f 43.9 151¢ 73¢c 51.7 0.21
MCD4011 Chitti 91e 7.0d 22.3 299 b 213b 28.8 1.19
WA4502-1 White 17.1b 11.7a 318 365b 223b 38.9 1.52
WA4531-17 White 150¢ 8.8c 41.3 273b 133b 51.3 0.68
AND1007 Red 211a 11.7a 445 408 a 247 a 395 1.88
Ofogh Red 80e 5.7e 28.1 368a 114 be 69.0 0.78
Akhtar Red 12.3d 53e 56.6 290 b 121b 58.3 0.65
Mean 12.6 8.7 30.9 318 169 47.4 1.07
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Means with the same letters in the same column are not significantly different based on DMRT (P<0.05).
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Table 4. Mean grain yield of bean genotypes and drought resistance and susceptibility indices

Genotype Yn Ys MP GMP TOL DSI DTI GYEI
COS16 389 227 308 297 162 0.89 0.87 1.64
KS21486 151 73 112 105 78 1.10 0.11 0.21
MCD4011 299 213 256 252 86 0.61 0.63 1.19
WA4502-1 365 223 294 285 142 0.83 0.80 1.52
WA4531-17 273 133 203 190 140 1.09 0.36 0.68
AND1007 408 247 327 317 161 0.83 0.99 1.88
Ofogh 368 114 241 205 254 147 0.41 0.78
Akhtar 290 121 205 187 169 1.24 0.35 0.65
DII=0.47; Y~ =318; Ys=1609.
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Table 6. Correlations between grain yield, GYEI and drought resistance and susceptibility indices

Index Yy Ys MP GMP TOL DSI DTI
Ys 0.76 *
MP 0.95 ** 0.92 **
GMP 0.90 ** 0.96 ** 0.99 **
TOL 0.62 -0.04 0.35 021
DSl -0.17 -0.77 * -0.46 -0.57 0.65
DTI 0.85 ** 0.97 ** 0.96 ** 0.98 ** 0.14 -0.61
GYEI 0.86 ** 0.97 ** 0.97 ** 0.98 ** 0.14 -0.61 0.99 **
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“and ™" Correlation is significant at the 0.05 and 0.01 levels, respectively.
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Figure 1. Bean genotypes classification based on irrigation efficiency (E: efficient, EPI: efficient and poor
GYEI, IEGI: inefficient and good GYEI, IE: inefficient).
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