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A study was carried out to evaluate the effect of drought stress on pod yield and other traits of
groundnut genotypes to select the ten best performing genotypes using indices. Ninety six genotypes
including 90 F,.3 progenies, 4 parents and 2 checks were planted under well-watered (WW) and water-
stressed (WS) conditions at the International Crops Research Institute for the Semi-Arid Tropics
ICRISAT, Mali. Six selection indices including mean productivity (MP), tolerance (TOL), geometric mean
productivity (GMP), stress tolerance index (STI), drought tolerance index (DTI) and reduction (%) (RED)
were used. The indices were adjusted based on pod yield under WW and WS conditions. High DTI, STI,
MP, and GMP values under both well-watered and water-stressed conditions were more effective in
identifying high yielding cultivars under water limited conditions. Based on these indices, the F,3
progenies ICGV-IS 13012F2-B1-297, ICGV-IS 13012F2-B1-40, ICGV-IS 13005F2-B1-46, ICGV-IS 13005F2-
B1-252, ICGV-IS 13012F2-B1-29, ICGV-IS 13005F2-B1-205, ICGV-IS 13005F2-B1-287, ICGV-IS 13012F2-
B1-525, ICGV-IS 13012F2-B1-576 and ICGV-IS 13005F2-B1-91 were identified as the most drought
tolerant genotypes with high yield stability in the well-watered and drought stress conditions. The
indices STI, MP and GMP were positively correlated with pod yield under WW and WS conditions and

breeding for drought tolerance.
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INTRODUCTION

In the Sahel region, yield in groundnut is low and about
1000 kg /ha (FAOSTAT, 2015). The historical trend in
groundnut production revealed that grain yield is highly
affected by drought events (Debrah and Waliyar, 1998).
These authors argued that drought occurs in Mali once
every three years, while groundnut is the first legume
crop grown in Mali with 71% of the overall legume
production. However, the rain-fed groundnut production
and quality are seriously challenged by drought stress.

*Corresponding author. E-mail: ouzbi777@gmail.com.

This calls for more research on groundnut concerning the
climate change and its unpredictable and irregular rainfall
patterns in the Sahelian region. The groundnut crop
exhibits low heritability for yield and drought tolerance.
Lack of effective field selection approaches limit
development of resistant groundnut genotypes to
environmental stress. Many selection indices are used to
identify high yield genotypes under stress conditions in
durum wheat (Talebi et al., 2009; Karimizadeh et al.,
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2011), maize (Jafari et al., 2009), mungbean (Fernandez,
1992) wheat (Sio-Se et al., 2006; Anwar et al., 2011), rice
(Raman et al., 2012); and groundnut (Nautiyal et al.,
2002) crops. These authors use a mathematical relation
between stress- and optimum conditions to identify
drought tolerant and susceptible genotypes. In the
selection of Mungbean (Vigna radiata (L.)Wilczek) lines,
Fernandez (1992) classified genotypes according to their
performance in moisture stress and non-stress
environments to four groups: genotypes with similar good
performance in both environments (Group A); genotypes
with good performance only in non-stress environments
(Group B) or stressful environments (Group C); and
genotypes with weak performance in both environments
(Group D). According to Talebi et al. (2009) selection
based on a combination of indices may provide a more
useful criterion for improving drought resistance of crop
but study of correlation coefficients is useful in finding the
degree of overall linear association between any two
attributes. A better approach than a correlation analysis
such as Principal Component Analysis (PCA) is needed
to identify the superior genotypes for both stress and
non-stress environments (Porch, 2006; Talebi et al.,
2009; Jafari et al., 2009; Allahdou, 2012). Information on
selection of groundnut genotypes under different drought
stress conditions could be relevant in Mali. This could be
used to understand the genetic variation of the crop and
to identify the drought tolerant cultivars. The present
study aimed to assess the selection criteria for identifying
drought tolerance in groundnut genotypes and to select
the top 10 high yielding genotypes tolerant to drought
stress using indices.

MATERIALS AND METHODS

Ninety six groundnut genotypes were evaluated under drought
stress and full irrigation conditions (Table 1). These genotypes were
part of an on-going breeding program focused on selection of
drought tolerant lines. Forty five 45 F,.3 progenies from each two of
the populations (ICGX-IS 13005 and ICGV-IS 13012) were
evaluated along with their 4 parental lines (ICIAR 19BT, ICGV
91317, ICGV 87378 and ICGS 44) and two local checks (Fleurll
and 47-10).

Experimental conditions

The groundnut populations were established at the International
Crops Research Institute for the Semi-Arid Tropics (ICRISAT),
Samanko (12°54’N and 8°4'W, 330 m above the sea) in Mali rain-
free period in November 2014 to March 2015. The Samanko soil
was a Ferric Lixisol clay loam with a pH of 4.5 and deficient in
organic matter and total nitrogen with low fertility. Ninety-six
genotypes were evaluated in Split plot where subplots (genotypes)
were arranged in 9 x 11 alpha (0.1) lattices with two replications in
dry season. An experimental plot consisted of a 4 m long single
row, with spacing 0.2 m x 0.60 m. The irrigation water management
was applied as followed: the water-stressed (WS) block, full
irrigation was provided till 50 days after sowing (DAS). At 50 DAS,
drought stress was imposed for 14 days and irrigation was resumed
at the 15" day to bring the soil up to saturation. Then, drought
stress was imposed for 10 days, followed by irrigation up to
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saturation. After that, drought stress was imposed for 7 days
followed by irrigation up to harvest. This technique was supposed to
mimic the end-of-season drought since water was withheld during
the critical stage of the reproductive phase. The well-watered (WW)
block received full irrigation throughout the life cycle of the crop
(from sowing to harvesting period). Plants were irrigated one to two
times per week with 20 mm of water until end-of-season (pod filling
to pod maturity) at seven day interval depending on the prevailing
weather conditions. Except for the different irrigation treatments; all
field management practices were uniform for both the well-watered
and water-stressed experiments. Basal fertilizer of 100 kg ha™
Simple Super phosphate was applied before hand-planting with one
seed per hill. Standard cultural practices, including hand planting,
hand weeding while the first as early as 16-20 days after sowing
(DAS) were followed. The average ambient temperature during the
trial period (November-March) was 26.07°C, with a standard
deviation STDEV= 9.55%. The average relative humidity within the
same period was 27.17%, with a standard deviation STDEV of
16.56%.

Data collection

Data recorded on plot basis were number of days to 50% plants
flowering [PF], pod yield [PY] (kg.ha™) was determined from pod
harvested from 15 plants in the middle of the plot after air drying to
constant weight for two weeks, 100 — Sound seed weight [HSW]
(9): the weight of 100 — kernels for each plant was recorded and
shelling percentage [SP] (%) was recorded as the weight of seeds
in 50pods/weight of 50 pods) x 100.

Statistical analysis

The analysis of variance (ANOVA) was performed using PROC
GLM in SAS (SAS Institute, 2009). PROC CORR in SAS was used
for correlation analysis of the selection indices. The PCA biplot was
performed using XLSTAT software under Microsoft Windows. In
order to apply indices, drought resistance was calculated using the
following mathematical relationships:

(i) Mean productivity (MP) = (Ys+Yp)/2 (Hossain et al., 1990)

(i) Tolerance (TOL) = (Yp-Ys) (Hossain et al., 1990)

(i) Geometric mean productivity (GMP) = (Ys x Yp)
(Fernadez,1992)

(iv) Stress tolerance index (STI) = (Yp)(Ys)/(Yp)® (Fernadez, 1992)
(v) Drought tolerance index (DTI) = Ys/Yp (Nautiyal et al., 2002)

(vi) Reduction (%) (RED) = (Yp-Ys)/Yp (Choukan et al., 2006)

Where Yp is the yield of cultivar under optimum (well-watered)
environment, Ys is the yield of cultivar stress (water stress)
environment, Yp is the mean yields of all cultivars under optimum
condition.

RESULTS AND DISCUSSION

Mean squares from the ANOVA across well-watered
and water stressed conditions for various traits

Results from the analysis of variance (ANOVA) for pod
yield and other traits across environments revealed highly
significant (P<0.001 and P<0.05) difference for PY
among genotypes under well-watered condition while, the
mean squares for genotypes were significant (P<0.05) for
HSW (Table 2). Under water-stressed environment,
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Table 1. List of 90 F,.3 genotypes plus their 4 parents and 2 two checks.

S/IN  Genotypes Pedigree S/IN  Genotypes Pedigree
1 ICGX-IS 13005F2-B1-106 ICGV 91317 /ICGV87378 46 ICGX-IS 13012F2-B1-105 ICIAR 19 BT / ICGS 44
2 ICGX-IS 13005F2-B1-11 ICGV 91317 /ICGV87378 47  ICGX-IS 13012F2-B1-114 ICIAR 19 BT / ICGS 44
3 ICGX-IS 1300F2-B1-12 ICGV 91317 /ICGV87378 48  ICGX-IS 13012F2-B1-115 ICIAR 19 BT / ICGS 44
4 ICGX-IS 13005F2-B1-132 ICGV 91317 /ICGV87378 49  ICGX-IS 13012F2-B1-130 ICIAR 19 BT / ICGS 44
5  ICGX-IS 13005F2-B1-14 ICGV 91317 /ICGV87378 50 ICGX-IS 13012F2-B1-140 ICIAR 19 BT / ICGS 44
6  ICGX-IS 13005F2-B1-167 ICGV 91317 /ICGV87378 51  ICGX-IS 13012F2-B1-15 ICIAR 19 BT / ICGS 44
7  ICGX-IS 13005F2-B1-171 ICGV 91317 /ICGV87378 52  ICGX-IS 13012F2-B1-156 ICIAR 19 BT / ICGS 44
8  ICGX-IS 13005F2-B1-182 ICGV 91317 /ICGV87378 53  ICGX-IS 13012F2-B1-20 ICIAR 19 BT / ICGS 44
9  ICGX-IS 13005F2-B1-185 ICGV 91317 /ICGV87378 54  ICGX-IS 13012F2-B1-207 ICIAR 19 BT / ICGS 44
10  ICGX-IS 1300F2-B1-187 ICGV 91317 /ICGV87378 55  ICGX-IS 13012F2-B1-24 ICIAR 19 BT / ICGS 44
11  ICGX-IS 13005F2-B1-189 ICGV 91317 /ICGV87378 56  ICGX-IS 13012F2-B1-268 ICIAR 19 BT / ICGS 44
12 ICGX-IS 13005F2-B1-19 ICGV 91317 /ICGV87378 57  ICGX-IS 13012F2-B1-276 ICIAR 19 BT / ICGS 44
13 ICGX-IS 13005F2-B1-198 ICGV 91317 /ICGV87378 58  ICGX-IS 13012F2-B1-281 ICIAR 19 BT / ICGS 44
14  ICGX-IS 13005F2-B1-205 ICGV 91317 /ICGV87378 59  ICGX-IS 13012F2-B1-29 ICIAR 19 BT / ICGS 44
15  ICGX-IS 13005F2-B1-222 ICGV 91317 /ICGV87378 60  ICGX-IS 13012F2-B1-297 ICIAR 19 BT / ICGS 44
16  ICGX-IS 13005F2-B1-252 ICGV 91317 /ICGV87378 61 ICGX-IS 13012F2-B1-312 ICIAR 19 BT / ICGS 44
17  ICGX-IS 13005F2-B1-262 ICGV 91317 /ICGV87378 62  ICGX-IS 13012F2-B1-319 ICIAR 19 BT / ICGS 44
18  ICGX-IS 13005F2-B1-287 ICGV 91317 /ICGV87378 63  ICGX-IS 13012F2-B1-381 ICIAR 19 BT / ICGS 44
19  ICGX-IS 13005F2-B1-301 ICGV 91317 /ICGV87378 64  ICGX-IS 13012F2-B1-40 ICIAR 19 BT / ICGS 44
20  ICGX-IS 13005F2-B1-359 ICGV 91317 /ICGV87378 65 ICGX-IS 13012F2-B1-431 ICIAR 19 BT / ICGS 44
21 ICGX-IS 13005F2-B1-37 ICGV 91317 /ICGV87378 66  ICGX-IS 13012F2-B1-475 ICIAR 19 BT / ICGS 44
22  ICGX-IS 13005F2-B1-381 ICGV 91317 /ICGV87378 67 ICGX-IS 13012F2-B1-491 ICIAR 19 BT / ICGS 44
23 ICGX-IS 13005F2-B1-388 ICGV 91317 /ICGV87378 68  ICGX-IS 13012F2-B1-50 ICIAR 19 BT / ICGS 44
24  ICGX-IS 13005F2-B1-40 ICGV 91317 /ICGV87378 69  ICGX-IS 13012F2-B1-518 ICIAR 19 BT / ICGS 44
25  ICGX-IS 13005F2-B1-404 ICGV 91317 /ICGV87378 70 ICGX-IS 13012F2-B1-520 ICIAR 19 BT / ICGS 44
26  ICGX-IS 13005F2-B1-411 ICGV 91317 /ICGV87378 71 ICGX-IS 13012F2-B1-525 ICIAR 19 BT / ICGS 44
27  ICGX-IS 13005F2-B1-425 ICGV 91317 /ICGV87378 72 ICGX-IS 13012F2-B1-528 ICIAR 19 BT / ICGS 44
28  ICGX-IS 13005F2-B1-450 ICGV 91317 /ICGV87378 73 ICGX-IS 13012F2-B1-534 ICIAR 19 BT / ICGS 44
29  ICGX-IS 13005F2-B1-46 ICGV 91317 /ICGV87378 74  ICGX-IS 13012F2-B1-537 ICIAR 19 BT / ICGS 44
30  ICGX-IS 13005F2-B1-470 ICGV 91317 /ICGV87378 75  ICGX-IS 13012F2-B1-554 ICIAR 19 BT / ICGS 44
31  ICGX-IS 13005F2-B1-481 ICGV 91317 /ICGV87378 76  ICGX-IS 13012F2-B1-561 ICIAR 19 BT / ICGS 44
32  ICGX-IS 13005F2-B1-488 ICGV 91317 /ICGV87378 77  ICGX-IS 13012F2-B1-562 ICIAR 19 BT / ICGS 44
33  ICGX-IS 13005F2-B1-49 ICGV 91317 /ICGV87378 78  ICGX-IS 13012F2-B1-563 ICIAR 19 BT / ICGS 44
34  ICGX-IS 13005F2-B1-494 ICGV 91317 /ICGV87378 79  ICGX-IS 13012F2-B1-566 ICIAR 19 BT / ICGS 44
35 ICGX-IS 13005F2-B1-498 ICGV 91317 /ICGV87378 80 ICGX-IS 13012F2-B1-571 ICIAR 19 BT / ICGS 44
36  ICGX-IS 13005F2-B1-5 ICGV 91317 /ICGV87378 81 ICGX-IS 13012F2-B1-576 ICIAR 19 BT / ICGS 44
37  ICGX-IS 13005F2-B1-50 ICGV 91317 /ICGV87378 82  ICGX-IS 13012F2-B1-586 ICIAR 19 BT / ICGS 44
38  ICGX-IS 13005F2-B1-559 ICGV 91317 /ICGV87378 83  ICGX-IS 13012F2-B1-600 ICIAR 19 BT / ICGS 44
39  ICGX-IS 13005F2-B1-586 ICGV 91317 /ICGV87378 84  ICGX-IS 13012F2-B1-62 ICIAR 19 BT / ICGS 44
40  ICGX-IS 13005F2-B1-591 ICGV 91317 /ICGV87378 85  ICGX-IS 13012F2-B1-69 ICIAR 19 BT / ICGS 44
41 ICGX-IS 13005F2-B1-65 ICGV 91317 /ICGV87378 86  ICGX-IS 13012F2-B1-75 ICIAR 19 BT / ICGS 44
42 ICGX-IS 13005F2-B1-85 ICGV 91317 /ICGV87378 87  ICGX-IS 13012F2-B1-78 ICIAR 19 BT / ICGS 44
43 ICGX-IS 13005F2-B1-90 ICGV 91317 /ICGV87378 88  ICGX-IS 13012F2-B1-84 ICIAR 19 BT / ICGS 44
44 ICGX-IS 13005F2-B1-91 ICGV 91317 /ICGV87378 89  ICGX-IS 13012F2-B1-93 ICIAR 19 BT / ICGS 44
45  ICGX-IS 13005F2-B1-93 ICGV 91317 /ICGV87378 90 ICGX-IS 13012F2-B1-98 ICIAR 19 BT / ICGS 44
91  SFleur 11
92  %47-10
93  *ICGS 44
94 *ICGV 87378
95 *ICGV 91317
96  *ICIAR 19BT

$ Local cultivars used as checks, ¥parental lines used as introduced checks.
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Table 2. Effect of irrigation treatment on studying the drought and yield traits.
50%DF PY SLAL SLA2 HSW SP
Water management —— ———— SCMR1 SCMR2 K] > 1 > 1
days Kg.ha cm°g cm’g g (%)
Water-stressed 29.13 38.77 35.87 2103.87 216.26 206.84 32.22 60.86
Well-watered 28.77 42.37 41.10 1318.20 227.44 201.43 34.15 63.59
SE+ 0.12 0.13 0.25 0.26 2.98 3.66 0.39 0.61
R? 0.58 0.81 0.72 0.82 0.64 0.51 0.59 0.61
CV (%) 5.44 4.47 8.77 22.13 17.96 24.83 15.28 13.47
Mean 28.95 40.57 38.49 1711.03 221.85 204.14 33.19 62.23
PI’ObabI“ty *k%k *%k% *%k% *kk *k% *k%k *%kk *%k%k

**p<0.0001. PY= pod yield (kg ha™), 50%DF= Day to 50% flowering (days), SCMR1=SPAD meter reading at 60DAS, SCMR2=SPAD meter reading
at 80DAS, SLA1= Specific leaf area (cm” g™) at 60DAS, SLA2=Specific leaf area (cm® g™) at 80DAS, HWS=hundred seed weight (g), SP=Shelling

percentage (%)

Table 3. The Mean Squares of drought and yield traits of 90 F3 groundnut genotypes, 4 parental lines and 2 checks (Fleur 11 and 47-10)

grown under well-watered and water-stressed condition in Mali 2015.

Well-watered condition

Water-stressed condition

Traits Block Block
Rep (RZ:)) Genotype Error Mean  CV (%) Rep (RZ:) Genotype Error Mean  CV (%)

*df 1 2 95 93 1 2 95 93

50%DF 0.002 0.13 1.73 1.32 28.77 3.99 3.04 1.14 433 3.72 2913 6.62
SCMR1 1.73 3.87 7.55** 3.19 42.37 4.21 0.22 0.55 6.71** 3.44 38.77 478
SCMR2 26.66 15.85 12.84 9.27 41.10 7.41 19.00* 0.84 17.96 13.66 35.87 10.30
PY 6.18 0.97 39.12% 13.82 18.93 19.64 6.14 13.51 17.65*** 9.60 11.87 26.10
SLA1 203.30  1677.18  2804.24** 120744  227.44 15.28 31240  5518.25 2467.76 1882.06 216.26  20.06
SLA2 1394.84  186.33 2597.89 292772 20143  26.86 1190.84  999.40 2639.19 229457 206.84  23.16
HSW 35.97 6.70 29.81* 19.67 34.15 12.99 110.75* 6.34 32.07 32.60 3222 17.72
SP 0.77 9.78 63.66 78.42 63.59 13.93 19.94 40.92 140.23** 63.99 60.86 13.14

*df= degree of freedom. PY= pod yield (kg ha™), 50%DF= Day to 50% flowering (days), SCMR1=SPAD chlorophyll meter reading at 60DAS,
SCMR2=SPAD chlorophyll meter reading at 80DAS, SLA1= Specific leaf area (cm® g™) at 60DAS, SLA2=Specific leaf area (cm’ g") at 80DAS,
HWS=hundred seed weight (g), SP=Shelling percentage (%)*p<0.05; **p<0.01; ***p<0.001 respectively.

mean squares genotypes were highly significant
(P<0.001) for PY and SP traits. Combined analysis
showed highly significant differences (P<0.01) for all traits
(Table 3). Under water-stressed conditions, reductions in
values were observed for the entire yield and yield
components traits such as hundred seed weight, shelling
percentage and pod yield. The overall genotype mean
performance for 100-seed weight, shelling percentage
and pod yield were lower under drought stress conditions
than those under well-watered-conditions. Thus,
significant reductions (P<0.001) in performance of traits
were found for these traits both environments. Yp and Ys
were the yield of cultivar under optimum environment and
the vyield of cultivar under stress environment,
respectively.

In this study, results showed that the greater the TOL
value, the larger the vyield reduction under stress
conditions and the higher the drought sensitivity (Table
4), Based on TOL index, the genotypes ICGX-IS

13005F2-B1-198 (1744.44 and 1644.45 kg/ha) and
ICGX-IS 13005F2B1-494 (1388.89 and 1288.89 kg/ha)
with low values were considered as tolerant genotypes
but mostly with low values of pod yield in both
environments. Thus, TOL favours genotypes with good
yield under stress. These findings were in line with the
work of Jafari et al. (2009) and Fernandez (1992) who
reported that TOL index failed to select maize genotypes
with proper vyield under stress and non-stress
environments. TOL index was closer to the RED since
they identified tolerant genotypes but not always the top
performers under well-watered condition.

The highest Stress tolerance (STI) indices were
recorded for genotypes ICGX-IS 13012F2-B1-297
(2866.67 and 2155.56 kg/ha), ICGX-IS 13012F2-B1-525
(3200.00 and 1766.67 kg/ha) and ICGX-IS 13005F2-B1-
46 (2900.00 and 1933.34 kg/ha) with high values (1.27 to
1.40). They were considered as tolerant genotypes with
high yield stability under both conditions (Table 4). On the
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Table 4. Estimates of drought stress tolerance attributes from the potential yield (Yp) and the stress yield (Ys) data for 96 groundnut
genotypes evaluated in off-season at ICRISAT Samanko, Mali.

Pod Yield (kg ha') Drought tolerance indices*

SIN  Genotype Yp Ys MP TOL STI GMP DT

1 ICGX-IS13005F2-B1-106  1433.33(89)  877.78(88)  38.76(60) 115556 (90)  555.55(67)  0.28(89) 1121.67(89) 0.1 (60)
2 ICGX-IS 13005F2-B1-11 1511.12(87)  102223(76)  32.35(37)  1266.67 (86)  488.89(74)  0.35(84) 1242.86(84)  0.68 (37)
3 ICGX-IS 13005F2-B1-12 1600.00 (81)  633.33(94)  60.42(92) 111667 (92)  966.67(24)  0.23(94)  1006.64 (94)  0.40 (92)
4 ICGX-IS13005F2-B1-132 260000 (17) 1722.23(11) 3376 (42)  2161.11(10)  877.78(36)  1.01(10) 2116.08(10)  0.66 (42)
5 ICGX-IS 13005F2-B1-14 2866.67 (7)  1155.56(68)  59.69(90)  2011.11(20)  1711.12(4)  0.75(33)  1820.05(33)  0.40 (90)
6  ICGX-IS13005F2-B1-167  2100.00(50)  1511.11(31)  28.04(28) 180556 (38)  588.89(61) 0.72(36) 1781.38(36)  0.72(28)
7 ICGX-IS13005F2-B1-171  1577.78(82)  132223(47)  1620(8)  1450.00(72) 25556 (91) 047 (69) 1444.36(69)  0.84 (8)
8  ICGX-IS 13005F2-B1-182  1988.89 (57)  933.34(83)  53.07(84)  1461.11(70) 105556 (18) 042 (74) 1362.46 (74)  0.47 (84)
9 ICGX-IS13005F2-B1-185 ~ 1988.89(58) 146667 (36)  26.26(24)  1727.78(49)  522.23(71)  0.66(46) 1707.93(46) 074 (24)
10 ICGX-IS 13005F2-B1-187  2311.12(30)  1633.34 (14)  29.33(32)  197223(23)  677.78(51)  0.85(17) 194289 (17) 0.71(32)
11 ICGX-IS 13005F2-B1-189 185556 (65)  988.89 (79)  46.71(78)  142222(73)  866.67(38)  0.41(75) 1354.60(75) 053 (78)
12 ICGX-IS13005F2-B1-19  2611.11(16)  1511.11(30) 4213 (68)  2061.11(16)  1100.00(17) 0.89(15) 198637 (15)  0.58 (68)
13 ICGX-IS 13005F2-B1-198  1744.44(71)  1644.45(13)  5.73(1) 169444 (52)  100.00 (96)  0.65(47) 169370 (47)  0.94(1)
14 ICOX-IS 13005F2-B1-205 ~ 2377.78(24)  1800.00(6)  24.30 (17)  2088.89(12)  577.78(66) 097 (11)  2068.81(11)  0.76 (17)
15 ICOX-IS13005F2-B1-222  2244.45(33)  1588.89(19)  29.21(31)  1916.67(28) 65556 (54)  0.81(24) 188843 (24) 0.71(31)
16 ICGX-IS 13005F2-B1-252  2844.45(9) 185556 (4)  34.77(45)  2350.00(6)  988.89(21)  1.19(5)  2297.40(5)  0.65(45)
17 ICOX-IS 13005F2-B1-262  2411.11(21) 145556 (37)  39.63(63)  1933.33(27) 95556 (27) 0.79(28) 1873.37(28)  0.60 (63)
18 ICGX-IS 13005F2-B1-287  2233.33(38)  1800.00(7)  19.40(12)  2016.67(19)  43333(78) 091(13) 200499 (13) 0.81(12)
19 ICGX-IS13005F2-B1-301  2133.33(47)  1544.45(27)  27.60(27)  1838.89(35)  588.80(62)  0.74(34) 1815.16(34) 0.72(27)
20 ICGX-IS 13005F2-B1-359  1422.22(90)  900.00 (86)  36.72(52)  1161.11(89)  522.22(72)  0.29(88) 1131.37(88)  0.63 (52)
21 ICGX-IS13005F2-B1-37  2188.89(39)  1000.00 (77)  54.31(86)  1594.44 (63)  1188.89 (14)  0.49(65) 1479.49 (65)  0.46 (86)
22 ICOX-IS 13005F2-B1-381  2766.67 (11)  1233.33(60)  55.42(88)  2000.00 (21)  1533.34(6)  0.77(30) 1847.22(30)  0.45(88)
23 ICGX-IS 13005F2-B1-388  1922.22(63) 102223 (75)  46.82(79)  1472.22(69)  900.00(35)  0.44(70)  1401.76(70)  0.53 (79)
24 ICOX-IS13005F2-B1-40  2166.67 (42)  1411.11(43)  34.87(46) 1788.89(39) 75556 (43)  0.69(40) 1748.54 (40)  0.65 (46)
25 ICGX-IS 13005F2-B1-404  1422.22(91)  611.11(95)  57.03(89)  1016.67(95)  811.11(40)  0.20(96)  932.27(96)  0.43 (89)
26 ICGX-IS 13005F2-B1-411  2233.34(37) 1266.67(58) 43.28(70)  1750.00 (47)  966.67(23)  0.64 (49) 1681.93 (49)  0.57 (70)
27 ICOX-IS 13005F2-B1-425  1966.67 (60) 155556 (24) 2090 (13)  1761.11(45)  411.11(79)  0.69(39) 1749.07(39)  0.79 (13)
28 ICGX-IS 13005F2-B1-450  2144.45(43) 155556 (23)  27.46(26)  1850.00(33)  588.89(60)  0.75(32)  1826.42(32)  0.73(26)
29 ICGX-IS 13005F2-B1-46 200000 (4)  1933.34(3)  33.33(40)  2416.67(4)  966.67(26)  127(3)  2367.84(3)  0.67 (40)
30  ICOX-IS 13005F2-B1-470  2133.34 (46) 142222 (41)  33.33(41)  1777.78(40)  711.12(48)  0.69(41) 1741.86 (41)  0.67 (41)
31 ICGX-IS 13005F2-B1-481  1644.45(76)  1066.67 (72)  35.14(48) 135556 (79)  577.78(64)  0.40(79) 1324.41(79)  0.65 (48)
32 ICOX-IS 13005F2-B1-488  2811.11(10)  1322.22(48)  52.96(83)  2066.67 (15)  1488.89(7)  0.84(21) 1927.93(21) 047 (83)
33 ICOX-IS 13005F2-B1-49  2244.45(34) 165556 (12) 2624 (23)  1950.00 (25)  588.89 (59)  0.84(22) 1927.64 (22)  0.74 (23)
34 ICGX-IS 13005F2-B1-494  1388.89(93) 1288.89(53) 7.20(2) 133889 (81)  100.00(95)  0.40(77) 1337.96(77)  0.93(2)
35  ICOX-IS 13005F2-B1-498 145556 (88)  1277.78(55) 1221 (4)  1366.67(77)  177.78(93) 042(72) 1363.77(72)  0.88 (4)
36 ICGX-IS 13005F2-B1-5 2144.45(44)  1177.78(64)  45.08(75)  1661.11(54)  966.67(25) 057 (57) 1589.24(57)  0.55 (75)
37 ICGX-IS 13005F2-B1-50 1688.89 (73)  933.34(84)  44.74(73)  1311.11(83) 75556 (44)  0.36(83) 125551(83) 0.55(73)
38 ICGX-IS13005F2-B1-559  1655.56 (74)  966.67 (81)  4161(66)  1311.11(84)  688.89(49)  0.36(81) 1265.06 (81) 0.5 (66)
30 ICGX-IS 13005F2-B1-586  2244.45(35)  1300.00 (50)  42.08(67) 177222 (42)  944.45(30)  0.66 (45) 1708.15(45)  0.58 (67)
40  ICGX-IS13005F2-B1-591  2877.78(5)  1311.11(49)  54.44(87) 209444 (11) 156667 (5)  0.85(18) 194244 (18)  0.46 (87)
41 ICGX-IS 13005F2-B1-65  2144.45(45) 162222(17) 24.35(18)  1883.33(31)  52223(70)  0.79(29) 1865.14 (29)  0.76 (18)
42 ICGX-IS13005F2-B1-85  2344.45(25) 1211.11(62) 48.34(80)  1777.78 (41)  1133.34(16) 0.64 (48) 168505(48) 052 (80)
43 ICGX-IS 13005F2-B1-90 2044.45(53) 1277.78(56)  37.50(57)  1661.11(55)  766.67 (42)  059(53) 1616.27 (53)  0.62 (57)
44 ICGX-IS 13005F2-B1-91 3088.89 (3)  174445(10)  4353(71)  241667(5)  134445(11) 122(4)  232129(4)  0.56 (71)
45  ICGX-IS13005F2-B1-93  2344.45(26)  933.33(85)  60.19(91) 163889 (57)  1411.12(10) 049 (66) 1479.24 (66)  0.40 (91)
46 ICGX-IS 13012F2-B1-105  2166.67 (41)  1544.45(26) 28.72(30) 185556 (32) 62223 (56)  0.76(31)  1829.29(31)  0.71(30)
47  ICGX-IS13012F2-B1-114  2644.45(15)  1500.00 (32)  43.28(69) 207222 (13)  1144.45(15) 090 (14) 1991.65(14) 057 (69)
48  ICGX-IS13012F2-B1-115 195556 (61)  1577.78(21)  19.32(11) 176667 (44)  377.78(82)  0.70(38) 1756.54 (38)  0.81(11)
49 ICGX-IS 13012F2-B1-130 270000 (13)  1377.78(45)  48.97(81)  2038.89(17) 1322.23(12) 0.84(20) 1928.73(20)  0.51 (81)
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50 ICGX-IS13012F2-B1-140  2022.22(54) 1277.78(54)  36.81(53)  1650.00 (56)  744.44 (45) 058 (55) 1607.47 (55)  0.63 (53)
51  ICGX-IS 13012F2-B1-15 2266.67 (31)  1366.67 (46)  39.71(64)  1816.67(37)  900.00(34)  0.70(37)  1760.05(37)  0.60 (64)
52 ICGX-IS 13012F2-B1-156 162222 (79) 142222 (42)  12.33(5)  1522.22(66)  200.00(92)  0.52(63) 151893 (63)  0.88 (5)
53 ICGX-IS 13012F2-B1-20 1311.11(94)  900.00(87)  31.36(36)  110556(93)  411.11(80)  0.27(92) 1086.28(92)  0.69 (36)
54 ICGX-IS13012F2-B1-207  1766.67 (67)  1388.89 (44)  21.38(14)  1577.78(64)  377.78(83)  0.55(60)  1566.43 (60)  0.79 (14)
55  ICGX-IS 13012F2-B1-24 1622.23(78)  1044.45(74)  3562(49) 1333.34(82)  577.78(65)  0.38(80)  1301.66(80)  0.64 (49)
56 ICOX-IS 13012F2-B1-268  2244.45(36)  1200.00 (63) 4653 (77)  1722.22(50)  1044.45(20) 0.61(51) 1641.14(51)  0.53 (77)
57 ICGX-IS 13012F2-B1-276  1777.78(66)  1044.45(73)  4125(65)  1411.11(75)  733.34(46)  042(73) 136264 (73)  0.59 (65)
58 ICGX-IS13012F2-B1-281  1266.67(95)  822.23(90)  35.00(47)  1044.45(94) 44444 (77)  0.24(93) 102053 (93)  0.65 (47)
50  ICGX-IS 13012F2-B1-29 2877.78(6)  182223(5)  36.68(51)  2350.00(7)  105555(19)  1.18(6)  2289.97(6)  0.63 (51)
60 ICGX-IS13012F2-B1-207  2866.67(8)  215556(1)  24.81(20)  2511.41(2)  711.12(47)  140(1)  248581(1)  0.75(20)
61 ICOX-IS13012F2-B1-312 240556 (22)  1466.67 (35)  39.03(62)  1936.11(26)  938.89(31)  0.80(27) 187834(27)  0.61(62)
62 ICOX-IS13012F2-B1-319  274445(12)  94445(82)  6559(93)  1844.45(34)  1800.00(2) 059 (54)  1609.96(54)  0.34 (93)
63 ICGX-IS13012F2-B1-381  1933.34(62)  1266.67 (59)  34.48(44) 160000 (62)  666.67 (53)  0.55(61) 1564.89 (61)  0.66 (44)
64  ICGX-IS 13012F2-B1-40 234445(27) 200000 (2)  1469(6)  2172.22(9)  34445(87)  1.06(7)  2165.38(7)  0.85(6)
65 ICGX-IS13012F2-B1-431  2077.78(52) 1133.33(69)  4545(76) 160556 (59)  944.45(29)  053(62) 1534.54 (62)  0.55(76)
66 ICOX-IS 13012F2-B1-475  1566.67 (83)  777.78(92)  50.35(82)  1172.22(88)  788.89(41)  0.28(91) 110387 (91)  0.50 (82)
67 ICGX-IS 13012F2-B1-491  1411.11(92)  877.78(89)  37.80(58)  1144.45(91)  533.33(69)  0.28(90) 111294 (90)  0.62 (58)
68  ICGX-IS 13012F2-B1-50 233334(28)  577.78(9) 7524 (%) 145556 (71) 175556 (3)  0.30(87)  1161.10(87)  0.25(96)
69 ICGX-IS13012F2-B1-518  1911.11(64) 1288.89(52)  32.56(38)  1600.00 (61) 62222 (57)  0.56(59)  1569.46 (59)  0.67 (38)
70 ICGX-IS13012F2-B1-520 155556 (84)  977.78(80)  37.14(55)  1266.67(87)  577.78(63)  0.34(85) 1233.28(85)  0.63 (55)
71 ICOX-IS13012F2-B1-525 320000 (2)  1766.67(8)  44.79(74) 248334 (3)  1433.33(9)  128(2)  2377.68(2)  0.55(74)
72 ICGX-IS 13012F2-B1-528 165556 (75)  1300.00 (51)  2148(15)  1477.78(68)  355.56 (86)  0.49(68)  1467.05(68)  0.79 (15)
73 ICGX-IS13012F2-B1-534  2333.34(20)  1066.67 (71)  54.29(85) 170000 (51)  1266.67(13) 0.56 (58)  1577.62(58)  0.46 (85)
74 ICGX-IS13012F2-B1-537  1766.67 (68)  1444.45(38)  18.24(9) 160556 (60)  322.22(89)  0.58(56)  1597.45(56)  0.82(9)
75 ICGX-IS13012F2-B1-554  2466.67(20)  1511.12(29) 3874 (59)  1988.89(22)  95555(28)  0.84(19)  1930.65(19)  0.61 (59)
76 ICOX-IS 13012F2-B1-561  1522.23(86)  1166.67 (67)  23.36(16)  1344.45(80) 35556 (85)  040(78) 133264 (78)  0.77 (16)
77 ICOX-IS 13012F2-B1-562  1744.45(70)  1588.89(20)  8.92 (3) 1666.67 (53) 15556 (94)  0.63(50)  1664.85(50)  0.91(3)
78 ICGX-IS13012F2-B1-563  1133.33(96)  788.89(91)  30.39(34)  961.11(96)  34445(88)  0.20(95)  94555(95)  0.70 (34)
79 ICGX-IS13012F2-B1-566  1644.45(77)  1177.78(65)  28.38(29)  1411.11(74)  466.67(75)  0.44(71)  1391.69(71)  0.72(29)
80 ICGX-IS13012F2-B1-571  2000.00(55)  1633.33(16)  18.33(10)  1816.67(36)  366.67(84)  0.74(35)  1807.39(35)  0.82(10)
81 ICGX-IS 13012F2-B1-576  2666.67 (14) 175556 (9)  34.17(43)  2211.11(8)  911.11(33)  1.06(8)  216367(8)  0.66 (43)
82 ICGX-IS 13012F2-B1-586  2177.78 (40)  1633.33(15)  25.00(21) 190556 (30)  544.45(68)  0.80(25) 1886.01(25)  0.75(21)
83 ICGX-IS13012F2-B1-600  3833.34(1)  1211.11(61)  68.41(95)  252222(1)  2622.23(1)  1.05(9)  2154.67(9)  0.32(95)
84  ICGX-IS 13012F2-B1-62 154445 (85)  1166.67 (66)  24.46(19)  135556(78)  377.78(81)  041(76) 1342.33(76)  0.76 (19)
85 ICGX-IS 13012F2-B1-69 2000.00 (56)  1488.89 (33) 2556 (22)  1744.45(48)  511.11(73)  0.67(44) 172562 (44)  0.74(22)
86 ICGX-IS 13012F2-B1-75 211112 (49) 142223 (40) 3263 (39)  1766.67 (43)  688.89(50)  0.68 (42) 1732.77(42)  0.67(39)
87  ICGX-IS 13012F2-B1-78 175556 (69)  1488.89 (34)  15.19(7)  1622.22(58)  266.67(90) 0.59(52) 1616.73(52)  0.85(7)
88  ICGX-IS 13012F2-B1-84 172222 (72)  1266.67 (57)  26.45(25)  1494.45(67)  45555(76) 049 (67) 147698 (67)  0.74 (25)
89  ICGX-IS 13012F2-B1-03 1977.78 (59)  1111.11(70)  43.82(72)  1544.45(65)  866.67(37) 050 (64) 148241 (64)  0.56(72)
90  ICGX-IS 13012F2-B1-08 2533.34(18)  1600.00 (18)  36.84 (54)  2066.67 (14)  933.34(32)  0.92(12) 2013.29(12)  0.63 (54)
91  Fleur 11 212223(48)  688.89(93)  67.54(94) 140556 (76)  1433.34(8)  0.33(86)  1209.12(86)  0.32(94)
92 47-10 224445(32)  1577.78(22)  29.70(33)  1911.11(29)  666.67(52)  0.80(26) 1881.82(26)  0.70(33)
93 ICGS 44 1600.00 (80) ~ 1000.00 (78)  37.50(56)  1300.00 (85)  600.00(58)  0.36(82)  1264.91(82)  0.63 (56)
94 ICGV 87378 2400.00 (23) 154444 (28)  3565(50) 197222 (24)  85556(39)  0.84(23) 192527 (23)  0.64 (50)
95 ICGV 91317 252222(19)  154445(25)  3877(61)  2033.33(18)  977.78(22)  0.88(16) 197368 (16)  0.61 (61)
96 ICIART 19BT 2077.78 (51)  1433.34(39)  31.02(35) 175556 (46)  644.45(55)  0.67 (43) 172573 (43)  0.69 (35)

*Yp = yield under normal condition, Ys = yield under drought condition, RED= reduction in yield, MP= mean productivity, TOL = tolerance index, STI =
stress tolerance index, GMP = geometric mean productivity, DTI = drought tolerance index. The numbers in parentheses indicate the genotype ranks
for each index.

contrary, the genotypes ICGX-IS 13005F2-B1-404 (1600.00 and 633.33 kg/ha) were reported as susceptible
(1422.22 and 611.11 kg/ha), ICGX-IS 13012F2-B1-563 to stress and they showed the lowest values (0.20 t00.23)
(1133.33 and 788.89 kg/ha) and ICGX-IS 13005F2-B1-12 of STI. Results revealed that STI indices were closer to
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Table 5. Correlation coefficients between Yp, Ys and drought tolerance indices in 90 F3 progenies and six checks of groundnut evaluated
under well water and water stress conditions at ICRISAT Samanko, 2015.

Yp Ys RED MP TOL STI GMP DTI
Yp 1.00
Ys 0.55*** 1.00
RED 0.39%* -0.55%** 1.00
MP 0.92%** 0.81*** 0.02 1.00
TOL 0.75%** -0.17 0.88*** 0.44*** 1.00
STI 0.85*** 0.88*** -0.11 0.98*** 0.30** 1.00
GMP 0.84x* 0.90*** -0.13 0.99%** 0.28** 0.99%** 1.00
DTI -0.40*** 0.55*** -1.00*** -0.02 -0.88*** 0.11 0.13 1.00

** k= gignificant at 1% and 0.1% of probability level; Yp = yield under irrigated conditions, Ys = yield under drought-stressed, Red = percentage
reduction, MP = Mean productivity, TOL = tolerance index, STI = stress tolerance index, GMP = Geometric mean productivity, DTI = drought tolerance

index.

GMP and MP in the ranking.

For the Drought tolerance index (DTI), the highest
values were recorded for genotypes [ICGX-IS
13005F2B1-198, (1744.44 and 1644.45 kg/ha), ICGX-IS
13005F2B1-494 (1388.89 and 1288.89 kg/ha) and ICGX-
IS 13012F2-B1-562 (1744.45 and 1588.89 kg/ha), with
high value (0.91 to 0.94) were found as tolerant
genotypes (Table 4) while the genotypes ICGX-IS
13012F2-B1-50 (2333.34 and 577.78 kg/ha), ICGX-IS
13012F2-B1-600 (3833.34 and 688.89 kg/ha ) and Fleur
11 (2122.23 and 688.89 kg/ha) were considered as
susceptible to drought with low value (0.25 to 0.32).
Results showed that DTI indices were similar to reduction
percentage (RED %), but the higher the DTI, the smaller
the (RED) in pod yields. The MP, STI and GMP indices
were closer in the ranking, and they favored the
identification of tolerant genotypes with stable yield under
non-stress and stress environments. The highest STI
indices were recorded for genotypes ICGX-IS 13012F2-
B1-297 (2866.67 and 2155.56 kg/ha), ICGX-IS 13012F2-
B1-525 (3200.00 and 1766.67 kg/ha) and ICGX-IS
13005F2-B1-46 (2900.00 and 1933.34 kg/ha) with high
values (1.27 to 1.40). They were considered as tolerant
genotypes with high yield stability under both conditions.
The use of the STI index was encouraged by Fernandez
(1992) who argue that a high STI value indicate a high
tolerance to stress. Sio-Se et al. (2006) agreed that these
GMP, MP and STI are reliable indices in identifying stable
genotypes in wheat. The RED revealed the percent loss
of pod yield; and it also provided information about high
performing genotypes in yield. But care should be taken
when using this index since it might not always give good
indication of stable and tolerant genotypes. The current
study identified drought tolerant with high vyielding
genotypes after removing some poor genotypes with
good RED indices as low RED values of a genotype
could be due to less yield under optimal condition. The
RED and DTI indices were opposite such that the higher
the DTI, the lower the RED in pod yield. Based on DTI

index, genotypes ICGX—IS 13005F2B1-198, (1744.44
and 1644.45 kg/ha), ICGX-IS 13005F2B1-494 (1388.89
and 1288.89 kg/ha) and ICGX-IS 13012F2-B1-562
(1744.45 and 1588.89 kg/ha), with high values (0.91 to
0.94) were found as tolerant and stable genotypes. This
is in agreement with the work of Nautiyal et al. (2002) for
groundnut. In this study, parental lines performed less
than most of their offspring. The high performing parents
were ICGV 87378, ICIAR 19BT and ICGV 91317,
respectively. Despite large variabilty among the
progenies, they showed the top 10 high vyielding
genotypes tolerant to drought. Yield loss in groundnut
due to drought ranges from 44% to 85%. In our
knowledge, this is the first attempt to provide genetic
information and yield loss in breeding for drought tolerant
groundnut varieties in Mali.

Correlation of pod yield and drought tolerance
indices

Highly significant (P<0.001) and positive correlations
were found between yield under well-watered conditions
(Yp) and the other five indices (Ys, RED, MP, TOL, STI,
GMP, and DTI). Similarly, yield under drought stress
conditions (Ys) was highly significant (P<0.001) and
associated with all the selection indices except TOL
(Table 5). Selection Indices including GMP, MP and STI
were highly significant (P<0.001) and positively correlated
with each other and to both well-watered (Yp) condition
and water-stressed (Ys) condition. The observed
relations were consistent with those reported by
Fernandez (1992) on mungbean, Jafari et al. (2009) on
maize; Talebi et al. (2009) and Allahdou (2012) on
tritipyrum.

Principal component analysis of indices and traits

The PCA analysis showed eight axes (Prin or PCA) with
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Table 6. Principal component analysis for potential yield (Yp), stress yield (Ys) and drought tolerance indices in 90F,.3 progenies and six
checks of groundnut evaluated under well water and water stress conditions at ICRISAT Samanko, 2015.

Principal component Prinl Prin2 Prin3 Prin4 Prin5 Prin6 Prin7 Prin8
Yp 0.30 0.41 0.29 -0.20 0.00 0.16 -0.77 0.00
Ys -0.16 0.49 -0.40 -0.41 0.01 0.57 0.28 0.00
RED 0.46 -0.13 -0.30 -0.03 0.82 0.00 0.00 0.00
MP 0.13 0.51 0.02 -0.33 0.00 -0.74 0.26 0.00
TOL 0.47 0.09 0.64 0.08 -0.01 0.30 0.51 0.00
STI -0.46 0.13 0.32 0.04 0.40 0.00 0.00 0.71
GMP 0.06 0.52 -0.22 0.82 0.00 0.00 0.00 0.00
DTI -0.46 0.13 0.32 0.04 0.40 0.00 0.00 -0.71
Eigenvalue 4.31 3.62 0.06 0.00 0.00 0.00 0.00 0.00
Proportion 0.54 0.45 0.01 0.00 0.00 0.00 0.00 0.00
Cumulative 0.54 0.99 1.00 1.00 1.00 1.00 1.00 1.00

Yp= yield under irrigated condition, Ys= yield under drought stressed condition, RED = percentage reduction, MP = Mean productivity, TOL =
tolerance index, STI = stress tolerance index, GMP = Geometric mean productivity, DTI=drought tolerance index.
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Figure 1.The Biplot diagram of principal components analysis of genotypes according to
yield under well-watered and stress conditions and drought tolerance indices

their corresponding eigenvalues and the proportion of
variation of each PCA (Table 6 and Figure 1). The results
revealed that the first PCA explained 54% of the variation
with PYWW, MP, STI, and GMP being significant (Table
6 and Figure 1). Thus, the first dimension (Prinl) can be

named as the yield potential and drought tolerance.
Genotypes that had high values of these indices were
high yielding under both stressed and non-stressed
conditions. The second PCA (Prin2) explained 45% of the
total variability and correlated positively with RED and
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TOL but had negative correlation with DTI and pod vyield
under stressed conditions (PYWS) (Table 6). Therefore,
the second component can be named as a stress-tolerant
dimension and it separates the stress tolerant genotypes
from the non-tolerant ones. The Prinl and the Prin2 (in
bold) explained 99% of the total variation (Table 6).
Variables making the most important contribution to each
of the two (Prinl and Prin2) components have their
loading shown in underlined bold (loading >0.3 were
considered most important). Hence, selection of
genotypes that have high Prinl and low Prin2 would
result in genotypes good in both stressed and non-
stressed conditions. Principal component analysis (PCA)
provided the degree of importance of stress indices.
Groundnut is a highly self-pollinated crop where pure line
selection is needed; selection should be based on
individual genotypes. Talebi et al. (2009) proposed PCA
analysis as a better approach than the correlation
analysis to identify individual superior genotypes for both
stress and non-stress conditions. Results of PCA
revealed that PC1 was associated positively with Yp,
RED, TOL and negatively with STI and DTI, while PC2
was associated positively with Yp, Ys, MP and GMP.
Talebi et al. (2009), Karimizadeh et al. (2011) and
Allahdou (2012) obtained similar results in multivariate
analysis of drought tolerance. Selection indices including
high STI, DTI and low RED contributed to the largest
variation in identifying thigh yielding genotypes tolerant to
drought stress. The top 10 F,.; genotypes identified were
ICGV-IS 13012F2-297-B1; ICGV-IS 13012F2-40-B1;
ICGV-IS 13012F2-576-B1 from ICIAR 19BT/IGGS 44 and
ICGV-IS 13005F2-46-B1; ICGV-IS 13005F2-252-B1;
ICGV-IS 13012F2-29-B1; ICGV-IS 13005F2-205-B1;
ICGV-IS 13005F2-287-B1; ICGV-IS 13012F2-525-B1 and
ICGV-IS 13005F2-91-B1 from ICGV 91317/ICGV 87378.
The pod yield ranged from 1744.5 kg/ha to 2155.6 kg/ha
under drought-stressed conditions and under full
irrigation conditions, pod yield ranged from 2233.3 kg/ha
to 3200 kg/ha. These genotypes were the most tolerant
with high yielding and stable yield in both environments in
the current study conditions. In summary, the results from
the selection indices could depend on the stress severity
in reference to Blum (1996) arguing that under moderate
stress conditions, potential yield greatly influences yield
under stress conditions.

Conclusion

Low RED values and high DTI, STI, MP, and GMP values
under both well-watered and water-stressed conditions
were more effective in identifying high yielding cultivars
under water limited conditions. Based on these indices,
the F,3 progenies ICGV-IS 13012F2-B1-297, ICGV-IS
13012F2-B1-40, ICGV-IS 13005F2-B1-46, ICGV-IS
13005F2-B1-252, ICGV-IS 13012F2-B1-29, ICGV-IS
13005F2-B1-205, ICGV-IS 13005F2-B1-287, ICGV-IS
13012F2-B1-525, ICGV-IS 13012F2-B1-576 and, ICGV-

13012F2-B1-525, ICGV-IS 13012F2-B1-576 and, ICGV-
IS 13005F2-B1-91 were identified as the most drought
tolerant genotypes with high yield stability in the well-
watered and drought stress conditions. The indices STI,
MP and GMP were positively correlated with Yp and Ys,
and they were useful for breeding for drought tolerance.
Similarly, RED and DTI values that are highly significant
and negatively correlated could be powerful in helping
breeders to select tolerant genotypes with stable yield
under contrasting stress environments. These indices, in
combination with the STI, MP and GMP were of great
importance for the selection of genotypes in this study.
Crop breeders should consider the level of stress of the
environments when studying an index.
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