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Abstract

Wheat being important staple crop urges the need to evaluate and develop new drought-tolerant varieties to sustain its productivity under
changing climatic conditions. Therefore, this study was conducted to assess the differential morpho-physiological, grain yield and drought
tolerance indices responses of 27 triticale x bread wheat genotypes along with eight checks under non-irrigated and irrigated environments
in randomized complete block design with three replications. Data on 12 important morpho-physiological and grain yield related traits along
with revealed sufficient variability under two environments. Among various traits magnitude of heritability and genetic advance indicated
that selection of flag-leaf area, spikes per plant and 1000-grain weight could respond to higher grain yield under non-irrigated environment.

Seedling stage traits viz., germination percentage, root length, shoot length, seedling vigour index (SVI) and germination index (GI) under
normal (0 bar) and simulated water stress with Polyethylene glycol at -8 bar indicated greater sensitivity of the genotypes to water stress.
Five drought tolerance indices viz.,drought susceptibility index (DSI), tolerance index (TOL), stress tolerance index (STI), yield index (YI)
and yield stability index (YSI) were also calculated to identify drought tolerant and stable genotypes based on their yields under two environ-
ments. Minimum value of DSI, TOL and yield reduction and maximum value of YSI were in harmony with each other to categorized RL
135-P1 RL 22-144 A, RL-110-1P1, R 128-1 P1 and RI. 118-P1 as top five promising drought tolerant and yield stable genotypes. These
genotypes could potentially be utilized for drought tolerance wheat breeding program.
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man population.

India has seen a remarkable growth in wheat production during
‘green revolution due to high yielding wheat varieties, expansion
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the input sources being finite are exhausting and also have reper-
cussions in the form of degradation of production environments.
To continue the wheat production momentum in India and other

Citation: Kumar S, Mittal R K, Dhiman R, Gupta D (2014) Assessment
of Triticale (Triticosecale) X Bread Wheat (Triticum Aestivum) Genotypes
for Drought Tolerance Based on Morpho-Physiological, Grain Yield and
Drought Tolerance Indices Under Non-Irrigated and Irrigated Envi-
ronments. Int ] Food Sci Nutr Diet. 3(5), 115-121. doi: http://dx.doi.
org/10.19070/2326-3350-1400023

Copyright: S. Kumar © 2014 This is an open-access article distributed
under the terms of the Creative Commons Attribution License, which
permits untestricted use, distribution and reproduction in any medium,
provided the original author and source are credited.

Introduction

Common wheat (Tzriticum aestivum) is one of the most important
staple food cropsaccounting for 215.5million hectares cultivated
area with a corresponding production of 670.9million metric tons
worldwide|[1]. In spite of the fact that we are producing enough to
feed the world, recent food crisis has raised alarms to retrospect
the sustainability of existing food production systems and crop
yield potential under changing climatic conditions to produce
enough to meet out the dietary requirements of the growing hu-
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parts of the world being challenged with changing climatic con-
ditions, deteriorating soil quality and decrease in cultivable land
area, it is important to breed wheat cultivars with increased yield
potential and tolerance to various stresses [2]. However, changing
conditions will disturb monsoon patterns and will increase flood-
ing/drought in Asia, expected to affect 25 percent of the wotld
cereal production [3]. Among various abiotic stresses, drought is
the most important stress for cereal crops limiting crop produc-
tion and yield worldwide [4]. All these stresses reduce biosynthetic
capacity of the plants and further might cause some destructive
damages to plants [5]. However, the impacts of these stresses on
plants are influenced by genotype, crop growth stage, time, dura-
tion, intensity and frequency of stress along with plant and soil
interactions [4,0].

It emphasizes the need to incorporate drought tolerance as one
of the major objective for most of the cereal crop breeding pro-
grams, with a key focus in arid and semi-arid areas of the world
[7]. At the same time, rapidly depleting genetic variability in major
crops including bread wheat has necessitated the exploration of
related species for its improvement. Of the various relatives of
wheat, rye (Secale cereale 1..), is the most useful, being a reservoir of
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valuable genes conferring tolerance to biotic and abiotic stresses
and large number of spike lets, better nutritive quality (high pro-
tein and lysine) and deeper and fine root system, which can be
incorporated into wheat using triticale (xTriticosecale Wittmack) as
a bridge [8,9]. Like other crops, wider genetic diversity in wheat
breeding program is desirable to meet and sustain the existing
and future needs of higher production under changing climatic
conditions.

Bread wheat has shown improved adaptively, stress tolerance and
yield potential due to wheat-rye translocations [10-13]. There is a
great challenge for wheat breeders to select and utilize promising
breeding lines which perform better under stress environments.
Plant stress tolerance cannot be judged solely based on its yield
performance. To have effective breeding strategy for stress toler-
ance it is important to identify such morphological and physi-
ological traits which are easy to identify and contribute to the final
yield under stress conditions. A physiological approach is one of
the useful way to develop/select new varieties rapidly [14,15] yield
being important trait, appropriate understanding of processes
contributing to higher yields is crucial when breeding objective
is to develop varieties for specific environments [16]. Further to
ascertain the selection of suitable genotypes, comparative yield
performance of genotypes under contrasting environments for
uncertain rain fed situations is considered first important starting
point [17]. Based on the yield performance of genotypes under
contrasting environments, various drought tolerance indices have
been proposed for selecting desirable genotypes. Among many,
drought susceptibility index (DSI) [18] measures yield stability in
contrasting environments. It was suggested that DSI value greater
than 1 indicates drought susceptibility [19]. The stress tolerance
(TOL) was defined as the difference in yield between the non-
irrigated (Ys) and irrigated (Yp) environments [20].

Latet, stress tolerance index (STI) was defined as an advanced
index to identify suitable genotypes with higher yields under con-
trasting environments [21]. The yield index (YI) and yield stabil-
ity index (YSI) [22,23] helped to distinguish genotypes expressing
uniform yield superiority in contrasting environments from oth-
ers which show superiority only in one environment.

A number of elite wheat lines/genotypes with distinct rye traits
developed at CSK Himachal Pradesh Agriculture University
(CSKHPAU) Palampur, have important variation for yield, biotic
and abiotic stress tolerance (drought, cold and diseases) and grain
quality (higher protein and lysine content).

Keeping in view, the importance of these breeding lines, the pre-
sent study was aimed to know the relative sensitivity of different
plant traits to the drought tolerance and further to screen out
drought tolerant genotype (s) to be utilized directly as drought
tolerant variety or desirable genotype (s) for future breeding pro-
gram.

Materials and Methods

Experimental design and plant material

Twenty seven triticale x bread wheat genotypes along with eight
checks were raised separately in the field under non-irrigatedand
irrigated environmental conditions in Randomized Complete
Block Design with three replications at experimental farm of De-
partment of Crop Improvement, CSK HPAU Palampur (eleva-
tion 1300 m amsl,latitude 32°6’ N and longitude 76°3’ E) follow-
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ing the recommended package of agronomic and plant protection
practices.Each plot hadtwo rows, 2 m long with row x row and
plant x plant spacing of 23 cm and 5 cm, respectively. The irrigat-
ed experimental plot was given three irrigations at three important
crop developmental stages viz. late jointing, flowering and grain
filling stages.Whereas, the experimental plot under non-irrigated
condition was devoid of irrigation.

Field experiment

Data wete tecorded on ten important plant traits viz; grain yield/
plant, days to heading, days to maturity, flag-leaf area, plant height,
spikes/plant, spikelets/spike, 1000-grain weight, biological yield/
plant and hatvest index (HI) alongwith excised leaf water loss/
retention (ELWL) (%) and drought susceptibility index(s) (SDI)
and leaf area index (LAI).

Drought tolerance indices were calculated using the formulas
given by various researchers

Drought Susceptibility Index(DSD)=A=[1-(Ys/Yp)]/[1-(Ys/ Yp)]
18]
Stress tolerance (TOL)= Yp-Ys [20]

Low values of TOL categorize the genotypes being stable in two
different environments.

Stress tolerance index STI= (Yp+Ys)/ (Yp?) [21]
Drought tolerant genotypes exhibits high STT values
Yield index (YI)=Ys/ Ys[22]

Higher value of YI categorized genotypes as stable genotypes
over two environments

Yield stability index (YSI)= Ys/Yp[23]
Higher values of YSI categorized the genotypes as stable ones in
contrastingenvironments.

Where,

Ys= grain yield of the genotype under non-irrigated environ-
ment,
Yp= grain yield of the genotype under irrigated environment,
Ys and Yp= mean yields of all genotypes under non-irrigated and
irrigated environments, respectively,

Laboratory experiment

Twenty seven genotypes along with eight checks were evaluated
for germination and seedling characters on filter paper in 25cm
diameter petri-dishes at a constant temperature of 25 + 1°C. The
genotypes were evaluated under twolevels of moisture stress i.e.,
normal (O) and -8 bar [24,25]. Polyethylene glycol-6000 (PEG-
6000) solution was prepared and used to simulate drought stress
conditions [26]. PEG-6000 is recommended byseveral workersas
it has property to not penetrate into the seeds as well as it is non
toxic [27].

Statistical analysis
Analysis of variance for each trait was done on the basis of the

linear model [28], while the combined analysis of variance over
environments for grain yield was also worked out [29]. Differ-
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ent variability parameters along withgenotypic (GCV), phenotypic The combined analysis of variance over two environments (non-
(PCV) and environmental (ECV) coefficients of variation, ex- irrigated and irrigated) explained significant difference (< 0.05)
pected genetic advance (GA) and heritability in broadsense were among genotypes (owing to their diverse nature), environments
also calculated [30,31]. (indicating differences due to different moisture conditions) and

genotype x environment interactions (G x E) for all the traits, ex-
cept days to heading, days to maturity, plant height and biological
Results and Discussion yield(differential response of the genotypes under different envi-
ronments) (Table 1). This would mean that evaluation of these

Table 1 Combined analysis of variance (mean squares) for different morpho-physiological and grain yield traits over
non-irrigated and irrigated environments

[Traits Environments | Genotype GxE Error
Grain yield/plant 256.66* 8.51* 2.33* 1.10
Days to heading 302.50* 155.06* 4.37 4.15
[Days to maturity 1569.00% 81.11* 9.56 13.83
[Flag-leaf area 588.63* 131.91* 2.17* 0.89
Leaf area index 5.97* 0.48* 0.14* 0.02
Plant height 1991.50* 337.44* 12.64 14.08
Spikes/plant 46.67* 2.69% 0.46* 0.25
Spikelets/spike 200.31* 18.45* 1.36* 0.89
1000-grain weight 261.48* 178.56* 1.62* 0.09
Biological yield/plant1232.53* 82.91* 14.63 14.10
Harvest index 392.56* 7.73% 6.31* 3.39

*Significant at P < 0.05

Table 2
Trait Environ-ments Range Mean | % decrease | PCV (%) | GCV (%) | h’bs (%) |[GA (%)
Grain yield/plant (g) E1l 5.47-10.20 7.45 22.98 16.60 14.46 75.82 25.93
E2 6.80-12.70 9.66 19.53 13.58 48.31 19.43
[Days to heading E1l 101.00-117.67 111.40 [2.10 4.81 4.35 82.00 8.13
E2 102.33-123.33 113.80 4.81 4.55 89.58 8.87
[Days to maturity E1 142.33-159.33 152.45 [3.46 3.07 2.44 63.50 4.00
E2 147.33-163.00 157.91 3.28 1.69 26.57 1.80
Flag leaf area (cm?) E1 6.67-25.80 13.99  [19.27 31.74 30.91 93.65 61.22
E2 9.57-31.27 17.33 29.51 29.21 97.97 59.58
Leaf area index E1l 1.34-2.24 1.72 16.09 14.24 11.63 66.67 19.55
E2 1.53-3.00 2.05 28.02 12.91 21.21 12.24
[Plant height (cm) E1l 62.47-95.00 74.71  [7.61 10.52 9.66 84.40 18.29
E2 68.53-102.67 30.86 10.61 9.18 74.85 13.24
Spikes/plant E1l 1.80-4.73 3.12 23.39 26.43 21.26 64.71 35.23
E2 2.47-5.53 4.06 20.45 16.50 63.77 27.14
Spikelets/spike E1l 11.45-20.31 15.02 [11.49 12.77 10.63 69.29 18.23
E2 12.00-21.53 16.97 11.95 10.95 83.94 20.65
1000-grain weight (g) E1l 23.42-42.40 31.86 [6.54 17.22 17.19 99.63 35.35
E2 25.12-44.47 34.09 16.08 16.06 99.73 37.47
Biological yield/plant (g) E1l 20.67-34.67 26.55 [15.42 13.92 10.81 60.37 17.30
E2 21.72-41.50 31.39 19.56 12.29 39.49 15.91
[Harvest index (%) E1l 24.67-30.97 28.01 |8.88 8.47 4.74 31.21 5.45
E2 28.31-32.83 30.74 6.13 2.62 18.30 2.31
Initial water content (%) E1l 142.67-236.33 170.61 | 14.52 12.98 79.94 40.80
[ELWL in 24 hrs (%) E1 61.00-83.33 71.20 | 9.46 6.95 66.23 12.91
[ELWL in 24-48 hrs (%) E1l 14.33-34.00 23.74 | 39.63 26.52 57.89 31.62
[ELWR after 48 hrs (%) E1 1.67-6.67 4.14 - 45.31 27.00 35.51 33.15
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Table 3 Analysis of variance for germination and seedling traits under stress and non-stress environments

Table 4 Mean, range and variability parameters for germination and seedling traits under stress (E1) and non-stress (E2)

[Traits Mean squares

Genotypes Stress level GxS Error
Germination [200.58* 64384.72* 74.58* 3.70
Root length  [3.88* 1663.59%* 3.70* 0.45
Shoot length  [7.67* 4664.93* 4.90* 0.39
SVI 107224.90* 125912400.00* [70754.35% [3202.67
GI 78.11% 4092.23* 37.50% 0.33

*Significant at P < 0.05

environments
Trait Environ-ments Range Mean | % decrease | PCV (%) | GCV (%) | h’bs (%) |GA (%)
Germination (%o) E1l 23.33-54.98 39.62  |53.57 21.52 21.19 96.95 42.97
E2 64.99-96.66 82.50 10.05 9.66 02.57 19.16
Root length (cm) E1l 2.43-6.74 4.91 58.24 23.34 21.70 86.47 41.58
E2 9.00-15.23 11.83 14.41 12.50 75.26 22.36
Shoot length (cm) E1l 1.39-7.34 3.94 74.69 40.19 39.21 05.14 78.78
E2 12.24-19.54 15.45 13.26 12.17 84.29 23.03
SVI E1l 141.44-541.65 343.11 |84.68 26.99 24.47 07.90 54.43
E2 1527.38-2828.58 [2239.82 12.91 12.42 02.55 24.61
GI E1l 5.03-18.96 12.60  [46.18 32.63 32.39 08.57 66.24
E2 13.40-42.06 23.41 27.43 27.29 08.98 55.93

Table 5 Mean grain yield (irrigated and non-irrigated environments), petcent yield reduction and drought tolerance indices

of genotypes

Genotypes Ys Yp % reduction in yield DSI TOL YI (Ys/mean Ys) YSI STI
RL 104-2P, 8.29 (22) 10.13 (19) [18.16 (15) 0.79 (15) |1.84 (15) |1.11 (23) 0.82 (13) 0.90 (23)
RL 110-22 8.81 (27) 10.20 (21) [13.63 (9) 0.59 (9) |1.39 9 1.18 (27) 0.86 (19) 0.96 (25)
RL 111-1-22  [6.79 (10) 9.28 (14)  [26.83 (20) 1.17 (19) [2.49 (19) [0.91 (10) 0.73 (8) 0.68 (13)
RL 111-P, 7.78 (18) 10.22 (22) [23.87 (18) 1.04 (18) [2.44 (18) [1.04 (18) 0.76 (10) 0.85 (21)
RL 114-P, 5.73 (2) 10.39 (25) [44.85 (20) 1.96 (26) [4.66 (26)  [0.77 (2) 0.55 (1) 0.64 (11)
RL 115-1P,  [6.34 (7) 8.49 (8) 25.32 (19) 1.23 (20) [2.15(20) [0.85 (7) 0.75 (9) 0.58 (5)
RL 115-22 7.90 (19) 10.16 (20) [22.24 (17) 0.97 (17) 226 17)  [1.06 (19) 0.78 (11) 0.86 (22)
RL 115-P, 7.42 (16) 8.84 (10)  [16.06 (14) 0.70 (14) |1.42 (14) |1.00 (106) 0.84 (15) 0.70 (15)
RL116-1P,  [6.86 (11) 8.57 (9) 19.95 (16) 0.87 (16) |1.71 (16)  0.92 (12) 0.80 (12) 0.63 (10)
RL 118-P, 5.98 (4) 6.53 (1) 8.42 (5) 0.37 (5)  0.55 (5) 0.80 (4) 0.92 (25) 0.42 (1)
RL 123-2P, [8.30 (23) 9.48 (15)  [12.45 (7) 0.54 (7) |1.18 (7) 1.11 (22) 0.88 (22) 0.84 (20)
RL 124-P, 7.75 (17) 9.11 (12)  |14.93 (11) 0.65 (11) |1.36 (11)  |1.04 (17) 0.85 (17) 0.76 (17)
RL 126-P, 5.90 (3) 10.74 (26) [45.07 (27) 1.96 (27) [4.84(27) [0.79 (3) 0.55 (2) 0.68 (14)
RL 128-1P  [8.25 (21) 9.00 (11) 8.33 (4 0.36 (4 |0.75 (4) 1.11 (21) 0.92 (24) 0.80 (18)
RL 129-2P,  [8.48 (25) 10.00 (18) [15.20 (12) 0.66 (12) |1.52 (12) |1.14 (25) 0.85 (18) 0.91 (24)
RL 131-P, 8.09 (206) 10.30 (24) [15.63 (13) 0.68 (13) |1.61 (13)  |1.17 (26) 0.84 (14) 0.96 (20)
RL 135-P, 0.37 (8) 6.80 (2) 0.32 (1) 0.28 (1)  |0.43 (1) 0.86 (8) 0.94 (27) 0.46 (3)
RL 136-1-1 8.14 (20) 9.54 (16)  [14.68 (10) 0.64 (10) |1.40 (10)  [1.09 (20) 0.85 (16) 0.83 (19)
RL 14-1 7.10 (14) 8.19 (7) 13.31 (8) 0.58 (8)  |1.09 (8) 0.95 (14) 0.87 (20) 0.62 (7)
RL 141-2P, 0.95 (13) 7.86 (5) 11.58 (6) 0.51 (6)  0.91 (6) 0.93 (13) 0.88 (21) 0.59 (6)
RL 146-5P,  [8.42 (24) 12.69 (27) [33.65 (24) 1.47 24) [A.27 (249 113 (24 0.66 (4) 1.14 (27)
RL 22/125-1 [5.47 (1) 7.63 (4) 28.31 (21) 1.23 (21) [2.16(21) (0.73 (1) 0.72 (7) 0.45 (2)
RL 22-111B  [6.26 (6) 9.27 (13)  [32.47 (22) 1.42 (22) [3.01 (22) [0.84 (6) 0.68 (6) 0.62 (8)
RL 22-144 A [6.88 (12) 7.43 (3) 7.40 (2) 0.32(2) 0.55(2) 0.92 (11) 0.93 (26) 0.55 (4)
RL 22-144 B [6.03 (5) 10.27 (23) [{41.29 (25) 1.80 (25) [4.24 (25) [0.81 (5) 0.59 (3) 0.66 (12)
RL 84-1 6.57 (9) 9.87 (17) [33.43 (23) 1.46 (23) [3.30 (23) [0.88 (9) 0.67 (5) 0.70 (16)
RL-110-1P, 7.34 (15) 8.00 (6) 3.25 (3) 0.36 (3)  0.66 (3) 0.98 (15) 0.92 (23) 0.63 (9)
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genotypes over environments give a more accurate estimate of
their yield potential.

Many researchers reported that under non-irrigated environment
various agro-morphological and physiological traits were signifi-
cantly affected [32,33,34,35,36|. Similarly, in this study various
traits exhibited reduction in mean values as a result of the mois-
ture stress in non-irrigated environment, maximum reduction was
observed for spikes per plant (23.39%), followed by grain yield
per plant (22.98%), flag leaf area (19.27%), LAI (16.09%), bio-
logical yield per plant (15.42%) and spikelets per spike (11.49%)
(Table 2). However, the moisture stress caused less than 10 per
cent reduction in days to heading, days to maturity, plant height,
1000-grain weight and harvest index. Delay in flowering under
moisture stress has also been reported earlier [37].

To formulate an effective breeding program among various ge-
netic parameters phenotypic coefficient of variation (PCV) and
genotypic coefficient of variation (GCV), genetic advance (GA)
and broad sense heritability helps to measure the genetic improve-
ment of any crop. Yield being one of the most complex traits and
highly influenced by environmental conditions emphasizes the
need to ascertain high heritability and genetic advanceof desirable
traits to practice their selection for crop improvement. Estimates
of degree of heritability are indicative of true phenotypic expres-
sion of its genotype [38].

PCV and GCV were moderate for grain yield per plant, spike-
lets per spike, 1000 grain weight and biological yield per plant in
both the environments (Table 2). However, high PCV and GCV
were recorded for flag-leaf area under both the environments,
whereas, for spikes per plant and ELWR after 48 hours under
non-irrigated environment only. These high values suggested that
selection based upon these traits could be reliable as their pheno-
types are good reflection of their genotypes. Different researchers
have reported high PCV and GCV for different traits in wheat
viz., number of tillers per plant, plant height, biological yield, har-
vest index, 1000-grain weight and grain yield [39,40,41]. However,
days to flowering, days to maturity, and harvest index under both
the environments and ELWL after 24 hours under non-irrigated
environment had low PCV and GCV indicating environmen-
tal influence and low prospects of selection. The magnitude of
PCV was higher than the corresponding GCV, however most of
the traits had very less difference with respect to their PCV and
GCV values, similar results were reported by previous research-
ers [42,43]. High heritability accompanied with high GA indicates
that additive gene effects mainly influence the traits and selec-
tion therefore, may be effective. Among various traits, flag-leaf
area in both the environments exhibited high heritability and GA.
High heritability coupled with moderate GA was observed for
1000-grain weight under both the environments. Grain yield per
plant revealed moderate heritability (75.82%) and GA(25.93%)
under non-irrigated environment, however low heritability and
genetic advance under irrigated environment. Moderate heritabil-
ity and low GA were observed for days to maturity, LAI, spike-
lets per spike and biological yield per plant under non-irrigated
environment and for plant height in irrigated environment. Low
heritability and moderate GA for ELWR at anthesis stage (after
48 hours) were also observedby various workers [44,45,40].

Low heritability and moderate GA for ELWR at anthesis stage
(after 48 hours) suggested that selection for this trait would be
more effective during vegetative phase. The water retention is
only beneficial under drought conditions [47].
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Considering the magnitude of heritability and GA of various plant
traits, selection for flag-leaf area, spikes per plant and 1000-grain
weight may be effective to increase grain yield under water stress.

Laboratory studies

Laboratory experiment revealed significant genotypic difference
as well as differential response of the genotypes to different stress
levels for the traits like germination percentage, root length, shoot
length, seedling vigour index (SVI) and germination index (GI)
under normal and water stressed conditions through analysis of
variance for different traits at O bar and -8 bar (Table 3). Similar
results were reportedby earlier workers, where they found that
the relative performance of the genotypes was variable through
the water stress pressures [25,48,49]. The ranges of mean values
were generally higher under the stress environment as compared
to the non-stress environment, which may be attributed due to
variable expression of traits under stress conditions. Highest re-
duction in mean value under stress as compared to non-stress
conditions were observed for SVI (84.68%), followed by shoot
length (74.69%), root length (58.24%), germination (53.57%) and
GI (46.18%) (Table4). These results clearly indicated greater sen-
sitivity of the genotypesto water stress at seedling stage and are in
accordance with earlier findings [49,50]. It was suggested that un-
der simulated drought conditions using osmotic agents, all traits
related to plant development were affected, where the most sus-
ceptible traits were seedling and root length, germination, plant
vigorand fresh shoot and root weight.

High PCV, GA and heritability was observed for GI under both
the environments (Table 4). However, germination, root length,
shoot length, SVI exhibited high PCV and GA under stress and
moderate PCV and low GA under non-stress environments. Get-
mination, shoot length and SVI were also found to be associated
with high heritability under both the environments except root
length, which had moderate heritability under non-stress environ-
ment. High heritability is indicative of the existence of additive
factors giving a chance to improve these traits by selection. Sug-
gesting, high genetic gain can be expected by exercising selection
for traits like germination, shoot length, SVI and GA under stress.
Table 5 explained relative drought tolerance of derivativesand
found that among best five high yielding genotypes, RL 146-5 P,
exhibited maximum yield under irrigated environment followed
by RL 126-P, RL. 114-P,, RL. 131-P and RL 22-144 B. These gen-
otypes could not display same ranking and yield potential in non-
irrigated environment. RL 110-22 exhibited maximum yield under
non-irrigated environment followed by RL 131-P, RL 129-2 P,
RL 146-5 P, and RI. 123-2 P,. Quite interestingly, among best five
high yielding genotypes, RL. 131-P, and RL 146-5P, had second
and third rank, respectively, under non-irrigated environment in
comparison to their third and first ranks, respectively, under irri-
gated environments. These results indicate that genotypes exhibit
different yield potential based on their genotypic differences un-
der irrigated and non-irrigated environments. It could be further
explained based on their genotypic difference for drought toler-
ance. These results signify the important of screening genotypes
under two contrasting environments to select the best among all.
Similar conclusions were made by various workers who compared
genotypes under two environments [51,52,53].

Further, to ascertain the selection of promising drought toler-

ant genotypes some drought selection indices were calculated
viz., drought susceptibility index (DSI), drought tolerance index
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(TOL), stress tolerance index (STT), yield index (YT) and Yield sta-
bility index (YSI) (Table 5). RL 135-P, RL 22-144 A, RL-1 10-1P,,
RL 128-1 P, and RL 118-P, had minimum DSI and TOL values
and were categorized as drought tolerant genotypes. Whereas, RLL
126-P,, RL 114-P,, RL. 22-144 B, RL. 146-5 P3 and RL 84-1had
maximum DSI and TOL values and were categorized as least
drought tolerant genotypes. Most of genotypes which had high
DSI and TOL values also had high yields under irrigated envi-
ronments. Genotypes with high TOL values indicated that they
had highest reduction in yield under non-irrigated environment.
The results are in accordance with other workers [53,54,55], sug-
gesting that selection of best drought tolerant genotypes solely
based on low DSI and TOL values will ascertain reduction in yield
under non-irrigated environment. STT identifies and separate the
high yielding genotypes under both the environments (group A)
from two groups, group B and C which contain genotypes with
relatively better yield under non-irrigated and irrigated environ-
ments, respectively [22]. RL 146-5 P,, RL 131-P , RL 110-22, RL
129-2 P and RL 104-2 P, had maximum STT and were categories
as drought tolerant genotypes. Whereas, RL 118-P , R 22/125-
1, RL 135-P, RL 22-144 A and RL 115-1 P, had least STT and
exhibited drought susceptibility.

Further, to identify drought tolerant and yield stable genotypes,
two indices viz.,YI and YSI were useful. YI ranked genotypes
based on their yield under non-irrigated environment. RL 110-22,
RL 131-P, RL. 129-2 P, RL 146-5 P, and RL. 104-2P, had maxi-
mum YT and RL 22/125-1, RL 114-P2, RL 126-P2, RL 118-P,
and RL 22-144 B had least YI.

YSI could identify yield stable genotypes which exhibited least
yield reduction in non-irrigated environment. Maximum YSI ex-
hibited genotypic stability over irrigated and non-irrigated envi-
ronments and was recorded by RL 135-P, followed by RL 22-
144 A, RL 118-P,, RL. 128-1 P, and RL-110-1P,. Least YSI was
recorded for RL 114-P, followed by RL 126-P, RL 22-144 B RL
146-5 P, and RL 84-1.

The results of different drought indices categorized RL 135-P,
RL 22-144 A, RL—llO—lPl,RL 128-1 Pland RL 118—1)1 as drought
tolerant and stable genotypes over two environments based
on least DSI, TOL, yield reduction and maximum YSI. These
drought tolerance indices were in harmony with each other to
predict the drought tolerant genotypes. However, the high yield-
ing genotypes identified based on STT and Y1 values were RL 146-
5 P3, RL 131—P1, RL 110-22, RL 129-2 P1 and RL 104—2P2. The
identified drought tolerant genotypes are promising and can be
utilized in wheat breeding program for sustaining wheat produc-
tion in changing climatic conditions.
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