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Introduction

ABSTRACT

The aim of this investigation was the ability of different indices to identifies drought
resistant genotypes of cotton under normal and stress conditions. Thirteen drought
tolerance indices i.e., stress susceptibility index (SSI), tolerance index (TOL), mean
productivity index (MP), geometric mean productivity (GMP), stress tolerance index
(STI), yield index (Y1), yield stability index (YSI), drought resistance index (DlI), yield
reduction ratio (YR), a biotic tolerance index (ATI), stress susceptibility percentage
index (SSPI), harmonic mean (HM) and golden mean (GOL) were calculated based on
seed cotton yield/plant under normal (Yp) and stress (Ys) conditions for 24 cotton
genotypes over the two summer seasons (2015 and 2016) at Sakha Agriculture Research
Station, Agriculture Research Center, Kafr EI-Sheikh, Egypt. The values of mean
performances showed that, most studied genotypes were better than the grand mean
during Yp and Ys. Drought stress reduced the studied traits while other was tolerant to
drought, suggesting genetic variability in 24 cotton genotypes for drought tolerance.
According to drought tolerance indices, MP, GMP, STI, YI and HM under Yp and Ys as
well as the other studied drought tolerance indices under Y's could properly distinguish
drought tolerant cotton genotypes with high yield performance. Therefore, the indices of
MP, GMP, STI, YI and HM were considered as a better predictor of Ys and Yp than the
other indices. Screening drought tolerant genotypes using mean performances and
drought tolerance indices showed cleared that the genotypes G.94, G.86, G.96 and G.89
were the most drought tolerant under Yp and Ys. Thus, they are recommended to be used
as parents for improvement of drought tolerance of cotton in breeding and hybridization
programs in Egypt to produce and select a new recombination’s are more and more
tolerant for drought to overcome the water shortage and reduce the water rating of the
cotton crop. And the possibility of planting and expansion of those new recombination’s
under the conditions of new lands that suffer from shortage of water and access to an
economic crop. Cluster analysis based on all studied traits of 24 cotton genotypes into
five and nine clusters under normal and drought stress conditions, respectively .The
results for cluster analysis suggested that these genotypes could be used as a source of
germplasm for breeding for drought tolerance and also cleared that the hybridization
between clusters may increases variability and expected transgresive segregation to
select the new germplasm had more and more drought tolerance.
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(Boyer, 1982; Ludlow and Muchow, 1990; Teulat et al.,

Plants have had to cope with periodic and unpredictable
environmental stresses during growth and development
because of their early migration from aquatic environments to
the land. Surviving such stresses over a long evolutionary
scale led them to acquire mechanisms by which they can
sensitively perceive incoming stresses and regulate their
physiology accordingly (Zhang et al., 2006). In recent years,
interest in crop response to environmental stresses has greatly
increased because severe losses may result from heat, cold,
drought and high concentrations of toxic mineral elements
(Blum, 1996).

Drought is one of the most damaging abiotic stresses
affecting agriculture. It is an important abiotic factor affecting
the yield and yield stability of food cereals and this stress acts
simultaneously on many traits leading to a decrease in yield
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2001; Abebe et al., 2003; Zhang et al., 2006). Despite the
lack of understanding of drought tolerance mechanisms,
physiological and molecular biological studies have
documented several plant responses to drought stress
(Schroeder et al., 2001; Luan, 2002). Hence, improved
tolerance to drought has been a goal in crop improvement
programs since the dawn of agriculture, but unfortunately,
success in breeding for tolerance has been limited because (1)
it is controlled by many genes, and their simultaneous
selection is difficult (Richards, 1996; Yeo, 1998; Flowers et
al., 2000) (1) tremendous effort is required to eliminate
undesirable genes that are also incorporated during breeding
(Richards, 1996) and (11) there is a lack of efficient selection
procedures particularly under field conditions (Ribaut et al.,
1997; Kirigwi et al., 2004).



54501 Yehia, W. M.B./ Elixir Agriculture 143 (2020) 54500-54508

Drought and heat stresses cause declines in: root growth,
leaf water potential, cell membrane stability, photosynthetic
rate, photochemical efficiency, as well as in carbohydrate
accumulation (Howard and Watschke, 1991; Carrow, 1996;
Perdomo et al., 1996; Huang et al., 1998; Huang and Gao,
1999; Guttieri et al., 2000; Jiang and Huang, 2000). Wheat
grows as a rain-fed crop in semi-arid areas, where large
fluctuations occur in the amount and frequency of events
from year to year and insufficient water is the primary
limitation to wheat production worldwide (Ashraf and Harris,
2005). Generally, different strategies have been proposed for
the selection of relative drought tolerance and resistance, so,
some researchers have proposed selection under non-stress
conditions (Richards, 1996; Rajaram and Van Betran et al.,
2003), others have suggested selection in the target stress
conditions (Ceccarelli and Grando, 1991; Rathjen, 1994)
while, several of them have chosen the mid-way and believe
in selection under both non-stress and stress conditions
(Fischer and Maurer, 1978; Clarke et al., 1992; Fernandez,
1992; Byrne et al., 1995; Rajaram and Van Ginkle, 2001).

In a study on wheat (Sio-Se Mardeh et al., 2006), was
resulted that grain yield under irrigated conditions was
adversely correlated with rain-fed conditions and they stated
that, a high potential yield under optimum conditions does not
necessarily result in improved yield under stress conditions.
Also, Blum (1996) suggested that genotypes with high yield
may not be stress resistant, so increasing the yield in these
genotypes may be solely due to their high potential yield, and
not due to stress resistance mechanism. However, Richard
believed that yield selection in the absence of drought is an
effective method to improve yield in dry areas (Richard et al.,
1990). This paper believe in selection under both nonstress
and stress conditions so, the heritability estimates for yield
are lower in the stress than nonstress conditions and
genotypic variance is limited in stress conditions. In other
words, stress limits the expression of genetic maximum
potential.

Blum (1988) states that the rate of genetic advance
through non-stress selection is usually greater. Therefore,
selection based on the performance of genotypes in the stress
environment performed well only in the stress conditions but
selection base on the performance of genotypes in the non-
stress environment may be performed well in both of
conditions. Meanwhile, in this paper, “relative tolerance and
resistance” phrases are used instead of “tolerance and
resistance” because we believe that, generally, there is no
complete tolerance and resistance to abiotic-stress. In other
words, if a genotype is completely tolerant or resistant, thus,
it’s yield should not change in stress and non-stress
conditions significantly. In addition, there are several
definitions for tolerance and resistance by different
researchers (especially in above-mentioned researches). This
paper states that: (1) - a genotype with the least yield changes
in two conditions (related to other genotypes), is a relatively
tolerant genotype, while, (I1) - a genotype with a little (or
with the least) yield changes (relatively stable related to other
genotypes) in two conditions and high and suitable yield in
both conditions is a relatively resistant genotype. Therefore, a
relatively resistant genotype may be a relatively tolerant
genotype while, a relatively tolerant genotype may Ginkle,
2001; or may not be a relatively resistant genotype.

Many criteria have been suggested to increase stress
tolerance, particularly drought stress, in crops. However,
selection of genotypes based on these criteria has generally

been unsuccessful due to their higher relation with survival
mechanism of crops (rather than emphasis on stability and
high vyield in both conditions) and because of drought
relationship with many other stress factors of salt, cold, high
temperature, acid, alkaline, pathological reactions,
senescence, development, cell circle, UV-B damage,
wounding, embryogenesis, flowering, signal transduction, etc.
Therefore, drought stress is connected with almost all aspects
of biology and suggestion of a suitable index for its selection
is really complex and difficult.

Fernandez (1992), divided the manifestation of plants
into the four groups of (I)— genotypes that express uniform
superiority in NIC (group A), (11)- genotypes which perform
favorably only in nonstress conditions (group B), (IlI)-
genotypes which vyield relatively higher only in stress
conditions (group C) and (IV)-genotypes which perform
poorly in NIC (group D).Therefore, as Fernandez stated, the
best index for stress tolerance selection is one that can be able
to separate group A from others .We believe the best index
for RT or RR depends on the selection aims(only selection for
stability without attention to high yield or selection for
commercial aims with attention to stable and high yield) and
the conditions of selection ( the selection aim is for no
irrigated or irrigated conditions). Objectives of the work
reported here were: Testing of a new index (ATI) that can
select group C with more emphasis on YP than SSI and TOL
for identification of relative tolerant genotypes (stable yield in
non-irrigated and irrigated conditions), testing of a new index
(SSPI) for better understanding of yield changes and
identification of relative tolerant genotypes (stable yield in no
irrigated and irrigated conditions), testing of a new index for
selection of relatively resistant genotypes with relatively
stable and high yield in non-irrigated and irrigated conditions
and a basic study on the different wheat genotypes according
to these indices and a comparison between the new indices
and previous ones. In this study we evaluation of some cotton
genotypes for drought stress by using this drought tolerance
indices to select genotypes from them to improve and use this
genotypes in the breeding program to produce new
combination has more drought tolerant and then we can
decrease the water uses for cotton as well as we can produce
economic yield from new cotton combinations.

Materials and Methods
Genetic material and field procedure

The plant materials, used in the present study were 24
genotypes belong to Gossypium barbadense L. Thirteen
genotypes of them were foreign cotton cultivars and eleven
genotypes as Egyptian cultivars. All of these genotypes and
have named and origins are presented in Table 1. All
genotypes were planted in two experiments conducted at
Sakha Agriculture Research Station, Cotton Research
Institute, Agriculture Research Center, Egypt to study the
effect of water stress (drought) on growth, vyield, yield
components and physiological traits of Egyptian cotton plants
and their performances were used during two successive
summer seasons of 2015 and 2016. A randomized complete
blocks design with three replications was used with one ridge
in each plot. Each replication consisted of 24 plots
(genotypes). The ridge was 4 meters long, 70 cm. apart and
40 cm. among hills. The hill was thinned to one plant. The
usual cultural practices were followed throughout the
growing seasons. Hence, the plants under non- treated plants
(control-normal), were irrigated (W1) is take eight irrigates,
as well as, the drought stress plants took four irrigations
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Table 1. The origin for twenty four genotypes studied

Number | Genotypes Origins Country
1 G.89 G.75 x 6022 Egypt
2 Uzbekistan 1 | --------------- Uzbekistan
3 G.85 G.67 x C.B. 58 Egypt
4 G.75 G.67 x G. 69 Egypt
5 G.94 10229 x G.86 Egypt
6 Aus.13 | - Australia
7 10229 | e Australia
8 Uzbekistan 2 | --------------- Uzbekistan
9 G.89xG. 86 | G.89x G.86 Egypt
10 G.45 G.28xG.7 Egypt
11 TNB | - Australia
12 G. 93 G.77 x Pima S6 Egypt
13 S India
14 G.70 G.59 (A) x G. 51 (h) Egypt
15 Aus. 12 | e Australia
16 BBB | --mememee- Greece
17 Kar | s Russia
18 Sea | mmmemmeemeeee- Greece
19 G. 96 G.84xG70x G518xPima 62 Egypt
20 G.86 G.75xG. 81 Egypt
21 G. 95 (G.83 x (G.75 x 5844) x G.80 | Egypt
22 S I e — USA
23 PimaS7 | -------emeeee- USA
24 CB.58 | ----mmemeeeeee USA

(W2). The same experimental design was used in the first and
second season.
Traits Measurement

Data for growth, vyield, yield components and
physiological traits were recorded on six plants from every
plot, as follows: 1) Growth traits i.e., plant height (ph. cm)
and number of fruiting branches (No.F.B/P.); 2) Yield and
yield components traits i.e., seed cotton vyield/plant (
S.C.Y./P. g), lint cotton yield/plant ( L.C.Y./P. g), boll weight
(B.W. @), number of bolls/plant ( No.B./P.), seed index (S.I.
g) and lint percentage (L %); and 3) Physiological traits i.e.,
chlorophyll a (Ch. a), chlorophyll b (Ch. b), carotenoids and
proline concentration. The photosynthetic pigments and
proline were estimated from method given by Wettestein
(1957) and Bates et al. (1973), respectively.
Drought indices

All studied traits were calculated as the mean of all the
plants across replications in the two years. Drought resistance
indices based on studied traits for non-stress (Yp) and

drought stress (Ys) conditions for each genotype were
calculated using the formulas cited in Table 2 to discriminate
genotypes on the basis of drought response in terms for all
studied traits.
Results and Discussion
Mean performances

The combined mean performances for the studied traits
of cotton genotypes under normal and drought conditions
over the two seasons based on each trait showed the response
of differed at each condition (Table 3). The studied traits in
all studied genotypes had been observed to be affected by
drought stress to a considerable extent. These genotypes
produced the best values of the studied traits during the
normal condition but some genotypes could perform well
under drought stress conditions, suggesting genetic variability
in these genotypes for drought tolerance. Most studied
genotypes were better than the grand means for all studied
traits during normal and drought conditions. The results
revealed that the 24 cotton genotypes greatly differed in their

Table 2. Drought tolerance indices used for the evaluation of cotton genotypes to drought conditions.

No. | Drought tolerance indices Equation _ Reference

1 Stress susceptibility index (SSI) [1— (¥ V0111 — (Vo /¥ Fischer and Maurer(1978)

2 Stress tolerance index (TOL) ‘fp -Y; . . Rosiellaand Hamblin (1981)

3 Mean productivity index (MP) (¥, +¥;)/2 Fischer and Hamblin(1981)

4 Geometric mean productivity (GMP) {1{; ng:]""': Fernandez (1993)

5 Stress tolerance index (STI) (Y x¥ )/ (¥,) Fernandez (1993)

6 Yield index (Y1) v, |,.f1Tfg . Gavuzzi et al (1997)

7 Yield stability index (YSI) V. /¥, Bouslama and Schapaugh (1984)
8 Drought resistance Index (DI) [sttlrfs,u’lr’ﬂ]] /¥, Blum (1988)

9 Yield reduction ratio (YR) 1- {Fsg};ﬂ] Golestani-Araghi and Assad(1998)
10 | Abiotic tolerance index (ATI) [{F_u -¥, jf.r{}‘r_ﬂ -7 ]] x[wm] Moosavi et al (2007)

11 | Stress susceptibility percentage index (SSPI) [(Fu -¥) ;E(Fﬂ]] *100 Moosavi et al (2007)

12 | Harmonic mean (HM) [2{.};1-1!3}] .-'r{l‘rz.. +V) Hossain et al (1990)

13 | Golden mean (GOL) (¥, -|- Yo)/ (¥ - ¥ Moradi et al (2012)

ip and L4

¥ . . . .
Fand I"r-s: mean seed cotton yield of all genotypes in non-stress and stress conditions, respectively.

£: seed cotton yield of each genotype under non-stress and stress conditions, respectively.
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Table 3. Mean performance comparison of various traits in cotton genotypes under normal and drought stress
environments over the two growing seasons.

Traits B.W S.C.Y./P. L.C.Y./p L% S.L. | No.B./P
Genotype NormalDroughtiNormalDroughtNormalDroughtfNormalDroughtNormalDroughtiNormalDrought
G.89 3.01 2.73 |145.66| 86.77 | 57.07 | 31.50 | 39.21 | 36.26 | 10.87 | 8.21 | 48.85 | 32.30
Uzbekistan 1 3.40 2.89 [121.41| 7547 | 47.27 | 27.04 | 38.94 | 35.83 | 10.87 | 7.20 | 35.80 | 26.32
G.85 3.07 2.78 |127.96| 65.34 | 48.54 | 21.96 | 37.90 | 33.58 | 10.13 | 8.13 | 41.75| 23.57
G.75 3.00 | 2.76 [120.13]| 94.51 | 4492 | 33.07 | 37.31 | 3493 | 9.79 | 7.79 | 39.98 | 34.26
G.94 3.15 2.21 |257.23| 103.54 | 95.86 | 35.47 | 37.22 | 3423 | 998 | 7.52 |82.38 | 47.40
Aus.13 3.07 | 2.85 [107.58| 85.76 | 41.41 | 30.58 | 38.40 | 35.66 | 10.32 | 8.00 | 35.09 | 30.29
10229 353 | 329 [119.92]| 66.98 | 45.18 | 22.65 | 37.32 | 33.77 | 10.47 | 8.83 | 34.03 | 20.45
Uzbekistan 2 3.34 | 3.05 |112.47| 81.83 | 43.36 | 29.89 | 38.48 | 36.52 | 10.12 | 8.68 | 33.76 | 26.90
G.89x G. 86 3.10 | 2.83 [120.70| 78.43 | 45.80 | 26.54 | 37.61 | 33.83 | 10.44 | 8.62 | 38.77 | 27.81
G.45 3.20 252 ]101.49| 66.56 | 37.76 | 22.00 | 36.54 | 33.05 | 10.53 | 8.75 | 32.19 | 26.58
TNB 3.13 2.83 [107.79| 68.10 | 40.42 | 22.90 | 37.29 | 33.61 | 10.25 | 8.37 | 34.76 | 24.22
G. 93 3.08 2.79 [119.89| 48.11 | 44.83 | 16.03 | 36.75 | 33.29 | 10.43 | 8.54 | 38.43 | 17.36
Suvin 343 | 3.23 [124.37| 69.75 | 47.23 | 2490 | 37.78 | 35.67 | 10.39 | 8.89 | 36.62 | 21.80
G.70 3.20 | 2.98 [101.34| 73.50 | 39.35 | 26.65 | 38.79 | 36.22 | 9.94 | 8.75 | 31.77 | 24.88
Aus. 12 3.12 2.29 [137.19| 85.40 | 53.21 | 31.28 | 38.62 | 36.56 | 10.45 | 8.77 | 43.30 | 37.56
BBB 3.11 2.83 [113.44| 76.33 | 42.55 | 26.09 | 37.40 | 34.12 | 10.37 | 8.76 | 36.76 | 27.25
Kar 3.01 | 236 [120.23| 88.41 | 4572 | 31.14 | 37.79 | 35.15 | 10.91 | 855 |40.19 | 37.58
Sea 3.26 | 2.27 [136.05| 78.40 | 52.79 | 28.49 | 38.37 | 35.88 | 10.62 | 9.01 | 40.90 | 34.71
G. 96 3.03 | 2.43 [158.03]| 112.90 | 60.06 | 39.17 | 37.60 | 34.65 | 9.85 | 8.06 |51.82 | 46.72
G.86 311 | 290 [162.62]|113.15|62.16 | 40.00 | 37.94 | 35.18 | 9.93 | 8.43 |52.40 | 38.92
G. 95 295 | 2.23 |113.69| 84.44 | 43.39 | 28.78 | 37.90 | 34.06 | 10.37 | 8.25 | 38.68 | 37.92
PimaS6 3.00 | 2.27 [103.01| 63.18 | 39.60 | 22.43 | 38.22 | 35.47 | 9.89 | 856 | 34.45| 27.70
Pima S7 2.92 2.38 |105.67| 58.86 | 40.24 | 19.51 | 3755 | 33.11 | 10.31 | 8.59 | 36.17 | 24.71
C.B. 58 295 | 2.64 |116.13| 72.36 | 44.65 | 25.34 | 38.42 | 35.02 | 10.01 | 8.53 | 39.49 | 27.39
Grand Mean 3.13 | 2.68 [127.25]| 79.09 | 48.47 | 27.64 | 37.89 | 34.82 | 10.30 | 8.40 | 40.76 | 30.19
LSD 05 0.155 | 0.118 | 2148 | 12.14 | 859 | 433 | 0.957 | 0.555 | 0.391 | 0.149 | 7.58 | 4.93
LSD g1 0.220 | 0.167 | 30.59 | 17.29 | 12.34 | 6.165 | 1.362 | 0.791 | 0.557 | 0.212 | 10.80 | 7.02

Ph.cm No.F.B Ch. A Ch.B Carrot. Proline

NormalDroughtiNormalDroughtNormalDroughtNormalDroughtNormalDroughtNormalDrought;
G.89 182.45]| 149.81 | 22.67 | 1649 | 262 | 225 | 238 | 2.06 1.37 1.20 | 435 | 6.18
Uzbekistan 1 17491112491 | 18.17 | 1611 | 263 | 216 | 2.81 | 2.19 1.30 117 | 530 | 7.20
G.85 176.79| 123.68 | 18.75 | 16.14 | 281 | 226 | 2.14 | 1.80 1.93 141 | 5.09 | 5.80
G.75 172.55] 130.15 | 19.02 | 14.49 | 3.33 181 | 2.28 1.68 1.46 119 | 426 | 5.98
G.94 178.76| 144.03 | 1951 | 1649 | 299 | 2.64 | 280 | 2.37 1.33 113 | 515 | 6.30
Aus.13 164.91)| 146.55 | 17.98 | 1349 | 262 | 232 | 251 | 232 1.80 121 | 476 | 6.57
10229 177.55]| 134.91 | 19.02 | 16.65 | 2.22 112 | 234 | 161 1.73 151 | 547 6.36
Uzbekistan 2 177.64|149.63 | 18.02 | 1351 | 2.66 | 2.39 | 2.52 1.66 1.53 130 | 529 | 7.19
G.89 x G. 86 164.91| 142.29 | 20.98 | 18.28 | 3.37 | 2.44 | 2.39 1.81 1.56 135 | 520 | 7.40
G.45 179.81| 162.55| 1849 | 16.55 | 3.33 | 2.79 | 2.53 144 | 158 128 | 5.82 7.15
TNB 197.55| 170.31 | 1849 | 1249 | 3.11 | 217 1.88 141 1.61 130 | 516 | 6.18
G. 93 187.10] 168.59 | 19.50 | 1451 | 288 | 251 | 193 | 148 | 169 | 1.06 | 415 | 6.17
Suvin 161.50| 141.17 | 19.02 | 1551 | 258 | 2.18 | 240 141 | 2.39 115 | 484 | 6.27
G.70 154.04| 122.45 | 14.77 | 1147 | 3.03 | 258 | 2.81 1.69 1.55 130 | 519 | 6.34
Aus. 12 174.54] 156.92 | 20.32 | 1551 | 259 | 2.09 | 251 154 | 171 141 | 483 | 558
BBB 177.55|157.45| 16.37 | 1445 | 324 | 239 | 241 1.33 1.61 139 | 516 | 6.31
Kar 167.55| 127.55 | 16.69 | 1449 | 3.03 | 2.78 | 2.20 1.70 1.92 115 | 554 | 6.74
Sea 185.09| 141.89 | 1849 | 1350 | 2.65 | 241 | 2.18 1.29 142 114 | 5.72 6.69
G. 96 177.55]|160.09 | 1749 | 1351 | 299 | 234 | 2.22 1.85 1.62 139 | 540 | 6.62
G.86 170.33] 125.09 | 19.51 | 1351 | 356 | 242 | 265 | 210 | 201 | 156 | 5.08 | 6.28
G. 95 167.36]| 135.07 | 16.97 | 14.26 | 357 | 213 | 244 | 176 | 184 | 125 | 5.09 | 6.60
PimaS6 176.00| 137.55 | 2049 | 11.98 | 3.11 | 228 | 251 158 | 214 | 113 | 5.27 6.68
Pima S7 174.91|130.19| 18.98 | 1051 | 2.75 | 247 | 2.46 1.20 1.96 135 | 554 | 6.40
C.B.58 164.91| 14558 | 18.09 | 1649 | 281 | 2.66 | 2.70 1.56 147 121 | 573 | 6.52
Grand Mean 174.43)| 142.85 | 18.66 | 14.60 | 294 | 232 | 2.42 1.70 1.69 127 | 514 | 6.48
LSD g5 3.977 | 5.689 | 0.580 | 0.574 | 0.180 | 0.132 | 0.149 | 0.176 | 0.180 | 0.085 | 0.249 | 0.300
LSD g1 5.664 | 8.102 | 0.826 | 0.818 | 0.256 | 0.188 | 0.212 | 0.250 | 0.256 | 0.121 | 0.355 | 0.427

responses under stress condition for all studied traits, recorded the lowest mean performance values (2.92 and

compared with normal irrigation. These

results are in good

2.219)

during

the

normal and drought conditions,

agreement with those reported by Tauqae et al. (2013); Igbal
et al. (2011) and Golestain and Assad (1998).

For boll weight (BW) among 24 genotypes, the 10229
cultivar had recorded the highest mean performance in
normal and drought conditions with mean values of 3.53 and
3.29 g, respectively, while, Pima S7 and G.94 cultivars was

respectively. The highest values of seed cotton yield per plant
(S.C.Y./P.), lint cotton yield per plant (L.C.Y./P.) and lint
percentage (L.%) were observed for G.94 cultivar under the
normal condition with the mean values of 257.95 g, 95.86 g
and 39.21%, respectively, beside the G.86 cultivar for
S.C.Y./P. (113.15 g) and L.C.Y./P (40.00 g) and the Aust. 12
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cultivar for L% (36.56%) were registered the highest mean
values under drought condition. Whilst, the genotypes G. 70
and G. 93 cultivars for S.C.Y./P (101.34 and 48.11 g,
respectively), the genotypes G.45 and G.93 for L.C.Y./P
(37.76 and 16.03 g, respectively) and the G. 45 genotype for
L% (36.54 and 33.05%) gave the lowest means in normal and
drought conditions. These results are agreement with those of
Tauqur et al. (2013) and Igbal et al. (2011).

For seed index (S.lI), the highest mean performances for
Kar. and Sea cultivars with values of 10.91 and 9.01g,
however the lowest mean performances for G.75 and
Uzbekistan 1 cultivars with values 9.79 and 7.20g were found
under normal and drought conditions, respectively. In respect
to number of bolls/plant, the genotype G.94 gave the highest
mean performances with values of 82.38 and 47.40, however,
the genotypes G.70 and G.93 gave the lowest mean
performance with values of 31.77 and 17.36 at normal and
drought conditions, respectively. Regarding to plant height
(Ph.), the highest mean value by TNB genotype (197.55 and
170.31 cm) and the lowest mean values by Suvin and G.70
genotypes (161.50 and 122.45 cm) were found during non-
stress and stress conditions, respectively. Highest mean
performances for fruiting branches/plant were recorded by
TNB genotype at normal condition and by G.89 x G.86
genotype at stress condition with values of 22.67 and 18.28,
respectively. In contrast, the lowest mean performances for
fruiting branches/plant were recorded by G.70 and Pima S7
cultivars with 14.77 and 10.51 under non- stress and stress
conditions, respectively.

The genotypes G.95 and G.45 for chlorophyll a (Ch. a)
content (3.57 and 2.79 mg/g dwt), the genotypes Uzbekistan 1
and G.94 for chlorophyll b (Ch. b) content (2.81 and 2.37
mg/g dwt), the genotypes Suvin and G. 86 (2.39 and 1.56
mg/g dwt) for carotenoids content as well as the genotypes
G.45 and G.89 x G.86 (5.82 and 7.40 mg/gfwt) for proline
concentration were displayed the maximum mean at normal
and drought conditions, respectively. The genotypes Sea and
10229 for Ch. A content (2.65 and 1.12 mg/g dwt), the
genotypes TNB and Pima S for Ch. b content (1.88 and 1.20
mg/g dwt), the genotypes Uzbekistan 1 and G.94 (1.30 and
1.13 mg/g dwt) for carotenoids content as well as the G.93
and Aust12 (4.15 and 5.58 mg/gfwt) for proline
concentration were displayed the minimum mean at normal
and drought conditions, respectively. These findings were in
accordance with those of Nazari and Pakniyat (2010); Igbal et
al. (2011)and Singh et al. (2015).

The ranking of genotypes according to seed cotton yield
and other studied traits in each year was different indicating
different responses of genotypes to different levels of
drought. This finding justified the utilization of stress
tolerance index to describe the behavior of genotypes under
stress and normal conditions (Benmahammed et al., 2010).
Selection based on just yield cannot be effective but selection
through vyield and its components has more efficiency (El-
Hashash et al., 2018).

Drought Tolerance indices

Drought tolerance indices i.e., SSI , TOL, MP, GMP,
STI, YI, YSI , DI, YR, ATI, SSPI, HM and GO were
calculated on the basis of seed cotton yield/plant for
understanding 24 cotton genotypes response under normal
(Yp) and stress (Ys) conditions and are presented in Table 4.
Seed cotton yield/plant of 24 cotton genotypes under Yp
condition had an increasing value of 37.72% than Seed cotton
yield under Ys condition over the two growing summer
seasons. Drought stress in this study could be considered

moderate stress, therefore this results provides a good
indication of a genotypic differences under random drought
stress. According to Fernandez (1993) the best measure for
selection under drought condition could separate genotypes
which have desirable and similar yield under stress and
normal conditions from other groups and also the best indices
are those which have high correlation with seed cotton yield
under both conditions. Selection based on a combination of
indices may provide a more useful criterion for improving
drought resistance of cotton. Genotypes with low tolerance
indices i.e., SSI, TOL, YR, ATl and SSPI and genotypes with
high tolerance indices i.e., MP, GMP, STI, YI, YSI, DI,
HARM and GOL would be more tolerant.

Among 24 studied genotypes, the genotypes G.94, G.86,
G.96 had highly seed cotton yield/plant under YP and YS.
While, the genotypes G.45 and G.70 under Yp and the
genotypes Pima S7 and G.93 under Ys were recorded the
lowest seed cotton yield/plant. Other studied genotypes were
moderate of seed cotton yield/plant. The genotypes Aus.13,
G.75, G.95, Kar., Uzbekistan 2 and G.70 were recorded the
lowest values by SSI, TOL, YR, ATI and SSPI and the
highest values by YSI, indicating these genotypes were
recognized as the most drought tolerant and desirable under
Ys. As well as, this index had succeeded in selection of
genotypes with moderate to high yield under YS. On the
other hand, the highest values by SSI, TOL, YR, ATI and
SSPI as well as the lowest values by YSI were found for the
genotypes G.94, G.93 and G.85. These indices indicate that
the genotype G. 94 had a greater seed cotton yield under Yp
and Y's conditions and possible select of this genotype under
to these indices to improve drought tolerant in cotton. While,
the genotypes G.93 and G.85 had a greater grain yield
reduction under drought stress condition and the least relative
drought tolerant. According to these the drought tolerance
indices, the other genotypes were identified as semi-tolerance
or semi-sensitive to drought stress.

In respect to drought tolerance indices i.e., MP, GMP,
STI, YI and HM, the three genotypes G.94, G.86 and G.96
had the high values of seed cotton yield/plant and considered
as drought tolerance with high yield stability under the Yp
and Ys conditions, thus, the selection should be done based
on high rate of these drought tolerance indices. And quite the
opposite, the genotypes G.93, Pima S6 and Pima S7 with the
lowest values of these drought tolerance indices were
considered as susceptible. By these indices, the other
genotypes were identified as semi-tolerance or semi-sensitive
to drought stress.

As for other indices, the two genotypes G.96 and G.86 by
DI and the genotypes Aus.13, G.75, Kar. and G.95 by DI and
GOL indices were found as drought tolerance with highest
values of these indices and seed cotton yield under stress
condition and these results also cleared that under stress
conditions and the selection should be done based on high
rate of these indices. While, the genotype Pima S7 by DI and
the genotype G.94 by GOL and the two genotypes G.93 and
G.85 by the two indices were recorded the lowest values of
these indices, thus, the least relative drought tolerant.

Similar ranks for the genotypes were observed between
MP, GMP, STI, Y1 and HM indices and between SSI, TOL,
YR, ATl and SSPI and YSI indices, which suggests that these
indices are equal for selecting genotypes that highly yielding
under normal and drought stress conditions, and it seems that
these indices had succeeded in selection genotypes with high
yield under Yp and Ys conditions, these results were
agreement with Koleva and Dimitrova 2018, Kardemir et al
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Table 4. Comparison of different drought tolerance indices for cotton genotypes based on seed cotton yield per plant under
normal (Yp) and drought (Ys) conditions (averaged over tow years).

ught indices| Yp Ys YSI

ssi | TOL | MP GMP | STI | YI DI | YR | ATI SSPI | HM GOL
Genotypes
G.89 14566 | 86.77 | 1.07 | 58.89 | 116.22 | 112.40 | 0.78 | 1.10 | 0.60 | 0.65 | 0.40 | 137.45 | 23.14 | 108.76 | 3.95
Uzbekistan 1 | 121.41 | 7547 | 1.00 | 4594 | 9844 | 9570 | 057 | 0.95 | 0.62 | 0.59 | 0.38 | 91.30 | 18.05 | 93.08 | 4.29
G.85 127.96 | 6534 | 1.29 | 62.61 | 96.65 | 9140 | 052 | 0.83 | 0.51 | 0.42 | 0.49 | 118.87 | 2461 | 8651 | 3.09
G.75 120.13 | 9451 | 0.56 | 25.62 | 107.32 | 106.60 | 0.70 | 1.20 | 0.79 | 0.94 | 0.21 | 56.69 | 10.07 | 105.79 | 8.38
G.94 257.23 | 103.54 | 1.58 | 153.69 | 180.39 | 163.20 | 1.64 | 1.31 | 0.40 | 0.53 | 0.60 | 520.75 | 60.39 | 147.65 | 2.35
Aus.13 10758 | 85.76 | 0.54 | 21.82 | 96.67 | 96.10 | 0.57 | 1.08 | 0.80 | 0.86 | 0.20 | 4351 | 857 | 95.44 | 8.86
10229 119.92 | 66.98 | 1.17 | 52.95 | 9345 | 89.60 | 0.50 | 0.85 | 0.56 | 0.47 | 0.44 | 9852 | 20.80 | 85.95 | 3.53
Uzbekistan2 | 112.47 | 81.83 | 0.72 | 30.64 | 97.15 | 9590 | 057 | 1.04 | 0.73 | 0.75 | 0.27 | 61.03 | 12.04 | 9473 | 6.34
G.89 x G. 86 120.70 | 7843 | 0.93 | 4227 | 9957 | 97.30 | 0.58 | 0.99 | 0.65 | 0.64 | 0.35 | 85.39 | 16.61 | 95.08 | 4.71
G.45 101.49 | 6656 | 0.91 | 3493 | 84.02 | 8220 | 0.42 | 0.84 | 0.66 | 0.55 | 0.34 | 59.60 | 13.72 | 80.39 | 4.81
TNB 107.79 | 68.10 | 0.97 | 39.69 | 87.94 | 8570 | 0.45 | 0.86 | 0.63 | 0.54 | 0.37 | 70.59 | 15.60 | 83.46 | 4.43
G.93 1190.80 | 48.11 | 158 | 71.78 | 84.00 | 76.00 | 0.36 | 0.61 | 0.40 | 0.24 | 0.60 | 113.18 | 28.20 | 68.67 | 2.34
Suvin 12437 | 69.75 | 1.16 | 5462 | 97.06 | 93.10 | 0.54 | 0.88 | 0.56 | 0.50 | 0.44 | 105.63 | 21.46 | 89.37 | 3.55
G.70 101.34 | 7350 | 0.73 | 27.84 | 87.42 | 86.30 | 0.46 | 0.93 | 0.73 | 0.67 | 0.28 | 49.89 | 10.94 | 8520 | 6.28
Aus. 12 137.19 | 85.40 | 1.00 | 51.80 | 111.30 | 108.20 | 0.72 | 1.08 | 0.62 | 0.67 | 0.38 | 116.41 | 20.35 | 105.27 | 4.30
BBB 113.44 | 7633 | 0.86 | 37.11 | 94.88 | 93.00 | 053 | 0.97 | 0.67 | 0.65 | 0.33 | 71.69 | 1458 | 9125 | 5.11
Kar 120.23 | 88.41 | 0.70 | 31.82 | 104.32 | 103.10 | 0.66 | 1.12 | 0.74 | 0.82 | 0.27 | 68.12 | 12.50 | 101.89 | 6.56
Sea 136.05 | 78.40 | 1.12 | 57.65 | 107.23 | 103.30 | 0.66 | 0.99 | 0.58 | 0.57 | 0.42 | 123.63 | 22.65 | 99.48 | 3.72
G. 9% 158.03 | 112.90 | 0.75 | 45.13 | 135.46 | 133.60 | 1.10 | 1.43 | 0.71 | 1.02 | 0.29 | 125.16 | 17.73 | 131.70 | 6.00
G.86 162.62 | 113.15 | 0.80 | 49.48 | 137.88 | 135.60 | 1.14 | 1.43 | 0.70 | 1.00 | 0.30 | 139.34 | 19.44 | 133.45 | 5.57
G. 9 113.69 | 84.44 | 0.68 | 29.25 | 99.07 | 98.00 | 0.59 | 1.07 | 0.74 | 0.79 | 0.26 | 59.51 | 11.49 | 96.91 | 6.77
PimaS6 103.01 | 63.18 | 1.02 | 39.83 | 83.10 | 80.70 | 0.40 | 0.80 | 0.61 | 0.49 | 0.39 | 66.72 | 15.65 | 78.32 | 4.17
Pima S7 105.67 | 58.86 | 1.17 | 46.81 | 8226 | 78.90 | 0.38 | 0.74 | 0.56 | 0.42 | 0.44 | 76.65 | 18.39 | 75.60 | 3.51
CB.58 116.13 | 7236 | 1.00 | 43.77 | 9424 | 9170 | 052 | 0.92 | 0.62 | 0.57 | 0.38 | 83.30 | 17.20 | 89.16 | 4.31
Max 257.23 | 113.15 | 1.58 | 153.69 | 180.39 | 163.20 | 1.64 | 1.43 | 0.80 | 1.02 | 0.60 | 520.75 | 60.39 | 147.65 | 8.86
Min 101.34 | 48.11 | 054 | 21.82 | 82.26 | 76.00 | 0.36 | 0.61 | 0.40 | 0.24 | 0.20 | 4351 | 857 | 68.67 | 2.34
Mean 126.45 | 78.75 | 0.97 | 47.70 | 102.60 | 99.36 | 0.63 | 1.00 | 0.63 | 0.64 | 0.37 | 104.59 | 18.74 | 96.28 | 4.91

Yp: yield under non-stress; Ys: yield under stress; SSI: susceptibility stress index; TOL.: tolerance index; MP: mean productivity;
GMP: geometric mean productivity; STI: stress tolerance index; Yl: yield index; YSI: yield stability index; DI: drought resistance
index; YR: yield reduction ratio; ATI: abiotic tolerance index; SSPI: stress susceptibility percentage index; HM: harmonic mean;
GOL.: golden mean.

2011 Uallah and Zzafar 2006 , Mohammadi et al 2011,
Khalili et al 2012 and Jafari et al 2009.

The genotypes G.94, G.86, G.96 and G.89 using MP,
GMP, STI, YI and HM under Yp and Ys as well as the
genotypes Aus.13, G.75, G.95 and Kar. Using the other
drought tolerance indices under Ys as the most drought
tolerance genotypes.

Cluster analysis

Data obtained from biochemical and vyield and its
components traits of twenty four cotton genotypes in both
water treatments were analyzed by multivariate method using
cluster analysis. Only traits that showed statistically
significant G x E interactions were used, indicating that the
genotypes responded differently to water treatments. Cluster
analysis seemed to be an efficient method for extracting the
structured relationships among genotypes and provides a
hierarchical classification of these genotypes and presented in
a dendrogram. Hierarchical cluster analysis for the 24 cotton
genotypes under both treatments (control and drought) based
on average linkage (within groups). The results from
dendrogram showed that the 24 cotton genotypes classified to
five and nine clusters under normal and drought stress
conditions, respectively as illustrated in Table 5, Table 6 and
Figures 1 and 2.

Table 6 showed the cluster mean performance of the
twenty four cotton genotypes under both control and drought
stress. The three clusters VI, VII and VIII comprise only one
genotype Giza 94, Giza 86 and Giza 96 which represents the
most important commercial varieties in Egypt showed high
seed cotton / plant over the overall mean and the clusters

means. Also, cluster V which had three genotypes Giza 75,
Kar and Giza 95 had the same trend for higher seed cotton
yield / plant over both clusters mean and overall mean. These
results indicated that these new genotypes more tolerant to
drought stress
Table 5. Clusters number and genotypes classification
under normal and drought stress conditions for 24 cotton
genotypes.

Cluster | Genotypes | Genotypes Names

No. No.

Under control conditions

| 4 PimaS6, Pima S7, Giza 45 and TNB

11 14 Uzbekistan 2, BBB, Uzbekistan 1, 10229,
Giza 75,Giza 93,Giza 85, Giza
95, C.B. 58, Giza 89 xGiza 86, Kar,
Suvin, Giza 70 and Aus.13

11 2 Giza 96 and Giza 86

\Y 3 Aus. 12, Sea and Giza 89

\Y/ 1 Giza 94

Under drought stress

| 8 Giza 89, Aus.13, Uzbekistan 2, Sea, Giza
89 x Giza 86, C.B. 58, BBB and Aus. 12

11 2 Giza 45 and TNB

11 1 Giza 93

v 7 Uzbekistan 1, Giza 70, Giza 85, 10229,
Suvin, Pima S6 and Pima S7

Vv 3 Giza 75, Kar and Giza 95

VI 1 Giza 94

VIl 1 Giza 86

VI 1 Giza 96
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Table 6. Mean performance for the clusters under normal and drought stress conditions for 24 cotton genotypes
ClustersNo. | BW [ SCY JLY [L% [SI [NBP [Ph. [ NFB | ChA | ChB | Carrot | Proline
Under control conditions

| 3.06 | 104.49 | 39.51 | 37.40 | 10.25 | 34.39 | 182.07 | 19.11 | 3.08 | 2.35 | 1.82 5.45
1 3.16 | 117.09 | 4459 | 3791 | 10.33 | 37.22 | 170.66 | 18.10 | 291 | 242 | 1.70 5.08
11 3.07 | 160.33 | 61.11 | 37.77 | 9.89 | 52.11 | 173.94 | 1850 | 3.28 | 2.44 | 1.82 5.24
I\ 3.13 | 139.63 | 54.36 | 38.73 | 10.65 | 44.35 | 180.69 | 20.49 | 2.62 | 2.36 | 1.50 4.97
\ 3.15 | 257.23 | 95.86 | 37.22 | 9.98 | 82.38 | 178.76 | 1951 | 299 | 2.80 | 1.33 5.15
Clusters mean | 3.11 | 155.75 | 59.08 | 37.81 | 10.22 | 50.09 | 177.22 | 19.14 | 2.97 | 247 | 1.63 5.18
Overall mean | 3.13 | 127.25 | 48.47 | 37.89 | 10.30 | 40.76 | 17443 | 18.66 | 2.94 | 242 | 1.69 5.14
Under drought stress
| 2.69 | 80.66 | 28.71 | 35.48 | 857 | 30.53 | 148.77 | 1522 | 237 | 1.70 | 1.28 6.56
1 2.68 | 67.33 | 2245 | 33.33 | 856 | 2540 | 166.43 | 1452 | 248 | 143 | 1.29 6.67
11 288 | 71.44 | 2522 | 3521 | 8.03 | 24.92 | 123.68 | 1457 | 233 | 1.89 | 1.29 6.45

v 2.79 | 6469 | 2237 | 3451 | 8.72 | 23.67 | 13596 | 1366 | 201 | 145 | 1.29 6.43
\ 245 | 89.12 | 31.00 | 34.71 | 820 | 36,59 | 13092 | 1441 | 224 |171 | 120 6.44
VI 2.21 | 10354 | 3547 | 3423 | 7.52 | 47.40 | 144.03 | 1649 | 2.64 | 237 | 1.13 6.30
VIl 29 | 113.15 | 40.00 | 35.18 | 8.43 | 38.92 | 125.09 | 1351 | 242 | 2.10 | 1.56 6.28
VIl 243 | 1129 | 39.17 | 3465 | 8.06 | 46.72 | 160.09 | 1351 | 234 | 185 | 1.39 6.62

Clusters mean | 2.62 | 85.30 | 29.55 | 34.46 | 8.29 | 33.39 | 146.83 | 1453 | 239 | 1.78 | 1.27 6.43
Overallmean | 2.68 | 79.09 | 27.64 | 3482 | 841 | 30.19 | 14285 | 1460 | 232 | 1.70 | 1.27 6.48

The results for cluster analysis suggested that there is Dendrogram using Average Linkage (Within Groups)
variation among the genotypes for different studied traits. Rescaled Distance Cluster Comhine
Genotypes with greater similarity for biochemical and yield 0 i 10 i 2 5
and its components traits were placed in the same cluster. Giza 89 1
These genotypes could be used as a source of germplasm for Aus.13 B
breeding for drought tolerance. The genetic diversity in Uzbekistan 2 8
cotton found in this study showed that these genotypes had Sea 18
sufficient scope for genotypic improvement through GizaBdxGiza 35§
hybridization between genotypes within clusters EI-Mansy, Ca.58 u
2005, Mohammadi and Prasanna, 2003 and Abd EI-Moghny 688 e
et al., 2015. These divergent clusters, which are closer to each 2_”3':: 10

1Za

other, would not be expected to transgresive sergeant or
display heterosis. Crossing between these distinct clusters
may increases variability and expected transgresive sergeants.

THB 1
Giza 93 12

Uzbekistan 1 2

Giza 70 14
Dendrogram using Average Linkage (Within Groups) Giza 85
Rescaled Distance Cluster Combine
10 15 i b
1

] L Suvin

10229 7

ZLUL
|

=
]

PimaSk 22

Pimas6 22

Pima ST 23

Pima §7 23

Giza 45 10
THE 1

Giza 15 4
Kar 17

from cluster analysis under drought stress conditions

Conclusions

Based on drought tolerance indices it can be concluded
that MP, GMP, STI, Yl and HARM under Yp and Ys as well
as the other studied drought tolerance indices under Ys were
the best indicators of discriminate drought tolerant genotypes.
During screening drought tolerant genotypes using mean
performances and drought tolerance indices, the genotypes
G.94, G.86, G.96 and G.89 were the most drought tolerant
genotypes. Therefore they are recommended to be used as
parents for improvement of drought tolerance for other
cultivars cotton in Egypt.
ciza g9 1 References
Giza 94 5 Abd El-Moghny, A. M., S. Max Mariz, and H. A. Gibely
Reham. (2015). Nature of Genetic Divergence among Some
Cotton Genotypes. The Journal of Cotton Science 19:368-
374,

Giza 85 3

Giza 95 il
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Kar 17
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Figure 1. Dendrogram of 24 cotton genotypes resulting
from cluster analysis under normal conditions
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