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Abstract

Drought is one of the most important abiotic stresses that affects the growth and production of crops.
Therefore, the need to breed cultivars that have high compatibility and low water demand is strongly felt.

This study was conducted to evaluate the effect of irrigation levels on cultivars and promising lines of cotton,
to use the stress tolerance and susceptibility indices for identification and selection of drought tolerant
genotypes, as well as to compare cotton promising lines (KD-92-11, KD-92-17 and KD-92-19) with control
cultivars of Aria and Ghoze Ghermez (which are suitable for cotton growing areas in Khorasan and Isfahan
provinces). For this purpose, an experiment was performed according to the split-plot design with three
replications under four irrigation levels (normal, 25, 50 and 75% deficit irrigation compared with normal) in
2020 at Kashmar. The results showed that the irrigation level had a significant effect on all traits except for
keel percentage and earliness. The trait of single boll weight decreased by 7, 24 and 32% at the irrigation
levels of 25, 50 and 75%, respectively, compared to the normal regime. In the same conditions, the total
yield also decreased by 3, 34 and 48%, respectively. There was a significant difference between genotypes in
terms of all studied traits (except for keel percentage and earliness) and drought tolerance and susceptibility
indices, which indicates high genetic diversity among the genotypes and can be effective in improving
selection in the breeding programs. Mean comparison of traits in the four irrigation levels showed that with
the reduction of irrigation levels from 25 to 75%, the average of all traits decreased and the greatest decrease
was observed in the 75% moisture regime. In each of the four irrigation levels, control cultivars were
superior to promising lines in terms of single boll weight, second harvest yield, and total yield. However, in
terms of the traits of keel percentage, early maturity, number of vegetative and reproductive branches, and
number of open bolls, the promising lines were superior to the control cultivars. In each of the three moisture
stress regimes, the control cultivars of Ghoze Ghermez and Aria did not show any difference in stress
tolerance, but compared to hybrids, the promising lines had between 5 and 25% more stress tolerance in
terms of various traits.
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Background and Objective: Drought is one of the most important abiotic stresses that limit the growth and
production of agricultural plants and affects all morphological, physiological, biochemical and metabolic
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aspects of plants (Blum, 2011). Changing the cultivation pattern and identifying heat and drought tolerant
plant species and cultivars with high adaptability and low water requirements are among the main objectives
of plant breeding in arid and semi-arid regions of the world. Cotton, as a strategic plant and the most
important fiber plant, is one of the most important agricultural plants that provides the connection between
the two sectors of agriculture and industry and plays a valuable role in the economy of some countries. It
shows greater tolerance to abiotic stresses than other major crops. However, extreme environmental
conditions such as drought are severe threats to the sustainability of cotton crops in dryland agriculture and
affect the growth, productivity, and quality of cotton fibers (Barzali et al., 2016). This study was conducted
to evaluate the effect of irrigation levels on cultivars and promising lines of cotton, to identify and select the
drought-tolerant cultivars, and to compare the cotton lines with control cultivars.

Methods: In this study, three promising lines resulting from the crossing of Herbaceum and Arboreum
species (KD-92-11, KD-92-17 and KD-92-19) along with two diploid control cultivars (Aria and Ghoze
Ghermez) were cultivated according to the split-plot design with three replications at four irrigation levels
(normal or control, 25, 50 and 75% deficit irrigation compared with normal) in 2020 at the field of the
Research and Training Station of Agriculture and Natural Resources in Kashmar. Then, in order to select for
drought tolerance, a set of morphological traits (height, number of vegetative and reproductive branches,
number of opened and closed bolls, and crown diameter) and agricultural traits (single boll weight) along
with yield, earliness and keel percentage were measured. Some drought tolerance and susceptibility indices
were also calculated based on the yield of genotypes under normal and drought stress conditions.

Results: Drought stress had a significant effect on all traits except for keel percentage and earliness. There
was a significant difference between the studied genotypes in terms of all traits (except for keel percentage
and earliness) and indices, which indicates high genetic diversity among the genotypes. The mean
comparison showed that with the reduction of irrigation level from 25 to 75%, the average of all traits
decreased, and the greatest decrease was observed in the 75% moisture regime. In all four moisture regimes,
control cultivars were superior to the lines in terms of single boll weight, the yield of the first cut, the yield of
the second cut, and total yield. However, in terms of the other traits, promising lines were superior to the
control cultivars. In all three moisture stress regimes of 25, 50, and 75%, the control cultivars of Ghoze
Ghermez and Aria did not show any difference in stress tolerance, but compared to the lines, they had more
drought tolerance.

Conclusions: Based on the results of this study, there was high genetic diversity between the studied
genotypes, which can be used in the breeding programs. Drought stress negatively affected all traits and
reduced their diversity. Most significant decrease was observed in the 75% moisture regime. In all of the
moisture environments, control cultivars were superior to promising cotton lines in terms of yield and single-
boll weight. However, promising lines were superior to control cultivars regarding the remaining traits.
Moreover, in all three moisture stress regimes, the control cultivars of Ghoze Ghermez and Aria did not
show any difference in terms of stress tolerance, but compared to the promising lines (KD-92-11, KD-92-17,
and KD-92-19), they showed more drought tolerance.
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Table 3. Mean comparisons of measured traits in cotton genotypes evaluated under different moisture regimes.
p g Yp! g
Aoy L e
w)}j)' JS:)W C}}ﬁﬁjg,w J}‘ﬁ}ﬁw L}:S 2 ojf&dj) L‘j
g g /. g 53 ool
() O 55 ) Oks s S 5S) Ol s 55 « () T Moisture
Earliness Total yield Second harvest First harvest yield erlje:ftla . Single boll Genotype regime
(%) (tons/ha) yield (kg/ha) (kg/ha) P ) & weight (g)
0
60.92 2.44 403 622 32.67 3.16 KD-92-11
60.94 2.13 350 544 35.67 3.71 KD-92-17
63.22 2.36 364 630 31.00 2.94 KD-92-19 550
. L :
44,18 2.57 606 473 31.00 470 rr7 e <o
Ghoze ghermez
L Normal regime
38.75 2.57 656 423 33.67 4.54 i
Ariya
5.60 0.36 86.50 101.60 4.53 0.47 - LSD (0=0.05)
Aoy L e
S N R T O L e e s L
_ ) / B} . okl o
) ObSa s 5) ObsSa s p S5k8) Gl s S5LS) « (5 T Moisture
Earliness Total yield Second harvest First harvest yield erlf:netla . Single boll Genotype regime
(%) (tons/ha) yield (kg/ha) (kg/ha) P %) & weight (g)
61.08 2.37 390 605 31.67 2.88 KD-92-11
64.23 2.15 322 583 31.67 3.28 KD-92-17 o
60.90 222 363 569 31.00 297 KD-92-19 AN
42.85 248 596 447 3533 446 PP i S
Ghoze gl}ennez Drought stress
(Y 9
38.88 2.49 641 407 33.67 422 i (25%)
Ariya
5.64 0.42 91.80 117.92 431 0.77 - LSD (0=0.05)
Aoy L e
Jﬂ);jj JS:)W C}}ﬁﬁjm J}‘ﬁ}ﬁ\.«& L}:S J éjf&dj) L\j
g g /. y 55 o
) oo 33 03 GUSa s 0 Sk8)  GlSa s o S AS) * (0,5) S5 Moistcure‘
Earliness Total yield Second harvest First harvest yield erlfee;tla . Single boll Genotype regime
(%) (tons/ha) yield (kg/ha) (kg/ha) P ) & weight (g)
69.28 1.42 244 354 34.00 2.28 KD-92-11
59.93 1.36 227 346 31.33 3.01 KD-92-17 L
65.65 1.53 216 426 33.00 2.24 KD-92-19 S 10
49.80 1.87 393 391 32.67 3.69 PP 0 S
Ghoze gl}ermez Drought stress
Ll 509
46.90 1.84 410 362 34.67 3.24 i (50%)
Ariya
9.08 0.28 53.76 123.93 4.61 0.64 - LSD (a=0.05)
Aoy s e
S N R T e L SR e S0 L
B} B} / B} . okl o
o) GUSa s 09 (e s 0 S418) (e s 0 S,0S) * (.9 55 oo
Earliness Total yield Second harvest First harvest yield erljeenetla . Single boll Genotype regime
(%) (tons/ha) yield (kg/ha) (kg/ha) P %) & weight (g)
65.92 1.12 160 309 32.33 1.97 KD-92-11
62.97 0.96 155 249 31.33 2.73 KD-92-17 o
60.06 1.15 193 292 34.00 2.05 KD-92-19 S RA
46.40 1.52 342 297 29.33 3.50 PP i S
Ghoze gf}ermez Drought stress
(Y 9
40.87 1.53 340 304 35.33 2.64 i (75%)
Ariya
7.76 0.27 92.93 79.98 5.51 0.59 - LSD (0=0.05)
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Table 3. (Continued)
SN sl Ly, sl sl S g G b ks
3L se sl - - . i
A Number of Number of Number of (e 5lw) (e Slw) e Sl T
Number of opened bolls regroduﬁtlve vbegeta}tllve Plant height Crown Genotype Moisture regime
closed bolls ranches ranches (cm) diameter (cm)
1.73 15.60 23.40 2.40 142 1.39 KD-92-11
2.60 16.73 24.40 2.20 150 1.62 KD-92-17
1.67 16.80 23.27 1.27 150 1.33 KD-92-19 S O
347 12.33 21.73 147 151 1.39 Sl S
Ghoze ghermez N .
_ ormal regime
Ll
3.33 12.73 21.60 1.20 148 1.40 =
Ariya
1.26 3.25 3.08 1.36 2.97 0.24 - LSD (0=0.05)
SN sl Ly, aslasls S g G ks
b e se sldas - B ] ) T 6L~j
A Number of Number of Number of (e 5lw) (e 5lw) e =
Number of opened bolls regroduﬁtlve vbegeta}tllve Plant height Crown Genotype Moisture regime
closed bolls ranches Tanches (cm) diameter (cm)
2.20 13.80 19.47 1.67 139 1.27 KD-92-11
1.60 16.20 21.00 1.53 147 1.55 KD-92-17
2.13 16.60 21.33 1.40 148 1.52 KD-92-19 o REPAT
2.27 11.67 18.87 0.93 137 1.19 SRS Drought stress
Ghoze ghermez (25%)
Ll
2.13 12.20 19.20 0.80 147 1.43 =
Ariya
0.96 1.70 1.06 0.71 2.63 0.18 - LSD (0=0.05)
M sl Ly, aslisls S g G b ks
b e se sldas - B ] ) T QSL“T
A Number of Number of Number of (e 5lw) (e 5lw) e =
Number of opened bolls regroduﬁtlve vbegeta}tllve Plant height Crown Genotype Moisture regime
closed bolls ranches Tanches (cm) diameter (cm)
1.53 11.53 16.80 1.33 133 1.05 KD-92-11
1.47 12.53 17.33 0.93 131 1.21 KD-92-17
1.20 10.93 17.20 1.53 139 1.13 KD-92-19 o i 0
1.60 9.80 18.20 0.80 134 1.13 PP 005 Drought stress
Ghoze ghermez (50%)
Ll
1.67 9.13 15.53 0.53 132 1.12 =
Ariya
0.33 1.30 1.22 0.35 5.03 0.04 - LSD (0=0.05)
D& sl Ly elisle S EE G5k ks
b e se sldas - B ] ) T 6L~‘T
A Number of Number of Number of (e 5lw) (e 5lw) e =T
Number of opened bolls regroduﬁtlve vbegeta}tllve Plant height Crown Genotype Moisture regime
closed bolls ranches Tanches (cm) diameter (cm)
0.73 10.67 14.93 1.27 127 1.03 KD-92-11
1.07 12.00 14.60 1.00 122 1.07 KD-92-17
0.47 9.53 13.93 0.73 114 1.05 KD-92-19 ot 25 /MO
0.93 8.60 13.80 0.67 124 1.04 e Dr°“7g2;5tress
Ghoze ghermez (75%)
i
0.73 10.07 13.27 0.73 106 1.02 L
Ariya
0.25 0.70 1.07 0.30 1.82 0.04 - LSD (0=0.05)
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Table 4. Mean comparisons of stress tolerance and susceptibility indices of cotton genotypes evaluated in different moisture regimes

during 2020.
ST U A U
S Mg s 5 O
o Geometric o o Moisture
Mean Stress Genotype
Stress tolerance mean roductivit suscentibilit Tolerance yp regime
index (STI) productivity Ii)n dex (MP%I in de)li) (SSI)y index (TOL)
index (GMP)
0.99 2.40 2.40 1.01 0.07 KD-92-11
0.79 2.14 2.14 -0.39 -0.02 KD-92-17
0.90 2.29 2.29 2.11 0.15 KD-92-19 A (Y
FP e S
1.0 2.53 2.53 1.14 0.08
? Ghoze Drought stress
ghermez (25%)
Ll
1.10 2.53 2.53 0.99 0.07 -
Ariya
oS et g L s e
EHC s Mg s s 5 Sl e
o Geometric o N Moisture
Mean Stress Genotype
Stress tolerance mean roductivit suscentibilit Tolerance yp regime
index (STI) productivity Ii)n dex (MP%I in de)li) (SSI)y index (TOL)
index (GMP)
0.60 1.86 1.93 1.24 1.02 KD-92-11
0.50 1.70 1.75 1.07 0.77 KD-92-17
0.62 1.90 1.95 1.06 0.84 KD-92-19 oS 100
FP e S
0.82 2.19 2.22 0.82 0.70 Gh
0z¢ Drought stress
ghermez (50%)
Ll
0.81 2.17 2.20 0.85 0.73 -
Ariya
T U A U
T W g 5 ! e
o Geometric o N Moisture
Mean Stress Genotype
Stress tolerance mean roductivit suscetibilit Tolerance yp regime
index (STI) productivity Ii)n dex (MP%I in de)li) (SSI)y index (TOL)
index (GMP)
0.47 1.65 1.78 1.13 1.32 KD-92-11
0.35 1.43 1.55 1.14 1.17 KD-92-17
0.47 1.65 1.76 1.07 1.21 KD-92-19 EeetVAY
PR s S
0.67 1.98 2.05 0.85 1.05
Ghoze Drought stress
ghermez (75%)
Lyl
0.68 1.98 2.05 0.84 1.04 -
Ariya
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