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Abstract

The objective of this study was to identify genotype high yielding and
drought-tolerant, by understanding the interaction GY pattern for yield, yield
components and physiological traits in 24 cotton genotypes over 5 years un-
der drought stress conditions using AMMI analysis, genetic parameters and
multivariate analysis. All assessed traits were significantly impacted by geno-
types and GY interaction using the AMMI model, with the exception of chloro-
phyll b by GY interaction. Meanwhile, seed cotton yield/plant, number of
open bolls/plant, lint percentage, lint cotton yield/plant and number of fruit-
ing branches/plant were significantly affected by the year's factor. High BSH
coupled with high GAM% was observed for all studied traits, indicating the
heritability due to additive type of gene action and, the importance of these
genotypes and the possibility of effective selection for drought-tolerant gen-
otype development. A statistically significant correlation was discovered be-
tween cotton yield and most investigated traits under drought stress condi-
tions. Direct selection can be done through these traits based on genetic pa-
rameters and Pearson's correlations analyses, which will be effective for
drought tolerance and enhancing cotton yield. The results of our study's
Pearson's correlation analysis, PCA and cluster analysis could be relevant
and appropriate for studying drought tolerance mechanisms and cotton
yield improvement. According to PCA and cluster analysis, the genotypes
G20 and G19 followed by G5, G4 and G21 genotypes showed the best perfor-
mance in response to drought stress regarding the yield, yield components
and physiological-related traits. The previous genotypes could be used in
future cotton breeding efforts in Egypt to promote drought tolerance, im-
prove cotton productivity and sustainable production during drought stress
conditions.

Keywords

AMMI model, cluster analysis, correlation, cotton genotypes, drought stress,
genetic components, PCA, years

Introduction

Cotton is the most important natural textile fiber crop in the world and one of
the major important cash crops in Egypt. It is a flowering plant belonging to
the family Malvaceae and the genus Gossypium (G). The G. genus is comprised
of ~50 species. The most important cultivated species of the genus are G. hirsu-
tum, G. barbadense (allotertraploid 2n = 52), G. herbaceum and G. arboreum
(diploid 2n = 26) (1). In Egypt, cotton is commonly known as "white gold", due
to its important role in industrial development (fiber and oil) and employment
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generation. The Egyptian cotton varieties are belonging to
G. barbadense L., and originated from crossing between
older varieties or lines, except only one variety (Dandara)
produce by direct selection from the field of Ashmouni (2, 3).
All the Egyptian varieties had the same name (Giza) then
followed by a serial number (3). Egypt's cotton area, yield
and production were 0.10 million ha, 1.00 metric ton ha*
and 0.10 million metric tons respectively, according to a
February 2022 report, USDA. When compared to the previ-
ous year, Egypt's cotton production changed by 53.85% in
the 2021/2022 cropping season (4).

Due to drought stress, major crop harvests global-
ly have been observed to be reduced by 50% on average
(5), and a 35% reduction in cotton production in 2021
(6). Plants have developed several physiological, mor-
phological, biochemical and molecular defences against
drought stress (7). Proline is increased in leaves of cot-
ton varieties on exposure to drought stress (6, 8), but no
significant change in chlorophyll content was observed
under limited water supply (6). Plants under drought
stress experience stunted growth as a result of the se-
vere and quick fall in chlorophyll a, b and total contents
which ultimately reduce photosynthate production (9).
Low levels of photosynthate and decreased photosyn-
thesis caused by drought stress lead to square and boll
sheds and low lint yields (10).

Exploring the possibilities of drought-tolerant
crops is the time required for all terrestrial crop species
especially in the climate change scenario (11). Drought
tolerance is defined by Hall (12) as a genotype's relative
yield compared to other genotypes under the same
drought stress. Drought resistance is a complex phe-
nomenon and multi-gene-controlled that manifests
both drought tolerance such as tissue tolerance, photo-
system maintenance and so on and drought avoidance
such as deep root, leaf rolling and so on (13). Drought
resistance is hampered by poor heritability and a lack of
effective selection strategies (14). As a result, cotton
genotype selection in Egypt should be acclimatized to
drought stress circumstances.

The phenotypic expression of an individual is de-
termined by both genotype and environmental effects
(15) and the phenotypes can be observed, measured,
classified, or counted. The association between the en-
vironment and the phenotypic expression of a genotype
is commonly known as the genotype x environment in-
teraction (GEI). Environmental factors (non-genetic fac-
tors) such as locations, growing seasons, years, drought
conditions, rainfall, the amount of precipitation re-
ceived in each season, temperature etc. may have posi-
tive or negative impacts on genotypes (16). The main
target of plant breeding programmes is to increase sta-
bility and stabilize crop yield across environments
(locations and/or years). Genotype x environment inter-
action (GEl) is of major importance to the plant breeder
in developing improved varieties. It was reported that
when varieties are compared over a series of environ-
ments, the relative rankings usually differ (17). Also, it
was noted that GEl is a major problem when comparing

the performance of genotypes across environments (18).
It was mentioned that the ranking of genotypes depends
on the particular environmental conditions where they
are grown, where the basic cause of differences between
genotypes in their yield stability is the wide occurrence
of GEI (19). So, the study of the GEI may assist in the un-
derstanding of the stability concept. Because of their
greater flexibility and stability, cotton genotypes with
the least genotype by environment interaction are re-
garded as ideal for breeding.

There are several statistical methods for analyz-
ing and interpreting data from multi-environment trials
(20), such as multivariate methods. The additive main
effect and multiplicative interaction (AMMI) model es-
tablished (21) is the most well-known of the multivariate
methods. The AMMI model characterizes genotype and
environment main effects using analysis of variance as
an additive model and their interactions using principal
components analysis as a multiplicative model (IPCA).
Cotton breeders all over the world have been using AM-
MI analysis of variance to investigate GE interaction in
multi-environment trials (22-26).

The development of high-yielding genotypes ne-
cessitates a thorough understanding of the genetic vari-
ability in the crop's germplasm, as well as the relation-
ships between yield components, input requirements
and agriculture practices (27). Furthermore, under-
standing the source of genetic variability for cotton
yield, yield components and physiological attributes is
critical for improving yield and quality by developing
superior genotypes in cotton. Heritability is important
for selection since it reflects the amount to which a trait
can be passed down through generations and the quali-
ty of phenotypic data in multilocation experiments (28).
Another key selection criterion that supports breeders
in a selection scheme is genetic advance as % of the
mean (29). The phenotypic coefficient of variation (PCV)
and the genotypic coefficient of variation (GCV) can both
be used to detect the degree of variability in a
germplasm group. Heritability combined with high ge-
netic advance would be more effective in forecasting the
subsequent effect in the selection of the optimal geno-
types for yield and yield contributing variables (30). It is
feasible to select the optimum genotype for obtaining
the required traits in the descendants by combining her-
itability information with PCV and GCV values (31). Ac-
cording to one report (30), differences in genotypic val-
ues might rise or decrease from one environment to the
next, causing genotypes to rank differently in among
environments.

To visualize the outcomes of cotton breeding tri-
als, principal component analysis (PCA) is required,
where Many researchers have used the PCA to assess the
relationship and diversity between several cotton
germplasms, in addition to knowing the relationships
between yield, its components, and other traits (32-39).

The objective of this study was to investigate the
magnitude of genotype by year interaction using the
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AMMI model and genetic parameters, as well as deter-
mining the relationships using Pearson’s correlation
coefficient and PCA for yield components and physio-
logical traits in 24 cotton genotypes under drought
stress, thus identifying cotton genotype drought-
tolerant during drought stress conditions in Egypt .

Materials and Methods
Genetic material and field procedure

A total of 24 cotton genotypes belonging to Gossypium
barbadense L. were used in this study (Table 1). Healthy
seeds of cotton genotypes were obtained from Cotton
Research Institute, Agriculture Research Center, Giza,
Egypt. Field experiments were conducted at Sakha Agri-
culture Research Station, Kafr El- Sheikh Governorate,
Egypt over a period of 5 years from 2016 to 2020 under
drought stress conditions. Cotton genotypes were eval-
uated in Randomized Complete Block Design (RCBD)
with three replicates. Each experimental plot has 5 rows
and the genotypes were planted using standard agro-
nomic practices and proper plant geometry with a row
length of 4 m. Under each plot, the row x row and plant
x plant distances were 70 and 30 cm respectively. The
drought treatment received only 5 irrigations with one
at the time of sowing and the other 4 irrigations with an
interval of 30 days during the growing season through
the 5 growing seasons. In each experiment, a basin irri-
gation system with PE pipes and a volumetric counter
was used. Normally, the cotton crop received eight irri-
gations during the growing season as per the recom-
mended rules. The drought stress experiments were not

Table 1. List of 24 cotton genotypes used for drought tolerance assessment.

No. Genotypes Pedigree Origin
Gl Giza 89 Giza 89 x 6022 Egypt
G2 Z101 Unknown Unknown
G3 Giza 85 Giza 67 x CB58 Egypt
G4 Giza 75 Unknown Egypt
G5 Giza 94 10229 x Giza 86 Egypt
G6 Al106 Unknown Unknown
G7 Al01 Unknown Unknown
G8 7102 Unknown Unknown
G9 Gi;a 89x Unknown Egypt
Giza 86
G10 Giza 45 Giza28x Giza7 Egypt
Gl1 A108 Unknown Unknown
G12 Giza 93 Giza 77 x S106 Egypt
G13 D101 Unknown Unknown
Gl4 Giza 70 Giza 59A x Giza 51B Egypt
G15 A105 Unknown Unknown
Gl6 G102 Unknown Unknown
G17 R101 Unknown Unknown
G18 G101 Unknown Unknown
. Giza 84 x (Giza 70 x Giza
G19 Giza 96 ( SlB()) «S62 Egypt
G20 Giza 86 Giza 75 x Giza 81 Egypt
. Giza 83 x (Giza 75 x 5844
G21 Giza 95 ( x(Giza 80 ) Egypt
G22 S106 Unknown Unknown
G23 S107 Unknown Unknown
G24 S109 Unknown Unknown
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Fig. 1. Weather data at each season in the region.

provided with any supplemental irrigation after drain-
age even if the stress was very severe. All agronomic
practices were carried out and the crop was sown in a
single day under uniform field conditions to minimize
environmental variations to the maximum possible ex-
tent. The average of temperature (°C), total rainfall
(mm), relative humidity (%) and wind speed (10M) from
April to October during five growing seasons were pro-
vided by the Climate Change Information Center and
Renewable Energy, Agriculture Research Center, Cairo,
Egypt (Fig. 1).

Data recording

Data were recorded on 10 guarded plants for morphologi-
cal traits including seed cotton yield/plant (SCY/P) in gram,
number of open bolls/plant (No. B/P), seed index (SI) in g,
lint percentage (L %), lint cotton yield/plant (LCY/P) in g,
number of fruiting branches/plant (No.F.B/P) and plant
height (PH). Meanwhile, fifty bolls were collected in order
to calculate the average boll weight (BW) in gms. Also,
physiological traits including contents of chlorophyll a
(Chl. a), chlorophyll b (Chl b), total chlorophyll (T. Chl),
total carotenoids and proline were measured.

Photosynthetic pigments estimation:

To determine the Chl. a, Chl. b and carotenoid content
from the plants of each cultivar (40), 200 mg leaf blade
samples were extracted with 100% acetone and were
homogenized with the B-Brawn type homogenizer at
1000 rpm for one min. The homogenate was filtered by
2-layer cheese cloths and was centrifuged using the
NiveFiij 647 model centrifuge at 1500 rpm for ten min.
The supernatant was separated and the absorbance of
acetone extracts was measured at 663, 645 and 470 nm
using an Analytik Jena Specord 200 model spectropho-
tometer. The Chl. a, Chl. b and total content of carote-
noids were calculated as the following equation (40):

Chl. a (mg/g™* FW) = [(12.7 % Ass3) — (2.69 x Agss)] x V/(1000 x W)
Chl. b (mg/g™* FW) = [(22.9 % Asss) — (4.68 x Aes3)] % V/(1000 x W)

Carotenoids (mg/g* FW) = [(1000 As7) - (2.27 Chl. a) - (81.4
Chl. b) /226] x V/(1000 x W)

Where, Aess, Acss and Aero are the corresponding wave-
lengths of the light density value respectively, V is the vol-
ume of extracting liquid and W is the weight of fresh leaf
sample in gms.
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Proline estimation:

The proline content of leaves in all cotton genotypes
was estimated at 16 DAA following the standard meth-
od (41). The leaves from each replication of each geno-
type were collected and immediately kept in the ice
bag and brought to the Laboratory. Using mortar and
pestle, 0.5 g fresh sample was grinded and thoroughly
homogenized in 3% sulpho salicylic acid (10 mL) until
digestion of plant material. The filtration of homoge-
nate was performed using filter paper (Whatman No. 2).
Proline standards (0, 2, 4, 6, 8, 10, 12, 14,16, 18 and 20
pg/mL) were prepared with distilled water. Ninhydrin
reagent was prepared and utilized for proline estima-
tion within two hours of preparation. Then, in a Pyrex
test tube, filtrate (2 mL) and standard proline solution
were reacted with ninhydrin reagent (2 mL) and glacial
acetic acid (2 mL). These were subsequently boiled in a
water bath covered with aluminum foil to hamper
evaporation for 1 h at 100 °C. Subsequently, cooling of
mixture in ice bath was performed and toluene (4 mL)
was added to each tube with the help of a dispenser.
The shaking of each tube for 15-20 s with the help of an
electrical shaker was performed to allow the layers to
separate. The spectrophotometer (SPECTRO UV-VIS RS
Spectrophotometer, Labo Med, Inc.) at 520 nm, having
pure toluene as a blank, was used to absorb the layer.
From a standard curve, proline content was estimated
on a fresh weight basis by following the below equa-
tion:

Proline (umoles/g of fresh plant materials)
= {(ug proline/mL x mL toluene)/115.5 pg/
umoles}/(g sample/5).

Statistical approaches

The normality of data distribution was verified using
the Komolgorov- Smirnov test. The analysis of variance
by AMMI model was performed to determine the main
and interactions effects of genotypes and 5 years under
drought stress conditions on yield, yield components
and physiological traits. The CV% estimates were cate-
gorized as very high (CVz21%), high (15%=<CV<21%),
moderate (10%<CV<15%) and low (CV<10%) (42). The
variances components due to the main and interac-
tions effects of two studied experimental factors were
estimated with analysis of variance (ANOVA) (43). Broad
sense heritability (BSH) estimates were calculated us-
ing the standard formula (44). The extent of genetic
advance to be expected by selecting ten percent of the
superior progeny was calculated (45). Genotypic
(GCV%), phenotypic (PCV%) and error (ECV%) coeffi-
cients of variation were calculated (46). The heritability
and genetic advance estimates were categorized (45,
47) [0-30% = low; 31-60% = moderate; above 60% =
high) and (0-10% = low, 10-20% = moderate and above
20% = high] respectively. The AMMI model, Plot Pear-
son’s correlation coefficient, cluster analysis and PCA
were done using computer software programs PBSTAT,
PAST version 4.03 and OriginPro 2018 version
b9.5.0.193.

Results
1. AMMI analysis of variance

The results of the combined ANOVA with AMMI analysis
of the main and interactions effects of genotypes (G)
and years (Y) under drought stress conditions on cotton
quantitative traits are shown in Table 2. In the AMMI
analysis, the mean squares due to genotypes (P < 0.01)
and interaction GY (P < 0.05 and P < 0.01) were signifi-
cant for all investigated traits under drought stress
conditions, except chlorophyll b by interaction GY.
While the years mean squares were significant for seed
cotton yield/plant, number of open bolls/plant, lint
percentage, lint cotton yield/plant (P < 0.01) and num-
ber of fruiting branches/plant (P < 0.05). Genotypes ac-
counted for a considerable part of the overall variation
in cotton yield and all examined traits, followed by
years, with the interaction GY accounting for the small-
est portion. After removing sums of squares due to er-
ror and replication, the sums of squares% remaining
among years, genotypes and interaction GY ranged
from 80% of seed index to 90% of carotenoids. The
highest contribution to the sum of squares (%) of the
total variance was due to genotypes for all studied
traits, followed by years for seed and lint cotton yields/
plant traits and followed by interaction GY for remain-
ing studied traits. The variance due to genotypes ac-
counted for more than 70% of the total variance for all
studied traits except seed cotton yield/plant (45%),
number of open bolls/plant (54%), seed index (46%),
lint percentage (55%) and lint cotton yield/plant (44%).
The interaction GY partitioned into four principal com-
ponents (PCs). The PC1 was significant for all studied
traits (P < 0.05 and P < 0.01). Also, PC2 exhibited signifi-
cance for all studied traits (P <0.05 and P <0.01) except
number of fruiting branches/plant, chlorophyll a, chlo-
rophyll b and total chlorophyll. While, the PC3 had only
significant for seed index (P < 0.05) and lint percentage
(P <0.01). The contribution of PC1 of the GE interaction
SS ranged from 53% of plant height to 80% of number
of open bolls/plant, while the contribution of PC1 var-
ied from 31% to 11% for the same traits, respectively.
The PC1 and PC2 together represent from 81% to 91%
of the total interaction GY variation for number of fruit-
ing branches/plant and number of open bolls/plant
traits, respectively. The traits of seed cotton yield/
plant, number of open bolls/plant and lint cotton yield/
plant had moderate coefficients of variation (CV%),
with values of 12.56%, 13.77% and 12.98% respectively.
In contrast to the other measured traits, the values of
CV% were low (CV<10%) under experimental conditions
evaluated (Table 2).

2. Main effects of years and genotypes on cotton trait

The mean performance of yield, yield components and
physiological traits acquired for 24 cotton genotypes
and 5 years under drought stress conditions are
shown in Table 3. The 2017 year was significantly in-
creased boll weight, seed cotton yield/plant, number
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of open bolls/plant, seed index, lint % and lint cotton
yield/plant compared with other years, this increase
could be due to increased rainfall in the 2017 year
(Fig. 1). The effects of years were not significant on
other studied traits. For cotton yield and other meas-
ured traits, the mean performance of 24 cotton geno-
types across five cropping years under drought stress
conditions revealed significant genetic variability. The
results indicated positive effects of interaction GY on
cotton yield and other studied traits drought stress
conditions.

129

Under drought stress conditions, some geno-
types had greater values compared with the grand
mean for all investigated traits. G7 had the highest
boll weigh and seed index, while it had the lowest
contents of chlorophyll a and total chlorophyll. G19
and G20 genotypes showed the maximum seed cotton
yield/plant, number of open bolls/plant and lint cot-
ton yield/plant, in contrast to G12 genotype, in which
the minimum values of the same traits were recorded.
G8 and G9 genotypes produced the maximum values
for lint % and number of fruiting branches/plant

traits.

Table 2. Combined ANOVA with AMMI analysis for studied traits of cotton genotypes evaluated across 5 years under drought stress conditions.

No.F. Chl. T. Caro
0,
Sov 4f BW  SCYP  NoBP sl e Loy PH Chta " o o0 Prol
Mean squares
Years (Y) 4 026 1288355° 145241 056 17.04" 186788 3.89° 3419 0.0l 001 001 002 0.34
Replication’ 10  0.13" 220.87°  72.02° 048" 015  29.09° 068  21.69 00l 002 004 002 013
Ge”(gt)ype 23 1237 415508° 917.13° 203" 1230" 55695° 4134° 2125717 103" 184" 328" 092" 825"
GXY 92 0.05° 385.04° 7465° 034" 106" 52.73° 106" 60.78" 004" 002 008 002" 024"
PC1 26 0.12° 104973° 210557 083  2.02" 14398 241" 11493 011" 005 023" 004" 059"
PC2 24 003" 19208 3162 022" 101" 2648 069 7245 002 001 004 002" 017
PC3 2 002  96.00 2267 013 066" 1353 047 2955 001 00l 002 00l 0.11
PC4 20 001 7045 682 007 033 875 038 1073  0.01 0‘30 O 002 000 003
Residuals 230 001 117.66 2000 007 026 1543 065 3074 003 002 007 001 0.1
S.0V d.f Sum of squares
Years (Y) 4 105 5155421 5809.64 223 6816 747153 1556 13678 0.03 005 005 009 1.5
Replication 10 130 220874 72023 483 149  290.93 678 21689 0.4 017 040 016 132
Gen(gt)ype 23 2832 9556693 2109407 4665 28291 1280975 95093 4889135 2378 4242 7539 2126 189.84
GXY 92 437 3542396 6868.12 3132 97.89 485151 97.21 550158 3.82 159 7.77 184 22.45
PC1 26 3.01 2729294 547420 2165 52.61 374350 62.60 29813 275 119 604 102 1521
PC2 24 078 4610.00 75887 539 2428 63543 1646 173870 057 022 085 058 4.18
PC3 22 041 211192 49866 281 1446 297.62 1036 650.15 027 012 054 017 245
PC4 20 0.17 1409.09 13639 147 654 17496 7.69 21460 022 007 033 007 0.60
Residuals 230 327 27061.88 4600.54 1574 6023 3547.99 14857 706960 6.17 574 1552 229 2425
Contribution to the SS (%) of total variance explained
% duetoY 274 2434 1486 221 1335 2579 128 022 009 010 005 035 056
% dueto G 7392 45.12 53.96 4629 5540 4421 7801 7898  70.06 8489 7605 8292 79.36
%duetoGxY 1141  16.72 1757 3108 19.17 1675 797  9.03 1126 3.18 7.84 7.8 9.39
PCs variance percent of the total variance of variables
PC1 68.80  77.00 7970  69.10 5370 772 6450 5340 7210 7500 7770 5550 67.80
PC2 17.90  13.00 11.00 1720 2480 131 1690 3110 1510 1350 1100 3160 18.60
PC3 950  6.00 730 9.00  14.80 6.1 1070 11.60  7.00 730 7.00 9.0 10.90
PC4 380 4.00 200 470 670 3.6 790 380 590 420 430 370 2.70
V% 372 12.65 13.77 314 145 1298 543 38 722 790 631 7.4 478

Statistically significant differences at *p < 0.05 and **p < 0.01; ns: indicate the non-significant difference. BW: boll weight; SCY/P: seed cotton yield/plant; No. B/P:
number of open bolls/plant; SI: seed index; L %: lint percentage; LCY/P: lint cotton yield/plant; No.F.B/P: Number of fruiting branches/plant; PH: plant height;
Chl. a: chlorophyll a; Chl. b: chlorophyll b; T. Chl: total chlorophyll; Carot: carotenoids; Prol: proline.
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Table 3. Mean values of studied traits of 5 years and 24 cotton genotypes grown under drought stress conditions

Factors BW SCY/P No.B/P Sl L% LCY/P No.FB/P PH Chl.a ChlL.b T.Chl Carot. Prol
Years
2016 2.70 85.84 32.61 8.45 35.18 30.30 14.69 142.39 2.42 177 4.19 1.42 6.84
2017 2.79 102.78 37.71 8.58 35.78 36.81 14.51 143.31 2.39 1.79 4.18 141 7.03
2018 2.68 94.86 36.04 8.43 35.40 33.62 15.02 142.17 241 181 4.21 1.39 6.95
2019 2.66 72.51 27.77 8.36 34.45 24.99 14.96 143.04 2.40 1.78 4.18 1.38 6.93
2020 2.63 72.80 28.19 8.36 35.08 25.60 15.04 141.58 2.40 1.79 4.19 1.39 6.94
Genotypes

Gl 2.73 89.47 33.24 8.38 36.11 32.33 16.48 149.93 2.25 2.06 4.31 1.20 6.18
G2 2.90 81.90 28.33 7.54 36.04 29.56 16.37 124.44 2.16 2.19 4.35 1.18 7.21
G3 2.87 68.38 23.74 8.24 34.33 23.57 16.84 123.62 2.26 1.92 4.18 1.37 6.20
G4 2.84 105.01 36.83 7.99 35.39 36.98 15.01 129.39 231 2.25 4.56 1.60 7.87
G5 2.38 108.11 45.51 7.78 34.59 37.44 16.43 140.44 2.54 2.37 4.91 1.18 6.41
G6 2.84 93.00 32.92 8.07 35.72 33.23 14.43 142.84 2.60 2.34 4.94 1.55 7.58
G7 3.27 75.85 23.14 9.08 34.75 26.49 16.19 136.60 1.50 177 3.27 1.50 6.64
G8 3.01 85.46 28.46 8.84 36.68 31.37 14.01 148.13 2.26 1.70 3.96 1.34 7.12
G9 2.82 82.76 29.41 8.56 34.21 28.33 17.78 142.44 231 1.76 4.07 1.37 7.27
G10 2.53 72.45 28.59 8.68 33.55 24.39 16.73 156.87 2.67 1.49 4.16 1.30 7.14
Gl1 2.82 73.40 26.32 8.26 34.18 25.15 14.06 164.58 2.32 1.44 3.77 1.32 6.40
G12 2.82 57.87 20.45 8.39 34.17 19.83 15.28 164.05 2.51 1.49 4.00 1.15 6.50
G13 3.20 66.90 20.98 8.88 35.97 24.07 15.71 146.55 2.30 1.45 3.74 1.18 6.44
G14 2.90 81.09 28.14 8.46 35.94 29.18 12.66 130.24 2.54 1.64 4.17 1.28 6.39
G15 2.33 93.67 40.20 8.79 36.52 34.25 15.00 152.57 2.18 1.56 3.73 1.37 5.78
G16 2.74 83.82 31.10 8.60 34.68 29.13 14.55 155.36 2.42 1.36 3.78 1.38 6.34
G17 241 92.78 38.58 8.61 35.78 33.30 14.41 133.90 2.73 1.95 4.68 1.66 7.70
G18 231 83.99 36.46 8.85 36.26 30.74 13.64 141.30 2.42 1.37 3.79 1.17 6.79
G19 2.48 120.58 48.81 8.03 34.97 42.21 13.63 157.28 2.68 1.99 4.67 1.84 8.17
G20 2.78 126.38 45.71 8.37 35.62 45.18 13.65 128.58 2.69 2.21 4.90 1.88 8.37
G21 2.22 92.64 41.78 8.32 34.70 32.20 14.34 135.68 2.67 2.25 4.92 2.03 8.44
G22 2.30 71.15 30.82 8.46 35.49 25.24 12.00 137.49 2.29 1.57 3.86 113 6.68
G23 2.40 69.32 28.88 8.68 33.63 23.36 10.85 131.74 243 1.24 3.66 131 6.45
G24 2.66 82.14 30.81 8.56 35.00 28.75 16.14 145.92 2.64 1.55 4.19 1.22 6.53
G. Mean 2.69 85.76 32.47 8.43 35.18 30.26 14.84 142.50 2.40 1.79 4.19 1.40 6.94

BW: boll weight; SCY/P: seed cotton yield/plant; No. B/P: number of open bolls/plant; SI: seed index; L %: lint percentage; LCY/P: lint cotton yield/plant; No.F.B/P:
number of fruiting branches/plant; PH: plant height; Chl. a: chlorophyll a; Chl. b: chlorophyll b; T. Chl: total chlorophyll; Carot: carotenoids; Prol: proline

The highest values for plant height, chlorophyll a, trast, the lowest values for lint percentage by G10 gen-
chlorophyll b and total chlorophyll were obtained by  otype, for plant height by G3 genotype and for number
genotypes G11, G17, G5 and G6 respectively. The G21  of fruiting branches/plant and chlorophyll b by G23
genotype registered the highest contents of carote- genotype were observed.

noids and proline and the lowest boll weight. In con-

https://plantsciencetoday.online


https://plantsciencetoday.online

3. Cluster analysis

In Fig. 2, the cluster analysis classified the 24 cotton geno-
types based on all studied traits across drought stress con-
ditions into 2 major groups (A and B). Groups A and B were
categorized into 3 and 2 clusters, which accounted for 58%
and 42% of the total genotypes respectively. The number
of genotypes in each cluster varied, with fewer genotypes
in the first cluster (G19 and G20), 4 genotypes in the fourth
cluster (G11, G10, G13 and G12), and 6 genotypes in each
remaining cluster (equal). The second cluster is comprised
of genotypes G5, G4, G21, G17, G15 and G6. The third clus-
ter consisted of genotypes G8, G1, G16, G18, G24 and G9.

While G14, G2, G23, G22, G7 and G3 genotypes be-
longed into the fifth cluster. The tree diagram revealed the
lowest distance between genotypes inside each cluster,
whereas the genotypes between clusters in the 2 groups
had the highest distance. The first cluster had high-cotton
yielding genotypes with moderate to high yield compo-
nents and physiological traits, followed by the second,
third, fourth and fifth groupings, in that order. Generally,
G19 and G20 genotypes under drought stress conditions
were found to be the most drought-tolerant, followed by
G5, G4, G21 and G17, according to the mean performance
and cluster analysis.

Clusters: Vv IV III
r

Distance
(1]
Q
1

754 Gropp B Group A

[y

(=]

w
1

120

Fig. 2. Tree diagram of 24 cotton genotypes based on all studied traits using
ward’s method with Euclidean distance.

4. Variance components and genetic parameters

The variance components and genetic components for
the analyzed traits were estimated using mean squares
in combined ANOVA and are presented in Table 4. This
analysis assumes a random genetic effects model un-
der drought stress conditions. The highest genotypic
variances were observed for all studied traits, followed
by genotypes x years variances for seed index and lint
percentage traits as well as it followed by error vari-
ances for other studied traits. Seed cotton yield/plant
had the highest phenotypic variance, followed by plant
height and number of open bolls/plant traits and con-
centrations of carotenoids and chlorophyll a had the
lowest. The ratio of the genotypic variance of pheno-
typic variance ( 7/o2, ) had equal to one for boll
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weight, chlorophyll a, chlorophyll b and carotenoids,
but for other studied traits, it was less than one. The
ratio of error variance of phenotypic variance ( o= /%x )
was less than one for all investigated traits. The great-
est o7 /ol ratios were found for boll weight (8.00),
followed by chlorophyll b and carotenoids concentra-
tions (6.00). On the other hand, the seed index had the

.

lowest o/ 2 ratio (1.57).

The highest broad-sense heritability (BSH>60%)
values were registered for all investigated traits, rang-
ing from 83.22% for seed index to 99.06% for chloro-
phyll b. All evaluated traits with high BSH had the high-
est genetic advance (GA) and genetic advance as a per-
cent of the mean (GAM%), showing the predominance
of additive gene action. The phenotypic coefficients of
variation (PCV%) were larger than genotypic coeffi-
cients of variation (GCV%) for all traits tested, except
for boll weight, chlorophyll a, chlorophyll b and carote-
noids, which had equal. Seed index, lint % and plant
height traits were found to have low PCV% and GCV%
values, with values less than 10%. For number of open
bolls/plant, very high PCV% and GCV% values were ob-
served, with values of more than 21%. High PCV% and
GCV% values were noticed in seed cotton yield/plant,
lint cotton yield/plant, chlorophyll b and carotenoids
(>15%). Other traits had a moderate % of PCV and GCV
(10%<CV=15%). In this study, the DPG is the difference
between PCV% and GCV%, which is interesting to ob-
serve. In the case of DPG, all of the traits examined
showed very little difference or were not observed at
all. Seed cotton yield/plant, number of open bolls/
plant and lint cotton yield/plant had moderate ECV%
values (10%<CV<15%), but other studied traits in this
study had low ECV% (<10%). It's worth mentioning that
the analyzed traits relative coefficients of variation
(RCV= GCV%/ECV%) were the most volatile. Where the
RCV of all traits evaluated was more than one (>1).

5. Pearson’s correlation coefficient

Based on the main effects of 24 cotton genotypes and 5
cropping years under drought stress conditions, Pear-
son’s correlations analysis was performed to study the
relationship among yield, yield components and physi-
ological traits (Fig. 3). The data demonstrated that un-
der drought stress conditions, 33 correlation coeffi-
cients were significantly different (p < 0.05 and p <
0.01). There were 26 positive correlations and 7 nega-
tive correlations among these. Seed cotton yield/plant,
number of open bolls/plant, lint cotton yield/plant,
chlorophyll b, total chlorophyll, carotenoids and pro-
line were all found to be positively and significantly
related (p < 0.05 and p < 0.01). The boll weight and lint
% positively and significantly correlated with number
of fruiting branches/plant and lint cotton yield/plant
(p<0.05) respectively. The content of chlorophyll a had
a significant positive correlation with the number of
open bolls per plant, proline (p<0.05) and total chloro-
phyll (p<0.01), but had a positive correlation with seed
and lint cotton yields/plant and plant height traits.
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Table 4. Variance components and genetic parameters estimates for yield, its components and physiological traits of cotton genotypes assessed in 5 years un-

der drought stress conditions.

3 - No.B No.FB
atr :::e BW  SCY/P ‘; I L%  LCY/P °P /b Chl.a ChlLb T.Chl  Carot.  Prol.
Variance components
a2
g 0.08 251.34  56.17 0.11 0.75 33.61 2.69 137.66 0.07 0.12 0.21 0.06 0.53
gl
gy 0.01 89.13 18.22 0.09 0.27 12.44 0.14 10.01 0.00 0.00 0.01 0.00 0.05
o2
g 0.01 117.66  20.00 0.07 0.26 15.43 0.65 30.74 0.03 0.02 0.07 0.01 0.11
a2
Bh 0.08 277.01  61.14 0.14 0.82 37.13 2.76 141.71 0.07 0.12 0.22 0.06 0.55
Ys
/ 1.00 0.91 0.92 0.79 0.91 0.91 0.97 0.97 1.00 1.00 0.95 1.00 0.96
a?;h
o,
/ 0.13 0.42 0.33 0.50 0.32 0.42 0.24 0.22 0.43 0.17 0.32 0.17 0.20
ﬂ'?;h
Ys
/ 8.00 2.14 2.81 1.57 2.88 2.18 4.14 4.48 2.33 6.00 3.00 6.00 4.82
g
Genetic parameters
BSH 96.14 90.73 91.86 8322 9135 90.53 97.44 97.14 95.98 99.06 97.42 97.84 97.04
GA 56.02 3110.76 147964 64.14 17041 113638  333.47 238213 5231  70.69 94.13  49.37 148.25
GAM% 208240 362728 455695 76091 48438 375537  2247.11 167167 217964 394915 224653 352640 213619
GCV% 10.51 18.49 23.08 3.93 2.46 19.16 11.05 8.23 11.02 19.35 10.94 17.50 10.49
PCV% 10.51 19.41 24.08 4.44 2.57 20.14 11.19 8.35 11.02 19.35 11.19 17.50 10.69
DPG 0.00 0.92 1.00 0.50 0.11 0.98 0.14 0.12 0.00 0.00 0.26 0.00 0.20
ECV% 3.72 12.65 13.77 3.14 1.45 12.98 5.43 3.89 7.22 7.90 6.31 7.14 4.78
RCV 2.83 1.46 1.68 1.25 1.70 1.48 2.03 2.12 1.53 2.45 1.73 2.45 2.20

: genotypic variance; : genotype x environment interaction variance; : error variance; : phenotypic variance on entry-mean basis; BSH: broad-sense heritability on
entry-mean basis (%); GA: genetic advance; GAM%: genetic advance as percent of mean; GCV%, PCV% and ECV%: genotypic, phenotypic and error coefficients of
variation, respectively; DPG: difference between PCV% and GCV%; RCV: relative coefficient of variation. BW: boll weight; SCY/P: seed cotton yield/plant; No. B/P:
number of open bolls/plant; SI: seed index; L %: lint percentage; LCY/P: lint cotton yield/plant; No.F.B/P: Number of fruiting branches/plant; PH: plant height;
Chl. a: chlorophyll a; Chl. b: chlorophyll b; T. Chl: total chlorophyll; Carot: carotenoids; Prol: proline.

Regarding the negative correlation under stress
drought conditions, the boll weight negatively and sig-
nificantly correlated with the number of open bolls/
plant (p<0.01) and chlorophyll a (p<0.05). Seed index
also had a negative and significant association with
seed cotton yield/plant, lint cotton yield/plant (p<0.05),
chlorophyll b and total chlorophyll (p<0.01). While
plant height has a negative and significant relationship
with chlorophyll b (p<0.05).

6. Principal component analysis (PCA)

Statistical analysis PCA was used in this study to dis-
cover drought tolerance in 24 cotton genotypes and to

quantify the associations between the analyzed charac-
teristics over a 5-year period under drought stress con-
ditions. Five PCs were selected from the 13 PCs based
on eigenvalue values across the mean performance for
studied variables respectively (Table 5). The eigenval-
ues of the first 5 PCs recovered were more than one and
they explained 86.98% of the total variance of studied
variables across genotypes and 5 years. On the other
hand, the eigenvalues of the other PCs were less than
one (Eigenvalue 1). Under drought stress conditions,
the PC1, PC2, PC3, PC4 and PC5 contributed 44.70%,
14.68%, 11.36%, 8.37% and 7.87% of the overall varia-
bility in the data respectively. PC1 contributes the most
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Fig. 3. Correlation matrix plot among yield, yield components and physio-
logical traits of 24 cotton genotypes under drought stress conditions. BW:
boll weight; SCY: seed cotton yield/plant; NB: number of open bolls/plant; S:
seed index; L %: lint percentage; LCY: lint cotton yield/plant; NFB: Number of
fruiting branches/plant; PH: plant height; Chl. a: chlorophyll a; Chl. b: chloro-
phyll b; T. Chl: total chlorophyll; Carot: carotenoids; Prol: proline. Plot show-
ing positive correlation (red) and negative correlation (blue) among traits. *
and ** indicate statistically significant differences at p < 0.05 and p < 0.01
respectively.

data variability, followed by PC2. As a result, PC1 and
PC2 can be used to examine the association between
measured traits and to identify drought-tolerant geno-
types during years impacts under drought stress condi-
tions.

Based on the data in Table 5, the PC1 was de-
scribed by all studied traits with positive factor load-
ings, except boll weight, seed index, number of fruiting
branches/plant and plant height. Except for the num-
ber of open bolls/plant, seed index, plant height, chlo-
rophyll @ and carotenoids, all examined traits had posi-
tive factor loadings in PC2. The PC3, PC4 and PC5 had
positive loadings with cotton yield and most studied
traits, but the highest values were observed on PC3 and
PC4 in lint % and on PC5 in plant height.
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To assess the association between studied varia-
bles by the main influences of genotypes and years un-
der drought stress conditions, the PC1 and PC2 were
utilized to draw a biplot (Fig. 4). A sharp angle between
most studied traits was discovered under the contribu-
tion of genotypes and years, showing a positive correla-
tion between these traits, however, they vary in their
degree and consistency in quantity. PCA analysis cor-
roborated the conclusions of Pearson's correlation co-
efficient. In biplot (Fig. 4), the PC1 and PC2 allowed to
group 24 cotton genotypes and studied traits according
to their phenotypic similarities into 2 groups. The PC1
(first group) showed clustering of chlorophyll b, total
chlorophyll, lint cotton yield/plant, seed cotton yield/
plant and proline with G4, G5, G6 and G20 genotypes
(first quarter), and carotenoids, number of open bolls/
plant and chlorophyll a with G17, G19 and G21 (fourth
quarter). These traits are substantially positively corre-
lated with these genotypes, indicating their outstand-
ing performance in terms of yield and physiological
traits under drought stress conditions. The second
group was related to PC2 and included the other traits
tested in the second and third quarters with the other
genotypes. The PCA scree plot of the major impacts of
28 cotton genotypes on cotton yield and other meas-
ured variables during drought stress years revealed
that the PC1 and PC2 eigenvalues correspond to the
entire percentage of variance in the dataset (Fig. 5).
The PCA analysis results confirmed the results of clus-
ter analysis (Fig. 2). Generally, PC1 has a high produc-
tion potential and has the most stable genotypes,
therefore it can be used to select drought-tolerant gen-
otypes, in contrast PC2.

Discussion

Drought is a major limitation to cotton and other crops
production both globally and in Egypt. The objective of

Table 5. Results of principal component analysis (PCs) in the first 5 PCs for the studied traits during the main effects of genotypes and years under drought stress

conditions
Principal Components

Traits
PC1 PC2 PC3 PC4 PC5
Boll weight -0.15 0.52 0.09 -0.23 0.24
Seed cotton yield/plant 0.38 0.02 0.19 0.12 0.21
No. of open bolls/plant 0.37 -0.21 0.13 0.20 0.09
Seed index -0.23 -0.23 0.40 -0.27 0.32
Lint % 0.08 0.16 0.61 0.37 -0.10
Lint cotton yield/plant 0.37 0.03 0.26 0.16 0.19
No. of fruiting branches/plant -0.04 0.45 -0.33 0.23 0.43
Plant height -0.12 -0.30 -0.17 0.29 0.68
Chlorophyll a 0.22 -0.39 -0.32 0.06 -0.07
Chlorophyll b 0.33 0.39 -0.11 0.05 -0.07
Total chlorophyll 0.37 0.07 -0.26 0.07 -0.09
Carotenoids 0.30 -0.04 0.07 -0.54 0.25
Proline 0.32 0.01 -0.04 -0.47 0.10
Eigenvalues 5.81 191 1.48 1.09 1.02
Variance % 44.70 14.68 11.36 8.37 7.87
Cumulative% 44,70 59.38 70.74 79.11 86.98
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Fig. 4. Biplot diagram based on PC1 and PC2 shows similarities and dissimi-
larities relationships among the measured traits across 28 genotypes
drought stress years' conditions. BW: boll weight; SCY: seed cotton yield/
plant; NB: number of open bolls/plant; SI: seed index; L %: lint percentage;
LCY: lint cotton yield/plant; NFB: Number of fruiting branches/plant; PH:
plant height; Chl. a: chlorophyll a; Chl. b: chlorophyll b; T. Chl: total chloro-
phyll; Carot: carotenoids; Prol: proline

this study was to understand the interaction GY pattern
for yield, yield components and physiological traits in 24
cotton genotypes growing 5-year period under drought
stress conditions using AMMI analysis, genetic parame-
ters and multivariate analysis. Thus identifying genotype
high yielding and drought-tolerant during drought stress
conditions in Egypt. According to the AMMI analysis of
variance, the years factor had a significant impact on
seed cotton yield/plant, number of open bolls/plant, lint
%, lint cotton yield/plant and number of fruiting branch-
es/plant. This indicates that the testing years were dif-
ferent and involved in the variation of the genotypic per-
formance for these traits, so identifying best genotypes
for adapted to the 5-year period under drought stress
conditions. These differences could also be explained by
the fact that these genotypes were tested in environ-
ments with varying precipitation, temperature and rela-
tive humidity (Fig. 1). Under drought stress conditions,
ANOVA across years revealed significant variation among
24 cotton genotypes and interaction GY for all traits
studied. This shows not only the amount of variation

there was between years, but also the sufficient and de-

sirable genetic variety there was among these genotypes

under drought conditions, which might be used to boost

cotton vyields in Egypt's drought-prone regions. There

are reports on the significant effects of genotypes, envi-

ronments and their interactions on cotton quantitative
traits using AMMI analysis of variance (22-26).

When sums of squares attributable to error and
replication were removed, the genotypic effect contrib-
uted the most to overall variance, ranging from 44% to
58% in cotton yield and all investigated traits as com-
pared to years and interaction GY effects. This suggests
that there were significant variances in genotypes re-
sponse over years, resulting in variations in cotton yield
and the majority of traits studied, that can help in the
selection of ideal genotypes under drought conditions.
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Fig. 5. Scree plot of PCA between respective eigenvalues % and components
number

Genotypes and GE interaction variances helped in the
selection of the better genotypes for studied traits, and
reducing the impact of environmental main effects is
critical in such conditions (48). The PC1 exhibited a
greater contribution than the other PCs, ranging from
53% to 80% of the total interaction GY, demonstrating
that the AMMI model effectively partitioned the variabil-
ity in all studied traits. Because of the significant effect
of GE interaction on the characteristics, various geno-
types reacted and responded differently to environmen-
tal variation, necessitating the identification and selec-
tion of superior genotypes in environments (49).

Based on CV% values, the years factor affects seed
cotton yield/plant, number of open bolls/plant, and lint
cotton yield/plant compared to the other traits. Under
drought stress conditions, the size of CV% suggested
that the genotypes possessed exploitable genetic varia-
bility during the selection of cotton yield and other
traits. Furthermore, the low CV% demonstrated the ac-
curacy of the cotton experiment under drought stress
conditions, similar to an earlier report (50). The lowest
CV% was observed in physiological and some yield com-
ponent traits, indicating that these parameters are
drought resilient and can be considered one of the most
essential drought tolerance features. In cotton, the CV%
values for studied traits were low than10% (51, 52) and
were more than 10% (53).

Under drought stress conditions, cotton yield and
most examined traits of genotypes performed better in
2017 than in other years. According to this study, the
average relative humidity and rainfall were at their
greatest levels this year. Plants can respond to drought
stress in three ways: physiologically, by reducing growth
rates, molecularly, by increasing expression of ABA bio-
synthesis genes and biochemically, by accumulating
stress metabolites such as proline and so on (54). The
usefulness and effectiveness of yield components and
physiological traits in grouping cotton genotypes under
drought stress were discovered using mean performanc-
es and cluster analysis. It also revealed a considerable
level of variability among the genotypes studied. As a
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result, these genotypes were divided into five clusters.
The first cluster comprised high-cotton yielding geno-
types with moderate to high yield components and phys-
iological traits, followed by the second, third, fourth and
fifth clusters in that order. In the first cluster, G19 and
G20 genotypes have high yield and physiological traits
and were determined to be the most drought-tolerant,
followed by G5, G4, G21 and G17 genotypes. Cotton gen-
otype with high relative water content and photosynthe-
sis performed better under drought conditions (55).
While the G14, G2, G23, G22, G7 and G3 genotypes exhibit
poor yield and physiological traits related with drought
sensitivity (fifth cluster). These genotypes' excellent per-
formance and drought tolerance could be explained by
their good genetic background or increased contents of
chlorophyll, carotenoids and proline. When compared to
drought-sensitive genotypes, drought-tolerant geno-
types can evolve a set of mechanisms that are more suc-
cessful in protecting their structure and membrane func-
tions (56). Our results are in accordance with earlier find-
ings on cotton under drought stress, higher chlorophyll,
carotenoids and proline contents were reported in
drought-tolerant genotypes of cotton (38, 57-59).
Drought-tolerant genotypes grow faster in drought
stress, due to increased relative water content (60).
Where chlorophyll-rich plants may store more assimi-
lates, helping them to develop and generate more strong
shoots and leaves (61) and therefore help to maintain
crop yield under drought stress conditions (62). The ca-
rotenoids help in the heat dissipation of excess excita-
tion energy in the photosynthetic machinery, preventing
the generation of superoxide in plants receiving exces-
sive light energy as photosynthesis declines under
drought stress conditions (63). Proline is an osmolyte
that also helps in the stabilization of subcellular struc-
tures (such as membranes and proteins), the scavenging
of free radicals and the buffering of cellular redox poten-
tial under drought stress conditions (64).

Drought tolerance breeding is difficult because it
is a complex quantitative trait with multipart pheno-
types, it is controlled by many genes and it exhibits sig-
nificant GEI. The genetic variability of crops necessitates
the study of traits that contribute to drought tolerance
and the exploration of their genetic variation (65), thus
genetic variability is essential for selection (66). The her-
itable part of the overall observed variability can be
studied using variance components, BSH, GA, GAM%,
GCV% and PCV% parameters (67). The current study dis-
covered a high genetic variance in drought tolerance for
all traits tested, resulting in high BSH estimations. The
high genotypic variance and BSH estimates for all inves-
tigated traits indicate that genotypes are primarily re-
sponsible for the formation/manifestation of these
traits, with environments and GY interaction playing a
minor role. The g?/c2, ratio was higher than the¢}/q, ra-
tio due to the high genotypic variance found across all
traits. According to the genetic study, the genotypic vari-
ance was higher than environmental variance, leading to
a high //a’ ratio for all traits studied. Similar results
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for variance components of cotton genotypes were also
reported (37, 50, 68-71).

The highest degree of heritability indicates the
importance of cotton genotypes and traits simultane-
ously for genotype development under drought stress
conditions (37). The predominance of additive gene ac-
tion in the expression of all studied traits and genotype
ability to drought tolerance was shown by high BSH
combined with high GA and GAM%, indicating that these
traits were under genetic control and their importance in
providing a large amount of genetic gain as an important
source for the selection of drought stress tolerance,
leading to evaluation and chances of effective selection
of superior genotype under drought stress conditions. As
a result, breeding programmes without progeny tests
can be employed to improve these traits (37, 72). It was
found a similar degree of heritability and genetic ad-
vance under drought stress conditions (50, 71, 73). The
combination of high heritability and genetic advance
provides a clear picture of the traits in the selection pro-
cess (71), implying that traits selection will be useful (50)
and thus improvement in these traits is likely to be
achieved through mass and progeny selection processes
(74).

High to moderate values of GCV% and PCV% cor-
responded to high BSH estimates for cotton yield and
most studied traits, indicating that these traits should be
selected to develop desirable and adaptable genotypes
under drought stress. Low or zero DPG values imply that
the evaluated traits have little or no environmental im-
pact under drought stress conditions, that their variation
is genotypic in nature, and that genes with non-additive
genetic effects are involved in the expression of these
traits to drought tolerance. Thus, the genotypes can be
improved and selected for these traits to drought toler-
ance. Interestingly, it was mentioned similar results of
PCV% and GCV% (39, 50, 73, 75). Because the variability
in observed traits was primarily due to genetic factors,
the low differences between GCV% and PCV% suggested
that these traits might be employed as selection criteria
for further crop improvement (76). The genotypic vari-
ance was higher than the environmental variance due to
the genotypes under drought stress circumstances, as
indicated by high RCV (>1) for all examined characteris-
tics, which may suggest that drought stress tolerance is
heritable. The high genetic parameters of cotton yield
and most studied traits indicated these genotypes under
drought stress conditions may be a valuable source of
genetic diversity for drought tolerance, so there is the
presence of great opportunity to select and use geno-
types drought-tolerant in cotton improvement pro-
grams. It indicates that if these traits are subjected to
any selection procedures for exploiting fixable genetic
variance, a widely adopted genotype can be developed
under drought stress conditions (11).

Positive correlations between the 2 traits indi-
cate that selection for the increasing value of one trait
will lead to an increase in the value of the other (51).
The positive and significant correlation was registered
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among seed cotton yield/plant, number of open bolls/
plant, lint cotton yield/plant, chlorophyll b, total chlo-
rophyll, carotenoids and proline. Seed cotton yields/
plant showed a positive association with lint percent-
age and chlorophyll a. These findings suggested that
these traits had an impact on cotton yield under
drought stress and were important to consider during
the selection process, as these cotton yield can be im-
proved and increased by increasing these traits. The
positive correlation for yield, yield components and
physiological traits have been reported in several stud-
ies (38, 39, 50, 71, 77, 78). The correlations of these
traits indicated that their drought tolerance abilities
are controlled by genes in linkage disequilibrium and/
or with pleiotropic effects (15).

For the purpose of maintaining and exploiting
genetic variety, the entire variance of the analyzed var-
iables is divided into PCs. The first 5 PCs extracted had
eigenvalues higher than one and contributed 86.98%
of the total variability for combined data of genotypes
and 5 years during drought stress conditions. The PC1
and PC2 accounted for more than 59% of the total vari-
ance of all analyzed variables, so can be the basis in
the weighting of distribution and selection of geno-
types and studied traits under drought stress condi-
tions. The results of eigenvalues were consistent with
earlier studies (37-39) who reported that PC1 and PC2
contributed the highest variance proportion under
drought conditions with a value of 64%, 55% and 61%
of the total variability respectively. Cotton genotypes
and studied traits were divided into 2 categories on
the PC1 and PC2 based on their phenotypic similari-
ties. The traits chlorophyll b, total chlorophyll, lint cot-
ton yield/plant, seed cotton yield/plant and proline
with G4, G5, G6 and G20 genotypes, as well as carote-
noids, number of open bolls/plant and chlorophyll a
with G17, G19 and G21 genotypes, all contributed sig-
nificantly to PC1 under drought stress conditions. The-
se traits have a strong positive correlation with these
genotypes, showing that they perform very well in
terms of yield and physiological traits under drought
stress. While PC2 was related to diversity among other
genotypes due to other investigated traits with their
positive contribution. Interestingly, PC1 appears to
represent genotypes with high yield and physiological
traits associated with drought tolerance, both of which
are important for increasing cotton yield under
drought stress. Whereas PC2 appears to represent gen-
otypes with low yield and physiological traits associat-
ed with drought sensitivity. In cotton, drought-tolerant
genotypes distribution and location are close to stud-
ied parameters vectors, indicating how these geno-
types respond to studied variables (37). The results of
PCA analysis confirmed correlation coefficient results
among studied traits and cluster analysis results for
cotton genotypes under drought stress conditions. The
same trend of results in cotton has been reported ear-
lier (51).

Conclusion

During drought stress conditions, the AMMI analysis of
variance revealed significant variability due to the ef-
fects of genotypes, years and GY interaction on cotton
yield, most yield components and physiological param-
eters. This suggests that the genetic variations between
these genotypes were large enough to successfully se-
lect against drought stress. The high genetic parameters
of cotton yield and most measured traits suggested that
these genotypes under drought stress could be a rich
source of genetic diversity for drought tolerance and
provide a significant opportunity to select and exploit
drought-tolerant genotypes. Cotton yield and most
studied traits displayed positive and significant correla-
tion, indicating these traits can be used as direct selec-
tion criteria to improve cotton yield under drought
stress conditions. PCA and cluster analysis could be
used as suitable methods for studying the drought tol-
erance mechanisms in cotton and were useful in identi-
fying the G20, G19, G5, G4 and G21 genotypes have a
huge potential for high yielding and drought tolerant, as
the yield components and physiological traits had a sig-
nificant heritability, which can be utilized as a source
for drought tolerance in future breeding programs to
develop a useful genotype to encounter the climate
change scenario in Egypt.
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