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Abstract

The genotype x environment interaction and the stability of eight cotton lines and the standard
variety were studied during 2014-2017. The years of the study appeared to be as different ecological
environments. The stability variances (c% and S%) of Shukla (1972) and YS; index of Kang (1993) were
calculated. It was found that the cotton genotypes tested interacted significantly with the environmental
(year) conditions in terms of seed cotton yields, boll weigt, fiber length and lint persentage. For an
effective selection of these traits, the genotypes had to be tested in different years at diverse
environmental conditions and a calculation of the phenotypic stability parameters was necessary for a
more precise selection. Based on Sukla’s variance stability parameters the breeding usefull stability was
observed for all studed traits. Some lines were stable for more than one traits. Line 553 was found to be
stable for the seed cotton yield, boll weight and lint percentage, lines 489 and 457 — for the boll weight
and fiber length. These lines appeared to be very suitable for inclusion in crosses. According to Kang’s
YSi index the complex breeding value (the average level of trait and stability) was found in: line 553
for the seed coton yield, boll weight, fiber length and lint percentage; line 489 for the boll weight, fiber
length and lint percentage; line 535 for the seed coton yield and boll weight; line 449 for the boll weight
and fiber length; line 457 for the fiber length. These lines are very suitable for the cotton breeding
programs to create genotypes with a high expression and high stability of the traits.
Key words: cotton, G. hirsutum L., genotype-environment interaction, phenotypic stability, economic
traits.

INTRODUCTION Moiana et al., 2014; Pretorius et al., 2015; Riaz
etal., 2013; Zeng et al., 2014).

Sustainable agriculture is based on The ecological stability of genotypes is
highly productive and stable varieties. The the subject of intensive research in the genetic
phenotypic stability of varieties is their main and breeding studies with different crops. Many
ecological characteristics, related to the statistical methods and approaches for its
genotype X environment interaction, i.e. the estimation have been developed. The most
different reaction of varieties to the changing widely used models are the regression methods
environmental conditions. In different test of Finlay & Wilkinson (1963), Eberhart &
environments the varieties change ranks as a Russell (1966), the variance method of Shuckla
result of their interaction with the environment. (1972) and the YS; parameter of Kang (1993)
Some varieties had an excellent performance in for the simultaneous assessment of yield and
some environments and very poor in others, stability.
indicating a change in their average Many researchers used these methods to
performance in many environments and a evaluate the stability and adaptability of
significant genotype X environment interaction different cotton genotypes (commercial
(De Carvalho et al., 2015; Farias et al., 2016; cultivars, new varieties, promising lines,
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hybrids and their parents) across environments
to select the superior and adaptable ones
(Balakrishna et al., 2016; Chinchane et al.,
2018; Deho et al., 2021; Dewdar, 2013; Fathi et
al., 2018; Giivercin et al., 2017; Igbal et al.,
2018; Khalifa et al., 2010; Patil et al., 2017;
Shashibhushan & Patel, 2020). Vavdiya et al.
(2021) used the regression parameters (bi) (S%i)
to evaluate the stability of 50 “line x tester” (10
x 5) crosses, at three different sowing dates.

Recently, as method of evaluating the
stability, many researchers used the PCI
analysis (the Principle Component Analysis,
includes an analysis of the variance main
components), the AMMI method (Additive
Main effects and Multiplicative Interactions)
and the GGE biplot analysis (Genotype main
effect and Genotype x  Environment
interaction). The AMMI method and the GGE
bi-plot model were often used to analyze
experimental data from different ecological
experiments and compare the results (Farias et
al., 2016; Maleia et al., 2017; Moiana et al.,
2014; Orawu et al., 2017; Pretorius et al., 2015;
Riaz et al., 2019). The biplot analysis was used
to examine the genotype (G) and the genotype x
environment interaction (GE) (Farias et al.,
2016; Fathi Sadabadi et al., 2018; Yan and
Kang, 2003) and to test environments and mega-
environments (Xu et al., 2014). Shahzad et al.
(2019) tested 41 genotypes (11 inbred lines and
30 intraspecific cotton hybrids) in 6 different
environments using the AMMI method to
analyze and compare the results. Maleia et al.
(2019) evaluated the stability and adaptability of
native and introduced varieties using the AMMI
method. According to the findings of Riaz et al.
(2013) the AMMI model is highly effective for
the analysis of multi-environment trials.

Cotton in Bulgaria is grown under non-
irrigated  conditions  with  insufficient
temperature and rainfall during the vegetation.
There is no definite rhythm of precipitation
during the cotton growing season over the years.
The climatic conditions differ frequently from
year to year. One of the main goals of the cotton
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breeding is to develop stable varieties with a
consistent performance in terms of productivity
and fiber quality against the background of
various agro-meteorological conditions for the
cotton cultivation in Bulgaria over the years.
Because of this, in the selection of cotton, it is
necessary to constantly evaluate the newly
created lines.

To determine the breeding value of the
advance lines, included in the competitive
variety testing, it is important to determine their
phenotypic stability. Some of these lines will be
realized as varieties for implementation in
practice, others will be used as parental
components for hybridization. The crossing of
parents with high stability may result in highly
stable genotypes.

The aim of this research was to study the
genotype x environment interaction and to
evaluate the phenotypic stability of the new
promising cotton lines, with a view to their more
efficient use in selection.

MATERIALS AND METHODS

The experimental material included
eight new promising cotton lines, obtained
through the use of intra and interspecific
hybridization, and the standard variety Chirpan-
539. Lines 426, 449, 457, 550 and 553 were
created by remote hybridization of the G.
hirsutum L. with the wild diploid species G.
thurberi Tod., G. davidsonii Kell. and G.
raimondii Ulbr., and saturating backcrosses
with the G. hirsutum L. species. Lines 346, 489
and 535 were obtained through intraspecific
diallel and line X tester crosses. One of the
parents of these three lines included in its
genotype G. barbadense L. germplazm. The
standard variety was of intraspecific origin G.
hirsitim.

The study was carried out in the
experimental field of the Field Crops Institute in
the town of Chirpan during the period 2014-
2017. The years appeared as different ecological
environments. In  Bulgaria the agro-
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meteorological factors during the vegetation
period of cotton in different years are very
diverse and sometimes contrasting. The
competitive variety trials were carried out in
four consecutive years in four replications and a
harvest plot of 20 m?, with row to row spacing
of 60 cm and plant to plant spacing of 10 cm.
The following characters were analyzed: seed
cotton yield/ha; boll weight; fibre length and lint
percentage. The fibre length was determined by
the "butterfly" method on 40 individual plants
(10 of replication) and lint percentage - on
average sample for each replication. The
program STABLE (Kang & Magari, 1995) was
used to estimate genotypexenvironment
interaction and stability parameters % and S?
of Shukla (1972) as well as Kang's YS;
parameter (1993).

The period of the study included years
with different temperature sum and rainfall and
they were characterised as follow: in terms of
temperature sum 2015, 2016 and 2017 were
warm (P=14.3-17.2%), 2014 was average to
medium cool (P=66.7%); in terms of rainfall
2015 and 2017 were moderately wet (P=28.6-
33.3%), 2014 was wet (P=12.9-14.8%) and
2016 was dry (P=93.1%).

The coefficient of security (P%) was
determined on the basis of the arrangement of
years in descending order, respectively by the
temperature sum for May-September and the
rainfall sum for May-August
(P%=n/(m+1)x100, where n was the
consecutive number of the year of testing; m —
the total number of years included in the
descending order /row of years - climatic norm.

The period 1989-2018 (last 30 years)
was considered as a climatic norm (Alexandrov
etal., 2010).

RESULTS AND DISCUSSION

The two-factor dispersion analysis
(Table 1) showed that the genotypic effect was
insignificant for the seed cotton yield and boll
weihgt and was highly significant for the fiber
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length and lint percentage.

Insignificant differences for the seed
cotton yield and some of its components were
reported by Stoilova & Dechev (2002) in cotton
lines of a hybrid origin and by Valkova &
Dechev (2003) in the mutant cotton lines.

The genotypic differences (genotypic
effects) were insignificant due to the large
effects of the environment and the genotype-
environment interaction on the total variation
and the small differences between the
genotypes, although there were significant
differences in the individual years (Dechev &
Valkova, 2007).

The genotypes had a different norm of
reaction when one environment was replaced by
another - favorable with unfavorable (Lidanski
& Naydenova, 1993).

Lidanski & Stoilova (2000) considered
the reaction norm of the long-fiber cotton lines
in a qualitative aspect, applying a methodology
developed by Lidanski & Naydenova (1993),
and concluded that the genotypes had a specific
norm of reaction to different environments.
Some of the genotypes were more responsive to
favorable environments, others reacted more
strongly to unfavorable environments and some
others showed a high adaptability or had a
reaction adequate to the environmental
conditions.

In our study, the established unproven
genotypic differences for the seed cotton yield
were due to the greater effect of the environment
and the genotype X environment interaction on
the total variation.

Besides the different norm of reaction,
small differences between the genotypes,
especially for the boll weight, were also
important for the insignificant differences. In
the individual years of the study there were
significant differences for both the seed cotton
yield and the boll weight. The genotypic effects
were significant for the other two traits — the
fiber length and the lint percentage, which
means, the lines included in the study showed a
genotypic diversity due to genetic causes.
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In the total variation of all traits studied,
the variation of years had the highest relative
share (51.57-71.96%) (data not given here).
High and significant mean squares due to years
indicated considerable diferences among
environments (years) and their predominant
effect on all studed traits. The genotype x
environment interaction mean squares were
highly significant for seed cotton yield, fiber
length and lint percentage, indicating different
response of the gentypes to different year
conditions. The genotype X environment
interaction mean square for the boll weight was
weakly significant. In case of significant
genotype X environment interaction, the
selection of genotypes must be conducted in

different ecological environments. Several
years of research are needed to increase the
efficiency of selection (Dechev, 2004).
Calculation of the parameters of phenotypic
stability of genotypes is a prerequisite for a
more precise selection.

None of the studied characters showed
significant heterogeneity, which means that the
stability of lines can be assessed both by
regression and variance methods. It is
considered that in non-linear interactions
(significant heterogeneity) the behavior of
genotypes with respect to their stability can be
better assessed by the variance rather than by
regression coefficients (Shukla, 1972).

Table 1. Analysis of the phenotypic variance of the studied characters

Mean Squares

Sources of DF Seed cotton Boll Lint Fiber

variation yield, kg/ha weight percentage length
Genotypes - G 8 12043.75ns 0.309ns 14.975** 3.572**
Environments - E 3 263951.70** 5.594** 137.036** 67.219**
Interaction - GXE 24 7122.71** 0.152* 4.074** 0.948**
Heterogeneity 8 9785.63ns 0.168ns 4.746ns 1.308ns
Residual 16 5791.25** 0.144ns 3.739** 0.768**
Pooled error 96 1328.60 0.092 0.58 0.24
Significance of variances at P=0.05(*) and P=0.01(**), respectively

The mean values and the results of the
phenotypic stability analysis of the characters
under study are presented in Table 2.

Seed cotton vield. The seed cotton yield
varied from 1531 kg/ha to 1794 kg/ha. By this
character, most of the lines differed slightly
from each other and also from the standard
variety. Valchinkov (2000) in experiments with
maize reported that the genotypes differed in
their stability when the differences in the yield
were insignificant. Lines 535, 457, 550 and 553
showed a higher productivity and in the seed
cotton vyield exceeded the standard variety
Chirpan-539 by 9.0 to 11%.

The stability variances (c% u S%) of
Shukla (1972), which take into account linear
and non-linear interactions, respectively, one-
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wayly assess the stability of genotypes. The
genotypes having lower values of both
parameters are considered to be more stable
because they interacted less with the
environmental conditions. The negative values
of o% and S% are considered to be 0. At a
significant high value of either of the two
parameters - o% or S% the genotypes are
considered to be unstable. Based on this,
according to the results in Table 2, lines 426,
553 - which were of the more productive
genotypes, and 346 emerged as stable in terms
of their performance. Lines 535 and 550 — of the
most productive, 449 and 489 were the most
unstable genotypes. The standard variety
Chirpan-539 and line 457 showed a slightly
better stability.
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Table 2. Average data (2014-2017) for the studied characters and stability parameters o2 and S?
of Shukla (1972) and Kang’s YSi index (1993) for nine cotton genotypes (eight lines and the

standard variety)

Genotypes | Mean values | i | % | YSi
Seed cotton yield, kg/ha

Chirpan-539 1615 8309.52** 4089.84* -8
346 1656 1715.37ns 1558.58ns 0*
426 1731 -698.36ns -763.06ns 5*
449 1735 20863.64** 5924.45* -2
457 1771 5427.40** 7400.37** 1*
489 1531 9286.76** 11251.71** -10
535 1794 10177.88** 9234.17** 3*
550 1771 9180.69** 13457.05** 0*
553 1761 -156.68ns -31.84ns 7*

Boll wight, g

Chirpan-539 5.2 0.113ns 0.181ns 5*
346 4.9 0.391** 0.596** -7
426 5.1 0.233ns 0.138ns 1
449 5.2 0.261* 0.247ns 4*
457 4.9 0.063ns 0.017ns -3
489 5.3 0.234ns 0.011ns g*
535 5.3 0.038ns 0.063ns 10*
550 5.0 0.147ns 0.151ns 0
553 5.1 0.098ns -0.005ns 4*

Lint percentage, %

Chirpan-539 41.0 4.248** 3.554** -5
346 41.8" 3.929** 1.157ns 1*
426 40.9 3.329** 5.314** -4
449 39.9000 1.247ns 1.922* -3
457 39,500 1.038ns 1.803* -4
489 423" 7.301** 11.288** 4*
535 40.6 4.569** 1.811* -7
550 4227 10.764** 6.526** 3*
553 41.0 0.234ns 0.270ns 7*

Fiber length, mm

Chirpan-539 25.9 0.727* 0.995* -4
346 26.2"" 0.049ns -0.002ns 2*
426 25.7 1.461** 2.280** -10
449 27.17" 1.619** 1.330** 4*
457 26.4" 0.499ns 0.202ns 4*
489 26.9™" 0.488ns 0.248ns 8*
535 266" 2.735** 0.864* -1
550 26.3 0.198ns 0.384ns 1
553 26.8"" 0.754* 0.607ns 5*
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Very useful information about the
breeding value of genotypes was obtained by
the YSi index of Kang (1993) for a simultaneous
assessment of the yield and stability, based on
the reliability of differences (genetic effects)
and the variance of interaction with the
environment. According to this index, as it is
shown in Table 2, line 553 was assessed as the
most valuable in terms of seed cotton yield,
followed by lines 426 and 535.

From the analysis of the results it can be
noted that the highest breeding value was found
for line 553 combining high productivity and
highly stability. Line 535 exibited the highest
seed cotton yield and a positive score on the YS;
index of Kang (1993), but was very unstable on
the two stability variances (c?% and S%) of
Shukla (1972). This line could be included in
crosses with line 553, also with lines 426 and
346, which had high stability based on the
variance parametres of Shukla and positive
estimates on the Y'S; index.

Boll weight. The studied lines had close
values for the boll weight (4.9-5.3 g). Lines 489
and 535 had the largest bolls, while lines 346
and 457 had the smallest. This character showed
high stability. Based on the stability variances
o? and S? six lines and the standard variety
were found as stable. Lines 457, 553 and 535
had lower values of both variances and were
more stable than the others. Line 346 was the
most unstable and line 449 was also defined as
unstable.

On the basis of the YS; index lines 535
and 489 were define as the most valuable in
terms of this character, folowed by the standard
variety and lines 449 and 553.

The analysis of the results showed that
lines 535 and 489 appeared to be the most
valuable for the boll weight. Both lines were
stable according to the variances of Shukla and
combined the highest boll weight and stability
according to Kang’s YS; index. The standard
variety and line 553 showed also high stability
on the basis of the variance parameters and had
positive values of the YS; criterion.
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Fiber lint percentage. The fiber lint
percentage varied from 39.5% to 42.3% (Table
2). Lines 449 and 457 had the lowest lint
percentage. The highest fibre lint percentage
was found in lines 489 and 550. The variances
i u S?% defined these two lines as very unstable.
Lines 426 and 535 were also unstable. Line 553
only was found to be highly stable. Some
differences were observed in the assessment of
some lines stability on the basis of the two
variance parameters. The S% defined lines 449

and 457 as unstable, while the variance &%

assessed them as stable. The variance o?
defined lines 346 as unstable, the variance S?
defined it as stable. These three lines were
unstable, as one of the two stability parameters
had high and significant values. The standard
variety was very unstable on both stability
variances.

According to the YS; index, line 553 was
found as the most valuable, followed by lines
489 and 550. The last two lines had the highest
fiber lint percentage as a result the YS; criterion
assessed them highly.

The results of the analysis showed that
line 553 was found as the most valuable
according to the variances of Shukla (1972) and
according to Kang's YS; criterion (1993). Lines
489 and 550 had the highest fiber lint percentage
as a result of which the YS; criterion assessed
them highly, but were very unstable on the the
two variances of Shukla.

Fibre length. The fiber length varied
from 25.7 mm to 27.1 mm. Of the genotypes
studied, the longest fibre was found for line 449
and the shortest — for line 426, followed by the
standard variety. For this fiber property the
stability variances % u S% showed high stability
for four lines 346, 457, 489 and 550. Lines 449
and 426, also the standard variety, were very
unstable. The YS;index determined as the most
valuable line 489, followed by lines 553, 457
and 449.

The summarized results for the traits
studied showed that according to the variance
parameters of Shukla line 553 was stable in
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terms of seed cotton yield, boll weight and lint
percentage; line 489 - for the boll weight and
fiber length; line 457 — for the fiber length and
lint percentage.

Of the two methods used, particularly
valuable from the point of view of selection is
the method of Kang (1993), which evaluates
genotypes simultaneously on average level and
stability. Based on this method the complex
breeding value (the average level of trait and
stability) was found in the lines: 553 — for the
seed cotton yield, boll weight, fiber length and
fiber lint percentage; 489 - for the boll weight,
fiber length and lint percentage; 535 — for the
seed cotton yield and boll weight; 457 - for the
fiber length; 449 — for the boll weight and fiber
length; 426 - for the seed cotton yield; the
standard variety — for the boll weight; 550 — for
the fiber lint percentage.

All these lines are very valuable for
combinatorial selection to create new cotton
genotypes with a high expression of traits and
high stability in different environments (over
years). Line 553 is the most valuable for future
selection, for inclusion in crosses, in order to
improve the productivity and stability of the
new genotypes.

Line 553 best combined seed cotton
yield and stability, lint percentage and stability,
line 535 - boll weight and stability, line 489 -
fiber length and stability. The inclusion of these
lines in one breeding program is a prerequisite
for even greater expectations for the cotton
breeding.

According to  Shukla's variance
parameters and Kang's YS; index, line 553
showed a good performence in terms of seed
cotton vyield, boll weight and fiber lint
percentage; line 489 — for the boll weight and
fiber length; 426 - for the seed cotton yield; 457
— for the fiber length; 535 — for the boll weight.
These lines can be used in the cotton breeding
for creation of superior genotypes with a high
expression of traits and high stability.
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CONCLUSION

The studed cotton lines and the standard
variety  reliably interacted  with  the
environmental (year) conditions in terms of seed
cotton yield, boll weight, fiber length and lint
percentage, which required their study of
stability. The breeding useful stability was
observed for all traits studied. Some lines were
stable for more than one character. According to
Shukla’s variance parameters line 553 was
found as stable for the seed cotton yield, boll
weight and lint percentage, lines 489 and 457 —
for the boll weight and fiber length. These lines
appeared very suitable for inclusion in crosses.
The complex breeding value (the average level
of trait and stability) was found in lines: 553 for
the seed coton yield, boll weight, fiber length
and lint percentage; 489 for the boll weight,
fiber length and lint percentage; 535 for the seed
coton yield and boll weight; 449 for the boll
weight and fiber length; 457 for the fiber length.
These lines are very suitable for the cotton
breeding programs to create genotypes with a
high expression and high stability of the traits.
Line 553 combined the best yield and stability,
lint percentage and stability, line 489 - fiber
length and stability, line 535 - boll weight and
stability, which makes them even more valuable
for the selection of cotton.

REFERENCES

Alexandrov, V., Simeonov, P., Kazandzhiev,
V., Korchev, G. & Yotova, A. (2010).
Climate change. NIMH BAS

Balakrishna, B., Chenga Reddy, V. & Lal
Ahamed, M. (2016). Stability analysis
for seed cotton yield & its component
traits in inter-specific hybrids of cotton
(G. hirsutum x G. barbadense). Green
Farming, 7 (5): 1013-1018.

Chinchane, V.N., Deosarkar, D.B. & Kalpande,
H.V. (2018). Stability analysis for seed
sotton yield and its component traits in
hybrids of desi cotton (Gossypium



Agricultural University — Plovdiv % AGRICULTURAL SCIENCES Volume 13 Issue 31 2021

arboreum L.). Int. J. Curr. Microbiol.
App. Sci., 7 (09): 1000-1012.

De Carvalho, L.P., Salgado, C.C., Farias, F.J.C.
& Carneiro, V.Q. (2015). Stability and
adaptability of cotton genotypes of
colorful fibers in relation to the fiber
characters. Ciencia Rural, 45(4): 598-
606. https://doi.org/10.1590/0103-
8478cr2013023

Dechev, D. & Valkova, N. (2007). Evaluation
of the phenotypic stability of mutant
cotton lines by some traits. International
Scientific Conference - Stara Zagora,
June 7-8, 2007. Volume 1 Plant
Growing

Dechev, D. (2004). Interaction genotype-
environment and stability of durum
wheat varieties on some traits. Scientific
conference with international
participation - Stara Zagora, June 3-4,
2004. Volume 2 Agricultural Sciences,
Plant Breeding, part 2 Genetics and
selection, weeds, diseases and non-
weeds.

Deho, Z.A., Abro, S. & Rizwan, M. (2021).
Assessment of stability for seed cotton
yield of cotton genotypes across
different environmental conditions of
Sindh Province. Pakistan Journal of
Agricultural Research, 34 (1): 108-112.

Dewdar, M.D.H. (2013). Stability analysis and
genotype X environment interactions of
some Egyptian  cotton  cultivars
cultivated.  African  Journal  of
Agricultural Research, 8, 5156-5160.
doi:https://doi.org/10.20546/ijcmas.201
8.709.119

Eberhart, S.A. & Russell, W.A. (1966). Stability
parameters for comparing varieties.
Crop science, 6: 36-40.

Farias, F.J.C., De Carvalho, L.P., Da Silva
Filho, J.L. & Teodoro, P.E. (2016).
Biplot analysis of phenotypic stability in

upland cotton genotypes in Mato
Grosso.  Genetics and  Molecular
Research, 15 (2): gmr.15028009

94

https://doi.org/10.4238/

Fathi Sadabadi, M., Ranjbar, G. A., Zangi, M.
R., Kazemi Tabar, S. K. & Najafi Zarini,
H. (2018). Analysis of stability and
adaptation of cotton genotypes using
GGE biplot method. Trakia Journal of
Sciences, No 1, 51-61. ISSN 1313-7050
(print) ISSN 1313-3551 (online)

Finlay, KW. & Wilkinson, G.N. (1963). The
analysis of adaptation in a plant breeding
program.  Australian  Journal  of
Agricultural Research, 14: 742-754.

Giivercin, R.S., Karademir, E., Karademir,

C., Ozkan, N., Ekinci, R. & Borzan, G.
(2017). Adaptability and stability
analysis of some cotton (Gossypium
hirsutum L.)  cultivars in  East
Mediterranean and GAP region (South-
Eastern Anatolia Project) conditions.
Journal article: Harran Tarim ve Gida
Bilimleri Dergisi / Harran Journal of
Agricultural and Food Science 2017
Vol.21 No.1 pp.41-52 ref.23

Igbal, M.Z., Nazir, S., Rahman, S.U. & Younas,

M. 2018. Stability analysis of candidate

bollgard bt cotton (Gossypium hirsutum

L.) genotypes for yield traits. Int. J.

Biosci. Agric. Biotechnol. Res. Inst.,

Ayub Agric. Res. Inst. (AARI),

Faisalabad  Pak., 13(5): 55-63.

https://doi.org/10.12692/

M.S. & Magari, R. (1995). Stable: A

basic program for calculating stability

and vyield. Stability statistic. Agronomy

Journal, 87: 276-277.

Kang, M.S. (1993). Simultaneous selection for
yield and stability in crop performance
trial. Agron. J., 85: 754-757.

Khalifa, H.S., Baker, K.M.A. & Mahrous, H.
(2010). Simultaneous selection for yield
and stability in some Egyptian cotton
genotypes. Egypt J. Plant Breed. 14 (2):
33-41.

Lidanski, T. & Naidenova, N. (1993). Plasticity
and stability of mutant pea lines (Pisum
sativum L.). Genetics and Breeding, 26

Kang,


https://doi.org/10.1590/0103-%208478cr2013023
https://doi.org/10.1590/0103-%208478cr2013023
https://doi.org/10.20546/ijcmas.2018.709.119
https://doi.org/10.20546/ijcmas.2018.709.119
https://doi.org/10.4238/
https://www.cabdirect.org/cabdirect/search/?q=au%3a%22G%c3%bcverc%c4%b0n%2c+R.+%c8%98.%22
https://www.cabdirect.org/cabdirect/search/?q=au%3a%22Karadem%c4%b0r%2c+E.%22
https://www.cabdirect.org/cabdirect/search/?q=au%3a%22Karadem%c4%b0r%2c+%c3%87.%22
https://www.cabdirect.org/cabdirect/search/?q=au%3a%22Karadem%c4%b0r%2c+%c3%87.%22
https://www.cabdirect.org/cabdirect/search/?q=au%3a%22%c3%96zkan%2c+N.%22
https://www.cabdirect.org/cabdirect/search/?q=au%3a%22Ek%c4%b0nc%c4%b0%2c+R.%22
https://www.cabdirect.org/cabdirect/search/?q=au%3a%22Borzan%2c+G.%22
https://www.cabdirect.org/cabdirect/search/?q=do%3a%22Harran+Tar%c4%b1m+ve+G%c4%b1da+Bilimleri+Dergisi+%2f+Harran+Journal+of+Agricultural+and+Food+Science%22
https://www.cabdirect.org/cabdirect/search/?q=do%3a%22Harran+Tar%c4%b1m+ve+G%c4%b1da+Bilimleri+Dergisi+%2f+Harran+Journal+of+Agricultural+and+Food+Science%22
https://www.cabdirect.org/cabdirect/search/?q=do%3a%22Harran+Tar%c4%b1m+ve+G%c4%b1da+Bilimleri+Dergisi+%2f+Harran+Journal+of+Agricultural+and+Food+Science%22
https://doi.org/10.12692/

Agricultural University — Plovdiv % AGRICULTURAL SCIENCES Volume 13 Issue 31 2021

(4): 268-277.
Lidanski, T., & Stoilova, A. (2000). Qualitative
assessment of the reaction norm of long-
fiber cotton lines. Plant Sciences, 9: 719-
723.
Maleia M.P., Raimundo, A., Moiana, L.D.,
Teca, J.0., Chale, F., Jamal, E., Dentor,
J.N., Adamugy, B. A. (2017). Stability
and adaptability of cotton (Gossypium
hirsutum L.) genotypes based on AMMI
analysi. Aust. J. Crop Sci., 11(4): 367-
372. doi: 10.21475/ajcs.17.11.04.pne60
Maleia, M.P., Jamal, E.C., Savanguane, J.W.,
Jodo, J. & Teca, J.O. (2019) Stability and
Adaptability of Cotton (Gossypium
Hirsutum L.) Genotypes under Multi
Environmental Conditions in
Mozambique. J Agron Agri Sci 2: 017.
Moiana, L.D.M., Vidigal-Filho, P.S.,
Gongalves-Vidigal, M.S., Lacanallo,
G.F., Galvan, Z., Carvalho, L.P., Maleia
M.P. & Mindo, N. (2014). Application
of mixed models for the assessment
genotype and environment interations in
cotton (Gossypium hirsutum L. race
latifolium H.) in Mozambique. Afr. J.
Bio-Technol.,  13:  1985-  1991.
https://doi.org/10.5897/AJB2013.12926
M., Amoding, G., Serunjogi, L.,
Ogwang, G. & Ogwang, C. (2017).
Yield stability of cotton genotypes at
three diverse agro-ecologies of Uganda.
J. Plant Breed. Genet. 05 (03), 101-114
Patil, A.E., Deosarkar, D.B. & Kalyankar, S.V.
(2017). Impact of genotype X
environment interaction on the heterosis
and stability for seed cotton yield on

Orawu,

heterozygous and homozygous
genotypes in cotton. Indian J. Genet., 77
(1): 119-125.

Pretorius, M.M., Allemann, J. & Smith, M.F.
(2015). Use of the AMMI model to
analyse cultivar-environment interaction
in cotton under irrigation in South
Africa. Afr. J. Agric., 2: 76-80.

Riaz, M., Farooq, J., Ahmed, S., Amin, M.,

95

Chattha, W. S., Ayoub, M. & Riaz A.K.
(2019). Stability analysis of different
cotton genotypes under normal and
water-deficit conditions. Journal of
Integrative Agriculture 2019, 18(6):
1257-1265
https://doi.org/10.1016/S2095-
3119(18)62041-6

Riaz, M., Naveed, M., Farooq, J., Farooq, A.,
Mahmood, A., Rafig, C.M., Nadeem, M.
& Sadiqg, A. (2013). AMMI analysis for
stability, adaptability and GE interaction
studies in cotton (Gossypium hirsutum
L.). Journal of Animal Plant Science, 23
(3): 865-871.

Shahzad, K., Tingxiang Qi, Liping Guo, Huini
Tang, Xuexian Zhang, Hailin Wang,
Xiugin Qiao, Meng Zhang, Bingbing
Zhang, Juanjuan Feng, Muhammad
Shahid Igbal, Jianyong Wu & Chaozhu
Xing (2019). Adaptability and Stability
Comparisons of Inbred and Hybrid
Cotton in Yield and Fiber Quality Traits.
Agronomy, 9, 516.

Shashibhushan, D. & Patel, U.G. (2020).
Stability analysis for seed cotton yield
and its components of conventional,
GMS and CMS based hybrids in upland
cotton (Gossypium hirsutum L.) Journal
of Pharmacognosy and Phytochemistry,
9 (4): 3283-3293.

Shukla, G.K. (1972). Some statistical aspects of
partitioning genotype - environmental
components of variability. Heredity, 29:
237-245.

Stoilova, A. & Dechev, D. (2002). Genotype-
environment interaction and phenotypic
stability of economic traits in cotton
lines. Bulgarian Journal of Agricultural
Science, (8): 485-491.

Valchinkov, St. (2000). Study on genotype-
environment interaction in  self-
pollinated lines and hybrids of maize
(Zea mays L.). Abstract of a dissertation
for awarding the educational and
scientific degree “Doctor” (PhD),



https://doi.org/10.5897/AJB2013.12926
https://doi.org/10.1016/S2095-3119(18)62041-6
https://doi.org/10.1016/S2095-3119(18)62041-6

Agricultural University — Plovdiv % AGRICULTURAL SCIENCES Volume 13 Issue 31 2021

Knezha.

Valkova, N & Dechev, D. (2003). Phenotypic
stability of mutant cotton lines on some
economic indicators. Scientific
conference with international
participation - Stara Zagora, June 5-6,
2003, Volume 1 Agricultural Sciences,
Part 1 Plant growing

Vavdiya, P.A., Chovatia, V.P., Bhut, N.M. &
Vadodariya, G.D. (2021) G x E
interactions and stability analysis for
seed cotton yield and its components in
cotton  (Gossypium  hirsutum  L.).
Electronic Journal of Plant Breeding,
Vol. 12, No 2: EJPB

Xu, N., Fok, M., Zhang, G., Li, J. & Zhou, Z.
(2014). The application of GGE Bi-plot
analysis for evaluating test locations and
mega-environment investigation  of
cotton regional trials. J. Integr. Agric.
Adv. Vol. 13, Is. 9, 1921-1933.

Yan, W., & Kang, M.S. (2003). GGE Biplot
Analysis: A Graphical Tool for
Breeders, Geneticists, and Agronomists
(1sted.). CRC Press.

Zeng, L., Meredith, J., Campbell, B.T., Dever,
J.K., Zhang, J., Glass, K.M., Jones, A.S.,
Myers, G.O. & Bourland, F.M. (2014).
Genotype-by-environment  interaction
effects on lint yield of cotton cultivars
across major regions in the US cotton
Belt. J. Cotton Sci. 18, 75-84.

96


http://www.ejplantbreeding.org/index.php/EJPB/issue/view/71

