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Abstract

The objective of this study was to evaluate cotton fiber quality traits across diverse
environments. This could lead to the selection of the best environment for cotton cultivations
and the best adapted commercial cultivars. For this reason four main cotton regions were
chosen as different environments: Thessaly, Thrace, Macedonia and Sterea Ellas. Five of the
most commercial upland cotton cultivars (DP332, DP377, ST402, CELIA and ELSA) were
used for evaluation of their fiber quality traits. Each cultivar was sown in 10 different fields
(in order to exploit and evaluate different soil types) in each of the above mentioned regions
and (in total) 200 fields were used in total. Four samples from each field were collected in
order to analyze fiber quality traits: micronaire, maturity index (%), fiber length as the upper
half mean length (mm), fiber strength (gram/tex), uniformity index (%), fiber elongation,
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short fiber index, yellowness (+b), reflectance index (Rd).

Cultivation regions must also be selected in a way that they could promote fiber traits, in
order to ensure the highest fiber quality. Cotton fiber quality traits were affected differently
from environmental fluctuations, showing that the ranking of cultivars according to
environmental fluctuations is important, if proper breeding methods should be applied. Each
trait is affected differently by environmental fluctuations and requires precise knowledge of
the degree of inheritance i.e., as to how much qualitative or quantitative is the trait, in order
to choose and apply the proper breeding method.

Keywords: Gossypium hirsutum L., GXE interaction, fiber quality, main variability factor,
cultivation regions

1. Introduction

Because of its broad adaptability (Hake and Kerby, 2006) and fiber traits, cotton (Gossypium
hirsutum L.) is considered to be one of the most important industrial plants worldwide and
this also applies for Greece, which is the 9th cotton export country (Cotton Incorporated,
2016). Quality traits of cotton commercial cultivars are of great importance for textile
manufacturers (Bradow and Davidonis, 2000; Jost, 2005; Gregory et al., 2012). Fiber quality
is a complex of various traits, such as fiber length, strength, uniformity etc. (Poehlman and
Sleper, 1995) and thus it depends on both genetic and environmental factors that influence the
plant's development (Bradow and Davidonis, 2000; Campbell and Jones, 2005; Basal et al.,
2009a; Kothari et al., 2015).

Environmental factors have the potential of affecting the expression of many characteristics,
especially quantitative traits in comparison to qualitative ones. To minimize environmental
effects, breeders prefer to conduct experiments over multiple locations and years (as a tool) to
ensure the best performance of potential cultivars (Bernardo, 2002). For many breeders,
genotype by environment interaction (GxE) is considered critical to ensure heritability
through the passing breeding generations (Kang, 2002 and 2004; Campbell et al., 2012).
Stability has been defined as the ability of a cultivar to show minimum interaction with the
environment (Eberhart and Russell, 1966). In cotton breeding programs, genotype stability is
an important objective for both quantitative and fiber qualitative traits (Geng et al., 1987).

The genetic effect (G) along with the genotype-environment interaction (GE) was used in
GGE biplot models, as a breeding tool that can describe visually mean performance and
stability (YYan, 2001; Kang et al., 2005). The fast and easy identification of genotypes
exhibiting high average yield and low GE interaction, thus stability, is considered critical for
a breeding program (Cecarelli, 1989) and usually involves multi-location tests and
subsequent GGE biplot analysis (YYan and Holland, 2010; Yan et al., 2011). GGE biplots can
reveal the ideal genotype, a ranking of cultivars on the basis of yield and stability and ideal
location for better performance of genotypes (Yan and Kang, 2003; Fan et al., 2007). Today,
two types of biplot models are widely wused: the previously described
genotype/genotype-environment interaction GGE biplot (Yan and Kang, 2003) and the
additive main effects and multiplicative interaction AMMI (Gauch, 1992), that combines
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principal components analysis and analysis of variance (Gauch and Zobel, 1997). The latter is
more suitable for environment classification combined with genotype evaluation. Gauch and
Zobel (1997) used the term of mega-environment as the separation of a cultivation area into
different target zones. Environment classification to describe mega-environments was the
result of successful implementation of the AMMI model.

Farm trials over the range of cropping environments are needed, to provide extensive
agronomic and farmer advices, along with the necessary recommendation of the proper
cultivars for each special environment. The purpose of this study was to evaluate fiber quality
traits across diverse environments. This could lead to an environment selection for cotton
cultivations and to a proposition of the best commercial cultivars.

2. Materials and Methods

Four main cotton regions in Greece were characterized as different environments: Thessaly,
Thrace, Macedonia and Sterea Ellas. The differences in environmental conditions are
presented in Figure 1, where the four regions showed different environmental patterns
regarding monthly temperatures and rainfall for the year 2014. Environmental data of these
regions have also been monitored for the previous five years (2009-2013), shown in Figure 2.

140

120

Macedonia 100

N\
,/ \StereaEllas
80 /

~Sterea Ellas

Thessaly 60

Monthly rainfall (mm)
Monthly rainfall (mm)

40
* Thrace
20

-

APR MAY JUN JuL AUG SEP ocT NOV APR MAY JUN JuL AUG SEP ocT NOV

.......

Macedonia 227,

%
4% Thrace

o N
3 +“Sterea Ellas Macedonia ™" >~
APR MAY JUN JuL AUG SEP OoCT NOV

-5 APR MAY JUN JuL AUG SEP ocT NOV

Monthly min temperature (°C)
Monthly min temperature (°C)
=5

45
401 e e=—_ O

45
40 Thessaly
35
30
25
20
15
10

35 gt

0] % Thessaly

26 - Thrace ™355 = Sterea Ellag
20 Macedonia
15
10

terea Ellas

et

Monthly max temperature (°C)
Monthly max temperature (°C)

APR  MAY  JUN JUL AUG SEP  OCT  NOV APR - MAY  JUN' QUL AUG:  SEP OCT-  NOV

Figure 1. Environmental data (rainfall in mm,
maximum: max and minimum: min temperature
in °C) in each region for year 2014

Figure 2. Environmental data (rainfall in mm,
maximum: max and minimum: min temperature
in °C) in each region for years 2009-2013.
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The genetic material used consisted of five commercial upland cotton cultivars; i.e. cultivars
DP332 and DP377 proprietary of Monsanto Co, ST402 proprietary of Pioneer Hi-Bred,
CELIA and ELSA proprietary of Bayer Crop Science. These cultivars, varying in origin and
maturity class, were selected for evaluation of their fiber quality traits in 2014. Ten fields in
each of four regions were chosen for sowing each cultivar separately, in order to evaluate
different soil types and environmental conditions. Thus, each cultivar was sown in 40 fields
and 200 fields in total were used for all cultivars. Each plot area was greater than 1 ha. Rows
spaced 96 cm apart and plant density was on average 15 plants per m™. Crop management
practices for each location were consistent with typical agronomic practices in the region and
included full irrigation applied with sprinklers from mid-June until 20 days prior to harvest,
spraying for pests as required and weed control by pre-planting herbicides.

Four samples from each field were collected to analyze fiber quality traits by High Volume
Instrument (HV1). Samples consisted of 300 randomly handpicked bolls and total seed cotton
weight was measured. Subsequently, samples were ginned on a laboratory ginning machine
(Zellweger Uster Inc.) and lint percentage (%) was calculated as the ratio of lint weight to the
total seed cotton weight. Fiber quality traits were evaluated using a HVI at the accredited
laboratory of National Center of Cotton, in Karditsa-Greece. Quality traits assessed in this
study were micronaire, maturity index (%), fiber length as the upper half mean length (mm),
fiber strength (gram/tex), uniformity index (%), fiber elongation, short fiber index,
yellowness (+b), reflectance index (Rd).

Statistics included factor analysis (ANOVA) of each trait (Steel and Torrie, 1980), performed
separately for each individual evaluation trial and combined across locations. Sum of Squares
have also been calculated as (%) percentage of each factor, while means separation was based
on Duncan’s method (Steel and Torrie, 1980). For ANOVA, environments have been
considered as the random factor, since a GGE biplot model indicated that cultivation
conditions of cotton constitute a mega-environment with no repeatable patterns in Greece
(Baxevanos et al., 2006), and genotypes as the fixed factor. The cultivar phenotypic variance
(Gzp) was partitioned to its respective components, cultivar genetic variance (029) and cultivar
by environment interaction variance (nge) (Mclntosh, 1983). The broad sense heritability
estimation (H) was calculated as cszg/czp ratio (Guillen-Portal et al., 2004). The GGE biplot
and AMMI analyses for environment classification together with genotype evaluation were
performed using the PB tools 1.4 software, provided by the IRRI. Adaptation maps were
based on principal component analysis (PCA) for environments (Campbell and Jones, 2005),
involving the two main fiber traits according to bibliography: fiber strength and length (May
and Green, 1994). Correlations between fiber traits were performed according to Pearson
coefficient (Steel and Torrie 1980).

3. Results

Table 1 presents the factor analyses for each fiber trait. Statistically significant differences
were found for almost all traits, except for lint percentage (%) and for the environment factor.
Concerning the genotype factor, statistically significant differences were even greater. GXE
interactions were found statistically significant for all fiber traits.
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Table 1. Factor analyses (ANOVA) for each fiber trait (lint percentage %, micronaire,
maturity index %, fiber length in mm, fiber strength, uniformity index %, fiber elongation,
short fiber index, yellowness, reflectance index).

Lint Maturity | Eiper Uniformity
Source of variation | df | Percentage | Micronaire | index length index

(%) (%) (mm) (%)
Environments (E) |3 | 1.108"™ 0.290* 0.000* 10.241%** | 11.807***
Replications/E 36 | 2.408 0.086 0.000 0.567 0.382
Genotypes (G) 4 | 56.209%%* | 1.615%** | 0.001%** | 14.689%** | 4.930%**
GxE 12 | 4.687** 0.201*** | 0.000* 1.984*** 1.280***
Polled Error 144 | 2.026 0.062 0.000 0.402 0.396
CV (%) 3.26 5.09 0.80 2.22 0.75

_ Fiber _ Reflectance

Source of variation | df _Short fiber strength Fiber . index Yellowness

index elongation (+b)

(g/tex) (Rd)

Environments (E) 3 11.120%** | 14.541*** | 3.291*** 179.57*%** | 1.992***
Replications/E 36 | 0.305 0.767 0.252 6.804 0.126
Genotypes (G) 4 | 6.999%%* | 20.458%** | 25 9g7*** | 35239%*x | § 44p%xx
GxE 12 | 1.065*** | 2.813*** | 0.515* 18.090*** | 0.864***
Polled Error 144 | 0.306 0.519 0.227 3.931 0.178

7.00 2.29 6.05 2.55 5.47

*Significant at p<0.05; **Significant at p<0.01; ***Significant at p<0.001.

Table 2 presents averages of Sum of Squares treatment partitioning (%) for Genotype (G),
Environment (E) and interaction (GXE). Table 2 shows that for the majority of fiber traits,
Genotype variability (G) had the highest contribution of the total variability, except for
uniformity index, short fiber index and reflectance index. Genetic variability (ozg) contributed
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the greatest part of phenotypic variability (czp), resulting in high broad sense heritability
values (H%) for all traits (usually over 80), except for reflectance index, where GxE
interaction was higher and czge/czp was found to be 40%. For lint percentage genotypes
contributed 79% of total variability, while for micronaire and maturity index this was found
66%, for fiber length 52% and for uniformity index and Rd this was only 28% and 16%
respectively (where environment had the largest contribution: 50% and 60% respectively).
For fiber elongation, genotype effects were also significant (87%). Short fiber index, fiber
strength and yellowness showed 38, 61 and 57% genotype effects respectively.

Table 2. Averages of Sum of Squares treatment partitioning (%) for Genotype (G),
Environment (E) and interaction (GXE), broad sense heritability (H) and the heritability ratios
(nge/Gzp’ Gze/Gzp).

Traits Lint Micronaire !\/Iatunty Fiber length _Unlformlty
Percentage index index

Environments | 2 9 17 27 50

(%)

Genotypes 79 66 66 52 28

(%)

G x E (%) 19 25 17 21 22

H (%) 92 87 91 86 74

6gelo’p (%) |5 9 4 11 18

6%e/o%p (%) 3 4 5 3 8

Traits Short  fiber | Fiber Fiber Reflectance Yellowness
index strength elongation index (Rd) (+b)

Environments | 45 22 8 60 16

(%)

Genotypes 38 61 87 16 57

(%)

G x E (%) 17 17 5 24 27

H (%) 85 90 98 49 84
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ogelop (%) | 11 8 1 40 13
6%e/6%p (%) 4 2 1 11 3

Tables 3 and 4, present means of all fiber traits (lint percentage %, micronaire, maturity
index %, fiber length in mm, fiber strength, uniformity index %, fiber elongation, short fiber
index, yellowness, reflectance index), for the five cultivars, from all four regions. Means of
cultivars for lint percentage ranged from 41.98 to 44.78, for micronaire from 4.633 to 5.177,
for maturity index from 0.861 to 0.872, for fiber length from 27.873 to 29.208, for uniformity
index from 83.67 to 84.505, for short fiber index from 7.53 to 8.59, for fiber strength from
30.585 to 32.741, for fiber elongation from 6.68 to 8.746, for Rd from 76.522 to 79.115 and
for yellowness from 7.274 to 8.176.

Significant fluctuations were revealed for means within, as it was expected, because of the
GXE interactions in table 1. In lint percentage, cultivars DP332, DP377 and ELSA showed
the greatest values (over 44%). For micronaire, ST402 and DP377 exhibited extremely high
values. For maturity index, all cultivars showed satisfactory values over 86%, even though
there were statistically significant differences. For fiber length, CELIA and ELSA exhibited
the greatest values (over 29 mm). For uniformity index, all cultivars reached the satisfactory
value of 85%. For short fiber index, DP332 and DP377 showed the lowest values near or over
8%. For fiber strength CELIA cultivar showed the best values, followed by ELSA. For fiber
elongation, cultivars DP332, ST402 and ELSA showed the best values (over 8). For
reflectance index and yellowness, CELIA exhibited the best values.

Table 3. Means of all fiber traits (lint percentage %, micronaire, maturity index %, fiber
length in mm, fiber strength, uniformity index %), for the five cultivars (DP332, DP377,
ST402, CELIA and ELSA), across the four different regions (Thessaly, Thrace, Macedonia
and Sterea Ellas).

Lint Percentage (%)

DP 332 DP 377 CELIA ELSA ST 402 MEAN

Thessaly 4498 a |4390 a (4270 a |44.45 a|4242 a [4350a

Macedonia 4536 a | 4501 a |43.23 a |4294 b [4220 a |43.75a

Thrace 4443 a (4421 a |4264 a (4502 a |4081 Db |4342a

Sterea Ellas | 44.35 a |44.40 a |4254 a |44.17 a | 4250 a |43.59a

Mean 4478 a | 4440 a 4278 b [44.15 a |4198 b
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Micronaire

Thessaly 4.890 a 4770 b 4574bc | 4.728 a 5.139b 4.870 ab

Macedonia 4,789 a 5.128 a 4.879 a 4.844 a 5.069 b 4,942 ab

Thrace 4876 a 5.125a 4.380c 4.869 a 5.098ab |4.820Db

Sterea Ellas | 5.006 a 4960ab | 4.746ab | 4.895a 5.401 a 4,992 a

Mean 4.890 bc | 4.996 b 4.633d 4834 c 5.177 a

Maturity index (%)

Thessaly 0.863 a 0.868 a 0.867 b 0.863 b 0.871a 0.870 a

Macedonia | 0.858 b 0.875a 0.875a 0.865b 0.869 a 0.868 b

Thrace 0.857 b 0.873 a 0.862 c 0.859 ¢ 0.867 a 0.866 ¢

Sterea Ellas | 0.865 a 0.871a 0.873 a 0.868 a 0.874 a 0.864 d

Mean 0.861d 0.872a 0.869 b 0.864 c 0.870b

Fiber length (mm)

Thessaly 27.8184a |28.330a |28.686b |28.626b |28.311b |28.354hc

Macedonia | 27.683a |28.178a |28.810b |29.862a |28.761b |28.659Db

Thrace 28.220a |28.816a |29.927a |29.497a |29.590a |29.210a

Sterea Ellas | 27.771a |27.241b |29.139b |28.815b |27.651c | 28.178c

Mean 27.873c | 28.141c |29.208a |29.200a |28.578b

Uniformity index (%)

Thessaly 83.792a |83.612b |83.877b |83.730c |83.998hc | 83.802c

Macedonia 84.218a |83.891b |84.423ab |85.119a |84.470b |84.424Db
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Thrace 84.494a |84507a |84.899a |84.900a |85.105a |84.781a

Sterea Ellas | 83.614a |82.671c |84.489a |84.270b |83.744c |83.797c

Mean 84.029b |83.670c |84.472a |84.505a |84.329a

*Values followed by the same letter are not significantly different at alpha =0.05
according to Duncan’s multiple range test.

Table 4. Means of all fiber traits (fiber elongation, short fiber index, yellowness, reflectance
index), for the five cultivars (DP332, DP377, ST402, CELIA and ELSA), across four
different regions (Thessaly, Thrace, Macedonia and Sterea Ellas).

Short fiber index

Thessaly 8.335a 8.650 a 8.353 a 8.172 a 7.811b 8.264 a

Macedonia | 7.670b 8.423 b 7.759 b 6.969 c 7.545D 7.673Db

Thrace 7.505b 7.734c 7.337Db 7.197c 6.976 c 7.350 Cc

Sterea Ellas | 8.403 a 9.551 a 7.789b 7.780 b 8.252 a 8.325a

Mean 7978 b 8.590 a 7.772bc |7.530cC 7.646 ¢C

Fiber strength (g/tex)

Thessaly 30.727b | 30.476b |32.095a |31.082b |30.626b |31.001b

Macedonia 32.118a | 31.015ab |32.882a |32.013a |30939b |31.793a

Thrace 32.007a |31.760a |32935a |31900a |31459a |32.012a

Sterea Ellas | 30.725b |29.089c |32.693a |31.875a |30.074c |30.963b

Mean 31.394c¢ |30585d |[32741a |31.717b |30.775d

Fiber elongation

Thessaly 8.444 b 7.451a 6.695 a 7.933Db 8.110b 7.727D

Macedonia 8.879ab | 7.209a 6.632 a 7.809 b 8.213ab | 7.748Db
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Thrace 9.254 a 7.784 a 6.885 a 8.876 a 8.497 a 8.259 a

Sterea Ellas | 8.409 b 7.551a 6.708 a 7.875b 8.491 a 7.766 b

Mean 8.746 a 7.499 ¢ 6.680d 8.123 b 8.328 b

Reflectance index (Rd)

Thessaly 77.265b | 79.623b |77.689b |76.200b |76.493b | 77.454b

Macedonia | 76.878 b | 77.745¢c | 77.574b |77.237b |74742c |76.835Dh

Thrace 80.736a |8l.445a |81.943a |80.639a | 78.527a |80.658a

Sterea Ellas | 75.671b |73.957d |78.933b |77.512b |76.328b |76.544D

Mean 77.638b |78.193b |79.115a |77.897b |76.522cC

Yellowness (+b)

Thessaly 7.927b 7.791a 7.450 a 7.455 b 7.918b 7.708 b

Macedonia 7907b 7.381b 6.911b 7.954 a 8.640 a 7.759 b

Thrace 7.719b 7.255b 7.262 a 7.153b 7938hb 7.465 a

Sterea Ellas | 8.502 a 8.069 a 7.545 a 7.503 b 8.207ab | 7.950a

Mean 8.014 a 7.624 b 7.274 c 7516 b 8.176 a

*Values followed by the same letter are not significantly different at alpha =0. 05
according to Duncan’s multiple range test.

In table 5, fiber length was significantly and positively highly correlated with uniformity
index (0.74), but negatively highly correlated with short fiber index (-0.70). Also highly
positive correlated with fiber strength (0.59). Significant high negative correlation was
detected between uniformity index and short fiber index (-0.93), but positive with fiber
strength (0.62). Significant high negative correlation was detected between fiber strength and
short fiber index (-0.60). Maturity and micronaire were highly positive correlated (0.65).
Many other correlations were found positive or negative significant.

May and Green (1994) suggested that fiber length and strength are the two main factors
affecting fiber quality, for both cotton production and textile industry. For this reason, we
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Table 5. Coefficients of correlation between the traits: lint percentage %, micronaire, maturity
index %, fiber length in mm, fiber strength, uniformity index %, fiber elongation, short fiber
index, yellowness, reflectance index

Lint Percentage (%) | Micronaire | Maturity Fiber Uniformity | Short Fiber Fiber Reflectance | Yellowness (+b)
index (%) | length (mm) | index(%) fiber index | strength (g/tex) | elongation | index
(Rd)

Lint 1 0,10 -0,15 -0,44 -0,31 0,28 -0,15 0,33 -0,04 -0,15
Percentage

(%)

Micronaire 1 0,65 -0,34 -0,02 -0,05 -0,27 0,30 -0,15 0,18
Maturity 1 -0,03 0,01 0,02 -0,02 -0,45 -0,08 -0,12
index (%)

Fiber 1 0,74 -0,70 0,59 -0,35 0,43 -0,26
length

(mm)

Uniformity 1 -0,93 0,62 -0,02 0,41 -0,05
index (%)

Short fiber 1 -0,60 -0,12 -0,35 0,01
index

Fiber 1 -0,29 0,48 -0,38
strength

(g/tex)

Fiber 1 -0,08 0,39
elongation
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Reflectance

index (Rd)

Yellowness

(+h)

Values in bold indicate that the correlation is significant at the 0.05 probability level

Figure 3 refers to fiber length and shows the adaptation map of the four environments for the
five genotypes and the genotype main effect and GXE interaction in biplots. The adaptation
map shows that E2 environment (Sterea Ellas) is very different in comparison to the other
three environments which are grouped together at the higher end of the graph, with E4 being
the most stable (corresponds to Thrace). G1 and G2 genotype (corresponding to CELIA and
ELSA) are the most favorable genotypes for the fiber trait across all environments. G2
genotype (corresponds to ELSA) is the most stable. The same is apparent in the AMMI
biplots. The GGE biplots shows that G2 genotype (corresponds to ELSA) reached the ideal
one for the certain fiber trait in the environments used, with E4 (corresponds to Thrace) being
better for promotion of the high capacity of the cultivars for the certain fiber trait.
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Figure 3. Adaptation map principal component analysis, AMMI biplots, genotype main
effect and GXxE interaction in GGE biplots and region (environment) main effect and GXE
interaction biplots, for fiber length of the five cultivars (G1:CELIA, G2:ELSA, G3:DP332,
G4:DP377 and G5:ST402) and the four different regions (E1:Macedonia, E2:Sterea Ellas,
E3:Thessaly and E4:Thrace)

Figure 4 refers to fiber strength and presents the adaptation map of the four environments for
the five genotypes and the genotype main effect and GXxE interaction in biplots. The
adaptation map shows that E2 environment (Sterea Ellas) is very different from the other
three environments which are grouped together at the higher end of the graph, with E1 being
the most stable (corresponds to Macedonia). G1 and G2 genotype (corresponds to CELIA and
ELSA) are the most favorable genotypes for the certain trait across all environments. G3 and
G5 genotypes (corresponds to DP332 and ST402) are the most stable. The same is apparent
in the AMMI biplots. The GGE biplots shows that G1 genotype (corresponds to CELIA)
satisfactory reached the ideal one for the certain fiber trait in the environments used, with E2
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(corresponds to Sterea Ellas) being better for promotion of the high capacity of the cultivars
for the certain fiber trait.

Predicted STR
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Figure 4. Adaptation map principal component analysis, AMMI biplots, genotype main effect
and GxE interaction in GGE biplots and region (environment) main effect and GXE
interaction biplots, for fiber strength of the five cultivars (G1:CELIA, G2:ELSA, G3:DP332,
G4:DP377 and G5:ST402) and the four different regions (E1:Macedonia, E2:Sterea Ellas,
E3:Thessaly and E4:Thrace)

4. Discussion

High fiber quality is essential for textile industry because it affects the quality of final
products and the processing performance, with impact on processing cost and
branding/marketing of the products (Basal et al., 2009a).
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In cotton, the effect of GXE varies among fiber traits, which means that certain fiber traits are
more sensitive to environmental changes than others. The portion of sum of squares due to
GXE in 12 environments for eight upland cultivars was found 8%, 20%, 8%, 8%, 24%, 9%
and 3% for lint yield, lint percent, fiber length, strength, uniformity index, micronaire, and
elongation, respectively (Campbell and Jones, 2005). In our study, statistically significant
differences were found for almost all traits except for lint percentage for the factor
environment. This indicates that lint percentage is mainly a genetically-controlled trait, as it
is also evident from sum of squares proportion. Campbell and Jones (2005) also found that
57% of variability is genetically defined (in our study it is 79%). The same was found by
Blanche et al., (2006), Baxevanos et al. (2013), Snider et al. (2013). Some other researchers
noted that environment is the main factor influencing the expression of lint percentage
(Kerby et al., 2000; Meredith, 2003; Campbell et al., 2012; Meredith et al., 2012). Based on
the results obtained from our study, the factor genotypes showed the greater statistically
significant differences for all fiber traits. Combination of tables 1 and 2, also revealed that
genotype variability contributed the greatest proportion, except for uniformity index, short
fiber index and reflectance index. In our study uniformity seems to be affected by
environmental conditions (50%) and this is in agreement with the findings of Campbell and
Jones (2005), Snider et al., (2013), while Baxevanos et al. (2013) showed that GxE
interactions affect uniformity of cultivars across environments. We found that short fiber
index and reflectance index are also influenced by environmental conditions (45 and 60%
respectively) and the same was depicted by Baxevanos et al. (2013). Genotype effect
contribution vary from 52 (fiber length) to 87% (fiber strength) for the rest of fiber traits. Our
findings are not always in agreement with other researchers (Kerby et al., 2000; Meredith,
2003; Cambell and Jones, 2005; Campbell et al., 2012; Meredith et al., 2012; Baxevanos et
al., 2013; Snider et al., 2013). The relative size of Genotype effects to GXE interactions seems
to be of great importance for estimating the effects on various traits (Yan and Kang, 2003).

Summarizing, genotype variability (G) contributed the greatest proportion, except for
uniformity index, short fiber index and reflectance index. Additionally, genetic variability
((529) could explain the greatest part of phenotypic variability (Gzp), resulting in high broad
sense heritability values (H%) for all traits, except for reflectance index, where GXxE
interaction was found extremely high. Baxevanos et al. (2006 and 2008) had similar results,
except for the extreme value for reflectance index found in our study. In addition, some very
low values near the unit may indicate a relative homogeneous environment of evaluation,
according to Baxevanos et al. (2006). High broad sense heritability indicates that
multi-location evaluation may be successful for identifying superior genotypes.

Two cultivars exhibited satisfactory performance in various fiber traits, but significant
fluctuations were revealed for means within, as it was expected because of the strong GxE
interactions. For micronaire, cultivar ELSA showed the greater stability across environments.
For maturity index, cultivar ST402 showed the greater stability across environments. For
fiber length, cultivar DP332 showed the greater stability across environments. For uniformity
index, cultivar DP332 showed the greater stability across environments. For fiber strength
and fiber elongation, cultivar CELIA showed the greater stability across environments and,
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for the later trait, this was also found in cultivar DP377.

No correlation was revealed by our data set between lint percentage and micronaire, but
positive with fiber elongation, short fiber index and negative with fiber length, uniformity
index, fiber strength and yellowness. Karademir et al., 2010 reported that ginning percentage
was significantly and positively correlated with micronaire, fiber elongation and fiber
uniformity, but negatively correlated with fiber length and fiber strength. Ulloa and Meredith
(2000) also reported a strongly negative connection between lint percentage and fiber
strength. Lint percentage seems to be negatively affected by fiber strength and fiber length. In
our study fiber strength was positively correlated with fiber length and uniformity and
negatively with lint percentage, micronaire, short fiber and reflectance indices, revealing that
cultivars with longer and uniform fibers exhibit also fiber strength. Fiber length was reported
positively correlated with fiber strength, but negatively correlated with micronaire and fiber
elongation (Karademir et al., 2010). Other researchers also reported similar results (Ulloa and
Meredith, 2000; Azhar and Naeem, 2008; Asif et al., 2008; Basal et al., 2009b). Mei et al.
(2004) reported insignificant correlation between fiber length and fiber elongation. Positive
correlation between fiber length and fiber strength and uniformity indicated that three of the
most important fiber quality traits (fiber length, fiber strength and uniformity) can be
improved simultaneously.

Short fiber index showed highly negative correlations with fiber length and uniformity
revealing that breeding efforts trying to minimize short fiber may lead to longer fibers with
increased uniformity. Fiber elongation was found positively correlated with lint percentage,
micronaire and yellowness, but negatively correlated with maturity index, fiber length and
strength. Micronaire, although positively correlated with maturity, fiber elongation and
yellowness, exhibited also negative correlations with fiber length, strength and reflectance
index. These results showed that the all traits cannot be improved simultaneously. Yellowness
and reflectance index showed a negative correlation, leading to the reasonable conclusion that
these two traits are describing the same characteristic but in an opposed way. Many other
correlations were found non-significant.

Location test prior to evaluating varieties seems to be of great importance (Baxevanos et al.,
2008). New tools, like GGE biplots, allow us to estimate genotype and environment effects
and as well as GxE interaction (Yan and Kang, 2003). GGE biplots allow the identification of
the ideal genotype and the ideal environment-region in a graphical way (Yan, 2001).

May and Green (1994) consider that quality of fiber depends mainly on two main fiber traits:
strength and length. Fiber strength and length are also considered very important traits by
many other researchers (Sequeira et al., 1994; Bradow and Davidonis, 2000; Jost, 2005; Zhao,
2013). In our study, the adaptation map for fiber length showed that E2 environment (Sterea
Ellas) is very different and rather unstable and unfavorable in comparison to the other three
environments, with E4 (corresponds to Thrace)being the most stable, maybe because of its
special environmental data. G1 and G2 genotypes (correspond to CELIA and ELSA
respectively) are the most favorable genotypes, with significant stability for the certain trait
across all environments. Apparently, breeding methods for these cultivars produced suitable
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genotypes for the certain trait in the Greek environments, accompanied by suitable cultural
practices in Greece, as it was found in other cases (Bauer et al., 1993; Davidonis et al., 1996;
Patsiali et al., 2014).

The adaptation map for fiber strength showed that E2 environment (Sterea Ellas) is very
different in comparison to the other three environments, with E1 being the most stable
(corresponds to Macedonia). Once again, G1 and G2 genotype (corresponds to CELIA and
ELSA) are the most favorable genotypes for the certain trait across all environments. G3 and
G5 genotypes (corresponds to DP332 and ST402) were the most stable. The same is apparent
in the AMMI biplots for both fiber length and strength, indicating the resemblance of the
methods used to define stable genotypes and environments. Macedonia and Thrace may be
the best environments for cotton cultivation, due to favorable and stable performance of
cultivars used in these areas. Always the growing environment affects cotton fiber quality, but
main fiber traits such as length, strength and elongation are high heritable and depend on the
proper genotype cultivation (Smith et al., 2010; Campbell et al., 2012; Long et al., 2013;
Kothari et al., 2015).

GGE biplots confirm that great fluctuations of fiber traits exist in relation to genotype or the
environment. According to Yan and Kang (2003) the ideal genotype is easily defined by GGE
biplots. In our paper the GGE biplots showed that G2 genotype (corresponds to ELSA)
reached the ideal one for fiber length in the environments used, with E4 region (corresponds
to Thrace) being better for promotion of the capacity of the cultivars. Additionally, the GGE
biplots showed that G1 genotype (corresponds to CELIA) satisfactory reached the ideal one
for fiber strength in the environments used, with E2 (corresponds to Sterea Ellas) being better
for promotion of the capacity of the cultivars for the certain fiber trait. The ideal
environments that can promote main fiber quality traits seems to be Thrace and Sterea Ellas,
and ELSA with CELIA seems to be more suitable cultivars for Greek mega-environment, for
the certain year of experimentation, according to the remarks and assumptions of Baxevanos
et al. (2007).

5. Conclusions

Production areas affect differently cotton quality traits, meaning that locations may be
selected in such way that most effectively differentiate cultivars in relation to cotton fiber
quality. Additionally, the cultivation regions must be also selected to promote fiber traits, in
order to ensure highest fiber quality.

Cotton fiber quality traits are affected differently from environmental fluctuations, meaning
that ranking of cultivars according to environmental fluctuations is important, if the proper
breeding methods should be applied. Also, this is of great importance for the agronomist who
has to recommend the proper cultivars for certain cultivation areas.

Each trait is affected differently by environmental fluctuations and requires precise
knowledge of the degree of inheritance i.e., as to how much qualitative or quantitative is the
trait in order to choose and apply the proper breeding method.

Some highly correlated and important traits can be improved simultaneously.
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