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Abstract

China’ s main cotton-producing regions and their sub-regions exhibit distinct
regional characteristics in cotton fiber quality. Timely evaluation of the cur-
rent status of fiber quality development in various cotton regions helps stabilize
advantageous cotton production areas and promote the development of charac-
teristic cotton production areas. This study employed GGE biplot analysis to
examine the interaction patterns between environments and fiber quality traits
across sub-regions in the national cotton variety regional trials from 2011 to
2015, and comparatively analyzed the fiber quality characteristics of various
main cotton-producing regions and sub-regions. The results showed: 1) At the
scale of main cotton-producing regions, the Yangtze River cotton region exhib-
ited the best fiber length and strength, both meeting the Grade II standard of
national cotton variety approval, while its micronaire value and spinning con-
sistency index were intermediate; the Yellow River cotton region had relatively
good fiber length and strength, but its micronaire value was relatively high; the
Northwest Inland cotton region showed the best performance in micronaire value
and spinning consistency index, with fiber length and micronaire value meeting
the Grade II standard of national cotton variety approval, but its fiber strength
performed the poorest among the three major cotton regions. 2) At the cot-
ton sub-region scale, fiber length performance was best in the lower and upper
Yangtze River sub-regions, slightly poorer in the Loess Plateau sub-region, and
relatively good in the remaining sub-regions; fiber strength performance was
best in the lower Yangtze River, middle Yangtze River, Huaibei Plain, Nanxi-
ang Basin, and Loess Plateau, while slightly poorer in the Southern Xinjiang
cotton region, upper Yangtze River, and Northern Xinjiang cotton region; mi-
cronaire value performed best in the Northern Xinjiang cotton region, Southern
Xinjiang cotton region, and upper Yangtze River, while being relatively high in
the Loess Plateau, Huaibei Plain, middle Yangtze River, and North China Plain.
3) In terms of comprehensive fiber quality performance, the Northern Xinjiang
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cotton region, lower Yangtze River, upper Yangtze River, and Southern Xin-
jlang cotton region exhibited the best comprehensive performance, followed by
the Huaibei Plain, middle Yangtze River, and Nanxiang Basin, while the North
China Plain and Loess Plateau were slightly poorer. This study demonstrates
the application effectiveness of the ‘environment-trait’ functional mapping of
GGE biplot in evaluating regional characteristics of fiber quality, which can pro-
vide theoretical basis for the development of advantageous cotton production
areas in China and rational cotton utilization by textile enterprises, and holds
guiding significance for the ecological zoning of cotton fiber quality across the
nation.
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Abstract

Significant regional characteristics of cotton fiber quality are evident in China’
s main cotton production areas and their subregions. Timely evaluation of
fiber quality development status in each cotton region facilitates the stabiliza-
tion of advantageous production areas and promotes the development of spe-
cialized cotton regions. This study employed GGE biplot analysis to examine
the interaction patterns between subregional environments and fiber quality
traits from national cotton regional trials conducted between 2011 and 2015,
comparing fiber quality characteristics across main production areas and sub-
regions. The results indicated: (1) At the scale of main production areas, the
Changjiang River Valley exhibited the best fiber length and strength, both
meeting the Class II standard for national cotton variety registration, while mi-
cronaire value and spinning consistency index were moderate. The Huanghe
River Valley showed good fiber length and strength but high micronaire val-
ues. The Northwest Inland area demonstrated the best micronaire value and
spinning consistency index, with fiber length and micronaire reaching Class II
standards, though fiber strength was the poorest among the three regions. (2)
At the subregional scale, fiber length was optimal in the lower and upper reaches
of the Changjiang River Valley, slightly poorer in the Loess Plateau, and rel-
atively good in other subregions. Fiber strength performed best in the lower
and middle reaches of the Changjiang River Valley, Huaibei Plain, Nanxiang
Basin, and Loess Plateau, but was slightly inferior in the southern Xinjiang re-
gion, upper Changjiang reaches, and northern Xinjiang. Micronaire value was
optimal in northern Xinjiang, southern Xinjiang, and the upper Changjiang
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reaches, while the Loess Plateau, Huaibei Plain, middle Changjiang reaches, and
North China Plain showed higher values. (3) For comprehensive fiber quality
performance, northern Xinjiang, lower Changjiang reaches, upper Changjiang
reaches, and southern Xinjiang performed best, followed by Huaibei Plain, mid-
dle Changjiang reaches, and Nanxiang Basin, with North China Plain and Loess
Plateau performing relatively poorly. This study demonstrates the effectiveness
of the “environment-trait” GGE biplot functional map for evaluating regional
fiber quality characteristics, providing a theoretical basis for developing advan-
tageous cotton production areas and rational cotton utilization by textile enter-
prises, and offering guidance for ecological regionalization of cotton fiber quality
in China.

Keywords: Cotton (Gossypium hirsutum L.); GGE biplot; Fiber quality; Main
cotton production area; Regional trial; Environment by trait interaction

1. Materials and Methods
1.1 Data Sources

Data were obtained from fiber quality records of national cotton regional trials
in three main production areas (Changjiang River Valley, Huanghe River Valley,
and Northwest Inland) between 2011 and 2015. Detailed information on trial
groups, cultivars, and test sites is provided in Table 1 . All field experiments at
each site employed a randomized complete block design with three replications
and plot areas of 20 m2. In addition to yield, agronomic traits, and disease
resistance assessments per national protocol, 50 normally opened bolls from
middle fruiting branches were collected at peak boll opening stage. After sun-
drying, seed cotton ginning, and lint processing, fiber samples were tested by the
Cotton Quality Supervision, Inspection and Testing Center of the Ministry of
Agriculture. Measured traits included fiber length, uniformity index, strength,
elongation, micronaire value, reflectance, yellowness, and spinning consistency
index. Field management practices including cultivation methods, planting den-
sity, fertilization, and pest control followed local high-yield protocols. This study
analyzed fiber quality data from 755 individual site trials organized into 46 trial
groups across the three main cotton production areas to characterize regional
distribution patterns.

1.2 Cotton Region Classification

China’ s three main cotton production areas—Changjiang River Valley, Huanghe
River Valley, and Northwest Inland—are each subdivided into distinct subregions
[1]. Based on national cotton regional trial groupings, site distributions, and tra-
ditional regional divisions, this study analyzed fiber quality data for the upper,
middle, and lower Changjiang reaches, Nanxiang Basin, Huaibei Plain, North
China Plain, Loess Plateau, and northern and southern Xinjiang subregions [1].
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Subregion codes and their corresponding geographic coverage are detailed in
Table 2 .

1.3 Statistical Analysis Methods

First, the “which-won-where” function of the “environment-trait” GGE biplot
(ET biplot) was employed to analyze interaction patterns between subregional
environments and fiber quality traits based on comprehensive performance dur-
ing 2011-2015 [13,18-19,23]. In this visualization, connecting the outermost
environment icons (subregions) forms a polygon containing all environments.
Perpendicular lines from the biplot origin to each polygon side divide it into
sectors, with traits in the same sector forming a trait combination. The envi-
ronment at the polygon vertex within each sector represents the “winning envi-
ronment” where that trait combination performs best [23]. Second, the “ranking”
function of the ET biplot [13,23-24] was used to compare and rank subregions
based on fiber length, strength, micronaire value, and spinning consistency in-
dex. Concentric circles centered on target traits facilitate visual comparison—
shorter distances between subregion icons and the center indicate better trait
performance [18,25]. Finally, DPSO software performed ANOVA and LSD mul-
tiple comparisons of main fiber quality traits among main production areas and
subregions to characterize regional features [26].

2. Results

2.1 Fiber Quality Characteristics of China’ s Three Main Cotton Pro-
duction Areas

Mean values and significance tests for fiber quality indices across the three re-
gions (Table 3 ) revealed significant differences (Table 3). Specifically: (1) The
Changjiang River Valley showed the highest fiber length, strength, and uni-
formity index, with moderately high micronaire values but poorest elongation.
Fiber length was significantly higher than in the Huanghe River Valley but not
significantly different from the Northwest Inland region. Strength and unifor-
mity index were significantly higher than both other regions. Micronaire value
was slightly lower than the Huanghe River Valley but significantly higher than
the Northwest Inland region. Elongation was significantly lower than in the
other two regions. (2) The Huanghe River Valley ranked lowest in fiber length,
micronaire value, reflectance, yellowness, and spinning consistency index, with
moderate strength performance. Fiber length, reflectance, and spinning con-
sistency index were significantly lower than in both other regions. Strength
was significantly lower than the Changjiang River Valley but higher than the
Northwest Inland region. Micronaire value and yellowness did not differ signifi-
cantly from the Changjiang River Valley but were significantly worse than the
Northwest Inland region. (3) The Northwest Inland region exhibited the best
micronaire value, elongation, reflectance, yellowness, and spinning consistency
index, with moderate fiber length but poorest strength. Micronaire value, re-
flectance, elongation, and spinning consistency index were significantly superior
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to both other regions. Yellowness was significantly better than the Huanghe
River Valley and comparable to the Changjiang River Valley. Strength was sig-
nificantly lower than both other regions. Fiber length was slightly lower than
the Changjiang River Valley but significantly higher than the Huanghe River
Valley. Overall, the Northwest Inland region demonstrated the best comprehen-
sive fiber quality, followed by the Changjiang River Valley, then the Huanghe
River Valley. Each region exhibited distinct characteristics: the Changjiang
River Valley had optimal fiber length and strength (meeting Class 1T standards)
with moderate micronaire and spinning consistency index; both the Changjiang
and Huanghe River Valleys met Class II standards for length and strength but
only Class III for micronaire; the Northwest Inland region showed optimal mi-
cronaire and spinning consistency index with moderate length (meeting Class
IT standards) but poorest strength (Class III only).

2.2 Interaction Between Subregions and Fiber Quality Traits in Main
Cotton Production Areas

GGE biplot analysis of fiber quality traits from 2011-2015 national trials re-
vealed that nine ecological subregions across the three main cotton areas could
be divided into five “trait-environment” combinations (Figure 1 [Figure 1: see
original paper]): (1) The lower Changjiang reaches subregion showed optimal
fiber length and uniformity index; (2) The middle Changjiang reaches subregion
exhibited highest fiber strength; (3) The Loess Plateau subregion displayed high-
est micronaire value and yellowness; (4) The southern Xinjiang region showed
longest elongation with low micronaire values; and (5) The northern Xinjiang
region demonstrated highest spinning consistency index and reflectance. These
results indicate significant genotype-by-environment interactions, with notable
quality variations among subregions within the same main region and regional
overlaps in quality performance across different main regions. Specifically, the
upper and lower Changjiang reaches showed optimal fiber length and uniformity;
the middle Changjiang reaches and Nanxiang Basin, along with Huaibei Plain
in the Huanghe River Valley, exhibited similar performance with relatively high
strength and micronaire values; the North China Plain and Loess Plateau sub-
regions in the Huanghe River Valley showed high micronaire values; and fiber
quality differed between early-maturing northern Xinjiang and early-medium
maturing southern Xinjiang subregions. Thus, traditional three-region classifi-
cations do not fully align with fiber quality performance, necessitating further
analysis of ecological subregion characteristics.

2.3 Performance of Main Fiber Quality Traits Across Ecological Sub-
regions

The concentric circles centered on main quality traits in the GGE biplot of
subregion-by-trait interactions provide intuitive visualization of trait responses.
Shorter distances between subregion icons and the center indicate higher phe-
notypic values. Figure 2 [Figure 2: see original paper] shows: (a) Fiber length
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was best in the upper and lower Changjiang reaches, followed by northern Xin-
jlang, Huaibei Plain, middle Changjiang reaches, and Nanxiang Basin, with
southern Xinjiang, North China Plain, and Loess Plateau performing relatively
poorly. (b) Fiber strength was highest in the middle Changjiang reaches and
Huaibei Plain, poorest in the Northwest Inland region, and moderate in remain-
ing subregions. (c) Micronaire value was optimal in the Northwest Inland region,
good in the upper and lower Changjiang reaches, moderate in Nanxiang Basin
and North China Plain, and relatively poor in the middle Changjiang reaches,
Huaibei Plain, and Loess Plateau. (d) Spinning consistency index was best in
the upper and lower Changjiang reaches and northern Xinjiang, good in Huaibei
Plain, middle Changjiang reaches, Nanxiang Basin, and southern Xinjiang, and
relatively poor in North China Plain and Loess Plateau.

2.4 Fiber Quality Characteristics of Ecological Subregions in Main
Cotton Production Areas

Mean values and significance tests across subregions (Table 4 ) revealed sig-
nificant differences at the 5% level. Specifically: (1) Fiber length was best
in the lower and upper Changjiang reaches, both averaging above 30 mm and
significantly different from all subregions except northern Xinjiang. The Loess
Plateau subregion, with fiber length below 29 mm, differed significantly from all
subregions except North China Plain. Southern Xinjiang, Huaibei Plain, mid-
dle Changjiang reaches, Nanxiang Basin, and North China Plain showed good
performance with fiber lengths between 29-30 mm. The ranking was: lower
Changjiang > upper Changjiang > northern Xinjiang > southern Xinjiang >
Huaibei Plain > middle Changjiang > Nanxiang Basin > North China Plain >
Loess Plateau. (2) Strength in the lower Changjiang reaches, middle Changjiang
reaches, Huaibei Plain, Nanxiang Basin, and Loess Plateau exceeded 30 cN -
tex !, meeting Class II standards. The lower and middle Changjiang reaches
and Huaibei Plain showed significantly higher strength than other subregions ex-
cept Nanxiang Basin and Loess Plateau. Southern Xinjiang, upper Changjiang
reaches, and northern Xinjiang showed slightly lower strength but still above 28
cN - tex ! (Class III). The ranking was: lower Changjiang > middle Changjiang
> Huaibei Plain > Nanxiang Basin > Loess Plateau > North China Plain >
northern Xinjiang > upper Changjiang > southern Xinjiang. (3) Micronaire
values below 5.0 (Class IT) in northern Xinjiang, southern Xinjiang, and upper
Changjiang reaches were significantly different from other subregions except
Nanxiang Basin. The Loess Plateau, Huaibei Plain, middle Changjiang reaches,
and North China Plain showed high micronaire values without significant differ-
ences among them but significantly higher than other subregions except lower
Changjiang. The ranking was: northern Xinjiang > southern Xinjiang > upper
Changjiang > Nanxiang Basin > lower Changjiang > North China Plain >
middle Changjiang > Huaibei Plain > Loess Plateau. (4) Spinning consistency
index was significantly higher in northern Xinjiang, lower Changjiang reaches,
and upper Changjiang reaches compared with North China Plain and Loess
Plateau, with other subregions showing moderate values. The ranking was:
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northern Xinjiang > lower Changjiang > upper Changjiang > southern Xin-
jlang > Huaibei Plain > middle Changjiang > Nanxiang Basin > North China
Plain > Loess Plateau. Overall, while fiber length varied, all subregions except
Loess Plateau met Class II standards. An undesirable positive correlation ex-
isted between strength and micronaire—northern Xinjiang, southern Xinjiang,
and upper Changjiang reaches had micronaire values below 5.0 but strength
below 30 ¢N - tex 1. Comprehensive fiber quality was best in northern Xinjiang,
lower Changjiang reaches, upper Changjiang reaches, and southern Xinjiang,
good in Huaibei Plain, middle Changjiang reaches, and Nanxiang Basin, but
relatively poor in North China Plain and Loess Plateau.

3. Discussion

3.1 Regional Characteristics of Fiber Quality in China’ s Three Main
Cotton Production Areas

The three main cotton production areas—Changjiang River Valley, Huanghe
River Valley, and Northwest Inland—exhibit substantial differences in climate,
ecology, and cultivation conditions [14]. Cotton fiber quality development is sig-
nificantly influenced by environmental factors [2,7] and shows notable genotype-
by-environment interactions [5], resulting in distinct regional distribution pat-
terns [7-9]. Previous studies have documented historical fiber quality charac-
teristics [7-9,13-17], but lacked analysis of current status during the 12th Five-
Year Plan period and cross-subregional comparisons. This study analyzed recent
progress in regional fiber quality characteristics using national cotton regional
trial data, offering stronger representativeness and reliability. Results show the
Changjiang River Valley currently has the best fiber length and strength (both
meeting Class II standards) with moderate micronaire and spinning consistency
index. The Huanghe River Valley shows good length and strength but high mi-
cronaire values. The Northwest Inland region demonstrates optimal micronaire
and spinning consistency index, with length and micronaire meeting Class 11
standards but poorest strength among the three regions. These findings differ
slightly from earlier research but better reflect current status and trends using
the latest data from 2011-2015 national trials.

3.2 Regional Characteristics Among Subregions in Main Cotton Pro-
duction Areas

Main cotton production areas are divided into subregions based on geography:
the Changjiang River Valley includes upper, middle, and lower reaches plus
Nanxiang Basin; the Huanghe River Valley comprises Huaibei Plain, North
China Plain, and Loess Plateau; and the Northwest Inland includes southern
and northern Xinjiang [1]. Environmental differences among subregions differ-
entially affect fiber development [14,27], creating significant quality variations
[5,8-9,13]. Previous provincial studies have identified subregional quality dif-
ferences [8,9,13,15-17,30], but cross-regional comparative studies remain rare.
This study employed the GGE biplot “environment-trait” functional map to
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explore interactions between subregional environments and fiber quality indices
during 2011-2015, providing intuitive visualization of subregional responses and
enabling cross-regional comparisons. Results demonstrate clear geographic pat-
terns: fiber length was optimal in lower and upper Changjiang reaches; strength
was best in lower Changjiang reaches, middle Changjiang reaches, Huaibei Plain,
Nanxiang Basin, and Loess Plateau; micronaire value was optimal in northern
Xinjiang, southern Xinjiang, and upper Changjiang reaches; and comprehen-
sive quality was best in northern Xinjiang, lower Changjiang reaches, upper
Changjiang reaches, and southern Xinjiang. These clear relationships between
ecological subregions and fiber quality traits provide valuable guidance for de-
veloping advantageous cotton production areas.
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