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Retrospective evaluation of cotton varieties nationally registered for the
Northwest Inland cotton growing regions based on GYT biplot analysis
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Abstract: The Northwest inland cotton growing regions (NICR) is currently the most important cotton producing area in China.
The scientific classification and comprehensive evaluation of national cotton varieties over the years in this cotton area is benefi-
cial to the rational utilization of national cotton varieties resources and the improvement of cotton production efficiency. Accord-
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ing to the national registration bulletins of cotton cultivars, up to 37 cotton cultivars in this region were registered in the national
level from 2003 to 2019. These cultivars were evaluated and classified using genotype by yield-trait (GYT) biplot analysis based
on their levels in combine with lint cotton yield and other important characteristics including pre-frost yielding rate (PFR), fiber
length, fiber strength, micronaire, fusarirum wilt index (FWI), and verticillium wilt index (VWI). Results showed that the 37 cot-
ton cultivars can be clustered into three types with distinct trait profiles. Type I consisted of 17 cotton cultivars, namely Xinluzao
13, Zhongmiansuo 49, Xinluzao 21, Ba 13222, Xin 46, Tianyun 0769, Z1112, Xinshi K18, J206-5, Xinshi K21, Hemian A9-9,
Chuangmian 508, H33-1-4, Jinke 20, Xin K28, Chuangmian 512, and J8031, showing high levels of combinations between yield
and other target traits, and was the most suitable for cotton production in the region. Type Il was characterized by poor perform-
ance in FWI, and moderate yielding ability and fiber quality traits, and was of limited application in this area. Type III was
characterized by an excellent performance in FWI but poor performance on the other traits, and cultivars of this type may be
useful for sources of disease resistance. Cultivars Chuangmian 512, J8031, Xin K28, H33-1-4, Jinke 20, Xinluzao 13, and
Chuangmian 508 were selected for their high superiority index, such as high levels of combination between yield and other traits,
while Xinlumian 1, Xinluzao 33, Chuangmian 501, and Xinluz 51 were inferior in this context. The GYT biplot analysis in this
study differed from traditional index selection in that it was based on the combinatoin level of yield and other traits rather than on
the levels of individual traits. In GYT biplot the various yield-trait combinaitons tended to be positievly correlated, allowing for
easy visualizationand objective selection of cultivars based on multiple traits. Compared with the more traditional genotype by
trait (GT) biplot, GYT biplot normally explained more of the total variation and achieve higher goodness of fit. In addition, the
method used in this study could be applied to other regions and crops in this reasearch topic.

Keywords: cotton (Gossypium hirsutum L.); cultivar registration; cultivar classification; multiple traits; genotype by trait
(GT) biplot; genotype by yield-trait (GYT) biplot; northwest inland cotton growing region (NICR)
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Table 1 Key characteristics of 37 cotton cultivars in Northwest inland cotton production region registered from 2003 to 2019

YLD/CK PFR LEN STR

Code Cultivar R (%) (%) (mm) (cN tex™) MIC FWL VT St TYPE
G1 13 Xinluzao 13 2003 112.9 92.8 31.2 29.7 43 475 4.6 0.67 I
G2 20 Xinluzhong 20 2004 107.4 91.6 30.6 29.5 44 35 720 -049 111
G3 49 Zhongmiansuo 49 2004 110.9 93.7 30.5 29.0 43 7.1 318 0.36 I
G4 21 Xinluzao 21 2005 112.3 90.9 29.6 29.3 42 19.0 479 0.16 I
G5 1 Xinlumian 1 2006 106.4 88.9 30.3 28.9 44 452 772 -1.17 I
G6 33 Xinluzao 33 2007 103.8 88.6 30.2 30.3 43 259 620 -1.03 111
G7 34 Xinluzhong 34 2008 104.7 93.9 29.5 31.2 42 651 385 -0.76 I
G8 49  Xinluzao 49 2010 107.4 90.2 322 32.7 46 62.0 76.0 -0.63 11
G9 51 Xinluzao 51 2011 104.7 95.7 30.3 30.9 45 505 704 -0.97 I
G10 48  Xinluzao 48 2011 114.4 97.7 28.8 28.1 43 527 51.6 0.08 I
G11 51 Xinluzhong 51 2011 110.4 93.8 31.9 32.7 43 69.0 66.5 0.05 I

Gl12 6 Xinsangta 6 2011 110.0 94.3 30.5 30.8 43 609 788 -0.40 1I
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YLD/CK PFR LEN STR
Code Cultivar RY (%) (%) (mm) (cN tex™) MIC FWL VT St TYPE
G13 60 Xinluzhong 60 2012 101.2 91.9 30.3 33.2 43 3.6 512 -0.71 11
Gl4 K07-12 2013 106.4 94.0 29.7 304 4.3 1.1 653 -0.42 I
G15 13222 Ba 13222 2013 111.8 93.7 30.3 30.8 48 104 585 0.05 I
Gl16 472 Wanshi 472 2014 97.0 93.0 33.8 32.1 39 07 619 -0.83 1
G17 46 Xin 46 2014 116.4 87.5 30.2 28.5 48 02 506 0.27 I
G18 0769 Tianyun 0769 2015 111.9 91.5 304 30.2 42 7.6 553 0.35 I
G19 DJ09520 2015 107.7 93.5 31.0 30.9 45 34 532 -0.09 11
G20 50 Chuangmian 50 2015 109.0 92.6 29.0 30.0 49 52 544 -0.57 11
G21 Z1112 2016 109.6 93.9 29.9 31.6 39 51 551 0.37 I
G22 K18 Xinshi K18 2016 107.1 97.7 30.5 29.9 40 52 646 0.01 I
G23 J206-5 2016 112.4 94.8 30.5 30.2 4.1 12.0 61.9 0.52 I
G24 501 Chuangmian 501 2016 105.8 93.0 29.2 29.5 47 103 647 -098 11
G25 720 Huiyuan 720 2017 105.6 97.4 314 29.4 4.4 1.5 397 -0.13 11
G26 K21 Xinshi K21 2017 109.7 98.5 29.8 30.1 42 3.8 47.6 0.35 I
G27 A9-9 Hemian A9-9 2017 108.2 93.6 30.7 30.2 42 99 19.0 0.31 I
G28 508 Chuangmian 508 2018 110.4 97.2 30.4 31.9 44 3.0 432 0.57 I
G29 902 Zhuangjiahan 902 2019 105.1 95.8 29.8 31.6 44 63 337 -0.21 1
G30 FO15-5 2019 106.6 97.0 30.8 354 49 3.6 240 0.33 11
G31 H33-1-4 2019 110.9 94.9 31.3 324 43 42 334 0.86 I
G32 20 Jinke 20 2019 110.0 94.1 324 33.1 43 12,5 343 0.85 I
G33 1401 Huiyuan 1401 2019 103.5 96.4 31.0 31.0 47 3.6 373 -0.49 1
G34 K28 Xin K28 2019 111.3 95.8 31.1 31.8 42 6.7 282 0.95 I
G35 201 Zhongmian 201 2019 105.3 94.9 30.8 32.6 43 45 338 0.07 1
G36 512 Chuangmian 512 2019 114.6 97.7 31.1 32.0 44 42 200 1.45 I
G37 J8031 2019 113.4 97.3 31.6 32.6 44 74 315 1.27 I
2 s 10~18 RY: ; YLD/CK:
; PFR: ; LEN: ; STR: ; MIC: ; FWI: ; VWL ; SI: ;
TYPE: GYT 2

Each value is the mean across 10-18 location-years for all traits except fusarirum wilt index (FWI), verticillium wilt index (VWI), for which

each value is the maximum value collected from inoculated nurseries in successive two years. RY: registration year; YLD/CK: lint cotton

yield relative to check; PFR: pre-frost yielding rate; LEN: fiber length; STR: fiber strength; MIC: micronaire; FWI: Fusarirum wilt index;

VWI: verticillium wilt index; SI: cultivar superiority index; TYPE: cultivar type in clustering analysis based on PC1 and PC2 of GYT biplot.
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Fig. 1 Tester vector view of GT biplot (a) and the relation among yield-trait combinations view of GYT biplot (b) of national regis-

tered cotton cultivars in Northwest inland cotton planting region in China
1 2 Abbreviations are the same as those given in Table 1 and Table 2.
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Fig. 2 Average superiority index (a) and variety clustering view of GYT biplot (b) based on the national cotton varieties in North-

west inland cotton region of China
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The dotted ellipses in Fig. 2-b delineate the varieties which are members of the same cluster at the first three levels in the cluster analysis
based on the first two PCs of GYT biplot (the cluster dendrogram was omitted here). I, II, and III stand for the three variety types respectively.
Abbreviations are the same as those given in Table 1 and Table 2.
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Table 2 Pearson correlations among yield-trait combinations of 37 nationally registered cotton cultivars in the Northwest inland

cotton region

X

Yieldxtrait combination

YxPFR  YXLEN YxSTR YXMIC (~1) YXFWI(~1) YXVWI(-1)  SI

X Yieldx pre-frost yielding rate (YXPFR) 1
x Yieldx fiber length (Y*XLEN) 0.586" 1
x Yieldx fiber strength(YxSTR) 0.518"  0.624" 1
% Yieldx micronaire [YxMIC(~1)] 0.516" 04717 0.170™ 1
X
Yieldx fusarirum wilt index [YXFWI(—1)] 01367 0.0317 00707 ~0.0437 !
X *k * *k < *
Yieldx verticillium wilt index[YxVWI(—1)] 0458 03597 0.410 01917 0-316 !
Cultivar superiority index (SI) 0.813"  0.776™ 0.707" 0.583" 0.382° 0.692" 1
o 0.05 0.01

Yield represents lint cotton yield relative to check cultivar. * and ™

respectively; ™ indicates not significant correlation.

indicate signifcant correlation at the 0.05 and 0.01 probability levels,
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Table 3 Characteristics of different clusters of the nationally registered cotton varieties for the Northwest Inland cotton planting
region based on GYT biplot analysis

. I 11 111
Yield x trait combination Yré:;:;y;y;]:)l V(j::atz iyg;ﬂ Vf;:;z ZI;;)H
x Yield x pre-frost yielding rate (Y*PFR) 0.63£0.15 a —0.16+0.44 b —0.73£0.23 b
x Yield x fiber length (YXLEN) 0.66+0.18 a —0.14+0.40 b —0.79+0.17 b
x Yield x fiber strength (Y*STR) 0.40+0.21 a —0.15+0.39 ab —0.44+0.28 b
X Yield x micronaire [YxMIC(~1)] 0.69+0.16 a —0.03+0.31 b —0.89+0.20 ¢
X Yield x fusarirum wilt index [YXFWI(-1)] 0.43+0.12 a —1.86+0.15b 0.45+0.08 a
x Yield x verticillium wilt index [YxVWI(-1)] 0.50+0.23 a —0.92+0.30 b —0.15+0.22 ab
Cultivar superiority index (SI) 0.55+0.10 a —0.54+0.18 b —0.43+0.11b

5% Mean = SE
Values followed by the same letter in the same row are not significantly different at the 5% probability level. The mean + SE stands for the

mean plus standard error.
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