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Comprehensive evaluation of cotton drought tolerance indexes
and gray relational analysis

SUN Feng-lei, QU Yan-ying, CHEN Quan-jia, GAO Wen-wei
(College of Agronomy, Xinjiang Agricultural University, Urumgqi, Xinjiang 830052, China)

Abstract; By conducting field water stress on 30 cotton varieties during the flowering and boll stages, we de-
termined photosynthesis indexes in the 10th of stress and took samples to determine malondialdehyde ( MDA ),
chlorophyll (a,b,a+b), superoxide dismutase (SOD), proline (Pro), and the major agronomic indexes. The
drought tolerance of cotton was comprehensively evaluated by combining drought-tolerance indexes, drought toler-
ance coefficient, and grey correlation analysis. According to drought tolerance metric (D value) , the 30 tested vari-
eties were categorized as 4 groups including high drought tolerance (Beiersinuo, Chuan 98, Kuke C310-5100, KK
1543, Zhong R2015) , moderate drought-tolerance (13 varieties including Xinluzao 49, Xinluzhong 8, and Zhong
R773-1), low drought-tolerance (8 varieties including Xinluzao 47, Liao 18, and Fuyide 998) , and sensitive
drought-tolerance (Junmianl, Zhong R2009, Xinluzao 26, and Xinluzhong 58). Through the gray relational analy-
sis of 16 indexes and D values, correlation of the indexes to the D values were ranked as effective number of bolls>
total number of bolls>effective number of boll branches >Gs>Tr> number of boll branches>MDA >total chlorophyll>
Pn>chlorophyll b>plant height >WUE >chlorophyll a>Pro>Ci>SOD. Under drought stress, the cotton agronomic
phenotypic indexes were very sensitive. Meanwhile, MDA and total chlorophyll both were more sensitive than other
physiological and biochemical indicators and transpiration rate ( 7r), stomatal conductance ( Gs), and net photo-
synthetic rate (Pn) were more sensitive than other photosynthetic index. According to the comprehensive drought

resistance index, cluster analysis, gray correlation and soon, we comprehensively evaluated the drought resistance
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Table 1  Cotton variety sources
A R ES A2 R e Y
Variety name Source Variety name Source
#1 R2015 A Al B =2 B LB T T 42 HSRA R B
Zhong R2015 Chinese Academy of Agricultural Sciences Institute of cotton Zao 42 Xinjiang Academy of Agricultural Reclamation
K19 A RRAERT S BT Bl 50 BB IS e
Zao 19 Shihezi cotton Institute Xinluzao 50 Xinjiang Academy of Agricultural Sciences
Bk 49 BRI BT B+ 75 B AL L= TR
Xinluzao 49 Xinjiang Nongqishi Agricultural Sciences Institute Tashigan 7 Xinjiang Bazhou Agricultural Institute
REL ELHH AR B W B Bl 26 AR IS e
Dalingwang Xinjiang Bazhou Agricultural Sciences Institute Xinluzao 26 Xinjiang Academy of Agricultural Sciences
K& 2013 AT ARAERT T KK1543 B R e B2 BE 5 P
Tianhe 2013 Shihezi cotton Institute Xinjiang Bazhou Agricultural Institute
J11 98 CH AR B =BT kR 15 RIS H IR o
Chuan 98 Xinjiang Bazhou Agricultural Sciences Institute Xinluzao 1 Xinjiang Nonggqishi Xiayedi Experiment station
W32 A BELERE B K7 AT FARAERT T T
Zao 32 Xinjiang Academy of Agricultural Reclamation Xinshi K7 Shihezi cotton Institute
Bk 47 B A LI B BT DR i B A A= W B
Xinluzao 47 Xinjiang Nonggishi Agricultural Sciences Institute Beiersinuo Xinjiang Bazhou Agricultural Institute
1 R2009 B A B 2E BEAR AL BT ST Pl 24 B e BB 7 P
Zhong R2009 Chinese Academy of Agricultural Sciences Institute of cotton Zao 24 Xinjiang Bazhou Agricultural Institute
EKTE 998 R A LI BRI R BT 108 B A A= O B
Fuyide 998 Xinjiang Nonggishi Agricultural Sciences Institute 108 Fu Xinjiang Bazhou Agricultural Institute
PEis 4 R L IHA B2 TS BT COl-5 b N
Xibu 4 Xinjiang Nonggqishi Agricultural Sciences Institute Xinjiang Agricultural University
Biktith 8 = B A A2 W B B 39 A LA B AR T
Xinluzhong 8 Xinjiang Bazhou Agricultural Institute Xinluhan 39  Xinjiang Nonggishi Agricultural Sciences Institute
HBrklich 58 ELHH AL = W 1470 B AL = R
Xinluzhong 58 Xinjiang Bazhou Agricultural Institute ) Xinjiang Bazhou Agricultural Institute
o1 R773-1 gl B B AR AL AT T KRR B AL B T i
Zhong R773—1  Chinese Academy of Agricultural Sciences Institute of cotton Junmian 1 Xinjiang Bazhou Agricultural Institute
FETE €310-5100 T E R B 2A B BT T i 18 RRIYZEE S
Kuke C310-5100 Chinese Academy of Agricultural Sciences Institute of cotton Liao 18 Xinjiang Bazhou Agricultural Institute
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Table 2 Soil water contents under drought stress

TZRAE/ em 136 iy 13t HIKIE
Soil depth Before stress In the stress  After rehydration
0~20 23.116 13.862 17.168
20~40 24.070 14.901 17.936
40~60 25.137 15.243 18.042
FH{H Mean 24.108 14.669 17.715

R3 WEMBSET AMREEGHEELY

Table 3 Cotton variety, maturity, and comprehensive drought-tolerance index

A FR Variety S FIZER Variety type CDI {fi CDI value HEFF Ranking
71 R2015 Zhong R2015 L Mid-early maturity 0.825 6
.19 Zao 19 R Early maturity 0.833 4
Bikti i 49 Xinluzao 49 2 Early maturity 0.797 13
K4 T Dalingwang L Mid-carly maturity 0.793 16
R4 2013 Tianhe 2013 LB Mid-early maturity 0.816 10
J11 98 Chuan 98 R Unknown 0.847 3
TL32 Zao 32 FL#h Early maturity 0.790 18
Bl - 47 Xinluzao 47 2 Early maturity 0.750 25
tH R2009 Zhong R2009 R Mid-early maturity 0.778 20
KA 998 Fuyide 998 B2 Early maturity 0.793 15
PR 4 5 Xibu 4 B2 Early maturity 0.825 5
Fihlish 8 %5 Xinluzhong 8 H# Middle maturity 0.793 17
Bkl 58 Xinluzhong 58 Hz Middle maturity 0.728 27
1 R773-1 Zhong R773-1 L3 Mid-early maturity 0.814 11
J& 7 C310-5100 Kuke C310-5100 FZ Early maturity 0.819 9
F.42 Zao 42 B2 Early maturity 0.803 12
Hilki 50 Xinluzao 50 FZ Early maturity 0.824 7
AT 7 5 Tashigan 1 FZ Early maturity 0.760 24
CQJ-5 FLE Early maturity 0.771 23
KK1543 T2 Early maturity 0.795 14
BibE R 1% Xinluzao 1 FLE Early maturity 0.776 22
A K7 Xinshi K7 L2 Early maturity 0.786 19
ki 26 Xinluzao 26 B2 Early maturity 0.733 26
F.24 Zao 24 R Early maturity 0.727 28
108 3% 108 Fu FLgh Early maturity 0.723 29
DR Hri4 Beiersinuo FZL Early maturity 0.885 1
B 39 Xinluzhong 39 B Early maturity 0.848 2
cl1470 5% Middle maturity 0.778 21
ZEME 15 Junmian 1 i Middle maturity 0.689 30
il 18 Liao 18 FERL Very early maturity 0.819 8
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Cluster analysis of different cotton varieties based on D value
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Table 4  Correlation and ranking of drought-tolerance

of cotton varieties

e
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e ene 6 DAL MARTE AR HIE 20 17 I 3, SRR AE AL B Y

-££ 2 a Chlorophyll a 0.676 13 _

S b Chlorophyll b 0679 10 BUSEIEAT 45 4 SR 36 R AIHT, 13 81 )5 % R
n43:22 S Total chlorophyll 0.691 8 . ISR
P BAE Total chlorophy ool 3 32 AHAE R 7 A I 9 2 BB R

b 0631 X AR AT K 5 4 1 S I B K 9 7 0 £ 1 40
n . a N N ) "y
Tr 0.713 5 E IRt o A o N e w1 KU S B U O WANY, < /| =X
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o o : FFEEH], 1 S /INGE A A AR 0 SR T 2
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Table 5 Weighted drought-tolerance indexes and rank of cotton varieties
= Eoy=m
SR TR L B i 44 Tt S aRa frk
. eighted drought- i . Weighted drought-
Variety . Rank Variety . Rank
tolerance index tolerance index

1 R2015 Zhong R2015 0.819 5 T 42 Zao 42 0.794 12

H19 Zao 19 0.824 4 B 50 Xinluzao 50 0.816 6
SHTBE L 49 Xinluzao 49 0.789 14 AT 7 %5 Tashigan 7 0.754 24
K% T Dalingwang 0.785 16 CQJ-5 0.756 23
F4r 2013 Tianhe 2013 0.807 10 KK1543 0.792 13
JI 98 Chuan 98 0.839 3 Bkl 145 Xinluzao 1 0.762 22
132 Zao 32 0.779 19 Bifa K7 Xinshi K7 0.784 17

ik 47 Xinluzao 47 0.737 25 Filfi T 26 Xinluzao 26 0.728 26

1 R2009 Zhong R2009 0.765 21 24 Zao 24 0.719 27

E K15 998 Fuyide 998 0.780 18 108 5% 108 Fu 0.719 28

PEHE 4 45 Xibu 4 0.815 7 DR Beiersinuo 0.886 1

it 8 5 Xinluzhong 8 0.788 15 B 39 Xinluzhong 39 0.844 2

Brbfis 58 Xinluzhong 58 0.713 29 ¢1470 0.766 20

/1 R773-1 Zhong R773-1 0.803 11 7R 15 Junmian 1 0.678 30

J% 5% €310-5100 Kuke C310-5100 0.812 9 if 18 Liao 18 0.813 8
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Table 6 The order of drought-tolerance of the cotton varieties

A FR Variety D {4 D value  HE/¥ Ranking A FR Variety D {H D value  HEJ¥ Ranking
1 R2015 Zhong R2015 0.828 2 42 Zao 42 0.622 9
.19 Zao 19 0.486 18 Bl . 50 Xinluzao 50 0.356 23
Bl 49 Xinluzao 49 0.558 14 AT 7 5 Tashigan 7 0.495 17
K F Dalingwang 0.523 15 FBrfit 26 Xinluzao 26 0.147 28
F4 2013 Tianhe 2013 0.601 11 KK1543 0.796 3
JI| 98 Chuan 98 0.745 5 Bkl 145 Xinluzao 1 0.363 22
.32 Zao 32 0.502 16 6 K7 Xinshi K7 0.665 6
Wil 47 Xinluzao 47 0.262 26 LR Beiersinuo 0.885 1
H R2009 Zhong R2009 0.352 24 K24 Zao 24 0.603 10
B KA 998 Fuyide 998 0.435 19 108 K 108 Fu 0.626 8
PUHE 4 4 Xibu 4 0.427 20 CQI-5 0.040 30
Bt 8 5 Xinluzhong 8 0.558 13 i 39 Xinluzhong 39 0.629 7
$iltirp 58 Xinluzhong 58 0.168 27 ¢1470 0.380 21
1 R773-1 Zhong R773-1 0.560 12 ZEHE 1 5 Junmian 1 0.092 29
J# 7 €310-5100 Kuke C310-5100 0.766 4 iT 18 Liao 18 0.312 25

Wi 2% T, A IR FEFE#% P 5
FASRHY 16 A48T, FI R s o8 0k S A5 2 PR 1R
AE(D E) ;D {EAYR/NACRT LAES -4 16 42
AP, RIS 25 08 8 45 i s 1] A AR L 5G 2R Je 4% 4
PRIa] A P O3l i SRR Tl 25 AR R O A
R, AR AR P59, R ITIRAE A
T NE AR BRI, TR AR
LR DU BN T R a2 F R 16 DMEARILY
— AR, D A8 S 1 BE 73 M 4 47 A AE DL T4 2
Ay ZE R R I 73 M AT Tk JEE 0 B 4%
RIEA B X RS 1y 45 Y 3 AL 5T
PRI 2800 o0 M SR R Ko B B R o
XARAEGT PR T VAN A0 2 R 5T 5 1R 0 1Y
FRAEA R, DAL, SR 28 a 5T 545 K SR ek oo
e SR IR DG IR B A AR 4G 5 19 05 1 0 A AE
AEFIPCRVEREAT PR, n] Bhr B /n Fa An PR 5
PURPEER

R I

AT FE 2R FH K A8 53K BE SR pR B0 B L R 2
SR LR A PRI B SS & T X 30 (AR AL
BT R EFEAT IO, KR T LIV 4
Ryt R h SRR BLR TR
A5 T A DRI )1 98 5 €310-5100,
KK1543 .11 R2015, %% 1 KA K E BHT7 5,
BT 49 &8 13 ARl S 24 T R773-1.CQJ -
5 BTt 47 55 8 A a5 IV 2R ZEA 1 5 B

26 45 4 ANah Bl R FERRFEAE AL 132 2+ T
I ARAEAR Z VIR F T 48 TR BURE, MDA (21 R 5
HEIX 2 AR AR O BOH A AR AR AR BURR, <AL
FIE(GCs) FERREHR(Tr) (G E H R (Pn) I
EOLE IR bR B HUR, P, 75 WA AR AR 50 5T B
I B T8 A IR AR D B 5 2 G 1 114 i 24 1R AR
G AR TE H N TR A AR A AT O B A B AR A
PEAR B AL T | 2 i 1 30 v e 45 T AR A 1
TELE T I A A AT Se PR B8 4 A B T T P P B
FORHHERR L%

2 & X Wk
(1] e, BRGE, S8r RE A KA [ M. JE 5T, B A
1,2004.

(2] ABIET, T2458, VF 42, 55 W1RR BT BT U5 R vk 30T 9t 3 M A0
[J].shE4OL R ,2010,43(15) :3076-3087.

[3] Kamoshita A, Babu R C, Boopathi N M, et al. Phenotypic and
genolypic analysis of drought-resistance traits for development of
rice cultivars adapted to rainfed environments[ J]. Field Crops Re-
search,2008,109(1-3) : 1-23.

(4] RO, ZEH0E, I ARHE, 5553 Hy oKk H 38 F W T T SR R 4
L] P ERER ,2007,40(4) : 665-676.

[5] Dmytro K, Barry A L, Randy D A, et al. Effect of chloroplastic o-
verproduction of ascorbate peroxidase on photosynthesis and photo-
protection in cotton leaves subjected to low temperature photoinhi-
bition[ J]. Plant Science, 2003, 165(5) : 1033-1041.

[6] Allen D J, Ort D R. Impact of chilling temperatures on photosyn-
thesis in warm climate plants[ J]. Trends in Plant Science, 2001,
6(1):36-42.

(7] B35 KBAUR, FhIE 2, 46 AR S5 6IA SR S X IR %606 &



551

PNEFE AT OCARIRZR ST SR I B Hr

239

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

(19]

TEH RIS RIS B m [ 1], v A B4R, 2010, 21
(1):29-35.
SR IE TSR LSRR AL T VR A 5 P AR R [ ] St Xk
ALBFSE, 2005,23(3) ; 105-107.
Hura T, Hura K, Grzesiak S.Physiological and biochemical parame-
ters for identification of QTLs controlling the winter triticale
drought tolerance at the seedling stage [ J ].Plant Physiology and
Biochemistry,2009,47(3) ; 210-214.
FROE, 35 2205, S K FEIT AL — 26k B A fh Rk
AR R X FR [T ] P E R RE 1 2007,40(2) :399-404.
AR PSR A, R R, A5 AL IE B - 8K 4 R BR T 2
FEARIEE [ J] AR AEAHE, 1999, 11(1) :35-38.
FAEAR, X SRRE, 31, 45 0 R S XA AR A K R
B[] ARAE2AHE,2005, 17(6) :339-342.
Sepakhah A R, Kanooi A, Ghasemi M M. Estimating water table-
contribution to corn and sorghum water use[ J]. Agricultural Water
Management ,2003,58( 1) :67-79.
FALFT, B B AL LR A S b et e [ )] P E A
AR ,2011,27(9) £ 17-20.
RXEBA, VP BB VT B ALE ISR XAR AL T DA SR N K
RN ]]. T R XA BFETE,1992,10(3) 2 7-10.
2R W B, TOCAE R R T T R aa X AR AL A A R
s A AE R K R B B R B A AR AR [T ). A K2
4R EHARRIEIR) ,1999,3(4) 1259-264.
RO U — A, AT, S AL W L RS T R
XS PR A TR TRV [ T ] AR AR, 2008,20(4) :300-305.
RER AAR,BRE, %S TRE B OMAERS Sk
PR KR 73 M R B 2 [ 0] AR 2741k, 2013,39 (1)
2074-2082.
W BRAT, R SR AR A AR A TR A S MR i 5

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

BRI T]. P B4 ,2009, 42(8) :2667-2675.
TARE, TARMR, T, AR /N2 G RO IR B 38 7 SR
KRN T]. A2 24), 2011,31(4) : 1064-1072.

T4 A VPR, A R TR 4 FR AR FPTAR O i
o[ J]. FERAL B ,2007,40( 10) ;2145-2152.

AR IRE T, B, S AL B S R 25 RN
[J]. R A 2A2,2011, 22(9) ; 2325-2330.

Tl AR, AR, SN UR AN AR 2R OR A
A AR B R (0 SR IR BE A3 A [0 ] o [ AR B 2, 2007, 40
(11) :2452-2459.

AL Y A B AL SR A R [ M) b G E
i1 At ,2000.

XIDEHE, RA 5K, M6 5 45 AR AL AL BT AL 2545 PR A ]2
TEPRITTE )] AR AL BER A3, 2016,17 (1) :53-62.

SO 1Y - I N -8 N VA N a3
PEUEE [ )] AW L BE IR 24,2007 ,8(2) :189-194.

2ZEA REYGAETUR I R F [ T]. fa el
%,1998,7(3) :85-87.

FER]JRIGE A IDe e | A5 5 kB 4 SRR OK 4 0C IR 43 BT S5 3
FILT]. A E R #2006, 28(3) : 21-25.

JRIGEIRE , SKAESH, PR v /N2 T2 B Rl AR K (8 3R B T AR
W AR RGERE 5258158, 2005, 21(2) - 81-84.
RO, 1t B XGRS AR BT [ 1] P EAE S AR
Ar2A4R ,2004, 12(1) ; 127-129.

RO R MR R, 5 M AL T W50 R A T8 4 Y 3 o4
SR K R A TR [T R AR K 4R, 2011, 34(3)
211-217.

BOk, EFMN, RER BRI IR AR )]
ARFER, 2006, 22(1) ; 124-126.



