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Salt tolerance identification and evaluation of cotton at its germination
and seedling stages in Hexi area of Gansu
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Abstract: Nineteen cotton cultivars ( Gossypium hiristurum ) suitable for Hexi area of Gansu were selected as test

materials, and the comprehensive evaluation and classification at germination and seedling stages were performed by prin-

cipal components analysis and hierarchical cluster analysis based on the salt tolerance coefficient of multi-indexes. The

results showed that the salt tolerance of three cultivars (lines) at germination stage were not consistent with that at

seedling stage among the nineteen cultivars (lines), accounting for 15.8% of the tested cultivars(lines), other cultivars

(lines) showed salt tolerance at germination and seedling stages. Liao 195, Huiyuan 710, Jinkeng 108 were strong toler-

ant at both germination and seedling stages, Longzongmian 3, B10, Jinkeng 1261, Xinluzao 26, Xinluzao 33 were mod-

erate tolarant, while Longmian 2, Xinluzao 10, Xinluzao 67, Longlumian 4, Jiumian 10, Xinluzao 39, Xinluzao 45

weak tolerant and Huamian 9 sensitive.
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Table 1  Salt tolerant coefficient of each single index of cotton germination under salt stress

LY EY)

Variety (Line) GR GP Gl HL RL FM VI
B4 2 5 Longmian 2 0.783 0.786 0.813 0.543 0.559 0.884 0.345
BfE# 3 5 Longmian 3 0.762 0.812 0.847 0.732 0.832 0.847 0.443
[ 244 4 5 Longlumian 4 0.821 0.765 0.789 0.731 0.522 0.913 0.416
e tiAf 3 5 Longzongmian 3 0.815 0.815 0.815 0.867 0.583 0.815 0.484
9510 9510 0.486 0.512 0.662 0.813 0.419 0.533 0.321
B10 B10 0.835 0.808 0.783 0.832 0.533 0.866 0.526
i1 195 Liao 195 0.845 0.786 0.792 0.912 0.846 0.923 0.522
WA 10 5 Jiumian 10 0.646 0.722 0.839 0.608 0.807 0.839 0.351
A 18 5 Jiumian 18 0.723 0.713 0.742 0.723 0.796 0.812 0.395
Bt - 10 Xinluzao 10 0.847 0.664 0.838 0.644 0.455 0.932 0.385
Bt AL 26 Xinluzao 26 0.722 0.681 0.829 0.638 0.859 0.746 0.416
Bl L 33 Xinluzao 33 0.824 0.739 0.712 0.712 0.812 0.852 0.405
BibtiF 39 Xinluzao 39 0.712 0.684 0.746 0.718 0.771 0.813 0.387
T AL 45 Xinluzao 45 0.703 0.669 0.724 0.770 0.750 0.724 0.424
Bl B 67 Xinluzao 67 0.644 0.547 0.689 0.689 0.793 0.786 0.416
B 710 Huiyuan 710 0.836 0.812 0.911 0.881 0.913 0.934 0.567
4B 108 Jinken 108 0.724 0.804 0.821 0.913 0.826 0.816 0.512
4B 1261 Jinken 1261 0.813 0.712 0.836 0.842 0.728 0.935 0.414
1EH 9 5 Huamian 9 0.486 0.543 0.564 0.532 0.664 0.765 0.335

T GR: KPR OGP R4 Gl AR EG HL: RIS s RLARI s FM: 8 Bt s VI TS 0468k Tl
Note: GR: germination rate; GP: germination potential ; GI: germination index; HL: hypocotyl length; RL: root length; FM: fresh mass; VI: vigor index. The

same below.
R2 HBERGTRIEHLPE ATUSIRHIE X
Table 2 Correlation matrix of each single index of cotton germination under salt stress

815 Index GR GP Gl HL RL M VI
GR 1.000
GP 0.600" ~ 1.000
GI 0.473" 0.550" 1.000
HL 0.389 0.516" 0.209 1.000
RL 0.054 0.322 0.368 0.181 1.000
M 0.835" " 0.517" 0.595" " 0.265 0.039 1.000
VI 0.516" 0.680" "~ 0.355 0.729" " 0.466" 0.302 1.000

o M x 3BIFR P<0.05F1 P<0.01 B E K, T,

Note: * and * * mean significant correlation at the levels of 0.05 and 0.01, respectively. The same below.



5 13

£ TR R PYE AR DR AL B AR U R ER R R S A 151

F A3 HT R R AR RN BT R R e T
AR , — B EER Ry 22 STk R F 85% 1 JLA
AT, A AR 85% L M % 7 ANk
IR bR A R R B AT 32 A A, S BGRT 3 A4
Wy (3 3), Tk 73 5k 57.312% .17. 148% .
13.082% , H BT 5Tk F N 87.542% > 85% , HAxw]
ZMEAT . REROR FUOR 7 PSS bR R 3 A4
FHE ST BT LE G Aa AR, AR T IR A5 BRI 5 T
S P 246 R A i R 45 18 o
2.2 AERERM(R)BLPMEERES N

R4 A T AL B (R) S LB b

126, 8 TERAURAL; DR 2 5 AR 10 5 HrkE
10 BB 67 Beskf 4 5 JHrkti i 39 Bk R 45 A
1128, )8 T Eh AL B 3 5 (PetsA 3 %5 .B10,
4B 1261 0 18 5 Bk 26 5 Bk 33 S
S, B T rhAEmT £ 7Y 5 10 195 30T 710, 4: & 108
RN JE TR R
#3 BHABSSAERNRBRIRE
Table 3 Coefficients of comprehensive indexes and

proportion at germination

WiH Items CI Cl, Cl,

FRAEAR Eigen values 4.012  1.200 0.916
SR & PR e (X)) SANEE , SRR R EEL 12 (X) R/ Tk % ah s 105
HO~1ZI, p(X) N 1 R FIAEX N frg Convibuive o ' ' '
bR T AR PR ik, o (X)#7 R 0, R BHZ 5 Fh ifuizmjf;ﬁbume e 57312 74.460 87.542
TERXAEEGHEP T RN Eh e 25 . A48 3 2x R 046 0961 —o.148
BRSO, B AR HAE w,,3 41 GP 045 0108 —0.030
ZEE TR IIALE 235 0.655.0.196.0. 149, 15 51 it Gl 0.412 -0.184 0.032
LAY DGR 4) 1R EE D (EXT Hmt #hfig FHE I Eigenvector HL 0.2  0.632 -0.391
TR HE Y, Hd B 710 (9 D {H K, R RL - 0.174 0343 0.892
i £6 Pk it 59510 1Y D B/ )y , 2 BT 6 1 4 2% FM-0.381 -0.445 0.144
IR KRR kXt D AT R 2500 (B 1), 7] VI 0414 04135 -0.07
B 19 DARAE SR 4o 4 95:9510 4840 9 5 05
F4 ERMPHZPHNESERENE (X)) D BRESTH
Table 4 The value of each varieties comprehensive index, index weight, x(X), value D and comprehensive valuation
42 AN
Vu:lnniﬁy ¢ L Cl p(X1) ©(Xa) 1(X3) DDvglEue cgip?e;irﬁve
valuation
Ble A 2 %5 Longmian 2 -0.210 —2.425 -0.116 0.544 0.000 0.565 0.441 i £ Weak
Ble A 3 %5 Longmian 3 1.219 -0.079 0.737 0.725 0.582 0.831 0.713 rhifif £ Medium
Bz 284 4 %5 Longlumian 4 0.680 -1.213 -1.056 0.657 0.301 0.272 0.530 F i £ Weak
g4 3 5 Longzongmian 3 1.446 0.421 -1.3711 0.754 0.706 0.173 0.658 rhifif £ Medium
9510 -4.508 1.569 -1.926 0.000 0.991 0.000 0.194 R Sensitive
B10 1.640 0.164 -1.558 0.778 0.643 0.115 0.653 i3 Medium
L 195 Liao 195 2.383 1.004 0.116 0.872 0.851 0.638 0.833 SR ER High
R 105 Jiumian 10 -0.630 -0.921 1.277 0.491 0.373 1.000 0.544 551 EE Weak
FiHR 18 5 Jiumian 18 -0.430 0.111 0.597 0.516 0.629 0.788 0.579 iR Medium
B R 10 Xinluzao 10 0.160 -2.171 - 1.082 0.591 0.063 0.264 0.439 ST 4R Weak
bl 26 Xinluzao26 -0.413 0.064 1.180 0.518 0.618 0.970 0.605 i3 Medium
ki 33 Xinluzao 33 0.158 -0.241 0.621 0.591 0.542 0.795 0.612 i3 Medium
i 39 Xinluzao 39 -0.676 0.025 0.501 0.485 0.608 0.758 0.550 ST EL Weak
Hhli R 45 Xinluzao 45 -0.923 0.980 0.036 0.454 0.845 0.613 0.554 H1i L Weak
il 67 Xinluzao 67 -1.867 0.663 0.768 0.334 0.766 0.841 0.495 ST ER Weak
HL 710 Huiyuan 710 3.390 0.927 0.635 1.000 0.832 0.800 0.937 ST £R High
4B 108 Jinken 108 1.621 1.604 0.014 0.776 1.000 0.606 0.795 R ER High
4R 1261 Jinken 1261 1.225 -0.283 -0.127 0.726 0.532 0.562 0.663 PR Medium
4E44 9 5 Huamian 9 - 4.266 -0.199 0.754 0.031 0.552 0.837 0.253 LU Sensitive
ALHE Index weight(w,;) 0.655 0.196 0.149
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Fig.1 The dendrogram of clusters for 19 cotton

varieties at germination stage
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Table 5 Salt tolerant coefficient of each single index of cotton seedlings under salt stress

it (%) PH SDM RDM P Pr REC MIP MDA
Variety (Line) " o ’

BeAR 2 5 Longmian 2 0.811 0.867 0.883 0.886 1.014 1.103 1.024 1.036
FleAf 3 %5 Longmian 3 0.684 0.659 0.549 0.723 1.183 1.125 1.108 1.252
Be 2545 4 5 Longlumian 4 0.837 0.944 0.947 0.964 1.082 1.012 1.006 1.023
B 4745 3 5 Longzongmian 3 0.659 0.582 0.679 0.649 1.156 1.126 1.168 1.162
9510 0.866 0.864 0.921 0.936 1.015 1.006 1.013 1.004
B10 0.765 0.838 0.598 0.769 1.236 1.096 1.064 1.158
iL 195 Liao 195 0.654 0.667 0.667 0.693 1.335 1.136 1.128 1.126
A 10 %5 Jiumian 10 0.814 0.928 0.944 0.821 1.056 1.085 1.058 1.110
AR 18 5 Jiumian 18 0.726 0.852 0.675 0.712 1.114 1.069 1.113 1.114
Bkt - 10 Xinluzao 10 0.821 0.619 0.847 0.856 1.058 1.012 1.039 1.013
i 26 Xinluzao26 0.748 0.882 0.862 0.864 1.082 1.113 1.076 1.069
Bt 33 Xinluzao 33 0.711 0.792 0.887 0.857 1.037 1.105 1.081 1.132
Bkt 39 Xinluzao 39 0.698 0.659 0.769 0.769 1.106 1.013 1.106 1.108
Bt 45 Xinluzao 45 0.746 0.857 0.857 0.697 1.143 1.134 1.138 1.162
Bt . 67 Xinluzao 67 0.843 0.947 0.950 0.947 1.023 1.008 1.061 1.082
BE 710 Huiyuan 710 0.624 0.889 0.782 0.634 1.328 1.198 1.239 1.134
412 108 Jinken 108 0.626 0.726 0.684 0.694 1.112 1.123 1.202 1.202
4: B 1261 Jinken 1261 0.668 0.852 0.654 0.684 1.264 1.118 1.114 1.118
154 9 5 Huamian 9 0.782 0.913 0.917 0.612 1.106 1.075 1.032 1.086

¥ Note: PH: #£ 75 shoot height; SDM: b EFBF i shoot dry mass; RDM : #R+ B & root dry mass; Pn: A R net photosynthetic rate; Pro: i &
2 & 1 pro line content; REC: #HXT HL 53 relative electric conductivity; MIP: B P plasma membrane permeability; MDA : P [ & & malondialdehyde

content. I [A] . The same below.
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Table 6  Correlation matrix of each single index of cotton seedlings under salt stress
545 Index PH SDM RDM P, Pro REC MIP MDA

PH 1.000
SDM 0.515" 1.000
RDM 0.707" " 0.717" " 1.000
P, 0.752" " 0.329 0.579" " 1.000
Pro -0.760" " -0.372 -0.796 -0.774" " 1.000
REC -0.828"" -0.303 -0.549" -0.662" " 0.700" * 1.000
MIP -0.905"" -0.442 -0.632"" -0.712" " 0.735" " 0.799" "~ 1.000
MDA -0.767" " -0.436 -0.645" " -0.629"" 0.687" " 0.766™ * 0.808" * 1.000

x71 BPEESERHNRERTHE
Table 7 Coefficients of comprehensive indexes and

proportion at seedlings

T H Items I, cl, Cl,
FFEAR Eigen values 5.249  1.063  0.530
Tk /o
SR/ % 65.618 13.282  6.624
Contributive ratio

IR TR 2%
BRI % 65.618 78.900  85.524
Cumulative contributive ratio
PH -0.413 0.013 -0.171
SDM -0.213  0.790 -0.127

RDM -0.353 0.348 0.407
P, -0.372
Pro 0.350 0.185

REC 0.350 0.427 0.146
MIP 0.381 0.140 0.391

MDA  0.153 0.179

FRAE A & Eigenvector -0.127 0.079

-0.703

-0.966
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Fig.2 The dendrogram of clusters for 19 cotton

varieties at seedling stage
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Table 8 The value of each varieties comprehensive index( CI,), index weight, 1(X), D value and comprehensive valuation
ZEATF
Vﬂjﬁy cry ch Cry (X)) 1(Xy) w(X3) DDVSEUB Co;p?ehzrﬁve

valuation
Ble A 2 %5 Longmian 2 -1.018 0.082 1.679 0.490 0.520 0.957 0.531 ST £ Weak
B4 3 % Longmian 3 1.241 -0.777 -2.837 1.000 0.333 -0.119 0.809 SR ER High
Bz 284 4 %5 Longlumian 4 -1.255 0.026 1.153 0.436 0.508 0.831 0.478 ST £ Weak
B4R 3 5 Longzongmian 3 0.556  —1.028 -0.428 0.845 0.279 0.455 0.727 rhifit £ Medium
9510 -1.723 -0.755 1.861 0.330 0.338 1.000 0.384 1 £E Weak
B10 0.273 0.035 -2.337 0.781 0.510 0.000 0.678 Hhifif £ Medium
L 195 Liao 195 1.224  -0.315 - 1.461 0.996 0.434 0.209 0.848 SR ER High
A% 10 %5 Jiumian 10 - 1.481 0.950 0.505 0.385 0.708 0.677 0.458 9L Weak
A 18 %5 Jiumian 18 -0.677 -0.059 -0.311 0.567 0.489 0.483 0.548 ST Weak
HiBF 10 Xinluzao 10 -1.186 -2.312 1.675 0.452 0.000 0.956 0.421 S5 £L Weak
Bkt 26 Xinluzao26 -0.153 0.553 1.092 0.685 0.622 0.817 0.686 i £E Medium
Bt R 33 Xinluzao 33 0.048 0.055 0.727 0.731 0.514 0.730 0.697 i3 Medium
bt 39 Xinluzao 39 -0.364  -1.664 0.248 0.638 0.141 0.616 0.559 S5 £E Weak
Bkt 45 Xinluzao 45 -0.638 1.235 -0.399 0.576 0.770 0.462 0.597 S5 4L Weak
Bt F 67 Xinluzao 67 -1.215 0.219 0.994 0.445 0.550 0.793 0.488 S ER Weak
HE 710 Huiyuan 710 1.199 2.292 -0.536 0.991 1.000 0.429 0.949 SRR High
4B 108 Jinken 108 0.987 -0.019 -0.551 0.943 0.498 0.425 0.834 SR ER High
4B 1261 Jinken 1261 0.298 0.584 -1.252 0.787 0.629 0.258 0.721 i Medium
1EH5 9 5 Huamian 9 -3.186 0.899 0.179 0.000 0.698 0.599 0.155 ERABUR Sensitive
L Index weight(w,) 0.767 0.155 0.078

RO MEHLPMERTEERESTSHE

Table 9 Comparison of salt tolerance of cotton at germination and seedling stages

EEM SR ER AN (R) PR R A (R) SR A (R) ENCEN TV UE)
Growth Salt-tolerant Moderately salt-tolerant Salt-tolerant Salt-tolerant
stage cultivar cultivar cultivar cultivar

B 3 5 BdRfi 3 %5 Bl0 B B it B e — e
o [0 195 HGE 710, & B 1261 A 18 5 BRG R 26 B g DL 2 S HE R 10 BTRE 67 BEERER 4 o,
iy el 108 B 33 2 5 IR 10 5 GBTRE 39 B 45 fef o
Germinating K R R R Longmian 2, Xinluzao 10, Xinluzao 67, Long- -
stage Liao 195, Huiyuan 710, Longmian 3, Longzongmian 3, BI0, lumian 4, Jiumian 10, Xinluzao 39, Xinluzao 910,
slage Jinken 108 Jinken 1261, Jiumian 18, Xinluzao 45 ’ ’ ’ Huamian 9
26, Xinluzao 33
A 2 5 P9 AR 18 5 RT R 39 BT kG &
i Feti 3 %5 .00 195, 35 Fedsfi 355 .B10. & B 1261 Bkl 45 BE&tAf 4 5 B4R 10 5 JFkG R 10058
Seedll 7104 & 108 26 %5 Bkl 33 %5 Kli i 67,9510 £ 9 %5
e‘;gl:g Longmian 3, TLiao 195,  Longzongmian 3, BIO, Jinken 1261,  Longmian 2, Jiumian 18, Xinluzao 39, Xin-  Fuamian 9
otz

Huiyuan 710, Jinken 108 Xinluzao 26, Xinluzao 33

luzao 45, Longlumian 4, Jiumian 10, Xinluzao

10, Xinluzao 67, 9510
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36.8% , W ER M U SR 1A, RS R (R)
15.3% 4 3 5 R (R ) LE A A 5 i 3k 1k 45
RA—F H BT (R) B 15.8% , NG RRE T
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