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Germination Characteristics and Comprehensive Evaluation of Drought
Resistance of 41 Accessions of Cotton Germplasm at Seed
Germination Stage under PEG6000 Stress

WANG Jun-juan, YE Wu-wei, WANG De-long, FAN Wei-li, WANG Shuai
( Key Laboratory of Cotton Genetic Improvement of Ministry of Agriculture/Chinese Cotton Research Institute,

Chinese Academy of Agricultural Sciences ,Anyang,Henan 455000)

Abstract; This paper conducted on different drought resistance of 41 cotton germplasm at germination stage by
the experiment of 15% PEG6000 vertically rolled paper tests. We determined 8 indentification indices such as germi-
nation energy, germination rate,seedling length of 3 days, total seedling fresh biomass of 3 days, hypocotyl length of
7 days,radicle length of 7 days,radicle length of 7 days/hypocotyl length of 7 days, growth rate of sprout length. The
results showed that the 8 indices were lower under 15% PEG6000 than that in water controlled condition , the coeffi-
cients of variation became bigger except for total seedling fresh biomass of 3 days indicating that cotton germimation
was inhibited by 15% PEG6000 and the different varieties (lines ) were evidently different. At the same time the rela-
tive values of T/CK were calculated. We screened 7 indentification indices such as relative germination energy , rela-
tive germination rate, relative seedling length of 3 days,relative hypocotyl length of 7 days, relative radicle length of
7 days, relative radicle length of 7 days/hypocotyl length of 7 days,relative growth rate of seedling length by vari-
ance analysis and principal component analysis. The results showed that this 7 indices had some connection with

germination drought resistance. The subordinate function values of cotton germplasm under PEG6000 drought treat-
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ment and the correlation coefficient were analyzed by the 7 indices. The Average subordinate function values stood

for ability of germination drought resistance. With the increase of the average subordinate function values the cotton

germination drought resistance ability was increasing. The results showed that relative radicle length of 7 days was

significantly correlated to the average subordinate function values(r =0. 839). There were 7 accessions of cotton

germplasm with high drought resistance ability at germination stage such as Ji668, Lumianyan21, 9409xuanxi,

DP99B, Chuangmina22 ,sGKZhong980 ,Han177 and 10 accessions of cotton germplasm with medium drought resist-
ance ability such as Zhong23A-12,Zhong23 AkanmianF12,CRI35,Ji1286 ,GKZ19F6 , Shuangyu97-2067 , Guangzi2 ,

Naigaowen-2 ,ZhongS9612 , Guangzil.

Key words; Germination stage ; Cotton drought resistance ; Principal component analysis ; Subordination function
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BRK EHKE IR0 MRKOIE RE. RS
BUHSE M, BT A A BB 3 AN E S I8 17 5088
it BT RME &4 T HRRS X RO
EATHREREAITERERS 5.
A F# (%) =3d £ ¥ %/100 £ x 100
EFEHE(%) =7d X ¥ #/100 £ x 100
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Table 1 The origins and pedigrees of germplasm materials

5 5 No. 4 ¥ Name 3k I Origin # i Pedigree £ % No. % ¥ Name ¥ Origin i Pedigree
1 1286 A4k [ (34§ 10 £ x538)F1 x || 22 (164 xA$L)FI3 HF HEE164 XA
BB 22] R
2 H 23A Hi# F12 B P 2B3IxARER 23 97HF7 BEE BRI ESH%E
3 POBHHMFI2 BHY PR3 RE XA SEM |24 - & SH7H5 [ITE:3 Hih 5 & 95-823 x & Bt
EEPBMM R AR3
4 1 59612 =K BTFk42 xE 6871 || 25 GKZ15-7 HE GK11 x947F1
BT 35 i B #123021 x (FHMAT12x |f 26 BHE17 HTE'S SR BT 12 x GK-12
Jil 1704)
6 # 177 w4k B 12 x @2 27 9409 % £ SRRT R 23021 x (RHRT 12 x
Ji| 1704)
7 h 9806 Gy 505441 x 221 28 WEE-2 BEF #1 R98 x 1 1001
8 iR 228 w4t wll2 x 53 258-1 58 29 it 22 4t B 536 x 544
RE%E
9 FHF 1 BT o 2201 x A6 7 41 30 sGK & 980 FRET PIRET 41 x 9445 K E
10 BB 16 [HES *ﬁg;;:;;%ﬁ 31 &R 21 iR B 320 R/ WA 3 B
HEHEARMER RSS R
11 B 97-2067 BE % B 97-1335 x B 2067 32 # 668 Ik ]Yr 123 x231
12 701 FFHE o i B BT 45 x B K 95 33 DP99B %H DPS415 x $i 1 &4 & 531
13 B 21 HE B 12X B 177 34 B 7% 3268F6 it 376 x 668
14 T 45 BT ¥ Br+ CpTI UM ST MER || 35 JeHF 2 HE s 2201 x A BT 35
AT 95-1 &% & 961027
15 th 9806 A | B th 9806 % & 36 710( % 2067) HE 12 S E x BhE 177
16 GK50 Wk - ERILE 3 37 sGK958 g dEE SR 970012 x HF 19
17 GKZ19F6 BE B4R 851 x 947F1 38 1 164A H BT #1164 x A FL R
18 B 616 At LR 492 x 596 & 39 - H 242 FOE 4 HE 93-4572 x K 9115
19 &ka s 4t EX 1 SERKRARKESE || 40 - GZ19-7 =h-} (BR1E 851 xMTF1) R
20 th 164A-13 BE 164 x A 5 41 H 404 A Hi-12 B 404 x A Hi LR
21 e 23A-12 HE 123 x A HL W
2 %%Eﬁﬁ $}27.05%, LEHEKEHET,34dEKNH T7.82

2.1 R4S %E PEG BrBEG TEIEROETL

MW#E 2 AT LLE 1,7 15% PEG6000 fhif &4 T,
AR F R R F LB ETE 26.04% ~69.33% ,FH{H
H 47.62% , K HFHTE 50% LA & Bl G 48. 78% ,41
B ARBRAEZ H 9.86, ER R M N 20.07% . T
BAKEGT MM FHRFS N 78.05% ~100%,
SEHE N 91.97% , Kk HHAE 80.00% LA b Sh
95.12% 41 M BN R FEREEHNG6.63,ERZR
BWHT.20%, MR TRFLE PEC TRMEF I
Bkt BT BN 20.27% ~71.06% ,F 3 T B
47.99% HAERFHAKES

7 PEG B &4 T, ¥ KH 1.30 ~5.75cm,
BN 3. 23cm 41 B BHIRAEE R 0.87, EREH

11.46cm, P ¥ % 9.58cm, 41 R E N
0.90, R AN 9.36% ., PEG B &x44F ,41 #y
MRZEK X B TEE 35 10% ~83.38% , £ T
66.14% ,FHFKE S Z A T R BA MW, & #fh
]2 FE K, PEG B &4 THREFKERE
HEBNBELEEW A~ A BT,

7 PEG Bl 56T, 8 & 1. 11 ~ 1. 79g, ¢ 15
BHH1.39, BFEHN10.13% . TAEHKEH
T4l RN 3 dMFEHETENR 1.50 ~ 1. 96¢, F
Bi{E R 1.96g,41 YA RHRAEZE N 0.264, F R R ¥
7 13.45% ,PEG Bl 51k F 41 Gy W86 440 10 3 8
HNTRABYLE K BOK, AT EZH
BEEARN BARES R RRAAANTEQEH
BEHX,
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Table 2 The germination indices comparison of 41 varieties( lines) under water and 15% PEG6000 condition

dFELSK MELER 7d TH#EK ;

BERK/THRESK FKMEx

~ BHEH (%) BEE(%)  (em) (g) (em) Ratio of radicle 4 4 % (% )
b ii¥:: | #/ix o . . . {em) .
Germination Germination  Seedling Total seedling Hypacotyl length and Relative growth
Treatment Index Radicle length
energy rate length  fresh biomass length £7a hypocotyl length rate of
$:3
of 3 days of 3 days of 7 days “ ve in 7 days seedling length
WA E 3 E Average 91.97 92. 97 9.58 1.96 10. 02 12. 09 1.22 1.31
Water B s 6.63 6.31 0.90 0.26 1.10 2.25 0.28 0.32
conirolled
conditions FRER(%)CV 7.20 6.78 9. 36 13.45 11.02 18.63 22.53 24.07
PEG6000 1 Average 47.62 62. 68 3.23 1.39 2.41 6.72 3.04 2.1
i RIEX s 9. 86 9.57 0. 87 .14 0.71 1.52 1.26 0.94
PEG6000
stress EREH(%)CV 207 15. 26 27.05 10. 13 29.41 22. 67 41.42 44, 49

EPECHAEHGT, TREKEN 0.83 ~
3. 7lem, FHY{E K 2. 4lem, 41 £ SR E BB R BB
7129.41% , MiEE K BEMGT A BREME
AW THEMKER 7.83 ~ 13cm, FHE R
10.02cm 41 G R EWERER N 11.02% ., &
PEG WhH &M, FTREMK B Xt B KK FRE, X
YT S57.92% ~92.04% , 75 5 2 3 He o B8 b L g
TREFBRKER, VLB 5/ E 2 M B R—%,
ZMBEBRERHEHALZPHER AR, SWHE
EERNSHHEENZE,

EPEGC B AZHFT, . EBKEN 2.63 ~
10. 33cm, FH{E K 6. 72cm, 41 43 #4 KL IR B K B ]
MERREN 22.67% . MEBKTBEHET, 41
BRREHE T d WEBREKE X 7.70 ~ 16. 52cm, ¥
¥ R 12.09cm, R R SR 18. 63% , 7E PEG g
FOETHERKERMNETHET 1.45% ~ 6.07% , &
MR THEREAR,ZREREBE,

EPEGCHME &G T, B K/ THRMK MY
1.05~8.24, F#{H 5 3.04,41 M EEHERE
a1 42% ,TAEB KN BEMT 41 B LB
Td WERK/ THEMKEMEN 0.71 ~2.05, FH{E
H122,BRR¥ N 22.53% , % PEG fhia &4 F
THRAPHM BAENTRRBEAARS., BHK
FET, BREBEFKM 41.62% ~67.26% , i
FEPEG i@ 4, AR 5 MR K 51.29% ~
89. 18% , Bk &%, PEG T B 8 & s 4 i R I
B, R BN, X AT R R K D 5
R BEURBECHUIB I RE T -REH
itk MERA &M TRAEMIERKEL,

2.2 HESW
K T B EF RE B4 B E BURE R

R, R BB RN 8 MR T R
BEGT S B e E A MR,
HOHEMT. HREW, BEM(E)NEHEGY
EZRBE(P<0.05)  BEERLERARE, B0 0%
8 1845 o T 238 &A% T 5 X B8 69 48 Xt H 64T
FERG ST

2.3 XRHHHH

ERTHRERATREELEFROMEK
B.AFESNR B4 BREMBMHETREY S 4
EWHEBREHET MBI 8 RS R
BEERTWBRRFERREAT 80% HEN, K4
TRREB/N AT LAZ B i, S AT 4 S ERAME
R BHFHREESIBIF(ER3) W4 ERIW
R ZREREN 88.949% , ZHRM 4 M ERAE
G BHBBHFRRBEESHRPERBE LY
88.949% WfE BT L h 3k, B A& b B4 A TR B b
MAL AR, EHER T U LB TRE LS
FE AR R L R KD,

REF 1 EFFESRAHEERLMEN R F R M
XRFHE A Td FHREK 3 MRS E, FR1
T 2. 659 R R 36 4R 6946 L BT R e SRR 3
HEIEE RN 33.235% , X LT ERABE Al T8
WRMEDBEZGETER, RES2 ETRIRINE
BEMX 7d BEK M ERE/ THEMS K LE M
MEKPMEREIAURSEBE, T2 HYTF
L8N MEGBERMER, ETRBEEEEEZE
HH23.633%, hEE 3 FRSAKRPINEERLH
XRFS X 7d FHRMK M ERK/ TR#SK
HE3IMERSE, TR YT 1.430 M REHE
WRER, BT RBEREEEFRRN17.871%,
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Table 3 The principal component analysis of different in-
dices of cotton germplasm resources at germina-

tion stage

b RiEdr

Relative drought B5 1 mor2 B3 w54
resistance indices P t 1 Comp t2 Comp t3 Comp t 4
xR FESR(%) 0. 449 -0.111 0.371 ~0.364
X EFER(%) 0. 446 0. 082 0. 204 -0.527
M 3d ¥ 48 0402 ~0.215 0.192 0.570
K (em)

H A 3d FH 0345 -0.358 -0.117 0. 025
e

M 7d FHEM 0.436 0.070 ~0.522 0.201
# (em)

Hx 7d BB 0339 0.529 0. 041 0.331
¥ (em)

My BERK/F -0.085 0. 409 0. 609 0.229
%33

HyEKERK 0081 0. 595 -0.354 -0.249
(%)

R AEE 2.659 1. 891 1.430 1.137
BSE(%) 33.235 23.633 17. 871 14. 210
BHEAR(%) 33.235 56. 868 74.739 88. 949

BEF4 ERAIRKANGFERMMEFE MR
FRERMMIMFEKINMERSE, FTRI4HEHET
LIBTAMREBRAEBER, EARBEHREERS
B 14.210% ,
2.4 RERYERBXRYSH
BEXESFHHNER, SHREEAKPMES
LR Z TR A KD, R E 1 B F R KR
MEGEWRBKERR D, 1 ~4 FRSFHEK
FEFME A EFES HMRFRE AN IFES
KX 7d AR K AR 7d BREK A EAR K/ B
FRUE FRMHETEREZET MilritT R
RS BT, 3R SR (E , DIE M I8 & 394 BB .
R4 3 B oR B0V B 08 6 K /I X B A S f) 4RE R
HHRATHERBABEHTHRE KR B 2%
HRIFHREKBEFLELS, SYHRERKEER
REBH KB/ IR 7R A 7d BRK (r =
0.839) > MM A FE(r=0.696) > Hx % F &
(r=0.615) > #xt 7d THEMK (r=0.597) > #Hxt
3dFRK(r=0.482) > FR A ERKE (r =
0.447) > MM EB K/ THRK (r=0.246) ., $LH
T MBS, M Td R K REER TR 8 R0

AN, KRR EEER,
3 g

HREH MY BEERE—-TEANOAR H
BELFHOBATEL" ", HFHREAHEY
BN ES  REDEMEINRERINK -4
N, ERABRIBEFE, XRB FHREERA
RED MHEHREHES HEXEADHEY
HEAGEHKE X TERCEN SR R EW
M, Wi, EHRANEDHTREESEER
WA ERAEFEENALE L,

Xt FEY RN, KERATE AR,
ETHBHEZSHHNEZAEANER, RASHE
WG A TR SRR E R R
AARWARLEREER 74 G SRiBRER
R BEHAXR, AHRAFARBREEHEIZH S
P ST S, SR B AT B R B b AR B &
Xtk 2 F B B E R ALE R T R S TR,
FRABEREMITE, EAMRHEMTHYESL
B, ZBATHERM KB EEER MBI EE R
EHEEHLAERTE RE A -ERFENEE,
BRI ZFS M EFHR A 3dFELK,
X 7d AR AR 7d BB AT RRAR /IR 3
KIE FHHSERRE T AN EBRESEHRER
B REGREN X 7d FREKSFHER
R FHEER S EMENE, FUEBTHHERHA,
Al LA3E A AT 7d BEAR K 33X — B — PR 48 R X B AR
HOHEPINBEHLEE , SRR REMNBH, W
EERMMERAMHERER NEEBT M EREES
RURL , X HAT R ITSR A TEM

EBIREW, I 15% PEG6000 B8 &4 T, TF
JOR B 2 400 R PR B SIE K F R AR, X T R R AR B B
SR, EEREMEAEHEIBPIRE T X~
R, I ERA M AG TRAERERKERK,
HEBEHRNMEERKEXTFHEBHSHME, X
5% MR RERE — AL T, Ba—
EBRENAR, R EH B EBNAHRTE
MBERETESRTHREESHLM, TRBAR
HTHRENERET  PEMTEK>I BT, BE
TEMm, o T E M, A SR 2 B4 R A
#H, TEMEXNHARKEEZERAH G, H A5k
KERBEAEWMBR, PEM™BETEMAEHT
KABKEONEM, RSP HRERES, T
BEaffEEEEERRERARERMEERZS
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Table 4 The subordinate function values and correlation coefficient of cotton germplasm under PEG6000 drought treatment

MXf3dE MAx7dE HXMNTdE MEXEER/

A EFES HYMRFR FKEHExE KRR
ARER (%) %) BRom)  fik(em) Biem)  FESE g T
Germplasm Relative Relative Relat.ive Relative Rela.tive Ratio ofradicle Relative growth  Average value ne
resources o o seedling hypocotyl radicle length and " _ HE

gemmination  gemmination |t lengthof  lengthof  hypocotyl length ¢ °f 5°°dling  of subordinate .

energy rate 3 days 7 days 7 days in7 days length function values '

1 0. 680 0.616 0. 879 0.692 0.434 0.109 0. 000 0. 487 11
2 0. 996 0. 897 0.518 0. 493 0.325 0.130 0.074 0. 490 9
3 0. 620 0.577 0. 451 0.433 0.171 0.070 0.021 0. 335 24
4 0.753 0.745 0.235 0. 460 0.369 0.170 0. 301 0. 433 16
5 0. 663 0. 746 0.273 0. 559 0.573 0.226 0.378 0. 488 10
6 0. 699 0.552 0. 440 0.070 0.668 0.902 0.224 0. 508 7
7 0.234 0.014 0.317 0. 294 0.231 0.177 0. 096 0.195 40
8 0.210 0.279 0. 479 0. 898 0. 400 0. 042 0.208 0. 360 19
9 0. 087 0.329 0. 088 0. 672 0.567 0.173 0. 821 0. 391 17
10 0.277 0.011 0. 200 0.556 0. 406 0. 145 0. 444 0.291 29
11 0. 473 0.334 1. 006 0. 895 0. 485 0.073 0.028 0.471 13
12 0. 428 0.472 0.387 0. 404 0.353 0.190 0.177 0. 344 23
13 0.510 0. 301 0.473 0.271 0.313 0.253 0. 042 0.309 26
14 0. 450 0.246 0. 409 0.429 0.203 0. 090 0. 043 0. 267 35
15 0. 658 0.472 0.438 0.358 0.296 0.182 0.054 0.351 22
16 0. 000 0. 000 0. 281 0.330 0. 401 0. 269 0.321 0.229 39
17 0. 626 0.558 0.283 0.772 0.562 0.135 0. 420 0.479 12
18 0.178 0.028 0.351 0.488 0. 458 0.204 0.326 0.291 30
19 0.264 0. 105 0.342 0. 000 0. 555 0. 999 0. 206 0.353 21
20 0.268 0.151 0. 189 0. 403 0.421 0.231 0. 380 0.292 28
21 0. 492 0.142 0.523 0.539 0. 980 0. 440 0.373 0. 498 8
2 0. 632 0.531 0.227 0.112 0. 204 0. 320 0.096 0.303 27
23 0.229 0.331 0.083 0. 304 0. 255 0.188 0.330 0.246 38
24 0.328 0.455 0.234 0.451 0.184 0.071 0. 165 0.270 34
25 0.325 0. 587 0. 000 0.212 0.299 0.295 0.494 0.316 25
26 0.542 0.413 0. 400 0.611 0.316 0. 083 0.133 0. 357 20
27 0.573 0. 653 0. 556 0. 857 0.843 0.212 0.330 0.575 3
28 0.577 0. 506 0. 442 0.625 0.569 0.193 0.273 0. 455 15
29 0. 245 0. 594 0. 295 0. 806 0.995 0.289 0. 622 0. 550 5
30 0. 481 0. 445 0.722 0. 540 0.945 0. 421 0. 149 0.529 6
31 0.708 0.763 0.431 1. 006 0. 938 0. 195 0. 632 0. 668 2
32 0. 985 0. 996 0. 413 0. 800 0. 842 0.233 1. 000 0.753 1
33 0.577 . 0.481 0.527 0. 695 0. 955 0.328 0.323 0. 555 4
34 0.281 0. 561 0.311 0. 285 0.223 0.178 0.162 0. 286 32
35 0.212 0.514 0.233 0. 461 0.777 0. 394 0. 637 0. 461 14
36 0. 381 0. 184 0.218 0. 400 0.273 0. 145 0.263 0. 266 36
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. T 3d i 7d ot 7d 3 /
MMRFS MR EE *;z FORATE *E’; B mxr%::& Fhows  FHRR
pp— (%) (%) ) l(.cm) ﬁiﬁ(o.:m) " (?m) —F._E 1‘.’: (%) R o
Germplasm Relative Relative Re! atllve Relative Relafuve Ratio ofradicle Relative growth  Average value
resources . . seedling hypocotyl radicle length and . . HE
germination  germination rate of seedling  of subordinate
ener cate length of length of length of  hypocotyl length No.
& 3 days 7 days 7 days in 7 days length function values
37 0. 566 0. 550 0. 145 0.198 0. 146 0.180 0. 236 0. 289 31
38 0. 456 0. 302 0. 440 0. 867 0.292 0.010 0. 204 0. 367 18
39 0.229 0. 099 0.242 0.336 0. 000 0. 000 0. 057 0.138 41
40 0.177 0. 089 0. 110 0. 566 0. 289 0. 084 0. 594 0.273 33
41 0.479 0.307 0. 131 0. 286 0.173 0. 142 0. 241 0. 251 37
HMEXRH 0.615 0. 696 0. 482 0.597 0.839 0.246 0. 447

HE ERERTH RARESKEMRERTY
R BMEARERANER 1 mo HAURKEBFE
W RAEYERTRE IREEEFENTREHIEK
BRI HXMENEFERE, R$EAERE
EEHR(ERK RALEYRESREHL) SHEkKK
SR HBRARE BERME X, P REN KL
BEHEWEE K. FEHERNA, KSR
ARHEYERNEAN RESTERS LBS
FERERRERE BTN EAHRTE L,
YT RHEESRENARSAHEX™ , bk
AT TN TR R AR B3 4 A A T B R Rl A B
AR —EBRETREHEENEH,
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