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PEGIEM TR &M T LM T A& HF IR EL AR 52
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UK 2 AR 2 B, 611130
el A RFE R, 7R 111663099

THE: AT R LG0T BT M8 SAEARIAAR, IF 0% 38 % 2 4038 3F T 48 47, WA 408 A #HPI305192 4w
PI401472F4% F A4k A1, KA 6FF R B iR E J = B5(PEG-6000)42 T it &L 32, i3 ) T Moo H ikt %
FEAR T AL TRk, 45 RA, AT 12448 AR AT A, K IR JE20%89 PEG-6000T 45 A B 70 £ 4%, 3F 21
T FARE ISR, HE5%~25% PEGR T T, 4ot fh T4 F & . K FH. L FHHK. k. FK. &
K. FoF. REFTREHETFHMEMAREGIE M ZP R G TRAYE, ABERRATEREGSTME

KBS m EI oA, ERADATEERKN, FF. AF %, A-BLE.

SLILF T 5 Ih ik o) LR IRAT.

ERFEETFSNEATTHA

KA 4ogt; T Fhah; A1 8 A XR84T RS

AN ELAE, Faqe, #FTHREIaE
JE&, —EAFAREY . ERER1 3002 E 15
sk, EENATHE. W), S8, . 1T
TR (T %2017). 4R EH302ANE
FAAE, AP BPEE, . EESS BT
T FE70%LL 1 (Sehgal552009) . ZLAER 555 i
K, AT R, A PR E SR A,
CURCN—FHEE 256 Sk, YRR R — A i
RER T ED . A BA R TH9E. i $hH6.
MR PR 3 L 8 ()RR AE (SR 262010) . A
BT R AR — AN 2= 1 i), i AR —
HEMZFFHAR, KL FEFFEEE Lok, EYT
SN B S N RIE A B AN S B EL A E
B MR B LK HIX AN B, R AT S
A B 55 B B, SR RE R DI AN B, R AN 2
2 BT RE R 22 MR FE B i R B A B AR 95 55
2005).

AR, RTEREETE . M. KE. i
SR Rh - 0 R R R T R A I TR (2
SCIHRAE2009; A1 R1552007; Fhi 585620065 A HU0E
£52005), {HXF AT AE HI 9T 2 BEAR HRTEAG 2 1Ly
ZGERAE F S5 5 T, X L PU e T AT BRk D
Uk, ASE6 K F AN R FE T PEG-60009% 14T 41 1€
Rl FREAT R T R, BT A e
Tt 5 R R 1 B A B AR AR IR RE L, B A 07 3 H B
RN, HEID R AR P fe S g
RAFEVE S A B AR AR 2 (B (56 &R, B R AR A
TNAACRIE AL YU AR SRR .

1 Rt 5%
11w

FF A3 5 45 AR ik (M 2048 (Carthamus
tinctorius LK R YPI305192F1P1401472, Hfp1
Yok 26 E B X M7 SR E .
1.2 FRBFLZLIE

P BUH LN K /N AT HI2 4 246 K1 R b
F, ¥ 2RISR, IFH0.1% M HeCLIE
WS min, FHJCH K IPBE3 IR G, BEIEAR 1R
T, BT EHA N cmR5FR ML, BUZ AR MHOR 2F
Ko FHEE 2, —BE(PEG-6000) R 7K 45 hiE i,
IAEO (CK, LHEAK) 5% 10%. 15%. 20%F!
25%MI6 MK EPEGIA W . B b Ah RS AL BE3 IR
HE, BAEZ 120001, T(25+1)°ClaEi Gk
FRANREFET d, BRI [A]8 h/16 h, £52 d¥E i
LIRPEGIE AL B R S IR, DAORFR K 2F R K #1E
TE o LSRRI FRCAG HE R I A, SE3 RS R %3,
FETRGV T REFZ, tHERFIRET d), e H
FR WK, BK. FEEE, REFE, SE.
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RAFFREB(GH=X(G/D), X: GAARIFEKZF
B [B] () (19 R 2R 50 DA R ) R 2R B R AL

AR 12 B (mg g W e SR 5 S i iR
G-2507%(Bradford 1976); A & ¢ & (umol-g ™)l
5E K FHi Dhindsa®5(1981) 572 2R & & (ng-g )l
B K FH 5K B AT/ R (2012) 7772
1.4 RS

S8 # s Ab 2R % AE B SR FiMicrosoft Excel
20103347, FIFISPSS 19.045 i1 43 7 # 1k b B4 4k
1775 225y B A PR 56 S R Ge i3 - DPS 7.05
HAT EBG 7 HT

2 SEIEER

2.1 AEREPEG-60003F I EF TR FH, KoF
BIL FIRBAIF

MR PR, AR EPEG-600040F 1P1305192
FIPI40 1472 LLAEM B R ZF 36 R EFH K
FIREE CKA L3 R PR a %S, HEEEPEGHK
FE s, BRI . 5CKAH L, 5% PEGAL#
FPI30S1924LE I K B 36 R AF A AR 48 E 24
BANEE, 10%~25% PEGAFE 3N EFRI B3 T
F%(P<0.05). {EPEGALHLT, L1 KIP1401472)%
ZER AR AR5 CKA b 22 7 12 2 (P<0.05), H.
5% PEGALFEAL, HABPEGALFR ) & 2F 4 th 5 &
2R LT EMEIPI401472 3N FE FRTE PG IR E
PEGAb 3 2 8] 22 7 AN i 255 T K 2F 28 MR 3 54

20% PEGAb BRI T 46 S I T B, K R EUN7E
15% PEGAL RIS T4 I 3 22 5, HFPEE IR 1)
RmAR LR R 2 . BEARCRE, PIA01472113 M8
P EEPI305 19288 A1K, 15 BH HX - 5 B Uk
2.2 AEREPEG-6000%T4I 1% 4 K FRAE2 M0

WER2E R, HCKA L, AR EPEG-60004k
P8 BN LA 2 . AR AR RN B B I
T LB A R B B, SR B . AN
WEEPEGALFE R, PI30S192[A 2E K. MR, Bk,
MRAFEE | Zf e R e E AR 3 PRI, 2R K
7 & Ab T E) 22 553 35 5 35 (P<0.05) . %41 {EPI401472
M, 5%AM10% PEGALFE A & & A K Fadn 2 [a]
TREZER, 15%F120% PEGIEFE N 4 i 5 1 i fif
HEAHEEMNMHER, BAEZFL. BE. 2K
e 2 0 R % %R, 5CKELE, 25% PEGAL
FERPI305192 F1P1401472 A 5 A i 4% Fe A5 A8 1k
ZE Rk Bk PIA01472(16 M5 bR LLPI305 19205
I, [RIRE 35 B 6 2 B U=k
2.3 AREIREPEG-60003 A ER. MR
g St 3= == 0 A ]

fHE3 0T 51, B 7E5% PEGALTEE R (I 4
AN, A FHKEPEGA I & MR S CKAH L 2
B3 7 7(P<0.05). AIAEMERE A RRER &R E
AP (A8 i T 4 25 18 in, PI305192A11P14014724) 5]
1E25%F120% PEGALEE ik 2 KME . TH %2
TP O SR A B R () P2, R RN A R A

Rl AR EPEG-6000XF ZLAER 1A 2 3R . R R AN R ZE R B

Table 1 Effects of different concentrations of PEG-6000 on germination rate, germination potential

and germination index of safflower seeds

ARy PEGIKFE/% REHFE% REFH% REFFRH
PI305192 0 85.83" 85.55" 89.69°
5 78.89® 78.89® 84.00°
10 75.28" 75.00™ 75.64°
15 72.78" 72.78" 55.45¢
20 68.89° 68.61° 49.36°
25 66.67° 66.67° 39.83¢
P1401472 0 86.11° 84.72* 5447
5 76.67° 76.67° 48.44°
10 75.28" 75.00° 45.92°
15 70.00° 70.00° 39.11°
20 61.94° 60.28° 31.83¢
25 55.55° 45.83¢ 23.08°

[FIFUARNG FRERORIES YK T 2 5 % . FRIFL.
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2 AR EEPEG-6000%F 2146 AE K AR b (K541
Table 2 Effects of different concentrations of PEG-6000 on growth indexes of safflower

AW vE S PEGHK%/%  #K/em K /em BK/em Ll /g MRS /g R /g
PI305192 0 2.895° 0.784" 3.679° 0.1433° 0.0139° 0.1572°
5 2230 0.641% 2.870° 0.1067" 0.0117" 0.1184°
10 1.884° 0.548" 2.431° 0.0941" 0.0103" 0.1044°
15 1.513° 0.544" 2.056° 0.0781° 0.0081° 0.0861°
20 1.156° 0.478" 1.634 0.0555* 0.0048* 0.0603*
25 1.108° 0.408° 1516 0.0488" 0.0030* 0.0518*
PI401472 0 2.706" 1.495° 4.202° 0.1257° 0.0167° 0.1424°
5 1.832° 0.867° 2.699" 0.0811° 0.0106" 0.0917°
10 1.818° 0.725 2.543° 0.0798" 0.0094" 0.0892"
15 1.427° 0.574° 2.001° 0.0660° 0.0085™ 0.0745°
20 1.366° 0.535" 1.900° 0.0534" 0.0062° 0.0596"
25 0.986° 0.209° 1.195° 0.0359° 0.0023* 0.0382°
#3 AFEVREPEG-6000%f ZLAE AT YL A Bl IR AINT & w52 m

Table 3 Effects of different concentrations of PEG-6000 on soluble protein, proline and malondialdehyde contents of safflower

AR E ) PEGIK /% A 1 e /mg g IWR IS Bug g’ S B/ umol g
PI305192 0 11.929° 744.42° 17.022°
5 15.428° 1256.46° 18.343%
10 18.498° 1360.17° 18.087°
15 19.145° 1482.20° 20.652°
20 21.864° 1549.94* 18.401°
25 27.423° 1554.67" 18.822"
PI401472 0 9.198" 884.10° 16.529°
5 11.871° 1187.65° 18.554"
10 13.644° 1145.21° 20.528™
15 15.306° 1271.13° 19.543°
20 20.764° 1329.69° 19.159°
25 18.103° 1280.73% 21.953°

ERERIER. FPEGIKIE LF+, PI30519217
5 Se BTSN IR MPI4014721 58 ETFE T
M ETF, HIEAE TPI305192ff) . PI3051924!
PI40 1472 N — & &5 &850 AAE 15%4125% PEGAL
. DL g5 PI3051924:P1401472 1
hnif 5

X240 CLACHA B 11 R AT MEE, 5%~15%
PEG-60004b B iy it Jy B PR 2 1, 5 CKELEL, ¥
HHEZER. FEPEGHKE N, 20% PEGALHE
(- I € 3B T A B 25% PEGAL R (1) AR 4> 1,
ZE SR CKHE W, ZE M BRI, AMUR R
AR, W HEAKAREEIR . Bk, Z26% 8
RFR, KFEH. KFEHRHE. WK, FK, &
Koo IREFE., ZRMEeE. MEEE. nEMEA. W

IR A S B AR 12488, A NIRFE20%(1)
PEG-6000/y 214, 2 S 5 1 46 5 1) oAk
2.4 L11EEA A BRI R IE R TIE

X2 AAEM R R 2. RFH . KT
B ARK. K. Bk SRR, REEE. nEE
EBH. WEERR. A BRI TR E RS
3T, HRAE BATTHR R =90% 1 J5 B 3 5y, A5ist
IS HREN 724 R (R4A5), Hidh s — 1 o 1y
TEAE 410.3813, Tk 486.5108%, X SAHE ) &
o, BERCKIIEIR A KR KFH. Bk
ficf B RS . B T 3R RO RRIE (A M 1.1347, BT
HRZEH9.4557%, Yo . (AL [a) &t o BRI AR
FEAE S EHME. P2 FE RSB Rt vk
#N95.9665%, FEALL ST IR I A S B




TP L PR

FEA KRG TT T, 6 (B AR EE A 2p e o)
BB FKMRK) 205 EAH LK R (P<
0.01); 7EAEHRFEAR 7 TH, AR At E A 25
FIEAHIGK R (P<0.05), Tz A ] iEHEEE S A
K. REFE 2R FUAER(P<0.01). SRR
R ER . RFH . RFRHENEEIEM
J(P<0.01).

R E R AT RIAR R AT 5 SR, kR R
ER, ORFEH. BK. BEEENE ES RIS
M RPRAE ML AE L I DT % 8 Tk 1) B R b
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Table 4 Loading matrix of each component
. TR
LA
1 I
RIER 0.3075 —0.0937
KRR 0.3012 -0.2113
BEFAREL 0.2938 ~0.1924
EaS 0.3084 0.0661
(RSN 0.3039 0.1239
Bk 0.3091 0.0612
PR 0.3093 —0.0051
R A T 0.2169 0.5853
S 0.3097 0.0160
AEEEA -0.3029 0.1431
AN -0.2878 ~0.3446
A -0.1796 0.6357
RS ST
Table 5 Principal component analysis
RS LSRN DijES FAHTTRRFE/%
1 10.3813 86.5108 86.5108
2 1.1347 9.4557 95.9665
3 0.4268 3.5563 99.5228
4 0.0387 0.3222 99.8450
5 0.0186 0.1550 100.0000

it — D IR B AR, XX 1200 R bR AT
FARNE AT . G5 IR(GRO)EW, Wi R RF LT T, K4
FE R EF AR EFARE RN R IEAH R (P<0.01);

RFF R BFIMTIE T8 EUR WA ) P
TR IETEE, K EERETT R AL e a3, 1R
VRO 5 2 I Bn (R I 5582012) . AHIE 7T
W EEPEGIR BESE N, T 5 WhiE I =, 240 2L 4EM Rt
Bl RS2 BIRFIRRE S, M RFER. K
FH L ORFRECH T, X 5T Rhia R &,
Frok s ALMI ISR I R A — E(SunE
2006). A2 5% PEGAL L1 ATl T 5 % I
XL, KR, RFHBRRFREARE, H
5% 10%F115% = /NA[FERE FIPEGAL B 2 8] F5
PRt T B B 25 5, UiBH T LE R KPEGIR FE I 2L fE
FITHA AT R B ) R A URS MPEGIK A
F20% K& UL b, AR FFR . KFH KT
B2 52 B4, R K Z 5+

6 FARPRIIA LT T

Table 6 Correlation analysis of each index

LD 1 2 3 4 5 6 7 8 9 10 11 12
1 1.0000

2 0.9900"  1.0000

3 0.9758"  0.9764"  1.0000

4 098177 09496~  0.9462"  1.0000

5 0.9432" 09122 0.8774° 09771 1.0000

6 0.9796" 095017  0.93817  0.9986"  0.9860"  1.0000

7 0.9919" 097157  0.9414" 098707  0.9662" 09876  1.0000

8  0.6036 0.5249 0.4497 0.7099 0.8046 0.7251 0.6934 1.0000

9 0.9923" 096977 095117 099447  0.97097 099377 0.99747 0.6942  1.0000

10 —0.9933" —0.9842" —0.9734" —0.9650" -0.9140" —0.9613" —0.9808" —0.5496 —0.9767" 1.0000

11 -0.8800" —0.8121" —0.8038 —0.9502" —0.9589" —0.9506" —-0.9190" -0.8713" -0.9287" 0.8514" 1.0000

12 -0.6021  —0.6901  —0.5793  —0.4946 —0.5343  —0.5227 —0.5742 —0.1376 —0.5435 0.6177 0.2879 1.0000

*FI* A I FRAES% A% KT LB E % R SO I~ 120 MIRERFR, BB RFREL K. K. K. SRR, e,
MEEE. WEE. AEMEERL. R
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MR R OK o W i E B3R, X 4h
TR K o I AR A B 52 R O RO, AN [ TR PR 855 2%
PR, EIIR REBIAF . KASWE TIRAES
2R AR A, B R I T 5 3 T RS AR (1 5
SRR K AL TP AR BE I PEGAL 22 (1) 41 4¢
B AHIARAG . . MREEE ., ZFaFE IS
TRPE TG T B )R B, s RS KU A2
ST (2012)7E BRI T LRI 45 AL B
JCRIJE U (201 1) 7EAS [F)94< 5 R PEG A 34 i JBR A
TWTFRIN, HPEGIKE H20% LA LI, SRR P
fif 5 % AR B 57 B A B KT T AR SR
o, AR R, e E KR EEPEGIK
F£ 325 B15% I FF46 52 21 B 2 3], 2438 21)25%I8),
7 5 57 B

THYDIE S A AR RSB E Y
J R BT R i . 7R T REE S AR
B OEMEE D, ERT 2P ia iR ES2009).
RS, A PEGYRFE 38 I, nTysPEaE B R &
T 25, HOIEPI4014727E20% K 5 i
B, PEGIREE N25%IT [ il RB& T, Wil 7iEE
WP IPEG 23 38 i v ¥ P 2 1 ki@ B 1 s,
T R I — 2 IR B, AR 2 52 B4 55 3 BT I
AT E M. RSN A
BERTYIRZ —. FREZQ2005)\ N, ™EK
K3 e PR R K S AR R R 1 e
I RFFARGGREFER T TR2BET, 4
e R & B 2 51N, HpE%E PEGIFE 1Y
I, SR A N B, M PEGIK E A 2
20%0, AR S REFRE. TREPaEym
BEEA RN AMME R G N BIEN
JE S A B e 2 —, A R SR I 40 e =
PE(ZFEEHEEF2016). AT REKY, AFPEG
TR BE A BE PI40 1472 FIPI305 192 [#1 TR — i & B 4%
o REAH L2389 00, A PI305 19258 hinii i 78 4% vk BE 4k
PRI RUING, BB HAE T S a R — A AR
P RE IR AT . T HEDIPI30519245P1401472
TET R hE TR R L

H 19794 AT & R PEGAE Ay i i 771 3R 43
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T ERAGHEED R, 82N T2
FAEDIS . AP RS E A . 1R

F. et FOKSEEY Lfig — Seh 5 R 0 5
Bl EAFRIED . AREKIE. REP T
A PEG RSB IR E S AMIE . RN
(2003)F FH30% HIPEG-6000 /= 12 5 i i 145 21 1 87k
HEm FRBA . BHEAEQ2007)ETPEG-
60004 256 1 =1 2 HAPL R MR dEAT I 9T, I 10%1H)
PEG-60007] LAE N i id& AL BRI FE o AR SLEGIA A
20%IPEG-60003K & 2 £1 46 2 HA it 52 4 45 e 1) i
B, Had s A i, PI30519255P1401472if
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Comparative study on germination characteristics of safflower
(Carthamus tinctorius) under PEG-6000 simulated drought stress

WEI Bo'?, LI Dan-Dan', HOU Kai', ZHANG Hui-Hui', WU Wei""

'College of Agronomy, Sichuan Agricultural University, Chengdu 611130, China
*Wenshan Academy of Agricultural Sciences, Wenshan, Yunnan 663099, China

Abstract: To study the optimum conditions of simulated drought stress and screen the indexes of drought resis-
tance at germinating stage, the seeds of safflower (Carthamus tinctorius) P1305192 and P1401472 were used as
the tested materials under the simulated drought conditions with six different concentrations of PEG-6000, and
the principal component analysis method was used to identify and screen multiple indicators. The results
showed that 20% PEG-6000 could be the optimum condition for the simulation of drought stress. The germina-
tion rate, germination potential, germination index, root length, bud length, total length, germination fresh
weight, root fresh weight and total fresh weight decreased with the increase of stress intensity under the treat-
ments of 5%-25% PEG, whereas the contents of proline and soluble protein increased. The principal compo-
nent analysis results showed that the five indexes, including germination rate, germination potential, malondial-
dehyde, total length and total fresh weight, could be selected as the main indexes for drought resistance
identification of safflower at germinating stage.

Key words: safflower (Carthamus tinctorius); drought stress; seed germination; principal component analysis;
identification index
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