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R B (PEG-6000) 40+ 5 26 F T

H T v I R T

HARE, R, AR, EI, HhEpX, ZWHE
(w R X F RFRE, Wl H% 625014)

K E3

B # ARV 0 T B i LA 0 L B R AT R A, O 1 R P A

PEARAR . J3E SRS BRI 2R £ 8 (PEG-6000) 735 3 F 4 1 3,6,9, 12 d, I bk i RIS HRGE LU RTIR PR |
T BN — WA o JH SRR eRBIETA 10 24 8 A [a] JSURR 0 B9 B0 55, P D €20 SR B8 e A 1k 7 10 0 0 ey DI L 72 S8 R AR A
R L1 20% (9 PEG P 9 d WA WFE O DT R E A e HERBLR  o AR A SRR eR B (A T LR A, BT 5
FUSHARYCON I B AR AR . 9 DB SR bR SR pR B E B IR - nlIE PR > AR > iR > e
o> IR SR > AR b > IHEEER a> BRs > I B, 4518 : PEG-6000 BB 551 R, 1838 I 35 1 5t LA S AR 1) A DG 4

BT 1 BT R O, N W R e
[%837] BZF(PEG-6000) ; (471t ; B WIHLF 1

HE MR Y AE Angelica dahurica
(Fisch. ex Hoffm. ) Benth. et Hook. f . ®%#1H i
A. dahurica (Fisch. ex Hoffm. ) Benth. et Hook. f.
var. formosana (Boiss. ) Shan et Yuan TR, #h
BT (PRATLZ) )i, FIRKIERE 5K
S RGBT R RRAR 1 T E) LB
TR ) 3 5 PR L (U A e ) s
IR R REK 2R, bl 2 T 5. AT
AP RAE RIS FE A A R DA, A0 R T
BV WOE B BT 5 A5 T 508 X 1
A AARBL S A BRAR AR I 5200, 5 A 0 12 Hh fe AU
A IEXF 250 A () S A ) 1) s S 0 S A
LEG VPHRITH E S T i P R TR AR
1 AR %

L1 #hE

IR AR )1 T BT & AR
o HPUIAr R R DA E , & AR E
WA AT A, dahurica; )1 A FIBT T JEAE
YihbtAIE A, dahurica var. formosana, 2008 4F 9
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718 HAMELE DAL R 2FBF R AR, LU
TEAERIL T 22 R B R 00 0 B A 4 RO TR 1
FEENE R be 548 b 0 2 DL ST T PR 19 056 4
Ako 2008 4F 12 H9IFAR AL N (HAEHR 25 em) .
RAEFE AR 10 PR BIA B PR, B A0 B 6
B SRR E AR 2009 4F 1 A 8 HIF IR,
1.2 +54ubr
1.2.1 M TEREAGNEE RHARC @
(PEG-6000 ) fL4BL/K 73 e 32 , f 2 A B 8K 1
8:00 BEEARN VR BE 1Y PEG VW, XTI HIE i &
X HE(ZRIBK) B 5 it h i, PEG 43 518 10% |
15% ,20% ,25% ,30% ,it W ck,1,2,3,4,5, T+
FAEE 3,6,9,12 K, Ak AR JAR il
ZIR TSRS 9 & . RS R4
B, 3 kR .
1.2.2  PrRFER i vt Rt B2 NS R
F 20% 1y 5 £ 1 (PEG-6000 ) &b 211 i | &
T WUHE AR, T2 EHa 5 9 K, e H 4
AR AR, T RE th a3 o i, IR IR L ]
VSTERE Mo & i BRI RAORLERL S BREITE 15
W3 wHEE,
L3 ik

PR 55 Ry ) R P kA 5 3] et 1 e R, AR
BRI, SR A BRI &, b2 R R FH oy
FEIEREED T I E B R A Ok
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TR I 2 SR FH K A B = ) T i B o R
JHECBR a3kt
1.4 Hdakba

PR ra He 8 (PHSI) = (5T 2tk /%t R 4 i ik
=) x100

SR RBOT A RS b 5 b R e A
KX, =X =X,.)/ (X, =X, ) s WERAEFR S50 F
PERGARR X, =1 = [(X; = X,)/ (X e = Xi) ]

Horb X, R IE FE bR SR 8 sRBUE , X o 2l
BT S8 55— TR E M, X s X HTA
HERARRZFE Fril o (B 5 KA R/ MA -

JRAASCER B 2R ] DPS v6. 55 Wit 41 1481145
Br, >k LSD kb4 8508 25 57 1o Bk 2 J LA
2 R4
2.1 BT R SR
2.1.1 BEUTREX AR R KRR A AR
P EFXT I WA AR K AR PR i 51 TR 1,
XoF REAR I (k) TEH ARG, Hibk sy ARG (R et Lo B A=
KRBOEHE K . LR PEG [ba 5, HIE4)
BRI AR GG s i A, e E i 2R
ZHGEE, W 25 R A R 0 5 B nim v K
R EE PEG a2 55 12 KB, 2l i i K E6 40 A
W%t AL Tt PEG R 10% B, TS iHa 56 3,
6,9 RHMRE IR T ck; 1 FIHHE B [H] 2E K 2 12
d B, bR /N T ok HZERBIR R E . Y PEG K
1 20% ,25% ,30% B}, T2 Wria s 3,6,9,12 K H
MR BI/NT ok, AT RIa W, DL PEG X
10% fiL ¥ FE AL BE Y PHSE fe K, T 5 a2 12 d
iF, Mk 5 PHSI (I BEE PEG ¥ B A4 34 4K v ik
/N5 A B AR EE AT A AR B (10% ,15% ) 5
WeJE (20% ,25% ,30% )2 20, 21 0] 26 57 10 3 (P <
0.05) , 20N RA T, 10% PEG XA /Y 52
BN, 15% ,20% PEG ffi i 4 K 2218, 24 PEG Xy
25% ,30% K, a5 3,6,9 KRR ML A K, B
TEJE I 0 A, RS 5 W R, PEG R
30% 11 e v FE AL AR 7 FL iR 205 K, HS ok BRI
Z5RE(P<0.05),
2.1.2 AT ETEAR R TR I R AN
TSR R R AR AT PR
IR AN I & i s 8 738 2. AR B &
WY I R Y AR A E B AT R AR AR, A )
()T S e s ), AT PR S I 2 R 1 i Y Bl PEG
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1 BT R AR E K AR AR R

Bt S8 BRE/em MiH/em PHSI ML L
EXIPN ck 10. 5ab 5.2¢ - 0.50cd
1 10. 6a 5.4b 100.95a 0.51c

2 10.2b 5.0de 97.14b  0.49d

3 9.8¢c 4.9e 93.33¢ 0.50cd

4 9.7¢c 5.1cd 92.06¢ 0.53b

5 9.5¢ 6.0a 90.79¢ 0.63a

EXWN ck 11.6a 5.6b - 0.48b
1 11.7a 6.8ab 100. 60a 0.58ab

2 11.5a 5.6b 98.88a 0.49b

3 10.3a 5.3b 88.56a 0.52b

4 10.9a 6.2ab 93.72a 0.58ab

5 10.5a 8.3a 90.57a 0.80a

EXPN ck 11.9ab 7.2b - 0.61b
1 14.0a 7.1b 117.37a 0.51b

2 11.1ab 5.8d 93.28a 0.52b

3 11.0b 6.2cd 92.44a 0.57b

4 11.4ab 6.9bc 96.08a 0.62b

5 10.9ab 8.7a 91.80a 0.81a

H12 K ck 12.9a 7.4a - 0.57b
1 12.0ab 7.2a 92.76a 0.59ab

2 11.2b 7.3a 86.56a 0.65ab

3 9.3c 7.1a 72.09b  0.77ab

4 8.4c 5.9a 64.86b  0.7lab

5 8.2¢ 6.7a 63.70b 0.82a

T B —ERIE IR R S PR /NG FREROR 227 B3 P <0.05
(£2,30).

idemiy TPy Ny Y SIS iy N R 2SR RN
M . 4 PEG MHAJE , vV S IR &
BT ok, B 10% (AR FE AL AL, 13 2 W 3 22 7
(P<0.05), PEG ¥ AHIRIBT, n i P4 5 1 0 R
o ok P IR ] ) A2 S 18 5 e, AR SR 9 KA E]
B KAE. 1 PEG A 25% BYALBRGI A1, Bd 55 12 K
IR & B FrA LR, L PEG 2 30% ,
b3 9 d J5, AT S I R Y O e

P R AR Y IR o A 1 7 ), S RoR
TP A T AR E R bR, B2 AT, AR R A9 38
BFRI PN, B PEG ¥ BE3S K, MDA & & i) 48 fL FL
ANEH 8 {H PEG k7 20% ,25% ,30% [P [ & i
ck } 10% ,15% kb ¥R 5. FrA b3, DL PEG R
25% WA 9 d JE TN I E A .

ZE 1,24 PEG N 20% W8 abBE 9 d A, 454545
A, BRAR G L 5T Ak, HAB S AR S ck
AR 22 R B LR A IR, TR 20% 1Y
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F2 AR FEX R P T AR A 2 A PEG, 18 9 d & R BF5 1 0 w31 00 Bt 54 1) e A
SR epndibh AT R 254
e g R B 7 2.2 HIEAMAFEEAEY PR LR SR
TR B
/% /pgeg”t /pmol - g F I 25 68 A 5] AR 4 0 0030 0 AR K AR B
LIEES ck 3.9 21.57 e 294 c JRJBMENF 3,4, 4 A BHER K 5tk & 2573
1 4.61d 27.05 d 3.04 d e — e
) vood 3 as0. AR AU B PSS 22 5 .3 (P <
3 5.55¢ 48.05 ¢ 4.92 0.05), M&t%E a @ K/ANFRHSEAIE >
4 6.40b 53.19b 4.37b JIATE > LA > BAE, TR b F&E A
5 7.56a 59.41 a 5.18 a e e - N e P P4 A2
6% " - 43 d o m>%Em>JHE\Im >ﬁ{§l¢,ﬂ+i‘?uai7@%
1 7.53b 74. 36c 6. 46bc FTE > AT > PUETE > ARAE, SH4E a &5
2 8.79ab 83.77¢ 5.62d )F—2, o EE TR BEZKFE(P<0.05), 3
3 8.5ab 05.14b 6.00cd A 23 ,
Ve IR S B R 2253 T B T B I AR a P,
5 9.91a 127.55a 6.27cd M4t 2 a NREH A Zy 2 TR WEa I sZm . BN
EEPS ck 15.70c 83.17d 5.63c¢ RIS ABEEARTE TR &R E ST &AM
Lo e e A D TR T P A b, B AT P A
3 » 2b  211.87b S 4o HNATEH IR & 55 AL 3 ARk 22 573k 8
4 29.76a 212.97h 9.46a EIKE(P <0.05) ;s S ESHATE. B HE
| T 25 8 (EL AR 22 5K %
W12 R ck 11.15d 74.55¢ 5.20be X . -
1 19.35¢ 88.58¢ 5.24bc }J\%%‘Lwﬁéﬂ%ﬂéﬁaiﬁ g‘ﬁ%ﬂ{ﬁﬂ@jﬁd\
2 21.35he  138.75h 4.95¢ R M) ETE > B AT > ABEATE > AT, &#E
L L € oo G TS S I R R
.12a .08a . 86al s s e TSN - S
s 28208 286,62 s he SO I 88 T B T AL L, b
3 AIEZHORIE EAR Y R A A K A R AR
4% a e b S PoR=sty N [ Pt = K
- : ! fﬁ% ] ) ‘ GRS M MREK W
/mg+ g~} /mg - g~} /mg - g~} /pmol + g~ ! /g g /% /cm /cm
&AL 1.07a 0.30b 21.79a 5.19h 128.28h 6.78b 12.7a  5.4a  0.41b
T 0.15¢ 0.58a 11.79d 6.75a 196.81b 7.25ab 10.6a  5.0a  0.48ab
BT 0.83b 0. 08¢ 15.53¢ 7.04a 138.02b 6.22h 11.0a  5.1a  0.46ab
e 0.85b 0.27b 17.83b 5.74b 220.75a 22.02a 11.0a  6.2a  0.56a
F4  AEAM AR FEAEY AR A K E PR AR SRR R AUE
g gk a HgEDb O MERZLAEE S W WER vEtE e WK HEl SREERECTEHE
HHLE 1 0.43 1 0 0 0.04 1 0.33 0 0.42
WA 0 1 0 0.84 0.74  0.07 0.19 0 0.47 0.35
FATE 0.74 0 0.37 1 0.11 0 0.35 0.08 0.33 0.31
JIALE 0.76 0.38 0.6 0.3 1 1 0 1 1 0.7

FIERPT R . WITHER SR A
STHREROR BITE AR AR MR L IR S n] ik
Bl
2.3 AR IR AR
RO R G IMEESR K 4 5y A ER R SR

& BREIIMEL I O R IR — AR, RV (L R 5

IR R AR AL BEL, 73 B R BB 0.5, THRA%

FEPR P RR R R (A SR, 4 R I S, 9

AMER YU PR A (ELR OGO AT A >

R > AR > R > g3 o da > kgt
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K b>MERE a> bR > TN/, GBI R L
BEONSSHHINN R ER , RZ, KRBT,
AR T OCHR B 18 /N R I e —FE b h 1 5 1) UK
PR IR ZE R 78 9 M HEAE T, 5 e
PR R B E VI S & 5, TS
ZF R T Z A K, B S B SR e e
BCAE R DI B B K, R AR R 7 i MR T
HO A, /NIRRT R B i
59 TUBEAGHRICHEE K HEF

W FE AR SS9 35 Hee
4t EK a 0.614 5 7
M4t b 0.641 1 6
RS PSR-y 0.643 7 5
[ 0.429 6 9
AN 0.713 7 3
Al 0.786 9 1
MR 0.601 4 8
iiS N 0.762 2 2
M L 0.690 2 4

3 it

3.1 BTSSR

LY PEG ¥R B /N B oy 36 B[] 49 K 2 ot
FEUT AT AW TR O, Al
SR, ISR — LB KABARTE PEG ¥ B AR
P[] A58 ot i % 5 M A ) 5 e S R N Y
PEG & 10% B X A% 5 AR K W2 /N, ]2,
PEG ¥ B 55 /5 Wi ief (1) 54K W B e o A i B 7K 32
() I3 5, DT P A 4, EE A0 T, 42 30%
() PEG 5038 12 d B, B AR IR 9 KK
B/ ARG IR K B, 5 Fh iy 31 6 B AT 9 A AEG e
(10% ,15% ) , 135U BE (20% ) PR FE (25% ) , 4
PEG ¥ B2 rh sk BE B, & P8 bn i A8 (b B o BT
A AL BRI R AN T S B T (5 9
KIKBN B RAE, U A XS TSI AR & , e A2 T 51
6 AR )R BR B Y, i AR 2 IR S B s I T
BEABEFE A AR T AR Z 205, I H Y
PEG J20% , B A0 FE 9 d i, B AR 5 1 5 75 — %
Ab, HAbFEAR S ok AFEMZE R B, WML E% R
NN, LA 20% 19 PEG ria kb3 9 d AT/E 5T (I
TR S RS
3.2 HIEHPTRERNLE I

PP RNEE DR IR SRR, R AETEAE
KEB RSB B, S — 38 AR T T i e
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BRe ) BHA R mE, S 2 R i AT 2R A A
R T 5E . AR Z R LR SRR R 7 i, T
U BB ORI 07 b i SR e ek B0k FER 2R )
Bkt AR SR RO B0 h A SRR e B0k
Xf T2 B AN ] AR ) AP R HEAT T SR BT
Y, GERERUL I A E R BT R R R T, I i B2
AN [F) AR ) 35t A% Bl 22 S ke, BRI R ie A
T Tk — 25T,
3.3 PR TR R AR 1Y T Ik
AR T I R o AR KN A BRAE A
KPR IE R PR, A R R Y&
ANRISER BE 7K A i b B S  SE B R R i
BEZEFS L RO PR G SRR R
AR TP R E KPR, X AR H R
KPVRUNAE S EARBRIESE, YRS E AR
G FoR PR ARt KRS NN e A
Z i SRS R O TR T RS, & P
SEVEY) R RIAATER A JH T RE T 0 22 5%, Sl L5
PP EEATT R At A8 3% 0 19 B8 ) B K, H. Morgan 58 i+t
— R BIBFSIE B R e Ty
iR =S B TR ROCR
TEXS & TR bR AT GE T o3 A, TR S 2 2852 v [
2o AR R TR 3B ik, US55 I pR %L
I N 22 05 G v 3 A BRORD A K F5 s A 7 0 2 A
P o SRERH 7 9 N IETE bR, 5 A AT
BV R BBV R TR & i B
G| YIS ERE TRt (B NS NS /e (3
PRBCEEL Y JCIBR B2 de A, FLUCOR ARG IR &% i
KOS LA o BB &I 1T 5t L SR A AR AR AT
T HAPT SRR B R o TR S8 PR S s R v B 1R
FEAH ) I AT WA RFR bR EAT S 58, DT 2 1 5
FE BRI R AT SEE (A T A, A B T
PHESHEWTRRIFA T 2B W, A w2
TR R S O R W /I E ) , BLsEr
J2 AN [RAF ) 5t A ) LSBT S e
[ &% k]
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water-stressed wheat and maize as affected by calcium and its an-

Drought resistance of Angelica dahurica during seedling stage under
polyethylene glycol (PEG-6000 ) -simulated drought stress

CHEN Junwen, WU Wei”* , ZHENG Youliang, HOU Kai, XU Yingwen, ZAI Juanyuan
(Agronomy College, Sichuan Agricultural University, Ya'an 625014, China)

[ Abstract] Objective: To study the optimum conditions of simulated drought stress, and screen the indexes of drought resist-
ance and comprehensively assess the drought resistance of the Angelica dahurica resources during seedling stage. Method: Investiga-
tions were carried out on the changes of height, root length, root-shoot ration, contents of soluble sugar, proline and malondialdehyde
under polyethylene glycol (PEG-6000) -simulated drought stress. A comprehensive evaluation on the drought resistance of different
(varietal) species of A. dahurica during seedling stage was applied by using the method of subordinate function. And the drought re-
sistance indexes were selected out by applying the method of grey correlative degree analysis. Result: Drought stress of 9 days with
20% PEG was the optimum condition for the simulation of drought stress. The results showed that the drought resistant capability de-
creased in the order as follows, A. dahurica from Sichuan province, A. dahurica from Henan province, A. dahurica from Hebei prov-
ince and A. dahurica from Zhejiang province. And the order of correlative degree of drought resistance and indexes was: soluble
sugar > root length > proline > root-shoot ration > total content of chlorophyll > chlorophyll b > chlorophyll a > height > malondial-
dehyd. Conclusion: Osmotic adjustment substance and the indexes related to the root have more influence on the drought resistance of
A. dahurica during seedling stage. A. dahurica from Sichuan province shows the highest drought resistance during seedling stage.

[ Key words] polyethylene glycol (PEG-6000) ; Angelica dahurica; the drought resistance of seedling stage
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