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TE BT IR B AT R R T 2 a8 9 A4 3 A A0S N L], DR Z ZFE (PEG) - 6000 A4l F 28, 407 TR H &
(Glycyrrhiza inflata) FF 85 K i3 2 R ZFZ (GR) \§ & (MDA) K iiFBI i &R (Pro) 7T ¥ MM (SS) & B A8 & b 1 1L B
(SOD) i3 &L YEE (POD) E M BB, ZRER,KHEH -0. 1MPa B} ,GR 5% 100% , Z J5 W E T 2 b8 158 1 2
ZEFEAK(P <0.05) ;MDA \Pro & & & SOD.POD JEMHRRIH /K = - 0. 2MPa B ANAN - 1. 4MPa << /K # < - 0. 2MPa B />
HIBA EAEH (P <0.05) ,3X 4 NMEARF B Z Bl HHR R R BB R BEKF (P <0.05) ;T T R M 5afF SS & & 81
(P<0.05),

KRR ORHE MR TRiE

Physiological and biochemical responses to drought stress during seed germination
of Glycyrrhiza inflata
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Abstract: Dynamics of germination rate ( GR), malondialdehyde ( MDA ), free proline ( Pro), soluble sugar ( SS),
superoxide dismutase (SOD) and peroxidase (POD) were analyzed during seed germination of Glycyrrhiza inflata under
drought stress simulated by polyethylene glycol (PEG)-6000. The Results showed that, GR was 100% under —0.1MPa of
water potential then decreased when the drought stress intensified; MDA, Pro, SOD and POD increased when water
potential = — 0. 2MPa but then decreased when —1.4MPa < water potential < —0.2MPa (P <0.05). The correlations
among the aforementioned four indexes were significant ( P <0.05) , while the drought stress increased SS significantly at P
<0.0s.
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A ST TR TR H A TR R R N R AL &R Y AP E R Zh SR,
A B A A K BRI R Tl R T B R IE DAL , SR I P %o e T A ) e R 0 e S AR PR
DAL RIS AR , I, X H B AN TR B I A B —E IS B .
1 #§R

R H 5 S} (Leguminosae ) H ¥ J& ( Glycyrrhiza L. ) Z4F A FAEY) , BA R KK TARZEM & —Fh
FABM) MESTHEY), A2 AMMETT S SRR HF (G uralensis) SERHE(G. glabra) —EBA(HEZY
) (1990 4EhiR) o

MR HEEEERMGEFBOEEMNRE " ERERRY PR TRRTRRRK, F<R 71—
16°C , =10°C fAEBURTE 3600°C A |, TAEH K ik 180d , e IR B 3% - 30°C , 4F H FR I 4 2700—3300h 7
BN, P8R HIRZ 8h, ER K BAUL 2K, ZZER BT Sk R EMZ L, 2= HEMNBEZ1E 30%
T BRHEARKKE IR RKMKTER KT S FEBRNE T AR, K TR 2 B 1 #h
B A + R R b + % 135 pH {HZ1E 8. 0—9. 0 Z [Al, % % M1 2 ( Phragmites australis) \ 3% 53 ( Alhagi
sparsifolia) % i ik (Apocynum venetum) £ 4558 ( Karelinia caspica) LI ( Tamarix ) S48 Y 40 5 HOAE 9%
2 MREAE
2.1

DT RN 5 T 244 8—11 Ay VG 7E3E AT T i X 0 BF A A Y RE VR PR . BRI T, BR &
2 HUE BRI R SR ST — B R T T SR
2.2 FhTER

¥ H 1% i) KMnO, JFHIE 7 15min J5 , FEAYRERERIZ L 70 min FTREIRAR o

1% 58 Michel and Kaufmann'"* ff) 7 iE ek $AH 4 F -0.1,-0.2,-0.4,-0.6,-0.8, 1.0, - 1.2 Al
~ 1. 4MPa #93 Z —B# (polyethylene glycol, PEG)-6000 ¥ , BT 5 lhif o MRBRARAL AT 190 1 PO R 7K
MUEEUR O IE AR TR E K /3G, B THA RS LR PEG ERIBANHI B TR LA & 28, X B (CK) DLZEK
R, BMREHE(QFENR)3 REL, BMERE 100 Bf 7. HFREE 25T, BHR 12h/d, 5658 100
pmol/ (m™s) o FERA— R RUELR, = 18] B AR — KRS I L 2 1K LA Bl 3 7% IIL PN 04
2.3 fEbREIIE
2.3.1 RHEXR

WFFBIRZ B IS, R E R LS, IR 88 ) Fh B2 5S—10mm B0 5% & 2FF 7, B A% B TIRIR VKAS
HRIETR, BIELE S RAHAM FIRNBMEL R, 3 MEE, BCFYE, K23 (germination rate, GR) :

SN,
GR = S—]VO x 100

K, SN, R R TR SN, A AR T B
2.3.2 AR

PRI SRS , I A TSRO, 75— (malondialdehyde, MDA) 4 it G EL L TR s
BIHE R (free proline, Pro) {5 : BRIMEEH =R B 1% ; AT I (soluble sugar, SS) & & . B LE ; B ALY
1L (superoxide dismutase, SOD) 7 ¥4 : (WA PO , DA 0 PO G AL IR I 50% B BEE S 1 N6 J7 8
B(U) ;i ALY (peroxidase, POD) T AR B AL, I8 N5 1E OD,,, %4 0.01 REEE N 1 4~
EHHAL(U) o TR I EERIESFE (fresh weight, FW) Z50F T #EAT, 848 3 MEEBCFHIE,
2.4 FiEaH

SEIGRE K i Excel g4 S BIRSG 114K SPSS 16.0 (SPSS 16.0, SPSS Inc. , Chicago, IL, USA) # 47
BTN ARITEIRFKFGHAT Pearson 1T, PRZKR [0 )5 s £, A [RIAL BEAR [RIFEFR 24T LSD, o5 HHK o
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3 GRS
3.1 TEE X & FEFR R0
3.1.1 RHEXR

R1ER, TREBENKRHFEMNFRFERWFIZEBERN (P <0.05) : XK EZFERN 99.32%,
-0.1MPa PEGii8l T #1355 100% ; Z )5 i & T F b 38 F N E , & ZF B BT 3 1ok /N, 24 7K SR fiK 2
—1.2MPait, K ZER Jy %t BRI 57.06% , B EFEAK(P <0.05) , —1.4MPa B35 3] TH B 2K (P <0.01) . it
— BT R I, R R K R YR EE PEG [ Pearson AHC REGA - 0. 927, AR R RIX BN T K B E K
(P<0.01) ; BG4 BZE y =100. 6518 —15. 4957« +16. 2071 —28. 7872x° (R* =0.992,Sig. =0.000) ,

F1 TEBEXNKREEHEMFEIFRNOZN
Table 1 Germination rate of Glycyrrhiza inflata under drought stress
7K #« Water potential/MPa 0(CK) -0.1 -0.2 -0.4 -0.6 -0.8 -1.0 -1.2 -1.4

KRR GR/ % 99.32 100. 00 98.64 97.92 88.03 81.22 75.33 56.67 30.75

3.1.2 MDA &&

Ve Ja g S E AL EE =) 2 — MDA BRI MM, M P AR R— 2 R LR TSN A
P A ShAS M O 2 AR AR B, BLE Bl 32 T8 B MG Ao 01 P o R B 5 L0 o 0 358 46 P IR ) 3
§51, R HERTH R 5 MDA & B BEHE RIS (B 1) R E T 28 T, MDA & B, 4
PEG i1 F+ % — 0. 2MPa Bk 355 A fE 0. 0461 pmol/g, 5t HR ) 1. 84 1% A (KIEE B K (P >0.05) ; RE %
FREMHaRINE , MDA & & 2 RIB />, % - 0. 6MPa if 2 0. 0140pumol/g, 2 J5 B B AN, (H A A& _E R .
Pearson FH51:43 47 & L, MDA & 81 PEG ¥ 3 2 [l A S R BN -0.761 , AR X R BE (P <0.05),
3.1.3 AYBBEETY

Wes IR (Pro) FITT VA HERE (SS) R AN BRI EE A VLB BIR YR , Y T4 —
FHIRBRE MY ARNBBL™ . AB5EH (E2), -0.1 MPa KT Pro f)7 & Huxt FEMEA AR, 24
fh B3R % - 0.2 MPa B}, SR F 5 K fH 373. 2971 ng/g, 0 % BRI 2. 59 £ (P <0.01) ; Z B #ikE MK, &
— 1. OMPafifpift i} LS A TG, (HIF AR B3 (P >0.05) B fARa% - RIS H), 247k ) - 1. 4MPa i, BEKT
XTI (P <0.05) . [ 3 FBIEMET REM SS S B BERM(P <0.05) XK SS 8K 1. 1506pg/g;
BEE T S 08, SS BIFR B EESRE A, T - 0. 2MPa /KT SS B8 BN T 70.64% ; — 1. OMPa (T
A T IAE T 3.0792ug/g, JXT IR 2. 68 4%, Ik K B3 (P <0.01) , Frill SS & B A ) PEG-6000
R R IIEAR LR R, T R3] T4 B E /K- (P <0.01) ;7 Pro Fl PEG ¥ ) Pearson #1365£ RH A B
Z(P>0.05),

o
=3
G

® i T 400
< 1

0.04 - )
3 Y- .
=1 2 300 | L
: s
§ 0.03 - g
< 8 200 -
a
s 0.02 ne.
] ]
42 0.01 ’ll 4o 100
< )
a &
2 0

0 -01 -02 -04 -06 -08 -10 -12 -14 070 =01 -02 -04 -06 08 -10 -12 -14
7K 3% Water potential/MPa 7K 3% Water potential/MPa
1 FEEMEX MDA BT 2 FEpHEX Pro REHFM
Fig.1 Effect of drought stress on MDA content Fig.2 [Effect of drought stress on Pro content
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3.1.4 (R .
ALY ALEE (SOD) Fiid S ALY B (POD) 1 5 30f I

Yk N EE PR, T H SOD 2 H R A ME—I IR ;1" 25| T T L

HHEENRYME, TUBRKBEAET 0, 74 &é 20

H,0,,POD 2 /-f# H,0, EZY i, W LAfE—ERE nﬂfﬂ L5

WIS R I % R IR A —8. & '

TR rEREW (E 4) R T- R0 T, S0D EHWR,7E 0-(5) ﬂ |J_‘

—0. 2MPahf 3k 5| i KE 345. 4076U/ g, g %f f#Y 1. 71 0 01 02 -04 06 08 -10 -12 -14

5 R G HEE PEG 38 finE, SOD G, B S H, 7k 3% Water potential/MPa

POD A #I A #434, — 0. 2MPa Jifp38 T, POD i 1 £ B3 TREEN SS SRBIR

3% ,3188. 6614 U/g. min, Jy%t HR A 2. 52 £ ;7€ — 0. 8MPa Fig.3 Effect of drought stress on SS content

IR RRAR AR, o %t HR B 54% , B 7E - 1. 2MPa i &
MAEA E T HHF A B (P >0.05)

400 3500 —
T z T
) E 3000 - T
=) S
s 300 2 2500 -
= Z
3 2 2000 -
< Q
A 200 P
A 1500 |-
8 8
k) 1000
téﬂ_ 100 %
B 500
’ (14 FTW aln 2
=
0 0 -01 -02 -04 -06 -08 -10 -12 -14 0 -01 -02 -04 -06 -08 -1.0 -12 -14
7k 3% Water potential/MPa 7K 3 Water potential/MPa

ES TFEREEMEXT POD FEHH N
Fig.5 Effect of drought stress on POD activity

B4 TFTEHMEXS SOD iEiEHI 0
Fig.4 Effect of drought stress on SOD activity

3.2 KARFRIAHICHE

FE a5 T, A AP MDA 81, —0.2MPa 38 F i BIS Ml , ZHFMFIH RHE H h =
A FNERR P A o TR MR R B F A ; LA TR A Pro & BIA BB KA, SS S BB I T — MEU/MY
WAE , 2 5%& 95 ;1 SOD Fi1 POD {& M ERIE B T F ok, R T ATIE BR AR B 15 R A 7R ik Bl a5 R
Ao X—KrBt, MDA Pro 48 &% SOD . POD JE ARk B 4> 51 g 84.07% .159.21% .70.95% F1 152. 02% , Pro
SR POD WEHEMEMMB K, 25, ME T RIHEMINE , X SRR 7E AL, RA AT iR (SS) & B4kst
s, R R REZE T, SS MITE AU TR BT, W2 BT H LS5 F = A BR B 1 JFUORL, Ok B TR e
S TR T 5 AL R A% . 3] - 1. 2MPa Jjp38 T, MDA [ Pro & & & SOD & PEER K t B — /N A,
SS MBI R A(E, - 1. 4MPa fijpi8 B, MDA Pro & & & SOD. POD 35 ¥ #H X F X & B AKX i i B2 4 1l o
53.68% \33.51% 75.33% F122.52% ,MDA &8 F1 SOD T AR LR R A

Pearson MK & L (3 2) ,MDA Al Pro &8 J% SOD 1 POD & 1B i 22 J8] A6 R BOX 2 T B &K
F-(P <0.05) ,1fij H. MDA .SOD .POD FyAHC P 2A% 2 (P <0.01) , X 240 i AR BT M e —
4 itig

REZHHEY) , T8 A R0 A B B PR 45 Jh 38 o5 R 0k, B LA IR R S LA 30 A R B R
WHHTENE . FTFHERERKEES, i TBBEWE S5 R EEIE EAE A, R B
BT P RS, A AR K Z 2 EWE . AP RS, BEE PEG WE K3 BN, T R
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183438 , MDA \Pro & [ SOD \POD & PE#R % A4 & A8 4k, R B /K $ = - 0. 2MPa B ANAN - 1. 4MPa< /K #
< =0.2MPa BB H B B H (P <0.05) o YLH TR Mhia T, MR H 5078 A b 17 3 AL 2R 35 DUIE g
Bio #E—B B, ENMPZ ELEA BE KA (P <0.05) , #AT LUE 0 iR H F T L6 1 5
R

2 Pearson XD

Table 2 Analysis of Pearson correlation

P MDA & Pro & SS & & SOD 344 POD %
i H Ttem GRH/: % MDA content Pro content SS content SOD activity POD activity
0 .
/(pmol/g) /(pg/'8) /(pg/8) /(U/g) /(U/g. min)
RF CR/% 1
MDA & & 0.710* 1
MDA content/ ( wmol/g) 0.032
Pro & 0.507 0.797* 1
Pro content/ ( ng/g) 0.163 0.010
SS & & -0.613 -0.582 -0.222 1
SS content/ (ng/g) 0.079 0.100 0.566
SOD &P 0.674* 0.955** 0.760 * -0.748 " 1
SOD activity/ (U/g) 0.047 0.000 0.018 0.020
POD 54 0.579 0.827** 0.869 ** -0.518 0.869 ** 1
POD activity/ (U/g. min) 0.102 0.006 0.002 0.153 0.002

* ZESRBE; ¢ o+ ERWEBH

A RBEWTY R AR SEYTH R X RNIR A FZRE, HEREAEA AR, X T e 5 Em ik
M Ca®* K" K Pro %4 BOAF MHT A LB WA R MR RN ARA X2, ZHE R T F2
o 3E o H Al PR B T B g o A E R R, R TR SR EE R L Z B AR B A —E 1Y
FRME . ARRBIFTR, R H A7 80 A&, B T R8T, 7 2 Il 2 B 5 A BB, POD B P85,
%% PEG g , 3SR YIHTME; - 0. 2MPa RER I — N E(E, Z )5 HEHE PEG MBI I, Pro & 8 & SOD,
POD 5 PEREAR , 7T BE- S5 BN TS BUBIR A B E B 0 X%

A, SRR R SR TR A SR IR PEG YREET , K #J - 0. IMPa it , 5%
£#i% , MDA SS £ & & SOD ,POD {& AL ARAL T 1B b FHEH (P <0.05) 24 b ; /K HEAKE] - 0. 4MPa i,
GR S5XIRIIBA BEER(P>0.05) HHE 5 Mg —HEUZRBE R, XWRIRETEBEAR
AU R H B R T B M RIE A, R B T S8, W IR R M S AR BOR TR R 4t
W, VIR B R B T R hE T R R BR , JE e 3E B3 BT T i XA — A~ 5 308 B0 A B Al
Z—o
5 #Hig

() TRE THR =M T RS BEE PEG W RN, ZipiE /T - 0.2MPa i, MDA Pro £
&% SOD POD J5E k8 i, J&HARHT T 52 0 A a7 5 71 5 Jp38 5 T - 0. 2MPa AT 2 LKA A B H (P <
0.05) , RAMMIZ BT RMERLER . RESHMMZEBEARK(P <0.05) ,# AT IMEA IR H FEH R kL
BV AR o

(2) K& PEG YR EZHIBE AN, BR H A 71 & B T R 5 B B N (P <0.05) , HAE A UE T B
FEVAT , WAL BT AL SRR T A BB B JRURL, R B TR H SN S ek D SR e AL R i

(3) BB TR Ma X AR H & B 8, (R A T e 20 &, I IRA LB E R TR, 8k
DURACEE T, R AMCR B R R T 2 e P iU R s, RHERNIE BAR A — T RH5ERNE
B Z—

http ://www. ecologica. cn



8 # AR 55 ER I R TR b A AR 2 B 2117
References:
[1] LinCC, Kao C H. Regulation of ammonium-induced proline accumulation in detached rice leaves. Plant Growth Regulation, 2001, 35(1):

69-74.

[2] YeCJ, Zhao K F. Advances in the study on the marine higher plant eelgrass ( Zostera marina L.) and its adaptation to submerged life in
seawater. Chinese Bulletin of Botany, 2002, 19:184-193.

[ 3] Tang W, Newton R J. Increase of polyphenol oxidase and decrease of polyamines correlate with tissue browning in Virginia pine ( Pinus virginiana
Mill. ). Plant Science, 2004, 167(3) :621-628.

[4] Edeli L, Reale L, Ferranti F, Pasqualini S. Responses induced by high concentration of cadmium in Phragmites australis roots. Physiologia
Plantarum, 2004, 121(1) :66-74.

[ 5] HuangZ, Zhang X, Zheng G, Gutterman Y. Influence of light, temperature, salinity and storage on seed germination of Haloxylon ammodendron.
Journal of Arid Environments, 2003, 55(3) :453-464.

[6] Ren)J, Tao L, Liu X M. Effect of sand burial depth on seed germination and seedling emergence of Calligonum L. species. Journal of Arid
Environments, 2002, 51(4) :603-611.

[ 7] Huang Z, Guiterman Y. Influences of environmental factors on achene germination of Artemisia sphaerocephala, a dominant semishrub occurring in
the sandy desert areas of Northwest China. South African Journal of Botany, 1999, 65:187-196.

[ 8] Gutterman Y. Seed germination in desert plants. Adaptations of Desert Organisms. Berlin, Heidelberg, New York: Springe Verlag, 1993.
253-254.

[ 9] Kajiyama K, Demizu S, Hiraga Y, Kinoshita K, Koyama K, Takahashi K, Tamura Y, Okada K, Kinosjota T. Two prenylated retrochalcones from
Glycyrrhiza inflata. Phytochemistry, 1992, 31(9) : 3229-3232.

[10] Furusawa J, Funakoshi-Tago M, Mashino T, Tago K, Inoue H, Sonoda Y, Kasahaera T. Glycyrrhiza inflata-derived chalcones, Licochalcone A,
Licochalcone B and Licochalcone D, inhibit phosphorylation of NF-[ kappa]B p65 in LPS signaling pathway. International Immunopharmacology,
2009, 9(4) : 499-507.

[11] Li M, Wang G X. Effect of drought stress on activities of cell defence enzymes and lipid peroxidation in Glycyrrhiza uralensis seedlings. Acta
Ecologica Sinica, 2002, 22(4) :503-507.

[12] LiuCL, Wang W Q, Cui J R, Li S Y. Effects of drought stress on photosynthesis characteristics and biomass allocation of Glycyrrhiza uralensis.
Journal of Desert Research, 2006, 26 (1) :142-145.

[13] Wang L, Li J H. Research progress on Glycyrrhiza in China. Pratacultural Science, 1999, 16(4) :28-31.

[14] Zhou H H, Chen Y N, Li W H. Response of plant species diversity in oasis-desert belt to water resources. Progress in Natural Science, 2008, 18
(7) :789-794.

[15] Michel B E, Kaufmann M R. The Osmotic Potential of Polyethylene Glycol 6000. Plant Physiology, 1973, 51(5) :914-916.

[16] Zou Q. Guidance of Plant Physiology Experiments. Beijing: Chinese Agricultural Press, 2000; 161-174.

[17] Placer Z A, Cushman L L, Johnson B C. Estimation of product of lipid peroxidation ( malonyl dialdehyde) in biochemical systems. Analytical
Biochemistry, 1966, 16(2) :359-364.

[18] Chen Y N, Chen Y P, Li W H, Zhang H F. Response of proline accumulation in Populus euphratica in lower Tarim River to groundwater
dynamics. Chinese Science Bulletin, 2003, 48(9) ; 958-961.

[19] Plaxton W C. The organization and regulation of plant glycolysis. Annual Review of Plant Biology, 1996, 47(1) :185-214.

[20] Uniyal RC, Nautiyal AR. Seed germination and seedling extension growth in Qugeinia dalbergioides Benth. Under water salinity stress. New
Forests, 1998, 16 265-272.

[21] Zhao K F. Plant Salt Resistance Physiology. Beijing: Chinese Science and Technology Press, 1993 . 149-158.

[22] Wang W B, Kim Y H, Lee HS, Kim K Y, Deng X P, Kwak S S. Analysis of antioxidant enzyme activity during germination of alfalfa under salt
and drought stresses. Plant Physiology and Biochemistry, 2009, 47(7) :570-577.

[23] Shao H B, Liang Z S, Shao M A, Sun Q. Dynamic changes of anti-oxidative enzymes of 10 wheat genotypes at soil water deficits. Colloids and
Surfaces B; Biointerfaces, 2005, 42(3/4) ;:187-195.

[24] Shen Y Y, Yan S G. Effects of salt concentration on the seed germination of Kareanalkalgeaes. Pratacultural Science, 1991, 8(3) : 68-71.

[25] Du X G, Zheng H'Y. A preliminary study on the main plant communities in the saline soils of Song-nen plain. Acta Phytoecologica Sinica, 1994,
18(1) : 41-49.

SEHk:

(111 Z=W, EAREF. TR0 H 5 4l i 97 B P SR B S AR VR P s 2252441 ,2002,22(4) :503-507.

[12] XA, E3c4, EARE, 3. T RMaxT HEOGA RS A YR LR, s E TR ,2006,26 (1) :142-145.

[13] FE52,ZFfE. PEHREEYIITER. 3lRE,1999,16(4) :28-31.

[14] JAULHE, BRI T, 25 TAL. S-SR R IR R PR AE RS K BEUR AOMRL . SR % , 2008 ,18(7) :789-794.

[16] 4R%y. fedyAE B LR 5. Jbat. v EAR O Hy AL, 2000 161-174.

(18] BRWT,BRAEMS, 2 DAL, kR, 3 HURT T W Il 2R BBt T /K (AR A By mi oz . k238 41,2003 ,48 (9 ) :958-961.

[(21] ATk Wi EhaE BE. Jbat. o B 0 At , 1993 149-158.

[(24] RES, EGE. $5 6o BT HERh 70 & 0. Bk RL2,1991,8(3) :68-71.

[25] ARG, PR EE. AARCT R = R R o A W A A LR 025 0 R AR A543, 1994 ,18 (1) 141-49.

http ://www. ecologica. cn



	08b13.pdf
	08b14.pdf
	08b15.pdf
	08b16.pdf
	08b17.pdf
	08b18.pdf

