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Physiological Properties and Growth of Cinnamomum camphora
Saplings under Drought Stress and Rewatering

HU Yi',HU Tingxing'* ,CHEN Hong', WANG Bin',LI Han?
(1 College of Forestry,Sichuan Agricultural University, Ya’an,Sichuan 625014, China;2 Institute of Ecology &. Forestry, Sichuan
Agricultural University,Chengdu 611130, China)

Abstract: A pot experiment was conducted to investigate the effects of continuously drought stress(stopped
watering for 0 d,2 d,4 d,++16 d.respectively) and rewatering on the growth and physiological properties of
Cinnamomum cam phora. The results showed that: (1) The diameter increment(Z,;) and the height incre-
ment(Z,) were both inhibited under drought stress, Leaf relative water content (LRWC) under mild and
moderate drought(stopped watering for 2—8 d and soil volumetric water content(SWC) decreased to 7 %)
were not significantly lower than that in control (D, ), but significantly lower than those under severe
drought(stopped watering for more than 10 d and soil volumetric water content decreased to 3%). (2) The
concentration of O, and H, O, significantly increased under severe drought stress. (3) The activities of su-

peroxide dismutase (SOD) and peroxidase (POD) were promoted significantly during mild and moderate
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drought stress while catalase(CAT) activity increased significantly in severe drought stress, After rewater-
ing for 48 h,the activities of these three enzymes decreased. (4) The contents of malondialdehyde (MDA)

and proline(Pro) increased significantly under severe drought. (5) The contents of soluble protein(SP) in-

creased dramatically under mild drought,while that of soluble sugar(SS) raised significantly under moder-

ate drought. Both of them then did not decreased, after rewatering for 48 h. The study suggests that C.

camphora saplings under mi rought maintained normal growth throu scavenging system and os-
pl pling d 1d drough d lg h through ROS ging sy d

motic adjustment, while suffered from moderate and severe drought stress,the water physiology became de-

teriorated, membrane system was injured, enzyme activities affected,and at last the morphological growth

and aboveground biomass were depressed by the drought stress.

Key words: Cinnamomum cam phora saplings;drought stress;rewatering; physiological properties;growth
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Fig.1 The soil water content and leaf relative water content of C. camphora saplings under continuous drought stress

Do »Ds,Dy,++,Dyg represent the water supply was stopped for 2,4,+++,16 days,respectively,among the treatments,

the Dy is control.D; and D; belong to mild drought stress,Ds and Dg belong to moderate drought stress, D1y ,D;2

Dy, and Dy belong to severe drought stress; Asterisk and double asterisks indicate significant difference( P<Z0. 05)

and very significant difference(P<C0. 01) from the control(Dy) ; The same as below
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Fig. 2 Contents of H, O, and O, in leaves of C. camphora saplings under continuous drought stress
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Different letters indicate significant difference between treatments at 0. 05 probability level (one-way

ANOVA followed Fisher’s least significant difference test). The same as below
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under continuous drought stress and then rewatering



298 [T A i N // M= S 35

ETEPE AR REHR EHREHER,
2.3 FEMEREANEEN KKK KEF LM
MDA &2/

T 5 A X A R R R S8R SOD,
POD.CAT {FHEH A B E L (K 3). H%. FHE
SR I A 48 AL 4 5 A B (SOD) 3% PE 75 4% T 5 3t
b BER ¥ A5 ) S 2 AR A I B A 2 B T S K A
3SR 0 ) 2 PR T R AR Y A Ak I
Dy, A0 3T 35 B B KAH . Z )5 T S A bk © 28 hh 22
(Dy, 5 Dig) s it F SOD 3G A BT R SR b B
T A A bR TR T R e b
BE T S A AL B E (D, ~ D) T % 2% 5, Kk 48
h J5 . Dy ~ Dy, &b BEA R - SOD i 1 1k 52 21 %t B
KFECERFEZES.H D, M D b BAEKE LT
Hi s ToEE SOD 3G PE (& 3,A),

o, T 5 an AR T F LRt it
A AL (POD) 5 M, 3 P Bl T 5 Wy 38 58 B 9 728
fe#a 35 SOD Z{pl, H T4 T 5 Ak B 35 30 0] 18 i 25
EFHE 3.B) s POD i P76 5 B T S ki T
FReh Tt R E T 200 Dy, A ¥R 38 3 i
SR W RN 7R S K 48 hig , A A 4l i it i POD
TEPERR Dy 5 Dy b B ICTE K B Ah o A3 4k 30 3 A
P 52 B IE 5 X BKOF-

T3 b ARG I R Ak AU (CAT) I M bl
T 5 R R T A AR A ks SRR 1 5 SOD il
POD 3§ PEAHTH (& 3, C)  HALFE Dy kb BT U B 2%
B TE LB Dy, b B IK B WA L 2 5 W REAL T
S ER Y 3 T B P T R A B T
EohETREABSMHERAEE, /K48 h
J& s B G R B CAT i PERR D 5 Dy R Bk T4
A, FL A b B 5 0 B SR 22 L RS ARk 2 B IE
H X B K-,

[ EF B R 4B it i MDA & i Gk B R BLA
i 5 5 s ) ) B8 i L T R I Dy Ak R B
kB m (8 3.D) . BR D, A BAN REE PET R
bR B MDA #8855 %0 i1 2% 5 A8 B 3, i R
TRiE T MDA 8% EJ. 2K 48 h 5.6k
Dy, 1 Dy H8 BE © A T8 75 W0 5 Ab, H 4 b 3 MDA
S AP AR PR AR AR KT I K JU R Dy Dy kb B
) MDA & &5 B35 TAT I D, A& st & T8
JKHT . X AT RE A P A T T R E R B A 4
Ak B —Fh =1y, B A8 &2 K 5 A AR v 5 N AT SR PR
B RCE A HAE R P e DUTE BR 5 [R5
BTSSR R R i R E R IR E

DA 45 5 U0 B A A 4 1 2 L b B R b
NREE A [ B P A AR G G I A R T

ST 400 8 5 37 461 L 2 300 P AR A
2.4 TEBHERSEANEEHREZEATYURSE
EMNR M

S I e RS BN 1) STEP: S £ B N R N
2 2 (Pro) ] ¥ P4 (SS) FA] S PE & 1 (SP)Y &
WY RAETREL M, Hp EREYR A Pro &
HERE P ET R S5 IRICE S, T Dy A BT
U B E R RS BT IR EE T R0 D kb B A
SR fEE K 48 h J5, & T R A Bt J 1) Pro
B L A K 2 R A R W TR R 4,
A, [FEE, R A R G B it e SS & A2 4k 5 Pro
SR RE TR ET 20 Dy 4 (SWC
=9 00) 5 X BRC i 3 22 5%, Dy &b BT Ui 8 6 BR

W T 543 Drought treatment
O & K4TE Rewatering treatment

> o o ©
W ke B~ W
[ N LY N -
:

o

o

[=x

o
o

e
w
(=)

i & 1
Pro content/(1 mol * g)
o
[ox
[on
[on

T P B 7

SS content/( 1 mol * g™")
=
’ [e]

e
[

i o
— —_
(38} Ny

A
<
=

SP content/( 1 mol * g~ ")

5
=
®

<
=
>N

D, D, D, Dy Dy Dy D, Dy Dy
4b P Treatment
4 TR0 B K F A b i R
GRS R LIRS i R g iU
Fig.4 Contents of proline(Pro) ,soluble sugar(SS) and

soluble protein(SP) in leaves of C. camphora saplings

under continuous drought stress and then rewatering
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BERLT & IFT Do A A B A Z K 48 h
Ja - SS S E L (E 4.B) . S BEE
5 A IR ] F SE L A R 4 B SP A i
MDA 5 548 {4 HH 8, 7 2 5 A op B2 1 5 A
TARERS B EA RT3 T 5
B ETH 0K 48 h )5 . 4% T R4 it/ SP & & 1))
SRAL T8 v 1) K- JF R 22 WS v T A K AT . ] B
T AR B (A 4,C) o X R B2 T B30 & g
PRAR A 5995 325 98 55 ) JB K 2 3 1 K P i S — A
BB )i 72
2.5 TEBEXMEFENHHERNZIT

(CISIE i Ry PRI L R NN R A
AR T HRE e A G B (Zy) R A A K & (Zo)
B T 500 B ) S I 2R LR R R . o
HRE Z, 7EBR D, 4b 34N H Al B4 3 (SWC<
1100 T #35e%) BE(D, ) 88 35 BEAR 1 i A T 52 A
) Zo B8 Dy BFEFEAR, A EE T R4 Dy
1 Dis 9 Za G [R)IF i R 1 B 7 ™ B A9 4
MR . RYET FApEend b i K el ek p ™ H 5
BRI 32 B AR AR KK i 2 B S SO SRR T A i
Fr A 3E

3 e e

3.1 FEMEBREKEGFTEESIHMITEEESR
R 5t 45 4iE
SUIR: -9 S AR R U -7/ R NI =l I S

(O ) F H, O, &35 M4 (ROS) 18I . AR ik BE i ROS
AT ST A A S PR ) 2R 5K . DT A4 A ) B AR A
FU, 0 ROS A B BA7 % A A 5 W 19 ROS
o8 240 L R DNA st Ja 6 45+ H: o e i AR
{14 58 2 {8 400 Jfd 6 2o S Ak 1 1T 7= 4 MDA, fE 2 5
P A A LRI BN 1 il 2 o Ll AR AL P B A B SOD 2
HLAE ROS A AL H5 155 19 55 — & B £k 7T 38 3 Haber-
Weiss I i BRAE 9 1R N 22 4% 04 8 480 9 5 5 (20,
+2H"—>H,0, + 0" 1fi i3 & Ak P fitF POD F1 53
AL S CAT M A6 i 52 W W)l ke H, O, 3E— 2543
fift R T HE A H O H O,H

AW G A e A K R A AR R A e
TR TR = R B A R T R AR TR
T B 0 A 3K o g A o B A — 2 1 K G 4 T R
A 7 . B A% 1 ek 2D AL T B A5 O 2Ok 2 R A PR
T B I IE R AT (O3 SCHiGED o TR & A I B ROS
TR T R A s BE Ak HO, S
F TR Ja BEAR [R) 3 B A & 42 b iy SOD A POD (i
PR BT CAT W& AL, X R T 2P
A R T R O AR © 4 2E ROS HR
B B, Hof SOD #il POD k& # 7 3 2 19 1E A
MDA & 78 6 By BE £ B0 56 BT 5 BEAR I i 3,
FW B IR Z 8 7= A i HL O, RERERR B R T — &
JE 1 475 o {200 5 Ol Ao Ak R B B 8 2 1 A IE R
K. BT TR A R O T RORES . R AR
Sk SWC K 6% ~10%) . i kE ROS F1 H,O, 77
WY EE LI MDA F R B ET RS T
S ] A SE K AR AR Y ROS 3 AR 5 W T 3 B T
S AL 38 20 R ot AR A 0 R . i R R B
TEREBT B R S SOD 3% £ B % 2 1k, POD,CAT
T PR 38 B 5 K U I AE vh B2 T 59k R ROS 7 4R 4
T SOD W BRVE A BRAA . [ B B O, i F e
AR HoO, 5S84 58 T POD Al CAT 3 4, (B4
e 2 B W i AR o A A . TR O™ E
FRARE L, SWC5 %) . ik & 4 ROS Al H, O, LA
S MDA & s 52 T, B R 48 SOD i #:C i
F725 Ak, M POD Al CAT 36 #4138 A 6 ™ 5 1Y
T 5 38 T AR G R P R T R R B
L5 A 5 o) R v R A A2 B X5 A
FEEDHE K LML S 45 R —8., 5418
SK A8 h g AR T A AR AR PR I R v B O A
AWK BN OK . (H MDA & 81588 B & 5 T X
HEC, 2 B 1 5R B aE 0F i R 3 B i) R s A A 1 5 A
S0 N A A B B I R A T L AR



300 [T A i N // M= S 35 &

Erm A AR AL T A R KT 3k 5 kAT P AR R i 5 Y
TR IR TR A5 R AU
3.2 TEMDEREKEHTEESRMN FEENR
T R B S AFE

V537 VR Y R A A T A Y R N8 i AT
P RE RS . FEK A A TR R YR L B
b3 RV S sl i S ) N T B N 7
20 ) 2 R B AR AN AR L A S S R L A R
AR B AT A M R AR B B A KB T 5
o360 R i 0 D (H A W S R R
il 7 TR G B I T B T I AR DA T e A
PR PR B B P T B B B AR FE ARG L A
g i e B R PE A R E TR R A
LSRRG AR R UEBAE T 538 ) A
A PN P AN T M 1 B A O PT R DA S R B 0B R
TRE T L AR TS S W3 8 A A 2 T ) B
FCAR P HE BT RS2 BH L B R A X S X4
ZEEN AR (Eucommia ulmoides) %1 347 T 5 i
LR A, AN FER K 48 h )5 BRE
T 5 Wil (SWC<5 2%, T 20 1] >12 d) 4k, &t
Al PR A R R KT B T B A T
5 38 25 TR AR A 1A o8 Ak SR R T R A
AL PE R I DA SRS % Y RE ) L i X T R T 5
A R G K G S AT PR B O
AL X AT RE 5 AR YRR A G

A MR E A S A IR R S
HoAl 75 35 V81 W oA L 2R B — 2 (T S T L (DR
14 ) BR AL S PR SR P8 T B 98 5 T B8 H A
BB R . AR SR o R v R AT R
BERETRRE T (SWC>7%, F2EHE >2 )
ARALAS K I FE RN R (SWC<<800, T 5
B[] =8 )R ASF DGR T e s 2% W AE A e )+ 4
KT HORAET AT E MRS E R RS T &
BEVER . R AE K S B R P i R AT
WS R RE BET R A (SWC<I5 %, T it ] >12
d) A1 o A A FE 389 AR AT, 380 o B KT S 3 B AR K X A A
FE AR AR N 97K 43 A 3 EL BT S 00 ik 52 VR D JECE A
WA Gy B 1E K- .

RN AR RIARERYH
Kemble S8 7 52 3| 1 5 38 09 B8 & 55 (Lolium pe-
renne) W i R BLRYY . KEBFFR W E ., T R0

SE 3k

SR R/ LN RN AL R AR S N . W e
R R b il SRR B K SR
R AR T v, LB SR S 3 R R aE AR A G
P B T 5 I R 5 BRI W 25 L M
BT Dy A H(SWC=7.53%, T S0 1] >8 d)
TF U TG TH 8 36 5 ke BB R R AT PR A A F 5T
EH 3 fEEK 48 h T R R A
R o B ) D A5 Bk 3 M E AT R Y
BETR-EACRE N A T AL, T2PiE
T LA I R PN AT A AR P AT A R R R
&R B BT LR B & JH T Re ) s T
SR B EEE T m R E A
HORYERF RIS B T RE ST DU e T R
3.3 FHELHHI T R BB R A K I R EFHE

LA B 7T W], T 5 T 8 5 0 A 4 45 A B
WA G AR IR AE K o A R SR
TR WA B 45 Tl I A 35 T A A AL TR B R AL s
By BN R L p R E TR P
(SWC<<10%, T 5 [a] > 6 d) N FF 1 4 4 i A
H, O, F1 MDA F 8 3 50 2 T 20 R St ik
A 5 B B A B B AN s i kA AL L A
17 52 W) 75 R G A 0 A 4 o TR) B AR BF 5 o T R e
Xof B A AR ) b AR A B R i A Kl e T B
AR HIVE . e B T R 3 (SWC<T13 %, F i}
] =2 ) X 7 155 4 % ) i A2 R0 s 2R K st = A i
A L B T S (SWC<T6% ., F 5 i ] >
14 AR Hu g B 6 AR K, I PR A k7™ B K
ST BOCEFT ) B AUR TR 2E 4

25 E I Y ROS W % 2 50 2310 T
L3655 30 i T E ML I L SOD I B b 74
POD.CAT ZE T2 h WiE R 8. E2KE
Fit 175 1 A, BB 2 2 B[R] N K R B OE H K. BB R
T T R RV R 1A AT R A R S I
HR S H 00 v S 0T R T I R
L TERAHEHE K 53 - i . 52K S AT 4 R A R KT
PRIt o 7 A N TR 19 7K 434 3 v X &) v i iy
P A B K A RS L AR T T RARAE T (£
BEARFL S K BAR T 10 %0 B9 L K B 4h 58 K 43 B K&
R R) f) B T R CRD R AR RS K AT 7% B
S R AL 236t Sl i B 0 O g AR K

[1] GAOY(E 1), ZHUY ZHURK#) . YANG ZH M( & ) ,et al. Effects of drought stress and recovery on antioxidant enzyme activi-



2

B ST R S KON T R AR AR R AR e AR K R R 301

2]

(8]

(9]

[10]
[11]
[12]
[13]
[14]
[15]

[16]
[17]

(18]
[19]

[20]

[21]

[22]

[23]

[24]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

ties of Agropyron cristatum|[]]. Acta Agrestia Sinica (R #i2£41) .2012,20(2) :336—341(in Chinese).
MAESTRE F T,VALLADARES F,REYNOLDS J F. Is the change of plant-plant interactions with abiotic stress predictable A meta-anal-
ysis of field results in arid environments[J]. Journal Ecology ,2005,(93) ;748 —757.
ZHANG L(3  ®i).ZHANG X CH(3K 24 E) . Interactions of nitrogen with water and light in the growth of plant[J]. Agricultural Re-
search in the Arid Areas (T 2K A BFFE) .2003,21(1) :43—46(in Chinese).
DM T 5 8 X 2R &) 1 G R B PR SR A m (D] R R HEK %, 2008.
QU Tl  ¥%),NAN ZH B(F & #5). Research progress on responses and mechanisms of crop and grass under drought stress[J]. Acta
Agrestia Sinica (R {2 4]%) ,2008,17(2) : 126 —135(in Chinese).
FRIDOVICH 1. Superoxide dismutase[]J]. Ann. Rev. Biochem. ,1975,44;147—159,
SHAO Y J(RB#1 %) ,SHAN L(1lI  £),LI G M(Z=Jff). Comparison of osmotic regulation and antoxidation between sorghum and maize
seedlings under soil drought stress and water recovering conditions[ ] |. Chinese Journal of Eco-Agriculture (Y [E 4 254\ 2#4Rk) . 2006, 14
(1) :68—70(in Chinese).
LI M(Z= ), WANG G X(EHEF). Effects of drought stress on activity of cell defense enzymes and lipid peroxidation in Glycyrrhiza
uralensis seedlings[J]. Acta Ecol. Sinica(*EZ52#4%) ,2002,22(4) :503—507(in Chinese).
HAN R LGHE#) LI L X(ZM ) . LIANG Z SCE 481 , Seabuckthorn relative membrane conductivity and osmotic adjustment under
drought stress[ J]. Acta Bot. Boreal. -Occident. Sin. (P§ILAE ) 2#H) ,2003,23(1) :23—27(in Chinese).
QIN X(Z #). The main function of Cinnamomum cam phoralJ]. Quarterly of Forest by-Product and Specific in China (H[E Ml &
P ) .2001.3:18(in Chinese).
TIAN D LCH K. LUO Y%  5),XIANG W HIi 3 4k) s et al. Photosynthetic characteristic of Cinnamomum camphora and its re-
sponse to elevation of CO; and temperature ] ]. Science Silvae Sinica (B FF2) 2004 ,40(5) ;88— 92(in Chinese).
GINDABA J,ROZANOV A,NEGASH L. Response of seedlings of two eucalyptus and three deciduous tree species from Ethiopia to se-
vere water stress[ ] |. Forest Ecology and Management ,2004,201(1) ;119—129.
RE DIk A8 0 2F 0S50 80RE (VL. S0 < 10 )1 ) 2 BOR H AL, 2003,
N ORE BRI R AR AR R B R LML B VU A % < 76 b AR AR B K 4 H AL L 2006.
LUB(E  30,.LIU JG ) ,.XU L LU&#3). Study on three methods of determining contents of H; O, in wheat leaves[J]. Journal
of Nanjing Agricultural University (g 5Ol K 2% 47) . 2000,23(2) : 101 — 104 (in Chinese).
A BAHEY EE2E ML AU S ECE | U 2006.
WEIR T L,PARKS W, VIVANCO J M. Biochemical and physiological mechanisms mediated by allelochemicals[ J]. Current Opinion in
Plant Biology ,2004,7(4) :472—479.
W B BREEoe. Bl A AR S I A LML JE 5T b2 AL . 1998.
LIU Bx] 7K), LIANG CH JCZ1#48). Recent advances of catalase in organism[ ] ]. Chinese Agricultural Science Bulletin (7 [E 4 2@
%) .2005,21(5) :223—224(in Chinese).
SUN C X(#ME#) . LIU ZH G &M . Effects of water stress on activity and isozyme of the major defense-enzyme in maize leaves[ ] ].
Journal o f Maize Science (EKFF¥),2003,11(1) :63—66(in Chinese).
ZHANG H PCHKZL#E) ,NIU J J(4:8 ) . XUAN CH X (47 £ 7) s et al. Effects of drought stress and rewatering on content of proline
and maldiadehyde in pea leaves[J]. Journal of Gansu Agricultural University CH i 4k K% 24k ) ,2008,43(5) : 50— 54 (in Chinese).
CUI ZH H(#EE#) ,ZHANG L J(3r %) ,FAN J J(B4:18) ,et al. Studies on identify indices of water use efficiency of maize during
seedlings stage with different water supply[J]. Journal o f Maize Science ( £ AKFF2) .2007,15(5) ;76 —78(in Chinese).
BAI ZH Y(H &) LI C D(ZEFA),LIU Y(XI ). Relationship between chromosome and changing of leaf proline and protein con-
tent under drought stress in wheat[J]. Journal o f Plant Genetic Resources (i)t f& % P44 . 2007 ,8(3) :325—330(in Chinese).
LIU H Y4 =) . LIANG Z SCE5281 , LIU SH MK ) , et al. Effect of progressive drying and rewatering on protective enzyme
activities and osmoregulatory molecules in leaves of Eucommia ulmoids seeding[]]. Journal of Northwest Forestry University (VgL k2%
BE2# 4% . 2007,22(3) :55—59(in Chinese).
YU T Q(FIHHE).QIN L(F I5),CHEN J(B& #) .etal. The studies of a accumulation of solubility sugars and component in Chinese
chest nut under drought stress[J]. Journal of Beijing Agriculture College (Jt 5 4K 2F B 2F4R) ,1996,11(1) ;48 —52(in Chinese).
KEMBLE A R,MACPHERSON H T. Liberation of amino acids in perennial rye grass during wilting[]]. Biochemical Journal ,1954,58
(1):46—49.
CUI X MCEFHHD ,WANG X F(EFH %), XU HGF  ffif). Response of physiological-biochemical characters of sweet pepper seedlings
during different degree water stress to rewatering[ ] |. Chinese Agricultural Science Bulletin (Fp[E 438 4% ) . 2005,21(5) :225—229(in
Chinese).
ARt K A3 38 X B S B A B A AR AR M R LD 220 H R ROl K, 2005,
ZHANG D ZHE B ) . WANG P HOEE) . ZHAO H H(GEX £ %) . Determination of the content of free proline in wheat leaves[]].
Plant Physiology Communications (K4 PR , 1990, (4) :62—65(in Chinese).
WANG F XCEAO . CHEN Y FOFER4E) ., WANG H P(F H#M) ,et al. Study on the effect of density of wheat anther culture[J]. Jour-
nal of Northwest A&F University(Nat. Sci. Edi. ) (FGAt AR #RFF 5 K224 « ASRBIE M) ,2001,29(1) :41—43(in Chinese).
SANG Z Y(ETMH) .MA L Y(5E—),CHEN F J(J£ % %) . Growth and physiological characteristics of Magnolia wu fengensis seed-
ings under drought stress[J . Acta Bot. Boreal. -Occident. Sin. (P§ILAE Y24 H%) . 2011,31(1) :109—115(in Chinese).
SUN C H(MFEAE) LTI Y(Z %) . HE H Y(BUME) . et al. Physiological and biochemical responses of Chenopodium album to drought
stress[J]. Acta Ecol. Sin. (VEZ2#4%) ,2005,25(10) ;2 556 —2 561(in Chinese).

(8. T 1)



