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Fig. 1 Effect of drought stress on the relative water content in leaves of seedlings

a, FeM#%E; b, &, —o—12h; —o—24h; —A—36h
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Fig. 2 Effect of drought stress on the relative electrical conductivity in leaves of seedlings
a, % b, W&, —o—12h; —o—24h; —A—36h
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Fig. 3  Effect of drought stress on free proline in leaves of seedlings

a, FeM#%E; b, &, —o—12h; —o—24h; —A—36h
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Fig. 4 Effect of drought stress on the chlorophyll in leaves of seedlings
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Fig. 5 Effect of drought stress on the activity of SOD in leaves of seedlings
a, BMte; b, W&, —o—12h; —o—24h; —A—36h
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Fig. 6 Effect of drought stress on the content of MDA in leaves of seedlings
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Fig. 7 Effect of drought stress on soluble sugar in leaves of seedlings

a, FeM#%E; b, W&, —o—12h; —o—24h; —A—36h

P ALFRS , 2 BRI A A AR XS R S X
REAH LI T, ELBEE 7K 23 TP 5 B 4 iR 5 iy
TR ENAIER: , HBUAHXT L GRS, Ut
HH I AT B 2 G 7K 0 JolkaE 7™ A — e A R 3
N, RS A R A B A
4.3 HEYNEUHSHEBRRESBHIXER

52 A e R ST o i %) 2o R 32 B o
68 B 7 1) A R T B 2R %) Tl 2R A 7 S BT
AR I R AR TR BB, AT 4R
BB THTRE S, BRI TR RE S BTk
B Wi, 2 NEHEAR TR BRE h B Y
P E e AR FEARIIT T, 2K Akt
PRJE, 2 FhPG A i 2 R o 1t 70 L BEERAT BH S
BRI, X SR AT T R X6k 7K 3 i a8 A 7 o AR
FTIEE R . A R TEZK 53 e 24 h 1 36 h B,

G AE FP R RS B IR B T 52 kA AR BR
o SR RN, 2R BOT IR T . B
Wt 7K S0 Tk o TE] A SIE A, 2 3 1 RE 1A P el 3
ok .
44 EYNEMESHEZIFESHNXRE
RG22 | R IR A BRSO, A
WFFEZRW], BEE 7K 0 30 5 J3E R AR R 8 22t
A ARSE A, 2 R A ISR 28 T B S B 3
TR A 2SS, AR IRPHRGE K
P S LR PO By e (R KT S iR DS A
WAE B 26 T IR R I R e 1 T RE MG .
Sb, BIARTER TS, MRS, A
RS, MR AR AR, O fef E AP R )
BN T o FEAIRE 149 7K 73 e Ak B 7
H, ORI R R R B BN L g, AT



BESL A PEG BT A0 1F T R AR AR v A F) A B 7

619

AE- S 2R R U 4 PR R 18 S5 A K
45 HEWMEMS SOD iEFHHX&R

T2 W8 T P IRN R E R AR R R,
INAMIEAR . AL A SOD S 4R &, A5
HyrsatbaeJi, wiblg it S b fa e BEr s e, 78
T 5 e YR SOD TP SHEYt A g
RE T RIEAE, PR e F R A AR SR SOD
WP HAES R m T R E KR, LA R
EHEERE . EAVIET, RBrHR) SOD Et:
JibiE 12 h F01 24 h BEZEH EE A R B R, WA 36 h
FERR R E B AR S0, A SOD & HEZA
() i s 1] (A B A B R R 42 B o i 5 3
g, LB M —E T 24T SOD fR¥i
TR T — & W ML, b TGP A S AR
LR EFR . A 258 5 1 s M A R ™
A, T A 2 455
46 HEYNMEUHSR-BESEMNXR

N (MDA ZAHYIR Ll A AL ™4, B e
ZWNESS . BE2E . BRR SEE T,  mad s n 2H A
175 M % BB 11T 552 Vi 240 0 X6 25— g A AL AR R 3R
WHTERACH RGP FLREVER IR MDA
S g/ B B MDA F R i R
ARG S BRI RE K, A B, R
RRRJEEEMNG 36 h A BT TR, HARE A R
FE—H058 . WA A MDA &4 b sl
¥EIN . RRE. EEN, S T HA IR R S GE
BRI AR, SR S A
47 HEYMEMHSTAMERESBNXER

AP Z B A haa s, AR H LR K E p AT
TR, AR T4 A K SRR A ot rh 4k 2k
g 7 200 AT e L AR — 5 1 5 7K R TR
B, LALERR M E B O ThRE , R E P R
AT T O, X T RSN, DAHKE
TERam s ER . ARBTHh, 20K a B 12
h B, BEE KSR B R, R A 0 mT s
BRI A B BN, AR R o] VA P T e K
FEHRERT R, R PR T A B ST
KBEST, PTLAOEE T RXT 5%, a5 1BE
FTRE I EA R, UE T RIS E R
fE 73223 K AP A Ab IR 24 h B 2 Fh RO TT
PERE RO SN, ALTH 36 h IR A S R,
RV B TR J108055 . AT RESE /K 73 W Y
FER P31 AR A 0 323 R R Y

ZEA R LA R RN RER B B 5 68 T i E
Jrike AWFFELARMAZFINE IR RE, 177K 5 )
TR R A S KR . AT H R AR T R )
B, M E RS, SOD WM. MDA & fiaf

VR TERE TR 0T N EPRRY LU, R B T AR
JKEE . SOD {f PEAT AN R 0 BRE S X 2
AR 225, IR 2 MR R
W EARE . @ X 3 MR ZR G FIWTS R
F PR RE S R T

Sk

[1] 53, Bear, R WSROI R[] A%, 2007,
26(6): 1857-1866.

LI Yan, XUE Li, WU Min. Advances on mechanism of drought resis-
tance in tree species[J]. Chinese Journal of Ecology, 2007,
26(6):1857-1866.

[2] BECKER M, NIEMINEN T M, GEREMIA F. Short-term variation
and long-term changes in oak productivity in northeastern France. The
role of climate and atmospheric CO,[J]. Annales Des Sciences For-
estieres, 1994, 51: 477-492.

[3] ZHER, BRIAZE. WADTRNE KT R MREOARBI T GRIR )], Tk
APAFSE, 2003, 16(4): 17-22.

LI Huchen, QIU Zhijun. A Review of studies of drought resistance in
tree species and drought resistant forestation technology[J]. World
Forestry Research, 2003, 16(4): 17-22.

[4] PERCIVAL G C, SHERIFFS C N. Identification of drought-tolerant
woody perennials using chlorophyll fluorescence[J]. Journal of Ar-
boriculture, 2002, 28(5): 215-224.

[5] MIJPRR, 2=efs, soAlk, 55, TRMRAXIARZR 5 fAh A1

TEPRIFIR[T). HEA GRS AT, 2004, 13(4): 20-23.
HE Yuekai, LI Xiaochu, HUANG Libin. Effects of drought stress on
physiological and biochemical indices in five tree species of Magnoli-
aceae[J].Journal of Plant Resources and Environment, 2004,
13(4):20-23.

[6] BB, A, WRiL, 2. MORDUBIEDIF B HE R[] bk
AP F5E, 2007, 20(1): 10-15.

LI Yanqun, ZHENG Shaowei, CHEN Hong, et al. Review and pro-
gress of drought-resistance of tree species[J]. World Forestry Research,
2007, 20(1): 10-15.

[7]1 BREER), EBEiE. YA ARSI ML M AR TR
HiRRAE, 2002: 2-3, 35-36, 119-124.

CHEN lJianxun, WANG Xiaofeng. Plant Physiology Experiments
Guidance[M]. Beijing: South China University of Technology Press,
2000: 2-3, 35-36, 119-124.

(8] Z&4E. MHYAMAEASRFIAEARM]. b BEHEF IR
#t, 2000: 195-197, 258-263.

Li Hesheng. Plant Physiology and Biochemistry Principles and Ex-
perimental Technology[M]. Beijing; Higher Education Press, 2000:
195-197, 258-263.

[9] 235K, A R0k R HALE ). db st bRl K 2% 2% 40, 1991,

13(3):92-100.

LI Jiyue. Mechanisms of drought tolerance in plants[J]. Journal of Bei-

jing Forestry University, 1991, 13(3): 92-100.

K&z, BB, XEE, 5. B8 LA SR RS A AR5 ).

THRXBFE, 1996, 13(1): 59-63.

ZHU Chunyun, ZHAO Yue, LIU Xia. A Study on physiological drought

of caragana and others[J].Arid Zone Research,1996,13(1):59-63.

[11] B, widk, E3E5%, 6. BRI e iR i a i R gy
AE[]. AAupfolk 24, 2004, 32(6): 13-15.

YANG Dehao, YANG Minsheng, WANG Jinmao, et al. Europe

[10



620

MBI B 18 B 2 (2009 43 H )

Birch’s membrane system changes under low temperature menace in
the period of seedling[J]. Journal of Northeast Forestry University,
2004, 32(6): 13-15.

[12] VPRED, R, 2R IR IS S B0E B M IR
JR[T]. IR, 2000, 17(6): 536-542.
XU Xiangming, YE hechun, LI guofeng. Progress in synthesis and

N

metabolism of proline and its relationship with osmotolerance of
plants[J]. Chinese Bulletin of Botany, 2000, 17(6): 536-542.

[13] BOHNERT H J, JENSEN R G. Strategies for engineering water-stress
tolerance in plants[J]. Trends in Biotechnology, 1996, 14(3): 89-97.

[14] STAINER D, MIMICA-DUKIC N, GASIC O. Adaptability to drought
in sugar beet cultivars[J]. Biologia Plantarum, 1995, 37: 107-112.

[15] GOMEZ-DEL-CAMPO M, RUIZ C, LISSARRAGUE J R. Effect of
water stress on leaf area development, photosynthesis and productivity
in Chardonnay and Airen Grapevines[J]. American Journal of Enology
and Viticulture, 2002, 53(2): 138-143.

[16] BINDI M, BELLESI S, ORLANDINI S, et al. Influence of water defi-
cit stress on leaf area development and transpiration of sangiovese
grapevines grown in pots[J]. American Journal of Enology and Viti-
culture, 2005, 56(1): 68-72.

(17] BRSEAR, XUSHHE. KA x] 7t R s s A na s ma ). 12
4R, 1998, 25(3): 241-246.

CHEN lisong, LIU jinghui. Effects of Water stress on active oxygen
metabolism in litchi leaves[J]. Acta Horticulturae Sinica, 1998,
25(3):241-246.

[18] =k, WAy, RAIAL NaCl i % By A 3324 Hs P AR
W AR E PR SE R [T]. AR A= 2SR, 2005, 29(6): 985-991.
YUN Lin, KARIM Ali, ZHANG Liquan. Effect of NaCl stress on ac-
tive oxygen metabolism and membrane stability in Pistacia vera seed-
lings[J]. Journal of Plant Ecology, 2005, 29(6): 985-991.

(191 FH/hme, #REIE, RSPl KO Ma TR 3 Rl AR A e br
MAEAE ], FEATAROL R 4R, 2005, 29(2): 47-50.
WEI Xiaoli, XU Xizeng, ZHU Shougqian. Variation of physiological
and biochemical indexes in seedlings of three ulmaceae species under
water stress[J]. Journal of Nanjing Forestry University, 2005,
29(2):47-50.
[20] XUHMS, BIREZE, BREEAL, 5. AKOMa X R R R S Y
BRAYRZMA[)]. SE 2 REEZAA, 2007, 26(1): 55-58.
LIU Shipeng, JIA Peijun, CHEN Zongli, et al. Effects of water stress
on osmosis adjustment matter(OAM) of Zizphus jujube[J]. Journal of
Yanan University, 2007, 26(1): 55-58.
[21] SALADIN G, CLEMENT C, MAGNE C. Stress effects of flumioxazin
herbicide on grapevine (Vitis vinifera L.) grown in vitro[J]. Plant Cell
Reports, 2003, 21(12): 1221-1227.
A, PNV, FLHRZE, 5. BT R 0 A BLAE AL SR
[7]. fERR K244, 2006, 27(3): 66-69.
LI Yan, SUN Gaoming, KONG Yeju, et al. Physiological and bio-
chemical responses of Gleditsia sinensis seedlings to drought stress[J].
Journal of South China Agricultural University, 2006, 27(3): 66-69.
[23] R5, Bfr K, XI5, 4. TR0 TR v A SR bR A2 1L ).
TREMREEBESAR, 2006, 26(2): 103-106.
WU Yun, CHEN cunji, LIU Bao, et al. Callus changes of leaves of
Tectona grandis under drought stress[J]. Journal of Fujian College of
Forestry, 2006, 27(3): 66-69.
[24] KTFE, E45, A BIEFAFYNFEARRMEE AX K53
B AR (7). PEALAEA AR, 2005, 25(10): 1969-1975.
ZHU Wanze, WANG jinxi, XUE Jianhui. Physiological responses of

Alnus formosana and Alnus cremastogyme nursery stocks of the dif-

[22

ferent provenances to water stress[J]. Acta Botanica Bore-
ali-Occidentalia Sinica, 2005, 25(10): 1969-1975.

Biophysical response of Eucalyptus urophylla and Liquidambar
formosana seedlings to PEG stress

Xue Li', Xue Ye’, Ren Xiangrongl’ ?, Shi Xiaolingl , Feng Huifangl
1. College of Forestry, South China Agricultural University, Guangzhou 510642, China; 2. Zhejiang University of Technology, Hangzhou 310023, China;
3. Synthetic Proving Ground of Xinjiang Academy of Agricultural Science, Urumgqi 830000, China

Abstract: Studies on physiological changes of seedlings of Eucalyptus urophylla and Liquidambar formosana were conducted under
drought stress using treatments of different PEG6000 concentrations (mild stress, moderate stress, severe stress) and different stress
durations (12 hours, 24 hours, 36 hours). The effect of the two seedlings to drought resistance was evaluated by testing relative water
contents, relative conductivity, free proline, chlorophyll, super oxide dismutase (SOD) activities, contents of malondidehyde (MDA)
and soluble sugar. The results showed that relative water content of the two seedlings decreased after being treated with drought
stress, and the decrease degree for the E. urophylla was smaller than L. formosana when drought stress lasted 12 hours. With in-
creasing stress intensity and prolonging duration, relative conductivity of the two seedlings tended to increase, their free praline
greatly increased and chlorophyll fluctuated slightly. The activity of SOD of E. urophylla reached its maximum at moderate stress
when drought stress lasted 12 or 24 hours and at mild stress when drought stress lasted 36 hours, and the activity of SOD of L for-
mosana reached its maximum at mild stress when drought stress lasted different time intervals. The content of MDA of E. urophylla
tended to increase, whereas that of L. formosana fluctuated. With increasing stress intensity and prolonging duration, soluble sugar of
E. sylvestris increased whereas that of L. formosana increased initially and then decreased at moderate stress when drought stress
lasted 12 hours, and that of the two seedlings fluctuated when drought stress lasted 24 hours and decreased at mild stress when
drought stress lasted 36 hours. Relative water content, the activity of SOD and soluble sugar were proper physiological indices for
evaluating drought resistance of the two seedlings, and drought resistance of E. urophylla was stronger than L. formosana.

Key words: Eucalyptus urophylla; Liquidambar formosana; PEG; drought resistance; physiological index
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