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after de-submergence, to evaluate the tolerance of the riparian plant Salix variegata Franch. in Three Gorges reservoir
region to flooding, a long-term flooding experiment was conducted and the survival and recovery growth of S. variegata were
analyzed. Three flooding-depth levels and six flooding durations were set in the experiment. Three flooding-depth levels
included control , belowground submergence ( belowground of plants submerged in water) and complete submergence with 2m
water depth( top of plants 2m below water surface). Six flooding durations included 20 days, 40 days, 60 days, 90 days,
120 days and 180 days. It was found in the experiment that; (1) The flooding had less effects on the survival of S.
variegata. The survival percentage of the plants subjected to the belowground submergence was still 100% after 180d
inundation, but it decreased to 0 after 180d submergence with 2m water depth. (2) The S. variegata plants were still able
to start recovery growth after flooding, and showed strong recovery capability even though the recovery growth was different
due to the different intensities of water submergence. With the increase in duration of flooding, the time S. wariegata
needed to start recovery growth increased. However, all flooded plants could recover in one week when flooding was ended.
Under the condition of the same flooding duration, the plants subjected to belowground submergence and 2m water depth
submergence had higher RGR than the control plants. After 40d, 60d and 90d inundation, The RGR of the plants
submerged with 2m water depth were 57.8% , 143.4% , 130.4% higher than that of the control plants, respectively. In
the experiment, it was shown that the growth of S. variegata varied with flooding intensity. The aboveground biomass of the
plants subjected to belowground submergence was not significantly different from that of the control plants, but the plants
submerged with 2m water depth had lower aboveground biomass than the control plants. After 2 months growth following
flooding termination, the variation pattern in aboveground biomass among plants subjected to treatments of different flooding
depths was similar to that of plants when flooding was just ended. The research demonstrates that S. variegata has high
survival and good recovery growth after long-term flooding. It shows good tolerance to flooding and could be taken as a

candidate species in the revegetation of water-level-fluctuation zone in Three Gorge reservoir region.

Key Words: Three Gorge reservoir region ;Salix variegata Franch. ;flooding ;survival ; recovery growth
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JEASRYT LIRS, IR AT AR AR K o (BR7E =K BUE BB I HK AT, E_R GRS
FHAKERZE TR E AR, BETAAEE ., X — S0 E 25 1 ORI T =0 R X H
XA ERE T EEN . NI, AR SO KA FE K B R K5 MRS TR B AR R RILHEST T B
5, FHREIZ LU Al :

(D ZEKBUKERGT , BEN R B TIRERE 2

Q) KBKERE , KRB I TR E K EAEK AR e
1 #HifAE
1.1 EBbrst

FKHEMN ( Salix variegasa Franch. ) iR EAEY) , AR, ERER AR, M FEORRBE 4R BUE B , MR &
Imm BEMH. KETFE, BRIRES T, A RED BZRERKITRERITREE R R Z 84
i, UL BB PR PR R X X K R AR AT A B EERERD

2005 4E 5 ~ 6 ANKILHWEE X RE RILILE REKEN BEETER (FH 15 ~20cm) K LAEHS
—BRATBE P, LRAEPRARZRNA 25cm, 5 15em, B AL (3% 1.4 WIBIREHS) 1ER
RIBER,ZHNTEREELN 2em, FHAHKE FHEEAY SIRERASHREEETRESALRELRE
HPIIES I AR R A HE NS LG, A THRES EREHE,
1.2 SERFE

2006 4F 1 7 JRFEDLEEER 310 AREKAENIHA LA . 4 LI BREENL 2B =4, 2 AT IR CR AT
K (BARIEIE B K FIHEKEY ) , KR I R E TR S, (U T 388 %) K 2m (EKRE TK
o, TREREE KA 2m) A0, XFHRACEE 70 #% , HARWIMMEHLE 120 Bk, X HRMEMRE T LI0 2L Py #1735
72, AT IEF WKL , K AL HAE ST K M BT, AL FE I 2006 4F 1 F 23 H A4, HZE 7 A 23 HER,
Ay BIZERE MR FESE K ¥ 20d,40d,60d,90d,120d 1 180d J5 , MK it FEALAR HE B 1R 1Y 20 RRFE I o
1.3 HKor

FEBRIUL 9 20 BEEKAEMIH , 10 ¥RA T AR FIH 74T, 53 5F 10 B T WAL 1S 18 0 K HK B f5 Bk
KA. ST BEIBHRBENIRRR , e RN F22K (kR ZRZ R TORE - BB E LN
BREKE)  EEREZ REERHKRES OCHTEER, REMKB LRS- LR, RUEEKEEE
HERFHHRPYEE R, By RSk B 3oL E R 7R (FTERB S BH N p <0.05,7 >
0.74) o MATWE LKA , 7KL RET (RPERNIR HKEE) ik EEK 2 NMAF (B
MM KBS RIFERK 2 MNAR) , AN E SR FXK  FXER(FHRIUEER —VE), BEdE#
L [B1H 75 AR B AT AR KRNI MR ZE K MBS R B PR B AR 2 N H Rt L3 A& .
1.4 FERRKE 4K & A m RIAAE TS 04

BT REAK ST 10 AREKGEN, ZERBKTEE, S RARKE THRANERITET A TEEN
TGN . ZERERRER KT R 2 A P RA S, VORISR A I R E AR, 1%
PRE A= & A B st 18], SEESH-S5 2R AR H 7K T D6 R A SR 28 B Ay T2 MR T B Wk R A= K T 7 B ) 5 S SR AL AR A BB
K, M AR T, MRS RA TR AR = S EEE TR E A K P BEE
(10 #R) o AHEFFRFKE RS S MEKENIE R AT FKE A K (B 530 BEARARAE b, K AR B RS
MEERKRESAZR) B BT T MR E K i o [l FAE M 2007, R ST A BRI
AR 5K EAE R A [ I I PR R AR R A T ()R
1.5 iR
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Hepr W ARERN Kb BB SEYE, W, ARHKERK 2 A BB ERSEYE, A RE
BRI 7K 2 AN F B T A i i 1] (BPBR ZM00R JF 16 0 B2 A K BT B 8] 2 J5 B B ), D A BRI R B AE K
#,40e(d) =2 N (60d) - HEEFEREEK IR E (),

FIRG a8 SPSS11. 5 BT BRI AL 34T . RABREER T 2217 (one-way ANOVA) 247
AN K AL AT K AR AR T 6 PR A A T B ) A X A T 28 I K B R K AR K 2 4N BB i 3
SHEYI RN , i Duncan 2 A (Duncan’ s multiple range test) 46 6 A [ 7K 8 i 5] R [R 2K 8 2% Ak 2
VB 194 22 5 B A
2 SR
2.1 REZK LG KNI R AR TS 2

TKHE AR R AL T KA AR B A7 18 TR R, B (] B9 52 27K M S PR IRBK AR ME MR I AT R (R 1) . K
AR TR AL B BRI R AE K ¥ 180d J5 , TR TE AT 100% , 7K ¥ 2m AbBERYHEKRZE 7K ¥ 20,40 ,60,90,120d , 7715 %
#84 100% , Bk ¥ 180d J5 , ISR TR 0,

£1 PRKELERHENEHRNTEE
Table1 The survival (in percentage) of Salix variegata subjected to different treatments of water submergence stress

KHsmtiE (d) JKEEHE Underwater depth
Duration of flooding HHHE(% ) KEEAREB(% ) JK¥E 2m( % )
Control Belowground submergence Submerged with 2m water depth

20 100 100 100
40 100 100 100
60 100 100 100
90 100 100 100
120 100 100 100
180 100 100 0

2.2 REDK#EAEETKAENER IR E A K
2.2.1 FEWKEEKFTREE

HHE K Y R AL IR T, KGR BT K, BRI R F 46 PR R A B 7 B[R] B S (1 1A) . 7K ¥ 20d 0
40d AL3E , KSR ERAIACHE 2m AR IR IR E A K rF | SX Ak T B E 2R, B3 /KE 60d )5,
TR AL IR AR AR T SR IR R A K TR i A = X IR . Rl , B & /K Y s E) S S, ZE K ¥ 120d 0385, K ¥
2m REFAEARTT R R B A K BT 5 i ) 8. 35 18 T /K AR AL AR AR

BEE K VR AT RIS , K AL B B BRI AR 26 PR B AR K TR i ] 23 R e % (B 1B) , KR AR AL
R BKAENIE MR ZE /KW 20d F1 40d J5 , FFIRIRE AR K B i B B 284k, KW 60d 5 , BRAEMIFEL R T 54K
BAKTRRE A BERI, K 2m ALFRAREE T 059 B 2 K B s B B Ta) B 7K v B ) B9 728 4k, R 5K
TERR R AL A R AR AL e
2.2.2 MXAERKHER

AR KB (AL T, BE A /K VS R B A 30 , B AR MR 70 W R A < 0 1) P A X A K R R 2
P (E2A) . K 20d J5 , B/K ALK IR E AR KR AT A KRB SR ITBEE R K
¥ 40d,60d F190d J5 , K MR AR TERE A KBRMMHEXN A KBEES TR, BEF A EE, MKE 2m
AT AR AR A3 B s HE R Y 57. 8% (40d) ,143. 4% (60d) ,130.4% (90d) , 7K ¥ 120d J5, /KA | T8
FEF. KW 180d J5 , /KR ERAL B B BK HE AT AR B2 Vot X BRUBELRR ) 238 %

M 2006 4F 1 J 23 HKEELEFFIE/E , HEE ACFRAT E] P IE , o HR AR 9 A 0 A2 K ol 2R 2 R W PR IS 1
B KRR ERAIKE 2m ACFE A AR AR B AR A o 2R 53 BB AR AR [F] , AR 2 T REE % (B 2B) , ERIREK
BERTERKE 2m AbHE, HT RE9MR B B0 X FRAEAR T FEO 2 B HA 8., Ty EL/K Ve A0 B AR 3 1= T [ B
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it FEABLAR A X A S 2R (1] 3A) o BHA ZK HE X K A AR AR 7 K SR A 5 390 T 9 A X A K R B B2, A
R, E—ERE IR TAERERE A KR A AR R R

2.2.3 #EHSEYE

A [E0 78C FE % FEE SXok 7Bk A O AL A PO e 7 i 38 A W B R D, R K 9 T ) RS [ 2 B o 22 5 (
3A) . 7EK¥E 40d(RLFE/KIE 40d) B , /K AL B AR B9 3 B A= B S X RILPLZE R, K 60d F1 90d
Ja KRB S X2, K 2m ALH B 28T X AR, 2K 120d J5 , K SR ERAL B AR B 3 b
YR BER TR, X AR 178% , 7K # 2m ALFRE) 8 28T % AR , SO X BRAEIRE) 40% , 7K
¥ 180d J5 , /KM RFRAL BB IR =Y B SR LB EER
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O X B ks WK 2m

4, o

o N9}

W K B Gt B4 R B
The aboveground biomass at the time
of flooding termination (g)
BB K24 A Ja i B k&

The aboveground biomass at the time
of 2 months after flooding termination (g)

20 40 60 O 120 180 2 60 90 120 180
7K i (/] Duration of flooding (d) 7K Bt ] Duration of flooding (d)

B3 AFEAEALEEHAENERA L AR R KER 20 BHH B LR+ iRER)
Fig.3 The aboveground biomass (mean + SE) of flooded Salix variegata at the time of flooding termination and 2 months after flooding termination.

The Salix variegata plants experienced water submergence of different durations and depths

WA 2 A G BRI AR b BB 50-2E W) 8 S5 W) K i 4 b, #RA g m (/&1 3B) o 7E/K ¥ 90d (2
FE/K¥E 90d) B , K WEAREFFUKHE 2m ALFHAE MR A 3 30 A Y& LT 53 A TG 8.2 25, B/K ¥ 120d
Ja KR ACHEL R B2 B TR, 5T IR AR 194% , /K 2m AEL A AR B 2R T X0 BR, s IR AR Y
43% , 7K 180d J& , /K EMREF A EME MR 3 IR B EXT R TR & E R
3 i

WK R RIS AR A ORI A B HOK TR 32 88 B B4R o ABor 4 R ke
BRTEK BT R K B AR T, a2 R 1 , BB S2 B BRI IR /K 8 , T HLAE KB S5 TR G 3R T LA BEATIR R
A AT, FEVRE A K HIRRE LA 3 T X IR AR A AR KR R AT RE B AR B, EMEAEK 2 M A i b
BRAEY B WEA A B3N, B MBS R E A KRR, K R AR IR ETR 3288

HEMACL LI, EABN A KER , MY KBEHFE RS TR, WisyiEsS
T (Elytrigia repens) F145MH BRAE ( Rumex crispus) 7E-2 ¥ 100d J5 , 1 E 40 5 T Bl 30% F1 40% (5] He f1
Bogemann % AR, —Fh 43 7RG 3, X2V B H 4T 32 68 ) 9 B BB WA 8B & B ( Ranunculus
repens) TE4x¥HE 4 JEJG ARG RN 10% ,6 JEJa AFTE R T My 07, ARSI, & BLAK AR ARTE K 8 )5 1Y
15 R R 7K Ve B ) B S TR IR, ZE K 34 120d B 20K M5 T A58 100% , Bk ¥ 180d J5 , FE T
TRERO(FR 1), BR, EA TR TR LABKAEN Y LB S B AR B I i & B, ZE K35 170d 22K
Ja OKBETRE R 2m) 56 H LR HI RN RS , A S5 10 o BR AR HIAE AR R BB 323 4 1< I [A] B9 7K W W]
B SHIMR TR A/IVE 35, B b B BRI & S /K ¥ O TR 32 88 1 BE B I 3 KT 3858 ™ sl AT AL, Bk
WK TT LA S2AR B TR R 7K , 3o 7K v ROR B R Td 52 BB 77 , 76 =k PR X TR % X M ety e v R P LA 38 B 3k
FAHY o

T EZKENEYTE , fEKEEREE R R BT A K TSI R IEH A AN, XH
DMRIEM bR R LTI e K AR IR B R IRE R ™ . ABISTR B, 75K 60d P, 7K M A B8 B BK ARk
FIGIRE A K e S 3 AR T B2 5, TR E R KX I B Em. B4, 75K R ERE R
X3, 40 =g e IX 1 Jif B A B BE /K TS R ) VR M A o B, BK AR T AR S B9 T8 , R W] DLEEAT IR E AR K, A
AR BR K LA X RIRBHEM . KA 60d 5, BEE K W 6] 49 22 4< , BRAEHIAE R T
WEREA KRN GRS TR (E 1), X TR AR KBS R RN E TS KFEX. A
BRFds it MRTE K M 45 UG FRIAREAT I A B A K MR IR I BOK L AWK 4™ B R B i %
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AT DR KR B MR R A K ™ o T B BT 91 B QIR SE Rk RMME R VR P OBR K L B B B 5 SR K
W B B SR T AR ™ o by T AHE T , Bk At b LK W8 45 HRUR BUIR B A K 2 B, 7T BB T — B O i 1)
HATERYIRNRBEA BT IREATH F EER, BREFEG LR, EARPIRT, Bra KB B E A
IKIELE R ZBHESIT IR I KR AR IE, B i RER A i — A (B 1) o X SRR AR TE I i
BB K ¥ , V3R T ABERT IR AR, T LT B9 “ M B i TRl 50, RELH R B A K BB o

WAL R AT LA H, K HE AT B RK AR MR TE YR 2 A 80 18] B9 AR X A I AR AR o 1 % R, 7K TR
2m SEERRYAEARTE K 40,60d F190d J& , 735! i X9 57. 8% ,143. 4% ,130. 4% (& 2A) o T H.H Tk
WEARZE PR A= KB TR R B A S AR R R, R 28t 2 N H IR AR G, Foh R AE Yy B b s, 7k
¥ 120d ALFHF , /K HEAR FRAL R B AEMIAR AR B 3 _E 38 A YT B AE RN H K N D S BRI ARRY 178% WREAEK 2 A
RJG , Hhn e sd FRAEARED 194% , 7K # 2m AbBRAB AR ) 30 b5 20 A= ) 8o vy o SRR AR B9 40% 380> 43% (B
3) o WIS RBWRE KX TRAENEIR PR AR R i/, T R & A K BT AR KR , K
BERRE T HKE AR, FX A R AR AR B T RE R Ak AR MR 7E T 2 /K 1 B #EAT Y — P b A
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References:

[1] Yuan H,Wang L A,Zhan Y H, et al. Health evaluation system of the water-level-fluctuation zone in the Three Gorges area. Resources and
Environment in the Yangtze Basin, 2006 ,15(2) ;249 — 253.

[2] WangY,Wu]J Q,Hang H W,ez al. Quantitative analysis of plant communities in water-level-fluctuation zone within Three Gorges reservoir area of
Changjiang River. Journal of Wuhan Botanical Research,2004,22(4) ;307 —314.

[3] Crawford R M M,Brandle R. Oxygen deprivation stress in a changing environment. Joumnal of Experimental Botany,1996,47(295) :145 — 159.

[ 4] Vartapetian B B, Jackson M B. Plant adaptations to anaerobic stress. Annals of Botany,1997,79 ( Supplement A) ;3 —20.

[ 5] Zhao K F. Adaptation to waterlogging stress in plants. Chinese Bulletin of Biology,2003,38(12) ;11 —14.

[ 6] Armstrong W,Brandle R,Jackson M B. Mechanisms of flood tolerance in plants. Acta Botanica Neerlandica,1994 ,43(4) ;307 —358.

[ 7] Bach S S,Borum J,Fortes M D, et al. Species composition and plant performance of mixed seagrass beds along a siltation gradient at Cape Bolinao,
The Philippines. Maine Ecology Progress Series, 1998 ,174 :247 — 256.

[ 8] Vervuren PJ A,Blom C W P M,de Kroon H ez al. Extreme flooding events on the Rhine and the survival and distribution of riparian plant species.
Journal of Ecology,2003,91(1) ;135 —146.

[9] Voesenek L A C J,Clomer T D,Pierik R, ez al. How plants cope with complete submergence. New Phytologist,2006,170(2) ;213 —226.

[10] Setter T L,Ellis M, Laureles E V ez al. Physiology and genetics of submergence tolerance in rice. Annals of Botany,1997,79( Supplement A) ;67
—717.

[11] Singh H P,Singh B B,Ram P C. Submergence tolerance of rainfed lowland rice;search for physiological marker traits. Journal of Plant Physiology,
2001,158(7) :883 —889.

[12] Albrecht G, Wiedenroth E M. Protection against activated oxygen following re-aeration of hypoxically pretreated wheat roots. The response of the
glutathione system. Journal of Experiment Botany,1994 ,45(4) .449 —455.

[13] Crawford R M M. Oxygen availability as an ecological limit to plant distribution. Advances in Ecological Research,1992,23.93 — 185.

[14] Pflster-Sieber M,Briindle R. Aspects of plant behaviour under anoxia and post-anoxia. Proceedings of the Royal Society of Edinburgh,1994,102 B.
313 —324.

hitp : //www. ecologica. cn



1930 £ K5 % K 28 %

[15]
[16]
[17]

[18]

[19]
[20]

[21]

[22]
[23]

[24]

[25]

[26]
[27]

[28]

[29]

[30]
[31]

[32]

van Toai T T,Bolles C S. Post-anoxic injury in soybean( Glycine max) seedlings. Plant Physiology,1991, 97(2) .588 —592.

Mittler R. Oxidative stress,antioxidants and stress tolerance. Trends in Plant Science,2002,7(9) ;405 —410.

Dat J, Vandenabeele S, Vranova E, et al. Dual action of the active oxygen species during plant stress responses. Cellular and Molecular Life
Sciences ,2000,57(5) :779 —795.

Asada K. The water-water cycle in chloroplasts; scavenging of active oxygen and dissipation of excess photons. Annual Review of Plant Physiology
and Plant Molecular Biology,1999,50.601 —639.

Hammond-Kosack K E,Jones J D. Resistance gene-dependent plant defense responses. Plant Cell, 1996 ,8(10) ;1773 —1791.

van Eck W H J M, van de Steeg H M,Blom C W P M, ez al. Is tolerance to summer flooding correlated with distribution patterns in river floodplains?
A comparative study of 20 terrestrial grassland species. Oikos,2004, 107.393 —405.

Kawano N,Ella E,Ito O,ez al. Metabolic changes in rice seedings with different submergence tolerance after de-submergence. Environmental and
Experimental Botany,2002,47(3) :195 —203.

Institute of Botany,Chinese Academy of Science. Iconographia Cormophytorum Sinicorum. Tomus I . Beijing: Science Press,2001,372.
Blanch S J,Ganf G G, Walker K F. Growth and resource allocation in response to flooding in the emergent sedge Bolboschoenus medianus. Aquatic
Botany,1999,63(2) :145 — 160.

Mommer L,Lenssen J P M,Huber H,et al. Ecophysiological determinants of plant. performance under flooding: a comparative study of seven plant
families. Journal of Ecology,2006,94(6) ;1117 —1129.

van Eck W H J M, Lenssen J P M, van de Steeg H M, ez al. Seasonal dependent effects of flooding on plant species survival and zonation: a
comparative study of 10 terrestrial species. Hydrobiologia,2006,565(1) :59 —69.

He J B,Bégemann G M,van de Steeg H M, et al. Survival tactics of Ranunculus species in river floodplains. Oecologia,1999,118.1 —8.
Mauchamp A, Blanch S, Grillas P. Effects of submergence on the growth of Phragmites australis seedlings. Aquatic Botany,2001,69(2) . 147
—164.

Sarkar R K,Reddy J N,Sharma S G, ez al. Physiological basis of submergence tolerance in rice and implications for crop improvement. Current
Science,2006,91(7) :899 —905.

Zhang Y H,Zeng B,Fu T F ez al. Effects of long-term flooding on non-structural carbohydrates content in roots of Salix variegata Franch. Journal
of Southwest China Normal University ( Natural Science Edition) ,2006,31(3) ;153 —156.

Bond B J,Midgley J J. Ecology of sprouting in wood plants: the persistence niche. Trends in Ecology and Evolution,2001,16(1) .45 —51.

Hu T T,Kang S Z. The compensatory effect in drought resistance of plants and its application in water-saving agriculture. Acta Ecologica Sinica,
2005,25(4) :885 —891.

Ma T,Wu G L,He Y L,et al. The effects of simulated mowing of the fertilizing level on community production and compensatory response on the
Qinghai-Tibetan. Acta Ecologica Sinica,2007,27(6) ;2288 —2293.

SE 3k :

(1]
[2]
[5]
[22]
[29]

[31]
[32]

R, FEA EHEE S SREKEETRFEITEIRER. RIDABRFIRSIFE,2006,15(2) :249 ~253.

EB REWE, A% ZIRFERNETFEDAENEEST. RIUEWEB ,2004,22(4) :307 ~314.

RAATR. AWK B RE L. AEYAEE R ,2003,38(12) 11 ~ 14.

FEPEEENTANT 5. TERSEMEE(EM) . JU - BeEl R, 2001, 372.

L, B, TR S. KRR EXTBRAM ( Salix variegata Franch. ) RHIESMEROKL S & BRI, FTRIBERE2ER(ARH
M) ,2006,31(3) ;153 ~ 156.

HHE,RA L. ET R RAMER R EFER KRR, £ ,2005,25(4) ;885 ~891.

%, AR MER, % FEREASREEAFEEDENMERE MRS XFEKIAN. 4=55%1%,2007,27(6) :2288 ~2293.

hitp : //www. ecologica. cn



	05a41.pdf
	05a42.pdf
	05a43.pdf
	05a44.pdf
	05a45.pdf
	05a46.pdf
	05a47.pdf
	05a48.pdf

