Chinese Joumal of Ecology 2007, 26(9) : 1478- 1485

1,23

2 1
, 130012; 2 , 410125,
, 100093)
: :1) ,
; 2) ,
; 3) .
13 ” ; 4) ,
, ( )
(ROL)
Q142 A 1000- 4890 (2007) 09- 1478- 08

Survival strategiesof wetland plants n flood ng environments LUOWen-bo"*®, XIE Yong-
hong , SONG Fengrbin' (‘N ortheast Institute of Geography and Agricultural Ecology, Chinese A-
cadeny of Sciences Changchun 130012, China; ? Institute of Subtropical Agriculture, Chinese A-
cadeny of Sciences Changsha 410125, Ching; 3GraduateUniversity of Chinese Acadeny of Sci-
ences Beijing 100039, China). Chinese Journal of Ecology, 2007, 26 (9) : 1478- 1485

Abstract: Flooding isa common phenamenon in the nature W etland plants, due to their ecial
habitats, are uaually stressed by periodical or pemanent flooding In the processof long-tme a-
dgptive evolution, wetland plants adopted a series of Pecial wurvival strategies o fit the wide
range changes of hydmlogical conditions, and themain strategiesare: 1) adjusting their life his-
ry, e g , changing growth time t escgpe direct damage and taking use of the movability of
flooding o diffuse their seeds into new regions 2) adjusting their oot momphology and distribu-
tion depth of root into the top il with relatively abundant oxygen content or grov adventitious
roots 1o enhance the cgpacity of oxygen trangortation; 3) changing their anatomical characteris
tics e g , the enhanced porosity and the fomation of aerenchyma t ameliorate the* gas chan-
nels’ from air o oot systam; and 4) changing their physiological and biochemical characteristics
via enhancing the carbohydrate content to prolong survival time or releasing homone ( ethylene
etc ) 1o regulate physiological activity ormomphological and anatomical variations In the further,

the researcheson the fomation mechanisnsof adventitious roots, the rolesof ethylene in the for-
mation of aerenchyma, the mechanisnsof radial oxygen loss (ROL), and the regulation of ROL

release should be strengthened

Key words flooding, survival strategy; momphology; tissue structure; life history

*

E-mail:

: 2006-11-17

(2006CB403301) (30670201)
yonghongxie@163 can
: 2007-06-01



1479

1
(Rosenaveig
et al ,2002) , ,
(Voesnek et al ,2004)
: (Amstong &
D raw, 2002) ,
(van Wijck et al , 1992)
, . FET
M ,
(Subbaiah & Sachs, 2003) ,
(Voesenek et al , 2004)
(DD POD ) ,
1 1 ( y 1991)
4

2.1
2.1.1

(War-

wick & Brock, 2003) ,

1 3

(Karrenberg et

al ,2002), Carex rubrum (van der Snan
et al ,1992) Rumex palustris
(Blom et al ,
1994)
2.1.2
Rumex aritmus
, ( Silvertown,
1984) , Carex rubrum
(van der

Snan et al , 1992)

, Carex rubrum

C al
bun
: (van der Snan
et al ,1992) ;
(Bartley & Fence, 1987) ,

, (Taxodium distichum)
(Nyssa aquatica) 2 3
Itje et al , 2004)

2.1.3

(Boede-

(Arundinella hirta) (Zeng et al , 2006)
2.2
2.2.1



1480 26 9
(Paspalum dilatatum) , ,
, (Insausti et al , (Visser et al , 1996a) :
2001) , ,
(van der Snan et al ,1991) ,
(Insausti et al , 2001; Voesenek et 2)
al ,2003a) , , , , (
, 2001; , 2006)
(van der Snan et al , 1991) ,
: , ; , , ( Pezeshki,
(B leecker et 2001)
al ,1986) ) )
Rumex palustris ,
(Groeneveld & Voesenek, ,
2003) , (A chi-Sniti et al , 2003)
: : : 3) :
, (Viser et al , 2000a)
(M yriophyllum spicatum) ( Pota- , ,
mogenton maackianus) , ; ,
(Yang et al , 2004) :
(Mammer & V iser, 2.3
2005) , ,
(Mommer et al , 2005a) , , (Colmer,
2003) , (Viser &
Bogenann, 2006)
2.2.2 1)
(Evans, 2004) , ,
(Evans, 2004) ,
(Jackon & : ,
Drev, 1984) , , :

(Xie & Yu, 2003); ,

(Bouma et al ,2001); ,

(Laan et al ,1989) ,
(Alternan-
, 2004)

, (Zea mays)

(Snimoff & Crawford, 1983)
thera philoxeroides) (
(Tritic
un aestivum ) )

(Trough & D rew, 1980)



1481

, O, 0,
, Rumex palustris (Maommer et al |,
2004) “ "
[l 02
(Colmer, 2003) ; ,
( ) (Viser et al |,
1997) ; ,
(B utterbach-
Bathl et al ,1997)
(Malik et
al ,2002), :
, (Gibberd et al ,
2001)

(Greve et al , 2003)

, ( )
(Viser et al , 1997)

2.4
2.4.1

, (Spartina alterniflora) ,
( , 2005)
(W eber & Brandle, 1996; L i et al , 2007)

(Crawford, 1996) ,

2.4.2
(ABA)

(GH,)
(AA)

, 2002) )
(Viszr & Voesnek, 2004) ,
, (ACC)
, ACC ,
(Rieu et al ,2005),

(Voesenek & van derV een, 1994)

: ( :
1998) , (He et al ,1996) ,
(Colmer et al , 2006) ,
(Pierik et al , 2004; Voesenek et al ,
2004; M illenaar et al , 2005) ,
(Voesnek et al , 2003b)

( , 2001) ,
(Benschop et al , 2005) ,

, (Jack-
DN et al , 2003) ,
( , 2006)
2.4.3 (ROL)

, (radial oxygen loss,

ROL) ROL

(Amstrong et al , 1991)

ROL (Jackson & Drew, 1984) ROL

(Comer & Bloam, 1998)
( )

, ROL (Laan et al , 1989)



1482 26 9
“ "0, (Sorrell et al , 2000; 0,
Colmer , 2003) , ,
(Halophil) ;' v " (Connell et
al ,1999) ) )
ROL (Juncus effuses)

(Visr et al , 2000b) ; ,

(A mstrong et al , 1992)

, , 0, ,
\ (Amstrong et
al ,1996) , 0O, ,
(Flessa & Fischer, 1992) , ROL
3
3.1
(Laan et al ,
1989) , )
(Visr et al , 1996b) ; ,
(Nord-
strom & Eliason, 1984) ; ,
(Viser et al |

1995)

(Pezeshki, 2001) ,

3.2

(Kozlovski & Pallardy, 1984; Gunavardena et al ,
2001a) , ,

3.3

(Bose & Frenzel,

“ ”

2000b) ,

3.4

O,

Blom, 1990) ;

D rewv 1984)

(Viser & Bogenann, 2006)

1997)

(Jackson & Drav, 1984) ,

“ ”
1

(Viser et al ,
ROL
(Laan &
(Jackon &
2 ’
. 2006

, 26(2): 586-593



1483

, . 2002
) , . 1998
, 12(

): 70-76

, , . 1991

, 19(1): 79
-83
, . 2006
. , 26(5): 1543- 1549
, . 2004
. , 22(1): 65-71

, . 2001
. , 37(1): 63-70

) ) , . 2008

. , 24(9): 1025- 1028

A <hi-Sniti S, ChaibiW, Brouguse R, et al 2003 A sess
ment of enzyme induction and aerenchyma fomation as
mechanisns for flooding blerance in Trifolium subterraneum
‘ Park’. Annals of Botany, 91. 195- 204

Amstrong J, AmstrongW , Beckeet M. 1992 Phramites aus
trallis Venturi- and humidity-induced convections enhance
rhizame aeration and rhizophere oxidation Nev Phytolo-
gist, 120: 197- 207.

Amstong J, AmstrongW, van der Putten W. 1996 Phrag-
mites die-back: Bud and root death, blockageswithin the
aeration and vascular systans and possible role of phytotox-
ins Nev Phytologist, 133: 399- 414

AmstrongW , Beckett M, Justin SHRW, etal 1991 Model-
ling and other agpects of oot aeration by diffusion// Jack-
9nMB, eds Plant L ife Under Oxygen Deprivation The
Hague Academic Publishing 267- 282

AmstongW, Drav MC 2002 Root growvth and metabolisn
under oxygen deficiency// Waisel Y, eds Plant Roots
The Hidden Half New York: Marcel Dekker. 729- 761

BartleyMR, SenceDHN. 1987. Domancy and propagation in
helophytes and hydrophytes Archiv fur Hydrobiologie
B eihefte Ergebnisse der L mnologie, 27: 139- 155

Benschop JJ, Jackon MB, Glhl K, et al 2005 Contrasting
interactions betveen ethylene and abscisic acid in Rumex
Pecies differing in submergence lerance Plant Journal,
44: 756- 768

Bleecker AB, Schuette 1., Kende H. 1986 A natomical analy-
sisof growth and development pattems in the interode of
deepwater rice Planta, 169: 490- 497.

Blom OV M, Voesnek LACJ, BangaM, etal 1994 Physio-
logical ecology of riverside ecies Adaptive reponses of
plants to submergence Annals of Botany, 74: 253- 263

Boedeltje G, Bakker JP, Brinke AT, et al 2004 Dipersal
phenology of hydrochorous plants in relation © discharge,
sed release tme and buoyancy of seeds the flood pulse
concept supported Journal of Ecology, 92: 786- 796

Bose U, Frenzel B 1997 Activity and distribution of metha-
neoxidizing bacteria in flooded rice il microcosns and in

rice plants (Oryza astiva). Applied and Envirormental M i-
crobiology, 63: 1199- 1207.

Bouma TJ, NielenL, Vanhal J, et al 2001 Root systan to-
pology and diameter distribution of gecies fran habitats
differing in inundation frequency Functional Ecology, 15:
360- 369

Butternbach-Bathl K, Pgpen H, Rennenberg H. 1997. Impact
of gas trangoort through cultivars on methane emission from
rice paddy fields Plant, Cell and Envirooment, 20: 1175
- 1183

Comer TD, Bloon Al 1998 A comparison of NH, © and NO;
net flues along rotsof rice andmaize Plant, Cell and En-
virooment, 21. 240- 246

Comer TD. 2003 Long-distance trangort of gases in plants A
pergective on intemal aeration and radial oxygen loss from
roots Plant, Cell and Enviroorment, 26: 17- 36

Colmer TD, CoxMCH, Voesenek LAC1 2006 Root aeration in
rice Evaluation of oxygen, carbon dioxide and ethylene
signals for acclimation of roots in waterlogged ils Nev
Phytologist, 170: 767- 778

Connell B, Colmer TD, WalkerD 1 1999 Radial oxygen loss
fram intact roots of Halophila ovalis as a function of dis-
tance behind the root tip and shoot illunination Aquatic
Botany, 63: 219- 228

Cravford RMM. 1996 Whole plant adeptations to fluctuating
water tables Folia Geobotanica Phytotaxon, 31: 7- 24

Evans DE 2004 Aerenchyma fomation Nev Phytologist,
161: 35-49

Flessa H, Ficher WR 1992 Redox processes in the rhizo-
phere of terrestrial and paludal plants Zeitschrift
Pflanzenennahring and B odenkende, 155: 373- 378

GibberdMR, Gray DD, Cocks PS, et al 2001 W aterlogging
olerance anong a diverse range of trifolium accessions is
related 1o root porosity, lateral root fomation and‘ aero-
tropic mooting' . Annals of Botany, 88: 579- 589

Greve T™, Borum J, Pedersen O. 2003 M eristamatic oxygen
variability in eelgrass (Zosteramarina). L imnology and O-
ceanography, 48: 210- 216

Groeneveld HW, Voesenek LAC] 2003 Submergence-induced
petiole elongation in Rumex palustris is controlled by devel-
opmental stage and siorage campounds Plant and Soil,
253: 115- 123

GunawardenaA, PearceDM, JackonMB, etal 200la Char-
acterisation of progranmed cell death during aerenchyma
fomation induced by ethylene or hypoxia in roots of maize
(ZeamaysL. ). Planta, 212: 205- 214

He CJ, Morgan RV, DrevMC 1996 Tranducion of an ethyl-
ene signal is required for cell death and lysis in the root
cortex of maize during aerenchyma fomation induced by hy-
poxia Plant Physiology, 112: 463- 472

Insausti P, Grimoldi AA, Chaneton EJ, et al 2001 Flooding
induces a it of adaptive plastic regponses in the grass
Paspalum dilatatum. Nev Phytologist, 152: 291- 299

JackoonMB, Drev M. 1984 Effects of flooding on growvth and



1484

26 9

metabolisn of herbaceous plants// Kozlovski TT, ed
Flooding and Plant Grovth London: A cademic Press 47-
128

JackoonMB, SakerLR, Crip QM, et al 2003 lonic and pH
signaling fran roots o shoots of flooded tomato plants in re-
lation © stomatal closure Plant and Soil, 253: 103- 113

Karrenberg S, Edvards PJ, Kolimannd 2002 The life history
of Salicaceae living in the active zone of floodplains Fresh-
water Biology, 47: 733- 748

Kozlowsi TT, Pallardy SG 1984 Effect of flooding on water,
carbohydrate and mineral relations// Kozlowvski TT, ed
Flooding and Plant Growvth London: A cademic Press 165
-193

Laan P, Blon GVRM. 1990 Growth and survival reponses of
Rumex ecies o flooded and submerged conditions The
mportance of shoot elongation, undemwater photosynthesis
and reserve carbohydrates Journal of Experimental Bota-
ny, 41: 775- 783

Laan P, BerrewoetsMJ, Lythe S, et al 1989 Rootmomhology
and aerenchyma fomation as indicatorsof the flooded-toler-
ance of Rumex ecies Journal of Ecology, 77: 693- 703

LiY, XieY, RenB, etal 2007. Oxygen enhances the recov-
ery of Potamogenton maackianus fram prolonged exposure ©
very low irradiance Aquatic Botany, 86: 295- 299

Malik Al, Coimer TD, LanbersH, etal 2002 Short-tem wa-
terlogging has long-tem effectson the growth and physiolo-
gy of wheat Nev Phytologist, 153: 225- 236

Millenaar FF, Cox MCH, de Jong van Berkel YBM, et al
2005 Ethylene- induced differential growvth of petioles in
Arabidopsis Analyzing natural variation, regponse kinet-
ics, and regulation Plant Physiology, 137: 998- 1008

MaommerL, Pedersen O, Viser EWW. 2004 Acclimation of a
terrestrial plant o submergence facilitates gas exchange un-
derwater Plant, Cell and Envirorment, 27: 1281- 1287.

MommerL, Viser EW. 2005 Undewater photosynthesis in
flooded terrestrial plants A mater of leaf plasticity Annals
of Botany, 96: 581- 589

MarmerL, de Kon H, Pierik R, etal 2005a A functional
camparion of acclimation to shade and submergence in wo
terrestrial plant pecies Newv Phytologist, 167: 197- 206

Nordstrom AC, Eliason L. 1984 Regulation of ot formation
by auxin-ethylene interaction in pea sten cuttings Plant
Physiology, 81: 298- 302

Pezeshki SR 2001 W etland plant regponses © il flooding
Enviroomental and Experimental Botany, 46: 299- 312

Pierik R, CuppensMLC, Voesnek LACJ, et al 2004 Inter-
actions betveen ethylene and gibberellins in phytochrome-
mediated shade awidance reponse in obacca Plant Physi-
ology, 136: 2928- 2936

Rosenzaveig C, Tubiello AN, Coldberg R, et al 2002 In-
creased crop damage in the US fram excess precipitation
under climate change Global Enviroorment Change PartA,
12: 197- 202

Rieu |, Cristescu 31, Harren FM, et al 2005 RP-ACSL, a

flooding-induced 1-aminocyclop ropane-1-carboxylate syn-
thase gene of Rumex palustris, is inwlved in rhytmic eth-
ylene production Journal of Experimental Botany, 56: 841
- 849

Silverovn JN. 1984 Phenotypic variety in seed gemination
behavior. The ontogeny and ewolution of somatic polymor-
phisn in seeds American Naturalist, 124: 1- 16

Snimoff M, Crawford RMM. 1983 Variation in the structure
and reponse © flooding of root aerenchyma in sme wet-
land plants Annals of Botany, 51: 237- 249

Sorrell BK, Mendelsohn A, Mckee KL, et al 2000 Eco-
physiology of wetland plant roots A modeling comparison
of aeration in relation o Pecies distribution Annals of B ot-
any, 86. 675- 685

Subbaiah CC, SachsMM. 2003 Molecular and cellular adapta-
tions of maize  flooding stress Annals of Botany, 91: 119
- 127

TroughtMCT, Drav MC 1980 The development of waterlog-
ging damage inwheat seedling (Triticum aestium L. ).
Shoot and root growth in relation to changes in the concen-
trations of disolved gases and lutes in the il olution
Plant and Soil, 54: 77- 94

van der Snan AM, Voesnek LACJ, Blan ONVRM, et al
1991 The mole of ethylene in shoot elongation with regpect
o survival and seed output of flooded Rumex maritmusL.
Functional Ecology, 5: 304- 313

van der Snan AM, Blan GNVAM, van der Steeg HM. 1992
Phenology and seed production in Chenopodium rubrum,
Rumex maritimus and Runex palustris as related t photope-
riod in river flood plains Canadian Journal of B otany, 70:
392- 400

vanW ijck C, de Groot CJ, GrillasP 1992 The effect of anae-
robic sediment on the growth of Potamogeton pectinatus
The role of organic matter, wulphide, and ferrous ion A-
quatic Botany, 44: 31- 49

Viser EW, Blon OV, Voesnek LACI 1996a Flooding-
induced adventitious rooting in Rumex; momhology and de-
velopment in an ecological pergective Acta B otanica N eer-
landica, 45: 17-28

Viser EW, Bogemann GV, Blan ONRM, etal 1996h Eth-
ylene accumulation in waterlogged Rumex plants pramotes
fomation of adventitious roots Journal of Experimental
Botany, 47: 403- 41Q

Viser EW, Bogemann GV, van de Streeg HM, et al 2000a
Flooding lerance of Carex gecies in relation © field dis
tribution and aerenchyma fomation Nev Phytologist, 148:
93- 103

Viser EW, Bogenann GM. 2006 Aerenchyma fomation in
the wetland plant Juncus effuses independent of ethylene
Nev Phytologist, 171: 305- 314

Viser EW, Camler TD, Blan CRANM, et al 2000h Changes
in growth, porosity, and radial oxygen loss fran adventious
roots of selected mono- and dicotyledonouswetland pecies
with contrasting types of aerenchyma Plant Cell and



1485

Envirooment, 23: 1237- 1245

Viser EW, Heijink CJ, van Hout KJGVI, et al 1995 Regu-
labry le of auxin in adventitious root fomation in wo e~
ciesof Runex Pecies, differing in their sensitivity to water-
logging Physiologia Plantarun, 93: 116- 122

Viser EW, Nabben RHM, Blan ONPM, et al 1997 Elon-
gation by primary lateral roots and adventitious roots during
conditions of hypoxia and high ethylene concentrations
Plant, Cell and Envirorment, 20: 647- 653

Viser EW, Voesnek LACI 2004 Acclimation o il flood-
ing-sensing and signal-trangduction  Plant and Soil, 254:
197- 214

Voesnek LACJ, van derVeen R 1994 The mole of phytohor-
mones in plant stress Too much or too little water Acta
Botanica N eerlandica, 43: 91- 127.

Voesenek LACJ, Benschop JJ, CoxMCH, et al 2003a Inter-
action betveen plant homones regulate submergence-in-
duced shoot elongation in the flooding tlerant dicot Rumex
palustris Annals of Botany, 91: 205- 211

Voesenek LACJ, JackonMB, ToebesAHW, etal 2003h De-
submergence-induced ethylene production in Rumex palus
tris Regulation and ecophysiological significance Plant
Joumal, 33: 341- 352

Voesnek LACJ, Rijnders JHGV, PeetersAM, et al 2004
Plant homones regulate fast shoot elongation under water:
Fram genes to communities Ecology, 85: 16- 27.

Wamick NWM, Brock MA. 2003 Plant reproduction in tampo-
rary wetlands The effects of seanal timing, depth, and
duration of flooding Agquatic Botany, 77: 153- 167.

Weber M, Brandle R 1996 Sime agects of extrane anoxia
olerance of the sveet flag, Acarus calamusL. Folia Geobo-
tanica and Phytotaxonamica, 31: 37- 46

XieY, YuD. 2003 The significance of lateral root in phos
phorus (P) acquisition of water hyacinth ( Eichhornia cras-
sipes). Agquatic Botany, 75: 311- 321

Yang Y, YuD, LiY, etal 2004 Phenotypic plasticity of tvo
submersed plants in regonse © flooding Journal of Fresh-
water Ecology, 19: 69- 76

ZengB, Fu TF, SchurrU, et al 2006 D ifferent regponses of
sexual and asexual reproduction of Arundinella hirta ©
flooding Frontiers of Biology in China, 1: 46- 49

. ,1978 ,
E-mail: oldluo_0000@ sina com

2008

(1982 )
) , 2002

A4 ,
: 8- 161,

110016
: 024-83970394
: 024-83970394
E-mail: cje@iae ac cn
http: / AMww. cje net cn

5 , 600



