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Hormones and aquatic plants: physiology, ecology and utilization

KE Xue-Sha' 2 , LI Weil o (1. Laboratory of Aquatic Plant Biology , Wuhan Botanical Garden, Chinese Academy of Sciences, Wuhan 430074, China;
2. Changjiang Institute of Survey Planning Design and Research, Changjiang Water Resources Commission , Wuhan 430010, China). Acta Ecologica Sinica,
2006,26(5) :1542 ~ 1549.

Abstract: Plant hormone metabolism provides plants with a means by which they cantransduce signals and adjust growth and
development. Although the role of plant hormones on the growth and development of terrestrial angiosperms is well established,
little is known about them aquatic plants. This paper reviewed recent researches on hormones in aquatic plants, including hormone
diversity, ecophysiological role, biosynthesis pathway, target site, action mechanism and their interaction with each other. Five
classical hormones (IAA, GAs, CTKs, ABA and ethylene) have been proved commonly to exist in aquatic plants as well as
terrestrial plants except that Potamogeton pectinatus does not produce ethylene. These hormones play some different physiological
roles in aquatic plant form land plant. They take active roles in eliciting the structural differentiation in aquatic plants. ABA
induces the formation of aerial leaves while CTKs and GAs favor the formation of submerged ones. Asexual propagules, including
turions and tubers, are induced. In pathway, C;-like trait may be replaced by C,-like trait under the control of hormones. The
role of ethylene in aquatic plants is prominent and different from that in terrestrial plants. As ethylene diffuses more slowly in water
than in air, higher concentration of ethylene accumulate in aquatic plants, thereby inducing shoot elongation. Research on the
biosynthesis pathway, mechanism of action and interaction among types of hormones is limited in aquatic plants, but may be more
complex than in terrestrial plants. Moreover, hormones have been proved useful for restoration of native species or management of

exotic aquatic plants although their application is limited to small areas at present. To promote their study in the laboratory and
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practical use in management, we suggest new fields for research and use in future, including (1) discovering new effective plant
growth regulators for aquatic plants and (2) restoration of aquatic plants by the induction of stress resistant gene expression under
hormone control .

Key words: hormone; aquatic plant; ecophysiology; stress resistance

HYSHYAR, A E S SR AR RN, LHRE T HMAENERE, HPHEEREEENA
TEA. BEREYEARESEREK BHNREAYEYAEKNATHNEEY R, HMBHW X ERES I BEY
BEEMEBMNBESL,

JKEBYEAKEEBSTFENNRET N  EKESRETPRERTHERWBOIMER. KEHEYASR
BRI S IR — K, EHEE N EMERT R, LRI KRB R BRI S8 S5 EERB T A
BEEFRLERT —RINNRERE, FTEBEEW T KENEFNE KEKEHY R EKZ UK Y B
WEBNKREBEERAUNEEFR HBATETXRE, KEAHEYEEERNENBRMNA, TR KE
MY A SKE RIS,

ARG TORF R R LY XS KA MY R e R S B S E MR BR , FEHRIT T A G R A
MAKFE, EERFKEEYHEEABESHR, BRI ARERS T RKEMPE=LR,

1 BREREYREWKEEPEKNEZEARTER '

SEEAMYHL, KAEBYEROTRMEARENEE" , 8 Rk EEYEEHTIR Y EHL TR,
HRRNESSPFUTILFE - BEWORHE BENEBESER BELEYASRMEE FERIE BEZEH
HEER%,

1.1 EERRE

BAAMNEBEYBRFIEERARE AKER  AERL ARSI VREL BRERENZHE, £KEX
BEPERSHEYP AR R I-BIRZRAA), EREHARMKMSN, EHERERS, FEE
(GAYFETZM , HIWINAE GA, M GA,, FE/EH R MMM MK MITHA THRKRIR. RSN E(CTKs) 2
DRSO YE, BEERE(ZA) EXRZH (ZAP) NS BEREBFEH Q2ip) %, BEMR(ABA)E—Fm 4
HYEKEATHMYE, EEHREMEE EAKKR, 2B (CH)UWE—MEYEKMEATHNEEATH 2
HREBB BEMELE BRRKEZ AW EBEIERRAE 100 FRTAEKRINNR,BHEB 1934 F£4 5
Gane B LB N —MRWM=Y. RTHYEAXRARAFENEEIN AEATERTIFSREATHYAEK
REMA%EYR, BERIEKATH, MEKELRNEZZMR(NAA) BT BR(IBA) % MRS NEEAT
ARME I E (KD N-FEBRER (BA)F, ARARFE, A KB R ENBEMATABRAEKA
TRERAIME.

BRTENRTRERLVZEIHEEN BN IELXAEXKERRCEETAERSEKEEY P, HEHE
KEEY T RIAEFHFHBEME,

1.2 BENEBESER

SEiAKEPHEE, KEEYPRENEBERRE XM, XERR., RieREKRESR, EEXBEHEY M
ARKMRE L BENKEEYNEBERSHAMYFEES LM, BENKEEYEETNEHRED
(Hill activity) 1878 3800 , {61 55 F X3 Bk #b 4B 490 ; A IR, 38 9% PR B 2 475 100 ) /K 25 A8 40 0 B 26 L4009 B 4K i 9 &5 /R 76
S Mt MEMKEMPHENEFRORELEN, MEERAEFHLTYEBEYY . FMESA
(Trapa spp VWHREFP R - ERKERAREROTE L, MM HEM CA RF#ZEM B K, ABA {0
LZHREUELEDY, 7 10pmol/L RE BT, M5 H K 2ip 1 BA B4R 3 %8 B ( Halophila decipiens) ZEHI4 K {8
FIEK R IAA 3 IBA 3 NAA M BRI ZHAKRBINEE" . A, Kne EHE - MHRELBREEY
( Cryptocoryme wendtil) FEAU & — ¥R BA B, B ML RRE K, B3 B 7 £ MAS KA BSUBEPOEE
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ZaMES . Li SdEH, 7S IAA F BAP BT ,90% i) Spartina patens 5 FE Bk BB ML B HY B RHA S
IBA W3S B IE SR BB LB BR . A HAERBE LR KT (Oryza sativa) , EK EET/AKEZ AR BEK, K
Wik Tm BEREEER AR, B GA BT AKRN, 53R, ARKEEMNT 3~4 4%, FWEH 10mm B K
F 35mm™® ,

HTFHEE RN, KEHYN BT U AR FRAHEY, MBS KRE, REFEH (BIKE
MATHHESHRASSEEARD S XSHEAKEHYBRERN I ELAREKWIERARIATFH, KK
F B9 ABA {33k % 3 ( Spirodela polyrrhiza JKBRIKBY 4 AR . BAR ABA —EH BN N EMEY AN MM E ,H ABA
RBiES Potamogeton nodosus 3 ( Marsilea quadrifolia) 1 Ranunculus flabellarist Z AR M Y FhAE DK B =4
SEM , T—BER TEMUEKEMYBEEKENAZE, EEEAKRLERNERE Chamaegigas
intrepidus B— M MER/NKAEMY KD AR EAEKABRG, BWATUKHMKEMR ML, YEFE
KGR, AN ABA S B AEM(TTEE 20, METHEE AMEECBEZKESNMTAZANT
B4 SR AR WK A A Y 9 Y65 4R AE , Y5 B ( Eleocharis vivipara )TE 5 pmol/L ABA FiAL B J5 , Tk 3 3 o 4
Bk b BRAE HE K B A A B9 FE 3R 45 # (Kranz anatomy) , 6 S VEFZRH C, TR C,™,

EMESKEHYWERFTE, BN KWRZE. ZHERE—NSKARR BBIAIEFRFRS
HYEREKARENLBENRE. BRASEOKEMY MR EY — B4 Z 8 {8 A M Summers
ERMERRTRASZHWUED XMW ZH THEE, Osbome H7E 1977 £ 1AM Z 4B X kY
WERESEARR TXREMY™ . ZENHKSHEEHDZENHFK, BRARRANE, EREKEHYEY
gl 2 XFBKIELARBKNER, MARABIHNIIEN . Roberts 1 Hooley 1A K 7E R 4 #
MEKEED AT 4 XREML, Z2BELRBREY ., BT AEHEY, ZEERED TRBENER, &
HAEBDTFHYBFTAMA™ , REEHBRTFRARSRZB BN EZHIAE—EEEER, R
MK RREENE R, RENENRERKERATE? , oF ANk EMYNEBEYEZ BN E
REEBEZS FAMEES A LREEMYSKEMYBERRETHEL,

ZER, MEMKEHYWERAFT LU T A EYWER BEFLEHE, KEHYHBEEREX
B, BRCENHRIEEDEZHRMN ABA M KEHEYKER L, BBET B KEHYWESENE,
Mm%t IAA.CTKs 1 GA ZE/KAEHYMIERAM R R D , FERAR BRI ERAE S HB R (FII0 1AA R KAEMYE
BROBREAAE, FUEMBE AR T ERABKSE),

1.3 BEEVESBMBERREH

S5y —#, SR KAEHPEAAN M AHBLEARAZER  WAEREENECERERE. BF
(Lemna gibba ) TEARRET (I5C)BERARERHHTE AR RN GOC) TEUEAERERE A M 1AA KR
FERERREEAKRRERIERS KA SREBRHE X, ABAMWIARLHE &, ZHENARTE
B ACC &M ACC ELRSCHN , XTEB KRR TR PE-REIEEL™ ., BHBRFERESZANKE
—AFEBAEANEGHRZHBOEERMY . Summers FIELBEHBFEARAGBRZHENER : BRE LR F3RAR
FZBWAT A EEIFALER (ACC) ,HELZ ACC ELME, T Z M2 ACC E/LBEE L ACCTIRK . FIA{tifi]ds
B ACCEARBBZHNER , EARRE ACCEAMYERFAHRE BEAREREAEHRIRZM,

BEFTEESHEERZH. KEEWER KRR, B REHA R, B 8K 48 KI5 53 B 6L
NFREAEEY BROFRFTEOTR. ZHREISAEBR. CEEKERNTBEENXAIKRKENTZZ—,
EBEZBBREATHEL T, 1h WEDERK Z 5B & B m 10 £,

1.4 BENERTRREANLE

BELEEVERNNERATRAANERESHRAMME, BREFANZRIEEBLID TREAT: (DK
RAREHRE, QOFEABMIMERBERENRE. FERENEEIRETHA T KEHYOERES,
FMHEENBZHESEMEMAKENMK., XFFHFRBTREBFLE, HII0 GA %S Rumex palustris F1RK


http://www.cqvip.com

£ 000 http://www.cqvip.com|

s# WY F.HWENMKEMPEBESHERELNA 1545

REZER B, K B3 B R{X GA & BE I, T B AT GA ByBURHEIR™ >,

WERERANESTBEEATRONE R T XEREKFORN , ENITEENERE, B
R—MBREFHMTREMEKRERBHEERAERM B ™, Rapparni ERA SR EREEBYNERT
(EXRPEMPGLLA A0 ) —FF, TR FE RN IAA FH K 1AA, (FH— % 1AA Fr A6t E) L 7E 1 ~ 10h
Z 8], G BER, i1 £ M 25C R 1AAL, B K, Fo 10h 5°C .10°C \15°C \20°C .30°C #l 35°C it #F ok, 1% B b 18 B
B IAA BB, 2SCRER S ABENBEEKBE

BELBE SR KEEYOFHRABMTEZIEEA . A ABA L HE M5, ULEE (inositol) 3 I, 2d /5352
BEKFS,

KEMYEEERNENTR, BRCREABNTAHAFKRE EEKFE. AYEENEABERI4S4H 34
EENH B BMEEHNEZ EENESARLANAR., BREGSHNBRZREBARSTNZRAETEEST
MRS, KEAWHEYERESEAREENZA AEARANEZESWIIR. BATXTAKEEE4EA
(ABP)MIBFRE AR, KAEHYPHELTAKELSSBEONAE. EXEEF 20 G, EIHR XM 1AA
ZFREANFEEARBEL MAKBREFEEEM AN MM ZEEAHX REREGEETABREEEKN
RS, EAREEYREEANGESEST O, BRhE LB ERER, ABA AESEH KEMYHES
BERHEBEBHSES N ABA WEMREMKERK , REEABESEHHENMESESERE D,
ABA REWH S - ERY . 2B Rumerx palustris MK ES A REE NS - KBEEEN, TS
BT 3 2 FITHBA LR (DH NARBERE SBERBEERL; Q) ZHBIERATREER REXPAL,
R 5 RABIF; (3)F1# ABA,GA F1 IAA M& BHHME™, KR ERBERENEE L, EHR
F W], ABA IE 45 Lemna gibba L.G-3 B9 NPR BH , 5B e XA ERAMAR" . EEARERKEL,H
GA Wb B IR/KHE 4~ 7Th J5 DNA &I HN,5E S HE AR RPAL (an ortholog of replication protein) i #2355 , M A€ 3
LK, FERE CAERABURMTHEAKNERSEARS, WECELT Rumex palustris B Z 1% ZHhE
1 cDNA 3CFE,IFSLZ M5 BV S RP-ERS1 ZRER T X, MMZ B ZHRHKE™™ . B4, FRBIEL,1AA R
P Rumex palustris B RpEXPAL TE VUK B85 5% , E X T EFHER A KB F 2% . B RpEXPAl =Y =& i
B (expansin), MM BEER MMM GEEN —FREENEORD . TIK 8 G2 i B 89 mRNA
HERIEFEKBREHE GARER, M TE Rumex palustris 1 Regnellidium diphyllum XK AEHY P HNEH ZHH
TAA DS

REAESFRKFLNAMEEANENIESETESHER, BKEHYHEERRIREKER (B
PEVE WA TAA #RRES I A MBE IR R AL A AL, N T A BB ) Rt T —E W IEHE . REIER AR 73K
R ZEEGENEBRER, IEANRESHES Co, WBEBMT MK TIEFBH pH E. [AA N UEH
SHRETHXFEKOESIEEERGTHENMSRK, XREN AA BEIARPHE H 500, FREBRHET
MR, CAREEER/EM,BR ABAMEIXFMHK, REERMERERE, F1F ABAMHEHMSKNILE
BEDTFEFENERREKER,

1.5 HEZRMHEEER

HREH MEHACREMEEERAN, MEESHEENLEERATAYTHYNEKRET. MEZM
N CTKs .GA 5 ABA . Z BB HHIEA . ABA AbFRSEFE BT 4R A% E L P B8 A9 mRNA /KPR FEH M, CTKs GEH
HIXFRE M o Jana % 0E 528 Bh B AR K B AE 1D B BRAR B 2 B 7E R 5 B O R T 3R L 32 3 E ( Vallisneria
americana ) ¥1 B 3 ( Hydrilla verticillata )" EZFHIERY . BHMEK ST LZD ABA MIH , XEE N ABA
BRI TBEYE DNAM RNA SR P PHA A, Er B EESBEBMARB SHEMENMEIIEA, M BA 68
RH IF ABA BIXFH£5E™ . Musgrave %5 F 51k 38 B9 BF 5% ( Callitriche platycarpa) Fl Raskin %4 % T HK G R B
RERRZBALHZ MK EIRB T GA, T CARAZMKAFFRBT B, ZBmMT MW H
St GA MR, BB EMB L TREN GAN ABANAS R, BATE CAERATHREAITHKY, M
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Voesenek 25N Rumex palustris 2B UK AR ZERFE MK, XM EATER M .GAJAA 7 ABA £ FFY
MR, B AZEMRA AgNO, J5, KRN REPL L, RUZAERYPREEENEA™ B IR
T, CARZIBM ABA MA X RMMABYIH B AA MIBHRRMRBE. 1AL TREHENE
K, CA BB KM REAK™ , B4, SHAEMY—H ERYEELRSBALHEEX, AR B>
&,

BRZERMEEAN, AMEREFFREREAN, FEE —MHERSHMAMERR AR, UL 5H
BEERSGR, AR, XELRATOP N THXE
2 HEEYREKEENE-AEELHER
2.1 fERAEKREHN, BRI RKEBDOBERMEHER,

AT HRERE MRV, REREAGERAKEHAYNHEERER  FEFTEMREIEROTE,
S R M E SR — R KA MY MR R ERMEREE B KEEYHRTF, KEMERE,
WIRBIK , R A —E B KEAYIPRATRE, BZ KR AR KEZHHENTH, RBEE RN KEH
YAEFRIEFEREN, WA XY RN ITHRRER (2 AR, AT ESERAEEEK

BFKEMAYAERFERR, MZKEMYOYERRMNACTEE TRAEY, MR LY RAEMRI K
AEPERFEMEARGINAWER, HXEREANTE, BEEKEKEAY TENERARA, #E
XY RERAKEEIWER ERFEERBMNHANE
2.2 fERAERMEN, EHAEFKEEYPER,

ARKAEMEYRBEH SEENE, U RWE T FKEEYN T ENERFEELVREBEMRAIAE;
ShRAR KA Y R BT 8 FGE N R AR BB R AR S S AR, T E A LKA
HYAEK, BRmElLFK Bkl Mk RR, i, LERTENKEMYHITER. EXE, &
) 78 B ( Potamogeton crispus ) JF&AEIN B B ( Myriophyllum spicatum) BREEZTEB R FRWIBERK B IKEM
MH*ZEHAVWEERBEZ -, AR XL FTEAEEXEMW Joumal of Aquatic Plant Management 1 Plant Growth
Regulator WM E L AR, BRBUEFEAEMRERENREREN . EEETHZ EENE KPBFE
REHERARBHER, FRA—EWRRE, MEEATSERMERKBATH, RRAELBNEFLT . AHKE
KOEM,EREMEN, SBRGAHYEELRE, EEYE T, ME—SAE KRBT A EENE, BT R
AEMEY, FHESEFRMARREENRS, B, FEMARERKATAEIR FEKEEDHRENRLS
ITEZMErR. HEIREBOKEE BEFRABRES X 75 i R A X B BERSRA RS R & E (i
P ERNREEIKEEYN —KEE, AEEREFMAEKETRERNAEKEEYEE — L
B,

BIRMMAEKBRY NN TAESRMHE RE LB ELERKOBERES ", £KBHRAELD
R AR BT N S, Lembi 1988 FHRBHARERKATRARERHN BEMKEENIEAE
K, —KERMPNAEEERIANOPREELERK UZTHEZENKE, AER XL KEHIHXER
B AR ER, FBE (Mefluidide) 2 338 A FT B9 — A KA, 86 125 69 M K ME AT AL, 1
IAREKE S HE ) Z N A TR ER L, R, B TERSUTILMEE : 5B/ JuE R
W, 7E + R E MR, TS ARG ES  BMATREEEIKERYRHERBENA. Lo % 1999
FIFETREEN BREANEENEANEN . RACHHXIKEEYAERHLZ T A MERERAENE,
YR BE (0.5 mg/L) FAGHE Ml (7 ~ 14d) F REZE % 28d ROMGIME R o B R A B0 I0  770 o BB A S ot 10 o SR 3
MMERERZM K" EMERYLERMILZEN T H AR MK, KRB R B I % 45 T E o

* Lembi G A. Feasibility of using plant growth regulation for managing aquatic plants. In Proceedings, 22" Annual Meeting, Aquatic Plant Control Research
Program, Miscellaneous Paper A-88-5, Vicksburg, MS, 213 ~215. 1988
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AR AEREER MAEBRMHXFEFEYNERFAEESHENINEFRERRR . EZ2EFRBER
FETRE (B0 10mg/L) THARE, Ei, sTHEN , HEBRTH EZMRKAZNGAERNEY S B, MEMH
ERSMFTEFAWMFALR,

EEENERBATAERIETEARN SN AL, 2,4-B(2,4-D) R E E (triclopyr) & P F 2k 344
B A KM HIF , EREE AR TN FHAAEYME M KB FH Y . Sprecher FHF R T EMNTEEHI SN A
B IR TFENE R, R AR BN 24h MERT 3 #¥E(1,1.5 M 2 mg/L)RY 2,4-D &
HEERFRNEKBRAEEWR,AEREZGTREEHNB LS TEERFER 25 EY R, T 3EA K19 # 57
endothall 7E 0.5,1 #1 2mg/L B /0 T E IR FREED 2% HWEW RS, TR ,2,4-D & FH 4 R FE N T oH K
EMER, MY FRENETRTHEYERE R ERkD,
3 A=
3.1 ERPHREE KEKEHEY.

AEEERBERNABIBENEEYE, BN RS AN, MR PN T EESE
s, HYBRABESERRTE MUK EEYRBEIF (RS> TRENERHEHY) ERIINMNEKE
HFIFBRG T WRMEDHXEST,

KEMEMZAREEANERER, W FRKERMEEFRLNESRERT)RBKEHEYER, FEW
KEBRFEMINEE, EEE, KAEMYEA XT3 8K ENMIEIIEE S, BPER — & MU (stress resistance) o
itk RAEY I IFERE R RN, TLGESEFEMEMINREETES LA - RS, Habit. K&
MRER, BETESVHERNEZEL, KPP ABAEENARKBENBEETTEENAG., #—-FHER
B1,ABA 5T A %, REEARRME T, ABA HREN T RAMEB LA RAR , MY 7EZ 2R Mg,
AL Z a8 P 3, ST R MR EREE. IMELMZTEMITRAKEEREKEHEYZ
AN, ARAAREESTINHERNIRIERSEREKEMYIRHE SRS,
3.2 BIRFRAKATH, BRI ABEKERY

AEER ARKANTAEKEAYERTAEAES HMEEIXE LIRS, TURRAKFELEH
EWRNER, TLAESERKEHAYNERATARKEMNEN. HETEKATANERSHREERK
HER,KABHABREEMEREEW TARKATHNERAIR, LFREBRYHRAMEN, EBEGENE
KA RRENRE ,RIEA R BAMREB A ENE M, BEAKATREKEHYNERRESL
FREME, AE/NEEANBATEREMNA, BMEANHAERKANTHEZHNER, BRifiBRETBRMAL
o KEFBERAEKASRARKEEAYHAER, EFEH SN MATE MRARRENESRENE
malVE B IE B BV . B REE ATXK AP EHE TAEMAER R A KFEN R ARAEmE, £ KFEH
K RABEATFRIEHEEARENEERNS, ANEARKATRAMRRNERRERB THEIBREERILE
MREEA,
4 L5iF

KEMYBENRR, FTHFEKEEYDSHAEYEERK AT LNZR A THRANRBERNS
BAE VLS A B T8 L B R Y Rh 09aE ot bl Rtk E R RIERER . REKEHEYPBEKH
RET —ENBE, BB TEMERM Rumex palustris iX BRI B SL I AR, S67E 49 3038 0 25 FNEE 0 B R aA
R TEHN,EKEHEYHBEFRREE LIRS TRAEEY. BT KEEYAEES ERWERMALL
REEEBKEHYREY ENEESE  KAEBEYNEBEELERESERRBESZRH —FEUR, IFE K
5 EBMARKEEY BHKEESRENENREREEENE BB RERM,
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