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Abstract

Alternanthera philoxeroides (Mart.) Griseb. is a malignant invasive weed in China. It has success-
fully invaded both aquatic and terrestrial habitats through phenotypic plasticity. To understand
the signaling pathways potentially responsible for the development of phenotypically plastic vari-
ation in response to changing environment, A. philoxeroides were treated by a variety of phyto-
hormones and their inhibitors under two common gardens, which respectively simulated the typ-
ical aquatic and terrestrial habitats colonized by A. philoxeroides in natural environments, then
morphological variations among plants under different treatments were compared. The results
showed that pond habitat promoted rapid elongation of internodes and further expansion of stem
pith cavity in A. philoxeroides, contributing to their adaptation to submergence; ethylene was in-
volved in both internode elongation and stem pith cavity expansion process, gibberellin was only
involved in the internode elongation process, and auxin was only involved in the stem pith cavity
expansion process. These results suggest that the ethylene, gibberellin and auxin signaling path-
ways are potentially responsible for the development of phenotypically plastic variation of A. phi-
loxeroides in responding to changing water habitat.
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E 5% F¥ (Alternanthera philoxeroides (Mart.) Griseb.) & —F B NAZ MY, HAF AR 5 iR 2wy 28 04
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1. 53|

HERFINAR BT C B — MR AR W8, AMUBIA N R A RAE M FIThRE . 20 125
FHEIAEAE . R 2 REEE R B AES %4, W HAESEERNER 7 B RS 5 R[1)-[3].
DR, 55 [0 K AP SR P N AR BN AR AR e AR B R )2 —, BN K N R & TR P AN
RIS, (HIZ A N1k AR R 8 YIS U i A B ik, R BRI 2 — =X AR R I 2L
N A ERER Z RN T . B U, TIZAEREN RN R AW AR, Bk, BFRAE
ot 2 LI I P AREAIE 1) R AR AL 18 7 AN AL PR DG, AR A X P P R A SR s ) g 2 1 2 L0t

B35 7 i (Alternanthera philoxeroides (Mart.) Griseb.) X 4425 0038 T80, /KAEAE . Fdndr, JE/ T8
FEW, BArHNEEE O KBS B R R X [4]. F 20 a4l 30 SEARAE N FE Dk 5] A
[, 50 EAQE 1AM EAR T Z 51 R T 23X, H 80 FEATFMARE I AT B, TS
A TATLRIRAN R 77 % 24 BT R R ALt S 2 MAEE, BON— MUY ENR IR EL, X
Hi P A= A RN BF i RO K 1 TS M [5] o 8 205 1 AR AR AR A P2 AR A8 S Al 7, 32 Bl 2 B aliAl
BOl AT E R B, LI ZREPERAKI6] [7]. B 5E T ROEN M Pridithag, nT ALE K44 2 i b 22
FUANE K o3 AR B R A A7, R “OKBERIAR ” 10%F s [5]-[8]. BT NKE T IR & 2URE I LUt 51 R I 5 5
FET BLRRAE BE AR B AR R U R AR E N R AR S, B R A AT P R D) v FUE R NAR T R
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BERFAC[S] [7]-[91, EN HLAR AL W] SR A S 1) S A WL R PR AN R A B2 ML R Z IR AW T, X AE—
SEFEFE L BEAS 16 H AR ML 1 i

AT IENE AR A 5 DR RN AN [ PR B 26 AR 25 7 A AN [ R AR BRRFAE[10] o H T B L A M TR ) 2
DRIGE 6 E 0A R A% TP ML £ R AR W] S s 7 o 4 B A I [11]-[13], 7R CAE AR ZE SR A 1 2
PRI AR L T — 28 55 R TR A BE M 5 AR 5 4 22 e B JE IR [ 14]-[17], (BRI e FE PR 5 2 R0 ) S 4 A e 1) I
FEIR A B TE 70 RO, M DU R 2R 2 S (e SR A B A5 5 (R 38 7 Sl o Wi e B e 25 T B
PR, TR MR RER Y AT BB R AR S (A E ML . HRTIAY, SRASAT ML S N BT SR OE R N
1 — R 50K E A5 K [18], BIL T A5 A il i W LA R (5 5 iR N SR T A e R A
R NMIERIRIL . RIBE AL WIE L R 5 J2 T A A 2 R T S A 3 1 R AL ARR (i 4 2

AR TGURIE FEAE R AN [ K i A 35 1) ) S el 2058 ) 22 Rk it s S B n0 e it 7 — &R A« e
ARPRSLEG, LB S T AR AT B VA R AR AE A FAR B RIS A, 4R KB AR B 5 TR
MR ENE B 1 T EAE R A5 5B, R R 5 TR AR BT 2R AR R S A AL BEE SR

2. M 5F*
2.1. &R

BT R R S T WL B (E120°20', N29°40"), CAfEE BRI H A 1 5 40, 7
AT KRE IR o AT 58 i A el AR 2t — 209 %, DU A 2 2 e R k. EFE 5 mm &
FORARR AR, BEie L, DI 2 om IOAR B, FEMEREA E IR L VP AIE A (1:1:1) 1% 50 x 40 x
10cm B R MATEN, BRELENK, AEEEHENE. BSERE. 2910 K&, 21K E2 5 cm
I, R AR GUAR L e 4 i N B B A L, B R B A Ve AV I e B (B4R 15 em, & 15
cm), R 3 5 B4k (Osmocote) ZZ B IE 301 5 (N:P:K = 15:11:13, Z[H Scotts A7) —MHLLE, EE
AR K RIFIER B A R AL HE

22. Bk

2.2.1. Lt

SRS 1e KBl PR AR () R

N TR B R TR F AR KA R “BEAR T AilE, 7E BRI IE (E121°10', N31°4)
Jei g = AT T A N AR K S R TR I . 7 [R5 A A AT, DAERAEAR [ A 25 fF . K
AR T B — > 15 x 10 x 1 m BN Ta &t Im 4, /KIR%0 50 cm, 7K TH BG4 5 531 RN AR vk v
ey BlAE BT RE B —BR 15 x 5 m (S m P AL R, ARAIE DS /K G BRI FE K - AbFERSEX 10 HhE 3
THEBF/KAEFRGE, 5450 10 Pk E TR AR5 AAFTFERT0 K) AAFE 1K, 2 KA 3 RIF WM.,
AT BT A TR AR /N, PUGTE S 2R S0 B UM 22 T A 48 47 -

S 2 7Kl AL FRANRE P AR AL B T R A A S LU

N T RS R T R K AR R R R AT B S N TT RE S RS AR AR O, LR R BRI
% Lff(ethylene). 75 2 (gibberellin, GA). A=K Z (auxin, I1AA). 4l 5% 2 (cytokinin, CK)FIIE AR
(abscisic acid, ABA), fEFiAPAEE T4 HIAL B AR . 20 Ab B R PR BT — A 70 2 AU 2 P I BB A
W, FIVESHSVE NG 23Sk, RN 10 pp.m, FEFT/NN S — Sk, BRI T ARG
AR GRS F R VA BR AL B2 43 M3 FHIR BE D 10 UM, 20 M, 1 puM AT 20 M 7R EE 3R A K&
21 i 43 S RN T TR /K VA VB I T THTREEAR, R B4R — k. A AR LS 10 MR, KREEFF AT
FALFE S 3 RESWINZE A Tabr, JHBUESZ R AR 5K, BB AA4 R,
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SEHG 3 GG UEAN[F] K Bt PR R A ] BB A s B A R

FEKBG F TR B, R 20880 208 55 44 7] 1-MCP it 7 L4l “IEf 7 AbFEsea, fdE. Fid,
B2k 205 1-MCP—BEZE 20 KA 1-MCP—/KAE. B, KA VE SS9 1 hMIF, FEE 20
AEFR T 5 S8 2 AR E; 1-MCP— Az 20 F1 1-MCP— /K A= AL 38 )5 i K vk B T & 10 p.p.m )
1-MCP [17uifi 2= S B A B N AL EE 4 K, SRIG 00 o B gh Bt AR+ 0 A FR AN K A= Ab 2] . 3 ik
ARG 10 AMERE, ACEEFFAARTAACEL S 10 R INZE ISR bR

SEHG A B UEAN[R] K it AR SR A AT R A s B R AR 2 AR

TE 7K it [R] 5 [l 5 R 7 85 22 MR R 2R R A i1l 771 4 20 (uniconazole) ¥ i 720 1F I 7 Ab B SR,
ffE: BhEd; FEAERER; B, SR ERE R KAE; KERFER; HEm—K4E.
BB AKAEAHR RS0 1 P, MiAERBERATE LS9 2 hHF, KAERERLE LR
VRN 10 UM [R5 8 KR BN s IR — B A . R — Bl B R B R L A e — /K A A 3
FEAERGHO RS T F 1.5 pM R0 20 /K R R R JEAT TUAR B, B Rk L/ Wp i TR REAR — I, TilAb 3 4
RIGo AT BCA G . B+ R KAEE . FACELAHE 10 MEk, AEFFEFATAARE G 10 KE
I ZETE AR -

222 BSFHEREERKFEHEE

PR FEBEALEHL 10 FREAA 10 ALY AR B FE RO 5%, B AN % AT F) T 2R
53 7 AN, FWEAS R R IE K (leaf length). ™% (leaf width). “5A]K:(internode length). Z£%H (stem
diameter) FlI#E% 5 42 (stem pith cavity diameter). 8 AbHE 5 5 b BRAT K 2248 11 5075 (8] KR B (internode
elongation length) 8% o & 423 AR FE (pith cavity expansion): =[] 5K FE BIV DLAN [/ &b 3 o = ) K f b B
I PR 52 930 25 A B R A, s AR DR PR B0 A [ Ak 38 o s A0 1900 AL B8R T P D00 8 9k 25 Ak
T I AR

2.2.3. BiEget
AR SPSS 13.0 Zitt Mk fFidt AT 2 B VAR IS . BMENbREZ B . (RS NRBARME R, XT3
T R ARAE AL BR AT S (TR S TR AR IO 22 T AT ARG, S R Ao b TN T R VIR PR R

3. BREHh
3.1. AR TERSEFERSIHETEM TR

BANE TR A E SRR BUKAE SR, RO R R AT SN . AERAEARERR 1 & 3 R
W, TR IZEH RS, 22 EAREEE AR R DB KRS (5 1). 1 H, mi RIS
HIR B AT 2P S N AR B R . AEKAEAEEE 1 KRG, ZEAMEFER, EKELE 2 K5, 2R
B TR BLE RS R WK B B W B R (A 1). 2RI, AFRDKEEET,
FLHA AT EAE 3 RN A S AR (4] 1) RIS 5 7 SO AL 7+ 0 UK, FE A K A b 2
REFF, HLZERENE i N A 5 1A RO A RO R R A TR SN, T A L 224k .

32. EMHENERETERSHEMEROREER

AR B R T AR AN DK AR SR T BTV AR e SV I E R B ke, 7Rl — &
G “IER” ALPESCES, EBOK. BiACEE S AR AL TR AR AR . 3R T 522 FK
Puli A 85 T AR B ) P ) R TR R SR S (1] 1), FLATTRR IR AR Bl YR, 2O T A MR e 2
B AR IR J5 DU BT AR B B ) [19]-[23]. B, fEXBHRFCr, B O Iy R s B AL
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25 AAURAEIZN F AUZA PG K T 5 AR (P < 0.05, th5).

Figure 1. Variation of morphological traits of A. philoxeroides under upland and
pond conditions
E 1 EREFEAKMTETHRESES

AR S AR AR R

MAAFEEMYE R (O RER. AKE AR REABIER) A3 KRG, HEREERA
FESK BRACEAE TR MBS, FEY)7E i MR 5% ot R 0 25745 [ 1) 3 38 e ORI i s 9 4%
MR K, KA R AR 5K AL AREERAITN, B0 2220 ) 2 K
sy, KRR /N T /KA IR @A, wifE s B A R B2 AKFRAFT, HEERER
PR T R R B R R TR, Y KRR /N TR AR AL BN 0@ ab 2, 77 FE 22T (R B I
FAS AU R BE IR AL, WG AE A R R KA WA (1] 2).

BB RAI CIER” AHEESZE, HE— DR L0 S R T R R A M SR A . 1E
RiHBIAEE T, WA 0 10 KI5, MM T4 5K AL NI R A nT 8 s B, 5 ESCAb 3 3
RIS RBAR e AR 2295 T BB B BRI BY K MRS T, H 56 A )
1-MCP Tiib¥E 4 RJ5, Wi M, 4P 10 K5, RAREERIE TR, SRS ay RnERg
B, HAZREERARLE 1-MCP AN 2; A 1-MCP FilkbHE 4 K5, FHEF/KERES, 4 10
KRG, BIAMERIZETTREZEMK, MEE R EENR, H8REEHE/NTRE 1-MCP TiALH i &
PEHEAT KA AR FOAEAR (1) 3).

BRI RAI CIER” AL, DRI R S R T RR A A R R
FERGHLIREE T, HARB R AR 10 KRG, AEART AEE M, KRR 5K LB NAAL, Wikl &5
JUFEAZN, X5 FCabR 3 RGMRIAR REHMFE: ERHIAEE T, AR RS Bl me gome
AL 4 K5, iR E RO 10 K5, ZE970 BEARERIKE, [EHMKREHY T REHU
WAL B I B 552 B, BB AR LA AR 4). [ERERMRE, HMBETieE 4 X5, H
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Figure 2. Comparison of stem morphological variations under phytohormones treatments and
under pond and upland treatments in A. philoxeroides
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Ko BE: ARZLAIER T EZWBEEREP <0.05, t-fL).

Figure 3. Ethylene responsiveness of stem morphologies in A. philoxeroides
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Figure 4. Gibberellin responsiveness of stem morphologies in A. philoxeroides

E 4 AERAEERETEEZRIETRDHER

SFALZ Sk KT DA 0838 /K A BEIE B BB IR A AL, R DRAIE L HE K B AR B8 I A A7
I IEH AR — B T PR AR S, AEAR 2 DA B i) " 303 R 7K P 58 A ) v g I 42 [ 19]-[21]5
B TR A RIEY R, ORI K A BRI B T AR LG R B, AT g A
PoKEE B AL S i, 3R BB AR AT B TR (A 3R 205 R e S CE R A R A (AR
= HR)REH, A RSSO TR KR IR AR AR O R 8E [22] [23]. NRMLF)ERET
TR EHEATE SR, ARGk Z AR AR OL R [7] [24], BEAE SRR R R A A B R AR R E
WS 7 HAREGE N ARSI RE ST, B AR PROE Y I B B, RN IR Y TSR TR
SERPE RN EFE, AR TSGR, e A E A EAE 5 J[25].

HER Tl 2 M EDHMRE TR S8 RE TR EE AR R L. IWRE R E T AR
[FIZKFEAESE R« A RIS R AR AR B R (0 R A 5 sORE AL, b 04 A B e 75 5 ) A A PR 1
2T A 2B TS R HAE KA P i o AP HARBEAHIE,  HL 200 58 M) 1) 8 2 25 40 K A A Ak
MIZE T AR A i A2 K, R WK AE ISR ol 20 (5 5l Bt & 1 8 P TR 2R A T kAR
SRR A 2, 151 3). R DTS Hofth 2 RE M ROWEFEh A 2] TGS SR, B LI el R (5 S AR
IKEGERE AT 5 PR A AR A R BGE R GUR  BIE R IE A48 57 [26]-[31] 4 2k LI AE S A2 A
FIVE B B AT A —LeBT 0. R S KB R A b, SRR B A R 7 KRB R,
— 7T, I T B A S SR g —— 1 2R 1 (expansin, EXP)ZE A (#) L RFIBTAMARR (L, $EE EXP
R, AT 2R BE A SE R, PERE IR AE /K S T OBOK IR, SRR A, R EE
IRIAEE T AR A 0 AR [20] [32]-[34]; 35—, LJGIIAR RALREVS T Ja shan i fe st Tl A,
KA EAER K SR A A Tl AU A BB 3 K A 2R A [26] [27] [35] HRULHED, & F5% 7 HAEK
ARG, I LS T I R S A AR AR R G AR R T T AR 2y ) A 3T R A R
R BT BB S

TR B 2 AR K B AR AR 0 25 IR (A2 S O S A KA A B i B 20 AL, 2RI S5 AR K 30
BRAFRE, R R CEA R ZEREE (PR, JF HAMH] /R 3 A & R RE 2 ) K A R PR ) 25
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K, H% B TR AR RS 15 S R 1 KIS AR 5515 2 (] 2, &1 4), BEE/K A SRS Il
W AFRESEEN T T ERE FEEN MR R AT RN, MAGERESEETREASEZ
BEEY KRB IR RERE TIERERKIRE A KA K 7R 2 oY 15 205E 5L,
H BN AR SRS 5 IE B 0 U . B0, PRZKRE I R K PR R I 25T ) A, B TR
W OHG R ZA R RIS S 07, I8 AR IS T 33U L0 DU R MBS R R S s, W
ST AE K “kiBE S N 7 [28]: FEFRIE (Rumex palustris) i i s 7K PR35 Al K f S B2 b, 200
R R RE 2 1 G T A R A [29] . H AN R 8 R AR SR A K B AR E R ALIE S Z T
i, AR 509 W 12 Sk A2 A 25 T S A PR B Ay 5t B2 (1) TR B2 [36] 0 ARAE LA B dT, R RS SR 2 406 N
WK —, BRETRAKENRET, CEIE NS ST seidEd (et /r 8 R A e 1 .

A R AL B BRI 5 T il AR R R AR K AR AL BRAR AL I BE s A AR KA e g, K AR AR BN ] 1)
&, ERKEARIEHZEAT (4 2), RI\EKRESEE RS S T/KERRIEE S S 2875
ERESYORRIR B AT AR S, MAS 2R R Sl . HAC T A KRG S IEBIERK
BERESEE N A SR RBUE AR K E WL FiE 2 A EKEN SR KIERLHL LA
Jo 5 HAMFE YD ZAS 5 W B 06 R i TR IR AT AL

5. &

WL KRR E TR R 2 406 RERAE KRG TN KA R PR
FPIAVE N, R SRRSO PR IR AL BRI e R T A
HIRAENLRIERGE T ARG R, AR E A S X PRI 6 15 it A i o

mMEEE
AT TAE B E XK H AR B3 4 H R4 4 00 H (31300189) F1 R LI B & 1 1 H (G142431) % Bl
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