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Abstract

This study investigated the effect of clonal integration (stolon connection) on the growth, clonal
propagation and biomass allocation of the aquatic and terrestrial clonal fragments of the invasive
plant Alternanthera philoxeroides under heterogeneous resource conditions, with the aim of ex-
ploring the contribution of the clonal integration and clonal division of labor on the invasiveness
of different ecotypes of this plant invader. The results showed that stolon connection allowed the
division of labor within the clonal fragment of both the aquatic and terrestrial ecotypes, with basal
ramets specializing in acquisition of belowground resources in high nutrient and low light patches,
and apical ramets specializing in acquisition of light and aboveground expansion in high light and
low nutrient patches. The basal ramets of terrestrial ecotype showed a stronger capacity of spe-
cializing in acquisition of belowground resources than aquatic ecotype. Moreover, clonal integra-
tion greatly improved the growth performance of both the apical and basal ramets, increased the
biomass accumulation of the whole clonal fragments of A. philoxeroides, especially for the terre-
strial ecotype. Therefore, clonal integration can facilitate the growth, clonal propagation and thus
invasion of A. philoxeroides under heterogeneous environment, especially for the terrestrial eco-

type.
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1. 5|18

AR NZ X BRI X IR A Z A A S KRG faHEE, mMiXEsREYHEH Y —H 02
ST FEEI[1] (2] [3]. ARE SR, RERISRANZEY AL 2(44%) e EEY), HBEM ek R e b
PR EEHI[3]. AT AW T R IR MRS R ve B AR T 49 28 T H 5 E v FE R A SR AN [A) 1) AR v s Mtk
M b B R S A 3 (1 S B 9 55 3 7y T2 B N R B R e RE T AR (4] [5] (6]

T R B (OURR B I A AE R ) 2 o R L) P e A 1) SR M 48 LR BRI 2 ik 2 TR) Pl o 1
(AR ZAMOIRZE S K 7 B IR LY BTEE[4] [6]. 72 HAR I @A BRI R A s b, 58
WAL EAH R4 1) o R T I R T M E R (BD e PR B ) R & 40 1, BPLL “i& & Rl (Specialization for
abundance)” BRI ACTT 2, B AR 78 2 BEUE I 8 i A BE R A ik 381 B IR N BT = AR IE 73 A%
T A5 B AN bk 2R G0 1) A ) R P R AS 3 2 [ 7] 8]0 ERAR T R R 1 T v B 4 5 RN 55 31 3 X ARk
TP NAZ PRS2 AR F ) 52 B 9 A2 1 93 [4] [8] [9] [10], {EAS[H AR 25 2 B NAZ FEL 4 v B R 1 AT
FEEEA L.

B 25T B (Alternanthera philoxeroides (Mart.) Griseb), 84 WHZTOEFE ., KIAEE . i HeE,
JRr=r PN ETE, AWRRE FRE 2 FARAR, KWW, SEEK, W S 3R E R ARG H X,
SRR TR I W MRS GAER AR IR [11] [12] [13]. RIHIEEERPER R, e
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BH, CHEINHREEHA T 16 FUBENRWF 2 —[12]. ST IR T8 A I o B S P v e P 45
A LRERETREN. T HEMANRIEZEF [ Z—([9] [10] [14] [15] [16]. T H KPG8 4%
SR, W E PR AN [ A 7 B R AR R AR ) 2 BT B, 0 A B O TR - S SR R RV AE LY
SRS, PFAARASNE R TR R L EA R SR ER . RARRIEULFERE: 1) 7
FPEARSE TN, BT ERG AERRK AR R TR B R R I 57 B 4 LRE T 2) S TR AR PR ) e T
FHEE T /K AE PR B S 3 137 [17], FRATTM, MHEL/KAERY, Ffi AR 2 8 55 B g o B PR 2 IR &4 o
SRIVSERERE G R S, FEARIST AN TOmAE, TS AR K AN T P T R B A2 28 T ) B R G PR RS .

2. MR EHE*E
2.1. YIRS

ARELIAEVTIFIL IR SR IR A FHR S M AT 2018 48 5 H, L7578 Jot i K 51
B TR IX AR 8 AR A (i 2 TR K A R 3 S R R 0 B BEAL PR 3 R R/ BOH B dE
(¥ 50 A5 57 R TR BUE KRR Hop AN 3 TE T R B T B AR AN iR, i B
Tt B PN EE 7P MR (PR 9 8 20 Fk) - 1 30 T Y 79 A 50 0 Bk (PR i B0 ) - RS SE B HR]
PR B DAORAIE 2 A B W B IR o e K Dhade 1 S B A BUBE AL A BRI A RBE FRHE (K 25 em x 58 16
cm x {5 8 em) P HHTIE RN MERE TR, BETUONMECUE R L (pH 7.03, MENUTEEN 736 g/Kg, BAGTEN
0.34 g/Kg, SWEEEN 0.62 ¢/Kg), BRIEEGIK ML E 7 BUER . ERAT —AIMBETR, fokEr
BUEMRE, MORAMBS AR Berh 70 IS FR 3 AR — B0 32 D oe ke i Bl AT Ja 85848

2.2. SR

AT 7R FH 8 IR 25 AT (R e (Two-way factorial design), PIANK 2R 43 718 7o B B A Ab B (43 Pk 2 1] 1) 78]
B ZE R B VI I R A S B (Bl A RURUK AR RS, —JRPUANARER . S5 R F f &) 25 D) Wik (Stolon
severing approach) KA 5 v PR, RIDI g £ v FERE 49 53 bk 22 () P 7)) 25 SR A1) JEC L BT 20 ok ) £ 5 D
FERTVE N T T B A (O I, ) ) ZE AR R B A AL B U A AT R R AL (1 oo B B A A T . 2 A B 5 9 AR
BIET A A e AR R AE R, B ERI R 54T, TEmBERE ARG i h) 2 g .

Y PR A 25 B ) e B 7 it i) R DR T R DG I B R s, L B R E TR B R K
JEHRBEHL, TR R E TICE TR EOG . BB A B MEE I S 8 IR 12 emy PR
8.8 cm. (5 18.8 cm MG FRAH, W—RIE MR, FFRIETUN 3: 1 AT B4 i v A2 435 5
TR . 152 P AR EIE N e HE AL B I SR A DU SR FH 7/ A2 00388 B 0 JEE e 11 2896 19 90% (R
SR SRl N HAROGRE 10%). &E R SCE TR NI IN 2 g M10.4 g #F DZERENECE TR
HNNPK, 16:9:12), H5REFIREL L. §NCHEES 8 K. LGN, REIEEEHAE 28~35C, &
HENIEHEN 90% FAA IR, SRIGONI 8 B, A R T R B KR IR R R

2.3. BriElsE

SEIGWSCRTET, 43 Se vt v bR AT SE R ik i BOR R, IR = oK 20 B RO ) R 2R . SEIRUOGR JE
P v R A LR BT AR IR AR 20 TN B, BT A REAR 2 AR . 2RI =Ry, albRid e BT 75 CHUE
W 48 h ZIEE JSFRE, BES 2 AStH P o M s vr e B e, B kkE, BEE KM
M 7& EE (Root to shoot ratio)ZE S B LIE#1T N — L8104 .
2.4. BB

FITAS A ) 50 2R D SPSS18.0 B AR AT e th oo /M i A, Sedde M 2 75 & IR 7
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AATT ZE M . EHARATE,  WIHEAT L Z 145 5 AT 704 . FIH Two-way ANOVA J7 7 43 it
56 25 AR BRI (1) 22 57, o 90t 8 1 S A B ) 3 20 R 3 A IR ARV 5 B B AR K (R AR )
e o R (e ) B ZE KR o R A AR B e (MR e EE)BEAT LA, 8 ] Duncan A3 EE1T 2 B ELE, & P
<0.05 MFRRZEREE. I E/R¥IH Sigmaplot 11.0 £,
3. BR
3.1. imtRAEMRE e EREMEK

T o R (R ) 2R ) Y 3 R B R R AR I v B B (O RO A B 2RO AR (B E), A
A AE AT S B T R A KR M Bt 2= 7 B (R 1) BARIUNHE Z2E8 B &N 7 s5mik i oM.
WEZEKAAEY &, I HIXPERERGAE RN R 1 B ). Mt sk, e g s
R 2 R e B AN A, (HRE IR BAE (R 1), MEZIEREEERTE T B R T SRR 1
HHEKSH, HKAERAKRNEETTRARGE 1, H ).
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Figure 1. The growth measures of the apical and basal ramets of Alternanthera philoxeroides,
with the stolon connections either severed or kept intact (mean + SE, n = 8). Different letters
indicate significant differences between the treatments (P < 0.05, Duncan’s test)

E 1. TRESEEREFEMNIRRMERERSZVISFERETHERSHIIE +
PREIR, n=8), FRIFTHRTLIEEEREEP <0.05, Duncan #3%)
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Table 1. ANOVAs of the effects of stolon connection and different ecotypes on the growth measures of Alternanthera phi-
loxeroides

= 1. AEEEENTRESEERETEE KSHFMWH ANOVA Sk

Effect df Ramet ngmber Stem length Tptal mass
IREL INGIEN S AR
R F P F P F P
Apical ramet ¥k
Integration (1) fE# A 1.28 125.72 <0.001 91.78 <0.001 9.95 0.003
Ecotype ()£ 1.28 7.92 0.007 2.25 0.16 3.42 0.075
I*E & HAEH 1.28 7.08 0.012 4.11 0.046 231 0.136
Basal ramet FEFk 1.28
Integration ()5 FE 44 1.28 30.77 <0.001 28.47 <0.001 34.09 <0.001
Ecotype (E)4E %7 1.28 4.55 0.043 5.69 0.023 70.45 <0.001
I*E X HAEH 1.28 1.56 0.211 1.88 0.18 0.55 0.47

ERREN PEMEARRIR; Significant P values are presented in bold.

3.2. BiRERERNEK

TEREAN TEIE r BOKSP Btk + BEpR), =5 RN SRR 30 3 52 3 W E) 2R R (F) 2
=79.21, P<0.001), H H#&EZEERE ST TR R ER(F 5= 6.35, P=0.035). BA&RIA
S5O pRAHEG, R R B R T R TR B AR R, I AR EE
(A 2).

16 - | Connected - Severed |
a
] b
12
C
2
3 g
g c
= c
e
4 p
0
Terrestrial Aquatic

Figure 2. The total biomass of the whole clonal fragment of Alter-
nanthera philoxeroides, with the stolon connections either severed
or kept intact (mean + SE, n = 8). Different letters indicate signifi-
cant differences between the treatments (P < 0.05, Duncan’s test)

2. PEESHERETENENRERREASZ IR
FEETHREYE®E £ FRER, n=38), AEFERTL
g EFEE(P <0.05, Duncan 181f)

3.3. EYIESE
X F Uik o, A 2R e B 2 R AR T L (Fy s = 19.53, P < 0.001), AR K HAZ HAE A
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B WEEEREE LT T R RN LG (1] 3) . KT IR S, R 2 (F 0 = 7843, P
<0.001)s AEBB(F) 25 =12.43, P<0.001) LA K7 HIAE BAEH (F) 25 = 7.22, P = 0.012)# 2 2 5200 & 54 5% 1
BRI BARRIUN S @ EZZ VW bR L, BRI 2 BN T A R AR i b, JF BLAE
Wi A= A R F B O 3 (] 3).
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Figure 3. The root to shoot ratios of the apical and basal ramets
of Alternanthera philoxeroides, with the stolon connections ei-
ther severed or kept intact (mean £ SE, n = 8). Different letters
indicate significant differences between the treatments (P <
0.05, Duncan’s test)

E 3. TRIESEEREFEMNRRMEREGEZE VI
EBERETHIRELEGE + fREIR, n = 8), TREIFERTR
IR B EFEE(P <0.05, Duncan #5%)

4. g

WFA0 45 AR M S T IRATO BB —, BVl £ 5 70 ) B T B 5 e BT BE B B A 5 eh
FULH B R E P55 TIR: LA A HRAR EL, 860 25 e (0 PR 10 A8 b T 5 e R B 1) 3 3
53k 43 L EE 22 140 200 5 AL R T8 L 5 2 U0 398 o) DA - PRS0 8 3 A = T T 0B, T Ak T 757
e L A 3 05 23 U 450 N 5 60 2 A 8 0 L 3 R b 2525 U R 06 LA P SR R I 2 B 1Ak
B HE T SIS e B[ 7). A9 25 TO7 804 TIOFETE, AR 250 Be 2 (kT W9 Pl 25 B AR MG (1 5 200 23
FEE SRR, LA BN T P B AR (R A B )R S e B (DA B SOR A B 25 KRR KR T RS
FIFEY) GRS PRI R SR AT B2 U5 BT Y R ) R B 0 5 /N T MR R B A R A o YR T R
(gL, DRI 6 A 22 1 W 90 LR SO 8 900 A T 8 7o A ot R R 1 2 P R0, 8 T A B A 3
FRR G0 A ) B RE & 38357 [18] [19] [20]. BRIt, BFF04S R SR i & RN S 55515
TR T AR AT 3 5 T8 ) A K 7 B

Besh, BATERIAR G T AR, b A 0 5 53 - B T 1 Bk b R R VB TR 5
HONWIE, EUIEMA RS AN TR E R, TSRO BRI E R B R R, XA R T
T o AR 5 e A PR ) VA A A R T 1 T K AR B R T K O B B R A R g 2 —
(177 i 42 2305 3R R B8 10 Al 0 9 0 55 53 0 2 858 1 A s B2 o AT RIS, AL B TK
AR, AR R T R MR S R L IR R R R A I A T R IR A KR, TR
T SRR i 0 3 R L 9 e B RV R 2 1 A AR R L LA T ) 2 e G B ) S A R
T Il A 780 ST 3 3 4k 1 o T B R AE K (CE K B BUK A B 20%~75% . i i A TR 34 K
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39%~120%), AT BRI L RS BURE ST FINR YE . XA BT e BN AR I Bk A PR 55 b, AR EE GRS
M B BEIR, bR SRR AR IR BEIR, AT 2 AR R AGREUCE 2 R R B, AR5 i R R
HAER SHERAT 0 2 ER TFHEIME S . 5234, Roiloa ZE7EXTAMRNZ RN ELAT 4 1) 7
G AE F R FT A I AN 7 e O P A 25 20 S O B IR A AN R e B 2 S, B e o
SRV X AR 5780 o TR Juoa T R i ARS8, T4 T H O i AR KSR I 7]

A vl BOK, B ss BN 7 AR A R R, JF HRE A R IR 2R 5 K.
FH T S50 T B 1 AR O B B B DR R ik AR PR, [l A4 PR REDAR i 50 B i 1) A R P R B 3 ) A AR IR
B T 5 T R v B R G v R RN 57 B 43 T RE S AFAEAR ) W] 98 M 46 # (Transgenerational  plasticity)
(2170 BRFER: AR 58 A 5 1 A P58 Hh T B SE i (18 B0 70 =2 e /) M 57 80 Lo SR P4 2 F — A, F—
RAERE AR 2 B I AR KR IUNGE & B BT 5 55 1 e [ 9 I B DR A AR A AR [22] [23], %%
RUR] I 2 SO AN [R] PR B ) & ST B v PR X R R B A I 56 R T 5 0 1 B T A (3
5. thAh, FfisE A B 1 R R I TR 2 S On B BEA) Re TN 57 80 73 T EE LR ety SR R AR K3 28
AT DL A3 ff e g AR Bt A 5 B R LK AR R S I DAEAT A s il . FE A 0 R 2 RIS, 4528
ThfiE PR T HE R BIR E M5 3 TRES), ARECE bk nT DL e B A 45 T L& 0 Pk
B2 ISR DL A B U R 0[13]6

g BTk, BHSERARETIE, WATRIL, FEREZ B RPERGIEAA T, AR KA RS R
TR B 57 8 o TR, BARRINA & s FR O R B S 1) B350 20 R 2 IO 58 22 O AR ) B R
H LA LA RIS SR B 5 IR BRI, AL TS I v ' R R R ) i 358 0 R DU N B 22 ) A A B 3
#5r AR AR BCR BN 8 FOC R Se B e B4 8. thAh, FRATE R IAHEL TR AR, iR s R
VEF RS By B A R A R BRSO R AR, RIEE RS B LR K. 19T
Sy PRI DS B 3 1, BB 2R 4 W 3 S8 0 1 AP A 2 Y ) Vi 0 o A o B BT AR KR e o
If BRGE AR EoK A B BE TR e A5 8 T w B S, RIONEKAERAMLIL, #8228 82 it
ot A B i A R R A v BRI AR e PR B (A R, WEEEREENN T S R E T
FE0 B v B o MR ESORT R 22 K (G R ), T b P B ) 1 5 JC B RS hn L ot SRR e, et R
P SCAT B NI 3 ARSI NAR B R A A X3, gt — P KRN R TE I [24]
I, SERERRIEE A v B RS A B 57 B 0 THE B RE T I NR ISR A G SO EEIEH, Rl xt
WA= ORI 5 o L, FESEPRPTE 5 R T N R B R rh, 75 SO L o AR R T AT R A P )
Jit o

SE
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