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Abstract: Due to the special attributes of clonal integration and spatial expansion, clonal plant species show high ecological
adaptation and fitness in heterogeneous environments. It may be one of the important reasons for their widespread
distribution in ecosystems. Currently, the effects of clonal integration have been well studied at individual and population
levels, but have received much less attention at community and ecosystem levels. Previous studies have shown that clonal
integration could influence individual competitiveness, soil physical and chemical properties, and rthizosphere
microorganisms. These effects of clonal integration are conducive to the successful invasion of alien clonal plants and are also
potentially useful for habitat restoration and vegetation reconstruction. In this review, we summarized the impacts of clonal
integration on communities and ecosystems where clonal plant species played dominant roles. Firstly, we reviewed the effect
of clonal integration on community structure and productivity, rhizosphere microorganisms, soil fauna, carbon sequestration
and nutrient cycling. Secondly, we elucidated the potential mechanisms underlying the roles of clonal integration and spatial
expansion in restoring degraded ecosystems. We proposed that future studies of clonal integration should consider both micro
(e.g., rhizosphere process) and macro (e.g., community and ecosystem) levels and both short- and long-term impacts.

Additionally, to synthetically understand the ecological significance of clonal integration, future studies should link it with
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other ecological processes such as plant-soil feedback.

Key Words; clonal integration; rhizosphere microbes; plant-soil feedback; community structure and functions;

ecological restoration
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Fig.1 The ecological effects of clonal integration on clonal plants and the ecosystems
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Fig.2 The roles and impacts of clonal integration of clonal plants at individual/population, community and ecosystem levels

http ; //www.ecologica.cn



2152 xR 44 %

2.1 SORERE G X REYIRE R S AL R AR 7 SR

A A3 ok oA R RO TP B B IR AT 43T R F B S BE T AR A T AR LA S A 7 T e A
S T e e A R B B R IR A G, X T SRR TR A A S X PR a4y
FE AR TR I F R R SORER ) A b R 2 R U A B BV R 1 e
PRl E AR BE A TI0E  Up B AR I (A P ARAT B 2 IR, AR SRS T A R, 22 AR A LR 25 ) ) 25
YR B S 5 A AR, B B TR Mg i b 7= 11 O, ORI A IS T B WA ) 0 Ak T 1)
TR EESEms | 55 A B AL E Rl A HE R, NI e 2L (EAA BRI R T e 38 5 11 55
TR XA ) Y0 T B R A I R RRRE MR, A0, Eiltsetal 25 & B, AR 2SI pe AR xR EVE )R R
A ARG G R 0 v AR I R 0 TG P TR T R s TR R, T T L R R U R
ML, BT oA 52 S I HE R $5 HAR I Bl JE R Ly ST 3 X e — R b S B HAb P b Z R
L2 e i) = 11

NBAEY A AE S — 3 s AR, se bR G R 5 ARAE YA G E AR . B AR S A )
AT LAGE 1T e R B e AR AR ) U AR N T R R R R RR AR, B, AR SEREAE
PN (Arundo donax) =134 (Vinca major)X"J‘Z“ﬁjé%{)”/ﬂ%iﬁ%%ﬁ{m%ﬁﬁ]ﬂﬁﬁxﬁjE’Jﬁ‘ﬁ%ﬁﬂﬁlm] o 7
G, N 25 0035 T 5 (Alternanthera philoxeroides ) 35 FE R 4, SNTHE 2 1% BERRIR O Al 2
HI TR 0 5 S PR RN BRBE (10 52 J | S B 5 XP A M R I (R SE A EAE oA 22 5wk . ORI NS TFRE T K
BRI S50 S 77 ARRES T T MO R MBS, IR A T R A AT B TR S S AR R AR
PREE RIS B AR SERER I v B 5 XTI RRTR] OC R RV Z2 PR R ML, DL ROR A2 7 ) K 2
ARG, S et — D AEf s MR R GUKF s v e & 5 T A8 1k Z 18] OC & 1 BF
I, XX T A AR RAEEE X,
2.2 GEREEEG XIHIBR AR ) e ) B

o, A A A3 2ot A R S R A AR B A A R, TR AR B SR W M ISR e A, SR
BN T SR A K RSV P, 38— 2 B W0 43 b 8 FRIRR B 2 BV A A R E i 7 AR R 3, o
ek G W BTN T 06 ML) ( Glechoma longituba) 48477 ( Phyllostachys nigra) AT ( Phyllostachys bissetii) \J7 =
( Phragmites australis) 55 yaFEAE W) L PR 1 S04 2E Wy W A IR 7 R ( PLFAs ) SR B, U T R IR G WU VR
FENCTT10 P00 AR R IEAS AR R AT IR e b A R AR B A S R v R E R Y R A
(7K 3 FRFR 338 AR 3R 5 WA B o0 R RO AR s - 3 vh | S AR PR A W 3 8 R R, 14 AR PR ik A= 9 &5
T R, TR e B R AR R S 0 SR R R 0 X A 5 T 2 IR TR L i
FEY BT S e SRR AR A X B AR Y- TR B . SRR BIFSEIE 32, v B 2 5 X AR B
AYTCREF W, AN, TR S A0S G I BT R R IR B R RN, 2 T R A KR
JIr T BB, 5 B0 B2 A X A1 Tl TG Y XA 2B AR B S E B s AN K Ah , MR R AR BB (AMIF) J2
MRBRIBA: W IX 28 1) 32 B A B2, HCT 1) T 22 W 4% ( CMINs ) KF 56 RS 5% 43 7K 43 A T 8 45 A 40 ek v LA o A
™, Gao ZERFFEUE] , AMF JE B A0 BRT 22 00 265 15 T [ 3 5 358007 [0 A7 AR RS BV I, 76 AMF T 22 W45 A7 (9 1
BT, TR AT e A ) A B VR I /N L RTS8 5 o - AR B A 25 0 R A A 9, AR KRR I
T AR SRR IR

Wi R E AN, IS Y 2 2 BRI AR PR A AL R A MY — S M R kA A B 2 R
%% B BRI 450, SR ISR AT 4540 U e | AR AR A s DI DG R, R
(52 A - 3 A 355 M A WS R A [ B 200 -3 sl A AN T Z AR 520, {H H i ve R B S XHE AR PR 1
SR SRR G ) 5 BRI AT AL TR 20 B B, A DG e e G0t T3 sl (4 i e 5] 55 ) 52 i) F) BF 90 i
AHGE , TRARTFE SCREHRE S X LI W) (A I ) B 3 sh Wy i 5, 4 e B 5 5 M- 10 R At 5
A 2SS R AR R | D4R R FAE FHAIL A8 T MBSOW R BE A8 7R 5 B 45 0 A 28 23800y, 43l e A ) A

http ; //www.ecologica.cn



51 TR A A T AR A A SRS S B g 2153

AL HNE AR ] # R O A A SR BT STV
2.3 SEREREEANS ISR IR ISR

TURERE S A S RGIRMEIR N ERVIMC . B, R SR T RPR ek AL A AR,
B T IR IS BER T ARSI AAE T, SO BRI T MLP AT AR BR L A PR
i PR R R AR B R T T R T v R Sl AR AR S I e L Y
O BUARBR L R W 2 R S D RERERAIE 2 HEAR 28 L e i B 1k S Ar AL A T, B T 4 w85 3% 0 IS R DI BE
HU, sERERE A RIS ISR = SO ™ . Bk UL, — 7 T, SRR S AR HE 2 D30 S Rk 1 A R DL 4R A B
A7 BRI GE M M AE AS R GE it & MR, 53— T, SRR O AR W AR K B L T A 3R 0 A
AERE, N TR A S RS R IR AU BRI AR K T R R A i R
SARHECE  BACRTE, SRR A X IR R R 22 75 T AL R A, DR R SR BT ST T e R S
X R WS AN R G IR i M B A 25 57 XA D RE AR | A~ T R AR B B2 WA 25 D77 T, R - 4
B R BRI A LA S S R W TR B SR RS BRI | 1 — 20 e 7R e R RE S X AR A R GE IR IR )

REAYIRBIAL . XS HE— 2B PP LA S A 0 L4 0 AR A5 AR G (AN il R Ml A S R 58 ) X BRI AL i
M 7 LA H 2R S

2.4 DERERE G TR I A5

SRERE A AN T ASRGEFEBRIIBER T, HYR R R A S R G BRI A FOR 0 e £
e K 3553 10 T ER IR R R A S R GRS C SRR R AR OB e, SRR S B TR
B A e B B v R A RTINS REAR R ELA O R A AR R
S R HAWATDIRERI S (CIARZE BR2E 0528 M R2848) | i i e ey B B i B el 5
KW, e A i T e BE AR B 8 AE B K AL & W) IR A, D A AR e A Y S 2 M R AR
AR TR AL R Rt i, RTINS A AN R SRR BRI AR . A, 3 B B A R T LA AR R )
BEZF LW R M 2 v HR 7 IE A 52 A i B R A BT S RE T, PRIE T A 2 B P LA e B AT
JERFAER Y S B Z BT A S R G MR e R 2O MM B, )& 20 A B , 1
TS e RERE T AR R AT, Al BT AR AR R SRR IS S I RE . H AT IR E BRG] ARSI B R T

SRR P ST , R PR v AR PN - SR [F6 A7 B 20, DASRAT v B R 5 ) - S i e S RE IV FH A I A2 A JE
3 mEEVERHKESREESHHEARIERVE

IEAER N S AR ) i s B G B s Tl e R X IR AE Vbbb R AL R Hb GRAK I b 55 AR S R ST R R
SRS — et R, EREICT TR0 E SR, YWHE( Psammochloa villosa) | - %€ ( Hedysarum
laeve) VP43 ( Calligonum arborescens) 3&5E K| (Alhagi sparsifolia) 55V X LT ) 5 A W) , 0 v PR 4L G 1R =
SRR IR AR A T LA FIAE RS e GERE T, S0 T Ia sh b Fe BESR AR 55 T, 30 1 VDb AR 2R AR e i H AUk
RES T TERR EAIEAMBER AL L, DR Fh R (Leymus chinensis ) J&:—Ff B 58 BE 1 5058 AR ZE AL 70
REEAFT ) , A5 B b 90 P A R 25 ek e o A K AT 7R R BB BE B Y R R Y HLTECBOR T, 4R 2R 11
KAWL TR SRR G RN, P 5 S BAE R BT [ 1 25 (W) $h R YT BRE T, A R T B B AR B I R
2 ERMIBHE S RS, B R ( Carex tussock ) T 3 50 B8 A 45 A /K AL IS 9 ) 20, i 1 JH03E o i 2F
BERe S, RO TR AR B, SRR AR IR AR S R G T A A A

HH AT D SO REAF ) Hh T B R Y S B 5 RN 25 Al SRR A (R M - SR & B RV VD Al o 5
i BA EEE RS RE B E RARKRAETER IO E (K 3) . WRASR# e YT IR B E
BDARGEE B PVERPLE, X — PR s A T BB A S R R E NI LEK, T IHZ8 5
SETTIAREAY , SRR TR IR A S R GUE B W EH T RepL an T .

http ; //www.ecologica.cn



2154 JAE = 44 %

(1) SERERE A TR PR RUBEXS B IR AT/ (182 i 5 F- 0 E , A A 7 8 95 A B0 A e e 0 bR ) s S A
A, DT X A 53 A 150 A B 11 0k B2 LA A vy el AR T

(2) LR PO A AN 2 [R]9H FEBE T , A7 B T At BE e (AR D e v o S AR AR D v )
VU S 31 A5 2277 1) LI RS s 5 ) ) B 25 AR 25 IR S5 4 , 2 Bl i) b A e o i ARG % e, L o JEE A Y
WU, KRR 4 2 A2 RE (0 s AR D1 PR K b (Rt H R 7 | B KU U 2507 TR A 2

(3) SERERYI A e AL AR B ANARCIR 25 sl ) ) 2555 B A7 DI fE A1 B T4 se B A A SRR RE T
XA MR RS EE A BB — 5T, Sk SR A T RE RS O S A M O RE AR EA T AN AR AR A
TP RG>, J)— 5 1T, e R A A 7 A 11 B A T DA B B v R IO U A R S A A
Ay, Al HGHUR R A S AR

(4) SEREAEYII e e RE & nT SRS Y- L S Bt A | 2 — AP U U SR A6 1 AT A TR AR AR B A &R
G . RENMBERE A DGR MBI O 5 IR G DI | S sh W) DL A S R G U RE YK
i, ORI AR R I A HURR AT LA e PR PR, [R] AR 2R o i Al ik 1 AR AR SR B AR AN AL A
F S0 - Bl ) SR PR A M R TR R 5 AR 2R 285 () B x4 S i B S 2 38 4 B P Tt 2 7 A 1 50
Wi, SERERE G X T BT R A TR | o2t — 2D R AR O, X TR AL S R E B
SR KA

R

6ﬁl$ﬁﬁﬂfﬁi , BASEE4

|

| I
l : I
| g’ . 1
v /ﬁ%ﬂg:ﬁ%\ v

—
WRERSWY — > WMk

B3 ZEEVETZEAREREEAHEEERLESRENERNE

Fig.3 Mechanisms of clonal plants spatial expansion and clonal integration attributes on degraded ecosystems restoration
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