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Research progress on spatial expansion of clonal plants and
its utilization for restoring degraded ecosystems
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Abstract: The spatial expansion ability of clonal plants can help them successfully colonize adverse habitats and make

efficient use of patchily distributed resources, which is crucial for growth and adaptation of such plants. Spatial expansion

characteristics of clonal plants also hold considerable potential for restoration of degraded ecosystems. One important

characteristic

ramets (i.e.,

of clonal plants is physiological integration, which consitutes resource translocation and sharing between

potentially physiologically independent units or individuals) connected by horizontal structures such as

rhizomes, stolons, and horizontally growing roots. In this review, adaptive strategies of clonal plants to colonize

heterogeneous habitats are summarized. Based on physiological integration, clonal plants enhanced the division of labor by

modifying phenotypic plasticity, foraging behavior, and the tradeoff of biomass allocation; thus, ramets in heterogeneous

patches performed “specialization for abundance ”, which substantially improved resource use efficiency and adaption

potential. Moreover, based on the “C—S—R (competition—stress—ruderal)” life history strategy theory, effects of environmental
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factors including disturbance, stress, and competition on spatial expansion of clonal plants are discussed, and the driving
mechanisms of expansion were also revisited. We assumed that intermediate disturbance (e.g., grazing, mowing, etc.) may
improve spatial expansion of clonal plant populations. Furthermore, we summarized the application potential of expansion of
clonal plants for the restoration of degraded ecosystems. Clonal plants produce large and dense multilayered rhizomes/roots
during the expansion process which increases soil consolidation and sand fixation, improves water conservation capacity, and
thus ameliorates the soil environment. Moreover, propagules of clonal plants play a pioneering role in colonizing poor or
bared habitats, which is important for species diversity regeneration, community structure variation, and productivity in
degraded ecosystems. Based on their expansion functions in both above- and below-ground environmental recovery, clonal
plants improve the restoration succession of degraded ecosystems. It is suggested that future research should focus on spatial
expansion of clonal plants from the perspective of restoration of degraded environments in order to increase knowledge on
the overlapping fields of clonal plant biology and restoration ecology and to provide a new research ideas for the restoration
and management of degraded grasslands.

Keywords: clonal plants; spatial expansion; driving force of spatial expansion; adaptive strategies; ecological restoration

Corresponding author: WANG Jianyong E-mail: wangjy886@nenu.edu.cn

v BEFE W) (clonal plants) X FR LPE REY), 32 %
i@ EFREKE R Z M ESRE 3 RSN
A b ST B AE ST A R — . M
T AR v REAE A, o B A A R E e A A A o R 2R
1% S NS el e TR = @ DS R i g
AT B 3 2 508 <5 76 88, 7 KR 3 1 4 A 3
(B 1) X FpURR 0 23 18] 0 B 5 B IR S = L),
BERLRET Z A T % KRS RGP, I ek
RS R GRGEH TRE R R e 1 T A 4 A B A
AR, M EEY BRI ACHRERZ,
P A0 27 3 I o B R L D £ SR TS AT 9B
53 IR TBCE M 5 55 7 TH AR T T 7S R) $h R R v FE AE A
S Y, T A D AR A L AR s T A
— AN, FZANRIREEIE JT I . 3 Grime!”
28 #1155 G BT 3 competition—stress—ruderal
(C—S—R)”A:= 3 52 xf SR BRAG B AY, T4 Wi Al 55 4
LR R RMY A LRI SIB, 2R
B A 4 7 IB) 0 R 1 = BEANAE OR B0 77, 5 B FT AT
P W 38R 55 G 25 A T o R A 1Y) 2 T e SR L
HHLHEARIE B R. 54, lEEKREAESEN
R, R v AR ) 7S ) ¥ e R e AT BRI AE S R
GeA6 5 i 7t 52 3 [ Y AN e g e Rl
F V0 #E (Psammochloa villosa)s 2458 (Hedysarum leave)
S5 HEAT R VD A B B ) [ 2 K RASE By XL

£ Leymus chinensis

1 REEYZERRIEE

Figure 1 Schematic map of spatial expansion of clonal plants
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Figure 2 Spatial expansion characteristics of clonal plants and their restoration mechanisms in degraded ecosystems
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Table 1 Cases studies of degraded ecosystem restoration using cloned plants
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coverage reduces rainfall erosion, which is conducive to water
conservation and soil consolidation.
Aepii e By, fem A RImRZ BECE it TARZ,
Vo4 7 ‘ MRS Bk 1) KUkt v BE bR g A Jg , RS EEH . Tt has a
AAF} VOHiJE  “guerrilla” clone configuration, which can produce large area, multi-
Psammochloa p. eae  Psammochioa layer and d d d rhi hich can be rapidl [58-59]
villosa yer and dense underground rhizomes, which can be rapidly
BV A expanded to wind-eroded quicksand patches through rhizomes and
BRG ramets and play a fixed role.
Degraded WA R A IR AR I, I HRAR ZE B R AN E R T BEL
sandy land WL N ZEEE, FUERY, SR MRS N A A RN E
ecosystems ES SE g HF|FEE. Often as a pioneer species to form a local accumulation of
Hedysarum Le 1;ninosae Hed \sarum vegetation, through the rhizome germination of adventitious buds to [60]
leave & % form a dense underground stem structure, fixed quicksand, improve
microhabitats and create a favorable environment for the invasion of
other species.
SeBEA KT AONHRES AN 25 2 i, S i/ oof 52 XUk 23 A )
Vg e ‘ ’ﬁﬁi"i)\ ibﬂﬁ‘i&"@?ﬂﬁﬁ\ﬂii"i%, . %ﬁgﬁifsz%_@?ﬁk
o 2R} Wi JE . The clone growth mode is root splitting and stem splitting. By
Calligonum | Calli ducing th investment in the ramet affected by wind [14]
arborescens Lolygonaceae Calligonum  reducing the resource investment in the ramet affected by win
erosion and increasing the investment in the ramet buried in sand, the
basal plant can move and prevent wind and fix sand.
m ET—y e -~
Ehloms AR gm0 eI AT AN R
hinensis Poaceae Levmus o It can cglomze and grow in sahne-alkal‘l plaques.by asexual [13, 61]
¢ Y reproduction with the help of underground horizontal rhizomes.
e FEYD A I A A R A R OKPERARTE R, EE
) BRI PR E VD, Rr RN, 1B R AR IR
1B A A W J& 2 ) B2 [ e sl sh b B Bt AT18 5 . The ecological
BRG é’ar:lx PER BEJE  restoration constructive species of alpine desertified grassland; the
Degraded brunnescens Cyperaceae Carex underground horizontal stem is lengthening continuously, and the [62-63]
grassland vertical stem grows upward to fix the sand dunes, which is gradually
ecosystems degraded and extended to the surrounding semi-fixed or mobile sand
dunes for restoration after the invasion of other species.
s S FHRCEAEEI 0, A Y L BB BB 2
Carex PER BEER Y. The underground rhlzgme sur\_/lved for a long time, and the [47]
praeclara Cyperaceae Carex exposed patches formed by wind erosion were used as the resources

for rhizome expansion.

TEAN, B R R AT, g Ak, SR AL
(R R T I A2 = AR T L A T SRR ), R
W R R B TE AR (BE R TG 1 A 4 e R ) $2
it 7 3B Ak B H 5 DUIK 51 A 7 S R T FE B
WA EL, Y0 A & ¥ (Carex praeclara) %5 v FEAEY) 7] H
RORZ AT S0 . XSS A W) IR 5% ST R K 2 fifh R
TR . BT RER R E R, YR BEE A S
S BN, 240 B P0HE B B B 2 I, IR
FE PR S R A K, kT (R kA R 2

4 B4i5RE

A SR T T [ AR A 2 T ¥ R (B R OR R
VAR N v R N = e S DA e R
WREATRUESRAGEBENHI B I EKRZ
TAE. A e Y 2 40 R R MR AT IR S AR
GEE, X FEE A SRR AT X
o U LB EMAS ARG R AA HER
B HE M AT o AR X F AT 7E BLR 1
F G AN R &5, AL S e 0 7T BN 2,
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Wee A 4 72 1) 9 e 52 22 P B 55 IR 1 1R s 0, T I 1)
W2 5 18— Fh el b B LA A B R 2, 2 A
A58 DR 2R 8 ) e A A 2 1) 4 R B0 A A 7R F AL )
i AN BT o A J5 E SR SGVE BRI R ) e A
Wy = 18] 0 Jee Wi N2 R At b B Ve 4 R ) T A BRI R
T oF M e B A ) 7 T R AT IR AL B AR S R
GiieE A A EENEFE L.

2) fE 5| M ECH s Y AT R AE S B R
1 P VA 7 S N o 2 M il O BN 18 V= K /B
BEPEAE AT 5 N AR A G, Tl IR B R
N ol 1 7 (A & = 1 w4 = A O 1 DS I N
a4 . WK OK B (Spartina anglica)
HE AR OK B A5 H A VR A 5 TR R o R g
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