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Effects of clonal integration and simulated sediment burial on the growth and antioxidant
system of the introduced aquatic plant Myriophyllum aquaticum
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Abstract: Many exotic invasive aquatic plants are clonal plants, but the investigations on the influence of clonal integration on the
potential invasive effects of these plants are still limited. This study investigated clonal integration (stolon connection) and simula-
ted sedimentation burial (3 c¢m sediment burial) on the growth, antioxidase activity and biomass allocation of the invasive aquatic
macrophyte , Myriophyllum aquaticum , to explore the clonal integration effect on the tolerance mechanism of this species. We found
that; sediment burial significantly reduced the final biomass, total stolon length and branch number, whereas these growth meas-
ures of the ramets buried by sediment were markedly improved by stolon connection. The antioxidase activities ( superoxide dis-
mutase, peroxidase and catalase) of the buried ramets were significantly lower than that in the control group, whereas those values
were remarkably enhanced by clonal integration. Moreover, clonal integration significantly reduced the shoot/root ratio of those sed-
iment buried ramets. The obtained results suggest that, under the stress of the sediment burial, clonal integration can enhance the re-
active oxygen species scavenging ability of M. aquaticum ramets, thus improving their growth. Moreover, clonal integration can change
the biomass allocation of the ramets, allowing them to acquire more abundant resources. Therefore, we conclude that the invasiveness
of the M. aquaticum may be closely related to its clonal integration characteristic under heterogeneous environmental stresses.
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Fig.1 Schematic representation of the experimental design ( There was one clonal fragment of M. aquaticum

in each container, consisting three basal ramets grown in the left side and two apical ramets in the right side;
Stolon connection between basal and apical ramets were connected (upside) or disconnected (underside) ;

Apical ramets were buried by 3 cm sediment (shade) or not)
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Tab.1 Two-way ANOVA results of effects of clonal integration,

sediment burial and their interaction on the antioxidase

activities of the apical ramets of Myriophyllum aquaticum
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Fig.2 Activities of superoxide (A), peroxidase (B), catalase (C), biomss (D),
stolon length (E) and branch number (F) of apical ramets of M. aquaticum, with stolon
connections either connected to or severed from the basal ramets and subjected to sediment burial or not

{19 R 5 SR A =2 O LRI, TR T 0 S M 6 A5 R M SR R B 4 FE AR R A A o bk
KA AAET BRI ) 1l o A SR s B £ T JFLE S S P s R 35 F B AR BRI 5 182, i A7
AT HIFH 45 PO A B2, 3R WIE R4 B0 AT R RE D AR

T U7 A B ok B S0 (6 Jil ) i S SR Ap A S U7 B Ak B S i 3 Bk B9 SOD (POD A1 CAT i PR
BE TR 24 B.C) . 505 —LeRE T yhaft RBE T R B A0 0 R 45 SRR AL SRR 00 A S v 1 3
T P SRR 0 R P16 A S5 R B T 0ok , 77 2 S A I, 2 AT A e B 94 A (A5 o A i [ 4 —
O . BB IN SR BT EABE S PR R AR AT RES H, 0, 9 AURAT G, iRl T 2 H, 0, FUR 2
— AN G, HLR T 1 H, O, RE LT i) — S ARG ™. 2132 5 5 i R a1 1 3k 32
RS2 A 4 S o BRI, A0 Bk BT SR B M (3 b T SR 32 B B HE A K P (8 2A (B LC) R sE e
BT T A2 A S R TS BR AR A P R A RE T, DT A A T R A0 PR T S e R T ) e R, B T
SRS MRIG LK, AL TS (A A it 0 — B A M S A T B R 1. SR Al g
TET e T e e SR , 32 bt 23k T BEAT B 5 s 7 Bk (00 B8k ) A0 ) K HOA B Y SO, S P AR g B0



B RS A A BB AR I A S R K A B IR BE A KA R BAL R G wd R 621

BRI G T (G NAD (P) H) A R Hg i, AL

T BT I 1 2 W21 B 1 7, 5 I 1 [ [ S w0
SEAORE TSR , T 8 D o MR A s I SR el O "
I, SRR K T e BT A A5 B st ab

FOMERE £ L2 B E R SRR T RS B | .
WA PR, I — A LR S TR EE B |

SO sy o 2 e i A W 8 A2 T V%
o SEL N 7R ) S AL B Y S i MR R AR L I IR 2r
I AR B, B34 122 Ak B 3 MRS B 22 1) AR W L 1F
DL RS, 1L U Ak B 43 R DR B 22 B AR )

R A, XS R R 3. X ' xR W

FRESZ PR Dy < 32 v ML 36 1 1) U b B 43 A R B AT B 3 ) el B ) T s

e s REAEY — 4 1 T 2 1 A B b 143 A REAE 5 TR M S T (SR L

DA H S 2 A LT £ 5 e 2 5 0 PRI ffp 4057 it Fig.3 Shoot/root ratio of apical ramets of Myriophyllum
T T 2 L I A K T 32 1 398 PO 20 1% o i A B4y aquaticum , with stolon connections either

PRI IL T SEREAE Y 57 3 4 TG, B H L B iR connected to or severed from the basal ramets
FEXT T PR v BT s AR e bR A B = SR Ui E o R and subjected to sediment burial or not

w5, PITRTZMeRE 5 22 14 A ) B A B 38 23 LA SR
YUHE 2 1 N SRS VIR M (9 R 5 TR 5 4 A ST AR R I 1100 IR, 2k
LRI B BT 0 0 R 52 5 T BP0 I, o A 5 B A A2 Mol 0k 1) A 0 A 2 T, DAL T 6 e B A 28 4
BTSRRI IE B L. LA SRR, ve A A B T 4R R b R IR BT S P I PR
(998 VR SR I B 1, A ) TR R AR

25 L RTIR TR RR AR 1 2 S S IR A BRI, A SR IR o R A2 I3 1) 73k RS i e B R S AR T 45 T
SEMA I RRIN A BRI S, g e A B DU A AL AR 1, 4R T S VR S0 BRAE T, 2 A A T2 bR 2R
5 B A 35 4 1o 2 A Pk 4 A K A v e BB RE ), I ELAS A 25 R i A 52 b3 B 23 BR PR RE A AR, A
A B T8 v e AR 0 A KANTE B BE A T A, v B R RESCAL 32 ki 73 bk 1) A W R o0 S ol RGBT 2K
M BRIORIXT 4= 5 A BEUR, o — AP B i BEIE A L. DA SR SRS T 2B I i 9 (B ise , SR A7 5 ook
I FREE T B B AR S ST R A R P A UAR G 2 FEWIE T ST DR K A o ) 42 PR T Y
K PR TS DU R IR AR )R W T A SR S BV PR A AR F R B R IR 4 Y e e 3 bk RE e it
SRR A LU A SRS (low-cost strategy ) SCHF M RTE A PREEAA 6 AR RN sE Y™, 173X ve e T 4 5
A AT 23 SRR S R AR B v e A 5 B 0 59 1 SR I 1A 5 4 R AT R TR LA R
P, 725 | SR AK AR T , AR B0 S A 4 53 T P IO 24 4 by — A T BB AN 48 B 0 A XU A 1R % v LA
1 DN L 0 7

4 Sk

[ 1] Lowe BJ, Watts RJ, Roberts J et al. The effect of experimental inundation and sediment deposition on the survival and
growth of two herbaceous riverbank plant species. Plant Ecology, 2010, 209 57-69.

[ 2] PanY,Xie YH, Chen XS et al. Effects of flooding and sedimentation on the growth and physiology of two emergent macro-
phytes from Dongting Lake wetlands. Aquatic Botany, 2012, 100, 35-40.

[ 3] Brown JF. Effects of experimental burial on survival, growth, and resource allocation of three species of dune plants. Jour-
nal of Ecology, 1997, 85. 151-158.

[ 4] van der Putten WH, van Dijk C, Peters BAM. Plant-specific soil-borne diseases contribute to succession in foredune vege-
tation. Nature, 1993, 362. 53-56.

[ 5] YuF, ChenY, Dong M. Clonal integration enhances survival and performance of Potentilla anserina, suffering from partial

sand burial on Ordos plateau, China. Evolutionary Ecology, 2002, 15. 303-318.



622

[9]

[10]
[11]

[12]

[13]

[14]

[15]

[16]

[17]
[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]
[29]

[30]

J. Lake Sci. (#ia#F%) ,2016,28(3)

Zhang J, Maun MA. Effects of sand burial on seed germination, seedling emergence, survival, and growth of Agropyron
psammophilum Canadian Journal of Botany, 1990, 68. 304-310.

e, BT, RS, SRR A X JC TS 4E 2 (Bromus inermis) 2032 YD HLRE Sy (5 . Az 25244, 2007, 27
(5): 1723-1730.

You WH, Yu D, Xie D et al. Overwintering survival and regrowth of the invasive plant Eichhornia crassipes are enhanced
by experimental warming in winter. Aquatic Biology, 2013, 19 45-53.

Alpert P, Holzapfel C, Slonimski C. Differences in performance between genotypes of Fragaria chiloensis with different de-
grees of resource sharing. Journal of Ecology, 2003, 91 27-35.

WO, TG, SR R A R X KU AL, 2007, 31(4) ; 549-551.

Dong M, Alaten B. Clonal plasticity in response to rhizome severing and heterogeneous resource supply in the rhizomatous
grass Psammochloa villosa in an Inner Mongolian dune, China. Plant Ecology, 1999, 141; 53-58.

D’Hertefeldt T, vander Putten WH. Physiological integration of the clonal plant Carex arenaria and its response to soil-
borne pathogens. Oikos, 1998, 81. 229-237.

Stuefer JF', Kroon HD, During HJ. Exploitation of environmental heterogeneity by spatial division of labor in a clonal plant.
Functional Ecology, 1996, 10 328-334.

Xu CY, Schooler SS, van Klinken RD. Effects of clonal integration and light availability on the growth and physiology of
two invasive herbs. Journal of Ecology, 2010, 98. 833-844.

You WH, Yu D, Liu CH et al. Clonal integration facilitates invasiveness of the alien aquatic plant Myriophyllum aquaticum
L. under heterogeneous water availability. Hydrobiologia, 2013, 718 27-39.

You WH, Yu D, Xie D et al. The invasive plant Alternanthera philoxeroides benefits from clonal integration in response to
defoliation. Flora, 2014, 209 666-673.

JRAEIE, BERDT, WISRAE. SERERE A B T SRR M. AR A4, 2010, 34 1075-1083.

Polle A. Dissecting the superoxide dismutase-ascorbate-glutathione-pathway in chloroplasts by metabolic modeling.
Computer simulations as a step towards flux analysis. Plant Physiology, 2001, 126( 1) . 445-462.

AR, W AR, BER ISR s BRI WK G R A SF ARAR R RIS VRSB BRAE . R, 2011, 31(17)
4992-4999.

Mack RN, Simberloff D, Lonsdale WM et al. Biotic invasions: causes, epidemiology, global consequences, and control.
Ecological Applications, 2000, 10: 689-710.

Kolar CS, Lodge DM. Progress in invasion biology: predicting invaders. Trends in Ecology & Evolution, 2001, 16:
199-204.

Liu J, Dong M, Miao S et al. Invasive alien plants in China: role of clonality and geographical origin. Biological Invasions
2006, 8: 1461-1470.

Wang N, Yu FH, Li PX et al. Clonal integration affects growth, photosynthetic efficiency and biomass allocation, but not
the competitive ability, of the alien invasive Alternanthera philoxeroides under severe stress. Annals of Botany, 2008, 101
671-678.

Schooler SS. Alternanthera philoxeroides ( Martius) Grisebach. In: Francis RA ed. A handbook of global freshwater invasive
species. London and New York; Earthscan, 2012, 25-35.

Villamagna AM, Murphy BR. Ecological and socio-economic impacts of invasive water hyacinth ( Eichhornia crassipes) : a
review. Freshwater Biology, 2010, 55, 282-298.

Song YB, Yu FH, Keser LH et al. United we stand, divided we fall; a meta-analysis of experiments on clonal integration
and its relationship to invasiveness. Oecologia, 2013, 171 317-327.

You WH, Fan SF, Yu D et al. An invasive clonal plant benefits from clonal integration more than a co-occurring native
plant in nutrient-patchy and competitive environments. PLoS ONE, 2014, 9(5) . €97246.

FoOT EREEARS T ARMY S OB FEXHUEER TS 7. SRR, 2010, 19(10) : 2302-2306.
Sylsma MD, Anderson LW]J. Biomass, nitrogen, and phosphorus allocation in parrot feather ( Myriophyllum aquaticum) .
Journal of Aquatic Plant Management, 1993, 31 244-248.

Xie D, Yu D, You WH et al. The propagule supply, litter layers and canopy shade in the littoral community influence the
establishment and growth of Myriophyllum aquaticum. Biological Invasions, 2013, 15. 113-123.



=

B R F A A BB AR I AN R K A NS A KA BN R A0 Hh 623

[33]

[34]
[35]

[36]

[37]

[38]

[39]

[40]
[41]

Aiken SG. A conspectus of Myriophyllum ( Haloragaceae) in North America. Brittonia, 1981, 33, 57-69.

Orchard AE. Myriophyllum ( Haloragaceae) in Australasia. 1. New Zealand: A revision of the genus and a synopsis of the
family. Brittonia, 1979, 2. 247-287.

Sutton DL. Biology and ecology of Myriophyllum aquaticum.. Vancouver: Proceeding, 1st International Symposium on wa-
termilfoil ( Myriophyllum spicatum) and Related Haloragaceae Species, 1985; 59-71.

BEE. MY A A S R AIEOR. duat: S A L, 2000.

Xiao KY, Yu D, Xu XW ez al. Benefits of clonal integration between interconnected ramets of Vallisneria spiralis in hetero-
geneous light environments. Aquatic Botany, 2007, 86(1) . 76-82.

BRI S TR ST 38 T B AR B I 0k ) A RS S R CHOPR LB [ B AL 3] dEE: o E MO R R RS
e, 2008.

BRI, BRXUNR, S8FiRAE. BT /K A B 5 B 0k RO — B T R U L R 500G B K. Y
AR, 2015, 39(7) : 762-772.

Yordanova RY, Christov KN, Popova LP. Antioxidative enzymes in barley plants subjected to soil flooding. Environmental
and Experimental Botany, 2004, 51(2) . 93-101.

Roiloa SR, Retuerto R. Responses of the clonal Fragaria vesca to microtopographic heterogeneity under different water and
light conditions. Environmental and Experimental Botany, 2007, 61; 1-9.

Champion PD, Clayton JS. Border control for potential aquatic weeds. Wellington; Department of Conservation, 2000.
Gordon DR, Gantz CA, Jerde CL et al. Weed risk assessment for aquatic plants: Modification of a New Zealand system for
the United States. PloS ONE, 2013, 7(7) : e40031.





