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Effects of waterlogging on intraspecific interactions of the clonal herb Alternanthera philoxer-
oides
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Abstract

Aims Plant-plant interaction is fundamental in plant ecology. Many studies have examined the effects of envi-
ronmental factors such as light, nutrients and water on plant-plant interactions, but few have tested the effects of
waterlogging. Our objective is to investigate the effects of waterlogging on intraspecific interactions and test the
hypothesis that waterlogging can modify the type and intensity of intraspecific interactions.

Methods We grew plants of Alternanthera philoxeroides outdoors at three densities (1, 4 or 16 plants in one pot)
and four levels of waterlogging severity (water levels of —20 (no waterlogging), 0, 20 or 40 cm). After three
months, plants were harvested and data were collected.

Important findings With increasing plant density or waterlogging severity, growth of A. philoxeroides de-
creased significantly. However, the effect of density differed greatly under different levels of waterlogging sever-
ity. With no waterlogging, the effect of density on growth was negative and the competition intensity was high.
With water levels of 0 and 20 cm, the density effect was still negative, but the intensity decreased. With a water
level of 40 cm, however, the density effect was positive. Moreover, waterlogging severity significantly affected
the relative neighbor effect and its values increased gradually from negative (under no waterlogging) to positive
(in 40 cm). The results support a stress-gradient hypothesis and suggest that waterlogging can affect intraspecific
interactions. With increasing waterlogging severity, intensity of competition decreases while that of facilitation
increases.

Key words competition, facilitation, plant-plant interactions, stress, stress gradient hypothesis, water level
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AR 2 RE 1, DL AR A ARS8 45 ) R T e
(Brooker, 2006; Brooker et al., 2007; Callaway, 2007;
Vellend, 2008; Yu et al., 2010; Li et al., 2011a,
2011b).

R ELAE R AL (GE 4 R By Ak ) e A 5 B ]
Re b P08 45 1 AR A0 1T 242 (Bertness & Callway,
1994; Callaway, 2007; Crain, 2008). Bertness I
Callway 11994 17 /X £ H by 38 B & 1> (stress-
gradient hypothesis), WA A i A5 3R 55 o R aa 1138 b,
Sy A R R ZE P sl R RN, i 56 AR H K 9
59 —SBRFSY 45 R S R % A8 U (Walker & Chapin,
1987; Bertness & Shumway, 1993; Bertness &
Hacker, 1994; Greenlee & Callaway, 1996; Kitzberger
et al., 2000). Bl B I )2 PG BB 1k
5 BN T 55 FrHE /7 (Silvertown & Lovett-Doust,
1993); H FE /K- 38 4 A W 2 1) 52 Wi (Wilson &
Keddy, 1986); i H s i) T 4% ' 1 53 i 1 fig
AR A 4 () Ff ) ¢ & (Hershenson, 1962; Anersson &
Lundegardh, 1999). {HAA —LEt 50 R B, S A4
FEH BEMRA IS T deo, 0 AE AR PP E IAEE T AR i
R ERES R 8RN 5% 4+ (Maestre & Cortina, 2004;
Maestre et al., 2005).

T A VF 22 R0 T I P P 58 A (2 A%
45, 2004; 1 H HAFEZLL, 2005). N SMT KK HE
X A ) 5% Wi TR R T T AR b AR T A R AR 3T T
(Holmes & Klein, 1987; Drew, 1997; Jackson & Ram,
2003; %75 N4, 2007; Hashiguchi et al., 2009; Luo
et al., 2011). 1, 5E47KHE T DL/ Ot B L -
AR BEE T 5E R AE ) ) UAR A 4 (Drew, 1997
Jackson & Armstrong, 1999; Jackson & Ram, 2003),
T RE A0S 7 I I H &% Al A AN A B Y, AL 66
TR A AR AR AR RS N (Setter & Laure-
les, 1996; Dinka & Szeglet, 1999; Voesenek et al.,
2004; Mommer et al., 2005), PANARH @12 1 #
%4 (Perata & Alpi, 1993). 2R, A /KA HY 2 1]
ERIR &R, JEHE N R R W A W

(BN, AEF R NR Se R 25 O
YE T % (Alternanthera philoxeroides)/f]3Fh AN [F] % &
(R IR B T AR AN [R] R KR AR B, T FUA [R) /K o
TR PR 25 T AN N SR AR SR o e T B 5
it (Bertness & Callway, 1994), 1E& Fill: fEARK
AKHERITE LR, DO E TR A KSR USES A

www.plant-ecology.com

&, MAEEARKEITEI T, M RRTTREL S L

1 #RFITTE

1.1 AR

TLETER, NAERE TR, NIRRET 5L
JB 2 FAAEMRREAR, i TR SR, B AE T A
PR 2 B 2 00 R SV E N R AL G e =55, 2007,
Dong et al., 2010). 750§ EHURZE il o0k, H
AR B A, AR AR 2R A A
) AR K R R 2K, 2R AR K B ) JE T A4k 4t
FEARIRGLZE o A0 T R i R K IS R AR
BA S PusivEamSRe sl, IRE 2 KBIR K,
e L & (Longstreth e al., 1984; Sainty et al., 1998;
IR 225, 2007; Dong et al., 2010). 450 5%E 15 HAT
B e 0] ¥k (Bazzaz, 1996; Geng et al., 2007,
Wee = 4%, 2007) A1 AL BE ] B2 P (Yan er al., 1990;
Sainty et al., 1998).
1.2 MRIRERESR

ARSI Fr H 2% 0 T 200944 H AR T
WL G M, 8 TRl AR, Rk T b SRS Bk T
FEFTSZI6 S R ZKIB(7 m x 1.2 m x 1 m) N RE4T
R 7% (Dong et al., 2010). 20094E7 F, BYHL i 42
AV HI R - R 5 O - R 2R, MR b
BIEh i TR 485, ik BA 415 ) By i
SN ARIT IR AR, FH T ARSI o, b 2006 H
T B A A B KL ((13.7 £ 0.39) cm, P+
FRUETR Z) AW G AE ) §:((0.201 3£ 0.019 5) g, T4
(HAPRUER ) o
1.3 KIEIt

S 2R A N ELAR21 em. 15520 emff) B4 5k 7
TR R THT 454 J LA H K AL, 8 SE T e R
TR TR ARG YRR 1) . SRR B
KR I [R5 1 D] S5 e v (factorial design)o
WAL PR R 3AN KT (DK% B (low density), EI
RF 20 SRR 0 T R LRR, ANAEAE RN G
%; ("5 (medium density), BI&E R 2500 5%
TEARK, o APHER S, [ —HE/Z R R 2 T
FHES 44,0 em; (3)75% )% (high density), B4R FHAE
T HI6RE, 2 A DUFHERY A, [R]—HE/F R AR AL
FEREZ B PR S 425 eme I FP o g 30 15 1)
2R A6, 12F18 o KHEALBRALFRAANKAL: (1)



—20 cm (ATKHAS)— IR AT 2500 V1 (P SRk
N i 1 RO e B L R N T s
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TIPS ACEHAESE; (3) 20 eom —— SRR
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B ) TP T 7K1 F 40 eme 44N 7K A0
e e L WS Ut TN b= AV 5 1| /S R G ME AN =X 74
. BEhia., mEEpbE . RAKIEAERN, T
HIEEEE R Ay, IR L AN ESE, |
BFEACPEIANT AT A R AL B2 A A (R 1)
PRI FRTBON SEAT AL K e, DL K it e B

SCUG 20098 H6 HITAG, 1012 H 4. &
56 S0 Pm) e K e S, ORI T KA v AR
.

1.4 BRSO

SEIG A5 W, 1 T O RN AT AR I
ok G L M EAEAR T ECRED K.
S ZE RS TR o S T AR K 5E F WinFOLIA
% H & 1 #2{X (WinFOLIA Pro 2004a, Regent
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FERR 32 25 19 Tt e 54 20 28 71 I 1 R, T
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B, THECEE A . AR5 R REAS G IR 23 1k
MRy 2RI, 7270 CHUATNHET48 hjaFri. X
PR R FE AL B, 2R AR S AR (R AR
Y. ZEAEYEMHAYE). S ST
SR R ORI B A A AR,
Do RS ECIR S e/ a7/ N L (T AN 5 SN F T SN
5 £ R 7 7 4. bE Y [A] K (specific  internode
length) H U 25 KPR DL A A 3.

K A0 X 2B 44 %% Y (relative  neighbor effect,
RNE)K: B 2 A1 B3 i 7K 8 b BE T v 285 o5 A ey 8 R
TR Y 5 4 i (Kikvidze et al., 2006). 11
/N I
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b, Mo2 A AH AN (B 3 5ol 7 v 5 R 0 v 85 R Ak
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al., 2006). 7E3E4HRNEN TAH) TG DL R, RNESUE
TR (B4t B8N T S i BN 75 2 A (RNE
IEAE) BT, RNEZUEIEKR, Sy Aom s .

KPR 25 2590 BT (two-way ANOVA )% 4255
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Table 1 Effects of waterlogging and plant density on growth of Alternanthera philoxeroides plant

EH}\ JKHE Waterlogging TEAKZEE Plant density ZZHAEH Interaction
rait
F P F p F p
BAEYIE Total biomass 44.7 <0.001 9.9 <0.001 5.0 0.001
A4 Root biomass 83.5 <0.001 15.4 <0.001 14.2 <0.001
25EY)iE Stem biomass 30.0 <0.001 2.8 0.075 1.3 0.297
45 Leaf biomass 455 <0.001 52.6 <0.001 14.7 <0.001
E\ﬂ[[ﬂ_ﬁﬂ Total leaf area 28.4 <0.001 40.4 <0.001 6.5 <0.001
5% No. of total nodes 24.8 <0.001 158.9 <0.001 16.4 <0.001
MZ5K Total stem length 22.6 <0.001 193.9 <0.001 13.2 <0.001
S 4 No. of total leaves 42.0 <0.001 72.6 <0.001 20.1 <0.001
L6 A 0.7 B
1.4+ :I: 0.6 | I
c) 1.2 + 0.5
8 1.0 +F 2
B g g g 04}
g 087 ]S
# 2 g 503
s s 06 ® 8
& o4l HE & 02
02 r ’Im 0.1
0.0 0.0 |j J 74N 2N
081 ¢ 020 o
:I: 0.16 + I
C 0.6 T @
v
é M 2 0.12 |
i 5 | R E
H g = 008}
El 2 b5
@ 02} =
0.0 0.00
0 20 40 -20 0 20 40

JKAr Water level (cm)

[ 1 1% Low density

VA F%E Medium density

KN ®# B High density

B ZKUECRAL) AR bR O 0o 1 SRR B AR (A) s ARAEI R (B) 25 AW (C) R A 4158 (D) 1A S M (P-4 B A

W)

Fig. 1 Effects of waterlogging (water level) and plant density on total biomass (A), root biomass (B), stolon biomass (C) and leaf

biomass (D) per Alternanthera philoxeroides plant (mean + SE).

0.088)Xf RNEWAT k2 RN (K3) o
3 g
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L HI X VF 2 A 40 (0 BF 90 45 SR AH — B0 e A,
2004; B H AL, 2005; EiRIESE 2008). 5%
27K HE ] RS I I g9 6 R B A S E L, AT
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ik T A6 A (Zaerr, 1983). 7558 45 /KM (1
o WS S e R R TR B RO R A R LTRSS T
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B AE - LA IE%E, 2007, 95 %%, 2007;
Luo et al., 2011),
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Fig. 2 Effects of waterlogging (water level) and plant density on total number of leaves (A), total leaf area (B), total stem length
(C) and total number of nodes (D) per Alternanthera philoxeroides plant (mean + SE).
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FEAIST IR MAEAKA 40 emfITEHLT, 203
RO A A RN 25 A ) B A TR 1 KT
i [y 1 34 b, BERE AR B O R R ILA 5 1k
(facilitation)fFE H o E—25 4 #7 BE SR 2 () 4F FH 5
JEE RIS T (P AE 6 A8 SN (RNE) R I, Bl A /K R
FEE R38R AR 2 A, FLEUE f AN K
NG O T () GBI HTE I 24640 em g 4 /KHE R IK
IEfH. Xk W R phia B 5 Ui (Bertness &
Callway, 1994), 3R EE MM ) B 3E N, =
O VE T BRI A 2 TR 1) 58 4 5 FEE I TR, 1T B
A FH R 1 5

KT R 18] HAR SRR B AR 9 5 PR s )
(MG HR, LEANIRI A ) ROBEFIIN (R BR R AT T 5 1)
iff 5T (Buttery et al., 1965; Bertness & Yeh, 1994;
Bertness & Hacker, 1994; Bertness & Ewanchuk,
2002). — AN, HPHESEF L S L A AAAE
H B (trade-off) . IAEE HLAUE B, HAHE B AR
BRI, S5 LB E 2, T S A I BRI,
T 32 58 ) v £ AT, 4 40 9840 iE
FUAHN PR BRSBTS A A B AR A i
NI 52 A5 (Bosse & Frenzel, 1997; Visser et al.,
2000), MIfiHeE mHOE A . ASER B, 7540 em5EA
IKHEIIZAETR, 50 1 (1) 2 R ) R R A )
B 2% S HE K, 0l S 0 e R IR D A, X
T 2703 - 0 3 5O B U TG A% ) o B 7K
INEER I o AH AR A 2003 1 R TEAS T T
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Fig. 3 Effects of waterlogging (water level) and plant density
on the relative neighbor effect (RNE) of Alternanthera philox-
eroides plant (mean + SE).
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