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Effect of water level fluctuation frequency on Alternanthera philoxeroides, Myriophyllum
aquaticum and Ludwigia adscendens in autumn

CHEN Xiu-Wen, YU Dan, and LIU Chun-Hua’
College of Life Sciences, Wuhan University, The National Field Station of the Freshwater Ecosystem of Liangzi Lake, Wuhan 430072, China

Abstract

Aims In wetlands, water levels can fluctuate, which often disturbs local organisms, such as aquatic plants. The
responses of Alternanthera philoxeroides, Myriophyllum aquaticum, and Ludwigia adscendens to water level
fluctuations of different frequencies were examined here.

Methods Water level fluctuations were simulated at four frequencies: static (0 frequency), one cycle (1 fre-
quency), two cycles (2 frequency), and four cycles (4 frequency), and with fluctuation amplitudes (+ 25 cm) dur-
ing a 60 day experiment. Morphological and physiological traits of plants, including branching number, shoot
length, total biomass, shoot root ratio, chlorophyll content, and maximum PSII quantum efficiency (F,/Fy,) were
assessed.

Important findings Water level fluctuation was found to have no significant impact on branching number, root
shoot ratio, or F\/Fy, of A. philoxeroides, but all scenarios except 1 frequency were significantly associated with
longer shoots and lower total biomass and chlorophyll content. The traits of M. aquaticum showed different re-
sponses to water level fluctuation: branching number and F,/F;,, showed no changes, but shoot length (2 fre-
quency) and root shoot ratio (1 and 4 frequency) increased significantly, and total biomass and chlorophyll content
(expect 4 frequency) decreased. In L. adscendens, water level fluctuation was associated with lower branching
number in all scenarios except 2 frequency, shoot length in all scenarios except 1 and 2 frequency, total biomass in
all scenarios except 2 frequency, and chlorophyll content but had no significant effects on root shoot ratio or
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F/Fy. Under most water level fluctuation conditions, the branching number, shoot length, total biomass, chloro-
phyll content, and F\/Fy, of L. adscendens were significant higher than those of 4. philoxeroides and M. aquati-
cum, and the latter two had no significant differences. Results suggested that water level fluctuations were the
limiting factor for the growth of three species in autumn. Alternanthera philoxeroides and M. aquaticum did not
show higher invasiveness in environments in which the water level fluctuated in autumn but did show higher tol-
erance and plasticity in response to water level fluctuations in general. This was related to the invasiveness of in-
troduced species. Results also indicated that preventive efforts focusing on potential invasion by M. aquaticum

should be strengthened.
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water level fluctuation; Alternanthera philoxeroides; Myriophyllum aquaticum; Ludwigia adscen-
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IKBL BB RAEN T i W2, 78 R IR
TARR RGN, BT MER RE L, KAz
WEh 4 H K (Gasith & Gafny, 1990), X FE
TS5 A1 /K S8 5 301 (Zohary & Ostrovsky,
2011). FERRAEERERRIRNHE N, BUKTRES
K AT AT (Houghton et al., 2001) . A% 575
o IR R AL BT L EE O K =, 2000), M i3
— IR K AL B ) S ANE Bl (Magnuson et
al., 1997). FKALPEBN K SUIEFH B — N>
K SCAE AT DA I KR KL HFEEIT E] L 7K
REBEANARE . KRR AN AR 2 L 7K A1
FRIEa], PA K AT PSR A (Yu & Yu, 2009). 7K A7
WA iR 3 LT T, R RRFR AR
AR 0, Ak KSR s g B A
BEZMNRILR, TP bk a3 i A=
(Sobrino et al., 2002),

IKBLZEAL XS AN R R K AR R A AS [FI 52 o $E7K
T W) 7 %5 (Phragmites australis) %)) T8 15 7K BOIRZS
&, HATE RS, AR KA B S A AR
S K& % (Maucham et al., 2001). ¥ fG 0K HE 7K
ERT (R E B (Ottelia alismoides) W W Fi 4FiE
(P O e TRLAR) A0 A= ) 2 e 2 B A8 18 78 7K A A
We BN KAL) EIEAR A (Yu & Yu, 2009).
Y47 5 (Nymphoides  peltata)7E 7K AL 2235k 1 4k
e B oR T 5 E KA AR A 4B R e
K, AR IRALBRIEKEN R BRAIR 1 47 SR (8 S B PR
H(Yu & Yu, 2011). HIAA KKALIES) GKAEHEY)
K AR 2 & AE B ZJF & 1) (Strand & Weisner,
2001; #7KkiE, 2003; Yu & Yu, 2009, 2011), 4 5
KEEKAL s W FT It b, JEHE X LRI
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SN CZL DI U AT

KA B 5 B F %5 (Alternanthera  philoxer-
oides)~ ¥ N B E(Myriophyllum aquaticum)F7K ¢
(Ludwigia adscendens = Jussiaea reppens) LAIETF
KA E, B2 RFURLEARRIT R LR,
I — T3 T2 I A 2 ) ) 25 R B K T A2 A A
(11, 53— 77 12 B i AR A AE B S K 5 e R AT 0K
A, BEA R AR A K I 4K T AT FLARE
FAERKMIEHRN . ARSI E [ AR KA B S
B, DMK R S RE TR el R A
IKFE B FERT G, W 5 7KL 0 AR AR AR 7 Y
MNARFN L ARRARMIA I b () 520, DL R LR 34
B R (D) NARAR . A0SR T A S b G ] 3 I 7K A7
BN 7 (2) /KL B AR 588G I 2x A 22 e HE A Sk A A
MNAZFRHINAR 7 ACSEEG 12 B BRI ] N A= A A
TR AP RFH I NAZ S it — 7€ B BRI KA -

1 #RA7EE

1.1 XAt pRt

ARSI TE R AR S R G E R AR
DA 7T 35 (30.18°-30.30° N, 114.35°-114.58° E)5¢
e FEFi1(30.08°-30.30° N, 114.35°-114.65° E) &8
685 KW, P KIR4.2 my WX R T b W #G
R, TR N16.8 C (IR RS &,
1998). A SIS 18 B ) K AR FE Y RHMU 3 B R 1
B OB EIVREAK . B R E TR E R R
Ja 20024 23 A7 9P & T fe KA SR NAR M (7%
%, 2006), FE o AmERI I CIE, GUK
TLECN 22, B 32 B A0 A2 JRE P By s X, IR T
i R DL By b XA A R AR (B 7K R AT 2R 4757
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1998) 0 1Z A BE AT it A2 X A7k A=, K AR DL AR K
A, AT DUAE B I ) N HE K AR K (Fan et al,
2015). A ERYN R e ™= T e 38 M Sy dbieT s, I
AT At R Hi X (Li & Hsieh, 1996), %%
FAK, WrEKETKAER, MERTUKER 23 EH
SAEK, BEONEEKM, WEEKIE b, TR
7K H 25 (Hussner et al., 2009). K EA W& AN E N
BOEE, W WTKEE. ikl e R E
(AL S T3 W, HAE KT ik BRAN K 44 S 4
for N (R FESE, 2008; FSCEZE, 2013). K EE
PaiThe v i R £ i s LA P e ES R SV DN R 2
TR XIS H 3 A o KRB A KAEI R . B
KM IE R A ST, 2 DHURENRAE KON £,
TER KA FARREVTIK AR (L et al., 2008; You et
al., 2014).
1.2 SKIEEIT

201348 H, KA BET . el EAK
T T WA 10 em (7[R — 38 A PR B[R] AL B ),
G353 T LAV R B R SR 2, CRRFE A I
KAEK, EHBK. —HJE, WtAER, Bra s
BRSO RS, HT A . =MEY 40
SEYIRREIN20 om, PR ECEFIEARE IR ZE)
IR EEE T E(2.695 + 0.282) g, KSRl R
(3.357 £ 0.404) g, /KJE(3.576 £ 0.278) g. FFHELIH]
2 R 21 LATE 5 o7 (1) 52 50 SR AR (BLAR25 om, =115
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Fig.1 Diagram of different frequency water-level fluctuation.

em) 1, K EEAH A48T 0 T /KYEN(4 m x 4 m x 4 m)
AR I, AR AR B B /K L 40 1) 8 2 KR
— &5, ¥ EMIAEZR K TS50 cm. EARTESO cmf)
IKAL N AEK— A, SRIE AT AR 7K AL 3 b
B SeIGFEMN, wEXTROXES), KA250 em), 3
ANIKBLBEBNARE (1R, 24K, 4iK), BIGE50 cmzKAL
NMEFER+25 om, MEIKAI R RIREKALLE R . 1
U Bl PR 7 S50 I HH60 R P, SeTERI LG50 em7K
RARFEIOR, SR G BRIR/KAL Z25 emAbRFF20K,
SRJG FRHINAK AL Z50 em{REFI0K, 4k 214 KAz
F75 em{REF20 K B SLIGLE W, 20Kk R IRE L
JAMAG0R A, SefEWIIES0 ecm/KIRAMRERES R, SR)G
FEAR/K AL 2225 cmAid, 10K 5 FHR /KA 2250 emék
RERS R, REEIKAI 275 emibfEFF10K, Hit
SERC IR IE B, T8 SE 5 B P S St 2 X R 1 3
Bl AU Bh e FRTE SEIR I HH60 R N, Ja e /KIK S0
emAbRFF2.5K, ARG FRRKIRE2S em, 5K
KIRZESO emklb, {REF2.5K, 4L IN/KIRZETS cm
AMRFES R, FIX AT 12 5256 F8 JH P B R 40k )
(E1). FASSEIG A0 EE . SO0 AR 2 #A K
A EK Yt R (K 40, BT H W SR gy e
RE P R MR ARy B = AN ) B PR K AR B 2
FEbR(EE D).
1.3 S EMEYENE
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R SRIIE AKAA BAL LR AR CP S AR R ZE)

Table 1 The physical and chemical index of the water during the experiment (means + SE)

IR TR CIREES TR A B I pHIE KD

Temperature Dissolved oxygen ~ Conductivity Total dissolved solids Salinity (%) pH value Light intensity on water surface
(C) (mg-L™ (ms'm™) (mg-L™) (umol-m’z-s’l)

29.36 +2.86 5.06+1.18 19226+16.52  11532+7.86 0.008 0 + 0.000 6 8.79+0.14 851.54 +322.38

PR EL, MR, SRS R R A T 38 4
S, BET70 CHAEFHLET2 WEFRE, tHEAEY
o MR TR PUaE I R AR R R AR R ) LB R
T
14 MERMFRKAEUFEEFZEF,/Fo)BINE

M2 4 Lichtenthaler (1987)[ /7 iE 5E B H 43 &
BB TESZIR IR A K R I ) R R A
(DIVING-PAM, Walz, Effeltrich, Germany )1 %3 K
L3 Fwincontrol (Walz GmbH, Effeltrich, Germany)
ME RGN (PSID & RGBT 7= B (Fy/Fin) -
2013410 A28 H 7:00-8:30, H{ & 5% T HAK Jp il
FRIG R LA R 58 AR RIS = F . ke A Ak
ThL i AT 55 DY 564 34 25 (P RLAR B, /IO Ml st
KR ISR 28 DA e, e Je A HEAT 1S
minfEI&E N5, FTHRE I, & 6 A 46 2
(Fo), SRJEHTFF—MEAK il & 5 KR (Frn)o 1R
WA EARF/Fn=Fn—Fo)/Fn, WHEEF/Fr. B
SN SRR E IR I 2 PR, ERT AR KR
A il i 2% 2 9% 6 4L (Walz GmbH, Effeltrich, Ger-
many) W & T JNE B (Myriophyllum verticillatum)F
FAEINRBE(M. spicatum)NIF/Fy (REZ5%, 2010;
SR X, 2015) , FHIRATHEH AR =
TR IR/ F o
1.5 BIESH

MY R SRR A IR RS AR A 55, R
A AN JE T2 A3 A RN 7 22 55 1 B0 S i3 A7 % 4

2 KOLP AT T A FRALAN A BLRHIERE WA B 7 22 23 e

S P T . RIS 2 5 22 93 T (two-way
ANOVA )R PEAL 7K AL 51 145 2 FAPFh o0t 73 B H
PR e Wbl RS EAE/FL R0
T SR Ak PR ) S22 S ), PR Tukey-s-b(K) 2
T VA S0 A HE (R 1 2 . S B R I K
F40.05. Hidfs 73t s FHSPSS 18.0% A

2 &R

2.1 FASHFETL

IR 3R 7 22 5 MR B K AL Bl A 26 12 35
SR T A (ER2), (BSOS
S HCBAEA R K AL s N o A28, A
IR () 40 B EE 2 R KA 80 B IR KT LI FI 44K
(1, MAEAIKALIE BN T B B R /N E2A) .-
VIR AT 3 B B 2 W B, BRAVOKALIR SN A, fEXT
B VRFI2UOKAL I B R, 7K R 1R 43 K 50T B J K
T HARFIFN, TTERTE KALE sh AL & RE 1
TR SRR BE (0 o B R R BB XN (GR2; B
2A).

ANTEI Db A v B S B2 K AL 38 3 R R I (2 2) o
R T BV e B A K AT U Bl A A i 1 K
(R R 38 30 A 3 A R 2 VR RH A V% B Ab B 2 [
TR Mra IR Ak & R A E2IR BN T
BRI, HARIKALEE A E TR R . Kk
(bR s R4V S AL BRI B 2 B (E2B) « AR Fh
() AR PR o 22 S S 35 (3R 2); FEXNS IR 1IRAN2 K AL

Table 2 F and p values for two-way ANOVA of water level and species analysis for morphological and physiological traits

Ji ZEKYF Source of variation AP Treatment Wy Species JEFExPFf Treatment x species
4330 Branching number 46.496™" 57.285™" 110.719™
Pk Shoot length 11.593" 116.742"" 136.719™"
KEYE Total biomass 35.962"" 74.4027" 122205
M . Root shoot ratio 0.946™ 0.932"™ 8.460""
42 & & Chlorophyll content 19.405™" 16379 4539
ek T 77 B Maximum PSII quantum efficiency 6.934™ 93.935™ 106.524™"

ns, p>0.05;*,0.01l <p < 0.05;** p < 0.01; *** p < 0.001.
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FSYEEE Jn
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i
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Content of chlorophyll (mg.g-")
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Hiid Lt
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Frequency of water-level fluctuation

RS M. aquaticum WRIKJE L. adscendens

BRETE, WEIURENK S EEA). HEB). S EWEC). WD), MRS EE) MR EET

PR (R EAFKAL S N AR CPEEEARERZ, n = 20). HH [R5 BF RS AL 31 8] 0 2 35 22 7 (p > 0.05); ANIF] -k

FRAEHL A 2 7 B 3E (p < 0.05).

Fig. 2 Branching number (A), shoot length (B), total biomass (C), root shoot ratio (D), content of chlorophyll (E) and maximum
PSII quantum efficiency (F) of Alternanthern philoxeroides, Myriophyllum aquaticum and Ludwigia adscendens subjected to the
different frequency of water-level fluctuation (mean + SE, n = 20). Bars sharing the same letters indicate no significant differences
among treatments (p > 0.05) and the different letters indicate significant differences among treatments (p < 0.05).

I KPR E R BB KT 2 5 T A U=
), T H e A e X A, FE4IRIK ALY B
K5 B & bk v e R X, (H AR
KT ¥R ) (E12B).
22 EYEREVENEHTK

I R 49 ol 0 S A B T . 5 AT 98 50 ) B
(3R2); KALPE BN FEAR 7 5 5 T S A
i, HESEEQR 204 E T B %R K
e BN FRE B B IS T W R s e |,
2P AL ) S AR B BB KT IR A4 IR 1,
15 3 T TG R 25 Sy LR A4V 5l b 3 ) 5
& T /KB IR, T2 V0 5h A B AT X6 B8 T
WX (E2C) . AN [FEA A a]F S A & ) R
ZE 5 (3R2) o IK MY RAE BT A AL #R R 2K

T AP Rl X IR B T )R E T RS
Yo B BN TR TR SR S S B, 1
YORI2 U 50~ Ja B 5 X3 (E12C)

T RN K R AR 6 L PR BT A KA AR BT
HIG IR ARk By SRR 8 AR T LU AE LR A4
B F BT X, 2003 50k B0 B 2 X, 1
Bk, 2040k sh e e R X5 thabh, AFE
Folr 1] (PO AR e bl v B 22 S (325 RI2D).
23 XAEBERMF,/F.HTL

AN FE AR 3 2R Fr B B B S2 /KA R BN R s e
(3R2); AT HIKALPE AT & 2 7 AUK
2R RS A /N TR, (H LR 2UCRI4 U0 5)
A B e R B X, LRI Vit sh AL R BE 5 AR T
SRR TR I 28 38 & 1, M AVR I sh A 3 5 %6
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To U X 5 (BI2E) . AN [0 [ f1 -4 3Rt A B
Z5, MRS RETEAK NSRS EE
ERTWEINREER, BiPIE 2 AERANEE; 1.2
UOKALE SRR, K Ie M S 2 & 8 W ok T
HRE TR SRR SRS R, M5 =%
[ A W2 5 AUOKALIE B3 oK e 5 0 4k
INEFERH SRR S ELOPEX ), HAEE KT
Y7 H(R2; E2E).

AR K AL B Ak B F/Fn J0 B B 520, (B
TR R Fy Fin 22 5 2 3555 E T A I /K AL e sh b B R
IK e I Fo Fo B 535 KT8 5 7 B A 20 =2
e, 5 SFH R BE E R R E2F).

3 itig
31 EST

Wi7K35 (2003 )% P AR E 82 7K A 38 50 R AT 9
KR, FKALNE 58 B #e i B (Hydrilla verticillata) ]
I BCBUR TR BNIS G0k IR TS5 (Potamogeton
maackianus) FAEAC N R FBEAE 7K AL B I 3 B 30k
B RARA . [RIRE, ACSEEG A E 5% 7 AR 2800
JRE BEIK) 73 BN 2K AL IR BN B SR, AR IR 1y
B K AL BN AR 1K R B, i A
T L A KL B0 K G B 0 B AN A5 o T
TN %o 7K P P o 7 = XA 306 2 R 2 i 7 1 5
W, HC ik B S T B Rl A L 2R A
T RE B K, DU SRR AR H K T 3R AR 78 2 2
1] H ) (Vartapetian & Jackson, 1997; Mommer &
Visser 2005; Bailey-Serres & Voesenek, 2008). fEA
SEEG , AHXTE E AKAL, Bl KA SEBR EAE—E
T G T AR K AR EE, A EE T IR, 20K
BN B T R AR SRR R Rk v R G, 44K
LS AR R | IR S U AN R0 7 =T 2V 94
FRIRR S AE4 OK AL B T B FRAR, 3 BN AR A
T B DAL R T 2 T S8 R 3 N 7K A7 3 5
)7 S EN i S o WEet SRR S RCE R DAY 2
AEGRITEAERLIAE 1, T2 MK e KA E)
TWENEZE
32 EYEREYENEETWL

IKABLE BN AN [F] 7K AR A ) AR B A AN T 5
Wi B TR FE T &, D' IR AT B A2 T A PR ) A
F(Yu & Yu, 2009), A FIUTKEYIR G H) 75 KA
(7], DR 7K AL 38 Bl i 2 A AN R] o G 7K A7 8 B ox
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FEACAN R 5 1) A= ) TG W S i), AR A ARl IR 7>
HAEY RN EI N, Fer RREAUK BT A B
B (#1707, 2003; Yu & Yu, 2009). AN [EF UK
Y, ARSEEHI3NMAERT SN2 DR A K N T, A
S R LALARSEACIR S AR K, Tk BN iE i T
— B MK, JCHRIKAL EFF25 emB 7> 22
BAEKH . BEA KM A EE S, FEARXS K CO,N
O, S 33537 53 M FH B RE ) RIS, AT N & 1 48
WA S E RV HE AL, SBHEMR Y E EE K
(Crawford & Brindle, 1996; Vartapetian & Jackson,
1997). Pk, FEASEIG HER T K A2 h AL 2,
KL SRR FEAR T = S A& .

T KL AR, AR s 237 A T A AT S A DL
T oA AR AR I b AR A 1) o A OB R A
TH(BREAE, 2010). ANGAEAR A S RO, HA
W gy AR =X T B 2 — Bl 6 5 (MeCo-
nnaughay & Coleman, 1999), X H F AT 148
WA IR, AR & Bt 0 e B2 1) U (Wright &
McConnaughay, 2002), DL KAIREGE. & FRAIK
2557 IR % Y% (McConnaughay & Coleman, 1999). 7£ 47
EUEh A, YK ECE 2 R ER ST
P H %% B ' (Barrat-Segretain, 2001). 7EASZE A1,
BT RAK O AR e EUAE BT A K AL AL B R # TG
A SR A, TRy 2RI T8 A AR et EE A 1R R4 5y
NIRRT XATRE R T TP AR B REFLAR AR
KB, 1 HAETUKIRE I AT Bty €
HIITK I, AE RS KA B I AN 75 2 FR 4N BE 2 g
ORI TRAA A, AR, eI EEAETTK
RS IS A 47 5E B9 PT/K i T B (Sutton: & Bingham,
1973), T YUK M R T] il 35 B0 T 57 4 Jo 1) 78
¥, DRIAE KB sl iy (R -TH1E g 7K AL, H9n 1
FK A T ) 75 38 iR AR ) A AR R waox B TR o A IR,
N5 BUR A= 405 73 BE O 39
3.3 REBEMF/Fy

VFZ AR, ERACIRE T, WA/
o =W N (Chen et al., 2005; & B4,
2010). FEASLIGH, AR TEEKAL, KAL) AL
PRGN TR K IR T A BRE, B K A7 i 51 B
RS T3 R R SR, N A aIUR R
TE 15 B0 (4R I 1) Ak B2 I 5 6k /R T B 32 IX 031 (1
2B), XA REAE T KA AL P e, AR A
F & NARAT— N KAL(Yu & Yu, 2009), EIHHEEIT
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AR R (AR W B AL B I S R o B IR
KA.

TRLRR K - R R R AR R — R RE . TE
T A E R, MG F Yt
Al LA 52 — & 51Ot A 6 2 $(Schreiber e al.,
1995) 0 F\/FinJ W T HDIEAE I OGEH R, Z[EAE
AR IE 2 A T SECRA RS, )52 3 i ia i 2
TR EEEKMT, REBSEY I F/FL o EAE
0.75%0.852 [a](Bjorkman & Demmig, 1987). fF 4L
K IEAE R & B ( Arundinella anomala)( X FREFTEF
W ¥ (Arundinella  hirta)) F1 N 12 18 9 B 16 K &
(Spartina alterniflora) ) Fy/Fo W3 2 FEAK (2 75 T 45,
2006; FEHKEE, 2010). EARSLIGH, B RETH, M
SR 8 A K e AN AL B R Ry F B B 3 AR AL,
HIEIEETCE N, R A SIS /KA B0 &
BT WU EEAK e i e A1 PR
A TR RIE

VF 20 AR AR SRR B 6 A Re 09T A A
(McDowell, 2002; ¥FHHA1E T, 2005; EHELLAI
gL, 2013), AITA B T H N #. i, 75
AHEFA I, FEE B KA RIAUOKAL N T, K
HEFETREAM SRR SR S8 LR
ZEFe, ELRFIUOKALEESN N, KSR EE
OO KT B R T A IR BN, A AMERT
HRAN S KL B0 T K I Fy P B R KT 5 5T
A SRR BN, IX LR WA s K e (1
BTN ERE TR T N R RIS SR . X T RE 2
A TRATTHIAR TR TERK R, HA R 5 BT A
SRR R AR, HIBE & Re I RIK.

4 NG

XS TR AK AL, B5RSE TR Rd
AN P Fo AN SR B (R, HL DA Ik i Rk
Wi AN R (KD AR AL o K IR T AASZZ (1 9y
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