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Three warming scenarios differentially affect themorphological plasticity of an

invasive herb Alternanthera philoxeroides

CHU Yanmei, YANG Jian, LI Jingji, PENG Peihao "
Chengdu University of Technology, Ecological Resources and Landscape Research Institute, Chengdu 610059, China

Abstract; Phenotypic plasticity may be one of the crucial factors determining the success of plant invasions in diverse
habitats, particularly for those very noxious species with low genetic diversity such as Alternanthera philoxeroides in China.
Although phenotypic responses of clonal plants to different light intensities, soil water or soil nutrient availabilities have
been extensively studied in the past decades, little is known about how climate warming affects morphological plasticity of
plants, particularly invasive plant species. Climate warming is among the serious threats to biodiversity and ecosystem
functions, thereby raising concerns over its ecological consequences. Increasing evidence suggests that climate warming is
asymmetric and the magnitude of nighttime minimum air temperature may increase greater than that of daytime maximum air
temperature. Recent studies have shown that climate warming is likely to have significant effects on plant photosynthesis and
respiration. Consequently, it is necessary to understand how terrestrial plants respond to differential warming scenarios,
which can help us better predict their response under these conditions. We conducted a simulated warming experiment at
Chengdu in which the invasive clonal herb Alternanthera philoxeroides was subjected to each of the eight combinations
consisting of serving stolons (i.e. serving and intact stolons) and simulated warming (i.e. day-warming, night-warming,
daily warming, and control treatment ). This experiment lasted three months. At the end of the experiment the morphological

traits of all experimental materials were determined. Overall warming treatment increased air temperature by about 2 °C , and
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the warming magnitude was variable depending on specific weather conditions. Our central object was to test how A.
philoxeroides plants responded to different warming treatments morphologically. Across all three warming treatments ,
physically severed connection significantly suppressed the growth of A. philoxeroides fragments primarily through reducing the
total stolon length and average stolon length per ramet. In contrast, simulated warming per se did not exhibit significant
effects on these indices mentioned above. When the three warming treatments were considered separately, they had
contrasting consequences for the morphological traits of A. philoxeroides. Specifically, day-warming and daily-warming did
not confer significant impacts on both severed and connected fragments in terms of total stolon length and average stolon
length; night warming significantly elongated the total stolon length and average ramet length of A. philoxeroides with
connected stolons, but did not affect those of A. philoxeroides with connected stolons ; all the three warming scenarios did not
affect ramet numbers of both fragments. These findings are relatively preliminary, but they have some potential implications.
First, our results suggest that A. philoxeroides fragments may have strong tolerance to the 2 C warming and differentially
respond to these projected warming scenarios. Second, for A. philoxeroides fragments commonly growing in disturbed
habitats, night-warming may facilitate their growth and clonal integration through photosynthetic overcompensation, thereby
enhancing their invasion by rapidly spatial expanding along the horizontal direction and occupying favorable habitats. Third,
day-warming and daily warming may have no obvious impacts on the morphological characteristics of those fragments of A.
philoxeroides. Finally, modeling plant responses to climate warming should consider warming timing. Additionally, these
findings also provide an initial indication that more efforts should be paid to uncover response patterns of plants to different

warming scenarios and how these responses influence community composition and structure, and ecosystem functions.

Key Words: Alternanthera philoxeroides; invasion; morphological plasticity; warming

FI AR PRIE 10 S Jo M e 35 3 7 Y, X S T 2
5E AT RE A B —FREE R T2 e, A0 R B | 4R
Gy SRS  RIEA LTSS WA BE 22 R A A
PEFF=AN ) i s ek P A e e s |
A SR AN TCE S5 A v B AR 1 B MR TR Ry X S I
MR B ELCRR Y 3E B RE A1, RIS A
PEYIRIGE B AR AL | S B B ) B R 2 — X T
AR5 A% Z2 R AR IR 3 ot 4 22 R Ak AR B i A=
Tofr , I AT SR ] RE ALl Eh AR A 3 e v R O
ERY,

23 3T B (Alternanthera philoxeroides ) J& Wi F}
TR PING 2 4 A ve B B RO S B PR R T
B KAEA: e U TR SR, B AR R R A A
f=AEJy, HETC AR AL 32 >[5 58 40 A1 2 v [ 3 By
Fe ity X —Fh = S 1ok AR A Je B T
J Iz WA AR (K B P RGS5 AT AR ) 2 SR e, &
FERPE PR, AR RIAEA A AR F 74 R 25 i X
JeEEM, B ET AN 20 2408 T AR XARRE R
B2 0T R S A e X LA B 55 6% 8 A
R 0 s B R EL AR SR Y RS s
SO - B A O SR B T BRI, 20 A0 B | B R AR

K ZEWRERZ T BA ST, R
J ZENT A AN R R B A B i K
D, 2O T ROR S EL S T A R R
AR J A5 T S8 2 (] — 36 DX Ry BR B8 45 1
(AR FE T 25 AR AH . AR £k 1 BB 7, 2 A 3
IS —F 7 =X, B 25 AT 80P 2 R Xof 3k PR 78 3%
KR —FEAE S RS R WA IR 25 AT S v R
A DE TR MER B EENESHE
SOV A R AR 2 T S R N R AR ) AR A B
R I AR R I A — A FERAE

TR RAEY A B N EEAM AR A
A T SRR B AN T A ROB R, H AR K AR A7 2 TR AR
fRRGRZ I ARPE AR, £ 21 e Rk 4
BRI TR E K LT 1.6—6.4 °C, HAE S 46 E
ol YA A L XA 98 0 A 0 AR AR IR 4 o
SN R ) 1) A B A S R T X A 4 1 R R
VAR RGE T BRA LY R A R m Y
PRI FE 45 S 2 W] 4 2R I8 A7 A6 W]t 19 e AN ) 25
P B (B35 MR 3 1 R 3 ol S 3 348 1 T 2 1
ANBEIPE AT BE S WA AR ) 06 6 M T RN E IR A T, O ik
— A A K SRR S ERARBE A

http ; //www.ecologica.cn



6 1) WHEA A5 =PI S AR 25 O T RO S R B 1413

PIAARIERE N 21 120 A2 35 2 e 4 A0 FI T RE Y 19 R
PRIE, A T R M 4 U ] 52 00 A ) AR 1 G SE 8
OXoF 4 R AR 5 23 S e ) ] B D S e
WA RE SRR RGE AN Z

ARSCRLZS 0T F RO R} 8 aed e B AN R 4
TR I/ VT W AL B, P20 3 7 R B 25
KRB S0 bR S SR AL AL IR A 2
ARBA R : 1) 38 X AN R Ak B 7 2 B0 250 2 1
A TIPEA TN 7 2) 250 5 B A5 Al 2 1k
X R AN [ 38 2l Py 72 T A A 2 57

1 #EFFEE

1.1 5

TR b 5 T RERFE TR 2% (30°407417N, 104°
08'15"E) , K 512 m, J& WG E 2 XU IX, <
fe AT YR AR W TRl H R D AR
¥R 16.2 °C, SFXIREKE 918.2 mm,
1.2 KRR

TG BT FH 28 03 R R AR TR 2 A el
IR . 25 B H 28 0% A o [ 9 33 14 24
PEARE AR, T ELICA [R—Fp e, ST AR TR 28 0 3
T T A — JE R R R
1.3 Rt

A FH LK Y 321 (RER B TR, R KR T ) B
ARSI 2 D T 5o B R KN E HA ey
SEAETT [H] ) B 25 A BE A AR B R o AR A K 1
Jal . KRS R /N A5 B SR (142 18 em) , 3
G iR A O T AR AR LAY [ AR
RIGE A 2011 4 3—5 A, &SOEFHFERE ALK
Ve SRR A A E R AR — S0 A A
SRR R, K B B R B B AR T R R R A
a7 BT, B30 B AR B SR R AN Y ) S5
FEPIF AL FE R J5 o L A T3 TR

ARSI E T 4 AR E A, Hop 3 4
HEVRALER 3 ) A ORI A (BB R | 4 KR, )
— X R, TERR AL, R 2T AN S I IR
(Kalglo Electronics, Bethlehem, PA, USA) #E1 74l
B IR TR AE W BTy BT 1.5 m
(PRUEMGIRIA ] 2 °C) , AL ILE 8 Fdl G, &
el B EE 3 K, BB, 8 P& 430 R . 251)
VT 1 RS T, 25 3% 2 1 R B, 25 W A TR o, 25

R G R , 2R U)W 4 K IR 2R A KR,
ZEUIMAHG IR B AN, 3 A RRIB 1T R
(7:00—19:00) 12 h #Yy % 2234 & % [E] (19 00—
7:00)12 h WELEHEE 42K 24 h HEZEIG IR FEXT
WEZH [ BEHITAT 1.5 m AbEFHE S 20 AP AR A AR
IF) 25 R/ IN AR AR AR, DAAADUIIN AR 28 A9 35 BH 52 i
ik AR EL B AL R 2 m,
1.4 SIS bR B

R AR AL PR R T 3 AR, R 1 FE,
T JE 43 3 0 A R R 2R B R PR G, X
Lo 2R A R T R R AR 2R R
R =GR AR FR R IR R Y 4 A 8] A
KRB 3 AR AE T 2R K R DL 4y
REL - 1A .
1.5 Stk

A BRI S% F SPSS 19.0 SE it 44347 347
FHRUPR 2 T 25 43 B L 2 1) ) 25 12 2 D7) i R AS () 34
T AL BT 45 48 B 5 e, B R 2R 7 25 43 T (One-
way ANOVA) LLHZ [l — 48 45 AS [R] b 3 22 1] 1) 25 5 B
FE, BT EIE R Sigma Plot 12.0 4421 .

2 #R

2.1 R[A]SE R AL R X S O R R A KR

A

A 1 Rl )R 25 4 T O A TR A B
R EIZE K SEE R A B R, B R X A
T A B ) ) ) 2R AR I 43 AR K G R S
. EE S REXT RO S AN B 1
AR R A HAE

HE 1 g, R R D W A A — R B
FI T E 2R AR S A A L, U0 0 A 3 ) )
BIZE KA 3 Rl A BE R 447 A W) R B B BRI
X 22 S 7E B (] 3 35 AL HL R 38 B B OKE (F =
0.015,P=0.022) , A [a] b BT 7] r 4k B (1% 2 ) 25 L
KR T 44.0% , SRHRAM L, 3 R iR 7 x5
W Ak B ) ) R 2R R K LR B A R R 7 () 3 R
S EAR T T I AL B R 2R AR K (F=0.002,
P=0.021) , AHXF 5% B8 (7.6% ) , 0 ) 48 35 14 422 b 39
(A R 2L MK B T 40.5%, FH AT L, 7 1) 4 06
PEHE T 2R S O TR RN K,

http ; //www.ecologica.cn



1414 VST

% 34 &

x1 HEEER EEN_EXERENZTLEFEGAELRK FHSRKEMESHKREZm

Table 1 Effects of connection, experimental warming and their interactions on the total stolon length per ramet and the number of ramets of

Alternanthera philoxeroides

(ITES N5 PR R IIRREL
72 K8 Source of variation df Stolon length/cm Averageramet length/cm Number oframets
F P F P F P
B4 Warming 3 1.906 0.169 2.039 0.149 1.124 0.369
4% 7730 Connection 1 5.601 0.031°* 6.370 0.023* 0.000 1.000
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Fig.1 The totalstolon length of Alternanthera philoxeroides
grown under four air temperature regimes with either connected
or severed stolons( mean+ SE)
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Fig.2 The averageramet length of Alternanthera philoxeroides
grown under four air temperature regimes with either connected

or severed stolons( mean+ SE)
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Fig.3 The number oframets of Alternanthera philoxeroides
grown under four air temperature regimes with either connected

or severed stolons ( mean + SE)
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