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Impacts of environmental factors on growth-defense physiological
traits of invasive plant Alternanthera philoxeroides
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Abstract: [Objective] To explore the impacts of biotic and abiotic factors on the growth-defense
physiological traits of invasive plant Alternanthera philoxeroides at large spatial scales, and provide a theoretical
basis for dynamic prediction of invaded communities and bio-control under the global environmental change.

[ Method] We totally set up 72 plots invaded by A. philoxeroides with the area of 10 mx10 m per plot across
21°N—37°N in mainland China (36 terrestrial and 36 aquatic), and measured the nitrogen balance index (NBI),
chlorophyll index (Chla), flavonoid index (Flav) and anthocyanin index (Anth) of A. philoxeroides in each plot.
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We then used the methods of regression analysis and canonical correspondence analysis (CCA) for examining
the impacts of geography, climate, nitrogen nutrition, plant diversity and insect occurrence on these four
physiological indexes. [Result] Regression analysis and CCA all showed that the Flav had significant positive
relationship with latitude and significant negative relationship with rainfall. In regression analysis, the Chla for
terrestrial and aquatic A. philoxeroides had significant positive relationship with longitude and nitrate nitrogen
content, respectively, while the Anth for aquatic 4. philoxeroides had significant negative relationship with
latitude but positive relationship with annual mean air temperature. In CCA, the NBI for aquatic A. philoxeroides
had strong negative relationships with Pielou evenness index, insect richness and the abundance of Agasicles
hygrophila, but had strong positive relationships with Patrick richness index and Shannon-Wiener diversity
index, while the Flav for aquatic 4. philoxeroides showed the opposite distribution pattern with NBI in CCA
ordination chart. [Conclusion] The longitude and nitrogen nutrition mainly affect the physiological growth

traits of 4. philoxeroides, while the latitude, climate and plant diversity mainly affect its chemical defense traits.

Plant diversity and insect occurrence promot the *growth-defense’ tradeoff of aquatic A. philoxeroides.

Key words: Biological invasion; Alternanthera philoxeroides; Habitat; Nitrogen balance index; Flavonoid;

Canonical correspondence analysis

YETRERIIR A A B R, SRR A
TR R B R T b A% S 2 3 O T R A o0 A AR
PRAR SRR AR N R BRI BB oy, AR
WNBRI S, BT A Z RGNS T
FEE B . A ERIAEEAS A G N T BRI BN AR B
A5 A, RSN SREEI R T EER O T AR %
FERY S NARAE A %8 A 5378 A i 2 5 24, HG T o 4
A BRI A AT M A5 7 R AR LAY THR
SESLB; Lantana camara FEAR T X HL N A= 1)
S3HC, P 7O A G AR E AR B A
W0 TR R B Xanthium strumarium W44 &
23 35 P 8 28 s ol R0 8 IRVl 0 ) 58 LRI
Tt T NRAEINE R — R34 AE Solidago canadensis 1)
AR AN SRR B &, S M o L A SRR R Y
fe 21175 [ T 3G N T B KA B R S R T R A%
IE#E Myriophyllum aquaticum WIEZS W B, H
BT HOG AR /K A A 5 4 AR

NAZFE W) B 30 A 9 K ) O A= AR 7 18 BE
77, WA BT SR 2 W AAE T &R S Y
AU R N R EWEN R 549, JEE T
BEAH BAR 25 F, 0T HA m A 5e 4 ) AR
TN HAA B R TR SE N RN, AT
T FECHAE K EL Spartina alterniflora R NAETE
Ao BEWHEF S TLNE I Ipomoea cairica VKM &
WG RS LR LA LY AR R
TEAH GV o JE R B, N R I A S5 M R R
Phytolacca americana 7 W &85 & BN A= 3 EH 1)
541 Sapium sebiferum ¥ N FLT K R TR B

AL BTN, B S AR A R DR X > 1
F T G5 A8 A= 400 s 73 0 B (1) 43, 380 7 T 49T
T EE B8 1 2R 5 i 1) 73 W1 . Huang 55U &%
W, SR NAR MR FH DARS 18 & B R BT
g R L SN R W SRR AL DTN
1R HUFR T ) S R R B . IRAIRIT AR
T A PR AR 1M 5 S 0T AR B 2 TR (%) 9% Z 00T T 1 BH AR
WINAZ WL e 0 4 BRARAL T IR S B R A H

T 0E T 5L Alternanthera philoxeroides N VLF
T EJERE, JF TR, BT R R
AEAS T IB Y KRG PR AT K e B AR B RE 1, © 2
ANEHEEILTT 20 RE, HLFRRMES RS
FoE s R 7 EORfEEN B AR, BT
B35 N 20T B 3 A A6 SR 37°N, AU AZ IR
RUTPE R Z R TE T 250 2 T R AT B 58 4+ 7,
AT 5 LAY BAE LI 55 4 -8 0& 1 A P90
PRI, S840 23 3 i Bt A T o 2 0 T B
B RIS My B R 3 T K B P A AR B U AR
BT, 250 S SRR S R SR R
B T AR LM RIIEE T2 A pungens™; 7 7 %22
F Cuscuta australis 7+ 5 Z 1IN T 2 0E-FEW)
g M AR E R T A B HR TR
2 () RUBE | 23 o0 32 5 A 3 R 1 X6 22 S BA 5 1
B WARTE o ASHIE FEADLAE K 2 FE Ao B2 Y ] P4 Jee
SMAE, TEAIRDT AR R AR A IR 26K Bl P 5
21U 3 A KR 977 A0 55 77 T A= B AR A ) 52, DA
W HNAZ G 1E TR -



70 HErg RO K 2= 4R (http://xuebao.scau.edu.cn/zt/hnny _zr/ch/index.aspx)

43 %

1 MR5RE
1.1 EFMEE

T 2019.2020 £/ 7—8 AAEMEKIEZ, %t
W E A4 21°0~37°90 Bl N () 20 2 T BN IR FE ) BT
WHATE AN . R 2 NERERRE, TR 0%
TR RS N R THA>100 m? A X 35 B FE .
LB 8 KA LA, 5k A FE AT I L 4~5 AN A 1

25 i M Gaozhou

) ° "ﬁ/}\ Zhaoqing a
45 R llcYuan‘ Al Gaﬂﬂ}?‘},, n
2 20 HeAf Guilin 0~ T TT Jivjiang
=3 Al Xiangtan® o5 A7 Wuhan
O g K7 Changsha ) JEMS Huainan
=~ 8 15t J35* Xianning i Kuzhou
o8 = 51 Xinyang HE S Handan
r's VF £ Xuchang
Q § 10 F JEHK Feicheng
& g
'Tg 51 »=0.632x+36.79
g R=0.949, P<0.001
< 0 . . . ,
20 25 30 35 40
Ab4h/(°)
North latitude

AR, FEAE [F) 2 2 Y AR B SR AR IR — B X 31k
B 4~5 ARG, I E 72 MR (FE
A2 36 1N, KA 36 ), BEAMFEHIEIEY 10 mx10 m,
(K% 10 km DL b R BT EERT 78 X a5 1 E L
JrH 10 48 17 T, M By L I Bt R0 R iR T 5
3 KAMRX . FERLATIE I 17 AT AR 4
VIR B S 2R AR R R WA 1 R .

5
& A
180 @%Q \00\\\ . b
g ) \:N [ q}o‘?\\
= 150 | e e o \;'\\2»“0” o
g = (Gaozt X R
£ g 120 | 0% Zhaoding o 'Y \&gy -
i~ e R
] g N (laﬂf}ré‘:éé Xiangtan ™ ° \‘h\‘l‘\«!
B o 90t Ry Xianning s
¥ g ST Huainan we XLWA\Q\\‘;X\
N o
ii E 60t o Xuzhou® S W
<
3 ©
S 30| y="7.600x+331.8 HEHE Handan
< o LF=0903, <0001
20 25 35 40

30
Jb4h/()
North latitude

E1 HREFMARETHGSE-SENSE-ERMEUSGXR

Fig. 1 Fitting relationships between the latitude and temperature, precipitation of sampling cities
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Fig. 2 Regression fittings between physiological indexes of terrestrial Alternanthera philoxeroides and environmental factors
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Fig. 4 CCA ordination of physiological indexes of terrestrial Alternanthera philoxeroides and environmental factors
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Table 1 Correlation analysis of terrestrial environmental factors and CCA axis

BT Environmental factor
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CCAE2#l CCA axis 2
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Patrick ¥ & & $5 % Patrick richness index
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Pielout’) =] £ $6 %4 Pielou evenness index
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1) “*7 “xx7 53] R 7 1£0.05,0.01KF 2 FA%

1) “*” and “**” represent significant correlations at 0.05 and 0.01 levels, respectively
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Fig. 5 CCA ordination of physiological indexes of aquatic Alternanthera philoxeroides and environmental factors
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Table 2 Correlation analysis of aquatic environmental factors and CCA axis

I3[R -F Environmental factor

CCA® 1%l CCA axis 1 CCAHE2#l CCA axis 2

Z6 i Latitude

%4 J% Longitude

#E3K Elevation

A% & & Ammonium content

A% & & Nitrate nitrogen content

4E34)Si Annual mean air temperature

LEI[% W 2 Annual mean precipitation

3 8 ik B 402 Abundance of Agasicles hygrophila
B4 =E & ¥ Insect richness

Patrick=F & ¥ 8 4{ Patrick richness index
Shannon-Wiener% £ 14: 5 41 Shannon-Wiener diversity index
SimpsonZ ¥4 5 %L Simpson diversity index

PieloutJ 2] £ #5844 Pielou evenness index

—0.071 —0.713**
—0.296 —-0.170
—0.363* 0.003
—0.102 —0.104
—0.193 0.223
—0.040 0.684**
0.095 0.595%*
—0.443%** 0.140
—0.471** 0.172
0.298 —0.618**
0.050 —0.479**
—0.334* —0.496**
—0.349* 0.270

1) “x7 “xx? 550 % T E0.05420.01K-F 2 E A0 %

1) “*” and “**” represent significant correlations at 0.05 and 0.01 levels, respectively
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