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Ecophysiological adaptability of Chromolaena odorata
to tropical coral islands

LIAO Mengcheng'?, LIU Nan', JIAN Shuguang”

(1. CAS Engineering Laboratory for Vegetation Ecosystem Restoration on Islands and Coastal Zones, South China Botanical Garden, Chinese
Academy of Sciences, Guangzhou 510650, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China )

Abstract; The research on the adaptabilities of invasive plants to their growing environments is the base to explore their
invasiveness. The tropical coral islands of the Paracel Islands have the harsh environmental conditions of high salt and
alkali soil, high temperature, strong sunlight and drought. In recent years, the invasion of Chromolaena odorata occurred
in some native plant communities on the Paracel Islands, which may cause serious harm to its fragile forest ecosystem. In
order to understand the ecophysiological adaptabilities of C. odorata to the tropical coral islands, we investigated the
morphological and anatomical structures, physiological characteristics and the nutrient contents in the leaves of C.
odorata growing in the suburbs of Wenchang City and forest gaps on the Paracel Islands. The results showed that the

plants of C. odorata growing in the Paracel Islands had thicker leaves, lower stomatal density, lower chlorophylla and
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malondialdehyde (MDA) contents, higher level of superoxide dismutase (SOD) and catalase (CAT) activities than that

growing in Wenchang City, which are beneficial to acclimate to the adverse environments of strong light and seasonal

drought, and may cause greater invasiveness of the plants. Therefore, it is necessary to strengthen the monitoring and

control of C. odorata during the process of protection and restoration on the vegetation of the tropical coral islands.

Key words: Chromolaena odorata, ecophysiological adaptability, anotomical structure, invasiveness, tropical

coral islands

K ML ¥ ( Chromolaena odorata ) N % Bk
(Asteraceae) KHLEJ& ( Chromolaena DC.) % 4 H: B
ABOTFEAFEY) I = S, & BN T B AR
FRAEL, A 1934 AR EH WAL, HE Y 1
ERE PNV AR AR (A B AR
2009) . ZMEYIFTECRE 2 | 5 LR TR
ARG | B SERE T R, 7R AR L TR R SR
RESE T EA A A P AR B B AR K S BOA
{1 A= ) 22 B M AT 52 i) 2 2 2R 48 Y it B
HR S5 ThRE (RFF24,1981) , IT4ESE, FNEA K
T RALFE RS, A 45 A 2 A 250 0 1 (R
FAF 2007 BLBEAE,2017) AR T (7 A A
2019) KU PEAL (224855, 2017 ) 2 5800 (2
TRAF,2017) 55, (BAG 5CML 0 B 3 3] 2 1
— IR A B 04 A= B AR 2 P B R L ARGE

PO 5 2R S B A (kTR R
SEOE R AE T R AR ) ACA P ( Ceodes
grandis) i} )5 Hil ( Guettarda speciosa) & A8 77 A
( Cordia subcordata) Wi{ "B ( Terminalia catappa) .
B M ( Scaevola sericea) 4R T W ( Messerschmidia
argentea) . J5 B ( Ipomoea pescaprae ) . W§ J] M.
( Canavalia maritima) %355 5 ( Thuarea involuta ) 55
BSOS SR S5 A B A A 3 0 T AR ) RE B
SRR (FRERF,2013) o AR A AL, VR
TEYRE AR i B0 T RBLR AR, BAE R 4 X
OB AL TR TS AE—E T B T A
WA = A A 4

NAZAE X A Az b 1) A B A 2855 oy P DA e 3R
RISV AR e B ) AR M2 — (BT
M5 45,2004 ; Smith et al., 2020) . W A FEAT
WP A FH AOG A 4 T B 322 8% B, 0 BR B8 3 N
B PRI W R AR RE G L S AR ) X B B
FRE 1 (25 AR, 2005) , A ST RE 4 A 3 A
BB LR T R A SCE TR RALRL S B
T B 1 RBL I 0 TR A S R A e
fE EFRICER S i, DLSOR B 4 e A M 5T, 80

RBILFE X AR BB O R R AR B A 3 A, o0 B
XoF BT ) 85 AR KA VR B AR TR, O TRAL A B By
PRI M J A LA PR SR AR 2 AR

1 M#EF®

1.1 &Y+ R0 £ 158 R S Ao

PR IR 5 () BIF 5% R b 7 T V5 VD BE S Y gk 2%
£ (112°20" E,16°49" N) , s PU b & vh i AU K
By I AERTIRZY 25.56 C |, AR R P i v
Z AR AR TR 2 1 400 mm, [ £ 4
Fo—11 A, 5 eF KW 86% 247, T & %
D FEAETCE M R TR R v B
WIS R T A K 1 PR K M 22 H A v (B
45,2019) , RAHLRLAE A AE Y BEVE AR h AR K
RO R BT CALR B S AR S

MR E SCE TR TIERR (110°45" E,
19°31' N) ,AEHIR 2 24 °C | S A5 25 T80 h B 15 7
P2 KA AE S RE T 2 1 800 mm , I 4341 AN
B8], 2T 5—10 A, 5 2EREW 8 1) 80% 42
i, TSR N DU VD (2R S
2016; F M, 2016) , 7877 Hi DL SGE B9 55 4
Ko A K RE B KHLE
1.2 KIe#F#

SKEEIE] Ry 2019 4F 12 A %), Wi KAHLEL 4= K
PIAb T8 SR ], EL W b A SE B0 34 O T 5 2 Y A
AT, 2019 4F 12 3 H, 72K 2% 5 AR AEE V%
BEALIEE 5 AbA CAHLE AR BT , SRAE £ 2Z A4
B 20 m DL, RS RE AR E E — R A K R RAL
B SR AR T ) AT R 8~ 10 J, B A M E
605 B TAEEKAE . RIBSRAE CHLRERERE T 0~
10 em T AERES  FORO R B BORETR S — A FE i
YR H A [R] B 77 325 78 SC B T KB A b R 45 KL
1LY S w2 =T B O = SR A i A I M g
FEM IR S RS54 AR B AR AE B SRR Y
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T ARSI B R AL R A T AL (LA e S A A
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MR A A T R AR L R
FIEEE (FW) , B F 65 CRMA it T2 H 5,
PR RALE M A &= (DW) 35 A TP RS
# (LDMC=DW/FW) ,

ALHI SR . 2 BEAT B S 45 (2009) 19 48 F i
B 78 RALFL T Fr R R 1H R — )2 T A ds i,
R Hh T 5 B3 3R, W s e bl |, &
T XTS20- (40 i 5% , & 7 it v Bl AL B 10 ~
15 ASLEF SR FH /N Al A% T 5500 S 0 BT o 1 R
LA TR B I I e S ALK B

W B D) T UL 5 S IR B 45 (2012) 19
JrERIVEYT & T XTS20-A B s T, & 3F
WESR I P A K -3 He MRS ZH 4 i 2 2H LR
TEREIERE
132 A8 FHiE MREXFENNESRES
A2 45 (2000) B9 535, AR A Arnon (1949) By 24 23t
B R AR R o FIFSEE b A R R AOR
AE 0, B 0 5 i 75 R ( ABA) & ( F P45 ,2018) 5
SR AR AR I £ vk I R (Tp) o (2,
2013) 5 R AR B BE 22 182 3 I T 88 ( MDA)
T (PMVEFSE ,2006) o P AU T 0 E L R
AN Wk I o i AR Ak U (CAT) 36 4 (Aebi,
1984 ) 5 >R F 1 A A g 2k 0 52 3k 4604k 0 1l ( POD)) T
P (ZEEAAE,2000) 5 R H DU ZE % (NBT) 3250
 SE AL Y B A (SOD) T Pk (225 455 ,2000)
1.3.3 ##et B BT E B LI BACK o 2
SR LG A2 2800 0 8 Al 4 it 4 280 o R FH 4
BT L I A i R F EE RS R BT — B R 4
AL A2 A LA 7 i (KNS, 1996) , TR
PR 22 7 ik S B B HE AR 43 Hr 5 0 T A )
(XOEHE,1996)

1.4 HHRALE ST

ffi 1 Origin 2020b F {4 X A K 78 AS [] A 5% 1)

CHLE I RS T ¢ K5

2 HREH A

2.1 FESMEE| 21
P FE L RALEL I B A AR R E L6 1,

x 1 AEMES S5 X BB CHIEMN A RSB 4HE
Table 1

of Chromolaena odorata growing in tropical coral

Leaf morphological and anatomical characteristics

islands and Wenchang suburb

k7 CETRB P IR B
IHd Wenchang Tropical coral
ndex suburb islands
T 0.245+0.012a 0.242+0.013a
Leaf dry matter content
(LDMC, %)
F TR 39.28+2.58a 36.93x1.71a
Leaf area per plant
(em®)
R 12.20£0.40a 13.06£0.47a
Thickness of upper
epidermis ( pum)
WA 2 4R i 29.88+0.91b 39.15+1.94a
Thickness of palisade
tissue (um)
A SR 50.37+1.06a 51.57+1.34a
Thickness of spongy
tissue ( pm)
ML L 20/ i 4 4L 0.604+0.016a 0.649+0.025a

Palisade tissue/
Spongy tissue
TR

Thickness of lower
epidermis ( um)
oA

Blade thickness

(pm)
AL D A0
Length of stoma
guard cell (pm)
SALEE
Stomatal density

10.765+0.402a 11.048+0.272a

109.97+1.3b 117.98+1.74a

27.42+0.17a 25.31+0.20b

230.91+3.16a 212.30+4.12b

(n+mm?)

1 AFFERR2E R 3 (P<0.05) ,n=5, T
Note : Different letters indicate significant differences ( P<0.05) ,
n=>5. The same below.

AT G T B RHL R A AR L 2R et
FIEERERTAER T XA TR CHLE, 13
T ARR AL 8 S FL AR T 40 M 8 DL R L
SR T IGHT B B ) RPLEL . P M RBLE Y T
Pyl i ot AR LR SR B U A A AU R
FEVL R R R AR L B 5 %
2.2 £ IEE4RAE

TCHLFL AR B RRAE ) AT A5 R AN 3R 2 FoR .
CEHRB CHLE 2R a DL S ER /b IIE
P00 25 K T B B ) RAL R SRR asb Y
E¥I/NFHAISHE 3 - 1, JLF bt & 1L B (SOD .
POD CAT) H, AE 4 T iy i) &5 1) "R AILEZ A9 SOD
TR E R T B LR, HAhTC W3 M
Z5 ., A, CETMRBR RHLE BN RS 2
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Table 2 Physiological characteristics of Chromolaena Table 3 Nutrient contents in leaves of Chromolaena odorata

odorata growing in tropical coral islands growing in tropical coral islands and Wenchang suburb

and Wenchang suburb

o SCE TR Pty s
fitr Wench: Tropical coral
N N Index enchang ropical cora
k7 AT A I suburb islands
Index Wenchang Tropical coral
suburb islands R LR A 418.43£19.70a 370.373.76b

MERER a Fht

1.274+0.066a

1.081+0.035b

Total organic carbon

(TOC) content

Chlorophyll a content (g-kg")
(mg-g") TR 32.93+2.27a 34.02+2.62a
gk b Sa 0.529+0.0333a 0.529+0.011a Total nitrogen (TN) content
Chlorophyll b content (g kg")
(mg-g") SRR 2.785+0.269a 3.616+0.406a
ngEE a/b 2.241+0.030a 2.110+0.020b Total phosphorus (TP) content
Chlorophyll a/b (g kg")
iP5 IR 0.846+0.142a 0.984+0.061a & 0xa 13.446+1.005a 11.464+0.918a
ABA content C/N ratio
(pg-g") B 1L 164.40+21.52a 111.10=13.08a
N B 64.62+5.41a 45.56+5.39b C/P ratio
MDA content HBELL 10.68+1.00a 9.58+0.41a
(nmol - g7) N/P ratio
4 2 1y 31.32+1.44a 29.77+0.16a

Total phenolics
(Tp) content

(mg-g") x4 HEWMHIRFIE TR CHERR T IEEL SR
ﬁ%\ﬁ%ﬁ?ﬁifﬁ%&ﬁﬁ 661.99£132.76b 1 270.05+102.00a Table 4 Physical and chemical properties of rhizosphere
o activity
(U-g") soil of Chromolaena odorata growing in tropical
T S AL A 170.57+39.61a 231.48+48.78a coral islands and Wenchang suburb
CAT activity
(U-g") P, SCE TR ety S £
R . eIt Wench Tropical |
T 4 AL W B 176.49£20.07a 114.20+19.14a Index enchang ropical cora
POD activity suburb islands
U-g'
W) S LR 1.86£0.135a 3.80£0.816a
TOC content (%)
v TR T 0 TRAL R R RN S A LR 2.16+0.136b 5.17£1.07a
TN content
i%ﬁ%%ﬁo (g-kg")
23IMEEXRYRE=E R 0.228+0.033b 18.72+3.56a
TP content
RALE N B R R SRS Rk 3 (g-ke')

6.468+0.281b 7.726+0.119a

fiR . AR T ICE T RRE CHLR M R B oA HLAR pﬁHvﬁe
T A AR I A R
R Y 22 5 PR IA B K
2.4 WHIERBR T EA LR

RALEAR R AL BT A BT A5 R AR 4
JIe 7R o AR SRR & f) S S AR, A PILAR T A
ARG E WS EYRE T AT L%, &
R AT AR WK,

3 it

B LAY T A AR i R B RRAE LA B AN [R) B B
BegE, UL, v 8 Ok B B AR 4 % A [R) A= 4
A4 3% W P ( Poorter & Bongers, 2006) . M F 4 i
e R TR ) N SR A3 R AR AE R RE T, B
PP 0 B et e I A A 0T % 45 A 5 I M
5 (AR A ,2019) o BRAREA I AR (A i B i
FBU LA ) DAy 2D 2% s T R Al ) 38 T AR
S5 O T 7 U (1 A SR, 2004 ) AT )
85 RN SC B T A b AL B Y ) o e B T
T MR, A R 2 S A P b 5 1k

3.1 TRHLEM B B SRR AT
AR A AR R A B AT IR RO Y
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Guard cell

<AL
Stomatal

I 4nH
Guard cell

AL
Stomatal

R
Upper epidermis

Ea
YR | Cilia

M2

Palisade tissue

b HEA
Spongy tissue

e L Y
a ‘ Upper epidermis

M2 R

Palisade tissue

oA
Spongy tissue

PRI 2 CAHLEE A I A AL (o) FVBE DTS () 5 30 TSR RHLEL B AL (o) A DT IR (d) .

The stomata (a) and cross section (b) of Chromolaena odorata growing in tropical coral islands; The stomata (¢) and cross section (d) of

C. odorata growing in Wenchang suburb.

1 Al S 1 SC B TR A RAL R I A 25 4

Fig. 1 Leaf anatomical structures of Chromolaena odorata growing in tropical coral islands and Wenchang suburb

P HEZSE b, — e R e IR A7 T 2 K 51
WA 2H 2 JEE A i R AN ASCRT DA Ry i e 4 R B K
THEER, AR T ET RS T 5 K
IrBER (S RIZE R Ay, 201238 BT 45 2015)
PR I 5 %) OB o e JEE R R A 2 S
ERTCE TR CHLEL F2 30 X ol 3 59 5
Ze M T R AR 0 N

LR T K 53 R A2 8 1) 38 T R IR B
A R U L AR R AR ) 22 8] 4 A
JLHEI A 5~1 000 n « mm™( Hetherington & Woodward,
2003) . fETBEE TSRO0 T AP Y AL B R A
& (Xu & Zhou, 2008) . #HKI%E (2006) %f 4L T
LT R X 6 R R AW R B IE & B, AR
LB ERITEE N 39.5~227.5 n - mm?, ¥4t T 5
TR AR, 16 B AR A AL 35 A R T 3 S A )
PR EETT . AH SO B TTAR A AL RE, B 3 5
By i CHLF A AL B AR, A R T b 2 R

T2 (R 7K o oFead g FAy S B 5 1) T 5,
R ASFLAR B 1 el 2 A ) 3 N T R R )
F, AP (2015) BT 2 RS TR B2 AE 1 A vk
B PR, PUR AR R A VK R R LR R
AR5 AT I S A LB R B A,
ANAFEBRAPIREE S . ARG RS A KER
] A= B 18 22 K — 4% ¥ 4 ( Solidago canadensis ) 2%
IL(HE€,2008) , FIL, CHLE I A BT 25 i 0 45
PR R I o] 9 | 36 B0 M o AT B U O 4 R
S A 1) 3 W
3.2 X ER EE YT

2 2 A Y RSO RE 1) B 454, M4 K a
FEM A P A0, SR E b F2 R
KMELot, MR asb (B0 FR Y A KRB
FEAAE B e, Wi KL A 4 R a/b (5
RFHISME (3« 1), XA A F CHLR XS G 8 1 %
WA KOG AR T AT CROG I 45 ,2018) , I 4%
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Fa/bEHSHEYP R HE T E AR (KY
A FIREE,2001) o FRAl ] 5 RPLE 4R a/b
HRE/DNTSCE TR R CHLE, R HHAG H R
(TR SRR T . el , 20 B o = B, o] BE G A
P M B (P K458 ,1992) , BEAR AT &%
RO R R R 2 s i S B0 Y
TR (BEAELE 2014), HEE a TEELS
TERJER B b R, 4R a DA B F
I /D 3ok 360 S g AR 3 B A R G R Gy, AT REAIR
SROCHE (% 2018) , ML CB AR
TRHLE B I A KL LA AR TR a
ORee O T VN O T I T SER OB R VA
FEREY)AE F A K B, A A A SR
PR o — AL T AS W = A R 53 il 1 S R A
B2, Y Z 2 e (T5 $hibia st ) B
AR g 23 W IR, A B SRR R 50 A i
(Z=HRN EARET, 2002 5 J& 2% o0 FE 48 5%, 2005 5 5K
P55 2009) . 4l SOD . POD  CAT S A ¥ 1A
PE DL B B A, T T HRAR G 22 09 T M A0 A
Yt . SOD M 1E F o i 1k 8 S Ak 4 A F 2
(0, ) AL H,0,/1 0,,POD CAT ik H,0, 143
ff o E=FhEE AL RIVE R, vl B E T A
H DL 72 [ XA ) B AR, M AR
T HaE W E  00¥ J) S A AR R S ) SoD
(395.23 U - g') . POD(105.39 U - g').CAT
(143.27 U - g") W& PE (B #045,2019) DL K0 i
R IR ) 38 A R W) K B A ( Catharanthus
roseus ) ) SOD ( 867.78 U - ¢') . POD(92.35 U -
g') \CAT(199.94 U - ¢") itk ( T+ A%, 2020) ,
ARG A T R I 1 RPL B R A R
i SOD \POD (CAT 3% PETE &, 7EAE Y 32 £y
TE 558 = 1 B S A il T A T DL 3 iR AR 9 X A 45
ORTAVA 6 SRSV K7/ B k2l B s g0 7 SERI R T 3
AUE BRI RE /N T AR I T M AR ) & 5 B
it Ak, MDA R0 IR i A AL M e 4 7 ), & i
PR IR DA Gy b W20 M A 05 T FR B AR OR
A RS KL A MDA & R T S
HRRE KHLED 1 SOD Fl CAT Fgi% M T X B
KBAY CALHEL, AT fE R f T 3 ) 5 i L B A
i A g ) B AR A T P R R BRI T ik Xt 4 i
B3 3  HOF RS2 BN BN - E 0 3, X 548
B EATE (2003 ) XF F4 58 7K R 1Y BIF 52 435 SR A AU
MDA %5 &85 SOD CAT HyiG 2 AR E R,

3.3 ¥HEXMNTIEFSOF ARE

/oEEL 7/ NG i R =g S K 7/ R W a7
Al DRI R A g A (% Ri4E,2018) R
LU 2 E G T A PR Z IR B AH SRR T A 7E
Fr A F A B 0T 5 O6-B AR HTRE 1 22 18] 1 AU A 56
R, PP I M A S ROLA
YEFH 8E 1 LA B A Y mE R Bk & 5 ( Wright et al.
2004) . AHEESCE T RRAY AL S P S8 5 19 6
PLEE I b B & B 4K, 5 2 Ri 45 (2018) BF 5T
B R A% 2 $H I B S 00 I A L A A ( Arachis
hypogaea) M ( Cocos nucifera) B 245 — 2, X
AT RE A AL 3 W A BB B 0 RO IR B 8
2R RE & R B ROL S E R T b A 2
I b A R I v 8 Bl 5 A X AT

R BERAEY RN R A R EEE
FRIUE , W A K ik B v 75 oK R | 7 A 5
TCR . XA R AR HI 45 AR A % 3 A R
B S0, JHE 2 e L 19 B A% A G M S R ) 5 O3
R 2R O DA B AR ROIR B (B B3 5, 2010) AR K
TR IR B ) RALRL I e rh 2 B M e B
Yy i T A BT A ) i P 2 & (20.1,1.99
g - kg!) UL HARKRK RIF, AR Y
N/P /T 14 B, UL AE P 4k T SOBR HIR 25 N/P
KT 16 B, &b F 8% B2 6l IR & ( Koerselman &
Meuleman, 1996) , 7 #ff 5¢ i $4HF S B ) RO %2
9 N/P R 9.58 , 5 A (2019 ) X #AH i) 1
A A AE ) 5T 45 AR I, BVAE P i A KA TR
FRAIR S . W5 3 1 £ B (2005) | T % 55
(2006 ) BIF 5T A BL LR fi 2 S0 W8 5 s 1 A
B2 o RHHESCE AR, £ I B A B8 v 35 e O AL
B 5 W] BB A A TP Y A A B R i — 2P
NS

HICE T RRH QAL A F B, B i) 5 1
BLREH BB 25 S R AE (i SR AL
) FAE BEAFAE (it 2 K a 9 & & AR . SOD 5
CAT ¥ £ 5 5 M1 MDA 5 i I A5 ) 22 B o X FAty
I 1) - - i Ol 4 2 4 AR B A% Y A 2O I
Mo BRI 5 AR B T AR R LR AER, B T
LR A, R, RL AT KT R R B 3
B 5 A s AR W A v O XU, 9 oo s D00 AT 4
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