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Abstract

The environmental adaptability of invasive plants is fundamental to understand-
ing their invasiveness. The Xisha Islands are tropical coral islands characterized
by harsh environmental conditions such as high salinity, strong alkalinity, high
temperature, intense light, and drought. In recent years, Chromolaena odorata
has invaded some native plant communities in the Xisha Islands, potentially
causing serious damage to the local fragile ecosystem. This study examined
the leaf morphological and anatomical structures, physiological characteristics,
and leaf nutrient element contents of C. odorata in forest gaps of native plant
communities on the Xisha Islands and in suburban Wenchang City, aiming to
investigate the adaptability of C. odorata to the special habitat of tropical coral
islands. The results demonstrated that, compared with plants grown in Wen-
chang City, C. odorata on tropical coral islands exhibited thicker leaves, lower
stomatal density, lower chlorophyll a and malondialdehyde contents, and higher
superoxide dismutase and catalase activities, which facilitate adaptation to in-
tense light and seasonal drought conditions on tropical coral islands and confer
greater potential invasiveness. Therefore, strengthening monitoring and control
of C. odorata is essential for the conservation and restoration of vegetation on
tropical coral islands.
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Abstract

Understanding the environmental adaptability of invasive plants is fundamen-
tal to assessing their invasiveness. The Xisha Islands represent tropical coral
islands characterized by harsh environmental conditions including high salin-
ity, strong alkalinity, high temperature, intense light, and drought. In recent
years, Chromolaena odorata has invaded native plant communities on the Xisha
Islands, potentially causing severe damage to these fragile ecosystems. This
study investigated leaf morphological and anatomical structures, physiological
characteristics, and leaf nutrient contents of C. odorata growing in forest gaps
on tropical coral islands and in suburban Wenchang City, aiming to explore its
adaptability to the unique habitats of tropical coral islands. The results showed
that compared with plants from Wenchang, C. odorata from tropical coral is-
lands exhibited thicker leaves, lower stomatal density, lower chlorophyll a and
malondialdehyde contents, and higher superoxide dismutase and catalase activ-
ities. These traits facilitate its adaptation to strong light and seasonal drought
conditions on tropical coral islands and contribute to its substantial invasive po-
tential. Therefore, enhanced monitoring and control of C. odorata are essential
during vegetation protection and restoration efforts on tropical coral islands.

Keywords: Chromolaena odorata; ecophysiological adaptability; invasiveness;
tropical coral islands

Introduction

Chromolaena odorata, a perennial herb or subshrub belonging to the Aster-
aceae family, is native to Central America and has become a globally invasive
weed. First discovered in China in 1934, it has since spread to Yunnan, Sichuan,
Guangxi, Hainan, Guangdong, and other regions. This species produces numer-
ous seeds that disperse easily, germinate quickly, and grow rapidly with strong
sprouting ability, often forming monodominant communities in invaded areas.
Such invasions severely suppress native plants and crops, reduce biodiversity,
and impair ecosystem health and service functions. Previous domestic research
on C. odorata has focused on allelopathy, ecophysiological adaptation, com-
petitive effects, and risk assessment. However, studies on its ecophysiological
adaptability to the special habitat of tropical coral islands remain unreported.

Tropical coral islands present extremely harsh environmental conditions, includ-
ing high salinity, strong alkalinity, high temperature, intense light, and sea-
sonal drought. Only a few well-adapted species such as Ceodes grandis, Guet-
tarda speciosa, Cordia subcordata, Terminalia catappa, Scaevola sericea, Messer-
schmidia argentea, Ipomoea pescaprae, Canavalia maritima, and Thuarea invo-
luta can successfully colonize these islands. Recent surveys have documented C.
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odorata invading forest gaps in native plant communities, forming monodom-
inant stands in some areas and threatening the ecological security of tropical
coral islands.

Phenotypic plasticity and physiological adaptability are crucial determinants
of plant invasiveness. As the primary organ for respiration and photosynthe-
sis, leaves exhibit strong environmental adaptability, making leaf traits reliable
indicators of plant responses to different habitats. This study compared leaf
morphological and anatomical structures, physiological characteristics, nutrient
contents, and rhizosphere soil physicochemical properties of C. odorata from
Wenchang City and tropical coral islands. The objective was to investigate its
adaptability to the unique environment of tropical coral islands and assess its in-
vasiveness in island forest communities, providing a scientific basis for effective
control strategies and protection of native vegetation.

1.1 Study Sites and Sample Collection

The tropical coral island study site was located on Yongxing Island (112°20 E,
16°49 N) in the Xisha Islands, the largest island in the archipelago. The island
has a tropical oceanic monsoon climate with a mean annual temperature of ap-
proximately 25.56°C and annual precipitation of about 1,400 mm. Rainfall is
concentrated between June and November, accounting for approximately 86%
of the annual total, resulting in severe seasonal drought during the dry season.
The soil substrate consists of alluvial coral sand and phosphatic limestone soil
with poor water retention and strong alkalinity. Chromolaena odorata grew vig-
orously in forest gaps within native plant communities, forming monodominant
stands.

The Wenchang City study site was located in the suburban area (110°45 E,
19°31 N) with a mean annual temperature of approximately 24°C and a tropi-
cal oceanic monsoon climate. Annual precipitation averages about 1,800 mm,
unevenly distributed with 80% concentrated between May and October. The
soil type is coastal deposit sandy loam. Vigorous C. odorata populations were
found in wastelands and along roadsides.

1.2 Experimental Materials

Sampling was conducted in early December 2019 during the dry season when
plants were in a vigorous vegetative growth stage at both locations. On De-
cember 3, 2019, five forest gaps invaded by C. odorata were randomly selected
on Yongxing Island, with sampling points spaced more than 20 m apart. At
each point, one healthy plant was selected, and 8-10 mature leaves from the
upper canopy were collected, sealed in plastic bags, and temporarily stored in
a shipboard refrigerator. Rhizosphere soil samples (0-10 cm depth) were also
collected beneath each plant and mixed into one composite sample from five dif-
ferent positions. The following day, leaf and soil samples were collected from the
Wenchang suburban site using identical methods. All samples were transported
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to the laboratory for analysis of leaf morphological and anatomical structures,
physiological characteristics, nutrient contents, and soil physicochemical prop-
erties.

1.3 Measurement Methods

1.3.1 Morphological and Anatomical Characteristics Individual leaf
area: Leaf area (LA) was measured using a LI-3000 leaf area meter, and leaf
number (N) was recorded to calculate individual leaf area (LA/N).

Leaf dry matter content: Fresh weight (FW) of leaves was measured using
an electronic balance. Leaves were then oven-dried at 65°C to constant weight
to obtain dry weight (DW), and leaf dry matter content (LDMC) was calculated
as DW/FW.

Stomatal observation: Following the nail polish impression method of Fu et
al. (2009), a layer of clear nail polish was applied to the lower leaf surface. After
drying, the epidermis was peeled off with tweezers to prepare temporary sections.
Under an XTS20 stereomicroscope, 10-15 random fields of view per leaf were
examined. Stomatal number was recorded using a platelet grid counting method
to calculate stomatal density, and stomatal length was measured.

Leaf cross-section observation: Following the method of Chang et al. (2012),
sections were prepared and examined under an XT'S20 stereomicroscope to mea-
sure and record leaf thickness and the thickness of upper epidermis, palisade
tissue, spongy tissue, and lower epidermis.

1.3.2 Physiological Characteristics Chlorophyll content was determined
following Li et al. (2000) and calculated using Arnon’s (1949) formulas for chloro-
phyll a and b. Abscisic acid (ABA) content was measured by high-performance
liquid chromatography (Wang et al., 2018). Total phenolics (Tp) content was
determined using the Folin-Ciocalteu colorimetric method (Li, 2013). Malon-
dialdehyde (MDA) content was measured by the thiobarbituric acid method
(Sun et al., 2006). Antioxidant enzyme activities were determined as follows:
catalase (CAT) by ultraviolet absorption (Aebi, 1984), peroxidase (POD) by
the guaiacol method (Li et al., 2000), and superoxide dismutase (SOD) by the
nitroblue tetrazolium (NBT) method (Li et al., 2000).

1.3.3 Leaf Nutrient and Soil Physicochemical Analyses Total nitrogen
content in leaves was determined by the Kjeldahl method. Total phosphorus
content was measured by the molybdenum-antimony colorimetric method. To-
tal organic carbon (TOC) was determined by the potassium dichromate-sulfuric
acid oxidation method (Dong, 1996). Soil physicochemical properties were an-
alyzed following Soil Physical and Chemical Analysis & Description of Soil
Profiles (Liu, 1996).
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1.4 Data Analysis

Differences in leaf traits of C. odorata between habitats were analyzed using
t-tests in Origin 2020b software.

Results
2.1 Morphological and Anatomical Characteristics

The leaf morphological and anatomical characteristics of C. odorata from both
sites are presented in Table 1 . Plants from tropical coral islands showed sig-
nificantly greater palisade tissue thickness and leaf thickness compared with
those from Wenchang suburb. Conversely, Wenchang plants exhibited signifi-
cantly greater stomatal guard cell length and stomatal density. No significant
differences were observed in leaf dry matter content, individual leaf area, up-
per epidermis thickness, spongy tissue thickness, or lower epidermis thickness
between the two habitats.

Table 1 Leaf morphological and anatomical characteristics of Chromolaena
odorata growing in tropical coral island and Wenchang suburb

Index Wenchang suburb Tropical coral island

Leaf dry 0.245%40.012a|0.242+0.013a|| Lea fareaperplant (cm{2})139-28+2.58a[36.93:£1 Ta||Thicknesso fupperepid
matter 21)(230.9143.164|212.30+$4.12b

content

(LDMC,

%)

Note: Different letters indicate significant differences (P<0.05), n=5. The same
below.

The stomata (a) and cross section (b) of Chromolaena odorata growing in trop-
ical coral island; The stomata (c¢) and cross section (d) of C. odorata growing
in Wenchang suburb.

Figure 1 [Figure 1: see original paper| Leaf anatomical structure of Chromo-
laena odorata growing in tropical coral island and Wenchang suburb

2.2 Physiological Characteristics

The physiological characteristics of C. odorata are shown in Table 2 . Wenchang
plants exhibited significantly greater chlorophyll a content and chlorophyll a/b
ratio than tropical island plants, though both values were below the theoretical
ratio of 3:1. Among the antioxidant enzymes (SOD, POD, CAT), SOD activity
was significantly higher in tropical island plants, with no significant differences in
POD or CAT activities. Additionally, MDA content was significantly higher in

chinarxiv.org/items/chinaxiv-202104.00077 Machine Translation


https://chinarxiv.org/items/chinaxiv-202104.00077

ChinaRxiv [$X]

Wenchang plants, while ABA and total phenolics contents showed no significant
differences between habitats.

Table 2 Physiological characteristics of Chromolaena odorata growing in the
tropical coral island and Wenchang suburb

Index Wenchang suburb Tropical coral island

Chlorophyll 1.274$+0.066a|1.081+0.035b||Chlorophylibcontent(mg-
a content g{—l})\0.529:|:0.033a|0.529:|:0.01la\\Chlorophylla/b\2.241:|:0.030a\2.110:t0.020b||Abscisicacid(ABA)content(ug . g{_

(mg-g~t)  1})|0.846+0.142a]|0.98440.061a|| M alondialdehyde(M D A)content(nmol-
g{—l})\64.62i5.41a\45.56i5.39b|\Totalphenolics(Tp)(mg . g{_

1})]31.32+1.44a|29.774+0.164a|| Superozidedismutase(SOD)activity(U-
{11I661.992132.76b]1270.05:102.00a|Catalase(C AT activity(U - g £ _

1})|170.57+39.61a|231.48+48.78a|| Peroxidase(POD)activity(U-
9 {-
1})]176.49+20.07a|114.20+$19.14a

2.3 Leaf Nutrient Contents

The leaf nutrient contents of C. odorata are presented in Table 3 . Total organic
carbon content was significantly higher in Wenchang plants compared with trop-
ical island plants, while nitrogen and phosphorus contents showed no significant
differences between habitats.

Table 3 Nutrient contents in leaves of Chromolaena odorata growing in the
tropical coral island and Wenchang suburb

Index Wenchang suburb Tropical coral island

Total 418.43%+19.70a|370.3743.76b|| T otalnitrogencontent(T N ) (g-

organic k,g{—l})\32.93i2.27a\34.02i2.62a||Totalphosphoruscontent(TP)(g . kg{_

carbon 1})]2.785+0.2694|3.616+0.406a||C / Nratio|13.446+1.005a|11.464+0.918a||C'/ Pratio|164.40+21.!
content

(TOC) (g-

kg ')

2.4 Rhizosphere Soil Physicochemical Properties

The rhizosphere soil physicochemical properties are shown in Table 4 . Tropical
coral island soils were alkaline, with higher total organic carbon, total nitrogen,
and total phosphorus contents than Wenchang soils, with total nitrogen and
total phosphorus reaching significant levels.

Table 4 Physical and chemical properties of rhizosphere soil of Chromolaena
odorata growing in the tropical coral island and Wenchang suburb
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Index Wenchang suburb Tropical coral island

Total 1.86%+0.135a|3.80+0.816a|| T otalnitrogencontent(T N )(g-

organic k_g{—l})\2.16i04136b\5.17i1.O7a||Totalphosphm“uscontent(TP)(g- kg{_

carbon 1})]0.228+0.033b|18.7243.564a||p Hvalue|6.468-+0.281b|7.726+$0.119a
content

(70)

Discussion

3.1 Leaf Morphological and Anatomical Characteristics

Leaves exhibit substantial phenotypic plasticity during plant growth, enabling
plants to adapt to different environmental conditions through modifications in
leaf traits. Consequently, leaf characteristics serve as reliable indicators of plant
adaptability to various habitats. Leaf dry matter content reflects a plant’ s
capacity for nutrient utilization and conservation, with higher values indicating
stronger adaptability to harsh environments. Reducing individual leaf area (the
ratio of total leaf area to leaf number) to decrease transpiration area represents
an important adjustment mechanism for drought adaptation. In this study, no
significant differences in leaf dry matter content or individual leaf area were
observed between C. odorata from the two habitats.

Leaf thickness is an important indicator of drought resistance, as thicker leaves
can retain more water. Leaves with thicker palisade tissue not only provide
greater structural support but also more effectively reduce water loss under
drought conditions. Tropical island C. odorata exhibited significantly greater
leaf thickness and palisade tissue thickness than Wenchang plants, demonstrat-
ing adaptation to the pronounced seasonal drought on tropical coral islands.

Stomata, as channels controlling water and gas exchange, are highly sensitive to
environmental changes. Stomatal density across different plant species ranges
from 5 to 1,000 n - mm~—2. Under severe drought conditions, plants typically ex-
hibit lower stomatal density. Research on six drought-resistant shrubs in north-
western arid and semi-arid regions revealed stomatal densities ranging from
39.5 to 227.5 n - mm~2, all relatively low levels, suggesting that reduced stom-
atal density enhances drought resistance. Compared with Wenchang plants,
tropical island C. odorata had lower stomatal density, which helps reduce water
loss through transpiration and adapt to seasonal drought. Changes in stom-
atal length also represent an important adaptation to drought. Studies on two
Agropyron cristatum varieties with different drought resistance levels found that
more drought-resistant varieties had shorter stomata. In this study, tropical is-
land C. odorata had shorter stomata, indicating stronger drought resistance.
These findings are consistent with research on Solidago canadensis growing in
different habitats. Overall, C. odorata demonstrates considerable plasticity in
leaf morphological and anatomical structures, reflecting strong adaptability to
the harsh environment of tropical coral islands.
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3.2 Physiological Characteristics

Chlorophyll is essential for light energy absorption in plants, with chlorophyll
a primarily absorbing long-wavelength red light and chlorophyll b absorbing
short-wavelength blue-violet light. The chlorophyll a/b ratio indicates plant
growth status and photosynthetic potential. Both populations showed chloro-
phyll a/b ratios below the theoretical value of 3:1, which facilitates light energy
absorption and photosynthesis. The chlorophyll a/b ratio typically correlates
negatively with drought resistance. The significantly lower chlorophyll a/b ratio
in tropical island C. odorata indicates greater drought tolerance. Additionally,
excessive light intensity can cause photoinhibition in plants. Reducing chloro-
phyll content is an important strategy to avoid capturing excess energy that
leads to photoinhibition. Chlorophyll a serves as the primary photosynthetic
pigment in light reaction centers, and its reduction helps decrease the transfer
of excess light energy to photosystem reaction centers, thereby reducing damage
from intense light. Compared with Wenchang plants, tropical island C. odor-
ata had lower chlorophyll a content, demonstrating adaptation to the high light
stress on tropical coral islands.

During normal plant growth, reactive oxygen species such as hydrogen perox-
ide are continuously produced and scavenged in a balanced state. However,
environmental stresses (drought, salinity, high light) can disrupt this balance,
causing free radical accumulation and cellular damage. SOD, POD, and CAT
are common antioxidant enzymes that protect plants from excessive reactive oxy-
gen species. SOD catalyzes the conversion of superoxide radicals (O57) to HyO,
and O, while POD and CAT catalyze H,O, decomposition. Together, these en-
zymes reduce damage from superoxide anion and hydroxyl radicals. Compared
with the antioxidant enzyme activities of Canavalia maritima (SOD: 395.23 U -
g1, POD: 105.39 U-g~1, CAT: 143.27 U-g ') and the selected suitable species
Catharanthus roseus (SOD: 867.78 U+ g~ POD: 92.35 U-g~ !, CAT: 199.94
U-g ') on tropical coral islands, C. odorata in this study exhibited higher ac-
tivities of all three antioxidant enzymes. Elevated antioxidant enzyme activity
enhances plant adaptability under stress conditions.

When plants experience severe stress, reactive oxygen species production can ex-
ceed scavenging capacity, leading to membrane peroxidation. MDA, as the final
product of membrane lipid peroxidation, effectively reflects the degree of cell
membrane damage. In this study, tropical island C. odorata showed significantly
lower MDA content but higher SOD and CAT activities than Wenchang plants,
suggesting that high antioxidant enzyme activity in tropical island plants sub-
stantially reduced stress-induced membrane damage. This finding aligns with
research on hybrid rice showing a negative correlation between MDA content
and SOD and CAT activities.
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3.3 Nutrient Utilization Efficiency of C. odorata

Carbon forms the backbone of biological macromolecules, and leaf carbon con-
tent represents leaf construction cost. Correlations among traits in the leaf eco-
nomics spectrum reflect the trade-off between investment in leaf construction
and photosynthetic capacity. Leaves following a “rapid return”strategy typically
exhibit high photosynthetic capacity and low leaf carbon content. Compared
with Wenchang plants, tropical island C. odorata had lower leaf carbon con-
tent, consistent with findings for Scaevola sericea, Arachis hypogaea, and Cocos
nucifera transplanted to tropical coral islands. This suggests that C. odorata
invests more energy in enhancing photosynthetic capacity rather than leaf con-
struction costs to adapt to the high-light environment of tropical coral islands.

Nitrogen and phosphorus are essential nutrients that constitute proteins and
nucleic acids and are required in large quantities during growth. Their con-
tents and ratios significantly affect photosynthesis, respiration, and other vital
activities, reflecting plant nutrient requirements and growth status. Both total
nitrogen and phosphorus contents in tropical island C. odorata exceeded global
averages for terrestrial plants (20.1 and 1.99 g - kg™!, respectively), indicating
good growth conditions. Research suggests that N/P ratios below 14 indicate
nitrogen limitation, while ratios above 16 indicate phosphorus limitation. The
N/P ratio of 9.58 for tropical island C. odorata is similar to that of native trop-
ical coral island plants, indicating nitrogen-limited growth. Previous studies
have shown that C. odorata prefers habitats with high nitrogen and phosphorus
availability. The relatively high nitrogen and phosphorus contents in tropical
coral island habitats may therefore facilitate the growth, reproduction, and fur-
ther spread of C. odorata.

Conclusion

Compared with Wenchang plants, C. odorata from tropical coral islands exhib-
ited adaptive morphological and anatomical characteristics (thicker leaves, lower
stomatal density) and physiological traits (lower chlorophyll a content, higher
SOD and CAT activities, lower MDA content) that enable it to cope with the
harsh environmental conditions of drought and intense light on tropical coral
islands. The fertile soils in forest gaps of native tropical coral island commu-
nities further facilitate C. odorata growth. Consequently, C. odorata poses a
significant risk of large-scale invasion into native plant communities on tropical
coral islands, necessitating strengthened monitoring and control measures.
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