'™ forests

Article

High Impacts of Invasive Weed Lantana camara on Plant
Community and Soil Physico-Chemical Properties across Habitat
Types in Central Nepal

Chandra Kumari Paudel, Achyut Tiwari *'©, Chitra Bahadur Baniya, Bharat Babu Shrestha

check for
updates

Citation: Paudel, C.K,; Tiwari, A.;
Baniya, C.B.; Shrestha, B.B.; Jha, PX.
High Impacts of Invasive Weed
Lantana camara on Plant Community

and Soil Physico-Chemical Properties

across Habitat Types in Central Nepal.

Forests 2024, 15, 1427. https://
doi.org/10.3390/£15081427

Academic Editors: Jun Liu and

Zacchaeus Compson

Received: 22 May 2024
Revised: 3 July 2024
Accepted: 8 July 2024
Published: 14 August 2024

Copyright: © 2024 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

and Pramod Kumar Jha

Central Department of Botany, Tribhuvan University, Kathmandu 46000, Nepal;
chandraapaudel6@gmail.com (C.K.P.); chitra.baniya@cdb.tu.edu.np (C.B.B.);
bharatbabu.shrestha@cdb.tu.edu.np (B.B.S.); pkjhaprof@gmail.com (P.K.J.)

* Correspondence: achyut.tiwari@cdb.tu.edu.np

Abstract: Although the effects of invasive alien plants on natural ecosystems are well known, the
effects of specific plant species can vary across habitat types and disturbance intensity. This study was
carried out to analyze the effects of Lantana camara on associated vegetation and soil physico-chemical
properties at invaded and non-invaded sites across three different habitat types (forest edge, fallow
land, and roadside) in central Nepal. We sampled 50 pairs of 5 m x 5 m (for shrub species) and
1m x 1 m (for herbs species) plots at invaded and non-invaded sites in each habitat and recorded
community variables for each species within the sampling plots for both wet (monsoon) and dry
(pre-monsoon) seasons. Further, we collected soil samples from each quadrat and determined the soil
physico-chemical properties. We recorded 137 species of flowering plants (119 from non-invaded
and 97 from invaded plots) and classified them in accordance with life form/habit. In invaded
sites, we found a significant decline in species diversity as indicated by the Simpson and Shannon
diversity indices. Specifically, L. camara reduced the species richness, Simpson index, and Shannon
diversity index by 36.84%, 11.84%, and 40.21%, respectively. Soil nutrients such as total nitrogen,
soil organic carbon, and available phosphorus were significantly higher in invaded sites than non-
invaded ones except for available potassium and soil pH. This study provided evidence that Lantana
L. camara has a substantial impact on the understory plant community assemblage and the physico-
chemical properties of soil. The results suggest that the protection of native plant community requires
management of L. camara by implementing appropriate measures.

Keywords: biological invasion; forest edge; roadside vegetation; invasive plant; soil nutrient; species
diversity; species richness

1. Introduction

Invasive alien plant species (IAPS) are the established alien species that intimidate
native ecosystems and biodiversity [1]. They cause a significant threat to native ecosystem
function and structure of plant communities, and are one of the major causes of biodiversity
loss, that bring about changes in vegetation structure and degradation of environment [2,3].
In the changing climate, the introduction and aggressiveness of IAPS is increasing, particu-
larly on different land uses. According to recent reports, IAPS have massive socioeconomic
and environmental consequences around the world [4]. Invasive plant species affect soil
properties [5], hydrology [6] and fire regimes [7] at the ecosystem level. They are known to
reduce native species diversity and alter composition at the community level [8], though
such impacts can be species- or site-specific. Conversely, there is also evidence of facilitation
and co-occurrence of invasive and native plants because of positive interactions between
plant species with similar habitat requirements and phonologies [9]. The mixed responses
demonstrate that invasive plant species can have both positive and negative effects on
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ecosystems. As a result, more research is needed to investigate the impacts of IAPS to
develop effective control strategies.

Biological invasion has been identified as one of the emerging threats to biodiversity
and ecosystem services in Nepal [10], as well as one of the major underlying causes of
habitat degradation in Nepal, alongside unsustainable harvesting practices, environmental
pollution, overgrazing, and infrastructure development [11]. The number of IAPS in Nepal
has increased over time and the extent of climatically suitable areas for most of Nepal’s
IAPS is likely to expand and shift upslope in the future under climate change scenarios [12].
A recent review by [13] has revealed that there are 30 species of invasive plants, and
their number has been increasing at an alarming rate. Despite the significant efforts by
researchers to generate new knowledge, little is known about the biology and ecology of
individual IAPS [14], their diversity [15], distribution [16], and impacts [17,18]. Therefore,
ecological investigations in different regions are needed to either specify the status or impact
of individual IAPS on richness and diversity of native plant communities. The problems
of invasive species are widespread in both developed and developing countries, but the
impacts could be greater in developing countries like Nepal. The Indian subcontinent has
been experiencing altered precipitation patterns and intensified monsoon seasonality in the
recent decades [19], and this can play a crucial role in regulating plant productivity [20],
thereby enhancing plant invasion in the region.

We studied L. camara as it is considered one of the world’s worst invasive plant
species [21]. It is the major invader of forests, pastures, and wetlands [22]. Lanata camara
invasion in natural ecosystems has been linked to widespread loss of native plant species
diversity due to native species recruitment restrictions and altered ecosystem structure and
function [23]. However, there is few quantitative evidence to support these claims and more
data on the patterns of species loss associated with L. camara invasion is urgently needed
to inform management priorities. High reproductive potential, phenotypic plasticity,
resilience to grazing pressure, allelopathy, and fire resistance are the factors that cause
L. camara to become a successful invader [24]. Various studies have found that L. camara
to be an invasive species in various regions around the world [25-31]. Despite the large
number of studies on the effects of invasive species, few have investigated the effects of
invasive species on species diversity and composition as well as multiple soil properties
across habitat types [32]. It is crucial to investigate the effects on both species composition
and soil properties because soil and plants influence each other and changes in vegetation
due to invasive species would eventually result in changes in soil properties and these
changes in soil properties would result in additional changes in vegetation [33]. Despite the
weed’s widespread occurrence in Nepal quantitative data on the impacts and scale of the
problems are inadequate to inform management decisions. Therefore, data from different
regions are needed both to specify their status and to analyze their impacts on diversity
and richness of native plants.

In this study we assessed the impact of Lantana camara on understorey community
composition, diversity and soil physico-chemical properties in central Nepal. We hypothe-
size that invasion by L. camara alters the community assemblage, biotic interaction among
co-existing species and reduces plant diversity and soil physico-chemical properties. To
test this hypothesis, we sought to (1) assess the impact of L. camara on species richness and
diversity of understorey plant species, and (2) analyze the soil physico-chemical properties
at the invaded and non-invaded sites.

2. Materials and Methods
2.1. Study Area

Study area lies in tropical and subtropical zones within four districts of central Nepal
(Makawanpur, Chitwan, Tanahun, and Kaski). The elevation range of our study sites was
153 m (Chitwan) to 1490 m (Kaski) (Figure 1). The climate of the study area is a typical
monsoon climate with four distinct seasons (monsoon, post-monsoon, winter, and pre-
monsoon) marked by distinct dry and wet seasons, creating a seasonal variation in plant
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community assemblage. The average minimum and maximum temperature of study area
ranges from 16 °C to 31 °C and average annual rainfall ranges from 2000 mm to 3800 mm.
Forest of Shorea robusta Gaertn. extended throughout the flat land and it is replaced by
riverine forest along river and streamside in tropical regions. Schima-Castanopsis, Pinus, and
Alnus forests are the dominant vegetation of the subtropical regions in the study area.

Elevation (meter)

B <380m
£ 660m

T 9%0m

£ 1220m
M >=1500m

¢ Sampling sites
84.00°E 84.50°E 85.00°E 85.50°E 86.001E

Figure 1. Map of study area showing the sampling plots location.

2.2. Field Sampling

Three different habitat types were chosen for sampling, i.e., forest-edge, fallow-land,
and roadside, as such microhabitats are highly vulnerable to plant invasions and the
vegetation of these sites were dominated by L. camara in the study area. We defined forest-
edge as the transitional zone between a forested area and an adjacent landscape such as
grassland, agricultural land, or urban area, and fallow-land as the agricultural land left
unplanted for a substantial time and roadside as the adjacent barren land to the road. These
habitat types were chosen as they appeared to be highly invaded sites by L. camara while
conducting a reconnaissance survey prior to this study. Plot locations for each habitat were
chosen arbitrarily in topographically uniforms areas with 50 m distance between invaded
and non-invaded sites. The ecological sampling was carried out from 28th September
to 2nd October 2020 for the wet season (monsoon) and from 16th to 20th April 2021 for
the dry season (pre-monsoon) to analyze if impacts vary seasonally. A field survey was
conducted at two plot types: invaded and non-invaded. We carried out paired sampling
of 5m x 5 m (for shrub species) and 1 m x 1 m (for herbs species) for each habitat [34,35].
A total of 25 pairs of plots were sampled during the monsoon and 25 pairs during pre-
monsoon. Plant species were counted, and their coverage was recorded in six cover classes,
i.e., 1(0%=5%), 2 (5%-25%), 3 (25%-50%), 4 (50%—75%) 5 (75%—95%), and 6 (95%—-100%) [36]
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(Daubenmire, 1959), considering each plot as 100 percent based on a visual estimation
method. Voucher specimens were collected except tree species (but saplings of trees were
counted). Collected voucher specimens were identified at the National Herbarium and
Plant Laboratories (KATH) by comparing them with identified specimens and consulting
the literature [37]. The identified plants were categorized according to their life form (herbs,
shrubs, and climbers).

2.3. Data Analysis

The species richness and Simpson and Shannon diversity indexes of vegetation were
calculated. The species richness was defined as the number of species recorded in each
sample plot.

Species diversity refers to the richness of species and their relative abundance in each
region. To compare the species diversity between invaded and non-invaded sites, the
Simpson and Shannon-Weiner diversity indexes were calculated.

The Shannon-Weiner Index was calculated by following equation [38]:

Shannon Weiner Index (H) = —Z Pi x InPi

where Pi = ni/N, ni = average coverage of each individual species, N = total average
coverage of all species.
Simpson Diversity Index:

D=1-) (ni—1)/NN-1)

where D = the Simpson diversity index, ni = the coverage of the ith species, and N = total
coverage of all species.

Statistical analysis was performed using the R 4.0.3 [39]. First, the normality of the
data was tested. A significant value of the Shapiro-Wilk test was used to determine the
normality of data (p > 0.05) and the homogeneity of variance of the data was established
with Leven’s test. The Simpson and Shannon diversity indexes, species richness, and soil
physico-chemical properties in sites invaded and not invaded by L. camara during the
pre-monsoon and monsoon seasons were analyzed by paired sampled t-test. Comparisons
of the habitat types between invaded and non-invaded sites were performed using one-
way ANOVA.

2.4. Soil Parameter Analysis

Soil samples were collected at a depth of 15 cm from four corners and a center, and
they were mixed thoroughly to make single composite sample per plot. There were total of
100 samples (50 samples from the monsoon and 50 samples from the pre-monsoon season).

The soil samples were then left to air dry for two weeks in the shade in the lab. The
soil samples were then ground and sieved through 2 mm wire mesh and a 0.5 mm mesh
before being stored in airtight bags until laboratory analysis. The method outlined by [40]
was used for determination of soil pH, the Walkey-Black method for soil organic carbon
(SOC), and the micro-Kjeldahl method [41] for the determination of total nitrogen (TN).
Available phosphorus and available potassium were estimated using a flame photometer
and Olsen’s bicarbonate method, respectively, as described by [42,43].

3. Results
3.1. Species Composition and Diversity

We found 137 species of flowering plants from 49 families, of which 119 were recorded
in non-invaded sites and 97 in L. camara-invaded sites (Appendix A). Additionally, 79 plant
species were present in both non-invaded and invaded sites. The number of herb species
was high in non-invaded sites which decreased sharply compared to other life forms in
invaded sites (Figure 2). Although all the growth forms (herb, shrub, and climber) showed
changes in species composition, herbaceous species contributed the most to compositional
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changes. The plant family Poaceae was represented by the highest number of species (22),
followed by Asteraceae (17) (Appendix A). Forty species were present only in non-invaded
plots; and some of them were reported to have ethno-medicinal uses. Out of forty species,
only eighteen species could successfully emerge from L. camara-invaded plots.

Invaded Non-invaded ® Shrub

(a) (b) Herb

61

7

Figure 2. Life form of plant species in (a) invaded and (b) non-invaded plots.

The species richness and diversity index between invaded and non-invaded sites
differed significantly (Appendix B, Figure 2). The species richness and the Simpson and
Shannon diversity indices of invaded sites decreased by 36.84%, 11.84%, and 40.21%,
respectively, compared to the non-invaded sites. Non-invaded sites were composed of
higher richness and diversity of plant species compared to invaded sites in both the pre-
monsoon and monsoon seasons. There was a significant difference in species richness
across the three habitat types (Figure 3, Appendix B). In the pre-monsoon season, the
forest edge exhibited the highest species richness, followed by fallow land, and roadside;
however, in the monsoon season, the fallow land exhibited the highest number of species
followed by the forest edge and roadside.
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Figure 3. Species richness, Simpson diversity index, and Shannon diversity index in Lantana camara-
invaded and non-invaded sites (paired sample t-test). The values shown are means =+ standard error.

3.2. Soil Physico-Chemical Characteristics

The soil nutrients were higher in invaded sites compared to non-invaded sites except
available Potassium and soil pH in both the pre-monsoon and monsoon seasons (Figure 4,
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Appendix B). In total, the soil nutrients, like soil organic carbon, total nitrogen, and available
phosphorus, of invaded sites increased by 11.61%, 28%, and 24.03%, respectively. Regarding
the habitat type, total nitrogen, available phosphorus, available potassium, and soil pH
were higher in fallow land followed by forest edge and roadside, while the total soil organic
carbon was highest in forest edge and lowest in roadside (Figures 5 and 6, Appendix B).
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Figure 4. Species richness, Simpson diversity index, and Shannon diversity index (one-way

ANOVA test) in invaded and non-invaded sites across three habitat types. The values shown

are means =+ standard error. Means with different superscript letters are significantly different at

p <0.05.
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Figure 5. Soil pH, total SOC, total N, available K, and available P in invaded and non-invaded plots

as obtained from paired sample ¢-test results, the values shown are means (+standard error), p-values

indicate significant different at p < 0.05.
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Figure 6. Soil pH, total SOC, total N, available K, and available P at invaded and non-invaded sites of
three habitat types. The values shown are means (+standard error). Means with different superscript
letters are significantly different at p < 0.05.

4. Discussion
4.1. Species Composition and Diversity

Our results indicated that plant species decreased at invaded sites, including a sharp
decrease in the number of herb species (Figure 2). The extensive cover produced by
L. camara reduced the herbaceous species probably by restricting the amount and duration
of light below its canopy. This could be because of the establishment of a photosynthetically
inactive light regime at ground level [44,45]. Despite the levels of other resources, light
limitation below a certain threshold can prevent species from surviving [46]. Species such
as Tinospora sinensis, Sapium insigne, Calotropis gigantean, Solanum nigrum, Urena lobata,
Woodfordia fruticosa, Anaphalis contorta, Buddleja asiatica, Callicarpa arborea, Cissampelos pareria,
Elephantopus scaber, and Hydrocotyle sibthropioides were completely lost at invaded sites
(Appendix A). Soil nutrients may also play a significant role in compositional difference in
plant species between L. camara-invaded sites and non-invaded sites. It has been reported
that the changes in litter and soil chemistry under the canopy of L. camara facilitate its
invasion and displace the native species [47].

We reported that L. camara invasion is associated with a decrease in species diversity
and richness. The ability of L. camara to adapt under various ecological conditions allows
it to spread quickly, which causes a reduction in diversity and the development of its
monocultures. The capacity of L. camara to establish rapidly, its tolerance to various
environmental conditions and resistance to logging, burning, and climate change reduced
the diversity and richness at the invaded sites [48,49]. Vegetation at the invaded sites had
declined more significantly than that of non-invaded sites [50], and very few shade tolerant
species stood out against L. camara invasion, that can grow taller than L. camara. Similar
trends were seen in the riparian forests along the Nayar River, where invaded sites had a
nearly 30% loss in species richness. Compared to non-invaded habitats, L. camara-invaded
sites included significantly fewer plant species [22]. In regions where L. camara has invaded,
the richness, diversity, structure, and composition of native plant species was reduced
and degraded [51]. Our results indicated that the non-invaded sites comprised a higher
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richness and diversity of plant species compared to invaded sites in both the pre-monsoon
and monsoon seasons, and this could be due to competitive exclusion [52] or altered habitat
structure [53].

Although all the habitat-types were susceptible to invasion in our study, the diversity
of understorey plants species were high in fallow land and forest edge compared to
roadside, which indicated that the roadside habitat was highly affected by L. camara
invasion compared to forest edge and fallow land. The lowest invasion effect was noticed
in forest edge with its high species richness. This result is consistent with those of [54],
who revealed that invasive species could not get enough light under the canopy of tree,
hence they cannot spread rapidly in dense forests. Forest trees and vines often provide
shade for invasive plant seedlings and slow down their growth [55]. Habitats near the
roads were found to be more susceptible to invasion as the invasive species are conspicuous
along roadsides, and roads are more anthropogenically disturbed and provide suitable
microhabitats for many IAPS [56]. Further, we observed the seasonal changes in species
richness across different habitat type—forest edge, fallow land, and roadside—and these
variations could be attributed to various ecological and environmental factors including
changes in microclimate [57], the emergence of opportunistic species [58], and changes in
water availability [59].

4.2. Soil Physico-Chemical Characteristics

Invaded sites were composed of more acidic (low pH value) soil compared to non-
invaded sites (higher pH value) throughout both the pre-monsoon and monsoon seasons.
This might be related to the effect of podsolization (base depletion) [60]. Soil organic
carbon, nitrogen, and phosphorus contents were higher in the invaded sites compared
to the non-invaded sites. The positive correlations of L. camara cover with soil nutrients,
except soil pH and K (Appendix B), indicated that soil nutrient increases with increased
L. camara cover. The higher nutrient content in invaded sites may be related to the higher
above-ground biomass and net primary production as well as faster growth rates than those
of the native species being displaced as reported by [26]. Lantana camara-invaded sites were
associated with higher levels of organic carbon in the soil compared to the non-invaded
sites [61]. The dense monoculture of L. camara altered the microenvironment (pH, light,
and temperature) beneath it and prevented the establishment and germination (or both) of
associated species as reported by [62]. The allelopathic compounds released by the root of
L. camara prevent the development and establishment of other native plant species, which
reflects the competition between them [18,63].

The high biomass (mainly leaf litter) resulting from the taller plant present in invaded
sites and no consumption of L. camara by livestock could be two possible explanations for
the observed significant increase in soil nutrient at the L. camara-invaded sites compared
to the non-invaded sites. Due to the deep root system of L. camara, it can absorb and use
nutrients more quickly in deeper soil layers [64], a process known as “nutrient uplift” [65],
which could increase the amount of phosphorus that was accessible in the surface soil. The
higher total soil organic carbon, total nitrogen, and available phosphorus could be due to
the abundance of invasive species which contribute to nutrient-rich higher litterfall and
biomass [66,67], which eventually increase the organic carbon and nutrient pool in the soil.
In other statements, invasive species prefer nutrient-rich soil and inoculate positive plant
soil feedback which encourages further invasion in such habitats [68]. However, the results
of the present study showed that availability of potassium is lower in the invaded sites than
the non-invaded sites. These outcomes support the observation of [69], who reported a low
level of potassium in invaded sites. This might be because L. camara produces many seeds
with a high flowering rate, which causes the highly invaded areas to have low potassium
levels [70,71].
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5. Conclusions

This study provides evidence that L. camara invasion poses a substantial impact to
species richness, community assemblage, and species diversity, as well as the soil properties.
The study revealed that native plant species, like Artemisia indica, Woodfordia fruticosa, Urena
lobata, and Achyranthes aspera, were reduced by L. camara invasion. The soil nutrient levels in
most of the L. camara-invaded sites was high and were potentially increased by its invasion,
which could allow more invasive plants to enter the area and could affect the ecosystem
functions. These findings are highly important to biodiversity/forest managers and farmers.
Further success of the L. camara invasion depends on soil properties like pH, SOC, N, P
and K. Hence, proper utilization of land resources, control of deforestation, and land
degradation are highly recommended to contend L. camara invasion. Further studies on the
comparative physiological traits of invasive and native species and soil microbial dynamics
would help refine our knowledge on plant invasion dynamics. Long-term monitoring
on permanently established plots is also needed to understand the long-term impact of
invasive species on vegetation dynamics to frame appropriate policy and management
strategies to control plant invasion and its impacts.
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Appendix A

Name of Plants Family Invaded Non-Invaded

Acacia catechu (L.f.) Wild Fabaceae - +

Achyranthes aspera L. Amaranthaceae + +

Acmella sp. Asteraceae - +

Ageratum conyzoides L. Asteraceae + +

Ageratum houstonianum MilL Asteraceae + +

Ageratina adenophora (Spreng.) R. King and H. Rob. Asteraceae + +

Alternanthera phyloxeroides (Mart.) Griseb Amaranthaceae - +

Anaphalis contorta (D. Don) Hook. f. Asteraceae - +

Artemisia indica Willd. Asteraceae + +

Arundo sp. Poaceae + +

Asparagus racemosus Willd. Asparagaceae + -

Axonopus Compressus (Sw.) P. Beauv. Poaceae - +

Azadirachta indica A. Juss. Meliaceae + -

Bidens pilosa L. Asteraceae + +

Boehmeria sp. Urticaceae + +

Bothriochloa ischaemum (L.) Keng Poaceae + +

Bothriochloa pertusa (L.) A. Camus Poaceae - +

Buddleja asiatica Lour. Schrophulariaceae - +

Callicarpa arborea Roxb. Verbenaceae - +

Callicarpa macrophylla Vahl Verbenaceae + -

Calotropis gigantea (L.) Dryand Apocynaceae + -

Cannabis sativa L. Cannabaceae + +

Cardiospermum halicacabum L. Sapindaceae - +

Castanopsis indica (Roxb.) Miq. Fagaceae - +

Chromolaena odorata (L.) R. M. King and H. Rob. Asteraceae + +

Chrysopogon aciculatus (Retz.) Trin. Poaceae - +

Cissampelos pareria L. Menispermaceae - +

Clerodendrum viscosum Vent. Lamiaceae + +

Coccinia grandis (L.) Voigt Cucurbitaceae + -
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Name of Plants Family Invaded Non-Invaded
Colebrookea oppositifolia sm. Lamiaceae + +
Colocasia esculenta (L.) Schott Araceae + +
Commelina benghalensis (L.) Commelinaceae + +
Conyza bonariensis (L.) Cronquist Asteraceae - +
Corchorus aestuans L. Tiliaceae + +
Crassocephalum crepidiodes (Benth.) S. Moore Asteraceae + +
Cucumis callosus (Rottb.) Cogn. Cucurbitaceae + -
Curcuma aromatica Salisb. Zingiberaceae - +
Cyanotis cristata (L.) D. Don Commelinaceae - +
Cynodon dactylon (L.) Pers. Poaceae + +
Cynoglossum lanceolatum Forssk. Boraginaceae - +
Cyperus esculentus L. Cyperaceae + +
Cyperus rotundus L. Cyperaceae + +
Cyperus sp. Cyperaceae - +
Dalbergia sisso DC. Fabaceae + +
Desmodium heterocarpon (L.) DC. Fabaceae - +
Desmodium triflorum (L.) DC. Fabaceae + +
Digitaria ciliaris (Retz.) Koeler Poaceae + +
Digitaria setigera Roth Poaceae + -
Dioscorea bulbifera L. Dioscoreaceae + +
Drepanostachyum intermedium (Munro) Keng f. Poaceae - +
Drymaria diandra Blume Caryophyllaceae + +
Elephantopus scaber L. Asteraceae - +
Eulaliopsis binata (Retz.) C. E. Hubb Poaceae + +
Euphorbia hirta L. Euphorbiaceae + +
Evolvulus nummularius (L.) L. Convolvulaceae + +
Ficus hispida L. Moraceae + +
Ficus semicordata Buch.-Ham. ex J. E. Sm. Moraceae + -
Fimbristylis dichotoma (L.) Vahl. Cyperaceae + +
Flemingia macrophylla (Willd.) Merr. Fabaceae + -
Galinsoga perviflora Cav. Asteraceae + +
Gnaphalium affine D. Don. Asteraceae - +
Gonostegia pentandra (Roxb.) Miq. Urticaceae + +
Holarrhena pubescens (Buch.-Ham.) Wall. ex G. Don Apocynaceae + +
Hydrocotyle sibthorpioides Lam. Apiaceae - +
Hyptis suaveolens (L.) Poit. Lamiaceae + +
Imperata cylindrica (L.) P. Beauv. Poaceae + +
Ipomoea nil (L.) Roth Convolvulaceae - +
Ipomoea purpurea (L.) Roth Convolvulaceae + -
Ipomoea quamoclit L. Convolvulaceae + +
Justicia adhatoda L. Acanthaceae + +
Justicia simplex D. Don. Acanthaceae + +
Kyllinga brevifolia Rottb. Cyperaceae + +
Lantana camara L. Verbenaceae + +
Leea crispa Royen ex L. Leeaceae + +
Leucaena leucocephala (Lam.) de Wit Fabaceae + -
Leucas cephaloates (Roth) Spreng. Lamiaceae - +
Lindernia crustacea (L.) E. Muell. Schrophulariaceae - +
Maesa chisia Buch.-Ham. ex D. Don Myrsinaceae - +
Melastoma malabathricum L. Melastomataceae + +
Mikania micrantha Kunth. Asteraceae + +
Momordica charantia L. Cucurbitaceae + +
Mimosa pudica L. Fabaceae + +
Mimosa rubicaulis Lam. Fabaceae - +
Morus alba L. Moraceae + +
Murraya koenigii (L.) Spreng Rutaceae + +
Oplismenus hirtellus (L.) P.Beauv. Poaceae + +
Oxalis corniculata L. Oxalidaceae + +
Parthenium hysterophorus L. Asteraceae + +
Paspalidium flavidum (Retz.) A. Camus Poaceae + +
Paspalum scrobiculatum L. Poaceae + +
Paspalum sp. Poaceae - +
Persicaria capitata (Buch.-Ham. ex D. Don) H. Gross Polygonaceae + +
Persicaria perfoliata (L.) H. Gross Polygonaceae - +
Phragmites karka (Retz.) Trin. ex Steud Poaceae + +




Forests 2024, 15, 1427

11 of 15

Name of Plants Family Invaded  Non-Invaded
Phyllanthus urinaria L. Euphorbiaceae + +
Phyllanthus virgatus G. Forst Euphorbiaceae + +
Physalis angulata L. Solanaceae + -
Pinus roxburghii Sarg. Pinaceae + -
Piper longum L. Piperaceae + -
Plumbago zeylanica L. Plumbaginaceae - +
Pogonatherum paniceum (Lam.) Hack. Poaceae - +
Polygonum persicaria L. Polygonaceae + +
Polygonum sp. Polygonaceae + +
Prunus persica (L.) Batsch. Rosaceae - +
Reinwardtia indica Dumort. Linaceae - +
Ricinus communis L. Euphorbiaceae - +
Rubus ellipticus Sm. Rosaceae + -
Rubus sp. Rosaceae + +
Saccharum spontaneum L. Poaceae + +
Salvia sp. Lamiaceae + +
Sapium insigne (Royle) Benth. ex. Hook. f. Euphorbiaceae + -
Saraca asoca (Roxb.) Willd. Fabaceae - +
Schima wallichii (DC.) Korth. Theaceae - +
Senna occidentalis (L.) Roxb. Fabaceae + +
Senna tora (L.) Roxb. Fabaceae + +
Setaria glauca (L.) P. Beauv. Poaceae + +
Setaria pallidifusca (Schumach.) Stapf and C. E. Hubb. Poaceae + +
Shorea robusta Gaertn. Dipterocarpaceae + +
Sida acuta (L. fil.) Borss. Waalk. Malvaceae + +
Sida cordifolia L. Malvaceae + +
Sida rhombifolia L. Malvaceae + +
Solanum aculeatissimum Jacq. Solanaceae + +
Solanum nigrum L. Solanaceae + -
Spermacoce alata Aubl. Rubiaceae + +
Stephania glandulifera Miers Menispermaceae + +
Sambucus sp. Sambucaceae + -
Syzygium cumini (L.) Skeels Myrtaceae - +
Tetrastigma serrulatum (Roxb.) Planch. Vitaceae + +
Thysanolaena maxima (Roxb.) Kuntze Poaceae + +
Tinospora sinensis (Lour.) Merr. Menispermaceae - +
Tridax procumbens L. Asteraceae - +
Triumfetta pilosa Roth. Malvaceae + +
Urena lobata L. Malvaceae + +
Urtica dioca L. Urticaceae - +
Vetiveria sp. Poaceae + +
Woodfordia fruticosa (L.) Kurz. Lythraceae + +
Xanthium strumarium L. Asteraceae + +

Appendix B

Table Al. Results of paired sample t-test comparing species richness and diversity between Lantana

camara-invaded and non-invaded plots. Abbreviation: 1-D, Simpson diversity index; H’, Shannon

diversity index; LI, Lantana camara-invaded; NI, non-invaded; p-value indicate significant different

atp <0.05.

S Simpson Index (1-D) Shannon Index (H") Species Richness
eason NI LI LI NI
Pre-monsoon 0.72 £ 0.008 0.80 £ 0.008 1.80 + 0.547 2.32 £0.737 8 + 0.469 11 +0.476

p-value <0.001 <0.001 <0.001
Monsoon 0.81 £ 0.010 0.89 £+ 0.009 1.88 £ 0.035 2.84 £0.013 11 £+ 0.404 15 + 0.564
p-value <0.001 <0.001 <0.001
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Table A2. Results of one-way ANOVA comparing species richness and diversity between Lantana camara-invaded and non-invaded plots of each habitat and plot
types. The values shown are means (+standard error). Means with different superscript letters are significantly different at p < 0.05. Abbreviation: 1-D, Simpson

diversity index; H’, Shannon diversity index; LI, Lantana camara-invaded; NI, non-invaded.

Season Habitat Shannon Index (H’) Simpson Index (1-D) Species Richness
LI NI LI NI LI NI
Pre-monsoon Forest-edge 2.0240.05° 214 £0.132 0.74 £0.012 0.77 £0.03° 10 +£0.552 13 +0.65°
Fallow land 1.65 4 0.10° 257 £0.14% 0.71 £0.022 0.83 +0.04 ¢ 8+ 075 114+059°
Roadside 1.73 £ 0.07 2 226 4 0.071° 0.68 +0.01° 0.80 + 0.02 ¢ 7407° 94072
p-value 0.011 0.048 0.007 0.008 0.009 0.003
F-value 5.57 3.49 6.30 5.97 5.93 7.86
Monsoon Forest-edge 1.78 £0.02° 2.78 £ 0.02° 0.77 £0.012 0.86 & 0.016° 11+£059° 154+ 1.07 2
Fallow land 2.1140.032 2.92 4 0.008 € 0.84 +0.022 0.88 + 0.016 ¢ 13 £0.82b¢ 17 £0.90 2
Roadside 1.76 + 0.01° 2.82 +0.009 2 0.83 +0.03° 0.93 £ 0.009 © 10 £0.38 ¢ 144+ 0.52°P
p-value <0.001 <0.001 0.015 0.005 0.019 0.015
F-value 76.72 55.33 5.13 6.82 4.76 5.10
Table A3. Paired sample f-test results of soil attributes of invaded and non-invaded plots. The values shown are means (£Standard error), p-value indicate significant
different at p < 0.05, ns = not significant. Abbreviation: SOC, Soil organic carbon; N, Nitrogen; K, Potassium; P, Phosphorus; LI, Lantana camara invaded; NI,
non-invaded.
S pH SOC % N % K
eason LI NI LI NI LI NI LI NI LI NI
Pre-monsoon 6.02 + 0.139 6.15 4+ 0.132 3.60 & 0.119 3.29 4 0.107 0.29 £ 0.016 0.24 £ 0.013 161.64 + 8.55 185.52 + 9.34 39.30 +2.21 30.62 + 1.96
p-value ns 0.04 <0.001 <0.001 <0.001
Monsoon 6.20 + 0.113 6.38 4 0.119 3.89 + 0.128 3.43 4 0.104 0.34 4 0.022 0.27 + 0.015 155.92 + 14.45 172.78 + 13.62 4533 +3.13 37.61 4 2.45
p-value ns 0.003 <0.001 0.026 0.05
Table A4. One way ANOVA results of soil attributes of invaded and non-invaded plots of each habitat and plot types. The values shown are means (+standard error).
Means with different superscript letters are significantly different at p < 0.05. Abbreviations: SOC, soil organic carbon; N, nitrogen; K, Potassium; P, Phosphorus;
Lantana camera-invaded; NI, non-invaded.
Season Habitat pH SOC % N % K P
LI N LI NI LI NI LI NI LI NI
Pre-monsoon Forest-edge 6.18 £0.242 6.31+£021° 412 +£0.202 3.58 £0.17° 0.32 £0.02? 0.26 +£0.02° 187.33 £ 6.212 189.53 + 5.64© 40.60 £2.932 31.76 £2.92"
Fallow land 6.44 4 0.22% 6.51 4 0.20 ¢ 3.49 +£0.14° 3.38 + 0.16 ¢ 0.37 £ 0.02° 0.29 +0.01°¢ 195.29 + 2.45" 235.92 4+ 11.38 ¢ 47.81 4 4.27 37.46 4 3.88 ¢
Roadside 5.5140.14° 5.69 +0.18 ¢ 324 +0.14" 296 £0.16 0.22 +£0.01° 0.17 + 0.008 ¢ 109.04 + 5.65° 137.16 £ 5.09 30.58 + 1.40° 235+146¢
p-value 0.012 0.023 0.004 0.043 <0.001 <0.001 <0.001 <0.001 0.002 0.007
F-value 5.50 4.50 7.23 3.64 18.86 16.74 89.64 41.84 8.53 6.22
Monsoon Forest-edge 6.31+0212 6.47 £0.19° 449 £0.152 3.54 +£0.18" 0.40 +£0.02? 0.34 £0.01° 24245 +1223% 252,08 £ 12.58° 4847 £3.522 37.0.7 £3.44"
Fallow land 6.60 +0.11° 6.76 4 0.23 ¢ 3.76 £ 0.19 3.70 4 0.14 b¢ 0.43 +0.02° 0.314£0.01°¢ 13115 +£10.03*  166.26 + 13.92°¢ 57.16 + 3.72° 4558 4 5.04 b
Roadside 575+ 0.09b 5.95+0.07 ¢ 347 4+0.15° 3.11+£0.13°¢ 021 £0.01° 0.19 £ 0.009 © 101.03 + 16.43 P 108.11 £ 6.80% 31.77 + 4.63° 3099 £294¢
p-value 0.002 0.011 <0.001 0.034 <0.001 <0.001 <0.001 <0.001 <0.001 0.042
F-value 8.67 5.51 9.73 3.96 40.80 42,57 30.21 211 10.43 3.66
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