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Abstract: Background: Invasive weeds pose a serious threat to
agricultural systems worldwide and the management of such species
requires information on their distribution.

Objective: This research work aimed at assessing the evolution in the
distribution of Siaw weed across biogeographical zones in Benin as first
step toward the development of management policy and to give insight
into the threat it poses to agriculture and biodiversity.

Methods: Field and roadside surveys were carried out to record the presence
of the species. Geographical coordinates were collected and incorporated in GIS
software to map the distribution of the plant. Abundance data were submitted to
analysis of variance to compare infestation level across biogeographical zones, and

correlation of the species distribution with environmental factors was examined.

Results: The extent of occurrence of the species has increased and
fell within latitudes 6°30° and just beyond 10° North and range
from about 0 m to 438 m in elevation, covering the entire area from
south to center, and in part the north of the country. This weed is
significantly more abundant in sudano-guinean zone (7.28 + 0.18) than
guinean zone (4.72 + 0.20) and sudanian zone (3.5 + 0.5). The species
distribution is significantly correlated to the major climate variables and
soil pH.

Conclusion: The distribution of Siam weed mapped here shows progress
in its occurrence points. Further studies are needed to better investigate
the importance of soil and climate variables in its distribution and the

vulnerability of the center zone ecosystems.
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1. Introduction

The development of international trade and the increased exchange of foods
around the world have contributed to the dispersal of many plant species outside
their native areas (Hulme, 2009). Biological invasions have turned out to be a real
problem that weed scientists have been trying to address for decades without much
success (Patoka et al., 2018). Many thousands of plant species around the world have
been fortuitously introduced into environments other than their native areas by
humans, animals and other (Kleunen et al., 2015). Many of them have established
themselves in these new environments, taking advantage of more or less favorable
ecological conditions and/or using their bioecological potential for adaptation and
causing ecological and economic damages (Russell, Blackburn, 2017). These species
are referred to as invasive alien species based on the above mentioned considerations
(International Union for Conservation of Nature, 2000).

Invasive alien species are characterized by potentials that contribute to their
establishment in the habitats they invade to the detriment of native plants that they
smother through competition for environmental resources and other means (Estrada,
Flory, 2015). Most of the invasive alien plant species in this category are weeds that
are present in all kinds of ecosystems, both terrestrial and aquatic, where they pose
problems of various kinds (Weidlich et al., 2020).

Siam weed, Chromolaena odorata (L.) King and Robinson (Asteraceae: Eupatorieae)
(formerly known as Eupatorium odoratum L.), is one of the invasive exotic plant
species, and weed native to South America, and widespread throughout tropical and
subtropical environments worldwide (Raimundo et al., 2007). It is ranked among the
100 most invasive species (both plant and animal) in the world (Lowe et al., 2000) and
is one of the major causes of biodiversity losses along with other invasive alien species
of its rank (Tiébré, Gnanazan, 2018).

C. odorata was accidentally introduced in West Africa, notably in south-eastern
Nigeria, via Asia in the 1930s (Ivens, 1974). It was reported in Benin several decades
ago where it is considered probably introduced into the southeast of the country from
Nigeria in the 1970s (Yehouenou, 1993). It became established throughout southern
Benin and later invaded the Sudano-Guinean transitional climatic zone between the
North and the South (Yehouenou, 1993; Aboh et al., 2008).
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Distribution of C. odorata was first assessed through
field survey work by Yehouenou (1993), and later
Fandohan et al. (2015) also gathered documentary
sources that reported its occurrence in various regions of
the country to predict its potential distribution regarding
current and future climate. Siam weed continues to spread
across phytogeographic zones of the country, as new
points of occurrence are often reported. It is now present
in agricultural systems as well as in grasslands, pastures,
natural vegetation, urban environments, and protected
areas, where it poses a threat to agriculture, livestock, and
biodiversity (Aboh et al., 2008).

Although a potential distribution research work of C.
odorata carried out by Fandohan et al. (2015) predicted a
decrease in the suitable areas to its infestation at national
level, its extent of occurrencein Benin has changed compared
to recent decades during which it was found between 6° and
9° N latitude. It is then compulsory to delimit its geographic
range to monitor the dynamics of the invasion and to avoid
its outbreak in other areas not yet invaded.

This research work aimed at mapping the actual
extent of occurrence of C. odorata across phytogeographical
areas in Benin to give insight of the importance of the
invasion and the threat it represents to agricultural system
and biodiversity.

2. Material and methods

21 Studyarea

The country of focus of this study is the republic of
Benin. Benin is a West-African country ranging from
latitude 6°30" to 12°30’ North and longitude 1° to 3°40’
East. The country covers 112,622 km? and is subdivided
into three main climatic regions such as the sub-humid
humid, sub-humid dry and the semi-arid regions. Location
and characteristic of each of these three climatic zones are
summarized in Table 1.

Table 1 - Characteristics of the three climatic regions of the
study area

Variable Guinean Sut.:lano- Sudanian
guinean

Location 6°25'-7°30'N  7°30'-9°45'N 9°45'-12°25'N

Rainfall regime Bimodal Unimodal Unimodal

el 1200 900-1100 600 - 900

(mm/year)

[Tc,eg]perat“re 25-29 212325 24 - 31

Relative humid-

ity (%) 69 - 97 455 - 871 18 -99

Climatic Sub-humid . o

characteristics humid U=l Gy | el

Source: Gnanglé et al. (2011)

Adv Weed Sci. Adv Weed Sci

Dandjlessa J, Ezin B, Zossou N, Ahanchede A

The entire area of study is divided into three
Phytochorological  (biogeographical) Guineo-
Congolian region, Guineo-Sudanian region (transition
zone), and Sudanian region; and subdivided in 10
phytogeographical districts: Coast, Pobe, Oueme Valley,
Plateau, Zou, Bassila, South Borgou, North Borgou,
Mekrou-Pendjari and Atacora chain (Figure 1).

zones:

2.2 Data collection

Field and roadside surveys were carried out in the 10
phytodistricts of Benin from march to April and august to
September 2020 to collect information on the presence/
absence of Chromolaena odorata. Transects were defined
within each phytodistrict. Along transects at each 10 km,
the presence of the species was checked and the occurrence
points, their geographical coordinates (longitude and
latitude) and altitudes were recorded using GPS receiver
device GARMIN 60s. A voucher specimen of the plant
species was botanically authenticated by Professor
Aristide ADOMOU of the National Herbarium of Benin,
and deposited at Laboratory of Plant Biology, Faculty of
Agricultural Sciences, University of Abomey-Calavi.

The type of vegetation with the species at each zone was
also marked and the abundance of the species was assessed
by absolute cover widely used in weed science to express
it as percent of the land area covered by a particular weed
species, when viewed from above. Common categories
used are: 0-1%, 1-5%, 5-10%, 10-15%, 15-25%, 25-50%,
50-75%, and 75-100%. In order to perform analysis,
the cover-abundance values were later transformed in
numerical scale as 2: 0-1%, 3: 1-5%, 4: 5-10%, 5: 10-15%,
6:15-25%, 7: 25-50%, 8: 50-75%, 9: 75-100% according to
the Maarel (1979).

Environmental data consisted in climate variables
(humidity in %, rainfall in mm, rainfall regime and
temperature in °C) and soil pH were obtained from
Meteorological Agency of Benin and previously published
data (Igueetal., 2013; Hounkpatin etal., 2021), respectively.

2.3 Data analysis

Geographical coordinates were used to map distribution
of Chromolaena odorata in Benin using Geographical
Information System (GIS) software ArcGIS version 10.5.
Abundance was expressed as mean + standard error of mean
(m + SE) in order to compare the invasion level of different
ecosystems surveyed in each climatic region.

Analysis of variance and Student-Newman-Keuls
test were performed on abundance data to compare the
infestation level across climatic zones. As environmental
data were not normally distributed, Spearman rank
correlation test was used to statistically correlate the species
distribution to environmental factors. All the analysis was
performed at 95% confidence interval using statistical
software R version 4.0.4.
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Figure 1 - Location of the study area

Abundance was also interpolated in the distribution
area using the Empirical Bayesian Kriging (EBK) to give a
graphical insight into the spatial trend of the infestation
across phytogeographical districts. EBK is a mapping method
to predict values in unsampled locations using measured
values of sampled locations by automatically applying several
different semivariogram models (Gribov, Krivoruchko, 2020).

3. Results and discussion

31 Geographical range of Chromolaena odorata and key
factors of distribution

The distribution of Chromolaena odorata presented in
Figure 2a shows the occurrence of the species in the three
phytogeographical areas of Benin such as the sudanian
zone, the sudano-guinean zone and the guinean one. Eight
phytogeographical districts out of the ten were already
infested by Siam weed. These results show an increasing in
its geographical range compared to the results of Yehouenou
(1993) who reported the occurrence zones only in guinean
and sudano-guinean zones. However, it was noted that the
sudanian zone located in the northern part of the country
is almost free of the invasion apart from the beginning of
infestation reported at its southwestern parts. The extent
of occurrence of the species was within latitudes 6°30” and
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just beyond 10° North and ranged from about 0 m to 438
m in elevation, showing that Siam weed is still expanding
the range of invasion. This trend of enlarging its ranges is
a global problem that has already been reported in many
countries of the world. This may be justified not only by
the bioecological adaptation of alien species but also by the
absence or failure of biological invasions policies mainly in
low income countries (Uyi et al., 2014).

The extent of occurrence recorded in this study went
beyond the one reported in the previous studies on the
species in Benin. Indeed, the potential distribution of C.
odorata predicted by Fandohan et al. (2015) using maximal
entropy (MaxEnt) approach should not only exceed the
sudano-guinean zone under current climate conditions, but
also decrease from north to south regarding future climate
projections. Many reasons may explain the differences
between the actual distribution and the recent predicted one.
First of all, the scale of the study for the potential distribution
modeling was over 2,000 km and the soil variables were not
included in the model for forecasting. With such scale, the
accuracy of the study might be poorer than that of small
scale where the soil variables could also help to better predict
the distribution (Yates et al., 2010). Nath et al. (2019) have
found that including soil variables and human activity
factors in species distribution model help to get the current
distribution close to the predicted one.

Adv Weed Sci. Adv Weed Sci
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Figure 2 - Distribution (a) and abundance (b) of Siam weed

Although Siam weed is known to invade a large range
of soil type, it was revealed a link between the occurrence
of the species and the decline in the exchangeable
potassium of the invaded soil indicating the importance
of soil variables in biological invasions (Tiébré, Gnanazan,
2018). It is worth mentioning that a prediction is not
an explanation and it could not help to understand the
presence of a species at every occurrence point. Predictive
models indeed do not include often others distribution
factors apart from environmental variables (climate
and sometimes soil) that are not enough to explain the
introduction and the establishment of a given invasive
species in an area. Furthermore, these kinds of models
do not include the biological adaptation potential of
plant species (evergreen, reproduction mode, size and
number of seeds), the presence of pest associated with the
species, and the human activities in the prediction of their
potential distribution (Shmueli, 2010; Elith et al,, 2011).
These factors are more likely to explain and help to better
predict the colonization by alien species (Szymura et al.,
2018; Akin-Fajiye, Akomolafe, 2021).

The weed was not identified in the far north zone of the
country and its absence in this zone could be as a result of
the extreme weather and soil types in the zone which were
not suitable to its development. The soils in the far north of
the study zone are hydromorphic and this type of soil does
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not favor the invasion of C. odorata (Aboh et al., 2017). The
minimum annual rainfall requirement for C. odorata is over
1,000 mm even though considerable lower limits have been
recorded in some studies, and this may be a limiting factor
to its occurrence in the far north as the annual rainfall
over there is under 1,000 mm (Gnanglé et al., 2011). The
same trend is observed in neighboring countries where the
distribution of Siam weed is assessed. These findings are
consistent with those of Uyi et al. (2014) reporting non-
occurrence of Siam weed in far north Nigeria, a neighboring
country of Benin. They are also similar to the results of
Aigbedion-Atalor et al. (2019) who reported its non-
occurrence in the north zone of Ghana.

3.2 Abundance of C. odorata across its geographical range

The distribution of C. odorata was not the same
throughout its geographical range, and the interpolation
results of its abundance show already differences in the
overall infestation level (Figure 2b).

The species was more abundantly distributed in the
sudano-guinean zone (7.28 + 0.18) than in the guinean
zone (4.72 + 0.24) (Table 2). On the other hand, in the
northern part (sudanian zone) of the country the lowest
abundance of the species (3.5 + 0.50) was recorded. Even
though we lack detailed information, some factors could

2021,e20210081 https:/doi.org/10.51694/AdvWeedSci/2021,39:00022
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Table 2 - Abundance of Siam weed within different surveyed ecosystems

Climatic zone Agroecosystem Protected area Savannah Total
Guinean 471+ 051 428 = 0.52 517+0.23 472+024b
Guineo-Sudanian 746 +0.24 750 = 0.76 6.89 £0.26 728 + 018 a
Sudanian = 3.50 +£0.50 350+ 050c
Total 6.08 = 0.30 589+ 063 518 =019

In the far right column, number with different letters are significantly different at 5% level

help partly explain the differences in the weed abundance
across climatic zones of the country.

Soils in Center Benin are indeed classified as neutral to
weakly acidic since their pH ranges from 6.6 to 7.2; while
soils of southern Benin with pH from 4.9 to 6 are classified
as very strongly to moderately acid (Igue et al., 2013). Siam
weed grows best on soils with the potential hydrogen (pH)
value near toneutral (Abohetal.,2017). This could be one of
the raisons there was the highest level of infestation in the
sudano-guinean zone compared to the guinean one. These
results further corroborate with those of Aboh et al. (2017)
who demonstrated that high infestations of C. odorata are
only observed on soils with pH values around 7.12.

3.3 Level of infestation in the invaded ecosystems

The species has been recorded in almost all types of
Benin terrestrial ecosystems: agricultural areas and fallows,
forests and protected areas, pastures and grasslands,
natural vegetation, waste grounds, rural and urban areas.
The presence of the plant in almost all different types of
ecosystems is an evidence of its status as an invasive plant
that continues to invade new habitats in the West African
region and also worldwide (Catarino et al., 2019).

In the guinean zone, savannahs are the most invaded
ecosystems (5.17 =+ 0.23), followed respectively by
agricultural areas (4.71 + 0.51) and protected areas (4.28
+ 0.52); whereas in the transition zone, protected areas are
the most affected ecosystems (7.50 + 0.76). In the sudanian
zone, on the other hand, the plant was only observed in
natural vegetation (savannah) with a low abundance (3.50
+ 0.50) during the surveys conducted in the framework
of this work (Table 2). It is worth noting that agricultural
ecosystems are the most infested overall (6.08 + 0.30),
followed by protected areas (5.89 + 0.63), and savannahs
come last (5.18 + 0.19) (Table 2). These findings confirm
that C. odorata is mainly an agricultural system weed,
but also an alien invasive plant in forests and protected
areas where it poses a real threat to biological diversity as
reported in many studies (Fandohan et al., 2015; Tiébré,
Gnanazan, 2018; Catarino et al., 2019).

Siam weed was recorded in fallow and major annual and
perennial crops such as maize, cotton, cassava, sugarcane,
orange, oil palm, shea nut and cashew nut. Observations
made during the surveys showed that C. odorata is more
abundant in fallow lands and perennial crops, especially

2021,e20210081.https:/doi.org/10.51694/AdvWeedSci/2021,33:00022

Table 3 - Correlation between species abundance and
environmental variables

Variable rho P-value

Altitude (m) 033 <0007"**
Humidity (%) -0.38 <0.001**
Rainfall (mm) 0.20 0.028*

Rainfall regime -0.35 <00071**
Soil pH 043 <0.001"**
Temperature (° C) -062 <0.001***

rho: Spearman correlation coefficient

cashew nuts, than in agricultural areas with annual crops.
This is in accordance with the results of Aigbedion-Atalor
(2020) who reported that C. odorata is perceived by farmers
as a fallow weed although recognizing its enormous damage
to crops; and those of Yehouenou (1993) who reported that
the plant is very frequent and abundant in industrial crops.

3.4 Relationship between species distribution and
environmental factors

The species distribution showed significant, either
positive or negative, correlation to all the environmental
factors considered (Table 3).

On the one hand, species abundance was positively
correlated to annual rainfall (p < 0.028), altitude and
soil pH (p < 0.001). This implies that when one of these
variables increase, the species abundance tends to increase
too. On the other hand, a negative correlation was found
between species abundance and relative rainfall regime,
humidity and average annual temperature (p < 0.001),
supposing a tendency in the species abundance to decrease
with an increasing value of one of these factors. However,
it is worth mentioning that correlation is not causation but
just measures how variables are linked to one another with
regard to the direction and strength of the relationship.

These findings are consistent with previous studies on
the species distribution ecology in Sub-Saharan African
region and elsewhere. Indeed, while Fandohan et al.
(2015) reported high contribution of rainfall to the species
occurrence in West Africa, Aboh et al. (2017) reported that
the higher the soil pH, the higher C. odorata abundance, and
Nath et al. (2019) reported C. odorata gradually distributed
along altitude in Terai grasslands in India.

Adv Weed Sci. Adv Weed Sci

5



6

Advances in Weed Science

4. Conclusion

Alien invasive species represent a threat to agriculture
and biodiversity worldwide and their control requires
information on their distribution. This study aiming at
assessing geographical range of Chromolaena odorata in
Benin phytogeographical zones has showed that its current
distribution is larger than few years ago when it was limited
to guinean and sudano-guinean climatic zones.

The far north zone was poorly invaded by Siam weed
compared to the south and center zones with the highest
abundance. The species distribution was significantly
correlated to the major environmental factors of key
importance in plant ecology. These results could help in the
development of management policies of invasive species in
agricultural ecosystems and protected areas.

It is necessary to model the potential distribution of C.
odorata under current and future climate scenarios including
soil variables to better predict the trend of its spread. This is
of paramount importance in order to monitor the invasion
and prevent the expansion of the species’ geographic range.
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