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ABSTRACT: Biological invasions have many impacts on the composition of flora and soil chemistry. In this study, we analyzed 

the impacts of an invasive exotic plant, Chromolaena odorata on the floristic diversity and the physico-chemical composition 
of the soil of the Banco National Park. For this, we compared the floristic and physicochemical parameters of 4 biotopes: 
forests, ruderal zones without C. odorata, ruderal zones with a young C. odorata invasion and ruderal zones with an old invasion 
of C. odorata. Floristic inventories and soil samples of 0-20 cm depth were made in quadrats of 4 m2 (2 m x 2 m) of each biotope. 
A total of 36 quadrats were placed due to 9 repetitions per biotope. The results showed that: Floristically, the ruderal areas 
with an old invasion of C. odorata had a low floristic richness and a low floristic diversity. In addition, the abundance of native 
species in these areas was reduced. At soil level, 5 chemical minerals showed significant differences. There are: organic carbon, 
hydrogen, exchangeable potassium, exchangeable sodium and humus. Our results also showed that areas invaded by C. 
odorata consume exchangeable potassium as they increase the exchangeable sodium concentrations in soils. Consequently, 
these two minerals could play an important role in the growth and colonization of environments by C. odorata to the detriment 
of native plants. Furthermore, ruderal areas with old C. odorata invasion were rich in chemical minerals unlike other biotopes. 
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1 INTRODUCTION 

Biological invasions represent a major challenge for the conservation of biodiversity. They are now considered to be one of 
the leading causes of biodiversity loss worldwide [1], [2] because of their impacts on local communities and ecosystems [3]. 
These potential impacts include changes in plant composition, significant economic losses, and adverse effects on human 
health [4], [5], [6], [7]. At the local level, the impact of biological invasions can be manifested by a temporary increase in species 
richness [8], [9]. However, this increase should not be considered beneficial for the environment as it may be accompanied by 
loss of endemic species or ecosystem dysfunction [8], [9]. Moreover, this apparent local increase in the number of species goes 
hand in hand with a decrease in species richness on a global scale, the same species tend to become dominant in different 
ecosystems everywhere throughout the world [8], [9]. Biological invasions can also have direct and indirect effects on soil 
chemistry and ecosystem function [10]. Indeed, invasive alien species can change soil composition by root exudates that affect 
soil structure and mobilize or chelate nutrients. The long-term impact of litter and root exudates can transform soil nutrient 
stores and there is evidence that invasive plant species can alter nutrient cycles differently than native species [10]. 

In Côte d'Ivoire, the Banco National Park is a coastal relict forest embedded in the urban area of Abidjan. This park contains 
many animal and plant species threatened with extinction [11], [12]. This diversity in patrimonial species gives it an importance 
in terms of conservation for biodiversity and mitigation of carbon. Recent studies shown that this urban forest is plagued by 
many anthropogenic pressures and by invasive alien species [13], [14], [15]. In fact, agricultural pressure and rapid urbanization 
contribute to the artificialization of the peripheral zones of the park increasing the ruderal areas. The ruderal zones group the 
man-influenced terrains that is to say: the edges of paths, the edges of forest massifs, the trampled areas, the wastelands, the 
railway tracks, the electric wire tracks and dumps, etc.). But also, the resting places of domesticated animals, stables, pens, 
and the edge of the watering troughs [16]. Several studies shown that invasive alien plants use ruderal areas as an access base 
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to invade natural ecosystems [17]. Chromolaena odorata (L.) R.M. King & H. Rob. (Asteraceae) is a good example of a case 
study of the impact of biological invasions on the ruderal areas in the Banco National Park. Originally from Central America, C. 
odorata was introduced in India around 1880 and later in Malaysia and Siam from where it was found to spread to Laos, 
Cambodia, Vietnam and Indochina [18], [19]. It continued to expand into northeastern Australia [20]. It was introduced to 
Africa specifically in Nigeria around the 1940s, probably imported with seeds of Gmelina arborea from Ceylon or as a cover 
crop [21]. C. odorata spread widely throughout West Africa, South Africa, East Africa and Central Africa [22], [23]. It was studied 
throughout the world. According to [24], [25], [22], C. odorata has many negative impacts on farming systems, the economy, 
and the conservation of biodiversity. In Asia, specifically in Sri Lanka, Indonesia and Malaysia, this plant is ranked among the 
three most serious weeds of coconut, rubber and oil palm. C. odorata has been identified as the greatest threat to northern 
Australia, due to its rapid spread and its potential to harm agriculture and the environment [26]. In Central Africa, it is 
responsible of the poisoning of cattle in pastoral lands [27]. It colonizes the savannahs by rising higher than the Gramineae 
[28]. In Ghana, the exotic C. odorata shown to have a negative impact on crops and to be dominant as weed [29]. All these 
facts give it the status of the world's most invasive and most problematic tropical invasive species [30]. As a result, several 
chemical, mechanical and biological methods of fight have been applied worldwide against C. odorata [31], [32]. Despite these 
efforts, there are no proven control or management strategies to block the spread of this weed [33]. In Côte d'Ivoire, various 
studies were conducted on the taxonomy and the distribution of these species [34], its medicinal uses [35], [36], its agronomic 
potential [37], [38], [39] and its impact on species diversity [40]. However, no studies were conducted on the simultaneous 
impact of C. odorata on plant communities and ecosystems.  

Studies on the impact of invasive species have so far been carried out only by considering the impact on plant communities 
and soil composition separately [41], [42], [43], [44]. This does not allow to understand the impact in its entirety, leading to 
contradictory results and conclusions of the role of a given factor in the processes and ecosystem services [45]. It becomes 
important to study the impact of biological invasion by considering at the same time variables on flora and soil simultaneously 
[45], [46] [47]. Investigating the simultaneously impact of invasive species is crucial because different ecosystem processes or 
services may be affected by a given factor, but in different ways [48], [49], [50], [51]. In this study, we use a combination of 
floristic and soil parameters to determine the impact of C. odorata on the ecosystem invaded. We address the following 
question: does the presence of C. odorata change the diversity and the floristic composition of the soil to the point of changing 
the floristic composition and the mineralogy of the ecosystems that it invades? Our main objective is to determine the changes 
induced by C. odorata. More precisely, this implies (1) to analyse the impact of C. odorata on the richness and floristic diversity; 
(2) to determine the soil parameters that fit the invasion of C. odorata and, (3) to analyse the changes induced by C. odorata 
on the soil and plant communities. 

2 MATERIALS AND METHODS 

2.1 STUDY SITE 

The study took place in the city of Abidjan more precisely in the Banco National Park (5 ° 21 '-5 ° 25' N and 4 ° 1'-4 ° 5 'W). 
Its area is 3474 ha (Figure 1). In general, the climate is of tropical type [52] characterized by four seasons, including: two dry 
seasons from August to September and from December to March and two rainy seasons ranging from April to July and from 
October to November [53]. The average annual rainfall recorded by the SODEXAM meteorological station for the period from 
2005 to 2015 is about 2000 mm. The average annual temperature is around 26 ° C with an amplitude of 4.3 ° C. The soil of the 
park is of the ferrasol type [54] characterized by a sandy, ferralitic soil, strongly desaturated [55]. According to Lauginie et al. 
(1996), this park is an evergreen forest. The dominant trees are: Turraeanthus africanus, Synsepalum afzelii, Berlinia confusa, 
Blighia welwitschii, Coula edulis, Dacryodes klaineana, Lophira alata, Petersianthus macrocarpus and Piptadeniastrum 
africanum. Recent studies shown that this park is subject to several anthropogenic threats including biological invasion [13], 
[14], [15]. 

2.2 BOTANICAL SURVEY 

To evaluate the impact of Chromolaena odorata (L.) King & Robinson (Asteraceae), three sampling sites (Anonkoi, 
Ecotourism and N'dotre) were selected in the park. The following criteria were used: (1) homogeneous soil, (2) highly 
anthropogenic areas and, (3) known presence of the invasive C. odorata. Four biotopes were selected in each site: closed 
forests, ruderal zones without C. odorata (roadsides, under the wires), ruderal areas with young C. odorata invasion 
(populations invaded by C. odorata seedlings) and ruderal zones with old C. odorata invasion (populations invaded by old C. 
odorata plants with lignified stems, well developed and massive shrubs). Closed forests and ruderal areas without C. odorata 
served as controls. Thirty-six 4m2 quadrats were installed, 3 quadrats for each biotope according to [56] and [57]. These 
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quadrats were placed at random to respect the homogeneity of the environmental parameters. In each quadrat, all plant 
species encountered were identified. The abundance of all vascular plant species was estimated according to the [58] scale 
(9:> 75% abundance, 8: 50-75%, 7: 25-50%, 6: 15-25%, 5: 10-15%, 4: 5-10%, 3 <5%, 2: 2 individuals, 1: 1 individual). Unknown 
species were collected for the preparation of a herbarium and subsequently identified in the laboratory.  

2.3 SOIL COLLECTION 

Samples were made in each quadrat (four at the corner and one in the centre) at a depth of 0-20 cm with an Auger and 
then, mixed to form a single sample. They were air dried for 48 hours and sieved through a 2 mm sieve. Twenty-five variables 
were collected: P, K, Mg, Ca, Al3+, H+, organic C, CEC, total N, C/N ratio, exchangeable K, exchangeable Mg, exchangeable Na, 
exchangeable Ca, pH KCl, pH eau, clay, humus, index of battance, fine silt, coarse silt, total silt, fine sand, coarse sand and total 
sand. For pH analyses, the samples were pre-treated following the ISO11464 method. The water pH and the KCl pH were 
obtained with electrode measurements according to NF-ISO 10390. The concentrations of hydrogen ions (H+) were determined 
from the measurement of the soil solution (the water of the soil and its dissolved substances) when measuring soil pH [59]. 
Determination of organic C was performed by the method of Walkley and Black [60]. Total nitrogen was determined by the 
Kjeldahl method [61]. Al, Ca, K, and Mg were dissolved in total solution by hydrofluoric acid and perchloric acid according to 
NF-ISO 14869-1. Humus was determined with a phosphoric acid solution after centrifugation and then extracted with sodium 
hydroxide [62]. The determination of the exchangeable bases (Mg2+, Ca2+, K+, Na+) and the CEC was carried out using the 1N 
ammonium acetate method at pH 7.0 according to NF-X 31-108-NF X 31-130 standard. The available phosphorus determination 
was extracted according to the Bray-1 procedure [63] and determined using a Technicon Auto Analyzer [64]. The samples used 
for texture analysis were dispersed with sodium carbonate solution (Na2CO3) and sodium exametaphosphate and pre-treated 
following the ISO11464 method. The granulometric analyses of the clay and silt were then carried out according to the 
Robinson pipette method (standard AFNOR-NF X 31-107) with a Texsol24B sedimentation automaton (LCA Instruments, 
France). The sand fraction was obtained by wet sieving at 200 μm. All these analyses were carried out at the Laboratory of 
Ecology and Soil of Gembloux Agro-Bio Tech, University of Liege in Belgium. 

2.4 STATISTICAL ANALYSES 

To know the floristic and the diversity richness of the different biotopes, the number of species has been determined and 
the Shannon (H) diversity and Piélou (E) equitability indices were calculated [65], [66]. If we denote by N the number of S 
species considered, or the size of the individuals of a species i and Pi (ni / N) the relative abundance of species i, then the 
Shannon index can be summarized as the following mathematical expression:  

� = − � �� × �	 ��



��
 

The index of equitability is calculated according to the following mathematical formula: 

� =  �
�	 � 

with H = Shannon index; S = total number of species of a given biotope; ln S = the maximum diversity of the biotope. The 
software MVSP version 3.1. was used for the treatment of his floristic data.  

To show significant differences between the numbers of species encountered by biotope and to compare the most 
significant soil parameters discriminating biotopes, a one-way ANOVA followed by pairwise comparisons with post hoc Tukey-
HSD tests been realized. The Kruskal-Wallis test was also used to compare Shannon indices and regularity indices for the 
different biotopes. Whenever the difference was significant, the Dunn test was performed to compare the averages and to 
assess significant differences between them. To measure the relationship between the C. odorata and the other species, a 
Pearson correlation test was used. Averages are given with their standard deviation. To evaluate the most appropriate floristic 
and edaphic parameters that characterize each biotope, all data collected were subjected to a Multiple Factor Analysis (MFA). 
The MFA is a factorial method of multidimensional descriptive statistics. It allows to balance the influence of the various groups 
because if a group presents many variables, it may influence the total analysis than another presenting few variables [67]. 
These analyzes were performed using XLSTAT 2014.5.03 (Addinsoft, France) and R version 3.2. (Foundation R).  
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Fig. 1. Location of the Banco national park with sampling sites 
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3 RESULTS 

3.1 IMPACT OF C. ODORATA ON THE SPECIFIC RICHNESS AND THE FLORISTIC DIVERSITY 

In this study, a total of 147 species were inventoried. Sixty-six (66) species were found in forest zone, 67 species in ruderals 
without C. odorata, 72 species in ruderals with young C. odorata, and 50 species in ruderals with old C. odorata. These species 
were divided into 118 genera and 57 families. The most important families are Fabaceae (21 species), Malvaceae and Poaceae 
(9 species, each). The most important genera are Dichapetalum (4 species), Adenia, Baphia, Cola and Culcasia (3 species, each). 
Seventeen species (17) with status were identified including 5 endemic species to the West African Forest Block (GCW), 4 
endemic species to Côte d'Ivoire, 3 plants cited as rare and/or threatened with extinction from Ivorian flora [68], and 6 plants 
cited on the International Union for Conservation of Nature (IUCN) Red List [69]. The endemic species to the West African 
Forest Block are Afzelia bella Harms var. gracilior Keay, Albertisia scandens (Mangenot & Miège) Forman, Chassalia afzelii 
(Hiern) K. Schum., Neuropeltis prevosteoides Mangenot et Platysepalum hirsutum (Dunn) Hepper. The endemic species to Côte 
d'Ivoire are Albertisia cordifolia (Mangenot & Miège) Forman, Baphia bancoensis Aubrév., Leptoderris miegei Aké Assi & 
Mangenot et Rhigiocarya peltata Miège. The 3 species cited as rare and/or threatened with extinction from Ivorian flora are 
Buxus acutata Friis, Cola heterophylla (P. Beauv.) Schott & Endl. et Rhigiocarya peltata Miêge. The 6 species on IUCN red list 
are Acroceras zizanioides (Kunth) Dandy, Albizia adianthifolia (Schum.) W. F. Wright, Baphia nitida Lodd, Culcasia dinklagei 
Engl., Paspalum scobiculatum L. var. scrobiculatum et Turraeanthus africanus (Welw. ex C. DC.) Pellegr) (Table 1). The mean 
value of species richness of old C. odorata invasion (11.22 ± 3.12) differed significantly from that of young C. odorata invasion 
(15.55 ± 2.98) (Anova test F = 2.75, P < 0.001). The forests and ruderals without C. odorata had intermediate mean values of 
specific richness (Table 2). The lowest mean value of the Shannon index is obtained in ruderal zones with old C. odorata invasion 
(1.05 ± 0.17). The highest one is obtained in ruderal zones without C. odorata (2.28 ± 0.17). The difference between these 
mean values is statistically significant (F = 10.37, P < 0.05). When considering the different biotopes, the equitability index 
varies from 0.43 ± 0.11 in ruderal areas with old invasion of C. odorata at 0.88 ± 0.24 in ruderal without C. odorata. The 
differences between these mean values are statistically significant (χ² = 19.26, P < 0.05) (Table 2). A significant relationship was 
found between the cover C. odorata and that of the other plant species (r = -0.93, P < 0.001 for ruderal areas with young C. 
odorata invasion and r = -0.99, P < 0.0001 for ruderal areas with old C. odorata invasion) (Figure 2).  

Table 1. List of 17 species with status identified in the Banco national park  

  
Status Number of species per biotope 

N° Specie Families Geographic 
distribution 

Aké-Assi 
(1998) 

UICN 
(2015) 

Forest Ruderals Young C. 
odorata 

Old C. 
odorata 

 
1. Acroceras zizanioides (Kunth) Dandy 

 
Poaceae 

 
- 

 
- 

 
LC 

 
- 

 
X 

 
X 

 
X 

2. Afzelia bella Harms var. gracilior Keay Fabaceae GCW - - X - - - 
3. Albertisia cordifolia (Mangenot & Miège) Forman Mennispermaceae GCi - - X X X X 
4. Albertisia scandens (Mangenot & Miège) Forman Mennispermaceae GCW - - X X X - 
5. Albizia adianthifolia (Schum.) W.F. Wright Fabaceae - - LC X X X - 
6. Baphia bancoensis Aubrév. Fabaceae GCi - - X X X - 
7. Baphia nitida Lodd. Fabaceae - - LC X X X - 
8. Buxus acutata Friis Buxaceae - PRE - X - - - 
9. Chassalia afzelii (Hiern) K. Schum. Rubiaceae GCW - - X X X - 
10. Cola heterophylla (P. Beauv.) Schott & Endl. Malvaceae - PRE - X X X - 
11. Culcasia dinklagei Engl. Araceae - - LC X - - - 
12. Leptoderris miegei Aké Assi & Mangenot Fabaceae GCi - - - X X - 
13. Neuropeltis prevosteoides Mangenot Fabaceae GCW - - X - - - 
14. Paspalum scobiculatum L. var. scrobiculatum Poaceae - - LC - X X - 
15. Platysepalum hirsutum (Dunn) Hepper Fabaceae GCW - - X X - - 
16. Rhigiocarya peltata Miège  Mennispermaceae GCi PRE - X X X X 
17. Turraeanthus africanus (Welw. ex C. DC.) 
Pellegr. 

Meliaceae - VU - X - - - 

Total number of species by biotope 14 12 11 3 

VU: vulnerable; PRE: rare, endangered and threatened with extinction plants; LC: minor concern; Aké-Assi: status according to Aké-Assi (1998); GCW: 
endemic to the West African forest block, including Ghana, Côte d'Ivoire, Liberia, Sierra Leone, Guinea, Guinea Bissau, Gambia and Senegal. 
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Table 2. Mean and standard deviation of species richness, Shannon diversity and equitability indices of the different biotopes studied in 
the Banco National Park 

 
Old 

Chromolaena 
Young 

Chromolaena 
Forests Ruderals Anova and Kruskall-

Wallis tests statistics 

Specific richness  11,22 ± 3,12a 15,55 ± 2,98b 13,55 ± 2,27ab 13,44 ± 2,27ab F = 2,75*** 
Shannon's index 1,05 ± 0,17a 2,04 ± 0,17b 2,07 ± 0,17b 2,28 ± 0,17b F = 10,37 
Equitability index 0,43 ± 0,11a 0,74 ± 0,13ab 0,80 ± 0,14b 0,88 ± 0,24b 19,26*** 
The same superscript letter indicates no significant difference between species. Comparisons between taxa were performed using one-way 
ANOVA followed by the Tukey-HSD test. Comparisons between taxa were made using a Kruskal-Wallis test followed by Dunn's test for 
equitability index. * P < 0,05 for Shannon diversity index. *** P < 0,001 for species richness and equitability index 

 

 

Fig. 2. The relationship between the cover of young and old C. odorata and the cover of the other plant species. A Pearson 
correlation test was used for linear regression  

3.2 IMPACT OF C. ODORATA ON THE PHYSICO-CHEMICAL PROPERTIES OF SOIL  

Table 3 summarizes the statistics of the 25 soil variables obtained in the four biotopes after soil analysis. Five (5) soil 
variables such as: organic carbon, hydrogen, exchangeable potassium, exchangeable sodium and humus showed significant 
differences between the means of concentration from one biotope to another (organic C, F = 5.24, P <0.001, H+, F = 11.62, P 
<0.001, exchangeable K, F = 55.73, P <0.001, exchangeable Na, F = 71.07, P <0.001; humus, F = 5.26, P <0.001) (Table 3). These 
results indicated that organic C was as high in forests as in ruderal areas with invasion of C. odorata. H+ was high in forests but 
low in the other biotopes. The exchangeable K was high in the ruderal zones with a young invasion of C. odorata and decreased 
in the ruderal zones with old invasion of C. odorata. However, it was low in forests and ruderal areas without C. odorata. The 
exchangeable Na was high in the ruderals with old C. odorata invasion and decreased in the areas with a young C. odorata 
invasion. However, it was low in forests and very low in ruderal areas without C. odorata. Finally, humus was high in forests as 
in ruderal areas with invasion of C. odorata.  

The results of the multiple factor analysis (AFM) of the floristic and physico-chemical properties of soil confirmed these 
results. The two principal axes explained 43% of the variation (Figure 3). This analysis showed the floristic and edaphic 
parameters best adapted to each biotope. As a result, the first axis was correlated with floristic diversity and soil mineral 
elements. It separated the forest zones from the ruderals. This axis described on the positive side the forests that were not 
linked to any locality and in its negative part the ruderal zones with old invasion of C. odorata which are generally found in the 
locality of N'dotre and the ruderal zones with and without young C. odorata founded in the localities of Ecotourism and 
Anonkoi. The second axis was correlated with the organic elements of the soil. He separated the ruderal areas with old invasion 
of C. odorata from other biotopes. The forests, the ruderals without C. odorata and the ruderals with a young C. odorata 
invasion are characterized by a good diversity but a poverty in chemical elements of the soil. The ruderal zones with old C. 
odorata invasion are characterized by a low floristic diversity but a richness in chemical elements of the soil. They were 
correlated with total N, CEC, exchangeable Mg, exchangeable Ca, P, exchangeable K, C/N ratio and exchangeable Na.  
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4 DISCUSSION 

Research on the impact of invasive plants is crucial to guide decision-making to reduce the costs of invasions and, in some 
cases, to improve their benefits [70]. However, few studies have been conducted around the world on the impacts of invasions 
by simultaneously considering flora and soil [46], [42], [71], [43], [44]. In this study, we use vegetation and soil parameters to 
better understand the impacts of C. odorata in the Banco National Park. To our knowledge, this study is the first to be 
conducted in Côte d'Ivoire.  

At the floristic level, ruderals zones are generally of very low interest because they are not very diversified in species [72]. 
Most of the species that grow there are considered "weeds". Moreover, these environments are often very open, disturbed by 
human activities [16]. We usually find heliophilous and colonizing species. Several authors confirm that these environments 
are used by invasive alien plants to invade natural ecosystems [17], [73]. In the Banco National Park, studies have shown that 
this park is subject to invasion [14], [15]. Among the most cited species we can cited: Hopea odorata (Dipterocarpaceae), 
Chromolaena odorata (Asteraceae), Tithonia diversifolia (Asteraceae), etc. In this study, we asked ourselves the question of 
the level of qualitative and quantitative diversity of the ruderal areas of the BNP? BNP is a protected area subject to intense 
anthropogenic pressures such as pollution, tourism, electricity lines, etc. [13], who participate in the increase of ruderal areas 
in this conservation area. Our study has shown that these ruderal areas are as floristically rich as forests. The diversity of the 
species encountered is certainly not the same because more heliophilous but quantitatively the two areas are very rich. There 
are even species with special status, of great importance for the Ivorian flora. This is probably due to the fact that unlike other 
ruderal open areas, this has the advantage of being located in a biological conservation area [72], [74]. Thus, several studies 
have shown that invasive plants reduce the floristic richness and diversity of native species [75], [76], [77], [78], [79], [80], [81], 
[82]. Our study confirms this trend. In this study, ruderal areas with an old invasion of C. odorata had a very low species richness 
compared to the other biotopes. We also found that the diversity of native species was negatively affected by the invasion of 
old C. odorata. This confirms the hypothesis that the invasion of by plant causes a change in the abundance of other species 
[83], [84] showed that high rates of C. odorata prevented enrichment of summer fallow flora. Then, [22] have shown that C. 
odorata reduces the abundance of native plants. Our study thus confirms that the presence of C. odorata in the ruderal zones 
modifies the richness and the floristic diversity of the native species by reducing their abundance.  

Table 3. Summary statistics of different soil variables per biotope  

 
Forests Ruderals Young Chromolaena Old Chromolaena 

Factor Average Sd CV Ran Average Sd CV Ran Average Sd CV Ran Average Sd CV Ran 
P (mg/100g) 0.63a 0.74 1.17 2.4 0.42a 0.29 0.69 0.9 0.7a 0.5 0.71 1.8 4.37a 11.33 2.59 36.2 
K (mg/100g) 0.91a 0.69 0.76 2 1.32a 0.58 0.44 2.3 1.21a 0.64 0.53 2 1.62a 0.62 0.38 2.4 
Mg (mg/100g) 1.89a 0.76 0.4 2.2 1.61a 0.57 0.35 1.9 1.81a 1.58 0.87 5.6 3.15a 2.66 0.84 9.5 
Ca (mg/100g) 5.22a 3.7 0.71 11.8 17.48a 18.68 1.07 63 28.97a 58 2 190.4 51.21a 101.57 1.98 333.7 
pH KCl 3.59a 0.17 0.05 0.6 4.42a 0.6 0.14 2 4.3a 0.9 0.21 3 4.44a 0.77 0.17 2.5 
Total N (mg/100g) 0.1a 0 0 0 0.1a 0 0 0 0.08a 0.04 0.5 0.1 0.1a 0.05 0.5 0.2 
Organic C (g/kg) 14.36 ± 1.25b 1.03 0.07 2.35 8.91 ± 0.84a 0.69 0.08 1.67 9.88 ± 2.02ab 1.65 0.17 4.02 12.21 ± 2.69ab 2.2 0.18 4.79 
pH (H2O) 4.39a 0.15 0.03 0.35 5.26a 0.2 0.04 0.5 5.29a 0.8 0.15 1.72 5.53a 0.71 0.13 1.6 
CEC (méq/100) 2.33a 0.35 0.15 0.86 1.8a 0.34 0.19 0.8 2.46a 0.97 0.39 2.34 3.72a 2.96 0.79 6.82 
C/N 13.54a 0.87 0.06 2.6 13.22a 0.94 0.07 2.6 13.93a 0.6 0.04 1.9 13.43a 1.3 0.1 4.5 
Al 3+ (méq/100) 3.79a 0.23 0.06 0.7 3.67a 0.25 0.07 0.7 3.86a 0.16 0.04 0.5 3.74a 0.37 0.1 1.3 
H+ (mg/100g) 0.74 ± 0.08b 0.14 0.19 0.5 0.35 ± 0.06a 0.08 0.23 0.3 0.41 ± 0.07a 0.11 0.27 0.3 0.41 ± 0.12a 0.14 0.34 0.5 
K ech (mg/100g) 2.16 ± 0.93a 1.44 0.67 3.8 0.88 ± 0.42a 0.48 0.54 1.5 10.13 ± 1.48c 2.48 0.24 7.3 5.58 ± 0.65b 2.07 0.37 5.6 
Mg ech (mg/100g) 3.18a 1.08 0.34 3.4 2.71a 0.6 0.22 2.3 2.3a 1.59 0.69 5.5 5.33a 4.64 0.87 16.3 
Ca ech (mg/100g) 4.78a 6.33 1.32 15.9 12.75a 11.04 0.86 38.1 25.52a 51.1 2 171.3 49.15a 84.96 1.73 281.6 
Na ech (mg/100g) 1.28 ± 0.17b 1.28 1 3.8 0.21 ± 0.03a 0.24 1.14 0.7 2.04 ± 0.38c 0.55 0.27 1.8 2.97 ± 0.26d 0.62 0.21 2 
(%) Humus 2.87 ± 0.25b 0.21 0.07 0.47 1.78 ± 0.17a 0.14 0.08 0.34 1.97 ± 0.40ab 0.33 0.17 0.8 2.44 ± 0.54ab 0.44 0.18 0.96 
(%) Clay 10.77a 1.7 0.16 4.11 8.79a 1.44 0.16 3.06 8.95a 2.18 0.24 4.68 8.67a 0.39 0.04 0.87 
(%) Fine silt 2.03a 0.19 0.09 0.44 2.35a 0.46 0.19 1.11 1.99a 0.37 0.18 0.78 2.23a 0.31 0.14 0.76 
(%) Coarse silt 1.27a 0.19 0.15 0.43 1.11a 0.31 0.28 0.75 0.99a 0.17 0.17 0.38 1.11a 0.01 0.01 0.01 
(%) Total silt 3.29a 0.23 0.07 0.49 3.47a 0.36 0.1 0.77 2.98a 0.34 0.11 0.83 3.34a 0.31 0.1 0.77 
(%) Fine sand 17.76a 2.68 0.15 6.51 18.13a 1.13 0.06 2.54 15.96a 2.72 0.17 5.97 14.75a 1.58 0.11 3.84 
(%) Coarse sand 68.17a 4 0.06 8.51 69.62a 1.13 0.02 2.77 72.11a 4.69 0.06 11.48 73.23a 1.41 0.02 3.38 
(%) Total sand 85.93a 1.88 0.02 2.63 87.74a 1.66 0.02 3.84 88.07a 2.48 0.03 5.51 87.98a 0.53 0.01 1.3 
Index of battance 0.1a 0.01 0.1 0.01 0.16a 0.03 0.19 0.08 0.13a 0.01 0.08 0.03 0.13a 0.02 0.15 0.06 

Sd : Standard deviation ; CV : coefficient of variation ; Ran: Range. The same superscript letter within a line indicates no significant difference between 
species. Comparisons between taxa were performed using one-way ANOVA followed by the Tukey-HSD test 
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Fig. 3. Multiple Factorial Analysis (MFA) of the four biotopes of the Banco national park based on floristic and soil parameters. 
The qualitative variables include the modality (presence / absence of Chromolaena), the type of biotopes (forests, ruderals 
without C. odorata and ruderals with young and old C. odorata) and the sampling areas (Anonkoi, Ecotourism, N'dotre). The 
quantitative variables include the 25 chemical and granulometric soil parameters, the species richness, the Shannon and the 
equitability indices of each quadrat. This analyses was performed using R version 3.2. (R foundation).  

At soil level, in this study, 5 soil variables were discriminated to separate the biotopes. The organic C content informs on 
the level of soil fertility [83]. It is therefore an important criterion. Our results showed that the ruderals areas without C. odorata 
were poor in organic C. But, the invaded zones by C. odorata were as rich in organic carbon as in forests. This means that C. 
odorata brings organic C to the soils they invade. [76], [38], and [39] demonstrated an increase in soil organic C in C. odorata 
fallows. Humus is the set of surface layers containing organic matter [86]. It is essential for the stability and fertility of a soil. 
Humus feeds plants with the nutrients they need, when they need them [87]. Our results also showed that ruderal areas 
without C. odorata were poor in humus. However, the areas invaded by C. odorata were as rich in humus as in the forests. We 
can also say that C. odorata brings humus to the soils they invade. Thus, our results are consistent with those of several authors 
who have demonstrated that C. odorata significantly improves the mineral and organic fertility of the upper horizons of poor 
soils [88], [89], [90]. Na provides an indication of soil salinity [91], [92]. Exchangeable Na was elevated in ruderal areas with old 
C. odorata invasion and decreased in ruderal areas with young C. odorata invasion. However, it was low in forests and very low 
in ruderal areas without C. odorata. This would mean that C. odorata brings Na to the soils they invade, or that soils invaded 
by C. odorata have a higher salinity. These results are corroborated by the work of [76] who found that soil invasion by C. 
odorata increased Na levels in these soils. Exchangeable K is the form easily accessible to plants [93]. It is a major mineral 
element for the development and growth of plants. Our results demonstrated that exchangeable potassium is high in ruderal 
areas with young C. odorata invasion and decreases in ruderal areas with old C. odorata invasion. However, it is low in forests 
and ruderal areas without C. odorata. This suggests that the areas invaded by C. odorata consume a lot of K from which there 
is a decrease of K in these environments. Contrary results have been found by other authors [76], [94]. Instead, they showed 
that C. odorata soil invasion increased K levels in the soil. Our results also showed that the ruderal zones with old C. odorata 
invasion were characterized by a richness in chemical minerals whereas the other biotopes were characterized by a poverty in 
these chemical minerals. These results are like those [37], [38] who demonstrated that soils invaded by C. odorata resulted in 
a significant improvement in nutrient availability and soil biological activity. Other studies have also shown that C. odorata can 
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maintain and improve soil fertility ([95], [34], [96], [94]). Thus, we can say that C. odorata enriches the soil that it invades by 
making available in the soil several mineral elements. 

Relationship between flora and soil of C. odorata invaded areas. 

Our results showed that there was a correlation between flora and soil environments invaded by C. odorata. Indeed, C. 
odorata invaded areas had low floristic diversity while they were rich in chemical soil minerals. However, in addition to the role 
of other soil minerals, our results allow us to say that exchangeable K and exchangeable Na could play a significant role in the 
relationship between flora and soil of C. odorata invaded environments. The richness of the ruderal areas with young C. odorata 
invasion in exchangeable K and the high consumption of this mineral in the ruderal zones with old invasion of C. odorata make 
us say that a ruderal zone rich in exchangeable K could attract C. odorata. Exchangeable K has a major role in plant development 
because it allows them to resist induced stress, such as drought, frost, excess brightness and pest attack. Plants that are 
deficient in K are more sensitive to these forms of stress [97], [98]. This mineral could therefore play an important role in 
growth and colonization C. odorata to the detriment of native plants. Similarly, the exchangeable Na being higher in the ruderal 
zones with old invasion of C. odorata, it gives us an account of the increase of the salinity in the soil invaded by C. odorata. 
However, this increase in soil salinity could modify the physical and mechanical properties of soils, which could affect plant 
development [99]. The influence on the development of plants would be to the advantage of C. odorata plants and to the 
disadvantage of native plants, hence the low floristic richness and diversity in the areas invaded by C. odorata. Also, some 
authors who have tried to explain the low floristic richness and diversity in the invaded areas have rather talked about the 
mechanism of negative feedback exerted by the microbial community of the soil in the invaded areas which could have an 
essential role in the replacement of native species. An important regulator of community structure is the ability of plants to 
change the soil of microbial communities [100]. [101], reported that C. odorata can accumulate high soil concentrations which 
generates fungal pathogens (Fusarium spp.) responsible for creating negative feedback on native plant species and concluded 
that that the impact of C. odorata is due to the biotic interactions between native plants and the biotic community of the soil.  

5 CONCLUSIONS 

At the end of this study, we can say that the invasion of area by C. odorata causes negative consequences on the level of 
the flora which translate into a poverty in richness and floristic diversity. However, the invasion of area by C. odorata has 
positive consequences on the soil because C. odorata contributes to a significant improvement of the chemical properties of 
the soil. There is also a significant relationship between flora and soil environments invaded by C. odorata. Areas invaded by 
C. odorata consume exchangeable K while increasing exchangeable Na unlike other biotopes. These two minerals could 
therefore play an important role in the growth and colonization of environments by C. odorata to the detriment of native 
plants. Our study showed that invasion of ruderal areas with an old C. odorata invasion was very pronounced in N'dotre unlike 
other sampling sites. The N'dotre site is in the northern part of BNP. This site constitutes the most anthropized zone of the 
park, where the influence of the man is deeply exerted. This area could be a starting point for the control of this invasive 
species. 
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APPENDIX 1 GENERAL LIST OF INVENTORIED SPECIES IN OUR DIFFERENT STUDY SITES OF BANCO NATIONAL PARK 

Species Families Biological types Chorology 

Acacia mangium Willd. Fabaceae  mp GC-SZ 
Acacia pentagona (Schumach. &Tonn.) Hook.f. Fabaceae  LmP GC-SZ 
Acridocarpus longifolius (D.Don) Hook.f. Malpighiaceae mp GC 
Acroceras zizanoides (Kunth) Dandy Poaceae np GC-SZ 
Adenia gracilis Harms  Passifloraceae Lmp GC 
Adenia lobata (Jacq.) Engl. Passifloraceae Lmp GC 
Adenia mannii (Mast.) Engl. Passifloraceae Lnp GC 
Aframomum sceptrum (Oliv. & Hanb.) K. Schum. Zingiberaceae np GC 
Afzellia bella Harms var. gracillor Keay Fabaceae  mP GCW 
Agelaea pentagyna (Lam.) Baill. Connaraceae Lmp GC 
Ageratum conyzoides L.  Asteraceae Th GC-SZ 
Albertisia cordifolia (Mangenot & Miège) Forman Mennispermaceae np GCi 
Albertisia scandens (Mangenot & Miège) Forman Mennispermaceae Lnp GCW 
Albizia adianthifolia (Schum.) W. F. Wright Fabaceae  mP GC 
Albizia zygia (DC.) J. F. Macbr. Fabaceae  mP GC-SZ 
Alchornea cordifolia (Schum. & Thonn.) Müll. Arg. Euphorbiaceae Lmp GC-SZ 
Alternanthera sessilis (L.) DC. Amaranthaceae Ch GC-SZ 
Ampelocissus leonensis (Hook. f.) Planch. Vitaceae Lmp GC-SZ 
Anchomanes difformis (Blume) Engl. Araceae G GC 
Aneilema beniniense (P. Beauv.) Kunth Commelinaceae Ch GC 
Angylocalyx oligophyllus (Bak.) Bak.f.  Fabaceae np GC 
Annickia polycarpa (DC.) Engl. et Diels Annonaceae mP GC 
Anthonotha fragrans (Baker f.) Exell & Hillcoat Fabaceae  MP GC 
Anthonotha macrophylla Pal. Beauv.  Fabaceae  mp GC 
Antiaris toxicaria Lesch. var. africana Engl. Moraceae mP GC-SZ 
Antiaris toxicaria var. welwitschii (Engl.) Corner Moraceae mP GC 
Asystasia gangetica (L.) T. Anders. Acanthaceae np GC-SZ 
Baphia bancoensis Aubrév.  Fabaceae mp GCi 
Baphia capparidifolia Bak. Fabaceae Lmp GC 
Baphia nitida Lodd. Fabaceae  mp GC 
Blighia welwitschii (Hiern) Radlk. Sapindaceae mP GC 
Breynia disticha J. R. & G. Forst Euphorbiaceae np i 
Buxus acutata Friis Buxaceae np GC 
Byrsocarpus coccineus Thonn. ex Schumach. Connaraceae Lmp GC 
Calycobolus africanus (G. Don) Heine Convolvulaceae LmP GC 
Ceiba pentandra (L.) Gaertn. Malvaceae MP GC-SZ 
Centrosema pubescens Benth. Fabaceae Lmp GC 
Cercestis afzelii Schott Araceae Lmp GC 
Chassalia afzelii (Hiern) K. Schum. Rubiaceae Lmp GCW 
Chromolaena odorata (L.) R. King & H. Robinson Asteraceae np i 
Cissus aralioides (Welw. ex Bak.) Planch. Vitaceae Lmp GC-SZ 
Cissus producta Afzel. Vitaceae Lmp GC 
Cnestis ferruginea Vahl ex DC. Connaraceae Lmp GC 
Cola heterophylla (P. Beauv.) Schott et Endl. Malvaceae mp GC 
Cola millenii K. Schum. Malvaceae mp GC 
Cola nitida (Vent.) Schott & Endl. Malvaceae mP GC 
Combretum dolichopetalum Engl. & Diels Combretaceae Lmp GC 
Combretum micranthum G. Don Combretaceae mp SZ 
Costus afer Ker-Gawl.  Costaceae  G i 
Croton hirtus L'Hérit. Euphorbiaceae np GC 
Culcasia dinklagei Engl. Araceae Ch GC 
Culcasia saxatilis A. Chev. Araceae np GC 
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Culcasia scandens P. Beauv. Araceae Lmp GC 
Cyathula prostrata (L.) Blume Amaranthaceae np GC-SZ 
Cyclosorus dentatus (Forsk) Ching Thelypteridaceae H GC 
Cyperus rotondus L. Cyperaceae G GC-SZ 
Cyperus sphacelatus Rottb. Cyperaceae H GC-SZ 
Dacryodes klaineana (Pierre) Lam Burseraceae mP GC 
Dalbergia afzeliana G. Don Fabaceae LmP GC 
Desmodium adscendens (Sw.) DC. var. adscendens Fabaceae Ch GC 
Dichapetalum angolense Chodat Chrysobalaceae  Lmp GC 
Dichapetalum cymulosum (Oliv.) Engl. Dichapetalaceae mp GC 
Dichapetalum heudelotii (Planch. ex Oliv.) Baill. var. heudolotii Chrysobalanaceae Lmp GC 
Dichapetalum pallidum (Oliv.) Engl. Chrysobalaceae  LmP GC 
Diodia sarmentosa Sw. Rubiaceae Lnp GC-SZ 
Dioscorea minutiflora Engl. Dioscoreaceae G GC 
Diospyros sanza-minika A. Chev. Ebenaceae mP GC 
Drypetes gilgiana (Pax) Pax & Hoffm. Putranjivaceae  mp GC 
Elaeis guineensis Jacq. Arecaceae  mP GC 
Eleusine indica (L.) Gaertn. Poaceae H GC-SZ 
Eragrostis tenella (L.) Roem. & Schult. Var. tenella Poaceae  Th GC-SZ 
Euadenia trifoliolata (Schum. & Thonn.) Oliv. Capparidaceae mp GC 
Ficus exasperata Vahl Moraceae mp GC-SZ 
Funtumia elastica (Preuss) Stapf Apocynaceae mP GC 
Geophila obvallata (Schumach.) F.Didr. Rubiaceae Ch GC 
Geophila repens (L.) I. M. Johnston Rubiaceae Ch GC-SZ 
Glyphaea brevis (Spreng.) Monachino Malvaceae mp GC 
Griffonia simplicifolia (Vahl ex DC.) Baillon Fabaceae  Lmp GC 
Heterotis rotundifolia (Smith) Jac.-Fél. Melastomataceae Ch GC 
Hopea odorata Roxb. Dipterocarpaceae mP i 
Icacina mannii Oliv. Icacinaceae Lmp GC 
Ipomoea involucrata P. Beauv.  Convolvulaceae Th GC-SZ 
Ipomoea mauritiana Jacq. Convolvulaceae Lmp GC-SZ 
Kyllinga erecta Schumach. var erecta Cyperaceae G GC-SZ 
Lantana camara L. var. camara Verbenaceae Lmp GC 
Laportea aestuans (L.) Chew Urticaceae Th GC 
Leptoderris miegei Aké Assi & Mangenot Fabaceae Lmp GCi 
Lycopodiella cernua (L.) Pic. Ser. Lycopodiaceae np GC-SZ 
Manihot esculenta Crantz Euphorbiaceae mp i 
Microdesmis keayana Léonard Pandaceae mp GC 
Mikania cordata (Brum. f.) B. L. Robinson Asteraceae Lmp GC 
Millettia zechiana Harms Fabaceae mp GC 
Mimosa invisa Mart. Ex Colla Fabaceae Lnp i 
Momordica cabrae (Cogn.) Jeffrey Curcubitaceae Lmp GC 
Monodora tenuifolia Benth. Annonaceae mp GC 
Myrianthus arboreus P. Beauv. Moraceae mp GC 
Myrianthus libericus Rendle Moraceae mp GC 
Napoleonaea vogelii Hook.& Planch. Lecythidaceae mp GC 
Nauclea latifolia Sm.  Rubiaceae Lmp GC-SZ 
Nephrolepis biserata (Sw.) Schott Oleandraceae  H GC 
Neuropeltis acuminata (P. Beauv) Benth. Convolvulaceae LMP GC 
Neuropeltis prevosteoides Mangenot Convolvulaceae LMP GCW 
Newbouldia laevis (P. Beauv.) seem. ex Bureau Bignoniaceae mp GC 
Oldenlandia corymbosa L. var. corymbosa Rubiaceae Ch GC-SZ 
Rhabdophyllum affine (Hook.f.) Engl. Ochnaceae np GC 
Palisota hirsuta (Thun.) Schum ex Engl. Commelinaceae np GC 
Panicum brevifolium L. Poaceae  Ch GC 
Panicum laxum Sw. Poaceae Th GC-SZ 
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Panicum maximum Jacq.  Poaceae H GC 
Paspalum scobiculatum L. var. scrobiculatum Poaceae H GC-SZ 
Paspalum vaginatum Sw. Poaceae  rh GC 
Pentaclethra macrophylla Benth. Fabaceae  mP GC 
Petersianthus macrocarpus (P. Beauv.) Liben. Lecythidaceae MP GC 
Phyllanthus amarus Schum. & Thonn. Euphorbiaceae np GC 
Phyllanthus muellerianus (O. Ktze.) Exell Phyllanthaceae  Lmp GC-SZ 
Piper guineense Schum. & Thonn. Piperaceae Lmp GC 
Platysepalum hirsutum (Dunn) Hepper Fabaceae LmP GCW 
Polyalthia oliveri Engl. Annonaceae mp GC 
Pteridium aquilinum (L.) Kuhn Dennstaedtiaceae G GC 
Pueraria phaseoloides (Roxb.) Benth.  Fabaceae Lmp i 
Raphia hookeri G.Mann. & H. Wendl.  Arecaceae mp GC 
Rauvolfia vomitoria Afzel.  Apocynaceae mp GC-SZ 
Rhigiocarya peltata Miège Mennispermaceae Lmp GCi 
Rhigiocarya racemifera Miers Menispermaceae Lmp GC 
Salacia nitida (Benth.) N. E. Br. Celastraceae  Lmp GC 
Scoparia dulcis L. Plantaginaceae  np GC-SZ 
Setaria chevalieri Stapf Poaceae H GC 
Sida acuta Brum. f. subsp. acuta Malvaceae np GC 
Sida alba L. Malvaceae np GC-SZ 
Solanum rugosum Dunal Solanaceae mp GC 
Sphenocentrum jollyanum Pierre Menispermaceae np GC 
Stachytarpheta jamaicensis (L.) Vahl  Verbenaceae np GC 
Stenotaphrum secundatum (Walt.) Kuntze Poaceae  Sto GC 
Sterculia tragacantha Lindl. Malvaceae mP GC-SZ 
Strombosia pustulata Oliv. var. pustulata  Olacaceae mP GC 
Strophanthus hispidus DC. Apocynaceae Lmp GC-SZ 
Tabernaemontana crassa Benth. Apocynaceae mp GC 
Tarenna corymbosa (Willd.) Pit. Rubiaceae mP GC 
Thaumatococcus daniellii (Bennet) Benth. Marantaceae Lmp GC 
Triumfetta rhomboidea Jacq. Malvaceae np GC 
Turraeanthus africanus (Welw. Ex C.DC.) Pellegr. Meliaceae H i 
Urera repens (Wedd.) Rendle Urticaceae H i 
Uvaria afzelii Sc. Elliot Annonaceae mP GC 
Uvariodendron angustifolium (Engl. & Diels) R.E. Fries Annonaceae np GC 
Xanthosoma sagittifolium (L.) Schott Araceae H i 
Xanthosoma wendlandii (Schott) Standl. Araceae H i 
Xylopia villosa Chipp Annonaceae mP GC 

 


