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Survey of Invasive Species Among the Weed Flora in Selected Tree Crop and Forest Tree Plantations in Ibadan, Nigeria



Abstract
Plant invasions are a worldwide occurrence that have detrimental impacts on the environment. Monitoring the status of invasive species in tree crops and forest plantations is essential for informed management decisions. This study identified weed species in selected tree crop and forest tree plantations in Ibadan to evaluate the prevalence of invasive weed species within the plant community.
A systematic sampling design was employed for the enumeration of weed species in the plantations (Oil palm and Teak plantations in the University of Ibadan, and Mango and Organic Citrus Orchards in the National Horticultural Research Institute, Ibadan). Weed species rooting within 56, 58, 48 and 60 quadrats (1 m x 1 m) in oil palm, teak; mango and citrus respectively were identified and enumerated. The density and frequency of the weed species were calculated following standard procedure and Relative Importance Values (RIV), Shannon-Wiener, Dominance and Jaccard’s Similarity indices were further determined. 
Invasive species like Alternanthera brasilliana (6.96% RIV in Oil palm), Chromolaena odorata (9.95% in Teak), Andropogon tectorum (7.58% in Mango) and Tithonia diversifolia (7.56% in Organic Citrus) were present in the plantations. The Shannon-Wiener index was relatively high and ranged from 2.81 to 3.21 while the dominance index was low and ranged from 0.05 to 0.09 in the plantations. The Oil palm plantation and Organic orchard were most similar (73.68%) while Oil palm and Teak plantations were least similar (20.76%) based on weed species. 
Invasive species were present in the plantations, and this may lead to suppression of indigenous species.  
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1. Introduction
[bookmark: _Hlk189650545][bookmark: _Hlk189650959][bookmark: _Hlk189650986][bookmark: _Hlk189207408]Plant invasions are worldwide occurrence that are linked to anthropogenic activities (Pysek et al., 2020). These activities encompass agriculture (seed exchange, machinery movement, grazing, etc.), migration, transportation, and trade. Invasive plant species are plants that are not native to a region where it is introduced and have detrimental impacts on the environment (Uzomachukwu et al., 2024). Some of their notable features include rapid growth rates, extensive dispersal capabilities, large and rapid reproductive output and broad environmental tolerance (Birthisel et al., 2021; Shephard et al., 2022). These attributes give them competitive advantages over the indigenous plant species. Some invasive plant species that have been detected in Nigeria include Alternanthera brasilliana, Alternanthera sessilis, Chromolaena odorata, Hyptis suaveolens, Commelina benghalensis and Tithonia diversifolia, Acmella brachyglossa, Leucaena leucocephala (Borokini, 2011; Tanimola et al., 2017; Obiakara et al., 2023). 
[bookmark: _Hlk189650638][bookmark: _Hlk189134623][bookmark: _Hlk189649935]Invasive plants species have negative effects on living and non-living entities of the environment. Shuvar et al. (2021) reported that the ecological integrity of native habitats and ecosystems is negatively impacted by the homogenisation of flora and fauna caused by invasive plant species. Their presence in ecosystems substantially reduces the diversity and richness of native species (Dornelas et al., 2014; Rivas-Torres et al., 2017), and this may affect the survival of some endangered plant species (Syliver et al., 2020). As a result of this, some ecosystem functions such as nutrient cycling, biomass production and water dynamics are disrupted (Langmaier and Lapin, 2020; Pyšek et al., 2020; Rai and Singh, 2020; Obiakara et al., 2023).
[bookmark: _Hlk189650217][bookmark: _Hlk189651256][bookmark: _Hlk189651322]Invasive plant species are recognised as a global threat to forestry, owing to their direct and indirect harmful impacts on forest health and related ecosystems (Rai and Sing, 2020). The prevalence of invasive plant species has gone beyond free areas as they are now being reported in protected areas across the world (Borokini, 2011). There is scarcity of data on the status of invasive weed species in tree crop and forest tree plantations in Ibadan, Nigeria. Monitoring the status of invasive species in tree crops and forest plantations is essential for informed management decisions. This study identified weed species in selected tree crop and forest tree plantations in Ibadan to evaluate the prevalence of invasive weed species within the plant community 
2. Materials and Methods
2.1 Study Locations
The enumeration was carried out in four plantations at the University of Ibadan (UI) and National Horticultural Research Institute (NIHORT), Ibadan in 2016. The plantations at UI were Oil palm and Teak plantations while Mango and Organic citrus orchards were situated at NIHORT. The Oil palm plantation is within the Teaching and Research Farm, University of Ibadan, Ibadan. It lies at latitude 7°27′15.1″ N and longitude 3°53′25.3″ E, with an elevation of 162 m above sea level (ASL). The Teak plantation is located within the University of Ibadan Forest Reserve, University of Ibadan, Ibadan. It covers an area of 0.305 km2 (30.512 ha) of mixed land uses made of teak stands, a rock outcrop and farmlands. The teak plantation also lies at latitude 7°27′25.18″ N and longitude 3°54′14.04″ E, with an elevation of 209 m ASL. The mango orchard lies at latitude 7°24′34.9″ N and longitude 3°51′8.5″ E, with an elevation of 200 m ASL. The organic citrus orchard lies at latitude 7°24′29.1″ N and longitude 3°50′47.5″ E, with an elevation of 179 m ASL.
2.2 Sampling and Measures of Importance
A systematic sampling design was employed for the enumeration of weed species in each of the plantations. At the Oil palm plantation, a base line of 193 m was laid in the plantation. A total of four transects were located along the base line. At nine metres interval along each transect, two quadrats (1 x 1 m) were laid to either side of the transects. A total of 56 quadrats were laid in the plantation and used to enumerate the herbaceous flora. 
A base line of 420 m was established in the Teak plantation and eight transects were located along the base line. At 50 m intervals along each transect, two quadrats (1 x 1 m) were laid to either side of the transects. A total of 58 quadrats were laid in the plantation and used to enumerate the herbaceous flora. 
A base line of 700 m was laid in the mango orchard and 12 transects were located along the base line. At 60 m intervals along each transect, two quadrats (1 m x 1 m) were laid to either side of the transects. A total of 48 quadrats were laid in the plantation and used to enumerate the herbaceous flora. 
At the Organic citrus orchard, a base line of 95 m was laid in the plantation. A total of five transects were located along the base line. Along each transect at five-meter intervals, two quadrats (1 m x 1 m) were laid to either side of the transects. A total of 60 quadrats were laid in the plantation and used to enumerate the herbaceous flora. 
Herbaceous flora occurring in each quadrat in each plantation was identified using published flora (Akobundu and Agyakwa, 1998). Weeds that could not be identified were coded, pressed in wooden press and taken to the herbarium in the Department of Botany, University of Ibadan for identification. The density and frequency of the weed species were calculated following standard procedure and Relative Importance Values (RIV), Alpha diversity and Jaccard’s Similarity indices were further determined.
2.3 Data Analysis
Data were analyzed using standard ecological indices. The Relative Importance Value (RIV, %) for each species was calculated as the average of its relative density and relative frequency, following the method of Awodoyin et al. (2013):
RIV (%) = 
				  
Species density was determined as the number of individuals of a species per unit area sampled. Relative density (%) was computed as the proportion of the density of a given species to the total density of all species, multiplied by 100. Frequency (%) was calculated as the number of quadrats in which a species occurred divided by the total number of quadrats sampled, multiplied by 100. Relative frequency (%) was obtained as the proportion of the frequency of a given species to the total frequency of all species, multiplied by 100. Alpha diversity (species diversity indices) was estimated from the species densities computed with Paleontological Statistics Software (PAST) version 2.14 (Hammer et al., 2001). Beta diversity, representing the expression of between habitat diversity was determined using the Jaccard similarity index (Spellerberg, 1993). Jaccard index of community similarity (SCj) was calculated as:
SCj =                 x 100
	
where w is the number of species common to both communities, A is the total number of species in community A, and B is the total number of species in community B. The index ranges from 0% (no similarity) to 100% (complete similarity) (Spellerberg, 1993).
3.0 Results
3.1 Weed Species Composition and Relative Importance Values
The families Asteraceae, Fabaceae and Poaceae were the most prevalent across the four plantations (Table 1). A total of 58 weed species belonging to 18 families were found in the four plantations, with 30, 32, 31 and 33 species found in UI oil palm plantation, UI teak plantation, mango orchard and Organic citrusorchard respectively (Table 1). Only ten weed species were common to the four plantations. They were Alternanthera brasilliana, Andropogon tectorum, Centrosema pubecens, Chromolaena odorata, Combretum hispidum, Commelina benghalensis, Desmodium scorpiurus, Hypoestes verticillari, Laportea aestuans and Tithonia diversifolia (Table 1). 
In oil palm plantation, Commelina erecta had the highest RIV while Chromolaena odorata had the lowest (Table 1). Chromolaena odorata had the highest RIV while Alchornea cordifolia had the lowest RIV in teak plantation (Table 1). In mango orchard, the highest RIV was recorded for Tithonia diversifolia while the lowest was Phyllantus amarus (Table 1). Similarly, in organic citrusorchard, Tithonia diversifolia had the highest RIV, while the lowest was Combretum hispidium (Table 1).
3.2 Diversity Indices and Similarity Index Values of Weed Species 
Table 2 shows the diversity indices of weed species in selected tree crop and forest tree plantations. The number of taxa was found to be highest in organic citrus orchard and lowest in oil palm plantation. The Dominance index values across the plantations were low, with lowest recorded in the Organic citrus orchard. The Shannon-Wiener index values in oil palm, Teak and Mango plantations were moderate while it was high in organic citrus orchard. The Simpson index values across the plantations were high, with highest recorded in the organic citrus orchard.
The Jaccard (SCj) similarity index values comparing selected tree crops (oil palm, mango and organic citrus) and forest tree (teak) plantations in Ibadan based on weed species is presented in Table 3. It was observed that oil palm plantation and organic citrus orchard were the most similar while oil palm and teak plantations were the least similar.

Table 1: Herbaceous floristic composition and relative importance values of selected tree crop and forest tree plantations in Ibadan.
	S/N
	Family
	Plant Species
	OP
	TP
	MO
	OO

	1
	Acanthaceae
	Asystasia gangetica (L. T.) Anders.
	1.76
	-
	1.95
	3.27

	
	
	Hypoestes verticillaris (L. F.) Soland.
	4.29
	4.40
	3.15
	4.96

	2
	Amaranthaceae
	Achyranthes aspera L.
	
	
	1.78
	2.79

	
	
	Alternanthera brasilliana L.
	6.96
	9.11
	7.92
	6.45

	
	
	Alternanthera sessilis (L.) DC.
	1.82
	-
	4.02
	2.47

	
	
	Cyathula prostrate (L.) Blume
	0.82
	-
	-
	1.19

	
	
	Fleurya ovalifolia (Schum.) Chew
	11.35
	-
	-
	-

	
	
	Gomphrena celosoides Mart.
	-
	-
	1.51
	-

	3
	Asteraceae
	Ageratum conyzoides L.
	-
	0.85
	-
	-

	
	
	Chromolaena odorata (L) R.M. Kings & Robinson
	0.24
	9.95
	4.53
	3.62

	
	
	Melanthera scandens (Schum.& Thonn.) Roberty
	1.51
	-
	-
	1.76

	
	
	Synedrella nodiflora (L.) Gaertn.
	3.78
	-
	4.12
	4.26

	
	
	Tithonia diversifolia (Hemsl.) A. Gray.
	9.35
	7.85
	10.21
	7.56

	
	
	Tridax procumbens L.
	-
	1.90
	5.76
	4.62

	
	
	Vernonia amygdalina Delile (VA)
	-
	4.03
	-
	-

	4
	Combretaceae
	Combretum hispidum Laws
	0.33
	1.73
	0.65
	0.57

	
	
	Combretum racemosum P. Beauv.
	-
	1.59
	-
	-

	5
	Commelinaceae
	Commelina benghalensis L.
	6.88
	3.58
	7.27
	6.41

	
	
	Commelina erecta L.
	12.06
	-
	8.26
	6.90

	
	
	Pennisetum purpureum Schumach.
	3.09
	-
	2.44
	2.31

	6
	Convolvulaceae
	Evolvulus alsinoides L.
	1.36
	-
	-
	-

	
	
	Ipomoea involucrata P. Beauv.
	-
	6.48
	-
	-

	
	
	Ipomoea triloba Linn.
	-
	0.78
	-
	1.69

	7
	Cucurbitaceae
	Luffa cylindrical (L.) M.Roem.
	1.32
	-
	-
	1.37

	8
	Cyperaceae
	Cyperus esculentus L.
	-
	-
	0.55
	-

	
	
	Cyperus haspan L.
	-
	0.63
	-
	-

	
	
	Cyperus rotundus L.
	0.51
	0.65
	-
	0.96

	9
	Euphorbiaceae
	Alchornea cordifolia (Schum. and Thonn.) Muell. Arg.
	0.27
	0.21
	-
	0.65

	
	
	Croton lobatus L.
	0.85
	-
	-
	-

	S/N
	Family
	Plant Species
	OP
	TP
	MO
	OO

	
	
	Euphorbia heterophylla L.
	-
	0.92
	1.63
	-

	
	
	Euphorbia hirta L.
	-
	-
	3.97
	-

	
	
	Mallotus oppositifolius (Geisel.) Mull. Arg.
	0.48
	-
	-
	-

	
	
	Manihot esculenta Crantz
	-
	0.72
	-
	-

	
	
	Phyllathus amarus Schum, et Tonn.
	-
	1.46
	0.29
	2.34

	10
	Fabaceae
	Calopogonum mucunoides Desv
	5.38
	0.49
	
	5.63

	
	
	Centrosema pubecens Benth.
	1.09
	1.05
	1.16
	1.42

	
	
	Desmodium scorpiurus (Sw.) Desv
	1.61
	1.97
	1.09
	1.89

	
	
	Indigofera hirsute L.
	-
	1.06
	-
	-

	
	
	Ischaemum rugosum Salisb.
	3.60
	-
	-
	-

	
	
	Mimosa pudica L. (Laajvanti)
	-
	-
	1.54
	-

	
	
	Pueraria phasioloides (Roxb.) Benith.
	6.35
	-
	4.33
	7.07

	11
	Malvaceae
	Corchorus olitorius Linn.
	-
	-
	0.33
	-

	
	
	Sida acuta Burm.F.
	1.87
	
	2.00
	2.22

	
	
	Sida cordifolia L.
	-
	-
	2.86
	-

	12
	Nyctaginaceae
	Boerhavia diffusa L.
	-
	-
	-
	1.58

	13
	Poaceae
	Andropogon gayanus Kunth
	-
	3.73
	2.42
	-

	
	
	Andropogon tectorum Schum& Thonn
	2.24
	6.78
	7.58
	1.96

	
	
	Brachiaria deflexa (Schumach.) CE Hubbard
	-
	1.95
	-
	-

	
	
	Cynodon dactylon (L.) Pers.
	1.30
	-
	1.41
	1.57

	
	
	Fimbristylis feruginea (L.) Vahl
	2.78
	-
	-
	2.68

	
	
	Leptochloa chinensis (L.) Nees
	-
	1.23
	-
	-

	
	
	Setaria barbata (Lam.) Kunth
	1.91
	-
	2.08
	2.27

	14
	Rubiaceae
	Mitracarpus villosus (SW) DC.
	-
	2.16
	0.51
	0.73

	
	
	Oldenlandia herbacea (Linn.) Roxb
	-
	1.03
	-
	-

	15
	Smilacaceae
	Smilax anceps Willd.
	-
	11.91
	0.62
	1.07

	16
	Tiliaceae
	Talinum fruticosum (L.) Juss.
	-
	0.93
	1.17
	2.46

	17
	Urticaceae
	Laportea aestuans (L.) Chew
	0.85
	8.16
	0.91
	1.30

	18
	Vitaceae
	Cissus arguta Hook. F.
	-
	0.82
	-
	-


(OP: UI oil palm plantation, TP: UI teak plantation, MO: mango orchard, NIHORT and OO: organic citrus orchard, NIHORT) 

Table 2: Community structure of weeds in selected tree crop and forest tree plantations in Ibadan in 2016          
	[bookmark: _Hlk189572475]Indices
	Oil palm
	Teak
	Mango
	Organic Citrus

	Taxa
	30
	32
	31
	33

	Dominance_D
	0.09
	0.07
	0.07
	0.05

	Shanon_H
	2.81
	2.93
	2.99
	3.21

	Simpson Index
	0.91
	0.93
	0.93
	0.95





Table 3: Jaccard similarity index values (%) comparing selected tree crop and forest tree plantations in Ibadan based on weeds in 2016
	
	Oil palm
	Teak
	Mango

	Teak
	20.76
	
	

	Mango
	47.73
	38.30
	

	Citrus
	73.68
	34.69
	52.27










4. Discussion
The herbaceous composition of the selected tree crop and forest tree plantations in Ibadan showed that the dominant weed families were Asteraceae, Fabaceae and Poaceae. This corroborates the report of Olayinka et al. (2022) that Fabaceae, Euphorbiaceae, Asteraceae and Poaceae were the prevalent weed families in monocropping plantations of University of Ilorin. Also, according to Chafic et al. (2013), Asteraceae, Poaceae, and Fabaceae were the three most common weed groups in 150 citrus orchards in North-Eastern Morocco. Furthermore, in a study of weeds in some economic orchard trees in Aljouf, Saudi Arabia, it was observed that the highest number of species enumerated belonged to the Poaceae and Asteraceae family (Alhaithloul, 2019). Oluwatobi and Olorunmaiye (2021), also observed that the most common weeds in an oil palm plantation in Nigeria's rainforest zone belonged to the Poaceae and Asteraceae families. 
Furthermore, the prevalence of these families in the plantations can be linked to their ubiquitous nature. The Asteraceae family, which includes more than 1600 genera and 25,000 species globally, is one of the largest flowering plant groups (Rolnik and Olas, 2021) and is dispersed worldwide, with the exception of Antarctica (Funk et al., 2005). According to Ahmad et al. (2016), the Fabaceae family has about 19,400 species and is the third most common group of flowering plants worldwide. The Poaceae family make up roughly 20% of the land in the world and are the most successful Angiosperms which thrive in every temperature and habitat (Majeed et al., 2022)
The relative importance values of herbaceous flora at the selected tree crop and forest tree plantations showed the prevalence of some invasive weed species like Tithonia diversifolia, Alternanthera brasilliana, Andropogon tectorum and Chromolaena odorata. This attests to the earlier report of Borokini (2011) that 25 invasive plant species were discovered in the field gene bank of the National Centre for Genetic Resources and Biotechnology in Ibadan. It also corroborates the findings of Essandoh et al. (2011) that C. odorata was the most prevalent weed species in an Oil Plam Plantation in Ghana and observation of Awodoyin et al., (2013) that C. odorata, that is the first invasive weed species in Nigerian fields is still present across Oyo State. 
Invasive weed species are characterized by rapid growth rates; extensive dispersal capabilities, large and rapid reproductive output and broad environmental tolerance (Birthisel et al., 2021; Shephard et al., 2022) and these features explain the presence and dominance of some of these invasive weed species across the selected plantations. Grazing, an anthropogenic disturbance observed within the University of Ibadan plantations may have contributed to the establishment of invasive plant species. The presence of these invasive plants in the plantations is dangerous. This can lead to the suppression and ousting of indigenous plant species (Syliver et al., 2020), and vulnerability of plantations to fire outbreak (Ohikhena and Awodoyin, 2012).
The diversity indices of weeds in the selected plantations imply moderate diversity of weeds with no dominance of a particular weed species. The high value of Jaccard (SCj) similarity Index value of oil palm plantation and organic citrus orchard may be as a result of the ubiquitous nature of some weeds species (Paul et al., 2024). 
The Jaccard (SCj) similarity Index values of oil palm plantation and teak plantation; teak plantation and citrus orchard; teak plantation and Mango orchard were low. This confirmed earlier report of Udoh et al. (2007) that plant species composition and abundances in the tropics respond to heterogeneity in soil properties, topography and level of inter-and intra-specific competitions. The high Jaccard (SCj) similarity value of oil palm plantation and organic citrus orchard may be attributed to environment stability as a result of reduced synthetic inputs in the management of the plantations. 

5. Conclusion 
The dominant weed families identified across the selected plantations were Asteraceae, Fabaceae, and Poaceae. The presence of invasive plant species within the studied plantations was evident, with some exhibiting widespread distribution that may potentially reduce plantation productivity and longevity. Regular surveys are therefore recommended to enable early detection and prompt management of invasive plant species. 
.
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