Impact of deforestation on the expansion of Loranthaceae in urban forests: A case study of the urban area of Daloa, Center-West, Côte d'Ivoire


ABSTRACT 
Aims: In Côte d'Ivoire, deforestation of natural formations has favored the expansion of parasitic vascular plants of the Loranthaceae family, also affecting certain trees and shrubs in urban forests. The aim of this study is to identify the Loranthaceae species present in urban areas, assess their level of infestation and contribute to a better understanding of the indirect repercussions of deforestation on their expansion. 
Methodology: Surveys were carried out along roadsides, in gardens, schools, the university site and undeveloped areas in the commune of Daloa. 
Results: Two species of Loranthaceae were identified: Phragmanthera capitata and Tapinanthus bangwensis. A total of 35 host species belonging to 27 genera and 19 families were recorded, 82.86% of which were parasitized by T. bangwensis and 25.71% by P. capitata. The most infested families were Mimosaceae (14.29%) and Caesalpiniaceae (11.43%), with Albizia (14.81%) and Ficus (11.11%) as the main hosts. Of these taxa, 31.43% are woody fruit trees. Overall incidence was estimated at 8.50%, with an average intensity of 1.50 clumps/tree. 
Conclusion: The study underlines that deforestation favors the expansion of Loranthaceae in urban areas, hence the need for ecological management to preserve tree health.
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1. INTRODUCTION
The expansion of Loranthaceae on trees and shrubs, both in natural formations and in agricultural areas, has become a major concern due to the damage they cause to host plants (Soro, 2010). Loranthaceae, commonly known as “African mistletoe,” are higher plants that, by establishing themselves on the stems or branches of trees, draw water and mineral salts from their hosts that they cannot extract directly from the soil, behaving as hemiparasites (Boussim, 2002). They generally appear in the form of tufts, anchored in the wood of the host tree by means of a sucker, a specialized organ that establishes functional connections with the conductive tissues of the host plant. Through this type of parasitism, they extract the water and mineral salts they need for their development while maintaining autonomous photosynthesis. Widely distributed in the intertropical and temperate regions of the world, Loranthaceae belong to the order Santalales and comprise 77 genera for over 950 species in Africa (Dibong et al., 2009). In Côte d’Ivoire, 24 species have been recorded (Amon et al., 2017). Their presence on arborescent species leads to progressive weakening of the host trees. In addition, the wood around the point where the parasite attaches itself undergoes structural changes, such as swelling or bulging, making it unsuitable for use as timber. For these reasons, Loranthaceae are a threat to both cultivated trees and forest species. Today, faced with the growing challenges of deforestation and poor agricultural practices, exacerbated by climate change (Gnagbo et al., 2024; Millennium Ecosystem Assessment, 2005), the spread of these parasitic plants, once confined to certain ecosystems, is now also being observed on trees and shrubs in urban forests, i.e., on all trees in urban areas. In Côte d’Ivoire, although several studies have already highlighted the parasitism exerted by these plants in various environments through floristic inventories (Amon et al., 2010 ; Koffi et al., 2014), no specific research has, to date, been devoted to Loranthaceae in urban forests, where they parasitize various woody species to varying degrees. Given the importance of meeting the environmental challenges of preserving tree ecosystems, this study is set against a backdrop in which deforestation, particularly marked in Côte d'Ivoire (Gnagbo et al., 2024), is encouraging the proliferation of parasitic vascular plants such as Loranthaceae. In the absence of dense forest cover, these hemiparasites find new hosts among the trees and shrubs of urban environments, compromising the health of the urban tree heritage. The aim of this study is to gain a better understanding of the indirect effect of deforestation on the expansion of Loranthaceae on trees and shrubs in urban forests belonging to public or private bodies in Daloa and to assess their level of infestation.

2. MATERIALS AND METHODS
2.1. Study area
The study was conducted from March 2023 to May 2024 in the urban area of Daloa, located in center-west Côte d'Ivoire. It lies between 6°52' and 6°87' north latitude and between 6°27' and 6°45' west longitude (Fig. 1). The climate is sub-equatorial, characterized by four seasons (a long rainy season from April to mid-July, a short dry season from mid-July to mid-September, a short rainy season from mid-September to November and a long dry season from December to March) (Eldin, 1971). In terms of vegetation, the study area belongs to the Guinean domain, formerly composed of dense, semi-deciduous rainforests (Guillaumet & Adjanohoun, 1971). However, this vegetation is largely degraded due to various agricultural activities (N’guessan et al., 2014). 

2.2 Methods 
The inventory of Loranthaceae and their host plants was carried out using the itinerant survey method in the urban area of the commune of Daloa (Fig. 1). This involved traveling through the study area, following public roads and exploring various urban spaces, both developed and undeveloped: leisure areas, gardens, residential areas, schools and universities. In each of the sites surveyed in the Daloa urban area, all trees and shrubs were observed. Observations were made with the naked eye. 
For each parasitized tree, certain parameters were recorded: 
- the number of Loranthaceae tufts carried by the host individual was counted; 
- the Loranthaceae species carried by each host individual was identified;
- the number of parasitized individuals per parasite species was counted;
- morphological type of each host individual;
- samples of each host individual were collected for identification using literature.

Parasite samples were then collected and determined using the reference work by Boussim (2002), Soro (2010), Amon et al. (2017). For host plant samples, the illustrated flora of Arbonnier (2002), the works of Bongers et al. (2005), Lebrun & Stork (1992) and Aké-Assi (2001), as well as herbarium specimens from the CNF in Abidjan, Côte d’Ivoire, were consulted. The nomenclature adopted is that of the APG IV system (2016).
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Fig. 1 : Presentation of the study area and survey sites















































2.3. Data analysis 
2.3.1. Analysis of floristic composition of host taxa
The floristic composition of the Loranthaceae host taxa inventoried and their distribution by family and genus were analyzed.



2.3.2. Analysis of tree and shrub infestation levels 
2.3.2.1. Assessment of tree susceptibility to Loranthaceae
The degree of sensitivity of trees to Loranthaceae in the urban area was assessed by incidence. Loranthaceae incidence (IL) expresses the percentage of Loranthaceae parasitism on parasitized trees (Amon et al., 2025), according to the following relationship:
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2.3.2.2. Determining the colonization index of parasites encountered
The parasite colonization index (PCI) obtained by the ratio between the number of clumps of species i over the total number of trees parasitized by this parasite species (Ngotta et al., 2015):
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With ICP < 0.3: low colonization; 0.3 < ICP ≤ 0.6: medium colonization; 0.6 < ICP ≤ 1: high colonization; ICP > 1: very high colonization.

2.3.2.3. Determining the average number of Loranthaceae clumps
The average number of Loranthaceae clumps (AnLc) is calculated as the ratio of the total number of Loranthaceae clumps to the number of parasitized trees (Amon et al., 2025):
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2.4. Data processing 
The data collected were entered using Microsoft Word 2013 spreadsheet software, then organized and processed using Microsoft Excel 2013 spreadsheet software to generate tables and graphs.

3. RESULTS
3.1 Loranthaceae species encountered
A total of two Loranthaceae species were inventoried in the urban area of Daloa. These were Phragmanthera capitata (Sprengel) Ball. and Tapinanthus bangwensis (Engl. et K. Krause) Danser. There are two genera: Phragmanthera and Tapinanthus. P. capitata is distinguished by an oval blade with an obtuse apex and a yellow corolla (Fig. 2), while T. bangwensis is characterized by an obtuse base and a red corolla (Fig. 3).
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Fig. 2: View of flowering branches of
P. capitata collected in an urban area
Fig. 3: View of a clump of T. bangwensis on a branch of a host taxon in an urban area.














3.2. Host species inventoried
The results obtained enabled 35 Loranthaceae host species to be inventoried (Table 1). These species are divided into 16 families, the most important of which are (Fig. 4):
- Fabaceae families, with 10 species ;
- the Moraceae families, with 5 species ;
- the Apocynaceae, Combretaceae, Malvaceae, Myrtaceae, Rutaceae and Verbenaceae families, each represented by 2 species. 

Table 1: Loranthaceae host species recorded in the urban area of Daloa


	Nº
	Species & genera
	Family
	Morphological type
	Parasitic species

	
	
	
	
	Pc
	Tb

	1
	Acacia longifolia (Andr.) Willd
	Fabaceae
	Shrub
	-
	+

	2
	Acacia mangnium Will.
	Fabaceae
	Tree
	-
	+

	3
	Albizia andianthifolia (Schum.) W. F.
	Fabaceae
	Tree 
	+
	-

	4
	Albizia julibrissin Durazz
	Fabaceae
	Shrub
	-
	+

	5
	Albizia lebbeck (L.) Benth.
	Fabaceae
	Tree
	-
	+

	6
	Albizia zygia (DC) J. F. Macbr.
	Fabaceae
	Tree 
	-
	+

	7
	Alstonia boonei De Wild.
	Apocynaceae
	Tree
	-
	+

	8
	Adansonia digitata L.
	Bombacaceae
	Tree 
	-
	+

	9
	Annona muricata L.
	Annonaceae
	Tree
	+
	-

	10
	Artocapus altilis J.R. Forst. & G. Forst.
	Moraceae
	Tree
	-
	+

	11
	Azadirachta indica A. Juss.
	Meliaceae
	Tree 
	-
	+

	12
	Bligia sapinda C. köng
	Sapindaceae
	Tree
	-
	+

	13
	Cassia siamea Lam
	Fabaceae
	Tree
	+
	-

	14
	Cassia sieberiana DC.
	Fabaceae
	Tree 
	-
	+

	15
	Citrus limon (L.) Burm. f.
	Rutaceae
	Tree
	-
	+

	16
	Citrus sinensis (L.) Osbek
	Rutaceae
	Tree
	+
	+

	17
	Cola nitida (Vent.) Schott & Endl.
	Malvaceae
	Tree 
	-
	+

	18
	Dolonix regia (Boj. Ex Hook.) Raf.
	Fabaceae
	Tree
	-
	+

	19
	Eugenia malaccensis L.
	Myrtaceae
	Tree
	-
	+

	20
	Ficus capensis Thunb.
	Moraceae
	Tree 
	-
	+

	21
	Ficus benghalensis
	Moraceae
	Tree
	-
	+

	22
	Ficus benjamina
	Moraceae
	Shrub
	-
	+

	23
	Ficus exasperata Vahl
	Moraceae
	Tree
	+
	-

	24
	Gmelina arborea Roxb.
	Verbenaceae
	Tree 
	-
	+

	25
	Newbouldia laevis (P.Beauv.) Seemann ex Bureau
	Bignionaceae
	Shrub
	-
	+

	26
	Persea americana Mill.
	Lauraceae
	Tree
	+
	-

	27
	Pinus maritima Aiton
	Pinaceae
	Tree 
	-
	+

	28
	Plumeria alba L.
	Apocynaceae
	Shrub
	-
	+

	29
	Psidium guajava L.
	Myrtaceae
	Tree
	-
	+

	30
	Spondias mombin L.
	Anacardiaceae
	Tree 
	-
	+

	31
	Tamarindus indica L.
	Fabaceae
	Tree
	-
	+

	32
	Tectona grandis L.
	Verbenaceae
	Tree
	+
	+

	33
	Terminalia catappa L.
	Combretaceae
	Tree
	-
	+

	34
	Terminalia mantaly H. Perr.
	Combretaceae
	Tree 
	+
	+

	35
	Theobroma cacao L.
	Malvaceae
	Tree
	+
	-

	Total
	9
	29


 Meaning of abbreviations: Tb - T. bangwensis; Pc - P. capitata; + - Present, - - Absent

  

Fig. 4: Distribution of Lorantahceae host species in Daloa's urban forests













The remaining 10 families, referred to as “Others,” are each represented by 1 species. T. bangwensis was observed on 29 host taxa, while P. capitata parasitized only nine (Table 1).
The results obtained show that the genetic diversity of host taxa is also significant, with 25 genera (Fig. 5). The most diverse genera in terms of host species are : 
- the Albizia and Ficus genera, each represented by 4 parasitized species ; 
- the genera Acacia, Cassia, Citrus and Terminalia, each represented by two parasitized species. The remaining 9 genera are monospecific. 
In addition, the results show 2 morphological types in the 35 host species: 85.71% are trees, i.e., 30 host taxa and 14.25% are shrubs, i.e., 5 host taxa (Table 1). 


Fig. 5: Distribution of botanical genera of Loranthaceae host species
















3.3. Level of infestation of host species  
Table 1 shows the infestation rate of host species inventoried in the Daloa urban area. The incidence of Loranthaceae on trees and shrubs in the Daloa urban area ranged from 1.06% in Azadirachta indica to 21.05% in Albizia zygia (Table 2). The results show that 13 host species recorded an incidence greater than 10 and 22 host species had an incidence of less than 10%. The highest incidence averages were obtained in Albizia zygia with 21.05%, Acacia mangium (16.12%), Citrus sinensis (15.79%), Terminalia catappa (15.38%), Persea americana (14.79%), Albizia guachapele, Blighia sapinda and Ficus capensis, each with an incidence of 14.29%. A further 13 host species recorded an incidence of less than 5%. These included Cassia siamea (0.87%), Cassia sieberiana (3.84%) and Gmelina arborea (4%).


Table 2: Loranthaceae host spectrum and degree of infestation

	Nº
	Species & genera
	Family
	Hlth
feet
	Inf feet
	Nb tufts
	Incidence (%)
	Avg
nb tufts

	
	
	
	
	
	
	
	

	1
	Acacia longifolia (Andr.) Willd
	Fabaceae
	11
	1
	1
	9,09
	1

	2
	Acacia mangnium Will.
	Fabaceae
	31
	5
	11
	16,12
	2,20

	3
	Albizia andianthifolia (Schum.) W. F.
	Fabaceae
	29
	3
	6
	10,34
	2

	4
	Albizia guachapele (Kunth) Dugand
	Fabaceae
	21
	3
	5
	14,29
	1,67

	5
	Albizia lebbeck (L.) Benth.
	Fabaceae
	90
	5
	10
	5,57
	2

	6
	Albizia zygia (DC) J. F. Macbr.
	Fabaceae
	19
	4
	8
	21,05
	2

	7
	Alstonia boonei De Wild.
	Apocynaceae
	18
	2
	3
	11,11
	1,50

	8
	*Adansonia digitata L.
	Bombacaceae
	44
	3
	4
	6,81
	1,33

	9
	*Annona muricata L.
	Annonaceae
	24
	2
	4
	8,33
	2

	10
	Artocapus altilis J.R. Forst. & G. Forst.
	Moraceae
	9
	1
	1
	11,11
	1

	11
	*Azadirachta indica A. Juss.
	Meliaceae
	188
	2
	3
	1,06
	1,5

	12
	Bligia sapinda C. köng
	Sapindaceae
	7
	1
	1
	14,29
	1

	13
	Cassia siamea Lam
	Fabaceae
	230
	2
	2
	0,87
	1

	14
	Cassia sieberiana DC.
	Fabaceae
	26
	1
	1
	3,84
	1

	15
	*Citrus limon (L.) Burm. f.
	Rutaceae
	36
	2
	3
	5,56
	1,50

	16
	*Citrus sinensis (L.) Osbek
	Rutaceae
	138
	6
	12
	15,79
	2

	17
	*Cola nitida (Vent.) Schott & Endl.
	Malvaceae
	8
	2
	5
	25
	2,50

	18
	Dolonix regia (Boj. Ex Hook.) Raf.
	Fabaceae
	134
	3
	5
	2,24
	1,67

	19
	*Eugenia malaccensis L.
	Myrtaceae
	12
	1
	2
	8,83
	2

	20
	Ficus capensis Thunb.
	Moraceae
	7
	1
	1
	14,29
	1

	21
	Ficus benghalensis
	Moraceae
	13
	1
	1
	7,69
	1

	22
	Ficus benjamina
	Moraceae
	272
	1
	1
	0,37
	1

	23
	Ficus exasperata Vahl
	Moraceae
	11
	1
	2
	9,09
	2

	24
	Gmelina arborea Roxb.
	Verbenaceae
	25
	1
	1
	4
	1

	25
	Newbouldia laevis (P.Beauv.) Seemann ex Bureau
	Bignionaceae
	41
	1
	1
	2,43
	1

	26
	*Persea americana Mill.
	Lauraceae
	142
	21
	27
	14,79
	1,29

	27
	Pinus maritima Aiton
	Pinaceae
	39
	1
	1
	2,56
	1

	28
	Plumeria alba L.
	Apocynaceae
	37
	1
	1
	2,70
	1

	29
	*Psidium guajava L.
	Myrtaceae
	126
	4
	8
	3,17
	2

	30
	*Spondias mombin L.
	Anacardiaceae
	18
	2
	3
	11,11
	1,50

	31
	*Tamarindus indica L.
	Fabaceae
	33
	1
	1
	3,03
	1

	32
	Tectona grandis L.
	Verbenaceae
	519
	8
	11
	1,54
	1,33

	33
	*Terminalia catappa L.
	Combretaceae
	13
	2
	4
	15,38
	2

	34
	Terminalia mantaly H. Perr.
	Combretaceae
	128
	3
	5
	2,34
	1,67

	35
	*Theobroma cacao L.
	Malvaceae
	17
	2
	4
	11,76
	2

	Average
	8,50
	1,50


Meaning of abbreviations: * - Fruit species ; Hlth - Healthy ; Inf - Infested ; Nb - Number ; Avg - Average ; nb - number




The results show that of the 35 host species inventoried, 12 well-known fruit taxa were found to be parasitized to varying degrees in urban areas. These included Cola nitida, Citrus sinensis and Persea americana. The average incidence of Loranthaceae on trees and shrubs in urban areas is 8.50% (Table 2). Table 2 also shows the average number of Loranthaceae clumps on each host taxon. The average number varies between 1 and 2.50 clumps/tree. Eleven of the 35 host taxa each have 2 tufts/tree. These include Albizia andianthifolia (Fig. 6), Albizia lebbeck (Fig. 7), Albizia zygia, Annona muricata, Citrus sinensis, Cola nitida, Eugenia malaccensis, Ficus exasperata, Psidium guajava (Fig. 8) and Terminalia catappa (Fig. 9).
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Fig. 7: Parasitized Albizia lebbeck plant in an urban area
Fig. 6: Albizia andianthifolia plant heavily parasitized in an urban area
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Fig. 8: Psidium guajava parasitized 
            in an urban area
Fig. 9: Terminalia catappa tree heavily parasitized in an urban area





















Table 3 shows the colonization index of the 2 Loranthaceae species found on trees and shrubs in the urban area. It shows 



very high colonization by T. bangwensis (ICLP = 1.13), compared with medium colonization by P. capitata (ICLP = 0.02).



Table 3: Colonization indices of T. bangwensis and P. capitata on trees and shrubs in urban areas	

	Species of Loranthaceae
	ICLP
	Level

	P. capitata
	0,37
	Medium

	T. bangwensis
	1,22
	Very high








4. DISCUSSION
Two Loranthaceae species were recorded on trees and shrubs in the urban area of Daloa. These are Phragmanthera capitata (Speng) Balle and Tapinanthus bangwensis (Engl. et K. Krause). This diversity is close to the 3 species (P. capitata (Speng) Balle, Helixanthera mannii (Oliv.) Damer and Phragmanthera sp.) observed in the urban ecosystem of Brazzaville, Congo (Kimpouni et al., 2017). The present study also reveals that these parasites are not specific to trees and shrubs in the urban area studied. The work of Kiangana-Ngoyi & Nkalath (2000), Jiofack et al. (2010), Houenon et al. (2012) and Kimpouni et al. (2017) had already shown P. capitata and T. bangwensis to be ubiquitous species widely distributed in Africa. However, the presence of these species, which parasitize trees in urban areas, suggests that the study area has favorable climatic conditions for their development (Soro, 2010). It would therefore be advisable to carry out an in-depth study of the biology and ecology of these parasitic plants in the Haut-Sassandra region, in center-west Côte d’Ivoire. The results indicate 35 host species recorded in the urban area of the commune of Daloa. This number may seem low compared with the 43 host plants inventoried by Amon & Mrankpa (2021) on the Jean Lorougnon Guédé University site. These host species in the urban area of Daloa are divided into 25 genera and 16 families. They show good generic and specific diversity compared with the six host species belonging to six genera and six families observed by Koffi et al. (2014) in the department of Katiola, northern Côte d’Ivoire. The results show that the most attacked families are Fabaceae (10 host taxa) and Moraceae (5 host taxa), followed by Apocynaceae, Combretaceae, Malvaceae, Myrtaceae, Rutaceae and Verbenaceae, each represented by 2 host taxa. These results corroborate those of Houenon et al. (2012) and Amon et al. (2010, 2017), who highlighted the significant attack of species belonging to the Fabaceae, Apocynaceae and Rutaceae families by Loranthaceae in Africa, particularly in Côte d’Ivoire. Four arborescent legumes belonging to the Fabaceae family, including 2 exotic species (Albizia guachapele and Albizia lebbeck) and 2 local species (Albizia adianthifolia and Albizia zygia), were found parasitized in urban areas. These results confirm those of Amon & Mrankpa (2021), who also reported the state of infestation of these tree legumes on the Jean Lorougnon Guédé University site. The average incidence of Loranthaceae on trees and shrubs obtained in urban areas as a result of this study is 8.50%. This value is higher than the rate of 5.47% reported by Koffi et al. (2014) in the department of Katiola but remains significantly lower than the 46.92% observed by Mrankpa (2018). The difference observed could be attributed to the diversity and density of woody plants present in the different environments surveyed.

5. CONCLUSION  
Trees and shrubs in the urban forests of Daloa are parasitized by 2 species of Loranthaceae. Of these 2 species observed in urban areas, T. bangwensis is the most frequent and the most infective on the host species inventoried. The host range of these parasitic plants comprises 35 species in 25 genera and 16 botanical families. The most parasitized families are Fabaceae (10 taxa), followed by Moraceae (5 taxa), then Apocynaceae, Combretaceae, Malvaceae, Myrtaceae, Rutaceae and Verbenaceae, each represented by 2 host taxa. The study revealed that of the 35 host species, 12 well-known fruit taxa, including Citrus sinensis, Persea americana and Psidium guajava, were parasitized in urban areas. The average incidence of Loranthaceae on all trees and shrubs in the urban area of Daloa was estimated at 8.50%, with an average number of 1.50 infested clumps per tree. Although this study has provided valuable information on the parasitism of trees and shrubs by Loranthaceae in urban areas, it should be extended to cover the entire urban flora of the Haut-Sassandra region. Such an extension would enable a better understanding of the indirect impact of deforestation on the actual expansion of these parasites and an in-depth analysis of the ecological consequences of their parasitism.
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