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Use values, specific composition and structural variability of néré [Parkia biglobosa (Jacq.) G.Don] forests in the Sudanian zone of Chad

ABSTRACT
This study consisted of determining the uses and distribution of the woody flora in the néré parks of the Middle Chari Province and characterizing it. Surveys were conducted among the local population on the use and management of Parkia biglobosa. Floristic inventories were carried out using rectangular plots of 2,500 m². To this end, 96 phytosociological surveys were conducted. The ethnobotanical data were subjected to content analysis using SPSS 25.0 software. The 3-parameter Weibull distribution was performed using Minitab 17 software. The results showed that the seeds (100%) and fruit pulp (98,7%) are widely consumed in various forms by the population. The leaves, bark, and roots are used to treat diseases (dental caries and pinworm infection). Fermented seeds are used as an additive in sauces. The yellowish pulp of the fruit is considered a staple food by the local population. In addition, the floristic inventory of P. Biglobosa identified 95 species divided into 65 genera and 29 families. The diameter distribution structure of néré trees varies across different production systems. Nevertheless, there is a high density of stems in the diameter classes [10-15] and [100-105] for the Dannamadji field, with 9 and 5 trees per hectare, respectively. Indeed, P. biglobosa is a food tree with multiple uses, including food, medicinal, economic, and cultural, and therefore requires industrial development.
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1. INTRODUCTION
In Africa, non-timber forest products (NTFPs), or all biological materials other than wood, derived from forest ecosystems have played an important role in the survival of both rural and urban populations for centuries. They continue to contribute to poverty reduction and food security for populations in forest regions (Moupela et al., 2011). Rural African communities have excellent traditional knowledge of the value and properties of many plant species that are still underutilized (Moupela et al., 2011). The néré tree is typical of the semi-arid and sub-humid areas of West Africa. Although the néré tree grows naturally in the bush, it is considered a “useful” tree in Chad. Initially selected and preserved by farmers in cultivated fields or recently fallow land, the néré tree is an important source of harvestable products. Daoud Awa, a product made from processed néré seeds, is specifically produced by women (Roger, 2013). This species is well known in the area due to its importance in food and traditional medicine, with a strong heritage character (Mabetty, 2018). The density of the néré tree varies considerably from one area to another and can be influenced by agricultural practices. Stand structures may also vary, with some areas showing insufficient regeneration and others showing moderate densities with ongoing regeneration (Kourouma et al., 2013). Basal area (amount of wood per unit area) can also vary, ranging from 2.47 m²/ha to 12.38 m²/ha (Kourouma et al., 2013). In agricultural areas, néré density can be high (e.g., 305.75 trees/ha in fields), according to a study in Togo. However, in savannas, lower density with scattered trees is often observed (Tchao, 2024).
Among savanna trees, Parkia biglobosa, commonly known as néré, occupies an important place in terms of the value that local populations place on it (Léonie, 2020).
The néré is a food tree of the Mimosaceae family that has been considered protected in Chad since the early 2000s and is widespread in the fields and open forests of the country's Sudanese regions (Blench, 2003). It is a multifunctional species whose economic, socio-cultural, medicinal, commercial, and agroforestry importance has been widely documented in West Africa (Bayala et al., 2005; Koura et al., 2013; Maisharou and Larwanou, 2015).  
Among savanna trees, Parkia biglobosa, commonly known as néré, occupies an important place in terms of the value that local populations place on it (Léonie, 2020).
The néré is a food tree of the Mimosaceae family that has been considered protected in Chad since the early 2000s and is widespread in the fields and open forests of the country's Sudanese regions (Blench, 2003). It is a multifunctional species whose economic, socio-cultural, medicinal, commercial, and agroforestry importance has been widely documented in West Africa (Bayala et al., 2005; Koura et al., 2013; Maisharou and Larwanou, 2015).  One hundred grams of dry Néré flour provides the body with 432 calories and contains 36.5 mg of protein, 28.8 g of fat, 378 mg of iron, vitamin BB, and a number of other nutrients, according to a study published in January 2016 by the Food and Agriculture Organization of the United Nations (FAO).
In addition to its nutritional value, Néré has proven benefits against several diseases. The FAO indicates that regular consumption of this product and its derivatives is a good way to prevent high blood pressure and even combat it. The plant prevents and reduces certain forms of anemia. It also appears to be very effective in treating certain cases of decalcification, according to the same source.
Despite the importance of this species, the heavy pressures currently exerted on the vegetation of the Sudanian zone of Chad and the lack of scientific data on its populations greatly reduce any prospect of its sustainable management and use. There is therefore an urgent need to conduct studies that can serve as a basis for developing a more effective conservation policy for this useful species. To this end, the overall objective of this study on P. biglobosa is to contribute to a better understanding and appreciation of Parkia biglobosa in Chad.
.2.    MATERIALS AND METHODS
2.1 Description of the study area
The Middle Chari Province is one of Chad's 23 provinces, with its capital in the city of Sarh. It comprises three departments (Bahr-Kôh, Grande Sido, and Lac Iro) and 18 sub-prefectures. The province covers an area of 50,250 km² with a population of 598,284 (5.4% of the national population), of which 302,344 are women (according to the 2nd RGPH, 2009). It is located between 18°23' east longitude and 9°08' north latitude. It is cosmopolitan (Sar, Sara Kaba, Ngama, Daye, etc.) with different cultures. The activities carried out by this population are mainly based on agriculture, livestock farming, fishing, gathering, and crafts.
The climate is tropical, characterized by rainfall varying from 800 to 1,200 mm per year. The vegetation is sparse forest with a variety of species and rich, diverse soils (Goy et al., 2022). The flora of the Middle Chari is quite rich, with both natural and anthropogenic formations. The most common species in this area are: Combretum collinum, Vitellaria paradoxa, Cissus populnea, Piliostigma thonningii, Zizyphus mauritiana, and Vachellia siebieriana.
The ethnobotanical survey was conducted in various localities located in three departmental capitals in the Middle Chari Province. These were chosen as study sites due to the abundant presence of néré and the strong involvement of their populations in its exploitation.[image: ]
Figure 1: Map showing the location of the sampled areas in the province of Moyen-Chari(CNRD, 2025)

2.2 Ethnobotanical surveys in households and markets 
The survey was conducted in August 2024. Data was collected through ethnobotanical surveys using semi-structured interviews based on a questionnaire. The information sought concerned the socio-demographic characteristics of the respondents, the different uses of Parkia biglobosa, the parts used, frequency of use, its impact on rural production, recent production, and methods of maintenance, etc.
2.3 Inventaire floristique
In order to assess the condition of néré stands in agroforestry parks, we adopted stratified sampling based on land use patterns. Inventory plots were set up in fields and fallow land at least five years old, based on the presence of at least one adult Parkia biglobosa tree. Floristic inventories and dendrometric measurements were carried out during July and September 2024 using 50m x 50m plots per site, for a total of 96 plots. The plots were set up on homogeneous vegetation facies and separated by at least 100 m. The site characteristics of each plot (topography, soil texture, vegetation formation, disturbance) were recorded. The inventory and dendrometric measurements covered all pieds de P. biglobosa and woody species present on the plateau. The variables measured were stem diameter at 1.30 m above ground level (Dbh) and total height in adult individuals. For multi-stemmed individuals, Dbh was measured and quadratic diameters were calculated. The health status of each individual measured was also assessed according to the following coding system: 1 = healthy individual; 2 = diseased individual (individual attacked, parasitized, or partially damaged); 3 = dead individual (Thiombiano et al., 2016).
The associated woody species are assigned a Braun-Blanquet (1932) abundance-dominance coefficient. These coefficients are defined as follows:
5 = 75 to 100% cover;
4 = 50 to 75% cover;
3 = 25 to 50% coverage;
2 = 5 to 25% coverage;
1 = 1 to 5% coverage;
+ = less than 1% coverage.
Most of the surveys were carried out in open forest vegetation formations, fields, and fallow land. 
2.4 Data analysis
Analysis of ethnobotanical survey data
For data processing, the information collected was compiled in Excel 2013 and subjected to statistical content analysis using SPSS 25.0 software. The analyses focused on calculating ethnobotanical indices, namely:
The citation frequency (CF) for each category of use is determined by the following formula:
FC
Dendrometric characteristics
The following parameters were calculated to describe the dendrometric and demographic characteristics of Parkia biglobosa:The average density (dm) of individuals expressed as the number of individuals per hectare. It was obtained using the formula:   (2) with n : total number of trees (Dbh ≥ 5 cm) in the square, s : area of the square (s = 0,4 ha).
· The average diameter (dm) expressed in cm:  , (3) with di, the diameter at 1.30 m above the ground from individual  of the square
· 
- Woody plant diversity in néré parks
All woody species were listed and identified according to the nomenclature of the Angiosperm Phylogeny Group IV (APG IV) classification (2016). The following parameters were calculated:
- Importance value index (IVI) = relative density + relative dominance + relative frequency;
- Family importance value (FIV) = relative dominance + relative density + relative diversity (Heikkinen and Birks, 1996).
Demographic structure of populations
The structure of P. biglobosa populations was analyzed using the distribution of individuals in diameter classes of 5 cm amplitude. To better assess the dynamics of the stands, these structures were adjusted by superimposing a 3-parameter Weibull distribution (Husch et al. 2003) using Minitab 17 software.
This Weibull distribution provides greater visibility on the structure of stands (Tjørve, 2003; Glele et al., 2015) due to its flexibility. Its probability function (f) is expressed according to the formula:   (4)
with x = diameter of trees at 1.30 m above ground level; a = threshold or position parameter, which in our case is the lower threshold for measuring tree diameters of 5 cm in the present document; b = size parameter; c = observed shape parameter.
The 3-parameter Weibull distribution was calculated using Minitab 17 software.
Determination of common species and plant diversit
Plant diversity and species frequency were determined based on survey records. To determine common species, an estimate was made based on the representativeness of each species of all families encountered in the plant surveys. - Common species are recorded in at least 50% of surveys.
- infrequent species are present in 25 to 49% of surveys;
- rare species are present in less than 25% of surveys.
3. RESULTS
3.1 Ethnobotanical surveys in households and markets
3.1.1 Use values of Parkia biglobosa
The results in Table 1 show the different parts of P. biglobosa that are most commonly used and were most frequently cited by the populations in the study area. The four organs with the highest rates are: seeds, with a usage rate of 100%; pulp, with a rate of 98,7%; leaves, with a rate of 74,6%; and finally bark, with a rate of 71,4%. On the other hand, the exocarp has the lowest rate of use. In fact, the seeds and pulp of the fruit are widely consumed in various forms by the population. The leaves, bark, and root are used in the treatment of diseases such as dental caries and pinworm infection. The leaves are used in rituals.
The seeds are processed into a by-product that is widely used as an additive in various local sauces. They are also used in the germination process of P. biglobosa.
A total of 165 people were surveyed. According to respondents (52,3%, n= 165), néré leaves are widely used in rituals. In Balimba, néré leaves are hung at the entrance to house gates to ward off evil spirits from visitors (28,5%, n= 90). They are also used for purification in the event of accidental death (23,8%, n=75) (traffic accidents, stabbings, drownings, etc.). A calabash containing néré leaves soaked in water is placed at the entrance to the funeral site to allow those who do not have money to contribute to wash their hands before returning home. Doing so is believed to sever their connection to the curse that caused the death.

Like the Greco-Roman tradition of laurel leaves, in Kyabé the use of néré leaves is a mark of distinction reserved for men who have achieved something of great social significance. Those who are honored by wearing this leaf during ceremonies or gatherings attest to their bravery. 
The exocarp is little known to the general public but has a very important use in fishing for catching fish.  
       

Table 1 : The organs used
	Organs used
	Number (n)
	                            Percentage (%)
 

	Seed 
	315
	100

	Pulp 
	311
	98,7

	Leaf
	235
	74,6

	Bark
	225
	71,4

	Wood
	72
	22,9

	Root
	29
	9,2

	Exocarp
	1
	0,3



3.1.2 Managed maintenance mode 
The results in Table 2 show the managed maintenance mode used for P. biglobosa.  According to the surveys, when asked about the treatment administered to P. biglobosa. stands in the locality to ensure their sustainable management, 50,2% said that the stands receive no treatment, followed by 34.9% who recognized weeding as the appropriate treatment, especially if the species is found in their fields.,
Table 2: Maintenance method
	Discussions on settlements
	Staff numbers (n)
	  Percentage (%)

	No treatment 
	158
	50,2

	Weeding (bush fire control)
	110
	34,9

	Pruning old trees
	59
	18,7

	Protection against animals
	18
	5,7

	Prohibition (water and forests)
	14
	4,4

	Watering 
	1
	0,3



3.1.3Perception of respondents according to the morphological state of the population
Overall, the population is severely degraded, with a high percentage (75.9%) and a very low percentage (12.7%) in a static state (Figure 2).

Figure 2: Respondents' perceptions according to population status
3.1.4 Respondents' perceptions according to the influence of nere on production
According to respondents, the presence of Parkia in the field has a negative impact (72.7%) on production (Figure 3).

Figure 3: Respondents' perceptions of the influence of néré on production
3.2  Floristic inventory
3.2.1  Distribution of néré trees in different production systems 
According to field investigations, the spatial distribution of néré is mainly found in three types of land use systems, namely fields, fallow land, and open forests. The most dominant production systems in terms of density are agricultural fields and fallow land, followed by open forests.
Over an area of 24 hectares, we counted an average of 288 néré individuals (i.e., 1 néré tree per 830 m2 of area) in the three production systems listed above.
3.2.2  Diameter structure 
The diameter distribution structure of néré trees varies across different production systems: fields, fallow land, and open forests. It should be noted that a high stem density is observed in the diameter classes [10-15]and [100-105]for the Dannamadji field, with 9 and 5 stems per hectare, respectively (Figure 4 A). In the Balimba fields, there is a concentration in the diameter classes [55-60[and [60-65[with 8 and 8 stems per hectare, respectively (Figure 4 B).  Finally, in the Kyabé field, the diameter class ranges from [35-40]Percentage to [100-105]with 5 and 5 trees per hectare, respectively (Figure 4C). The classes [80–85]and [100–105]are observed in the Dannamadji fallow field with 3 and 6 trees per hectare, respectively (Figure 5 A). As for the Balimba fallow field [20–45]and [75–80], there are 10 and 5 trees per hectare, respectively.pieds /ha (Figure 5 B). 
With regard to open forests, significant aging has been observed in stands with a scarcity of néré trees in the Balimba and Kyabé forests, except for a possible diameter class in Dannamadji defined in the class [25-30[and [70-75]with 2 and 2 trees per hectare, respectively (Figure 5 C). Such irregular distribution is characteristic of disturbed systems.
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Figure 4 : Population structure at  P. Biglobossa (A) dannamadji Field (B) Balimba Field, (C)  Kyabé Field
 
Figure 5 : Population structure at  P. biglobosa (A) Dannamadji fallow land, (B) Balimba fallow land, P.biglobosa (C) Dannamadji light forest  
3.2.3  Spectrum of families.
The floristic inventory of Parkia biglobosa identified 95 species divided into 65 genera and 29 families across the province's departmental capitals.
For families, the importance value (FIV) differs between the three harvesting areas. The table below shows the importance values of the most represented families in P. Biglobosa stands. The families common to the three collection areas are: Anarcardiaceae, Annonceae, Arecaceae, Combretaceae, Euphorbiaceae, Fabaceae, Meliaceae, Moraceae, Rhamnaceae, Rubiaceae, Sapotaceae, Tiliaceae, Verbenaceae, and Vitaceae. Cannabaceae, Chrysobalanaceae,Burseraceae and Polygalaceae are particularly present in the stands in the Balimba area. It should be noted that Capparidaceae are only present in the Kyabé stand and the Appocynaceae are the characteristic families of the Danamadji area. Fabaceae (23,10%) and Combretaceae (19,29%) are the most dominant and most represented families in Balimba. Furthermore, in Dannamadji, Fabaceae (30,66%) and Combretaceae (19,58%) are the most represented families; in contrast, in Kyabé, Combretaceae (27,03%) and Fabaceae (20%) are the most represented families. With regard to the importance value index (IVI) accompanying parks in Néré, the three dominant species apart from P. biglobossa are, for Dannamadji P. thonningii (6,62%), C. collinum (6,38%) et V. paradoxa (5,43%) ; for Balimba, C. collinum (6,02%), V. paradoxa (5,40%) et C.populnea (5,16%) and for Kyabé, V.siebieriana (8,65%), Z. mauritiana (7,02%) et C. populnea (7,02%).
The study of the health status of Parkia biglobosa populations shows a variable proportion of healthy P. biglobosa individuals between the main towns of the Middle Chari Province. Of the 147 adult individuals counted in the Balimba area, 93.87% are healthy, 4.76% are aging, and 1.36% are infected with parasites commonly known as Tapinanthus sp. In the Dannamadji area, 93.58% of the individuals counted are healthy. 4.76% of individuals show signs of aging and 0.92% are infected with Tapinanthus sp. parasites. In the Kyabé area, 93.75% of individuals are healthy and 6.25% are aging.








Table 3: Importance Value of Families (FIV) based on 3 departmental capitals in the province
	family
	Balimba
	Dannamadji
	Kyabé

	Anacardiaceae
	4,05
	1,42
	7,57

	Annonaceae
	4,91
	2,83
	2,16

	Arécaceae
	5,04
	1,65
	3,24

	Asclepiadaceae
	3,44
	1,89
	-

	Apocynaceae
	-
	0,71
	-

	Bignoniaceae
	1,35
	-
	2,7

	Burseraceae
	0,61
	-
	-

	Caesalpiniaceae
	0,25
	3,07
	-

	Cannabaceae
	0,74
	-
	-

	Capparidaceae
	-
	-
	1,08

	Celastraceae 
	0,61
	0,94
	-

	Chrysobalanaceae 
	0,12
	-
	-

	Combretaceae
	19,29
	19,58
	27,03

	Ebenaceae
	2,58
	1,18
	-

	Euphorbiaceae
	6,51
	11,32
	5,41

	Fabaceae 
	23,1
	30,66
	20

	Loganiaceae
	0,49
	0,94
	-

	Meliaceae
	1,6
	0,47
	0,54

	Moraceae
	1,6
	0,94
	1,08

	Polygalaceae 
	0,12
	-
	-

	Rhamnaceae
	2,21
	2,59
	7,03

	Rubiaceae
	4,91
	4,95
	2,7

	Sapindaceae
	0,37
	0,94
	-

	Sapotaceae
	5,41
	5,9
	3,78

	Tiliaceae
	1,35
	3,07
	1,62

	Verbenaceae
	2,09
	2,12
	5,41

	Vitaceae
	5,53
	1,42
	8,65

	Ximeniaceae
	0,25
	1,18
	-

	Zygophyllaceae
	0,12
	0,24
	-





Discussion
The studies reveal that there were 315 respondents, including 174 women (55,2%) and 141 men (44.8%). The age of respondents ranged from 18 to 75 years. These results are similar to those of Avana-Tientcheu et al. (2019) in Cameroon, with 285 respondents, including 196 women and 89 men. 
The results show that seven types of organs for seven main categories of use were listed by the populations in the study area. These values are lower than those obtained in Benin, where about ten parts of the plant are used for eight categories of use (Koura et al., 2011). This would indicate a higher level of knowledge about the species in Benin and additional potential for the use of the species in Chad through raising awareness among the population of new uses that were previously unknown. 
Overall, the forest cover is severely degraded, with a high percentage (75,9%) and a very low percentage (12,7%) in a static state. This degradation is due to various factors, including: excessive logging, accounting for 30,5% of the total, for firewood; bush fires, accounting for 26%; climate change, accounting for 25,1%; lack of reforestation, accounting for 18,4%; and finally, agriculture, accounting for 10,2%.  This has a negative impact on fruit production. These factors combined lead to a significant change in the structure and composition of the population, with a considerable reduction in fruit yields. 
The presence of Parkia in the field has a negative impact on production in 72,7% of cases, which is why very few trees are found in fields, with a low rate of 15,6% on neutrality. This is explained by the fact that the Néré, due to its extensive canopy and the shade it generates, has an adverse impact on certain crops.
The study identified three systems of néré production, namely fields, fallow land, and open forests. It should be noted that open forests have very few trees. This is because only food-producing species such as Parkia biglobossa, Vitellaria paradoxa, and Tamarindus indica are protected in fields and fallow land. Those present in forests are at risk of extinction by the population through various uses, including firewood and bush fires (due to environmental factors and degradation of the environment such as overgrazing and uncontrolled exploitation of organs). Similar results were obtained by Avana-Tientcheu et al. (2019) in the parks of Néré in the Tandjilé Province of Chad. This contrasts with the findings of Maponmetsem et al. (2011) in Cameroon, where they observed that nearly 80% of the potential of shea trees is conserved in natural systems. In the same study, the forest, 

The clear forest was only mentioned in one of the three localities, indicating that the populations of the Middle Chari Province are highly dependent on the néré trees preserved in their cultivated and fallow plantations.
The average diameter of Parkia biglobosa varies depending on the type of production system. In fields, the diameter class structure indicates a high value compared to fallow land and clear forests. Similar results have been observed in southern Burkina Faso, where it has been noted that the type of cropping system does not influence the density of P. biglobosa individuals (Ræbild et al., 2012). However, it has been observed in Togo that farmers' tree management practices contribute to greater growth in diameter in fields and height in fallow land (Padakale et al., 2015). The low potential of P. biglobosa in open forests in the study area clearly demonstrates that outside fields, P. biglobosa receives virtually no protection and is exposed to all kinds of threats, both natural and anthropogenic.

The results of the study reveal that P. biglobosa is a species that grows on three soil production systems. Addressing the issue of the woody vegetation associated with P. biglobosa, it is dominated by Fabaceae and Combretaceae. This could be explained by the relatively high number of species from these families in the inventory plots. According to Diarassouba et al. (2008), the diversity, which appears to be controlled by farmers, is the result of an active selection process applied to natural populations.
CONCLUSION
At the end of this study, the dendrometric characteristics of natural populations of Parkia biglobosa show similarities and differences between the three locations in the Moyen Chari Province of Chad. The results of the ethnobotanical study showed that P. biglobosa is a food tree with multiple uses, including food, medicinal, economic, and cultural. Beyond its nutritional value, it plays a significant economic role with a profitable value chain for local populations, although the natural regeneration of the species is limited given the disruptive exploitation and natural conditions. In terms of dendrometric parameters, the population densities of the species do not vary significantly. This study shows that néré parks are floristically poor. According to the importance value index (IVI) values in the floristic assemblage of stands with P. biglobosa, V. paradoxa, C. populnea, C. collinum, Z. mauritiana, P. thonningii, and V. siebieriana are the main dominant woody species.
At the end of this study, fields with degraded stands are therefore prioritized for measures to restoration of mangrove forests. This action should employ assisted natural regeneration and planting techniques. Where possible, land should be set aside for fallow to allow for species regeneration. As for fallow land, producers should be made aware of the importance of maintaining regeneration. In addition, the forest code prohibiting the cutting of Parkia biglobosa in fields and fallow land must be respected throughout the species' range in Chad.
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Percentage of respondents



image1.jpeg
18°6,60°E. 198,60

1018,00N

18°6,60°E. 19°6,60°E

Projection WGSB4.
Sourcos: Basos do danndes CNRDIGPS

10°18,00N

ol

oL
‘," ORIENTAL

Les poiints d'échantilionnages
@ BALIMBA

& DANNAMADJI

® KABE

g L i e Sarn

— Les routes principales

Les départements du Moyen Charl
[ Bahr Koh

B Grande Sico.

[ Lac o

[ Lo province du Moyen Chari
1 Limite c Tohart





