
Disease constraints preventing the production of huckleberry, potato and tomato in the Western Region of Cameroon

Abstract
 The West Region of Cameroon produces an important quantity of Solanaceous crops, including potato, tomato and huckleberry, etc. However, significant losses of these crops occur during the production and after harvest, thus impacting both their quantity and quality. During pre-harvest stages, plant diseases, pest infestations, and unfavorable weather conditions, potentially reduce the crop yield, whereas in post-harvest stages, losses occur due to improper handling, storage, transportation, and processing, among others. The present study is sought to investigate the prevalence of certain plant diseases as the main constraints of the productivity of three crops (potato, tomato and huckleberry, etc.) in the Western Region of Cameroon. This ethnobotanical survey was carried out from August 2019 to June 2020 among selected households from three divisions, enclosing four districts each. Cultural techniques, and problems encountered by farmers were gathered using a questionnaire and further analyzed. Moreover, a number of diseased plant samples were collected and examined. Irrespective of the sex, an important number of participants were engaged in potato and tomato farming with experience ranging from two to over thirty years. Farming of huckleberries was dominated by women. These crops were found to be cultivated during dry (August to December) and rainy (March to June) seasons for market purposes. Noteworthy, most tomato growers were organized into Collective Interest Groups. Among the diseases threatening the crops, late blight was the most significant, affecting 30 to 50 percent of crops depending on the locality. The methods used by producers were mostly classified as moderately effective, which did not lead to quality preservation of the products. In addition, crop production was quantitatively affected by plant diseases, such as the late blight. Among the three crops studied, tomato was the most affected by the plant disease, followed by potato, and then huckleberry. Although significant losses are reported during farming of tomato, potato, and huckleberry, the main income of households living in the studied area comes from the cultivation of these Solanaceous crops. The common farming practices across these farms, such as crop rotation, crop association, and both inorganic and organic fertilization, are beneficial for soil health and crop production. However, the excessive use of synthetic fertilizers and pesticides, along with the lack of control over agricultural inputs, pose challenges to sustainable farming practices. 
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INTRODUCTION
   The primary tuberous species within the Solanaceae family is potato, which is scientifically known as Solanum tuberosum. Other members of the Solanaceae family, while not primarily known for their tubers, include tomatoes and huckleberry. Huckleberry is a berry, while potato and tomato are both vegetables. These three food items, which are well known for their nutritional value, are the most cultivated Solanaceae plants in the Western Region of Cameroon. Tubers are a vital source of calories and revenue, making it a significant vegetable cash crop that is farmed all over the world.  More specifically, tubers provide food and a living for a large number of people throughout Africa.
Millions of people, especially in underdeveloped nations, rely on potatoes as a food resource because they have high contain in carbs, protein, minerals, lipids, crude fiber, and vitamins (Tima Manju, et al., 2024). In addition to being used as a raw material for industrial goods, potatoes are used as a food after boiling, roasting, pounding, and frying. Potatoes are also processed to manufacture animal feed (King and Slavin, 2013; Izmirlioglu and Demirci, 2015; Jagatee et al., 2015). With an estimated global output of 376.1 million tons in 2021, potato is the fourth most significant crop in the world right after rice, wheat, and maize (Jennings et al., 2020; Johnson and Auat Cheein, 2023). Small farmers in Cameroon cultivate potatoes in highland regions (Institute of Agricultural Research for Development). According to Tima Manju, et al. (2024), potatoes are mainly grown in six different regions of Cameroon, including North-West, South-West, West, Adamawa, Littoral, and Far-North. However, the agricultural production of this crop is hampered by pests and plant diseases, leading to decreased yields and economic losses The most damaging disease include the late blight, which is caused by a pathogenic microbe termed as Phytophthora infestans (Chowdappa et al., 2015). In fact, the late blight disease is responsible for over 50–70% crop losses (Tima Manju, et al., 2024). The disease mostly spreads through water-soaked lesions with asymmetrical boundaries to harm leaves, stems, petioles and tubers. These lesions commence tiny, but grow quickly in humid environments to yield significant crop losses (Sundaresha et al., 2015).
On the other hand, vegetables, which are rich in minerals and organic compounds (primary and secondary metabolites) are an important source of nutrients for humans (Tarla et al., 2015). Essential elements included in vegetables are vitamin A, C, B2, B6 and B9, calcium, phosphorus, and zinc. Noteworthy, the affordability and variety of fruits and vegetables make them superior to dietary supplements. While facing several challenges, potatoes’ production has shown a positive trend in Cameroon, thus increasing from approximately 200,000 tons in 2011 to 400,000 tons in 2020. However, this production (average of 14t/ha) is underestimated when compared with the yield of production in other countries, such as the Netherlands (430 t/ha) or Belgium (425 t/ha) (FAO, 2015). This might be due to the crop's vulnerability to insects like spider mite (Tetranychusurticae), melon fruit fly (Daucuscucurbitae), and whitefly (Bemisia tabaci), as well as diseases, such as the late blight and early blight (Tarla et al., 2015). While early blight results in yield losses of 30–60%, late blight can cause yield losses of up to 100% (Tarla et al., 2015). 
Because of its nutritional value, the flavor and texture of tomato fruit improves the diet's palatability (Tarla et al., 2015). Moreover, tomatoes contain lycopene, a powerful antioxidant, which is linked to reduced cardiovascular risk (Przybylska and Tokarczyk, 2022). Another meta-analysis reviewed 25 studies and reported that high lycopene consumption and lycopene serum concentrations reduced the overall mortality by 37%, cardiovascular disease by 14%, and stroke by 23% (Collins et al., 2022). While the production of tomato in Cameroon is substantial (over 1,068,495 tons produced in 2018), it faces challenges, such as the vulnerability to diseases, post-harvest losses, etc. 
Another vegetable, which is extensively consumed in Africa is the huckleberry (Solanum scabrum Mill.), which is an edible plant in the nightshade family, often cultivated for its leaves and berries (Manoko et al., 2008). The leaves are rich in nutrients, especially proteins, iron, ascorbic acid and riboflavin (Jiménez-Aguilar et Grusak 2015, Neugart et al., 2017). During the last years, a rising trend in the use of huckleberry by local populations has proven its proclaimed health benefits. Nutrients, such as proteins, iron, ascorbic acid and riboflavin are found in the leaves of huckleberry (Jiménez-Aguilar and Grusak, 2015; Neugart et al., 2017).  Plant diseases significantly threaten agricultural production and food security by causing substantial crop losses, reducing food availability, and impacting human health. Emerging plant diseases, in particular, may have devastating economic and social consequences, especially in low-resource settings, including African countries like Cameroon. These diseases can lead to malnutrition and, or in severe cases to famine (Gai and Wang, 2024). 
Based on the foregoing, the present study is sought to identify and discuss farming systems in households producing three Solanaceous crops (potato, tomato and huckleberry) in the Western highlands of Cameroon.

Materials and methods

The study area

To unravel the farming systems in households producing the three selected crops, fifteen villages located in three departments (Noun, Bamboutos and Menoua) of the Western region of Cameroon were chosen as the area of study.  These villages were selected by the national extension service officers (Ministry of Agriculture, Cameroon) according to the Cameroon Agricultural database and the cultural habits of people living in selected departments. Prior to the ethnobotanical survey, the main markets of selected departments were visited to collect near huckleberry, potato and tomato sellers, and more information about potential villages to be covered during the study. Thus, a total of forty-five villages located in wetlands of the West Region of Cameroon, were covered during this ethnobotanical study. The West Region of Cameroon, which is divided into 8 departments and 40 districts, has an area of 13893 km2, a population estimated to 1952 530 inhabitants with a density of 2,5 million inhabitants per km. As already discussed, from the eight departments, three were selected according to previous records and advice from agents of the Ministry of Agriculture operating in the Region.

Ethnobotanical investigation

             Data were collected during expeditions from appropriate locations using Participatory Research Appraisal tools and methods, such as direct observation, group discussions, individual interviews and field visits through a well-established questionnaire. To facilitate data collection, local women’s organizations were directly involved in the study at the site of collection (Figure 1). Moreover, certain characteristics of the surveyed areas (agro-ecological zone, name of location, name of sub-location, etc.) were also recorded.

Data collection
                    Data collection was performed among farmers, which were randomly selected from a list of farmers provided by the agricultural office of each district or sub-counties. The snowball method was used to interview the participants with a structured questionnaire. The meeting with huckleberry, potato and tomato farmers was facilitated by the agricultural extension agents. Two sub-counties were covered in each district, with more than 30 farmers interviewed and at least one key informant group discussion. Farmers were interviewed in French. After that, infected and non-infected plant samples were collected for further experiments.

Survey
The prevalence and severity of late blight were evaluated in huckleberry, potato and tomato, which are the prevalent crops growing in Bamboutos, Menoua and Noun divisions. Fields were visited twice at the vegetative stage of the studied plants. The percentage of plant area affected by the disease was recorded on three randomly selected sites of each location. 

Assessment of disease incidence
The disease incidence was evaluated according to a previously described protocol by Meya et al. (2015). To select the three fields required for disease assessment of each plant and recording, a disc was thrown randomly at each location. Upon landing of the disc on each site, ten plants were selected around the landing area whereby the total number of infected (with late blight) and non-infected leaves were recorded on four branches and three sections, including lower, middle and upper portions of each plant. Disease incidence was calculated using the following formula:
Disease incidence (%) = (n/N) x100. 
        Where n is the number of leaves with late blight symptoms and N is the total number of leaves recorded. An average percentage for the ten plants illustrated the disease incidence of respective sites, whereas an average percentage of three sites revealed the disease incidence of the concerned locality.
Severity
The severity of the disease on the studied plant leaves was measured according to a graded scale (0-5), as previously described by Sokhi et al. (1993).
Accordingly: 0 = No disease; 1 = Up to 20% leaf area affected; 2 = 21-40 % leaf area affected; 3 = 41-60% leaf area affected; 4 = 61-80% leaf area affected and 5 = More than 80 % leaf area affected.

Data Processing and Analysis
Results obtained from study of the three crops (tomato, potato and huckleberry) are presented in tabular forms. To analyze farmers’ demographics, socio-economic characteristics of these smallholders were subjected to Principal Component Analysis followed by a hierarchical ascendant classification (HAC) to cluster surveyed households into groups based on their similarity.
. Then, analyses were carried out according to the household classes obtained from HAC. These consisted of descriptive statistics (mean followed by standard deviation) and calculations of the frequencies.
RESULTS
1. Demographic information of the respondents
1.1. Tomato farmers
Table 1 summarizes the demographic information of tomato farmers. Tomato farming demographics vary, but generally show a higher representation of males. For example, only two districts (Penka Michel and Foto) out of eight showed 20% and 10% of females, respectively, whereas in the remaining six districts, 100% of tomato farmers were males. Most of the respondents   In view of longevity in tomato farming, producers from Galim had longevity of more than 10 years and were found to be the most experienced farmers followed by producers from Foto (Menoua department), Foumbot and Bamendzi (Noun division), then Penka Michel, Dschang and Batcham (Table 1). Almost all the respondents were farming tomatoes for trade.
1.2. Huckleberry producers
Table 2 shows the demographic distribution among huckleberry farmers. In general, huckleberry demoraphics vary, but show a higher representation of females compared to their male counterparts. In the Dschang district, 20% of male were found cultivating huckleberry, whereas in the remaining districts (7 districts) only women were farming huckleberry (100%). In the Batcham district, the average age of huckleberry farmers ranged from 33 to 44 years, whereas in Foto (Menoua department), farmers were aged more than 44 years. In Foumbot (Noun department), huckleberry producers were aged >30 years, whereas in Dshang (Menoua), the respondents were aged 20 years and above. Regarding the longevity in huckleberry farming, the producers showed at least one year of experience in this agricultural activity. A handful of respondents in Bafou and Foumbot were farming huckleberry for consumption (subsistence farming) (Table 2). 
1.3. Potato producers’ respondents
The demographic information of potato farmers is summarized in Table 3. Producers of potato were dominated by male (10% female vs 90% male) in Bafou and Penka Michel districts, whereas only men (100%) were found farming potatoes in the Dschang district. Most of the respondents were within the age group « 30-45 ». In view of longevity in potato farming, producers from Bafou had a longevity of more than 4 years and were found to be the most experienced potato farmers followed by producers from Dschang and Penka Michel (Menoua department) (Table 3). Almost all the respondents were farming tomatoes both for trade and home consumption. 


	



	



Table 1: Demographic information of among tomato farmers

	Departments
	Districts
	Sex
	Age group
	Farming experience (longevity)
	Reason for plant
 cultivation
	Season
	Cooperative association

	
	
	MALE
	FEMALE
	
	
	
	
	

	BAMBOUTOS
	BATCHAM
	100%
	
	30-45 years
	            >2 years
	Trade
	Dry and wet seasons
	NS

	
	GALIM
	100%
	
	33-44 years
	>10 years
	Trade
	Dry and wet seasons
	NS

	MENOUA
	DSCHANG
	100%
	
	>30 years
	>2 years
	Trade
	Dry and wet seasons
	No

	
	PENKA MICHEL
	80%
	20%
	≥30 years
	          >4 years
	Trade
	Dry and wet seasons
	No

	
	FOTO
	90%
	10%
	>30 years
	>5 years
	Trade
	Dry and wet seasons
	No

	NOUN
	FOUMBOT
	100%
	
	>30 years
	> 5 years
	Trade
	Dry and wet seasons
	No

	
	BAMENDZI
	100%
	
	>30 years
	             > 5 years
	Trade
	NS
	No


NS : Not specified.
      Table 2: Demographic information of huckleberry producers’ respondents
	Departments
	Districts
	SEX
	Age group
	Farming experience (longevity)

	Reason for plant
 cultivation
	Season
	      Cooperative association

	
	
	Male
	Female
	
	
	
	
	

	BAMBOUTOS
	BATCHAM
	
	100%
	33-44 years
	> 4 years
	Trade
	All seasons
	No

	
	GALIM
	NS
	NS
	NS
	NS
	NS
	NS
	NS

	MENOUA
	DSCHANG
	20%
	80%
	> 20 years 
	> 1 year
	Trade
	All seasons
	No

	
	BAFOU
	
	100%
	> 44 years
	4 years
	Trade, Subsidence
	All seasons
	No

	
	PENKA MICHEL
	NS
	NS
	NS
	NS
	NS
	NS
	NS

	
	FOTO
	NS
	NS
	NS
	NS
	NS
	NS
	NS

	NOUN
	FOUMBOT
	NS
	100%
	> 30 years
	>3 years
	Trade, Subsidence
	All seasons
	No

	
	BAMENDZI
	NS
	NS
	NS
	NS
	NS
	NS
	NS


NS : Not specified.
Table 3: Demographic information of irish potato producers

	Department
	Districts
	Sex
	
	Age group
	Farming experience (longevity)
	Reason for plant
 cultivation
	Season
	Cooperative 
association

	
	
	Male
	Female
	
	
	
	
	

	BAMBOUTOS
	BATCHAM
	NS
	NS
	NS
	NS
	NS
	NS
	NS

	
	GALIM
	NS
	NS
	NS
	NS
	NS
	NS
	NS

	MENOUA
	DSCHANG
	100%
	NS
	> 20 years
	≥1 year
	Trade, 
Subsidence
	All seasons
	No

	
	BAFOU
	90%
	10%
	25-44 years
	≥4 years
	Trade, 
Subsidence
	All seasons
	No

	
	PENKA MICHEL
	90%
	10%
	>30 years
	>1 year
	Trade 
	All seasons
	No

	
	FOTO
	NS
	NS
	NS
	NS
	NS
	NS
	NS

	NOUN
	FOUMBOT
	NS
	NS
	NS
	NS
	NS
	NS
	NS

	
	BAMENDZI
	NS
	NS
	NS
	NS
	NS
	NS
	NS


NS : Not specified.



2. Frequency and severity of tomato diseases and plant management with pesticides and fertilizers in the area of study
According to Table 4, a number of plant diseases, including late blight, plant virosis, gadfly, wilt, rust, Alternaria blight, and Whitefly were found to infect tomatoes in the area of study. Irrespective of the department studied, late blight disease was the most prevalent with higher percentages in Galim (Bamboutos) (35%), Dschang (Menoua) (50%), and Bamendzi (Noun) (20-30%). The mostly used fertilizer was 20-10-10, followed by 12-14-19, 19-12-19 and 13-15-20. To eliminate the pests, synthetic fongicides, such as Pencozeb, Manco star, Kalao, Jumper, chlorothalonyl, and flash one, were commonly used by tomato farmers. A handful of tomato producers from Penka Michel (Menoua), Foumbot and Bamendzi (Noun) usually use chicken manure (biofertilizer or organic fertilizer), rather than synthetic fertilizers. In Bamboutos and Menoua, Rio power and Sakata were the most cultivated varieties of tomato, whereas in the Noun department, cultures were dominated by Kiero, Long courier, Padma, Griffaton, Rio power, and hybrids (Table 4).
3. Occurrence and severity of garden huckleberry diseases and follow-up using pesticides and fertilizers in the area of study
Table 5 summarizes the occurrence and severity of diseases affecting huckleberry and their management using pesticides. Diseases affecting huckleberry mostly comprised late blight (frequency: 100% in Batcham, Dschang, Bafou and Penka Michel) and whitefly infections (frequency: 50% in Penka Michel). Fongicides, such as Caiman, Sicon, Agropic, bonsoin, Mon champ, Manco star and insecticides like K. optimal were used to reduce the devastating effects of the plant diseases. The most cultivated variety of huckleberry was termed as Large leaves-Foumbot. Although a number of farmers employ the synthetic fertilizer 20-10-10 to cultivate huckleberry, other producers were accustomed to the use of chicken manure for their plant production. Farming activities were carried out in all seasons.
4. Prevalence and intensity of garden huckleberry diseases and management using pesticides and fertilizers in the studied districts
Almost all potato farmers were found in the Menoua department where Desire and Doza are the most cultivated potato varieties. These varieties were mostly attacked by late blight (frequency : 50-100%), followed by whitefly and caterpillar infections. Fongicides, such as Balea, Pencozeb, Manezan, Agropic, Bonsoin, Gardien, as well as the insecticide K optimal. To facilitate the plant growth and increase the productivity, the fertilizer 20-10-10, was used by a number of producers, even though others were keen to use natural fertilizers, such as the chicken manure.






Table 4: Frequency and intensity of tomato diseases and plant management with pesticides and fertilizers

	Department
	Districts
	Variety of plants
	Types of diseases in the field/Pests
	Incidence
	Severity
	Frequency
	Treatments
	Fertlizer used
	Season

	BAMBOUTOS
	BATCHAM
	RIO POWER; SAKATA
	Late blight
	2%
	1
	80%
	Fongicides
(Metro star, Mancozan)
	12-14-19
	All seasons

	
	
	
	Virosis
	4%
	4
	80%
	Insecticide
	NS
	NS

	
	
	
	Alternaria blight
	5%
	1
	25%
	NS
	21-20-11
	NS

	
	
	
	Rust
	10%
	1
	25%
	NS
	NS
	NS

	
	
	
	Wilt
	3%
	           1
	50%
	
	
	

	
	GALIM
	RIO POWER; SAKATA
	Late blight
	35%
	2
	100%
	             Pesticides 
(Kalao, Agropik)
	NS
	All seasons

	
	
	
	Virosis
	NS
	NS
	NS
	NS
	20-10-10
	NS

	
	
	
	Flies
	NS
	NS
	NS
	NS
	NS
	NS

	MENOUA
	DSCHANG
	PADMA, LADY, NEYMA, SAKATA
	Late blight
	50%
	1
	50%
	Fongicide (Bonsoin, Agropic, Gardien)
	12-14-19
	All seasons

	
	
	
	Virosis
	30%
	3
	25%
	Insecticide (Kannon)
	20-10-10
	NS

	
	
	
	Alternaria blight
	50%
	1
	100%
	NS
	NS
	NS

	
	
	
	Rust
	30%
	1
	20%
	NS
	NS
	NS

	
	
	
	Gadfly
	20%
	5
	25%
	NS
	NS
	NS

	
	BAFOU
	RIO POWER; SAKATA
	Late blight
	20%
	1
	100%
	Fongicides (Chlorothalonyl, flash one)
	19-12-19
	NS

	
	
	
	Whitefly
	25%
	
	NS
	Feromone
	13-15-20
	NS

	
	
	
	Alternaria blight
	5%
	4
	100%
	NS
	NS
	NS

	
	
	
	Virosis
	10%
	1
	20%
	NS
	NS
	All seasons

	
	PENKA MICHEL
	RIO POWER; SAKATA
	Late blight
	5%
	1
	100%
	Fongicide (Flash one, jumper)
	Chicken manure
	NS

	
	
	
	Alternaria blight
	20%
	1
	50%
	NS
	NS
	NS

	
	
	
	Virosis
	35%
	5
	20%
	NS
	NS
	NS

	
	
	
	NS
	
	NS
	NS
	NS
	NS
	All seasons

	
	FOTO
	RIO GRANDE, PADMA,COBRA
	Wilt
	5%
	         5
	˂5%
	Fongicide (Bonsoin, Manezan, Gardien)
	NS
	NS

	NOUN
	
	
	
	
	
	
	
	
	

	
	FOUMBOT
	RIO POWER, KIERO, LONG COURIER, PADMA, GRIFFATON
	Late blight
	5%
	1
	90%
	Fongicide (Pencozeb, Manco star, Kalao, Jumper)
	20-10-10
	All seasons

	
	
	
	Virosis
	3%
	1
	20%
	NS
	Chicken manure
	NS

	
	
	
	Wilt
	20%
	1
	80%
	NS
	NS
	NS

	
	
	
	Rust
	15%
	1
	20%
	NS
	NS
	NS

	
	
	
	Gadfly
	
	
	
	NS
	NS
	NS

	
	BAMENDZI
	Hybrid
	Late blight
	20-30%
	2
	90%
	Fongicide (Pencozeb,Manco star, Kalao, Jumper)
	20-10-10
	NS

	
	
	
	Wilt
	NS
	NS
	NS
	NS
	Chicken manure
	All seasons

	
	
	
	Rust
	NS
	NS
	NS
	NS
	NS
	NS

	
	
	
	Gadfly
	NS
	NS
	NS
	NS
	NS
	NS










Table 5: Ocurrence and severity of garden huckleberry diseases, and follow-up with pesticides and fertilizers in the area of study

	Department
	Districts
	Variety of plant
	Types of diseases in the field/Pests
	Incidence
	Severity
	Frequency
	Treatments
	Fertlizer used
	Season

	BAMBOUTOS
	BATCHAM
	Foumbot 
(large leaf)
	Late blight
	5%
	1
	100%
	Fongicides (bonsoin, Mon champ, jumper)
	NS
	NS

	
	
	NS
	Caterpillar
	NS
	NS
	NS
	Insecticide (Caiman, Sicon)
	NS
	All seasons

	
	GALIM
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS

	MENOUA
	DSCHANG
	Foumbot 
(large leaf)
	Late blight
	10-15%
	1
	100%
	Fongicides (Agropic)
	20-10-10
	NS

	
	
	NS
	Whitefly
	NS
	NS
	NS
	NS
	Chicken manure
	All seasons

	
	BAFOU
	Foumbot
 (large leaf)
	Late blight
	5-10 %
	         1
	100%
	NS
	20-10-10
	All seasons

	
	
	NS
	Wilt
	NS
	NS
	NS
	NS
	Chicken manure
	NS

	
	PENKA MICHEL
	Foumbot 
(large leaf)
	Late blight
	50%
	2
	100%
	Fongicides (bonsoin, Mon champ)
	20-10-10
	NS

	
	
	NS
	Whitefly
	60%
	1
	50%
	Insecticides (K. optimal)
	Chicken manure
	All seasons

	NOUN
	FOTO
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS

	
	FOUMBOT
	Foumbot 
(large leaf)
	Late blight
	5%
	1
	80%
	Pesticides (Manco star)
	Chicken manure
	All seasons

	
	
	NS
	Whitefly
	NS
	NS
	NS
	NS
	NS
	NS

	
	BAMENDZI
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS


NS : Not specified.





Table 6: Prevalence and intensity of Irish potato diseases, and pmanagement of plants with pesticides and fertilizers in the studied area.

	Department
	Districts
	Variety of plant
	Types of diseases in the field/Pests
	Incidence
	Severity
	Frequency
	Treatments
	Fertlizer used
	Season

	BAMBOUTOS
	BATCHAM
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS

	
	GALIM
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS

	MENOUA
	DSCHANG
	DOZA, DESIRE, SPIRA
	Late blight
	10%
	1
	50%
	Fongicide (Balea)
	20-10-10
	All seasons

	
	
	NS
	Rust
	NS
	NS
	NS
	Insecticide K optimal
	Chicken manure
	

	
	
	NS
	NS
	NS
	NS
	NS
	NS
	13-13-21
	NS

	
	BAFOU
	DESIRE, DOZA
	Late blight
	80%
	2
	100%
	Fongicide (Pencozeb, Manezan, Gardien)
	20-10-10
	All seasons

	
	
	NS
	NS
	NS
	NS
	NS
	NS
	Chicken manure
	NS

	
	PENKA MICHEL
	DESIRE
	Late blight
	70%
	         2
	75%
	Fongicide (Agropic, Bonsoin Gardien)
	20-10-10
	NS

	
	
	NS
	Whitefly, caterpillar
	NS
	NS
	NS
	NS
	Chicken manure
	All seasons

	
	FOTO
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS

	NOUN
	FOUMBOT
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS

	
	BAMENDZI
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS


NS : Not specified.


Discussion

The Solanaceae family, which includes plants, such as tomatoes, potatoes, and huckleberries, is a diverse and important family of plants, especially in terms of food and other uses. These plants are among the most valuable crops after the major cereal grains rice, wheat and corn (Svobodová and Kuban, 2018). Plant pathogenic microbes cause substantial yield losses in several economically important crops, including tomato, potato and huckleberry (Rasul et al., 2019). Late blight, which is caused by Phytophthora infestans (Mont.) de Bary is an important disease in potato (Solanum tuberosum L.) and tomato (Lycopersicon esculentum Mill.). In the tropical highlands of Cameroon, this pathogen affects garden huckleberry (Solanum scabrum Mill.), tomatoes and potatoes (Fontem et al., 2005). Other infections that are prevalent in these crops include early blight (caused by Alternaria solani), tomato spotted wilt virus, whitefly and caterpillar infections, among others (Naalden et al., 2021 ; Schmey et al., 2024 ; Rebecca C., 2024). Most of these infections are usually controlled by the use of fongicides, and insecticides, etc. On the other hand, the quality control of these crops is ensured by the use of synthetic fertilizers. Noteworthy, quality control in agriculture involves various practices, including seed selection, pest and disease management, and post-harvest handling (Tudi et al., 2021). 
[bookmark: bbib22][bookmark: bbib31]In view of the importance and economic contribution of potato, tomato and huckleberry farming in the Western Region of Cameroon, the present study aimed to characterize the occurrence and prevalence of diseases affecting tomato, potato, and huckleberry as well as their management by using fertilizers and pesticides. To this end, an ethnobotanical survey was conducted in eight districts located in three different divisions of the Western Region of Cameroon, to identify the types of diseases that affect tomato, potato and huckleberry, their occurrence and severity, and to unravel farming practises, such as the use of fertilizers, pesticides. Moreover, the demographic information of the respondents was also recorded. Tomato and potato farming demographics vary, but generally show a higher representation of males. Perez et al. (2015) attributed the more involvement of men than women in farming a number of crops to the fact that women control less land than men, have less access to common property resources, as well as to cash to obtain goods or services (Perez et al., 2015). Doss et al. (2018) partially agree with this assertion and believe that these claims are myths that are not based on sound empirical evidence and that the concept behind the statement are not straightforward, even though there is a truth that women control fewer resources than those required to fulfill their responsibilities to ensure food and nutrition security for themselves and their families (Doss et al., 2015). In Sub-Saharan Africa and Asia, nationally representative data demonstrate that women own substantially less land, even though sex-separated data on land ownership is still very limited (Doss et al., 2015, Kieran et al., 2015). Perhaps, this assertion from Doss et al. (2015) makes sense ever since huckleberry producers were dominated by females than their male counterparts in this study. While some studies suggest women tend to be more at risk-averse, other research indicates that gender differences in risk aversion might not be as significant as initially thought (Ddamulira et al., 2021).
In tomato and potato farming, up to 10 years of longevity was recorded, while most of the respondents were found within the age group 30-45. The majority of farmers producing huckleberry were aged above 30 years. Irrespective of the plant, the majority of producers practised cash cropping over subsidence farming. In Cameroon, smallholder farmers are the backbone of food security and contribute significantly to the country's staple crop production. Specifically, smallholder farmers play a fundamental role in sustainable food and nutrition security through the production of nutritious food (Kapari et al., 2023). However, due to the economic crisis in the developing world, and the increase in accessibility of land to smallholder farmers, many producers have ventured into cash crop production (Touch et al., 2024). This shift is a response to the need for income generation and economic survival.
Among the smallholder farmers involved in tomato production, the majority were within the age group 30-45. The relatively low youth participation compared to adults was possibly due to limited or lack of funds to invest in acquisition of inputs that are required for tomato farming. The youth’s lack of interest in agriculture is significantly influenced by perceptions of low rewards and limited access to land, thus hindering their participation and driving them towards urban employment. Many young people view agriculture as a low-status, backbreaking occupation with limited financial returns, further discouraging them from pursuing farming as a career (Ng’atigwa et al., 2020; Boye et al., 2024). Irrespective of the plant identified, common diseases threatening the cultures included late blight, followed by plant virosis, Alternaria blight, wilt, rust, and whitefly infections. Accumulated evidence has shown that plants from the same family share several botanical similarities and are likely to be attacked by the same pathogens (Schmidt et al., 2020; Lu et al., 2021). Most of the farmers use fungicides or pesticides to overcome the infection in the plant. Agropic and Bonsoin (in the Menoua division), and Mancozan, Jumper, Agropic, and Pencozeb (in Bamboutos and Noun) were found to be the most utilized fertilizers. As already reported by other authors, the use of such chemical fertilizers is a common practice in many regions of Cameroon (Sonchieu et al., 2017; Tsufac et al., 2021). To mitigate the detrimental effects of chemical fertilizers, such as reduced organic matter, harm to beneficial soil microorganisms, and altered soil’s pH, some farmers were using chicken manure as a natural biofertilizer. This practice helps improve soil health by providing a more sustainable and beneficial source of nutrients (Liu et al., 2024). On the other hand, the overuse and misuse of chemical fertilizers contribute to the development of resistance by pests. Although late blight was well recorded in every district, its severity and prevalence varied, and the disease burden was generally higher in Bamboutos and Noun than in the Menoua division. Irrespective of the division covered, farmers complain regarding the high cost of fertilizers that did not allow them to efficiently use fertilizers for crop productivity.
          Overall, the present ethnobotanical study revealed that in three divisions of the Western Region of Cameroon, tomato and potato farming are dominated by males, whereas the majority of huckleberry producers were found to be females. Most of these farmers practice cash cropping rather than producing crops for their own consumption (subsidence farming). Data collected in this study revealed diverse challenges faced by farmers when cultivating tomatoes, potatoes, and huckleberries. These include post-harvest losses, pest and disease infestations, and access to markets and resources. To overcome pest and disease infestations, most of these farmers use varieties of fungicides and insecticides, which are detrimental to human health and may also contribute to the development of resistance by pests. Indeed, the overuse of fungicides and insecticides by farmers to control pests and diseases is a significant concern due to its harmful effects on human health and its potential to cause pest resistance. To increase productivity, most of the farmers use a number of chemical fertilizers, while a few of them rely on chicken manure to enrich the soil. 

CONCLUSION

The aim of this study was to identify farming systems in households producing potato, tomato and huckleberry in the Western highlands of Cameroon. The demographic information revealed a male dominance and limited youth participation in the production of tomato, potato, and huckleberries by smallholders in West Cameroon. Commonly used tomato varieties included Sakata, Griffaton and Rio Grande, which are high yielding but costly in terms of seeds. Doza and Desire for the potato culture and Foumbot variety for huckleberry were the most predominant. The major diseases and pests reported included bacterial wilt, late blight, early blight, rust and virosis. For the management of pests, many smallholder farmers used mainly synthetic fungicides and insecticides. Therefore, smallholder farmers are suggested to use an array of management options, including biological control agents, which are crucial components of integrated pest management strategy for controlling diseases, arthropod pests and weeds.  Women in Cameroon play a crucial part in satisfying the food and nutrition requirements of their families through food production, economic access to food, and nutrition security, even though they are inadequately resourced. Removing constraints and providing equitable access to resources can significantly boost female participation in tomato and potato production. By addressing barriers like access to land, finance and technology, women can become more involved in all stages of the tomato and potato value chain, leading to increased production and economic benefits. To increase women's participation in tomato production, governments at all levels should implement policies that address both physical and human capital constraints. This includes providing access to land, credit, and resources, as well as investing in education, training, and support for women in agriculture. Addressing these constraints can empower women, improve yields, and increase their income. Engaging young people in tomato production is crucial because they represent both a valuable labor pool and a potential for entrepreneurial growth, contributing to job creation and economic development. 
 Innovations in developing effective integrated low-cost pest and disease management options to reduce the cost of the production should be supported, especially by the government and stakeholders. 
This research highlights the various constraints faced by producers of tomatoes, potatoes, and huckleberries in the Western Region of Cameroon. These constraints include access to financial resources, yield improvement and effective pest and disease management. Further studies could focus on the use of these data to develop new strategies to address these challenges and improve the productivity and profitability of Solanaceous crops.



Data Availability Statement : Data is available from the corresponding author upon reasonable request.
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