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Abstract

Bananas are an important cash crop in Cameroon, contributing significantly to the national
economy and the livelihood of local farmers. However, the production of the crop is seriously
affected by the black and yellow (which is common in the temperate regions, reason why we focus
on the black sigatoka because of geographical location which is in the tropic and sub tropic)
sigatoka disease of banana, which has led to devastating effects, especially among smallholder
farmers. This study investigates the control methods used and factors that influence the use of
different control methods to manage sigatoka disease. The data used for the study was collected
from 322 smallholder banana farmers in the Limbe and Buea districts of Cameroon in the year
2022. Descriptive statistics and multinomial logit were used in analysing the data. The majority of
farmers (78.6%) have encountered sigatoka disease on their farms, with predominant symptoms
reported as black dots and dry patches on the leaves (41.6%). Farmers reported a significant impact
of black sigatoka on the price and yields (62.4% and 55.3%, respectively). There are three control
mechanisms used by the farmers: chemical control, non-chemical control and no control at all.
The use of chemical fungicides is the most preferred controlling mechanism among farmers
(69.9%) as compared to other control methods. The results of the multinomial logistic regression
indicate that the use of organic(agroecological) pest management is less likely among farmers who
are older, religious, have more farming experience, own more land, have larger farms, and have
access to extension services, compared to those who use chemicals. On the other hand, farmers
with higher educating and better training who have agriculture as the main occupation and bananas
as a prior income generating activity tend to apply more organic and or agroecological control
methods, which are more sustainable and less harmful to the environment. Therefore, we suggest
that farmers receive training in organic and agroecological control methods, and that extension

workers are trained to effectively disseminate knowledge of these (agroecological) methods.

Keywords: sigatoka disease; socio-economic factors; chemical control; organic control; training;

extension services.
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1 Introduction

1.1 Background Statement

Bananas (Musa spp.) are the second largest fruit crop in the world, with an annual production of
130 million tonnes. It is ranked as the fourth most important staple food worldwide (Weber et al.,
2017) and has long played an important role in agricultural production on all continents (Strobl
and Mohan, 2020). In 2018, a total of 11.3 million hectares were used to grow 154.5 million tonnes
of produce worldwide, of which 74% were bananas and 26% plantains (FAOSTAT, 2021). Bananas
originated in Southeast Asia, Asia and the Western Pacific. However, over the centuries they spread
to other tropical regions, namely sub-Saharan Africa, Latin America and the Caribbean, and the
southern Pacific, where they gained in popularity and commercial importance (Ujat et al., 2021;
Salas-Pascual and Caceres-Lorenzo, 2022). In Africa in particular, countries such as Angola,
Kenya, Tanzania and Rwanda are the continent's main banana producers (Scott, 2021). Africa
produces 30-35 million tonnes of bananas annually, the majority of which are produced in Angola,
Tanzania, Rwanda, Kenya, Egypt and Cameroon (Scott, 2021).

As in other West African countries, bananas are one of the most important staple crops in the humid
forest areas of Cameroon. Banana production plays a key role in the livelihoods of the rural
population, a significant proportion of whom are engaged in small-scale banana farming. Despite
this, cultivation is severely affected by pests that affect production, including bacterial wilt (Addy
et al., 2016), nematodes (Seenivasan, 2017), fusarium wilt (Dita et al., 2018), and the yellow and
black sigatoka diseases (Salas-Pascual and Caceres-Lorenzo, 2022). In particular, the relentless
attacks of black Sigatoka disease are the most severe in Cameroon and other African countries
(Kimunye et al., 2021; Kimunye et al., 2021). The disease is characterised by rapid leaf damage
(Fig. 1). forming small black spots which turns to yellow patches that merges to form large black
patches on the leaves as the disease grows. This results in yield losses, which has led to reduced
incomes and increased vulnerability among smallholder farmers, who often lack access to

advanced agricultural technologies and knowledge to mitigate the disease (Reuveni et al., 2020).
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Figure 1: Black Sigatoka attack on plant leaves (Source, by author during field survey)

The parasite reduces the plant's capacity for photosynthetic activity, which has an impact on the
production and growth of the plant and promotes premature ripening of the banana clusters which
is a major cause of economic loss (Souleymane et al., 2022). Chemical control is thought to be
effective, however issues can occur when it is used carelessly and harms both the environment and
human health. The cost of agrochemical-based control is also high (Churchill, 2011). Large
plantations spend about US $1,000 per hectare annually on disease control, which can account for
up to 30% of overall production cost globally (Churchill, 2011; Alakonya et al., 2018). The
potential medium- and long-term selection for pathogen strains acquiring fungicide resistance,
potentially reducing effectiveness, should be taken into account with dependence on
agrochemicals (Churchill, 2011; Chong, 2020).

Synthetic fungicides have primarily been used to manage Black Sigatoka, although there is
recorded evidence that these fungal populations have become resistant to these chemicals (Reuveni

et al., 2020). As a result, several strategies to lessen the severity of this illness have been put forth.
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Biological management techniques are an option since, when used in conjunction with good
agricultural practices, they are reasonable, dependable, and ecologically responsible (Mengesha et
al., 2023). Most tropical crops, especially those with significant economic value like the banana,
have not been extensively investigated in terms of using antagonist microbes. The use of biological
agents to tackle this disease is now being studied in both the field and labs.

1.2 Problem Statement

Banana is an important crop, relevant to achieving food security and raising the livelihoods of
many households in Africa, particularly in West Africa, where it has become a major staple and
serves as a major source of income in various household in Africa (Ahohouendo et al., 2020).
Bananas provide more than 25% of the carbohydrates for more than 70 million people in the region
(Boris et al., 2023; Arora et al., 2022). However, a serious foliar disease called the Black Sigatoka
is limiting farmers' output along with its production.

Black Sigatoka disease poses a significant threat to the profitability and sustainability of small-
scale farmers in Cameroon, jeopardising their livelihoods and food security (Monono ef al., 2023).
Despite the importance of bananas in the country's agriculture and economy, the disease's relentless
attacks have led to substantial crop losses and reduced yields (Olumba and Onunka, 2020).
Conventional disease control measures, such as fungicide applications, have shown limited
efficacy and raised concerns about environmental impacts and farmer health (Becker et al., 2021).
Therefore, there is an urgent need to identify effective and sustainable strategies for combating
black Sigatoka disease while enhancing the profitability and resilience of small-scale farmers.
The development and spread of black Sigatoka disease has been the most significant setback to
banana production during the past three decades (Ahohouendo et al., 2020). The fungus attacks
the leaves causing partial or complete necrosis and reduces the amount of photosynthetic foliage.
Depending on the amount or severity of the disease, it leads to drop in yield. According to studies,
black Sigatoka has been observed to reduce banana yields by about 20 to 50% over the course of
a crop cycle (Ahohouendo et al., 2020). In addition to decreasing output, the disease also causes
fruits to ripen too soon (Fullerton and Casonato, 2019). Bearing these problems in mind, this
research examine the effect of various factors on the selection of different control methods of
Sigatoka disease in the smallholder farms in Cameroon.

The existing literature offers limited insight into the most efficient and practical control methods

tailored to the specific context of small-scale farmers in Cameroon. The lack of evidence-based



guidelines hampers the design and implementation of targeted interventions to empower farmers
with the necessary knowledge and skills to tackle the disease effectively. Moreover, the economic
viability and long-term sustainability of these control methods in the face of evolving challenges
remain unclear. Thus, this study seeks to address these critical knowledge gaps by evaluating and
comparing various methods for profitability and sustainable resistance control of black Sigatoka
disease among small-scale farmers in Cameroon. By assessing the impact of different control
methods on farmers' profitability, adoption of sustainable practices, and long-term agricultural
sustainability, the research aims to provide practical and context-specific recommendations to
support small-scale farmers in their battle against black Sigatoka disease and promote resilient and

profitable agricultural practices in Cameroon.

2 Literature Review

This chapter presents a comprehensive review of relevant literature pertaining to the factors
influencing small-scale farmers’ choices of Sigatoka Banana Disease (SBD) control methods in
the world and in Cameroon. This literature review explores various dimensions surrounding the
adoption and selection of disease control methods within the specific context of banana farming
in Cameroon. The review further navigates through existing scholarly works investigating the
diverse array of factors that influence farmers’ decision-making processes regarding SBD control
methods. It synthesizes insights from studies examining socio-economic variables such as access
to resources, financial constraints, and labor availability, alongside considerations of
environmental factors and agricultural practices.

According to FAOSTAT (2018), banana (Musa spp) with an annual production of 130 million
metric tons, rank as the second largest fruit crops in the world, respectively. According to the FAO,
2016, the major banana-producing nations in Africa are Cameroon, Kenya, Cote d'Ivoire, Tanzania,
and Uganda. Additionally, there is proof that Africa is the top global producer of bananas, with 33
million metric tons produced globally (FAO, 2016). The top producing nations include Angola,
Tanzania, Rwanda, Kenya, Egypt and Cameroon. In West Africa's humid forest zone, bananas are
among the most important staple foods (Faturoti et al 2007).

Banana are one of the economically viable plants and different diseases, potentially affect the
production of the plant. The main biotic factors limiting the yield of bananas have been identified

as pests and diseases (Blomme et al., 2020). Generally, low banana yields have been due to a



number of factors, including pests (banana weevils and banana nematodes), drought, poor soils,
and diseases such as Banana Bunchy Top Virus (BBTV), Fusarium wilt, burrowing nematode
Radopholus similis, banana bacterial wilt, black Sigatoka, Colletotrichum musae, Banana Streak
Virus(Gold et al., 1994; Churchill 2011; Blomme et al. 2013. Tushemereirwe et al., 2003; Ploetz
et al. 2015; Wong et al. 2012). According to Tushemereirwe (1996), Black Sigatoka has been
linked to yield losses ofup to 37% for bananas in Uganda. A fungus known as Fusarium oxysporum
forma specialis cubense causes major disease of Banana such as the Fusarium wilt (also known as
Panama disease of banana) (Roberts et al., 2024). The disease is known to affect the plant's vascular
system, leading to wilting, yellowing of leaves, and eventually death (Roberts et al., 2024).
Another disease of banana is the banana bunchy top virus, which is caused by a virus and
transmitted by banana aphids (Pentalonia nigronervosa) (Jekayinoluwa et al., 2020). One of the
major effects of the disease is that it leads to stunted growth, abnormal leaf development, and a
characteristic "bunchy" appearance of the leaves (Jekayinoluwa et al., 2020). Similarly, the
anthracnose disease, which also has a very devastating effect on banana by causing post-harvest
losses such as the rot of banana fruit (Al-Dairi et al., 2023). A fungus known as Colletotrichum
musae causes the disease (Al-Dairi et al., 2023). Moko disease is also seen as a major disease of
banana and this disease is caused by a bacterium (Ralstonia solanacearum) with signs such as
wilting, yellowing, and rotting of pseudo stems and fruit of banana, which eventually leads to the
death ofthe plant (Tinzaara et al., 2021). This disease spreads on farms through infected soil, water,
and contaminated farming tools (Tinzaara et al., 2021). Apart from all the diseases that have been
mentioned, Nematodes such as Radopholus similis (banana nematode) and Pratylenchus spp. (root
lesion nematodes) affects the roots of nematodes causing stunting, root galling, and reduced
nutrient uptake in plants (Bahadur, 2021). They also increase the susceptibility of the plant to other
disease. Other disease of Banana includes the Banana bract mosaic virus, banana streak virus, stem
end rot and Panama wilt (De-Souza and De-Goes, 2020). These diseases significantly limit banana
production (Mendoza Rodriguez et al., 2018). However, the disease that is of importance in this
study is the sigatoka disease of banana. The disease got its name since it was initially discovered
in the Sigatoka district of Fiji in 1963 (Drenth and Kema, 2021). After that, black Sigatoka was
discovered in southern Mexico and Central America between 1977 and 1980 and Honduras in 1972
and was initially identified in Africa in 1973 in Zambia and then1978 in Gabon (Avwerosuo,

2021). When describing the sigatoka disease, we have the yellow sigatoka disease and the black



sigatoka disease of banana (Nascimento et al., 2020). Although, both sigatoka disease has similar
symptoms but their causative organism is different (Nascimento et al., 2020). For instance, a
fungus known as Mycosphaerella musicola causes the yellow sigatoka disease while the fungus
known as Mycosphaerella fijiensis causes black sigatoka disease (Arcilia-Galvis et al., 2020).
Yellow sigatoka disease affects the leaves of the banana and start by forming small yellow stripes
at the edges of the leaves then grows to the centre and merges to larger patches as the disease grows
commonly found in the temperate regions where banana is grown as reported by (Jones 2000;
Mourichon 2003). which is also the same as the black sigatoka disease which starts by forming
small black spots which turns to yellow patches that merges to form large black patches on the
leaves and is common in the tropics and sub tropics but what distinguishes the black Sigatoka
disease is the development of dark, necrotic spots on the plants (De-Souza and De-Goes, 2020).
Severe infection of the disease can lead to defoliation and reduced level of photosynthesis by the
plant (Arcilia-Galvis et al., 2020).

Sigatoka disease affects both banana and it is spreading quickly in tropical coastal areas (Stover
1972; Carlier et al. 1994; Jones 2000). Black Sigatoka was first discovered outside of Asia and
Oceania in Honduras in 1972 (Stover and Dickson 1976), however it is possible that species lived
there much earlier. Black Sigatoka in Central America reached epidemic levels in the years
preceding 1981. The disease first appeared in South America in 1981, and by 1998, it had spread
to every region of Latin America where bananas are grown. The transfer of planting material from
Asia contributed to the history of black Sigatoka's dispersion and spread in Africa (Pasberg-Gauhl
et al., 2000). An unverified report of the disease was made in Zambia in 1973, almost
simultaneously with the finding of black Sigatoka in Honduras. Black Sigatoka was not discovered
in Africa until five years later in Gabon, and it moved fast up the West Coast until it reached
Cameroun in 1981 (De-lapeyre et al., 2006) and Cote d'Ivoire in 1985. Primarily the main causative
organism for the Black sigatoka disease is the Pseudocercospora fijiensis (formerly known as
Mycosphaerella fijiensis). The fungus produces spores on infected leaves, which spread from plant
to plant through water and wind (Strobi and Mohan, 2020). This fungus infects the banana plants
through the stomata on the leaves thereby causing lesion on the leaves (Esguera et al., 2024).
Various other factors contribute to the spread and severity of the disease globally and these include
the environmental conditions of the vicinity where the banana is planted (Esguera et al., 2024).

This is because it has been empirically proven that the diseases thrive in areas with high humidity



and temperature which ranges from 24 to 30 degrees Celsius while the presence of heavy rainfall
enhances the spread of spores of the fungi (Kimunye et al., 2020). According to 2013 research by
Luis Perez Vicente, there is a correlation between rainfall and the rate at which black sigatoka
disease spreads across countries in Latin America and the Caribbean like Cuba, Costa Rica, and
Ecuador. Contrarily, stringent precautions should be implemented during wet seasons to eradicate
the disease's inoculum and so lessen the effects of epidemics (Avwerosuo, 2021). All these
conditions are well evident in the Cameroonian climate thus predisposing farmer’s plants to it. In
addition, some cultivars of banana are known to be susceptible to the disease and most of these
cultivars are common among the Cameroon farmers (Mbo et al., 2024). The susceptible species
include the local varieties, Cavendish, apple banana, bluggoe banana, goldfish banana among
others (Soares et al., 2021; Sumi et al., 2022). However, there are also resistant varieties like the
Calcutta 4, Narita hybrids, Pisang Lilin, FHIA cultivars (including FHIA-17, FHIA-18, FHIA-21,
FHIA-23, and FHIA-25), Paka and Tuu Gia among many others (Soares et al., 2021; Kimunye et
al.,, 2021; Esquera et al., 2024; Bamaba and Alassane, 2021). It should be noted that even the
resistant varieties are not completely resito the disease making the disease a major challenge for
growers (Ahohouendo et al., 2020). Other causes of the disease include the farming system
especially the use of the monoculture farming system where a large area of land is cultivated with
a single cultivar of banana (Ahohouendo et al., 2020). This makes it easy for the disease to spread
because of build-up of inoculum or spores in the soil. Disease management practices among the
farmers also contributes to why the disease has continued to cause havoc and these include poor
cultural practices by the farmers in the areas of weed control, sanitation, and pruning among others
(Drenth and Kema, 2021). Likewise, the uncontrolled use of fungicides without proper use
guidelines also contributes to the continuous development of new strains of the fungi on the farms
thus making the use of chemical control of little or no effect on the farms (Sumi et al., 2022).
Additionally, reliance on fungicides without proper rotation and application practices can lead to
the emergence of resistant fungal strains, reducing the effectiveness of chemical control measures
(Sumi et al., 2022).

The major effect of this disease banana is multifaceted and quite damaging because it affects not
just the plant but also the economic value of the plant (Strobi and Mogan, 2020). Generally, the
presence of black sigatoka disease on the plant leads to defoliation of the leaves of the plant by

causing characteristic dark brown to black spots and as the disease progresses, these spots become



large causing necrotic areas on the leaves (Esguera et al., 2024). These can further lead to reduced
photosynthetic capacity of the plant, which may eventually lead to reduced yield, stunted growth
and the death of the plant (Esguera et al., 2024). Additionally, the black sigatoka disease typically
reduces the yield of the plant and affect the fruit quality drastically because of non-production of
fruits, early ripening of fruits and immature fruit development, which are characteristics of the
disease on the plant. This could lead to losses on the part of the farmers due to reduction in harvest,
bad fruits and reduction in the shelf life of the fruit (Ahoheundo et al., 2020). Furthermore, the
effect of the disease could have economic impact on the livelihood of farmers who depend on it
for their livelihood and could affect the earning generated from the export of the fruit to other
countries due to loss of potential because of the disease infection (Kimunye et al., 2020). The
impact of the disease can also be felt in the area of food security because it reduces the availability
of the food in the market as result of destruction to the plant caused by the disease (Strobl and
Mohan, 2020). Additionally, the disease also has effect on the cost of production because of the
need to apply fungicide on a regular basis to control the disease especially for the farmers who can
afford the cost of the fungicide (Sileshi and Gebeyehu, 2021). Farmers who cannot afford the use
of fungicides rely on other labour intensive actions such as the use of cultural practices all, which
affects the cost of production. This makes the smallholder farmers who are resource constrained
more susceptible to the effects of the disease because of the lack of resources to mitigate against
its effect (Jomanga and Lucas, 2021).
However, the fact that these crops are traded both locally and internationally, in addition to their
contributions to food and nutritional security in both rural and urban regions (Olumba and Onunka,
2020), has made them important sources of income. There is a high potential for increasing banana
productivity and yield stability if there are effective control methods for the disease. The effect of
it being that there would be increased food security, increase in the GDP of the agricultural sector
and improved standard of living for the farming community by raising their incomes.
2.1 Control of Sigatoka Disease in Bananas
Disease control is quite important in the management of any disease. For the management of any
disease such as the black sigatoka disease, there are different approach, which are quite applicable.
2.1.1 Organic Control
The use of organic control methods for the control of sigatoka disease is an approach that

eliminates the use of chemical but places emphasis on minimising the environmental impact and



ensuring sustainability (Kumakech et al., 2022). This method is beneficial because it prioritises
ecological balance, soil health, and biodiversity conservation (Lim et al., 2023).

Organic control methods usually involve the use of cultural, biological, mechanical, and physical
techniques to prevent or suppress disease on the farm without the use of chemicals (Costa et al.,
2023). Some of the approach to organic control include the use of cultural practices, which is
common among farmers in Cameroon and involves things like crop rotation, adequate spacing,
mulching, and proper sanitation of the farms among other cultural practices. Mulching been
considered a crucial method of soil management (Costa et al., 2023). Mulching the soil helps to
improve the soil environment, which is necessary for healthy crop growth and yields. As an
illustration, Ruhigwa (1993) also discovered that the first ration crop's banana output increased by
21% when Pennisetum purpureum mulch was applied. In addition to mulching, mechanical
treatment or pruning focused on removing necrotic leaf tissue stops the disease from affecting
nearby banana in the plantation. Necrotic banana leaf tissues should be removed because doing so
can help to drastically minimise the amount of inoculum that is available to infect other plants
(Rawat et al., 2021).

Biological control is also any approach where beneficial microorganisms, like Trichoderma spp.
and Bacillus spp, which have potential in suppressing the Sigatoka disease are introduced on the
farms (Dadrasnia et al., 2020). However, the challenge here is that the farmers may not have the
expertise to implement this approach (Dadrasnia et al., 2020). Additionally, the use of organic
Amendments such as compost, mulching and bio-fertilizers can enhance the health of the soil thus
enhancing plant vigour and making them resistant to the disease (Chakraborty, 2020). It has been
demonstrated that soil fertility affects banana growth, and thus, the severity of black Sigatoka
(Tatsegouock et al., 2020). According to Mobambo and Naku (1993), there is a connection between
soil fertility and banana black Sigatoka severity. On fertile land, Black Sigatoka severity is lower
than on poor soil. For instance, fertile soils with increased soil organic matter concentration
encourage root ramification, which improves water and nutrient intake and makes plants grow
more vigorously. Black Sigatoka disease cause considerably less harm to plants that are growing
vigorously (Mengesha et al., 2023).

Other control methods include the use of botanical extracts such as Neem oil and garlic extract

among others, which have antifungal properties and are effective in the management of fungal



diseases like Sigatoka (Kumakech et al., 2022). We also make use of resistant varieties as part of
the organic control methods (Kimunye et al., 2021).

2.1.2 Chemical Control
The application of chemicals, particularly fungicides, could be used to control the black Sigatoka
disease in bananas. The definition of a fungicide is "agents of natural or synthetic origin, which
act to protect plants against invasion by fungi and/or to eradicate fungal infection" (Hewitt, 1998).
Protectant and systemic fungicides are the two main categories of fungicides. The first class of
fungicides to be discovered and applied for crop protection were called protectors. They don't
penetrate plant tissue since they are non-systemic. Since protective fungicides don't actually
penetrate plant tissues, they are unable to combat fungi that have already established themselves
there.
However, systemic fungicides were created in the late 1960s. These are more effective than the
protectants since they can enter plant tissues and work to halt the development of fungal infections
that are already present there (Hewitt, 1998; Marn, 2003). Black Sigatoka disease in bananas has
been effectively controlled. with the application of fungicides (Fouré, 1983; Marin et al., 2003),
particularly when protectant (mancozeb and chlorothalonil) and systemic fungicides (benomyl,
benzimidazoles, dethiocarbamates, flusilazoles, imazaliles, methylthiophanates, nuarimols,
prochloraz, propiconazoles, triazoles and tridemorph) are used in alternation (Fouré, 1983; Marin
et al., 2003). To prevent the fungal pathogen (M. fijiensis) from acquiring resistance to the active
component, it is advised to alternate between using protectants and systemic fungicides.
It has been demonstrated that mineral oil plays a number of significant roles in the chemical
regulation of black Sigatoka. It has a significant impact on the pathogen inside the leaf and boosts
the spreading and sticking capabilities of fungicides as well as the penetration of systemic
fungicides (Stover, 1990). Oil also has fungicidal properties. Oil treatment slows the growth of
pathogens inside the leaf, which prevents disease from developing in the leaf. When the pathogen
is still developing, this control is primarily applied to the initial open leaves. Whether used alone
or as an emulsion in water, oil is effective. However, the Sigatoka disease in bananas was the first
to be controlled by this method. Because they penetrate through the top surface of the newest,
unrolled leaves, where the pathogen is still in the early stages of infection, they are superior to
protectant fungicides. The pathogen inside the leaf is also affected by benzimidazole and

tridemorph, in addition to oil. Systemic fungicides offer better disease control during periods of
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excessive rainfall when compared to protectants added later (Stover, 1990). Protective fungicides
are more expensive and ineffective at controlling black Sigatoka when ascospore formation is high
and rainfall is heavy. Contrary to protectants, systemic fungicides have the drawback of causing
phytotoxicity in plants when used during dry seasons.
2.2 Factors Affecting the Control Methods of Sigatoka Disease
Various factors were hypothesised to have a significant impact on farmers' methods of controlling
sigatoka disease, and these various factors were consequently examined.

2.2.1 Age
Age 1s an important factor in driving the use of control methods adopted by farmers especially in
the control of sigatoka disease. This is because age plays a role in how farmers look at new
approach to disease control and how they tend to adopt new approaches, which may not be in line
with what they know and the experience they have gained over time. Their perception of risk and
attitude towards change may also be affected by their age, as older farmers may be more averse to
risk when compared to their younger counterpart (Khan et al., 2020). They may also be resistant
to change. In the study of Serebrennikove et al. (2020), farmer’s age was found to have a negative
significance on the adoption of organic practices. This shows that age is a significant variable in
the approach being used by the farmers in the control of the disease in the study area.

2.2.2 Sex
Sex is a major factor to be considered in any study. This is because of many reasons such as the
role of gender in the African tradition thus giving women lesser chance and opportunity in decision
making (Adom and Anambane, 2020). For instance, studies by Ankrah et al. (2020); Anderson et
al., (2021), have shown that males have greater access to resources thus placing women at the back
role. Additionally, the female sex are less autonomous in decision making thus affecting the type
of control method applied in their farms when compared to their male counterpart who are more
autonomous in their decision making.

2.2.3 Education
Education looks at the literacy level of the respondents and this is important because education has
influence on the awareness level of the farmers about sigatoka disease and farmers who are
educated about could be more inform on the approach to use in controlling the disease (Madalla,
2023). Additionally, education can help the farmers in gaining skills and capacity to effectively

manage the disease and control it on their farmers while also enhancing their ability to access the
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likely risks and severity they face from not using an effective method of control on their farm
(Ahohouendo et al., 2020). Furthermore, access to information critical for the control disease on
the farmers may be better accessible to farmers who are educated when compared to those with
lower educational level (Mashi et al., 2022).

2.2.4 Occupation
Farmers who have farming as their main occupation have the tendency of adopting better control
methods when compared to respondents who take it as a secondary occupation as seen in the study
of Wole-Alo and Oluwagbemi (2020), who looked at how occupation influenced adoption among
farmers. This is because farmers who take it as their primary occupation devote more time to the
activity and thus through continuous practice gain more knowledge as to the best approach to use
(Wole-Alo and Oluwagbemi, 2020). Additionally, farmers who take farming as their primary
occupation tend to have versatile knowledge on different approach to the control of the disease
(Jacquet et al., 2022). On the other hand, those who take it as a secondary occupation may lack the
pre-requisite knowledge towards control and may lack decisiveness in making decision as to the
control method to use in controlling the disease.

2.2.5 Religion
Religion do not have any restriction on the cultivation of Banana in Cameroon. This is because all
religion fully accepts the cultivation and consumption of the crop (Udomkun et al., 2021).
However, religion can play a significant role on the type of information that is available to the
farmers (Wang et al., 2021). This is because of the social nature of the religious gatherings, which
may bring people with similar challenges together and shape the values and norms of the farmers
and how they perceive events (Wang et al., 2021). Through such process influencing the approach
adopted by the farmers.

2.2.6 Years of banana farming
The years of banana, farming is synonymous to the farming experience of the farmers and this is
important in shaping farmers' knowledge, skills, and their decision-making processes regarding
disease control strategies. Some of the ways through which the experience of the farmers come to
play in shaping control strategies include knowledge of control options which is better enhanced
as the farmers year of experience increase (Osterman et al., 2021). Additionally, the years of
experience give the farmers more advantage in understanding the symptoms of diseases and taking

precautionary measures for the control of the disease (Doidge et al., 2020). It also gives them

12



leverage in terms of networking and building an information base which they can rely on to access
different control methods (Shaikh et al., 2022).

2.2.7 Land Ownership
Land ownership is quite an important factor to consider in the control of the disease. This is
because of the issue of land tenure, which limits the capacity of farmers to make long-term
investment on lands (Adenug et al., 2021). For instance, farmers with insecure land tenure are less
inclined to invest in long-term disease management strategies (Adenuga et al., 2021). This is
because of the risk of losing access to land, which can deter them from taking on control methods
with long-term effects. Thus, such farmers are more inclined towards short-term gains over long-
term sustainability. This can lead to over-reliance on chemical inputs or unsustainable land
management practices to maximize immediate yields.

2.2.8 Farm Size
The size of farms being kept by the banana farms could be critical in the adoption of control
methods. This is because of size and scale, which the size of the farm confers. As such, farms with
larger sizes have the tendency of placing more emphasis on control method that are effective and
meet their scale of needs (Petit et al., 2020). When the organic control method and chemical control
methods are placed side-by-side, large-scale farms have the tendency to adopt chemical control
because of the efficacy of such approach and the need to protect the large scale of investment of
investment using a cost-effective approach (Petit et al., 2020). However, small-scale farms may be
thrown between the use of both approach depending on the level of resources that is available to
the farmers. Additionally, the risk faced by larger farmers is much and thus influencing what
strategies they might adopt or use in disease control (Marie et al., 2020).

2.2.9 Banana main income
Banana farming serves as a significant income source for many farmers, particularly in the tropical
regions where Banana is a staple crop and have high market demand (Olumba and Onunka, 2020).
As such, farmers who have it has a main income source may opt for a cost-effective approach to
pest management to reduce the cost of production. Additionally, farmers who have it as a main
income may give consideration for market preferences such as demand in determining the control
method to use (Udomikun et al., 2021). For instance, a farmer whose aim is to supply a certain
quantity of the fruit within a certain period may opt for the chemical control method but when the

preference is to meet the consumer needs the farmers may opt for the use of organic control

13



methods. In addition, because it is their main source of income, farmers may choose an approach
that ensures that production is maintained on the same land for a long time (Amakwah, 2023).
2.2.10 Getting Adequate Training
Adequate training is crucial in influencing the control methods used by farmers for managing
Sigatoka disease in bananas. This is premised on the fact that training creates awareness about the
disease and the possible control methods that is available to the farmers (Abiola et al., 2020).
According to Abiola et al. (2020), farmers who receive training on the disease are likely to be
aware about the possible control methods. As such, farmers who receive adequate training tend to
have the necessary information to make decision on the control methods to adopt (Waseem et al.,
2020). In addition, through training, farmers become familiar with various control methods
available for managing Sigatoka diseases. As such, adequate training empowers the decision
making process of the farmers and gives them the pre-requisite knowledge that is needed to take
the right decision (Gratia and Fawzi, 2021).
2.2.11 Access to Extension Service

Extension services provide farmers with essential knowledge, technical advice, and support to
implement effective disease management practices (Antwi-Agyei and Stringer, 2021). Extension
services communicate knowledge on subject matters to farmers and through it farmers can gain
knowledge as to what is to be done and what can be done to prevent the disease (Van-Campenhout
et al., 2021). This is because access to extension services helps farmers understand the principles
of disease control and it empowers them to know what to do when they are faced with the challenge
(Livune, 2022). However, for the extension service to be effective, it must be accessible and have
the right content for the farmers so that it can empower them to take the right decision (Antwi-

Agyei and Stringer, 2021).

2.3 Aims of the Thesis

2.3.1 General objective
The main objective of this thesis is to document and analyse the control methods used by
smallholder banana farmers to control Black Sigatoka disease and the factors that influence the
choice of control method among smallholder banana farmers in Cameroon. This research seeks to
identify the most efficient and practical strategies to empower farmers with the knowledge and

skills necessary to combat the disease effectively. Additionally, the study aims to evaluate the long-
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term sustainability and economic viability of these methods, ultimately contributing to the
advancement of agricultural practices and the well-being of small-scale farming communities in
the region.
2.3.2 The Specific Objectives
Specifically, the research is guided by the following objectives:
i.  To examine the knowledge of Sigatoka Disease among the Farmers in the study area
it.  To explore farmers' perceptions of black sigatoka disease management.
1. To examine the different control methods used for the disease by the farmers.
iv.  To identify factors influencing the control method used by the farmers in the study area.
2.3.3 Research Question
1. What is the level of farmers' knowledge regarding black sigatoka disease in banana crops
within the study region?
i.  Which control methods are used by the farmers in the study area for the control of the
disease?
iii.  What are the factors influencing the use of organic control for black sigatoka disease in the
study area?
24 Theoretical framework
The theoretical underpinning guiding the analysis of farmers' decision-making regarding pest
management strategies for black sigatoka disease in banana crops is grounded in Rational Choice
Theory (RCT). Originating in the 1950s, RCT inherited the principle of the "economic man
hypothesis" from classical economist Adam Smith, suggesting that individuals are rational actors
who seek to maximize their utility by making choices that optimize their interests while
minimizing costs (Li, 2001).
In agricultural contexts, RCT suggests that farmers make decisions regarding pest management
strategies by evaluating available options and selecting the one that maximizes their utility,
considering factors such as effectiveness, cost, and resource availability. This decision-making
process is influenced by various factors, including demographic characteristics, socioeconomic
status, agricultural experience, and access to resources (de Aratjo et al., 2021). Furthermore, RCT
has been extended to incorporate concepts such as bounded rationality, bounded willpower, and
bounded self-interest, which recognize the limitations of human decision-making processes (Wang

et al., 2022). Bounded rationality refers to individuals' limited cognitive abilities, leading them to
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make decisions based on heuristics rather than exhaustive calculations. Bounded willpower
acknowledges the challenges individuals face in maintaining self-control and adhering to long-
term goals. Bounded self-interest recognizes that individuals may prioritize values other than pure
self-interest, such as social norms and peer influence (Wang et al., 2022).

In the context of black sigatoka disease management, farmers' decision-making is influenced not
only by socio-economic considerations but also by social interactions and norms within their
communities. Social networks and peer effects can play a significant role in shaping farmers'
preferences and behaviors (Gao et al., 2022). Therefore, understanding farmers' decision-making
processes requires considering both economic interests and social dynamics. To analyze farmers'
decision-making regarding pest management strategies, a multinomial logit model is employed,
with dependent variables representing different control methods: no control, chemical control, and
organic control. This model incorporates various independent variables representing demographic,
socioeconomic, and experiential factors, allowing researchers to examine the factors influencing
farmers' adoption of specific pest management strategies and test hypotheses derived from RCT

and related theories (Kasargodu Anebagilu et al., 2021).

Rational Choice Theory

Social Interactions/Social

Economic Dynamics
Norms

Control Methods (No Control, Chemical
Control, and Organic Control

Figure 2: Theoretical framework Source: Authors' own creation, adapted from Wang

et al. (2022)
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2.5 Conceptual Framework

The conceptual model for this study delineates the multifaceted factors shaping farmers' decisions
regarding disease control methods. Individual characteristics such as age, sex, marital status,
education level, and farming experience intersect with farm-specific attributes like land ownership,
farm size, and primary income sources to influence farmers' resource endowments and labour
availability. This is evident in the studies of Marie et al. (2020), where age, gender, household size,
farm income, and farm size were found to affect farmer’s choice of climate change adaptation
strategies. Bravo-Monroy et al. (2016), also identified socio economic factors and farm
characteristics like land ownership, education of farmers, farm size among factors that affect the
decision of farmers. These demographic and farm characteristics, in turn, interact with
environmental factors such as planting methods, yield, and disease awareness, forming the
backdrop against which economic considerations unfold. This is as shown in the study of Marie et
al. (2020), where environmental factors such as crop failure, severe soil erosion and shortages of
water influenced farmer’s adoption of climate change adaptation strategies.

Economic factors, including access to training and awareness of disease impact, play a pivotal role
in farmers' decision-making, affecting their willingness to invest in disease control measures and
the adoption of management strategies such as extension services and labour allocation. Bravo-
Monroy et al. (2016) noted that economic factors such as crop profitability influenced the decision
of farmers to adopt organic and conventional coffee management practices. Therefore, the
implementation of these strategies, in conjunction with environmental conditions, determines the
effectiveness of disease control measures and overall farm productivity. Ultimately, the interplay
of individual characteristics, farm attributes, environmental factors, economic considerations, and
management strategies (Meijer et al., 2015; Zeweld et al., 2017; Huber et al., 2018) shapes farmers'
choices of SBD control methods, highlighting the complexity inherent in agricultural decision-

making processes.

17



Independent Variables

Individual Characteristics
. Age

. Sex

. Marital Status

. Educational Level

. Farming Experience
. Religion

Y

Farm Specific Characteristies
. Land Ownership

. Farm Size

. Primary Income Source

v

Mediating Variables

Attitude towards Use

v

Dependent Variables

Subjective Norm

Environmental Factors
. Planting Method

*  Yield

. Disease Awareness

Economic Factors
. Access to Training

. Awareness of the Disease Impact

. Income of the Farmer
. Access to Extension

Y

k.

Intention to use Control
Method (Chemical, Organic
and No Control)

v

Actual Behaviour (Choice of
Control Method)

Perceived Behavioural Control
(PBC)

Figure 3: Conceptual Framework for the study
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3 Methodology

Research Methodology is the systematic and theoretical analysis of the methods applied to a field
of study or the theoretical analysis of the body of methods and principles associated with a branch
of knowledge. It typically encompasses concepts such as paradigm, theoretical model, phases and
quantitative or qualitative techniques. This chapter guides a researcher in the systematic process
of collecting, analysing, and interpreting data to provide logical proofs from which the researcher
can draw inferences concerning the relationship that exists between the variables under
investigation.

3.1 Study area characteristics

The study was conducted in Cameroon with a focus on the communities of the Limbe and Buea
districts of Southwest Region of the country located in the Mount Cameroon area of Fako Division
(Sama et al., 2021). Cameroon is known for its vast population involving in agriculture and large
arable land for farming compared to the other parts of the country like the northern regions (Chimi
et al., 2022). One of the most common crops cultivated in the study area is banana (Olumba and
Onunka, 2020). This crop serves as major source of income for farmers, and it helps in sustaining
their livelihood (Olumba and Onunka, 2020). Two of the major districts in the country where
banana is produced is the Limbe and Buea districts (Nkiaka, 2022). Buea is located on the eastern
slopes of Mount Cameroon between longitude 4°10’ N and latitude 9°14’ and Limbe is at latitudes
30°31" and 40°15' N and longitudes 80°15' and 90°35' E. Limbe is bordered by Mount Cameroon
to the north, Tiko Subdivision to the east, Idenau to the west and the Atlantic Ocean to the south
(Adzandeh et al., 2020; Foncha et al., 2020; Sama et al., 2021). Buea district has a total land area
of 870 km? made up of 67 villages, while Limbe has a land mass of 548 km? (Foncha et al., 2020).
Due to the proximity of both locations, they have similar climate, which is made up of two seasons
(Sama et al., 2021). The dry season occurs from mid-October to mid-March, with temperatures of
between 20 to 28°C while the rainy season occurs between mid-March to October, with annual
rainfall volume of between 2000 and 5000 mm (Foncha et al., 2020). However, because of the
seaside nature of Limbe, it experiences a higher level of rainfall, which is about 7000 mm during
the peak period. As such, Limbe is referred to as a wet city (Adzandeh et al., 2020). Both Limbe
and Buea are characterised by fertile volcanic soils, which supports plantations such as oil palm,

banana and tea plantations (Wung and Tokwa, 2019; Fonge et al., 2017). There are large presence
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of banana plantation and agro industries in Limbe and Buea that have contributed to the livelihood
of the people in that location (Akara, 2021).

The topography of the areas is also quite similar with Buea having an undulating topography made
up of highlands and lowlands (Foncha et al., 2020). The topography in Limbe is characterised by
low-lying coastal plain and slopes with various intensities with the highest points reaching 362 m
above sea level (Adzandeh et al., 2020). Both areas have rich soils with the popular activities in

these areas being agriculture, civil service, artisanship, tourism among others.
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Figure 4: Map of Cameroon showing the study area.

3.2 Study Design

The study adopted a quantitative research design. This design allows for a comprehensive
assessment of the effectiveness of various control methods for profitability and sustainable
resistance control of black Sigatoka disease among small-scale farmers in Cameroon. The use of
a quantitative study design in this research offers several advantages which include objective Data

Collection, generalisability of result and statistical rigour in analysis.
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3.3 Study Population
This comprehensively describes the total elements or people covered by the problem under
investigation. The study population for the study includes small-scale banana farmers from the
Limbe and Buea, southwest region of Cameroon. These regions represent some of the areas where
we have large clusters of banana farmers in Cameroon. The selection of the small-scale banana
farmers is because these crops are susceptible to black Sigatoka disease and the small-scale farmers
often face unique challenges related to resource constraints and access to markets and information.
In the study area, which is the Limbe and Buea in the southwest region of Cameroon, they have
approximately 1671 small farmers who are doing banana farming (Cameroon Fako Divisional
Delegation of Agriculture, 2022). The total number of smallholders growing bananas in the study
area constitutes the population for the study.
34 Data Requirement
The data collected for this study is primary collected from households involved in banana farming
in the study area. The relevance of the primary data for this study is to source the impact of
Sigatoka disease on banana plantations of smallholder farmers in Cameroon and the factors
affecting Sigatoka disease control measure.
3.5 Sample Size
The research employed a simple random sampling technique to collect data. A total of 322
questionnaires were administered to farmers in the Buea and Limbe subdivisions. The study
population comprises approximately 1,671 farmers. The sample size was determined using
Yamane's formula, a widely used method for sample selection (Ullah et al., 2020a; Ullah et al.,
2020b). The sample size for the study was estimated using a 5% margin of error (confidence
interval) and a 95% confidence level, resulting in the selection of three hundred and twenty-two
small-scale banana farmers. The sample size based on the Yamane's formula is calculated as:
n= N

1+ N (e)?
Where:
N = Total population of the study
e = The expected error (0.05)
1 = Constant

n= 1,671
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1+ 1,671 (0.05)°
n = 322
Therefore, the required sample size for the study is 322.
3.6 Instruments for Data Collection
A well-structured questionnaire was used for data collection in the study. The questionnaire was
structured to gather vital information from the respondents as it concerns the objectives of the
study. The questionnaire made provision for capturing the factors affecting farmer’s choice of SBD
control method among small-scale farmers in Cameroon.
3.7 Data collection techniques
The study employed a multistage sampling procedure to sample participants of different ages,
genders, educational qualifications, and job positions. The study was conducted in the Limbe and
Buea regions, which were purposively selected due to the large presence of banana farmers in
those areas. After selecting the area, stratification was performed based on specific characteristics,
such as areas with high concentrations of banana farmers. Seven large clusters of banana farmers
were then chosen from the region. Finally, banana farmers were randomly selected from each
cluster, with equal selection across all clusters. The selection criteria for farmers were those who
actively engaged in banana cultivation during the study period. This ensured that the respondents
had relevant experience and had faced the challenges posed by black Sigatoka disease.
3.8 Hypothesis Testing
The following hypothesis was tested in the study in order to get a relationship between major
constraints in the study.
Hypothesis 1: There is no significant relationship between the socio-economic characteristics of
the farmers and the control method used in the control of Black sigatoka disease.
3.9 Method of Data Analysis
This section discusses data analysis techniques for data collected in any study. To achieve the
objectives of this study, frequency distribution tables, means, percentages and graphs were used.
These methods were adopted because they provide the basic distribution characteristics of the
variables or data employed for instance, in a frequency report, one can analyse the different values
from the highest to the lowest in terms of occurrence or terms of mean can be shown. All these are
used to analyse and present the data collected. In addition, multinomial logit was used in analysing

factors that influence the control method that is used by the farmers in the study area. The statistical
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package for social scientist (SPSS) version 20 was used in analysing the descriptive statistics while
STATA Version was used in analysing the multinomial logit for this study.

3.9.1 Multinomial Logit Model
To achieve the objectives of this study, we used frequency distribution tables, means, percentages,
and graphs. These methods provide the basic distribution characteristics of the variables or data.
For instance, in a frequency report, one can analyze the different values from the highest to the
lowest in terms of occurrence, or terms of mean can be shown. All of these methods are used to
analyze and present the collected data. The study area's farmers' choice of control method was
analysed using multinomial logit. Descriptive statistics and multinomial logit were analysed using
the Statistical Package for Social Scientist (SPSS) version 20.
The multinomial logit model is used when the dependent variable has categorical characteristics
that do not follow a particular order. The multinomial logit model is an advancement of the
binomial logit model, allowing for dependent variables with more than two categories. It is widely
used in similar studies, as demonstrated by Mahmood et al. (2020) and Ullah et al. (2023).
In this study, the multinomial logit model was used to model different control methods, which
were classified into three major categories: None, Chemical, and Organic. The equation for the
multinomial logit can be given as
Logit (P(Yi=))) = Bjo + Bj1Xi1 + Bz Xiz + PizXiz + ...... F BT et (1)
Where Y; = is the dependent variable which has three categories J
J = the control methods which are used by the farmers with 0 representing none, 1 representing
chemical control and 3 representing organic control methods.
B = is the coefficient of the regression
X = the vector of explanatory variables which is made up is 11 independent variables X — X1

The multinomial logit equation can be re-written as:

exp(BjX;)
1+Z,3-=1 exp(B;X;)

Where j=1,2,3 and X;=1,2,3,4,...., 18

P(Yi=)) =

3.10 Variable description

3.10.1 Dependent variable
The dependent variable used in the study is the different control methods used by the farmers in
the study area. As such, the three major categories of the dependent variables were 0 when the

farmers used no control method, 1 when the farmers use mainly chemical control methods and 2
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when the farmer made use of mainly organic method for the control of disease on the farm. It
should be noted that it was only farmers who had experienced the attack of sigatoka disease on
their farms that were only included as part of the multinomial logit analysis.

3.10.2 Independent Variable
For the independent variable, 11 factors were considered with likelihood of having impact on the
control methods used by the farmers in the study area. These factors include sex, age, Education,
farm size, years of experience in banana farming, occupation, banana farming as main income,
access to extension services, religion, land ownership and access to adequate training. These
independent variables are chosen for the likely impact they might have on influencing the
dependent variables of the study.

3.10.3 Gender

The gender of the banana farmers is a binary independent variable, which takes the value of 1 and
0 in the study. The gender of the farmers have been found to play a major part in decision making
among farmers especially in within the study area in Africa where sex plays a role in the type of
decision that farmers (Meijjer et al., 2015). According to Wang et al. (2017) and Denkyirah et al.
(2016), they found out that males are more likely to use chemical pesticides when compared to
their female counterparts while Constantine et al (2020), found positive significant differences in
the use of management practices for the control of armyworm among male and female farmers in
Kenya. As such, it is hypothesised that the sex of the farmers had negative significant effect on the
use of chemical control methods and a positive sign for the use of organic control methods in the
study area.

3.10.4 Age

The influence of age on the decision of farmers have been explored in different studies such as
Denkyirah et al. (2016), where age was found to have a negative effect on the use of chemical
pesticide for the control of cocoa. This was also similar to the findings of kabir and Rainis (2015)
which is also in line with the a-priori expectation for this variable as it is believed that younger
farmers would be more disposed towards the use of chemical control methods while the older
farmers adopted the use of organic control methods. As such, the expectation is that the chemical
control method had a negative sign while the organic control method had a positive sign.

Additionally, the variable is expected to be a continuous variable.
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3.10.5 Education

The educational variable is a categorical variable, which recognises the various educational
category of the farmers in the study. The educational status has been reported in studies such as
Gao et al. (2017) where it was found to have a positive influence on the use of organic pesticide.
It was also reported to have a positive influence for the use of chemical pesticide by Danso-
Abbeam and Baiyegunhi (2018). As such, Education has influence on the adoption of more modern
and sophisticated pest control methods due to better understanding of agricultural practices,
technology, and potential environmental impacts. Therefore, farmers with higher education levels
might are likely have better access to information that may affect the type of control method used.
It is expected that educational level had negative for the use of chemical control and positive for
the use of organic control method.

3.10.6 Farm size

Farm size is a continuous variable in the study. According to empirical studies, farm size could
affect the method used for control of disease on the farms because of the size of the farm.
According to Ren et al. (2019), the size of the farms can affect the decision to use whatever method
because of the cost and effectiveness of such control method. This is because larger farms may
have more resources available to invest in advanced pest control methods, such as hiring
specialized labour or purchasing equipment. Conversely, smaller farms might rely more on
traditional, labour-intensive methods or may have less access to capital for purchasing inputs. It is
expected that the farm size had a positive sign for both the use of organic and chemical control
methods.

3.10.7 Years of experience in banana farming

The years of experience in banana farming is a continuous variable and measures the number of
years, which the farmers have spent in the cultivation of banana. Farmers with more years of
experience in banana farming might have accumulated knowledge and skills related to pest
management practices (Alagukannan et al., 2015). They may have developed strategies over time
that could influence their choice of pest control methods. However, long-established practices
might also be resistant to change, potentially leading to inertia in adopting new methods (Liu et
al., 2023). Therefore, years of experience is expected to have a positive sign for the use of organic

method and the use of chemical control methods. This is also reported by Denkyirah et al. (2016)
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who reported a positive relationship between pesticide usage and the farming experience of cocoa
farmers in Ghana.

3.10.8 Occupation
The main occupation variable is a categorical variable that explores the potential impact of the
primary occupation of the farmers on the decision towards the use of control methods. It is
expected that farmers who have agriculture as their main income invested more time and effort in
ensuring that they use an effective pest control method when compared with those who do not take
it as their main occupations (Midingoyi et al., 2019). Alternatively, those who do not take it as
their main occupation may also have access to different resources or networks that could
potentially have influence their pest control decisions (Berni et al., 2021). As such, it is expected
that this variable had a negative sign for the use of chemical control methods and a positive sign
for the use of organic control method.

3.10.9 Banana farming as Main Income
This variable is dichotomous categorical variable, which measures if farmers take the income from
their banana farming source as their main income. Farmers who rely primarily on banana farming
for income may prioritise effective pest control methods such as the use of chemicals to protect
their primary source of livelihood (Sharifzadeh et al. 2018). As such, it is hypothesised that the
variable had a positive sign for the use of chemical control methods and a negative sign for the use
of organic control methods.

3.10.10 Access to Extension Services
Access to extension services is operationalised as a dichotomous categorical variable. Access to
extension can affect the decision the farmers take towards using any control method as it impacts
their knowledge. This is affirmed in the study of Singh et al. (2016), where farmer’s future
decision-making choices is affected by their access to extension agents. And Wuepper et al.,
(2021), where farmers access to extensions agents positively influenced their use of organic and
chemical control methods. Therefore, farmers with access to extension services may have better
knowledge of the use of non-chemical methods and are more likely to adopt modern and effective
pest control methods compared to those without access to such services. It is hypothesised that this
variable had a positive sign for the bot the use of chemical control method and organic control

method.
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3.10.11 Religion
Religion can be seen as a social variable which is measured as a dichotomous categorical variable.
The religion variable has both direct and indirect impact on the pest control methods (Pereira et
al., 2015). This is because it could have influence on the level of information that the farmers have
access to and the type of practice, which the farmers adopt on their farms due to their beliefs. As
such, it is expected that religion had a positive sign for the use of chemical method and organic
method likewise.

3.10.12 Land Ownership
Land ownership is also measured as a dichotomous categorical variable in this study, which can
take values of 1 and 0. Land ownership can be said to be correlated with the level of investment
and commitment to farming activities (Aha and Ayitey, 2017). Therefore, farmers who own their
land are more inclined to use long-term strategies for pest control when compared to those who
leased or rented the land who are likely to prioritise short-term gains (Adusumilli and Wang, 2019).
As such, it is expected that the land ownership variable had a positive sign for both the use of
chemical and organic control method.

3.10.13 Access to adequate training
This variable is a dichotomous categorical independent variable. The variable measures the
perception of the farmers about their level of training. It is expected that farmers with access to
adequate training programs on pest management techniques would be more knowledgeable about
effective and sustainable methods. Therefore, they are more likely to adopt advanced pest control
strategies compared to those without proper training. This is because farmers who received training
tend to put so many factors into their consideration when making decisions about the control
method to use (Sharifzadeh et al., 2018). It is hypothesised that this variable had a positive sign
for the use of organic and chemical control methods.
3.11 Ethical Consideration
The study aims to include participants from diverse demographic backgrounds, such as age,
gender, education level, and farming experience and as such the need for ethical consideration.
Some of the major ethical consideration that were considered in this study include getting the
informed consent of the farmers voluntarily before recruiting them for the survey. This included
making the participants fully aware of the study's purpose, procedures, potential benefits, and risks

involved in participating in the study. Also, the privacy and confidentiality of the participants'
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personal information and data collected during the study would be made anonymous and securely
stored to prevent unauthorised access.

In addition, there was strict adherence to the cultural norms and practices of the farming
communities that were used in the study by ensuring that the study's approach aligns with their
values and beliefs. The study was also conducted with integrity and adhered to ethical principles

throughout the research process, in areas like data collection, analysis, and reporting of results.

4 Results

This section discussed the result of the findings from the field survey. The results discussed include
the socio-economic characteristics of the respondents, Prevalence of sigatoka disease among the
farmers, Perception of the farmers about the impact of sigatoka disease on production and pest,
and disease control methods. The result also looked at the various socioeconomic characteristics
that affected the choice of control methods by the farmers in the study area.

4.1 Socio-economic Characteristics of the Banana Farmers

This section is divided into four sections with each section focusing on the specific characteristics
of the farmer in terms of their demographic, input and output, labour use and cost and as well as
their various farm characteristics.

4.2  Demographic Characteristics of the Respondents

The result on table 1 shows the demographic of the respondents such as age, sex, religion,
educational level, marital status, farming experience in banana cultivation and primary occupation
of the respondents. The findings shows that the mean age of the respondent was 44.16 years and
implying that majority of the farmers are within their productive age. The result further shows that
the average of sex is 0.64 pointing to the fact that females were less involved in farming in the
study area when compared to their male counterpart. This means farming activities in Cameroon

1s male dominated.
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Table 1. Demographic Characteristics of the Respondents

Variable Description Mean Std Min Max

Dev.

Household Head Characteristics

Age Age of the Farmer (years) 44.16 7.86 28 62
Gender 0= Male, 1 = Female 0.64 048 0 1
Marital Status I= Single, 2 = Married, 3 = 2.01 1.15 1 4

divorced/separated, 4 = widow/widower
Religion 0 = Christian, 1 = Non-Christian 0.02 0.14 0 1
Educational Level 0 =No Education, 1 = Primary Education, 2 2.21  0.95 0 4
= Secondary Education, 3 = Vocational/
Technical Education, 4 = Tertiary Education

Farm Characteristics

Experience in Banana Number of Years spent in Farming (Years) 5.11 2.62 2 15

Farming (years)

Primary Occupation 0 = Farming, 1 = Trading/Salary Job 0.47  0.81 0 2
Land Ownership 1 =Yes, 0 =No 0.63 048 0 1
Banana Farm Size (Acres) Farm area for cultivating Banana 3.03 1.76 1 8
Banana Main Income 1 =Yes, 0 =No 0.61 0.49 0 1

Information Sources

Extension Service 1 =Yes, 0 =No 0.48 0.50 0 1
Types of Planting 1= Line/row Planting, 2 = Pit Method 041 0.62 1 2
Access to Farm Labour 1 =Yes, 0 =No 0.74 044 0 1
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Number of Farm Workers  No of Farm workers employed on farm 3.09  1.99 0 7

Perceptions

Yield Harvested (Bunch) Number of Banana Bunches Harvested 1299 78420 150 3500
Getting Adequate Training 1 = Yes, 0 =No 0.12  0.32 1 2
Awareness of Disease Stage 1 = Yes, 0 =No 0.36 0.48 0 1
Awareness of the Economic 1= Yes, 0 =No 0.74 0.44 1 2

Impact of the Disease

Furthermore, the result reveals that the average value for marital status skewed towards being
married with a moderate spread indicated by the standard deviation. This shows that married
people make a sizeable part of the farming population that were sampled. In terms of the religious
orientation, the mean value of 0.02 reveals that majority of farmers in the study area are Christians,
with a smaller proportion being either Muslims or traditional religion followers. This shows that

the dominant religion among the respondents is Christianity.

On average (2.21), farmers in the study were found to have attained at least secondary education
with the standard deviation value suggesting some variability in educational levels. This shows a
form of literacy among the farmers. Additionally, the mean experience of the farmers in banana
farming was found to be 5.11 years. This point to the fact that most of the farmers are new to
banana farming but still have valid experience useful for the study. An average of 0.47 of the
banana farmers have farming as their primary occupation with the remaining involved in other
activities as trading, artisan among others as their primary activities. However, it should be noted
that those who do not have farming as their primary occupation do it as a secondary occupation.

However, majority of the farmers noted that an average of 0.61 of the farmers reported banana
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farming as their main sources of income which could imply the relative importance of banana

farming to their income.

The average farm size of the farmers that is used in the cultivation of banana is 3.03 ha with the
common range of farm sizes for the farmers falling between 2 to 4 ha. Results on availability of
extension services for the farmers revealed that based on the average value of 0.48, majority of the
farmers did not have access to extension service. This could imply poor access of extension

services for majority of the farmers.

Furthermore, it was discovered that with a mean value of 0.74, majority of the farmers had access
to farm labour with an average of three workers employed and this has implication on their ability
to increase production and effectively manage their farms. Additionally, the yield of the farmers
from the farm shows an average yield of 1,299 bunches with some level of variation as revealed
by the value of the standard deviation. In the areas of the access of the farmers to training, it was
discovered that about 88% of the farmers which formed the majority did not have access of any
form of training as related to the management and control of sigatoka disease and as well as the
management of banana. In addition, as regards the awareness of the farmers about the economic
impact of the disease, it was discovered that an average 74% of the farmers were aware of the

economic impact of the Sigatoka disease.

4.3 Prevalence of Sigatoka disease in banana plantations of farmers

The result in Figure 4 shows the prevalence of sigatoka disease among farmers in the study area.
As shown in the figure, a significant majority (78.6%) of the farmers have experienced Sigatoka
disease on the farm. This shows that the farmer's crop has been infected by the disease and implies

that the disease is widespread among the farmers.
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Figure 5: Prevalence of Sigatoka disease among farmers
As shown in Figure 5, the main physical indicator observed by farmers to identify Sigatoka disease
varies. A significant proportion of respondents (41.6%) indicated that the main sign was black
dots/dry spots on the leaves. About 18.7% said that the main sign of Sigatoka disease is that the
plants have folded yellow leaves, 6.5% of them said that the signs they see include folded leaves
with black and yellow dry patches, while 7.1% said that when the plant is infected they see
yellowish and brownish dark spots on the leaves of their plants. However, 26.1% of respondents

(in which 21.4% has not experienced it) said they did not see any signs.
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Figure 6: Physical Symptoms of Sigatoka Disease

4.4 Farmers' Perceptions of the Impact of SBD on Production
4.4.1 The impact of sigatoka disease on the productivity and income of farmers

Figure 6 shows the perceived impact of Sigatoka disease on the yield and income of banana farmers
in the study area. The results showed that the disease affected the yield of the majority of farmers
to some extent, with 17.4% noting that it had a small effect, 55.3% of farmers, which is the modal
group nothing that the effect is large, while 14% reported that a very large effect. On the contrary,
7.5% of the farmers replied that it had no effect. In addition, price reduction was another area
where the disease affected farmers, as the majority (62.4%) of them indicated that it had a great
effect on the price of their product, with 14.0% going further to say that it had a very great effect
on their price, while 16.1% said that it had a small effect. However, it can be seen that for a larger

proportion of farmers it has affected the price in one way or another.
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Figure 7: Impact of Sigatoka Disease on Yield and Price of Banana

4.5 Farmers Pest Control Methods

Figure 7 shows the pest and disease control methods used by farmers. The results show that 69.9%
of the farmers use the chemical and pesticide treatment method, while 19.2% use the organic

control method. Those not using any form of pest control were 10.9%.
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Figure 8: Pest and Disease Control Methods used by the Farmers

34



4.6 Factors influencing farmers' choice of Sigatoka control method

The results of the multinominal logit model in Table 2 show the factors that influence the choice
of'a control method by farmers in the study area. Robust standard errors were used in the estimation
because of their consistency in estimation as the sample size increases. The regression analysis
was carried out using multinomial logit because of the categorical nature of the dependent variable.
The value of pseudo-R2 for the model was 0.8907, which means that 89.07% of the variation in
the dependent variable is influenced by the independent variable in the equation. The chi-square
statistic was significant at 1%, which shows that the model used fits our data.

The dependent variable was divided into three categories. The base category for the analysis was
the respondents who did not use any form of control method, while the other category was those
who used organic control method and those who used chemical control method. From the analysis,
gender had a significant effect (p<0.01) with negative significance on the use of chemical control
methods. This means that males have a higher tendency to use chemical control methods compared
to other control methods. Age (p<0.01) significantly influenced the farmer's use of both chemical
and organic control methods. For chemical control, age was positively significant while for organic
control, age was negatively significant. This means that as farmers get older they are more likely
to use chemical methods at the expense of not using any form of control. On the other hand, for
organic control, the decision to use it was skewed towards the younger farmers. Thus, the younger

farmers are more likely to use organic control rather than no control at all.
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Table 2: Results of Multinominal Logit Model

Organic Control

Chemical Control

Variable Coefficient Standard zvalue Coefficient Standard Z value
Error Error

Household Head Characteristics

Age -3.733%%* 0.143 -26.17 0.523%#* 0.097 5.40

Gender -2.118 3.978 -0.53 -2.789%** 0.582 -4.79

Educational Status 2.738*** 1.144 2.39 -3.635%** 0.827 -4.39

Religion -101.096%** 2.615 -38.65 19.451%** 1.072 18.14

Farm Characteristics

Years of banana farming -1.217%%* 0.183 -6.63 -0.820%** 0.147 -5.56

Occupation 11.608%** 1.647 7.05 -1.470%** 0.508 -2.89

Land Ownership -62.273%** 1.710 -36.42 5.985%** 1.200 4.99

Farm Size -40.100%** 0.658 -60.97 -0.197 0.146 -1.34

Banana main income 91.461%** 2.380 38.43 2.388 1.559 1.53

Institutional sources

Getting Adequate Training ~ 90.119%** 1.419 63.52 8.630%** 1.409 6.13

Access to Extension Service -35.961%*** 2.880 -12.49 3.357%** 0.891 3.77

Constant 75.436%** 5.876 12.84 -24.646%** 3.199 -7.70

Wald Chi Square 92,979.33

Chi Square Significance 0.0000

Log Likelihood Value -28.472

Pseudo R? 0.891
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Number of Observation 322

**% Significant at 1% (P<0.001), **Significant at 5% (P<0.05), *Significant at 1% (P<0.1)

The variable for educational level was significant at 1% for the use of organic and chemical control
methods, with a positive sign for organic control and a negative sign for chemical control. This
means that the higher the level of education, the greater the tendency to use organic control. On
the other hand, for chemical control, those who are illiterate are more likely to use this method.
This indicates the importance of education in decision making. The occupation of the farmer
variable was also significant for both the use of chemical and organic control methods, with a
positive coefficient for the use of organic methods and a negative coefficient for the use of
chemical methods. This means that those who choose farming as their main occupation are more
likely to use chemical control methods, while those who choose other occupations are more likely
to use organic control methods. This is due to the commercial nature of chemical control.
Farmer's with higher experience in banana farming/More experienced farmers in banana farming
increases, the likelihood of using either chemical or organic control methods decreases. Land
ownership was also a significant variable for both the use of organic and chemical control methods.
For the use of the organic control method, the coefficient was negative and this means that those
who own their land for farming are less likely to use the organic control method, whereas for the
chemical method, farmers who own their land have a high likelihood of using the chemical control
method. This shows that land ownership influences the choice of control method used.

Farm size use for banana was significant with a negative coefficient at 1% for the factors
influencing the use of organic control methods. This means that as farm size increases, the

likelihood of using organic control methods decreases. This implies that organic control methods
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are not used in commercial pest control methods. The tendency of those using banana farming as
their main source of income was significant at 1% with a positive coefficient. This means that
those who use bananas as their main source of income are more likely to use organic control
methods. However, this does not rule out the use of chemical control methods, but rather suggests
that farmers who use it as their main source of income tend to use other sources, such as organic
sources, which may be more cost-effective for them.

Furthermore, access to extension services positively influenced the decision to use chemical
control methods and negatively influenced the use of organic control methods, both at 1% in the
study area. This shows that extension services tend to promote the use of chemical control methods
but are less likely to promote organic control methods. This could be due to the lack of verifiable
evidence on the effectiveness of organic control methods. This could be an argument for reviewing
the extension services training manual and the need to update extension agents on effective organic
control methods for sigatoka disease.

The variable for receiving adequate training shows that farmers who received adequate training
were more likely to use either chemical or organic control methods than to do nothing. This is
because the variable was significant and had a positive coefficient at 1%.

5 Discussion

The study has been able to outline various issues that were discussed critically in this section. To

get better understanding of the implication and findings from the result of the study.

5.1 Socio Economic Characteristics of the Respondents
From the study, most of the respondents are within their productive age, and this is similar with
the findings of Abdulrahman et al. (2019) who reported a mean age of 48.12 years for banana

farmers in Nigeria. This implying that the farmers in the study area are in their productive stage of
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production. Also, the sex of the respondents in the study has shown that banana farming in
Cameroon is male dominated. This could be because of a male dominated culture that exist in such
area and because of the tasking nature of maintaining banana plantation which requires energy.
According to Nkengla-Asi et al. (2020), who reported that male had larger fields than females in
Cameroon. Additionally, education plays an important role for the farmers, most of them had some
form of education, which implies some level of literacy among the farmers, and this could have
implication on the farmer’s ability to comprehend training content and put them to use. According
to Ishola and Arumagam (2019), education increases the ability of the farmers to assimilate,
interpret and make judicious use of the information gotten through training. The farmer’s
experience in the management of banana farms was quite low as most of the farmers are new to
banana farming. This could be an important factor in the farmer’s acceptance of any of the control
methods as they are in the stage of farming when they are willing to explore different options as

far as it tested and proven to be effective (Rezaei et al., 2020).

Also, the farm size being kept by the farmers showed that most of them were smallholder farmers
as they operate on a relatively small to moderate-sized farms and might face challenges related to
economies of scale, access to resources, and mechanization. This was similar to the findings of
Nkwain et al. (2022) who found out that banana farmers in Cameroun kept farms between 0.1 and
2 hectares and the findings of Jacobsen et al. (2004), who also found out that farm sizes for banana
farmers in the western highlands of Cameroon was averaging at about 0.9ha. Additionally,
extension visits among the farmers was found to be low and this could affect on-field assessment
of farmers and other on field trainings, which can further help the farmers in gaining more
knowledge on the control and prevention of sigatoka disease. This is similar to the findings of

Amungwa (2018) who reported a disproportionate number of extension to farmers in Cameroon
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and Chimi et al. (2022) who reported a low level of extension visit among banana farmers in
Cameroon. Furthermore, access to labour was high and this could imply that the availability of
labour for the farmers is not a major constraint for them and thus being able to use them for labour
intensive activities such as weeding, harvesting, planting among others. However, the skills of the
labourers can come to play in farming activities that requires skilled labour, and this may affect
their productivity. This finding is contrary to that of Chinee et al. (2018) in a study done in the
southwest region of Cameroon where it was discovered that farmers could not expand their farms
because of limited access to labour. In addition, Okolle (2019) reported that farmers rely more on

family labour due to high cost and non-availability of hired labour.

Additionally, lack of training opportunities as seen in the result might hinder farmers from adopting
modern agricultural practices, improving yield, and accessing better markets. This is because
training plays a vital role in enhancing productivity, sustainability, and profitability. This is in line
with the findings of Kenfack et al. (2019) who identified training limitation of farmers in

Cameroon and that of Nji and Engwali (2020) who confirmed the same.

5.2 Prevalence of Sigatoka Disease among the Farmer’s.

The study documented the prevalence of black Sigatoka disease in the South-Western region of
Cameroon. Additionally, the findings show a high proportion of farmers that experienced both the
prevalence and negative effect of the disease on their economic performance and livelihood. This
is supported by the studies on similar topic from the region, such as Benin (Ahohouendo et al.,
2020), or other African countries, such as Ethiopia (Gurmu et al., 2017). This may be because
farmers in the research region knew when a plant was sick with sigatoka disease and the financial

cost of the illness because of the high prevalence of the disease among them.
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The high prevalence of the disease indicates that black Sigatoka disease represents a critical
challenge for banana farmers, who are aware of negative effects like reduced yields, lower quality
of final production and consequently economic and social deprivation (Jomanga and Lucas, 2021).
From the symptoms that farmers identified as signs of black Sigatoka disease, it was clear that
farmers had experienced both black and yellow sigatoka disease on their farms and could identify
the signs to look out for on their farms. This clearly shows that farmers' knowledge is not just a
perception, but that they know about the disease and can identify it on their farms. The signs of
black sigatoka disease include small dark brown spots on the leaves of plants and leaf curling,
while the signs of yellow sigatoka disease include yellow to yellowish brown oval leaf spots (Raja
and Rajendran, 2022). Banana farmers in Benin could identify the symptoms of the disease but
could not determine the criticality of the disease because of the different physical signs observation
showed the different ways in which Sigatoka disease can occur (Ahohouendo et al., 2020). This
could also indicate different stages of infection or different responses of the plant to the disease
depending on the plant variety, environmental conditions, and farming practices (Kimunye et al.,
2021). Thus, the widespread presence of these symptoms among farmers highlights the need for
urgent disease management strategies, which could include the use of disease-resistant varieties,

cultural practices, and improved farmer education.

5.3 Perception of the Farmers on the Impact of Sigatoka on the Productivity of the
farmers.

Farmers' perceptions of the disease indicate the destructive nature of the disease on their farms and

the need for proactive measures to help farmers control it. For example, the marketability of the

farmers' produce, its yield, and its price were found to be affected by the disease. The impact of

the disease as perceived by the farmers is supported by the study of Mengesha et al. (2023) who
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reported the negative impact of the disease on banana growth and yield and Gurmu et al. (2017)
who reported its devastating effect on yield and fruit quality. This is due to the fact that when the
disease affects the leaves of the plant, it reduces the size of the bunch produced by the plant and
sometimes even hinders production, which is how farmers perceive the disease. Farmers'
perceptions indicate that the presence of Sigatoka disease could potentially reduce the quality,
appearance and quantity of bananas, making them less attractive to buyers or consumers. Nelson
(2020), who noted that it could pose a food safety risk to consumers, further confirmed this
position. This perception can affect market prices, demand, and overall profitability for farmers.
In addition, the perceived impact of Sigatoka disease on market prices further emphasises its
detrimental effect on farmers' profitability and productivity. This can consequently reduce farmers'
income and affect production. This was confirmed by the study of Mbo Nkolou et al. (2022), who
also found that black Sigatoka disease was the most destructive disease of banana among leaf spot
or leaf streak diseases and affected farmers' profitability. The findings of Reuveni et al. (2020),
who reported that the disease is characterised by rapid leaf damage, yield loss, reduced income,

and increased vulnerability among smallholder farmers, further supported farmers' perceptions.

5.4 Farmers Pest Control Method.

Similarly to other studies, farmers in our study sites predominantly relied on chemicals to control pests and
diseases (Shah and Yadav, 2018; Gutierrez-Monsalve, 2015, Becker et al., 2021). However, this high
prevalence of chemical control raises concerns about the sustainability of the pest control practices. Studies
proved the strong association between environmental degradation and posing significant health risks to

farmers and consumers if chemicals are not used properly (Rani et al., 2021). In addition, overuse of misuse

of chemical pesticides leads to the contamination of land and water resources (Ozkara et al., 2016). On the
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other hand, the cost of using the chemical method may not be economically friendly for the farmers

(Lamichane et al., 2016) as most of them are subsistence farmers.

5.5 Factors Influencing Farmers Choice of Sigatoka Disease Control Method

The result of the multinomial logit indicated that the age of the farmer played a significant role in
the type of control method used by the farmer in the study. The analysis revealed different signs
of the coefficients for the chemical control method, which has a positive sign, and the organic
control method, which has a negative sign. The positive sign of the chemical control method may
be due to the level of exposure of the farmers, which correlates with their age, making them more
dependent on the conventional pest control methods rather than the new methods with which they
are unfamiliar due to their perception of risk (Khan et al., 2020). However, the preference of
younger farmers for the organic control method suggests that younger farmers are more likely to
use sustainable control methods. This may be due to their exposure to the effects of climate change
and their awareness of the need to use sustainable control methods. This shows the importance of
age in reaching farmers on the control methods to be used to control sigatoka disease. The result
confirms the findings of Serebrennikove et al. (2020) where the age of the farmer was found to
have a negative significance on the adoption of organic practices, but contrary to the findings of
Denkyirah et al. (2016) where age was found to have a negative effect on the use of chemical
pesticides among cocoa farmers.

The importance of education in the choice of control method was demonstrated by the fact that
educated farmers were more likely to use organic pest control, which is more environmentally
friendly. This could reflect their level of awareness of the dangers of chemical control methods,
which is more prevalent among the uneducated in the study area. On the contrary, the less educated

were found to be more likely to use the chemical control method. The effect of educational status
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is confirmed by Gao et al. (2017) where education had a positive effect on the use of organic
pesticides, but the study by Danso-Abbeam and Baiyegunhi (2018) did not support this as
education had a positive effect on the use of chemical pesticides. This may be due to the fact that
education plays an important role in improving the ability of farmers to assess the likely risks and
severity that they face by not using an effective control method on their farm (Ahohouendo et al.,
2020).

In addition, the analysis showed that those who run agriculture as their main occupation were
more likely to use the chemical control method, while those who chose other occupations were
more likely to use the organic control method. The reason for this may not be far-fetched, as those
who choose farming as their main occupation are more likely to use a method that has a far-
reaching effect, such as chemical control methods. This is also observed by Wole-Alo and
Oluwagbemi (2020) who looked at how occupation influences adoption among farmers and found
that farmers who take farming as their main occupation are more likely to adopt a better approach
to farming. This is because they devote more time to the activities, thereby gaining more
knowledge and experience. Those who use it as their main occupation may also have been able to
explore different approaches to the disease through training, observation and social groups
(Jacquet et al., 2022).

Years of banana farming were also found to reduce the likelihood of using organic and chemical
control methods. The reason for this may be that these farmers may have found other effective
alternative control methods through their experience, or there may be a tendency for farmers to
become unconvinced of the effectiveness of both approaches to disease control over the years of
their use. This is quite surprising based on our a priori expectation and the empirical findings of

Denkyirah et al. (2016) who found a positive relationship between pesticide use and farming
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experience of cocoa farmers in Ghana. This is due to the farmers' knowledge of control options,
which improves as the farmers' experience increases (Osterman et al., 2021). This gives farmers
an advantage in understanding disease symptoms and taking precautions to control the disease,
limiting their reliance on any one control method (Doidge et al., 2020).

The issue of land ownership is also critical to the use of control methods, and the results give a
good insight into the fact that farmers who own their own land use chemical control methods,
while farmers who do not own their own land use more organic control methods. This may be due
to the temporary nature of the use given to those who do not own the land and their tendency to
use a less expensive method. Similar to our study, a study by Aha and Ayitey (2017) noted that
land ownership is correlated with the level of investment and commitment to agricultural activities.
Furthermore, Adenuga et al. (2021), in agreement with our findings, reported that farmers with
temporary land use were less likely to invest in long-term disease management strategies. This was
also echoed by Adusumilli and Wang, (2019) who opined that farmers with land ownership were
more likely to adopt long-term pest management strategies compared to those with lease or rental
arrangements.

The effect of farm size on the use of control methods provides some information on the fact that
farmers with large farm sizes are less likely to use organic control methods. According to Ren et
al. (2019), farm size determines the control methods used on the farm due to the cost and efficiency
associated with them. This is essentially due to the nature of the large investments in their farms,
and therefore the unwillingness to adopt a method that may not be economically viable for them.
As such, larger farms tend to place more emphasis on control methods that are effective and fit
their scale of need (Petit et al., 2020), such as the chemical approach. This could mean that organic

control methods still need improvement or further research before they can be used on a larger
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scale. This is confirmed by Jousi et al. (2017), where the organic approach was found to be more
suitable for small farms.

Those who use bananas as their main source of income are more likely to use organic control
methods, but this does not eliminate the use of chemical control methods. However, this supports
the fact that farmers who use it as a main source of income are more likely to use organic sources,
which are more cost-effective for them, as suggested by Baker et al. (2020). This may be due to
the fact that most of these smallholder banana farmers are resource constrained (Muthee et al.,
2019). In addition, farmers who rely on this as their main source of income may take into account
market preferences which determine the control method used (Udomikun et al., 2021). They may
also consider an approach that ensures that their production is sustained for a long time on the
same land (Amakwah, 2023).

In addition, the presence of extension agents increased farmers' use of chemical control methods,
but not organic control methods. This is similar to the findings of Wuepper et al. (2021) for
chemical control methods, but the opposite for the use of organic control methods. This may be
due to the lack of verifiable evidence on the effectiveness of organic control methods. This shows
that extension education plays an important role in educating farmers on the use of chemical
control methods but fails to introduce farmers to organic control methods. According to Singh et
al. (2016), farmers' future decisions are largely influenced by their access to extension agents. This
argues for a review of the extension training manual and the need to update extension agents on
effective organic control methods for sigatoka disease. Although extension outreach in the study
area was low, with improvements, more farmers in the study area may be able to adopt more
sustainable and effective pest control methods. This is because it helps farmers understand the

principles of disease control and empowers them to know what to do if they are challenged by
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sigatoka disease (Livune, 2022). However, the extension service must be accessible and have the
right content to improve farmers' decision making (Antwi-Agyei and Stringer, 2021).

The study also shows that adequate training of farmers helped them to use either chemical or
organic control methods, implying that training plays an important role in providing farmers with
the necessary knowledge to manage Sigatoka disease on their farms. According to Abiola et al.
(2020), farmers who receive training on the disease are more likely to be aware of the possible
control methods. It also improves their decision-making (Sharifzadeh et al., 2018) and creates
awareness about the disease and the possible control methods available to farmers (Abiola et al.,
2020). Therefore, proper training empowers farmers in their decision-making process and provides
them with the necessary knowledge to make the right decision (Gratia and Fawzi, 2021).

The gender variable was also significant with a negative coefficient on the factors influencing the
use of chemical control methods, implying that male banana farmers are more likely to use the
chemical control method. This is not surprising as it is in line with our a priori expectation and
consistent with the findings of Wang et al. (2017), Denkyirah et al. (2016) and Constantine et al.
(2020) who found that males are more likely to use chemical pesticides compared to their female
counterparts. This could indicate an inequality in access to resources between female and male
farmers, hence the advantage of males in using chemical control methods when compared to their
male counterparts. Findings from the Ankrah et al. (2020) and Anderson et al. (2021) studies
support this, with males having greater access to resources when compared to their female
counterparts.

All religious groups (Udomkun et al., 2021) accept banana cultivation. Thus, the variable for
religion was significant for both the use of chemical control and organic control, but with different

signs. For chemical control, religion had a positive effect, while for organic control it had a

47



negative effect. This means that Christians were more likely to use chemical control while non-
Christians were more likely to use organic control. This is due to the type of information farmers
have access to due to their religious orientation and beliefs (Pereira et al., 2015) as a result of the

social nature of religious groups (Wang et al., 2021).

6 Conclusion

This study looked at the factors affecting farmers’ choice of Sigatoka Disease control method
among small-scale banana farmers in Cameroon. The main objective of the study was to document
and analyse the control methods used by smallholder banana farmers for the control of sigatoka
disease. In achieving the overall objective of the study, the study looked at the Prevalence and
occurrence of Sigatoka Disease among the Farmers in the study area. Additionally, the study
explored farmers perceptions of black sigatoka disease and management, examined the different
control method used for the disease by the farmers and then identified factors influencing the

control method used by the farmers in the study area.

It was found out from the study that majority of the farmers have experienced black sigatoka
diseases on their farms and there is the need for an effective means of controlling the disease on
their farm, which would be acceptable, by all. It was also observed that black sigatoka disease
poses a significant threat to the livelihood of the farmers by limiting their production, the yield on
their farms and the price of their commodity. Results of our MLM showed that factors such as age,
religion, years of banana farming, land ownership, farm size and access to extension service
negatively influenced the use of organic control method while educational status, occupation of
the farmers, banana main income and getting adequate training positively affected it. On the other

hand, the results showed that age, religion, land ownership, getting adequate training, access to
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extension services had a positive effect on the use of chemical control method while sex,

educational status, occupation and years of banana farming has negative effect.

The study recommends that there is a need to raise awareness among farmers about sustainable
means of controlling Sigatoka disease. In essence, information should be provided on the use of
organic( or agroecological) control methods that are better suited to the environment, taking into
account the socio-economic characteristics of the farmers. Moreover, there is the need for adequate
trainings that address the issue of sustainability in controlling the disease among the farmers,
identify the different stages of the disease and pinpoint to the farmers the need to adopt sustainable
control methods. Extension services should be improved to inform the farmers about the use of
organic control methods while extension agents should be strengthened to follow-up the farmers.
This is to ensure that what the farmers are doing are in line with what they were taught, and this
were included on field visits by the extension agents and organisation of community schools where

farmers are able to share their challenges in implementing what they have learnt.

6.1 Limitation of the study

The use of cross-sectional data limits the information to a particular point time and thus limited in
accounting for changes that may occur in the choices of the control methods of the farmers over
time. There is also limitation from the responses of the farmers due to their perception of events,

which can be subjective and lack the accuracy required for the study.
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