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ABSTRACT

The massive use of inorganic agrochemicals in vegetable production in Ghana that often leads to
health and environmental hazards, demands bio-intensive as an alternative strategy. This study
assessed the profitability, and examined factors that affect the adoption of bio-pesticides in
vegetable production. Semi-structured questionnaire was used to elicit primary information from
300 vegetable farmers in the Offinso District and Mampong Municipality in the Ashanti Region
of Ghana. The study employed both descriptive and inferential tools to analyse the data. Whereas
gross margin analysis was conducted to assess the profitability of bio-pesticide adoption, a
logistic regression model was used to determine the factors that influence adoption of bio-
pesticides in the study areas. From the study, the over reliance of vegetable farmers on chemical
pesticides as the major pest management strategy can be attributed to the relatively less
profitable nature of bio-pesticide adoption. The gross margin analysis indicated that the adoption
of bio-pesticide as pest management strategy in tomato production was less profitable compared
to the conventional method. This situation vein, non-adoption of bio-pesticide was relatively
profitable in cabbage and carrot production. The proportion of vegetable farmers in the studied
districts who have adopted bio-pesticides was found to be fourteen percent irrespective of the
positive perception and high awareness of the practice. The key bio-pesticides used by vegetable
farmers were found to be neem, neem plus pepper and cinnamon. Neem adoption relative to
cinnamon was found to be positively influenced by household size, education, experience,
extension visitation, membership of FBOs, the less ill effect of bio-pesticide on human health,
the accessibility of bio-pesticide; but negatively influenced by age, farm size and the specificity
of bio-pesticide. With the exception of education, extension visitation, the less ill effect of bio-
pesticide on human health, and the specificity of bio-pesticide; the factors that influenced neem
adoption also influence neem plus pepper adoption relative cinnamon. The study recommends
commercialization of bio-pesticides to make them readily available in packaged forms and
training of farmers in preparation of bio-pesticides. It further recommends segmentation of the
Ghanaian vegetable market to allow for price premiums to compensate adopters for the relatively

lower yields associated with bio-pesticide adoption.
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CHAPTER ONE

INTRODUCTION
1.1. Background of the Study
Several vegetables are grown in Ghana for multiphaceted purposes. The major ones are onion,
okra, garden eggs, tomatoes and pepper (Nsiah-Gyabaah, 2003). For the most part, these are not
eaten fresh, but are cooked in soups and stews. There is a growing market for other vegetables,
which are consumed primarily by urban dwellers and non-Ghanaian population. These include
cabbage, carrot, lettuce and radish. Some of these are primarily consumed fresh. Presently some
100,000 acres of vegetables are grown in Ghana (MoFA, 2010). The average vegetable farmer
operates on small scale of about 0.1ha to about 0.8ha (Nsiah-Gyabaah, 2003). Low vegetable
yields are compounded in the long-run by production shocks caused by environmental stresses

such as drought, pests and diseases.

It is estimated that as much as 45% of the world’s crop, including vegetables is destroyed by
pests and diseases (Bhanti and Taneja, 2007). In Ghana, pesticides are massively used in the
agricultural sector to curb crop pests (Clarke et al., 1997). Organochlorine pesticides for instance
are extensively used by most Ghanaian farmers due to their low cost, high efficacy and wide
range suitability for plants (Osafo and Frempong, 1998). These pesticides are greatly used in
most farming communities in the Western, Ashanti and Brong Ahafo regions of Ghana in
vegetable production (Gerken et al., 2001; Ntow et al., 2006; Amoah et al., 2006). Of the
synthetic chemical pesticides used by vegetable farmers in Ghana to control pests and diseases
(Dinham, 2003), 44% are herbicides, 33% are insecticides and 23% are fungicides (Ntow et al.,

2006). Most farmers have little or no idea about the dangers these chemicals pose when misused



or overused. There is evidence of pesticide residues in sediments, water and biota, crops, meat
and human fluids (Osafo and Frimpong, 1998; Ntow, 2001; Kalantari and Ebodi, 2006; Khalid et
al., 2007; Darko and Acquaah, 2007). Increased accumulation of these chemicals in the food
chain may pose serious health hazards to the general populace (Jayashree and Vasudevan, 2007).
The hazards caused by the misuse of chemical pesticides have driven scientists, policy makers,
donors, development institutions, farmers and consumers to seek alternative practices and
systems that will make agriculture more sustainable. Bio-pesticides were therefore introduced in

the late 1990’s as part of Integrated Management practices in vegetable production in Ghana.

Bio-pesticide adoption has the potential to alleviate poverty through combating yield losses from
pests and diseases in these crops, while reducing health risks from application of hazardous
chemicals. “Bio-pesticides are certain types of pesticides derived from such natural materials as
animals, plants, bacteria, and certain minerals” (US EPA Pesticides, 2008). For example, garlic,
mint, neem, papaya and baking soda have pesticidal applications and are considered as bio-
pesticides. The most commonly used bio-pesticides are living organisms (bacteria, viruses and
fungi) which are pathogenic for the pest of interest. However, just because a farm is managed by
adopting bio-pesticides does not mean that it is sustainable. To be sustainable, it must produce
food of high quality, be environmentally safe, protect the soil, and be profitable (Reganold et al.,
1990). This study therefore seeks to investigate the profitability and the factors affecting the
adoption of bio-pesticides, an alternative to chemosynthetic pesticides, in the management and

control of pests and diseases in vegetable production in the Ashanti Region.



1.2. Problem Statement

High incidence of diseases and pests is a major challenge in vegetable production. Some of the
biotic constraints are the yellow-leaf-curl-virus in tomato, diamondback moth in cabbage, and
shoot and fruit borers in garden egg. Management of these pest and diseases call for the use of
pesticide. The use of agrochemicals in vegetable production in Ghana has however reached an
alarming proportion especially where a large percentage of farmers are illiterate (Gerken et al.,
2001). Chemical pest control is so frequently used in vegetables that crops such as African
eggplant, cabbage, pepper and tomato have become indicator crops of inappropriate pesticide
regimes in many vegetable agro ecosystems (Ahowe et al., 2009). Cabbage producers apply
pesticides every 3 to 4 days within a 3-month period before harvesting, in order to control
caterpillars on the crop. Farmers also apply 18 applications of pesticides on pepper within 10
weeks of crop growth to control aphids, mites and whiteflies; and 12 applications of pesticides
on the African garden eggplant within 10 weeks of crop growth to control mites and root-knot
nematodes. A recent survey carried out by Amoah et al. (2006) revealed that banned chemicals
are greatly used in vegetable production in most farming communities in the Ashanti Region of
Ghana. Although farmers in the region have been taught, and are aware of Integrated Pest
Management of which bio-pesticide is inclusive, they still massively use chemical pesticides on
their vegetable farms. Some of the chemicals used are Karate, Furadan, Topsin, Dursban, and
Kocide. Sometimes these chemical preparations have some tincture of banned chemicals (DDT,

Lindane, Thiodan Endosulfan) among others to meet their expected results.

The health implications associated with releases of residual agro-chemicals to surface and

ground water are grave. The overuse and misuse of chemical pesticides in vegetable production



pose serious threats to non-target organisms, human health and the environment. Ntow (2001)
worked on organochlorine pesticide residues in human breast milk of some women in
Akomadan, a farming community in the Ashanti region of Ghana and recorded 40: g/kg fats of

Hexachloro Cyclo Benzene (HCB) and 490: g/kg fats of p,p’-DDE.

Unlike chemosynthetic pesticides, bio-pesticides have received increased attention as one of the
superior pesticides of today because they are more environmentally friendly as well as reduce
health hazards (Kasperczyk and Knickel, 2006). However, as more and more attention has been
put on determining whether bio-pesticide farm management system is environmentally better or
not, it is not clear whether bio-pesticide farm management practice could be economically
attractive enough to trigger wide spread adoption. If bio-pesticide farm management practice
offered a better environmental quality and potentially healthier foods but not sufficient economic
returns to the majority of farmers; it would obviously remain a luxury way of food production
available to a very tiny fraction of farmers. This obviously could be so because vegetable
growers prefer to adopt management practices that optimize yield, maximize returns and profits,
and minimize environmental and health hazards. In Ghana the general indication is that, when
bio-pesticides were introduced to farmers in the late 1990’s the country did not achieve a high
level of success. To date the critical factors that account for the low level of adoption of bio-
pesticides is still in the realm of speculation and conjecture. The purpose of this study is to
determine the profitability of vegetable production under bio-pesticides and factors that affect the

adoption of environmentally friendly pesticides.



1.3. Research Questions

The main research questions addressed in the study are:

1.

2.

What pest management strategies are currently used in vegetable farming?

What is the awareness level of vegetable farmers in Ashanti region about bio-pesticides?
What is the relative profitability of bio-pesticide adoption in vegetable production?

What specific socio-economic, technical and institutional factors affect the adoption of
bio-pesticides as pest management strategy?

What are the factors influencing bio-pesticide adoption by specific vegetable farmers?

1.4. Objectives of the Study

The main objective of the study is to assess the factors that influence the adoption of bio-

pesticide as pest management strategy in vegetable production in the Ashanti region of Ghana.

However, the specific objectives are:

1.

2.

To identify the pest management strategies of vegetable farmers in the Ashanti region.

To determine the awareness level of vegetable farmers in the Ashanti region about bio-
pesticides.

To assess the relative profitability of bio-pesticide adoption in vegetable production

To determine the specific socioeconomic, technical and institutional factors that affect the
adoption of bio-pesticide as pest management strategy.

To determine the factors that influencing bio-pesticide adoption by specific vegetable

farmers.



1.5. Hypotheses of the Study
The following hypotheses were tested in the study:
1. Membership of FBO, frequency of extension contact and experience of the vegetable
farmer positively influence the adoption of bio-pesticides positively.
2. Farm size, non-farm income and distance to source of raw materials for bio-pesticides
affect adoption negatively.
3. Extension visitation and membership of FBOs positively influences tomato farmer’s
adoption of bio-pesticide.
4. Cost of bio-pesticide negatively influences cabbage farmer’s adoption of bio-pesticide.
5. Accessibility of bio-pesticide positively influences carrot farmer’s adoption of bio-
pesticide.
6. Customers’ demands chemical free vegetables positively influence tomato farmer’s
adoption of bio-pesticide.
7. There is no significant difference between the gross margins obtained by farmers

adopting bio-pesticide and those practicing conventional vegetable production.

1.6. Justification of the Study

Vegetables have become a major and important part of the Ghanaian agricultural economy in
terms of food, income and employment. The production of vegetables varies from cultivating a
few plants in the backyards for home consumption up to a large-scale production for domestic
and export markets (Obuobie et al., 2006). Vegetable production is essential to all stakeholders
including producers, middlemen, food vendors and consumers as well as the government. It

provides the first three stakeholders mentioned, employment and income. It also provides the



government tax revenues on farm produce. Moreover, findings of the study could create an
avenue for commercialization of bio-pesticides and hence create jobs for people desiring to enter

the bio-pesticide market.

However, the identification of enterprises that lead to the highest returns (rewards) from the
farmer’s resources is important. When enterprises are profitable, the use of inputs returns more to
the farmer than the original investment. Higher profits result in increasing incomes and thereby
lead to a sustainable improvement in the livelihoods of the farmers. An enterprise that is not
profitable cannot survive in market-oriented production, given the limited resources and the
number of competing alternative uses. On the contrary, an enterprise that is highly profitable
rewards the farmers with returns on their investments that act as incentives to spur more
production. Such enterprises indicate potential for improving the welfare of farmers in the long
run. The objective of the current study therefore is to inform farmers on the consequences of
choosing bio-pesticide in pest management and to inform policy makers on the advantages of

spending more on bio-pesticide research (system profitability).

With an estimated one in forty Ghanaians suffering each year from serious foodborne disease
(Amoah et al., 2006), poor food safety poses an important drain on the economy. Food safety
issues are already playing an important role in the Ghanaian export sector of perishable products
such as fruit and vegetables. The inability to meet the standards also has a serious impact on the
domestic economy with major losses caused through a reduction in work output and an increase
in medical costs from food-borne diseases and through losses in the production and post-harvest

food chain caused by poor agricultural health situations. It is on this premise that the



Government of Ghana (GOG) with support from World Bank and FAO, prepared a number of
studies covering key aspects of the food safety system between 1998 and 2005 i.e. the original
Food Safety review prepared by Boateng (2007) and a commodity survey on vegetable safety
(Graffham, 2005). The current study could therefore contribute to this effort by identifying
thematic areas of bio-pesticide adoption in Ghana and measures that could be put in place to

enhance the level of adoption.

The empirical findings of this study could help form the pivot in the design and implementation
of appropriate policies to strengthen and give deep-root to the production and consumption of
chemical free and safer vegetables, and also to plan a national incentive programme for the
dissemination of more environmentally friendly agricultural practices. Moreover, Ramarethinam
et al. (2003) and many other researchers did not significantly identify or assess the influence of
socio-economic, technical and institutional factors on the various forms of bio-pesticides but
lumps them together. However, the current study assesses the influence of the mentioned factors
on adoption of bio-pesticides. The study could also serve as a reference material for researchers

in the field of bio-pesticide adoption.

Moreover, as new technologies emerge into society daily, people’s lifestyles and livelihoods are
directly affected. The impact this phenomenon causes in individuals’ lives generates a need for
understanding and adjustment to the technology. Historically, technological progress has given
rise to social change. As the needs of a society change, people are required to keep abreast with
new innovations in both their personal and professional lives. Ultimately, the adoption of new

technology is required as many of the emergent technologies become an integral part of the



society. Therefore, it is important to understand and examine factors that influence a person’s
adoption of new technology, as well as both the positive and negative effects that technology can

have on the user.

1.7. Scope of the Study

The study collected data in the 2012 main crop season with the main objective of assessing the
profitability and identifying the factors affecting the adoption of bio-pesticde in vegetable
production in both the Mampong Municipality and the Offinso-North District. The main crop
season was chosen relatively to the minor season since it is more favourable period for
measuring farmer’s abilities under normal agricultural conditions in Ghana. Geographically, the
study was limited to the Mampong Municipality and the Offinso-North District, both in the
Ashanti region of Ghana. It should also be emphasized that the study was limited to only tomato,
carrot and cabbage farmers in the study areas. These crops were chosen because of their
predominance in the study area, and the predominant reliance on them as measurable indicators

of chemical pesticide usage in the studied areas.

1.8. Organisation of the Study

The study is organized into five chapters. It begins with Chapter One that discusses the
background of the study, the problem statement, research questions, objectives of the study, and
the hypotheses tested in the study. The existing literature related to the study has been reviewed
in Chapter Two. Data issues and methodology of the study have also been discussed in Chapter
Three. Data analysis and discussions of the results are presented in Chapter Four, with the

summary of findings, conclusion and recommendations covered in Chapter Five.



CHAPTER TWO

LITERATURE REVIEW

This chapter provides literature review on vegetable production in Ghana by focusing on
vegetable production, disease and pest of vegetables and pest management strategies or practices.
The chapter further discusses adoption of new technology and the major factors influencing the

adoption of new technology.

2.1. Vegetable Production in Ghana

Vegetable production is an important economic activity in the forest and savanna zones in
Ghana. It is successfully increasing food security and employment, especially among women
(Braima et al., 2010). Until recently, vegetable production was mainly female activity. Women
produced vegetables as bases for soups and stews. Braima et al. (2010) posits that typically the
most popular vegetables grown by farmers in West Africa include chilli peppers, onions,
tomatoes, garden eggs and okra. Others are cocoyam leaves found mostly in the forest zone and
leafy vegetables such as cowpea and Amaranthus sp., lettuce, carrots and neri, a type of melon

that is common in the savannah areas.

In the last five years, vegetable production has become important male economic activity
(MoFA, 2010). This has been driven by its contribution as a source of employment, nutrition and
income. Vegetables have become an irreplaceable dietary component, not only as a side dish to
add flavour to soups and stews, but they also break the nutritional cycle by providing critical

ingredients that build a healthy body. The high medicinal and nutritional value, high prices of
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vegetables, especially during the dry season and increasing demand for vegetable in the urban

areas have attracted men into vegetable production.

According to Ahowe et al. (2009) vegetable production for urban and peri-urban areas in Ghana
is popular in rainfed upland ecologies. Rainfed upland ecologies occur on hillsides, usually
above floodlines and have well-drained soils which are not usually covered by standing water.
The vegetation is dominated by bushes of perennial shrubs and trees, with minimal grass cover.
Vegetables are usually planted early in the rainy season, either by direct seeding or transplanting
of seedlings. They are frequently intercropped with other staple food crops (e.g. rice), or planted
as sole crops following the harvest of any other crop. Commercial farmers use irrigation systems
that allow year-round production in upland ecologies, while smallholder farmers rely on rain and
soil water to water their seasonally-grown crops. The quantity produced of selected vegetables in
Ghana between 2001 and 2008 is shown in Table 2.1. The production level of the selected
vegetables seems to follow a constant trend between 2001 and 2003, but decreased in the year
2006. However, in the ensuing year (2008), the volume of production of tomatoes increased
whereas the rest of the vegetables in Table 2.1 decreased. Irrespective of this, figures provided

by UN Comtrade (2007) indicates a growing trend of vegetable exports.

Table 2.1: Quantity of Selected Vegetable Produced in Ghana from 2001 to 2008 (1,000
metric tons)

Vegetables 2001 2003 2005 2006 2008
Tomatoes 200 200 200 176 284
Okra 100 100 100 105 46.6
Garden eggs 276 309 32 37.1 38.7
Shallot 100 100 120 99.4 39.3
Chilies and Peppers, Green 270 270 329 277 134

Source: FAOSTAT, accessed March 2013
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Vegetables export from Ghana has been gradually growing, capturing a sizeable portion of the
ethnic vegetable niche market in the UK, as a result of its clear advantage in terms of airfreight
costs compared with current East African suppliers. Despite this commercial success,

productivity remains low.

2.2. Pest of Vegetables

A pest is any organism that injures or damages crops, livestock and people to cause food and
income losses and diseases. The term ‘pest’ refers to the role of any organism to aggravate
hunger, poverty and disease (Huang and Huang, 1993). The term ‘pest’ is, therefore, more
socioeconomic than biological, as it relates mainly to the social and economic aspects of human
activities. An organism is not a pest in its natural habitat (e.g. insects in wild grasses and natural
vegetation), but as soon as it comes into conflict with people and peoples’ interests (e.g. insects

in cultivated crops), it is treated as a pest.

Probably the most important pest of vegetables is the nematode, particularly the root-knot
nematode (Braima et al., 2010). Okra and garden egg are particularly susceptible to damage. Soil
fumigation is the fastest way to eliminate this pest, but is expensive and is not likely to be widely
used in Ghana for many years (Ntow et al., 2006). Rotation of susceptible crops with non-
susceptible crops is the most practical method of nematode control for most farmers under these
conditions. Table 2.2 shows the various pest groups, specific pest and vegetables that are

susceptible to these pests.
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Table 2.2: Pest of Vegetables

Pest Group Pest Vegetables

Moths, Butterflies Cabbage Looper Lettuce, spinach, beets, peas, and tomatoes
Beet Armyworm  Asparagus, lettuce, cabbage, tomatoes, peppers, onions
Corn Earworm Peppers, eggplant, beans, okra, lettuce, and cabbage
Cutworm Asparagus, cabbage, squash, and tomatoes

Beetles

Sap-Feeding
Insects

Flies

Diamondback
Moth
Cabbageworm
Asparagus
Beetle

Blister Beetle
Potato Beetle
Cucumber
Beetles
Harlequin Bug
Eggplant  Lace
Bug

Squash Bug
Aphids

Cabbage Maggot
Pepper Maggot
Leaf-miner

Cabbage

Cabbage, cauliflower, radish, and turnips
Asparagus

potatoes and tomatoes
Tomatoes, eggplant, peppers, potatoes
Asparagus, cabbage, peas, beets, tomatoes, and turnips

Asparagus, okra, and tomatoes
Egg plant

Squash and pumpkins

Most vegetables

Cabbage, cauliflower, broccoli, turnip

Pepper, egg plant

Cucumbers, squash, tomatoes, and leafy vegetables

Source: Sorensen (2010)

The pests that destroy vegetables are divided into the following groups by Sorensen (2010):
Moths, Butterflies, and Their Young (Caterpillars); Beetles; Sap-Feeding Insects (True Bugs,

Aphids, Leafhoppers, and Whiteflies); Flies; Other Insects; and Non-insect Pests.

Sorensen (2010) explained that the moth and butterflies pest group include pest like Cabbage
Looper, Beet Armyworm, Corn Earworm, Cutworm, Diamondback Moth, Corn Borer, Fall
Armyworm, Cabbageworm and many others. Caterpillars, the larval stage of moths and
butterflies, damage both the foliage and fruit of a number of vegetables. These insects chew

holes in foliage and fruit and leave degrading excrement and silk on plants. The Beetle group
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also include pest like Asparagus Beetle, Bean Leaf Beetle, Blister Beetle, Colorado Potato
Beetle, Cowpea Curculio, Flea Beetle, Spotted Cucumber Beetles and many others. The adult
beetles are usually hard-bodied insects with thick forewings. The young are grubs, borers, or
wireworms. Often adults feed on different host plants than do larvae, although both stages may
be destructive to vegetables. The Sap-Feeding Insects of vegetable include Harlequin Bug,
Eggplant Lace Bug, Squash Bug, Tarnished Plant Bug, Aphids, Potato Leafhopper and many
others. The Flies group of pest also includes Cabbage Maggot, Pepper Maggot, Seed-corn
Maggot, Vegetable Leaf-miner, among others. However, Moths and butterflies, beetles, sap-
feeding insects, and flies are not the only insects capable of damaging vegetables. Grasshoppers,
mole crickets, and thrips also attack vegetables. Non-insect VVegetable Pests like Spider mites
and slugs, although not insects, are capable of inflicting severe damage on vegetables. These
pests are managed by vegetable farmers through the adoption of different practices and

strategies.

2.3. Pest Management Practices and Strategies of Vegetable Production
In Ghana the main methods of disease and pest control in vegetable production are cultural and
physical method, biological control, integrated pest management practices, and chemo-synthetic

pesticides. The mentioned management practices are discussed below.

2.3.1. Cultural and Physical Control
Physical control methods such as fly screens; physical means of proofing for birds, possums and
rodents or physical means of pest detection, such as trapping, can sometimes be a more effective

and appropriate means of pest control in gaining long term control over a particular pest
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infestation (Zschekel et al., 1997). Cultural control methods of pest control such as improving
ventilation to deter attack by termites or improving hygiene and sanitation measures to reduce
the risk of pest infestation should always be undertaken, where possible, to make conditions less
favourable for nuisance pests. According to Ahowe et al. (2008) some of the methods of
cropping often adopted to achieve certain level of pest and disease management and control are

intercropping, mixed cropping, and crop rotation.

2.3.1.1. Intercropping

Adade et al. (2001) suggested that farmers frequently intercrop vegetables on the same bed. A
single bed can hold as many as five different vegetables. Intercrops can be economically more
profitable than sole crop vegetables. According to Loos et al. (2001) intercropping increases
farmers’ income per unit of land and labour and helps to maintain good soil moisture and reduce

the incidence of weeds and other pests on vegetables.

2.3.1.2. Crop Rotation

Crop rotation enables farmers to maintain land under continuous cultivation by planting with one
crop after another in successive seasons (Bonsu, 2001). The practice also helps farmers respond
to seasonal market demands for certain crops. Where a rotation crop is a non-host plant of a pest
that damaged a previous crop, crop rotation helps to control that pest by breaking its life cycle
(Zschekel et al., 1997). Good knowledge of crop susceptibility to pests is therefore essential in
the use of crop rotation for pest management (Zschekel et al., 1997; Frost, 2001). This is
particularly the case with species of root-knot nematodes which attack a wide range of

vegetables including the most economically important crops grown in many localities. Frost
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(2001) noted that the wide range of host plants of the root-knot nematode makes it difficult to
identify suitable crop rotation schemes for this pest, especially at sites under year-round

vegetable production.

2.3.1.3. Soil Fertility

Soils nourish vegetables with mineral nutrients for vigorous, succulent and healthy growth; but
continuous production of vegetables can deplete soil nutrients at production sites (Zschekel et
al., 1997; Frost, 2001). Bonsu (2009) indicated that vegetable farmers use organic and mineral
fertilizers to help soils to recover from nutrient losses, and in some cases, reduce pest problems.
Both organic (composed of decayed plant/animal material), and inorganic fertilizers (composed
of chemicals and minerals), improve soil fertility by adding nutrients to the soil, and are used in a

number of different ways.

Mulching, for example, involves mixing plant materials into the soil during land preparation, or
covering the bases and rows of the crops with dry grass or plastic sheets after planting (Loos,
2001). Dry grass or plastic sheets serve as physical barriers between the soil and the environment
so the plant residues rot into the soil and increase its organic matter content. Plant foliage mixed
into the soil help conserve moisture, suppress weeds, and reduce the spread of plant pathogen

spores onto vegetable foliage through water or soil splashes.

According to Bonsu (2009) farmers use farmyard manure or humus from compost of plant
residues as organic fertilizers. They avoid scorching of the plants by first thoroughly mixing the

farmyard manure with soil or water. Where soils are poor, leafy vegetables such as African
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garden eggplant, amaranthus, cabbage, and lettuce will require additional levels of nitrogen and
potassium (provided by inorganic fertilizers). High levels of nitrogen delay the onset of

flowering and thereby favour leaf production.

2.3.2. Chemo-Synthetic Pesticides

Chemical control is a common coping strategy used by farmers to protect their investment in
vegetables (Amoah et al., 2006). Okorley and Kwarteng (2002) in their study indicated that
vegetable farmer in the Central Region of Ghana rely almost entirely on chemical pesticides, a
situation similar to the pest management practices of vegetable farmers in the Ashanti region.
Ntow (2001) showed massive usage of chemical pesticide in controlling pest in vegetable farms
in some major towns in the Offinso North district including Akomadan. The application of
pesticide has been effective in controlling pest and reducing yield lost a situation reported by
vegetable farmers in the Ashanti region (Ntow, 2001), and hence their massive usage and
misusage. Carrasco-Tauber (1992) stated that for every dollar spent on pesticide, the farmer can
reduce crop damage by 3-5 dollars. Shumway and Chesser (1994) reveal that pesticide
application has contributed to a major increase in the productivity. Works or Noorwood and
Marra (2003), Brorsen and Teague (1995) support by stating that pesticide use have a positive
marginal product. Furthermore, because of the effectiveness of pesticide in controlling pest, its
use has continued to increase over time (Olesen et al., 2003), such that some vegetable crops
have in recent times become indicators of chemical pesticide usage in the Ashanti region based
on found chemical residues (Ntow, 2001). Due to this increase in pesticide use, its market has

become a matured one with a growth rate of about 1-2% per year (Berenbalum, 2000).
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Nevertheless, the list of pesticides currently used against vegetable pests in the Ashanti region of
Ghana includes products that are banned for use or are extremely toxic, according to the WHO
classification of pesticides (Bhavani and Thirtle, 2005), and hence the need for strategies to
arrest the situation. Chemical pest control is so frequently used in vegetables that crops such as
African eggplant, cabbage, pepper and tomato have become indicator crops of inappropriate
pesticide regimes in many vegetable agro-ecosystems in the Ashanti region of Ghana (Ahowe et
al., 2009). Bhanti and Taneja (2007) posit that cabbage producers apply pesticides every 3 to 4
days within a 3-month period before harvesting, in order to control caterpillars on the crop.
Farmers also apply 18 applications of pesticides on pepper within 10 weeks of crop growth to
control aphids, mites and whiteflies; and 12 applications of pesticides on the African garden
eggplant within 10 weeks of crop growth to control mites and root-knot nematodes (Bhanti and
Taneja, 2007). Based on this, it is imperative for policy makers and other agencies to intensify
efforts in enhancing the usage of bio-pesticide in controlling pest and diseases on vegetable

farms.

Despite increasing fertilizer utilization and pesticide application, yields are declining; a situation
currently witnessed in the some major vegetable growing communities in the Offinso North
district and the Mampong municipality due to growing diseases and pest persistence to chemical
application. Furthermore, farmers attribute low vegetable yields and poor quality to declining
soil fertility, insects, pest and diseases (Bhanti and Taneja, 2007). Consequently, farmers have
increased fertilizer consumption for vegetable production due to limited knowledge about
available alternatives. Recent research in vegetable growing communities in Ashanti Region has

revealed that although farmers who use agro-chemicals are able to increase their yield, they often
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develop illnesses as a result. This means that farmers who have fallen sick cannot produce
vegetables and any profits they make have to be used for medical treatment. Consequently, agro-
chemical users are often worse off both financially and physically. The common pesticides often

used by vegetable farmers in controlling pest on their farms are presented in Table 2.3 below.

Table 2.3: Types of Pesticides Applied in Vegetable Production

Pesticide type Active Ingredient ~ Chemical Group  Chemical Al Registered

(% of total (Al) Hazard for

number in use) Category use on

(WHO)

Herbicide(44%) Pendimethalin Dinitroaniline i Tomatoes
Oxadiazon Oxadiazole i Not registered
Paraquat dichloride  Bipyridylium I Various crops
Acifluorfen Diphenyl ether i Not registered

Fungicide(23%) Mancozeb Carbamate i Vegetables
Metalaxyl-M Acylalanine I Not registered
Thiophanate- Benzimidazole i Various crops
methyl

Insecticide(33%) Endosulan Organochlorine I Cotton
Dimethoate Organophosphorus 11 Not registered
Cypermethrin Pyrethroid I Not registered
Deltamethrin Pyrethroid 1 Various crops

Source: Ntow et al. (2006)

A total of 43 pesticides are in use in vegetable farming in the Ashanti region of Ghana (Ntow et
al., 2006). The pesticides comprise insecticides (33%), fungicides (23%) and herbicides (44%).
In Table 2.3 the classification of these pesticides by the type of pests they control, active
ingredient, chemical group and WHO Hazard Category is presented. The herbicides and
fungicides used are mostly under WHO Hazard Category |11, with a few under Hazard Category
I1. All the insecticides used are under Hazard Category 11, which WHO classifies as moderately
hazardous. This category includes organochlorines (OCs), organophosphates (OPs) and

pyrethroids. To expatiate on the three major hazard categories, chemical pesticides under
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category Il are deemed more hazardous compare to both categories 1l and I; whiles chemical

pesticides under category Il are also more hazardous compare to Category I.

The large increase in the application of chemical pesticide by vegetable farmers could be
attributed to the unabated increase in the importation of pesticides into Ghana. Imports of
pesticides into Ghana for agricultural purposes have been on the increase due to high demand for
these chemical pesticides. Between 2001 and 2009, large volumes of pesticide, mostly banned or
illegal have been imported into Ghana (Darko and Acquaah, 2007). Table 2.4 shows an
increasing trend for the importation of both legal and illegal (banned) chemical pesticides into

Ghana.

Table 2.4: Imports of Pesticides, 2000-09 (Metric tonnes)

Pesticides 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

Insecticides 1,195 907 4,130 5974 8,418 10,006 12,728 9,979 5,121 5,078
Herbicides 224 598 2,186 2939 4578 8,566 10,718 8,932 10,835 4,525
Fungicides 673 618 1,079 1,249 2402 2205 3,195 2575 2,767 1,248

Rodenticides 257 384 563 159 n.a. 13 78 123 n.a. 1,187
Others 139 153 368 496 544 707 1,224 1,356 n.a n.a
Total 2,488 2,660 8,326 10,817 15,942 21,497 27,943 22,965 18,723 12,038

Source: Darko and Akoto (2009:3)

2.3.3. Biological Control (Bio-pesticide)

Bio-pesticides are certain types of pesticides derived from such natural materials as animals,
plants, bacteria, and certain minerals (US EPA Pesticides, 2008). The US EPA has specific
definitions that apply to bio-pesticides in a regulatory context. However, within the agricultural
community, common use definitions of the term “bio-pesticide” can vary significantly. In

addition there are related and overlapping terms that can create misunderstandings with
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terminology. For example, the term “bio-rational pesticide” also refers to natural organisms or
plant-derived products (Krischik, 2008). In addition to being categorized by the active
ingredient, bio-pesticides can be categorized by the target pest, such as insecticides to manage
insect populations and fungicides to manage fungus. While the former categorization system is
more relevant from a scientific and regulatory perspective, the latter is more relevant in the
context of marketing, sales, and grower use of bio-pesticides. The EPA separates bio-pesticides
into three major classes based on the type of active ingredient used, namely microbial,

biochemical, or plant incorporated protectants.

Microbial pesticides come from naturally occurring or genetically altered bacteria, fungi, algae,
viruses or protozoans. They suppress pests either by producing a toxin specific to the pest,
causing disease, preventing establishment of other microorganisms through competition, or
various other modes of action (Clemson HGIC, 2007). For all crop types, bacterial bio-pesticides
claim about 74% of the market; fungal bio-pesticides, about 10%; viral bio-pesticides, 5%;
predator bio-pesticides, 8%; and “other” bio-pesticides, 3% (Thakore, 2006). At present there are
approximately 73 microbial active ingredients that have been registered by the US EPA. The
registered microbial bio-pesticides include 35 bacterial products, 15 fungi, 6 non-viable
(genetically engineered) microbial pesticides, 8 plant incorporated protectants, 1 protozoa, 1
yeast, and 6 viruses (Steinwand, 2008). Microbial bio-pesticides may be delivered to crops in
many forms including live organisms, dead organisms, and spores. The manufacture, regulation
and use of microbial bio-pesticides differ most significantly from conventional chemical
pesticides. To be effectively culture the organism, either in the field or during manufacture,

requires an understanding of a broad range of ecological considerations. While microbial
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pesticides control a diverse array of pests, each specific microbial pesticide active ingredient is

relatively specific to its target pest.

Biochemical pesticides are the most closely related category to conventional chemical pesticides.
Biochemical pesticides are distinguished from conventional pesticides by their non-toxic mode
of action toward target organisms (usually species specific) and their natural occurrence
(Steinwand, 2008). Biochemical pesticides are chemicals either extracted from natural sources or
synthesized to have the same structure and function as the naturally occurring chemicals.
Harowitz (1999) suggested in his study that biochemical pesticides are distinguished from
conventional pesticides both by their structure and by their mode of action (mechanism by which
they kill or control pests). Plant incorporated protectants are substances produced by plants from
genetic material that has been added to the plant. The resultant plant is commonly known as a

transgenic crop or a genetically modified organism.

In practical terms, a non-toxic mode of action typically means that there is a delay between
contact with the substance and death (Mandula, 2008). Some examples of non-toxic modes of
action include suffocation or starvation. Distinguishing between biochemical and conventional
pesticides can be complex, and is determined by an EPA committee on a case by case basis.
Biochemical pesticides typically fall into distinct biologically functional classes, including
semiochemicals, plant extracts, natural plant growth regulators, and natural insect growth
regulators. There are almost 122 biochemical pesticide active ingredients registered with the
EPA, which include 18 floral attractants, 20 plant growth regulators, six (6) insect growth

regulators, 19 repellents, and 36 pheromones (Steinwand, 2008).
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Various other organisms are also used as biological controls in integrated pest management
systems. Protozoa are microscopic single-celled animal-like organisms rarely used as bio-
pesticides (Vasantharaj, 2008).). As of 2002 there was only one insecticidal protozoan registered
with the EPA (EPA, 2002). Harowitz et al. (1999) indicated that the use of macroscopic
predators such as live insect releases is also a common biological control strategy that can be
very effective, but must be well managed to prevent ecological imbalances that can result from
introducing insects into areas where they may have no natural predators. Macroscopic predators
are not regulated as bio-pesticides, and are outside the scope of this study. Nematodes are
microscopic worms that are typically parasitic and commonly used as insecticides (Vasantharaj,
2008).). Although the EPA does not regulate them as bio-pesticides, they are often considered

part of this category of control agents.

2.3.4 Opportunities and Challenges of Bio-pesticides

According to O’Brien et al. (2009) the field of bio-pesticides is deep; consequently they are a
source of both optimism and concern. There is a tremendous amount of work and research
occurring in this field, but like other biological control methods, developing safe, effective bio-
pesticide products requires holistic thinking and multi-disciplinary approaches to establishing
safety, which is a cha