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ABSTRACT

Infestation caused by insect pests on legumes has been witnessed to cause losses in the fields
during cultivation as well as during storage. Use of pesticidal plants is seen as an alternative
option although it is not used widely. Fresh leaf extracts of Tephrosia vogelii, Vernonia
amygdalina, Tithonia diversifolia and Lantana camara were evaluated for their efficacy against
field insect pests (Aphids (Aphis fabae), Bean leaf beetle(Ootheca bennigseni), Flower (blister)

beetles (Mylabris sp), Caterpillars (Anticarsia gemmatalis) and Pod suckers) and beneficial

insects  (Spiders  (Araneae), Lady Bird beetls (Coccinella  septempunctata),
Lacewings(Chrysopidae) and Robbefly (Asilidae)) in common beans (Phaseolus vulgaris L) and
Callosobruchus maculatuson stored cowpeas (Vigna unguiculata). Pesticidal plants extracts were
prepared in concentrations of (0.1%, 1% and 10% w/v). Weekly spraying of the extracts was
done preceded by isects’ assessment one day before each spray. Yield of common beans and
persistence of compounds from plants solutions was also evaluated. Pesticidal plants powders
were tested on stored cowpea against C.maculatus. The pesticidal plants showed a significant (P
< 0.05) ability to reduce insect pests as well as favouring presence of predators and natural
enemies in the field. Leaf extracts of T.vogelii was found the most active in the control of field as
well as storage insect pests and again contributing to the growth and yield of common beans.
Effectiveness of T.vogelii was the highest against C.maculatus by exhibiting less infestation by
adult insects, less oviposition and low damage. In this study pesticidal plants were observed to be
active against common insects’ pests when compared with untreated. Their effects against
beneficial insects and natural enemies were observed to be lower compared with synthetic

pesticide treatment.
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CHAPTER ONE
Introduction
1.1 Background Information

Increasing cases of crop damage by insect pests, both in the field and during storage, have a
direct impact on food security, especially in developing countries. Synthetic pesticides have been
used as a solution against pests and diseases because of their broad spectrum efficacy. Despite
the efficacy, the danger caused by persistence of pesticide residues in soil, water and crops
themselves have negative impacts to the health of farmers and to the environment (Ngowi et al
.,2007). Users of synthetic pesticides are much exposed to danger of their pollution during
preparation and application and on consumption of crops that contain pesticide residues. An
alternative to synthetics is the use of less harmful pesticides such as pesticidal plants(Sola et
al.,2014).

Pesticidal plants have not been widely used in the farming systems even though they are cheaply
available and they are easy to prepare and use (Amoabenget al., 2014). Their active ingredients
are safe to the environment and to human beings too because of their easy biodegradability, less
toxicity and low harm to beneficial insects (Amoabeng et al., 2010 ; Isman, 2006 ).
Commercially, pesticidal plants are cheap and in this case viable for African growing economy
(Amoabeng et al., 2014; Mkenda et al.,2015).

Legumes are crops mentioned for their roles in preventing diseases such as cardiovascular
disease, type Il diabetes, some cancers, ischemic heart disease (IHD), stroke and diabetes (Fabbri
& Crosby, 2015; Malaa et al.,2007). Legumes have been serving as important component in the
diets of African societies and an affordable source of protein to poor communities. They are also
important sources of income to rural small scale, resource-poor farmers in Africa. Various types
of legumes are drought resistant and therefore viable for production even in areas faced by

impacts of climate change like unreliable rainfalls and droughts.

Common beans are a leguminous plant growing best in the tropics. It is a good source of protein
and starch in Africa and as a staple in the great lakes regions. Tanzania is known as one of the
world’s largest beans producer although statistics report reduction in production by half in the

last 20 years (Hillocks et al., 2006).



Due to this, international programs in collaborations with Tanzania have put efforts on increasing
bean varieties in which more than 20 varieties are introduced (Amoabeng et al., 2014).

Alternative insect pest control initiatives have also been on the move by using pesticidal plants.

Cowpea represents another group of potential leguminous plants. They contain important
minerals such as Zinc and Iron as well as phenolic compounds that are considered important for
health (Abizari et al., 2013; Nderituet al., 2013). It is therefore an important crop in Africa for its
nutritional values. However producers in this area face a challenge especially after harvest where
fungal infestation and Cowpea weevils (Callosobruchus maculatus)have been noted to cause
damage to cowpeas during cultivation and storage respectively (Houssou et al., 2009; Sanon et
al.,2010).

Both common beans and cowpea are potential to health, nutrition and income in Africa.
Challenges facing production and storage of these important crops among others are pests that
affect quality and quantities of produce in the farms as well as in the storage facilities. Existence
of pests is contributed to by their resistance, weather changes and monoculture which favor their
proliferation (Belmain et al., 2013). Various pesticidal plants are naturally available in Africa
and have been proven in laboratory as effective against certain insect pests. Of interest in this
study are Tephrosia vogelii, Vernonia amygdalina, Tithonia diversifolia and Lantana camara
commonly found in the Northern Tanzania among many other places. These plants serve as an
alternative to the use of synthetic pesticides and therefore increasing the possibility of safe food
and environmental friendly farming and storage practices (Sola et al.,2014). Pesticidal plants are
also important because of a demand from environmental forums and the need for worldwide safe
production of foods that has low health risks, and safe to ecosystems and biodiversity(Sola et al.,
2014).

The study intends to assess the efficacy of the four pesticidal plants extracts against insect pests
in common beans, its effects on yield and beneficial insects as well as its activity against storage
pests. Findings from this study will contribute to efforts of using plant based insect pests control
options. In addition, this study will stimulate field research on pesticidal plants that involve

small-scale farmers.



1.2 Research problem and justification of study

Economic and nutritional importance of common beans and cowpeas is highly threatened by loss
due to attack by insect pests. Synthetic pesticides have been used as a pests control option and
with time, have been confirmed to be harmful to environment and humans. Increasing demand
for environmental safety in agriculture and safe food has led to focus on the use of pesticidal
plant as alternative, pesticidal plants are thought as options since they are environmental
friendly. Pesticidal plants have been used by African farmers since long in history in various
ways but not as wide as desired. This study intends to evaluate the efficacy of four pesticidal
plants in the control of field insect pests in common beans and on stored cowpeas. It also aims at
investigating impacts of pesticidal plants against beneficial insects and their contribution to yield

of common beans.

1.3 Objectives

1.3.1 General objective

To validate environmental friendly agricultural practices in the control of insect pests affecting

common beans and cowpeas.

1.3.2 Specific objectives

1. To determine the abundance of key insect pests and severity of damage by insect pests in

response to application of pesticidal plants extracts.

2. To evaluate the effects of four pesticidal plant species on yield of common bean (Phaseolus
vulgaris L.), abundance of beneficial insects in the field and their persistence in the

environment.

3. To assess the toxicity and repellent activity of the pesticidal plants against Callosobruchus

maculatus in stored cowpea (Vigna unguiculata).



1.4 Research questions

1 How do pesticidal plants influence the abundance of insect pests and severity of damage by

insect pests?

2 How does effectiveness of pesticidal plants affect yield and abundance of beneficial insects?

And how long does compounds from pesticidal plants persist in the environment?

3 What is the toxicity and repellent activity of the botanical pesticides against Callosobruchus

maculatus in stored cowpea (Vigna unguiculata)?

1.5 Significance of the research

Outcomes of this study will enable establishment of environmentally safe agricultural practices
and safe food for humans. In addition to that, the study will increase the use and value of
available plants in the African ecosystems and lead to lower costs on production that result of

using less costful insect pest control strategy.



CHAPTER TWO

The Potential of using Indigenous Pesticidal Plants for Insect Pest Control to Small Scale
Farmers in Africal

Abstract

Pesticidal plants are scientifically proven for their effectiveness in controlling insect pests. Their
activity is enhanced by active compounds contained, which are known for their repellant and
antifeedant potentials to the insects. Use of pesticidal plants by local small scale farmers has
been a point of concern following information that majority of farmers do not widely use
pesticidal plants despite of an indigenous knowledge that exist. Improvement of the technologies
used by local farmers in previous times, that are easy and effective need to help farmers abstain
from the use of synthetic pesticides that are detrimental to the environment and to their own
health. This paper reviews the potentiality using pesticidal plants by small holder farmers. It also
gives the status of pesticidal plants use, their possible effectiveness against insect pests,
persistence as well as the knowledge that indigenous people possess in their use. Again, the
paper suggests the need for more instrumental research on practical improvement of indigenous
knowledge on the use of pesticidal plants with scientific evidences.

2.1 Introduction

The awareness and use of pesticidal plants in developing countries is growing over time
following the scientific proof of damages caused by synthetic pesticides. In developing countries
where massive poisoning due to the use of pesticides is increasing and posing environmental and
health risks; use of pesticidal plants is gaining priority (Isman, 2008). Pesticidal plants as an
alternative to synthetic pesticides are recognized because of their non-cytotoxicity, easy of
biodegradability and simulator nature of host metabolism (Dubey et al., 2008; Sola et al., 2014).
Compounds in pesticidal plants break down rapidly, making them more environmental friendly
compared with synthetic compounds (Grzywacz et al., 2014). Therefore; they are a good
alternative in crop production. Across Africa, there is a massive availability of plants which have
been identified for their pesticidal effects (Gakuya et al., 2013; Andel at al., 2015). Their growth,
proliferation and cheap availability encourage a history of their use (Gakuya et al., 2013).

L American Journal of Plant Sciences, 6, http://dxdoi.org/10.4236/ajps.2015.619308, 3164-3174



It is understood that the culture of relying on botanical pesticides vanished after the introduction
of synthetic DDT in the 1940s (Dunlap, 2014).By the 1960s, their adverse impacts on the
environment and human health’s were becoming evident (Isman, 2006).Reasons for the use of
synthetic pesticides are their immediate impacts against pests, which with time resulted into
trading of agricultural products with pesticides residues (Dinham, 2003; Gonzalez, 1999). This
scenario is realized to have severe impacts to environment and to people’s health (Mazd, 2011).
These effects are due to the fact that such pesticides are used improperly and without protective
gears. Use of pesticidal plants is hence beneficial for the reasons that firstly, they are relatively
cheaper and easily available and secondly their formulations are less persistent to the
environment and have less toxic effects (Dubey, 2011). Therefore, innovation in the use of
pesticidal plants is a means of reducing production cost and improving existing knowledge on

the use of the pesticidal plants in agricultural pest control.

Since long in history, small holder farmers have been knowledgeable on the use of pesticidal
plants. In many developing nations, especially parts of Africa, there are several indigenous
groups who despite of the available knowledge on the usefulness of botanical pesticides have not
fully accepted their use as a more environmentally friendly and cost-effective alternative
(Nyirenda and Sileshi, 2011; Belmain and Stevenson, 2001; Paul et al., 2009). In India Mazid,
(2011) reported that only 2.89% of the bio pesticides used in India that are registered between
2005 and 2011, there are only 12 types of plant botanical pesticides. Generally, there is a massive
research on plant extracts against insect pests that have not been communicated to local farmers,
hence this appear to be a major reason for farmers not to use the technology (Stevenson et al.,
2012).Conversely, there are other literatures that reported the potential use of crude extracts,
simply prepared and to great extent less concentrated to amounts that turn more toxic (Isman,
2008).

The objectives of this review is to argue for more direct investment in research that can support
the use of simply prepared plant extracts that have shown positive impacts against insect pests in

terms of ease of use, compared with results from laboratory bioassays.



2.2 An overview of pesticidal plants use research

Pesticidal plants compounds can naturally degrade easily in the environment hence rendering
them less persistent (Dubey et al., 2008). Compounds from the plants are reported to break down
into harmless compounds within hours or days (Dubey, 2011). Literatures indicate effects of
climate factors which are daily average temperature and relative humidity in a sense that
persistence of the compounds, reduce with their increase (Wang et al., 2011). Being less
persistent, these compounds are important in the environment as they pose less harm to non-
target organisms. However, plants contain a mixture of chemicals that may have similar or
antagonistic activities (Miresmailli and Isman, 2014). There is lack of enough information on the
extent of breakdown or rather the persistence of each chemical in a mixture. Breakdown of the
compounds in hours or days is not enough to justify persistence of the chemicals and hence more

information on time length that these chemicals persist in the environment is required.

Pesticidal plants application rates, persistence of the compounds in the environment and the
preparation mechanisms indicate important aspects in the use of pesticidal plants in agriculture.
Literatures have reported varied intervals of application of extracts such as three times
throughout a growing season (Paul, 2007), twice for the season (Amoabeng et al., 2013) and
fifteen days intervals (Mekonnen et al., 2014).

Contrary to synthetic pesticides that can last longer in the environment, pesticidal plants require
more frequency if they are to work best. Intervals as stipulated by Paul, (2007); Amoabeng et al.,
(2013); Mekonnen et al., (2014) vary in different plants in different seasons. This offers a chance
to study about the persistence, and favorable time intervals that will be effective for the control

of the pests without causing damages to non-target organisms and environment.

2.2.1. Importance of enhancing small scale farmer’s knowledge in Africa on the use of

pesticidal plants in controlling agricultural pests

Pesticidal plants are proven to be perfect alternative against insect pests. For many years,
indigenous Africans have been using the available pesticides at their disposal from plants and
other organisms for different purposes including insect pest control (Mugisha-Kamatenesi et al.,
2008; Mihale et al., 2009; Grzywacz et al., 2013).
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However, findings from the developing countries show that small scale farmers suffer from poor
knowledge on the use of introduced synthetic pesticides (Zacharia et al., 2010; Ngowi et al.,
2007; Naidoo et al., 2011) and this is associated with detrimental effects to them and the
environment. Therefore, research on pesticidal plants is needed to strengthen local knowledge

that farmers have been aware of since long time in history.

In Africa, many of the pesticidal plants are found without difficulty. For example, they grow in
the wild or even at homesteads and in farm boundaries. In this case, there is almost no cost of
growing the plants. Therefore, it is worth promoting their use because synthetics have negative
impacts as they are costly to eco-health and the economy (Grzywacz et al., 2014; Miah et al.,
2014; Athukorala et al., 2012). A better choice to help growth of African agriculture would be to
start from the baseline knowledge on pesticidal plants of the Africans themselves. This can be
achieved through the improvement of the available knowledge on the use of pesticidal plants that

would even disappear if not used and disseminated widely.

2.2.2. Environmental and human health impacts of synthetic pesticides

Synthetic pesticides are known for their toxicity to the environment and to non-target organisms
including wildlife, insects and human beings (Bolognesi and Merlo, 2011; Saxena, 2014).
Organochlorines, organophosphate and carbamates are the major groups of chemicals that are
used as synthetic pesticides in developing countries despite the ban of others like DDT (Mitra et
al., 2011).Their impacts threaten food safety systems (Malhat et al., 2015), human health (Roca
et al., 2014; Attfield and Hughes, 2014) and the environment.

Synthetic pesticides have been reported to reduce population among birds (Mitra et al., 2011),
and insects (Johnson et al., 2010; Wu et al., 2011).The fact that synthetic pesticides are less
selective treatments to insects in agro ecosystem practices gives a caution on the impacts that
pesticides may have to non-target and beneficial insects (Jenkins et al., 2013). Human beings are
strongly affected during application and handling of the chemicals in the farms. Pesticides are
reported to enter into the cells and alter cell’s cycles and hence resulting into some cancer

(Saxena, 2014).



Reports have revealed several types of cancer that results from improper use of synthetic
pesticides such as Leukemia, Lung cancer, Pancreatic cancer, Colon and Rectal cancer,
Lymphohematopoietic cancer, on-Hodgkin lymphoma, Bladder cancer, Breast cancer, multi

Plemyeloma, Prostate cancer, Kidney cancer and Oral cavity cancer (Weichenthal et al., 2010).

Pesticides are also known for the ability to disrupt endocrine systems in humans and wildlife
(Mnif et al., 2011; Watson, 2014). Apart from cancer; skin pill off, hardness in breathing,
stomach ache and vomiting as well as farmers collapsing have also affected users (Fuad et al.,
2012). These effects then result to high health costs (Wilson and Tisdell, 2001).

Generally, environmental organisms including plants, fish, birds, snakes and the like are affected
massively. Farmers in Malaysia reported 80% reduction in number of fish in two cropping
seasons during a study conducted to identify impacts of pesticides in paddy farming (Watson,
2014). Studies also show biota uptake of pesticides (Zacharia et al., 2010) which also imply soils
contamination. There are therefore more detrimental effects caused by using synthetic pesticides

for various agricultural purposes.

2.3. Indigenous Knowledge on the Use of Pesticidal Plants for Field Control of Insect Pests

Indigenous knowledge refers to the informal knowledge, skills and practices that are obtained not
in schools, universities and research institutes but rather in local heritable ways normally in rural
areas (Lodhi and Mikulecky, 2010). Developing countries are rich in such knowledge (Sukula,
2006). Indigenous knowledge on insect pest control is perceived as important because it was
witnessed as useful in food security and survival of the users long before the invention of
synthetic pesticides (Lodhi and Mikulecky, 2010). However, maintenance of the indigenous
knowledge is found to be difficult because the majority of farmers have turned to modern

agriculture that involves use of synthetic pesticides.

Pesticidal plants have been used for more than 150 years ago (ElWakeil, 2013). Majority of
African small holder farmers have been using various botanical pesticides to control insect pests.
For example, in the Victoria basin in Uganda, farmers have used Capsicum frutescens, Tagetes
spp, Nicotiana tabacum, Cypressus spp., Tephrosia vogelii, Azadirachta indica, Musa spp,
Moringa oleifera, Tithonia diversifolia, Lantana camara, Phytollacca dodecandra, Vernonia

amygdalina, Aloe spp., Eucalyptus spp., (Mugisha-Kamatenesi et al., 2008).

9



In addition to the pesticidal plants, farmers in Tanzania have been using other products such as

cow’s urine, cow dung, and ashes (Mihale et al., 2009).

However, in these areas, there exists little information that this knowledge is used in an effective
way in comparison to ancient practices. Research based efforts need to be undertaken to retrieve
the knowledge. During farming, indigenous knowledge in insect pest control involves direct
spraying, intercropping pesticidal plants with the crops to be protected, and also using the
botanicals based on the synthetic formulations (Prakash et al., 2008). Researchers have come up
with some application techniques. This includes: the use of the freshly ground leaves, mixed and
soaked overnight (Amoabeng et al., 2014; Paul, 2007). Also, boiling plant parts and adding soap
for extraction (Belmain and Stevenson, 2001) has been practiced. Paul, (2007) used fresh leaves
pounded and mixed with water and 0.1% soap to make 3% wi/v of the extract. Mekonnen et al.,
(2014) used another technique where sun dried plant materials were soaked in acetone and stirred
for 30 minutes. Thereafter the mixture was left for 24 hours, filtered and stored under 4°

temperature before use.

Application techniques that have been used demonstrated positive results in controlling certain
insect pests. These efforts have been done in few parts of developing countries despite presence
of pesticidal plants in diverse areas. These calls for diverse research of plants with pesticidal
properties coupled with indigenous knowledge from different domains and develop tangible

solutions on the use of pesticidal plants to control insect pests.
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2.4. Characterizing Toxicity in Selected Botanical Plants

Four plant species, Tephrosia vogelii, Vernonia amygdalina, Tithonia diversifolia and Lantana
camara will be described. These plants have been tested for their efficacy in the control of insect
pests in field and on storage of food crop (Mkenda et al., 2014). They are also massively
available in rural environments. Research that builds up from what small scale farmers
understand about these plant species is needed in order to improve knowledge with a scientific
basis for more reliable use of the technology. Therefore, it is worthy conducting research basing
on the preparation techniques documented in the literatures to several other crops and insect

pests as well as introducing more favorable techniques that are reliable to small-scale farmers.

2.4.1. Lantana camara

Toxicity of Lantana camara is reported to have effects to animals and also a noxious plant
species that has been cited as invasive in need of control for a long time (Baars and Neser, 1999).
Literatures show that Lantana causes less mobility, dehydration and constipation, congested heart
and lung, nephrosis, general reproductive performance and teratology to mice (Mello et al.,
2005). Lantana is also reported to have a fumigant effects (Zoubiri and Baaliouamer, 2012) and
has been revealed for its water purification potential. Compouds that have been revealed in

Lantana camara are such as ursolic acid stearoylglucoside (UASG) (Kazmi et al., 2013) that is

associated with toxicity and which includes triterpenoids in the apolar phase.

HO

CO(CH;)16CH3

Figure 1A chemical structure of ursolic acid stearoylglucoside (UASG).Source: Kazmiet al.,
(2013).
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Plate 1 Botany picture of Lantana camara

In agriculture, Lantana camara has been used for the control of insect pests in stored grains
(Rajashekar et al., 2014; Rajashekar et al., 2013). Lantana has also been tested for its repellent,
antifeedant and toxicity against termites (Yuan and Hu, 2012). All these experiments are
laboratory based. Hence, there is a need for more practical research on the field to test for the
effectiveness of L. camara against field insect pests. Furthermore, use, of Lantana camara for
beneficial effects will help reduce its invasive property to farmlands.

2.4.2. Tephrosia vogelii

Tephrosia vogelii is widely used for control of pests and as a source of nutrients to the soil
(Stevenson et al., 2012). Leaf extract of T.vogelii is reported to exhibit toxicity against Tilapia
nilotica (Ibrahim and M’batchi ,2000). This is practiced in remote areas of Africa, commonly
regarded as illegal fishing (Neuwinger, 2004). It is reported that leaves of T. vogelii contain high
amounts of rotenone and deguelin (Kalume et,al., 2012) responsible for the toxicity to fish.
Compounds and crude materials from Tephrosia vogelii has however a great potential in
agriculture in the control of insect pests and in soil enrichment through nitrogen fixation (
Stevenson et al., 2012). Diverse compounds exist in the plant and according to Belmain et
al.,(2012) this plant consist of chemotype 1 (C1) and chemotype 2 (C2) (Figure 2) of which C1
is found to be active against insect pests. In additional to insect pest control, mulches of the plant
have increased maize biomass while decreasing the weed biomass ( Belmain et al., 2012).
Therefore, this makes T. vogelii to have herbicidal, pesticidal effects and again as a fertilizer (
Wang et al., 2011).
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More studies support the activity of T.vogelii in insects. (Igogo et al., 2011) has confirmed its
insecticidal, antifeedant and repellent effects against golden flea beetle that represent a group of

insects.

OMe OMe O

Chemotype 1 Chemotype 2

OMe

Figure 2 Compound structures of chemotype 1 and chemotype 2 of T. vogelii. Source:
Stevensonet al., (2012)

Plate 2 Botany picture of Tephrosia vogelii

Tephrosia vogelii is a legume, that has higher proliferation rates and this is potential to small
scale farmers that will not have more costs in growing and using the plant for agricultural

purposes.
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2.4.3. Vernonia amygdalina

Another pesticidal plant known as Vernonia amygdalina is reported to contain useful compounds
such as vernolide and vernodalol, epivernodalol (Erasto et al., 2006); Figure 3), kolaviron

(Farombi and Owoeye, 2011) as useful phytochemicals.
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Figure 3 Structures of isolated compounds from Vernonia amygdalina. Source: Farombi
and Owoeye, (2011).

Plate 3 Botany picture of Vernonia amygdalina
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Effectiveness of Vernonia amygdalina is reported against bacteria, fungi and virus species
(Erasto etal., 2006), as an anticancer, anti-malaria and as anti-diabetic antioxidant agent and also
used as vegetable (Cameron et al., 2013; Owolabi et al., 2011; Yeap et al., 2010).

Vernonia. amygdalina has been reported as a pesticidal plant, in the treatment of been weevils
where ethanolic extracts showed activity (Adeniyi et al., 2010). Several other compounds such as
saponins and alkaloids, terpenes, steroids, coumarins, flavonoids, phenolic acids, lignans,
xanthones, anthraquinones, edotides and sesquiterpenes have been identified from this plant
(Farombi and Owoeye, 2011; Yeap et al., 2010). More studies on identification of useful
compounds from V. amygdalina and testing their efficacy against field and storage crops is of

paramount importance.

2.4.4 Tithonia diversifolia

In developing countries, Tithonia diversifolia is a well-known traditional plant. It is renowned to
have agricultural benefits such as higher phosphorous contents in the above ground biomass
(Shokalu, Ojo, E-Adewoyin, and Azeez, 2010), insecticidal effects (Castafio-Quintana, 2013),
anti-malarial, and anti-inflammation. It is also used as ruminant fodder (De Toledo et al., 2014,
Pérez et al., 2015). T. diversifolia contain many compounds. (Zhao et al., 2012) found about 16
compounds while (Chagas-Paula et al., 2012) review about 150 compounds of Tithonia and 150
compounds of Tithonia diversifolia. Some of them are shown in figure 4.
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Plate 4 Botany picture of Tithonia diversifolia

T. diversifolia has been tested for its biochemical and toxicological effects. In China, T.
diversifolia has been reported to treat, diabetes, hepatitis, and hepatocarcinoma although the
mechanism involved is not yet understood (Lin, 2012). In agriculture, chopped pieces of stem
and leaves of T. diversifolia have showed a significant increase in soil P, Ca, CEC, K and soil
organic matter content (Shokalu et al., 2010).

Another study by (Adesodun et al., 2010) showed that Tithonia diversifolia has phytoremediation
potential with a capacity to accumulate Pb and Zn from the soil to the shoots.
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This ability gives room for study on the possible capacity of the plant in the remediation of

degraded soils from synthetic pesticides contamination.

2.5. Research needs and Conclusion

The fact that small holder farmers have the knowledge of using pesticidal plants which they
hardly use, there is a need of a research based solution on better ways to make the knowledge
useful. Practical research based in field situation and that directly involve small scale farmers is
important to put into practice experts’ understanding. Pesticidal plants contain some degree of
toxicity. It is important to understand their persistence to the environment in order to establish
clear intervals of application together with the education of safety measures when preparation

and use for farmers health’s as well as to enhance effectiveness in controlling insect pests.
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CHAPTER THREE

Efficacy Of Pesticidal Plant Extracts In Controlling Common Bean Insect Pests Under
Natural Field Conditions

Summary

Pesticidal plant extracts are a good alternative to control insect pests attacking common beans during their
growth. Four pesticidal plants Tephrosia vogelii, Lantana camara, Tithonia diversifolia and Vernonia
amygdalina were evaluated under field condition for their effectiveness against common insect pests in the
Northern Tanzania. Plant extract preparation involved collection of plant leaves, shade drying and grinding
to obtain plant powder for extracts preparation. Three concentrations (0.1%, 1% and 10% wi/v) were
prepared and sprayed as treatments in the field. Water and a mixture of water and soap were used as
control. Application of treatments was done on weekly basis in which record of insects was taken one day
before the application of extracts. (Aphids (Aphis fabae), Bean leaf beetle (Ootheca bennigseni), Flower
(blister) beetles (Mylabris sp), Caterpillars (Anticarsia gemmatalis) and Pod suckers) were observed on the
bean plants. Observation made for 10 weeks from the germination of bean plants showed that pesticidal
plants possess effects against insect pests when compared with the control. Also, among the plant species,
Tephrosia vogelii was the most effective plant extract in comparison with L.camara, T.diversifolia, and V.
amygdalina. Concentration of 10% was the most effective compared with 0.1% and 1% both in controlling
insects’ pests of bean plants and in reducing severity of damage by insect pests. The pesticidal plants were

not as effective as the synthetic pesticide but were more effective compared with the negative controls.

3.1 Introduction

Common beans (Phaseolus vulgaris) is one of major legumes cultivated in the Eastern and
Southern Africa and used as a staple food (Aserse and Résénen, 2012). It is known for its
potential to health as it is a source of protein and important minerals that contain low cholesterol
(Hernandez, 2012; Njoroge and Kinyanjui, 2015). It also contains important minerals such as
zinc and iron (Blair et al., 2011; Blair and Izquierdo, 2012) and digestives like fibers, phenolic,
peptides and photo chemicals (Campos-Vega et al., 2013).Cultivation of common bean is faced
with challenges that threaten its production process and yield. Prolonged droughts and high

insect pests proliferation (Beebe et al., 2011; Beebe et al., 2013) are among the major challenges.

Until 2006, common bean production was reported to reduce by half in 20 years back (Hillocks
et al.,, 2006). Attack by insect pests is one of the major challenges though its contribution is not
statistically provided. It is in this regard that efforts are invested to improve beans cultivation to

ensure food security and nutritional status amongst African communities.
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Synthetic pesticides have been used and with time resulted to negative environmental effects
(Schreinemachers et al., 2011) and increased resistance to insect pests against pesticides
(Ssekandi et al., 2015). Furthermore, while commercial insecticides are used widely, their
purchasing cost is high, their availability is unreliable in remote rural areas and once available,
farmers and farm workers use them without following proper directions provided and without
protective equipment (Ngowi et al., 2007) leading to health problems and ecosystem destruction.
Synthetic pesticides are known also for causing loss of beneficial insects such as those important
for pollination and predation which are essential in ecosystem services and crop
production.(Ellis, 2010; Johnson et al., 2010;Wu et al., 2011).

Understanding impacts of these challenges to subsistence farming, several researchers have
initiated programs to help famers control insect pests through exploring the potential to utilize
the pesticidal properties of plants. According to Anyanga et al.,(2013), use of pesticidal plants
optimize natural defense in crops and reduce the dependence on commercial synthetic
pesticides for farming. This is an added advantage to ensure that solutions for food security do
not compromise environmental safety and sustainability. Another advantage includes the fact
that plant species are obtained easily from the surroundings at no cost and their preparation
mechanism is viable for small scale farmers involving no expensive procedures. Four plants
species, Tephrosia vogeli, Vernonia amygdalina, Tithonia diversifolia and Lantana camara
investigated in this study are among the easily available pesticidal plants in the northern

Tanzania.

3.2 Materials and Methods

3.2.1 Study area.

Study was conducted at the Tanzania Coffee Research Institute (TACRI) farms located in Moshi
area-Northern Tanzania within latitude 3°13°59.59”S and longitude 37°14°54”E. The area is at
an altitude of 1268m above mean sea level with the mean annual rainfall of about 1200mm and a
mean temperature of about 18°C. Common crops grown in this region is common beans, banana

and coffee.
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3.2.2 Preparation of pesticidal extracts.

Fresh leaves of the four plant species (Tephrosia vogelii, Vernonia amygdalina, Tithonia
diversifolia and Lantana camara) were collected from five different accessible locations in
Moshi and Arusha. To ensure uniformity, plant leaves of same species collected from different
location were mixed together before drying (Mkenda et al., 2015). Plant leaves were dried under
shade for a week and then crushed using an electric grinder after which a powdered form was
packed in 1 kg plastic bags and stored in a dark-dry condition. Preparation of a pesticide solution
was done by soaking powder at three different concentrations; 10%, 1% and 0.1% (%wi/V) using
a solution containing 0.1% soap. Soap was used as a medium for extraction of compounds from
plants(Belmain et al.,2012). The mixture was left for 24 hours after which extracts were filtered

through a clean cloth and used as a spray.

3.2.3 Field preparation and Experimental design

Study was carried out during the long rain season, from March to July 2015 which is the main
bean cropping season in the area. Field preparation was done in February by ploughing and then
disc harrowing that was done one day before planting. Bean seeds of ‘Lyamungo 90’ variety
were obtained from the Selian Research Institute (SARI) in Arusha and planted on the 31%t of
March, 2015. Plots of 5m x 5m were prepared with two meters between them and between
experimental units and between neighbouring fields. A randomized block design was used in the
layout of 15 treatments with four replication each. Planting was done in a space of 20cm within
rows and 50cm between rows. Two seeds per hole were planted with Triple Super Phosphate
(TSP) fertilizer added during planting at a rate of 20 kg P/Ha. Treatments included four plant
species each made in three concentrations (0.1%, 1% and 10%) and synthetic pesticide as a

positive control. Water and water + soap were also included as negative control treatments.

3.2.4 Assessment of insects and plant damage

Recording of insects’ abundance and severity of damage by mnsects was done weekly and in each
week, one day before the next application of treatments. Five plants inside the 25 meter square
block were randomly selected from the center of the plot and sampled for insect pest counting.

An entire plant was inspected and insects of interest were counted and recorded. Large insects
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were counted individually while smaller and uncountable ones were assessed by categorizing
them into scores of 0= none, 1= A few scattered individuals, 2 = A few isolated colonies, 3 =
several isolated colonies, 4 = large isolated colonies and 5 = large continuous colonies (Mkenda,
2014). Large insects pests counted were, Bean leaf beetle (Ootheca bennigseni), Flower (blister)
beetles (Mylabris sp), Caterpillars (Anticarsia gemmatalis) and Pod suckers while uncountable
insects were aphids (Aphis fabae). Damage by insects was evaluated by whole plant assessment
whereby 10 plants were selected randomly inside the 25m? block and inspected for any damage
caused by insects. The severity of damage was categorized into;0% damage, up to 25% damage,
up to 50% damage, up to 75% damage and up to 100% damage as explained byMkenda et
al.,(2015).

3.2.5 Data analysis

Differences in infestations and damage by the insect pests between treatments were subjected to
analysis of variance (ANOVA) and Fisher least significance difference (LSD) used to separate
significant treatment means. Statistica software (STATISCTICA 8) was used for the analysis.

3.3. Results.

3.3.1. Insect pests’ abundance.

Appendix 1 shows a statistical significance of treatments performance against the abundance of
insect pests for Bean leaf beetle (Ootheca bennigseni) F = 13.59, p<0.001 Aphids F=20.58,
p<0.001, Flower beetle (Mylabris sp) F=29.20, .p<0.001, Caterpillar (Anticarsia gemmatalis)
F=4.50, p<0.001 and pod suckers F=6.03, p<0.001. Comparatively, pesticidal plants extracts at
0.1% 1% and 10% showed a significant effectiveness compared with the negative controls
(Water and water +soap) by exhibiting a reduced abundance of insect pests (Appendix 1).
Likewise, among the pesticidal plants extracts, higher effectiveness was observed in extracts at
higher concentration (10%) compared with concentrations of 1% and 0.1% respectively as

shown in Figure 6.

Graphical presentation of plants against insects pests abundance (Figure 5) shows that T.vogelii
was the most effective of all plant extracts by having a considerable reduction of insects

abundance.
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Statistically, T.vogelii 10% was the most effective in reducing the abundance of aphids, L.
camara at 10% was the most effective against Bean leaf beetle (Ootheca bennigseni), T.vogelii,
and L. camara and V. amygdalina at 10% concentration were most effective against caterpillars
while T.vogelii and L. camara at 10% concentration were the most effective against pod suckers.
Synthetic pesticide was comparatively most effective by reducing considerable number of all
insect pests as shown in Figure 5. However, activity of synthetic pesticide was observed to be

closer to that of pesticidal plants at 10% concentration (Appendix 1).
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Figure 5 Mean abundance of insect pests in response to application of four pesticidal plant
extracts, synthetic pesticide and control.
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Figure 6: Abundance of insect pests in comparison to concentrations of pesticidal plants
extracts.

3.3.2 Influence of treatments on the levels of damage by insect pests

Damage by insect pests was observed in the foliage parts of the bean plant leaves. Bean leaf
beetles (Ootheca) and caterpillars (Anticarsia gemmatalis) were observed to cause foliage
damage based on their modes of feeding on the bean leaves. There was a significant difference in
the levels of damage from the second to the 6™ week where significantly higher damage was
observed in the control treatments (water and water +soap) contrary to pesticidal plants extracts
at 10%, 1% and 0.1% concentrations (Appendix 2). Among the plant species, T.vogelii was
observed to prevent damage to higher extent by causing only 2% damage followed by T.
diversifolia, L. camara and V. amygdalina. Average percent (< 1%) damage by insect pests was

exhibited by synthetic pesticides (Figure 7) as the least damage.
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Figure 7: Mean percentage damage of common bean plants by key insect pests.
3.4. Discussion

Pesticidal plants namely L. camara, T. diversifolia, T. vogelii, and V. Amygdalina in this study
have been proven to contain insecticidal activity against insect pests (Aphids, caterpillars, Bean
leaf beetle (Ootheca bennigseni), flower (blister) beetles and pod suckers) when compared with
the controls (water and water + soap). These findings relate to Isman, (2000) who reported that
essential oils from majority of plants do not only have insect repellant effects, but also contain
contact and fumigant effects against specific insects. Activity of botanical pesticides is
associated with compounds that can create desirable effects against insect pests. Ethanol and
methanol have been used to extract these compounds under a laboratory conditions and the tests
against insects have been recorded (Adeniyi et al., 2010; Kolawole et al., 2011; Atangwho et al.,
2012; Belmain et al., 2012; Mamta and Jyoti, 2012; Rajesh et al., 2014). Detergent (liquid soap)
has been used for extraction as a cheap mechanism (Belmain et al., 2012). This technique was

also adapted in this study.

Higher effect against insect pests and also preventing their damage was observed in T. vogelii.
Ability of T.vogelii to control insect pests was documented by others such as Ogendo and
Belmain, (2003),Koona et al., (2007)and Belmain et al., (2012). Extracts from leaves of

T.vogelii have been proven to contain rotenone that has higher pesticidal effect (Belmain et al.,
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2012b). Its effects is also been regarded as a fish poison in tropical Africa(Neuwinger, 2004). Its
effectiveness has been observed when used as a spray against Bean leaf beetle (Ootheca
bennigseni), flower beetles (Mylabris sp), aphids (Aphis fabae) and stem boarers in beans and
maize-beans farms (Mkenda et al., 2015; Ogendo and Deng, 2015). Leaf extracts of Lantana
camara, known by having bio fumigant effect contains coumarins, a compound that has been
proven in the laboratory as effective against insects (Rajashekar et al., 2014). Under field
conditions, L. camara has been reported to treat golden flea beetles in which it was found to have
a good repellant effect (Igogo et al., 2011). Findings from this study confirm activity of Lantana
camara as effective against insect pests. Extracts from T.diversifolia has sesquiterpenes lactones
which have been tested and proven effective against insect pests (De Toledo et al., 2014).
Mkenda et al., (2015) verified its activity against bean foliage beetles (Ootheca bennigseni),
bean flower beetles (Mylabris sp) and aphids (Aphis fabae) in common beans (Phaseolus
vulgaris). Activities of these identified compounds are reflected in the soap extracts of the four
plants that were sprayed in beans. Likewise V. amygdalina contains phytochemicals such as
alkaloids, terpenes, steroids, coumarins, flavonoids phenolic acids, ligansxanthones,
anthraquinones, edotides and sesquiterpenes whose activity against insects are also noted
(Farombi and Owoeye, 2011).

Synthetic pesticide in this study was the most effective in reducing abundance of insect pests and
also exhibiting least damage by insect pests. Higher effectiveness of synthetic pesticide is caused
by its persistence which can be as far as 14 days and has high mortality potential (Lethal effect)
towards insects and its immediate impacts caused by its active ingredients (Biondi et al., 2012).
Synthetic pesticides have not been mentioned as being repellant like the case for pesticidal plants
as reported by Isman, (2006). This therefore is the evidence for synthetics to contain higher
capacity for insects’ mortality compared with T.vogelii, V. amygdalina, L. camara and T.

diversifolia.

3.5. Conclusion

Findings from this study indicate that pesticidal plants extracts from T. vogelii, V. amygdalina, L.
camara and T. diversifolia have the ability to control insect pests and reduce levels of damage. It
also further shows that effectiveness of the plant extracts increase with the increasing

concentration in which 10% concentration was more effective compared with 0.1% and 1%
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concentrations. In addition, preparation mechanism used in this study is proven appropriate that
maintains effectiveness of extracts. Therefore, pesticidal plants can be used as an alternative
insect pest control that is environmental friendly and as an option for small scale farmers in sub

Saharan Africa due to their easy in preparation, effectiveness and low cost.
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CHAPTER FOUR

Contribution of Pesticidal Plants Extracts to Environmentally Sensitive Pest Control
Strategy in Northern Tanzania

Summary

Insect pests control mechanisms that involve use of synthetic pesticide have been known to cause threat to
agricultural production because of their detrimental impacts to the environment. Efforts are thus underway to
use less harmful pesticides from plants in order to enhance a control mechanism that can also maintain
generations of pollinators and natural enemies. An experiment conducted in the Northern Tanzania aimed at
evaluating effects of four commonly available pesticidal plants namely Tephrosia vogelii, Vernonia
amygdalina, Lantana camara and Tithonia diversifolia on the abundance of beneficial insects (Spiders
(Araneae), Lady Bird beetles (Coccinella septempunctata), Lacewings(Chrysopidae) and Robbefly (Asilidae)
on bean crop as well as their contribution to yield of common beans (Phaseolus vulgaris). Plant materials were
extracted using 0.1% soap solution mixed with pesticidal plants powders at concentrations of 0.1%, 1%, and
10% w/v. Application of extracts was conducted at intervals of seven days in which insects were recorded one
day before application of treatments. Yield parameters; number of pods per plant, seed per pod, pod weight,100
seed weight and plot yield were collected close to and during the harvesting period to evaluate yield in response
to pesticidal plants extracts. Residues from T.vogelii were also analysed to identify length of time its
compounds persists in the environment. Plants extracts of Tephrosia vogelii, Vernonia amygdalina and Tithonia
diversifolia at 10% concentration significantly contributed to the yield of beans when compared to water and
water +soap. Abundance of Ladybird beetles and Spiders was observed to be higher on pesticidal plants and
much less to synthetic pesticides. Presence of tephrosin, an important compound for insect pest control from

T.vogelii was identified and found to be present for seven days.

4.1 Introduction

In agriculture, environmental factors and agricultural practices play a vital role in the growth and
yield of crops (Johnston and Sibly, 2015). These factors include natural biological interaction
between soils and organisms such as earth worms, insect pollinators and insects that biologically
control other pests which attack crops. Protecting the relationships between integrated ecosystem
composition of the insects communities and the appropriate agricultural practices is vital for
sustainable production and environmental protection (Bommarco et al., 2013). Farmland species
play a great role in ecological processes that are beneficial to crops’ growth. It is unfortunate that
some agricultural practices threaten their processes leading to loss of important species in the

environment that are desired for good production through pollination and predation.
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Common beans crop is commonly grown in developing countries and is well known for its
nutritional importance (Speelpenning et al., 2001). However it is attacked by several insect pests
such as Bean foliage beetles (Ootheca bennigseni), Flower (Blister) beetles and Aphids (Mkenda
et al., 2015). Under natural conditions there are also beneficial insects that are a biological
control to insect pests by acting as predators and natural enemies. These are such as Spiders
(Araneae), Lady Bird beetles (Coccinella septempunctata), Lacewings (Chrysopidae) and
Robbefly (Asilidae). Control of insect pests done by using plants extracts proves less harm to
beneficial insects. Again, plant extracts are also good contributors of important nutrients
necessary for plants’ growth thereby leading to increased yield. On the other hand, synthetic
pesticide is mentioned to cause impacts to insects communities by reducing immunity regardless
of whether they are pests or beneficial to crops (James and Xu, 2012). They are also mention to
cause massive deaths of insect colonies (Ellis, 2010). Their active ingredients possess high toxic
effects and persist longer in the environment thereby having higher potential to cause effects to
broad spectra of insects (Biondi et al., 2012). Under this experiment Spiders (Araneae), Lady
Bird beetles (Coccinella septempunctata), Lacewings (Chrysopidae) and Robbefly (Asilidae)
were the identified natural enemies and predators in the bean cultivation area. Pesticidal plant
extracts and synthetic pesticide were applied and there after abundance of predator insects
observed. Likewise, contribution of treatments on the yield of common beans (Phaseolus

vulgaris L) and persistence of plant compounds to the environment was assessed.

4.2 Materials and Methods.

4.2.1 Study area.

Study was carried out in the Tanzania Coffee Research Institute (TACRI) farms in Moshi-
Northern Tanzania. The area is located within latitude 3°13°59.59”S and longitude 37°14°54”E.
It is at an altitude of 1268m above mean sea level with the mean annual rainfall of about
1200mm and mean temperature of about 18°C. This area is mainly an agricultural land,

cultivated with coffee, banana, maize and beans.
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4.2.2 Preparation of pesticidal extracts.

Fresh leaves of the four species (Tephrosia vogelii, Vernonia amygdalina, Tithonia diversifolia
and Lantana camara) were collected from five different accessible locations in Moshi and
Arusha and each species mixed together before drying (Mkenda et al., 2015). Leaves were dried
under shade for a week and then crushed using an electric grinder after which a powdered form
was packed in 1 kg plastic bags and stored in a dark dry condition. Preparation of a pesticide
solution was done by soaking powder at three different concentrations; 10%, 1% and 0.1%
(%wi/v) using a solution containing 0.1% soap. Soap is used as a medium for extraction of
compounds in the plant extracts (Belmain et al., 2012). The mixture was left for 24 hours after

which extracts were filtered through a clean cloth and used as a spray.

4.2.3 Field preparation and Experimental design

Study was carried out during the long rain season, from March to July 2015 which is the main
bean cropping season. Field preparation was done in February 2015 by ploughing and then disc
harrowing, done one day before planting. Bean seeds of ‘Lyamungo 90’ variety was obtamned
from the Selian Research Institute (SARI) in Arusha and planted on the 31t of March 2015.
25n? plots were prepared in two meters between each other and between the experimental units
with the neighbouring fields. A randomized block design was used to layout 15 treatments of
four replication each. Planting was done in a space of 20cm within rows and 50cm between

rows.

Two seeds per hole were planted with Triple Super Phosphate (TSP) fertilizer added during
planting following manufacture’s recommendation. Treatments included four plant species each
made in three concentrations (0.1%, 1% and 10%). Water and water + soap were also included as

negative control while synthetic pesticide was used as a positive control.
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4.3 Data collection

4.3.1 Assessment of beneficial insects.

Insect assessment was done one day before spraying (one count per week). 5 inner plants inside
the 25m? (not on the edge) were randomly selected and sampled each week to assess the

abundance of beneficial insects.

An assessment was done to the entire plant to note the presence/absence of beneficial insects.
Abundance of Spiders (Araneae), Lady Bird beetles (Coccinella septempunctata), Lacewings
(Chrysopidae) and Robbefly (Asilidae) was recorded.

4.3.2 Yield assessment.

Yield parameters (without drying); pods per plant, number of seeds per pod, weight of 100 seeds
and total yield in kg/h were collected two weeks before the harvesting period. Five plants were
selected randomly from each plot and sampled for number of pods per plant. In each plant, five
pods were selected to measure pod weight as well as counting seed per pod. After harvesting,

100 seed weight and plot yield data were recorded.

4.3.3 Persistence of pesticidal plants on bean plant leaves.

Persistence analysis was conducted on the ninth week of the experiment on plots spayed with
10% concentration of T.vogelii. A uniform sized leaf (1cn?) was made using leaf punch
apparatus using the dislodgeable foliar residue dissipation methodology by (USEPA-dislodge
able foliar residue dissipation: agricultural guideline 875.2100). A punched leaf was dipped into
a vial with 7 mil methanol and left for 10 minutes to dislodge the pesticides residue compounds.
Methanol was left to evaporate and vials sealed and stored in a refrigerator for analysis. Analysis
was done by using LC-UV-MS methods to analyse MeOH extracts of T.vogelii leaves a method
by Stevenson et al.,(2012).
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4.3.4 Data analyses.

Mean number of beneficial insects and yield of beans in four replication plots were subjected to
one way analysis of variance using STATISTICA program. The treatment means were separated

by Fisher Least Significance Difference at P=0. 05.

4.4 Results

4.4.1 Abundance of beneficial insects

Abundance of beneficial insects in response to application of treatments evaluated in this study
showed a significant difference (P<0.05) for lady bird beetles (F=2.01, P<0.05) and on spiders
(F=4.75, P<0.001) across the treatments. Based on Figure 8 and Appendix 3, abundance of
lacewings and robbefly showed no significant difference at P<0.05 on the treatments (Appendix
3). Figure 8 depicts higher abundance of ladybird beetles in the controls (water and water +soap)
as compared with abundance in T.diversifolia, T.vogelii, L. camara and V. amygdalina.
Likewise, abundance of spiders was highest in the water treatment. Lacewings and robbefly had
less average insects even in the controls. Comparatively, synthetic pesticide was observed to
reduce higher number of ladybird beetle and spiders when compared with rest of the treatments

as seen in Appendix 3 and Figure 8.
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L. camara
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W T. diversifolia

Lacewing B T. vogelii

Ladybird Robber fly

Predators V. amygdalina

Figure 8 Abundance of beneficial insects in response to four plant species, synthetic
pesticides and control.
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4.4.2 Growth parameters and yield of common beans.

A significant effect of treatments was observed in yield parameterswith100 seed weight
(F=133.88, P < 0.001), Pod weight (F=3.56, P < 0.01), seed per pod (F=5.17, P < 0.001), number
of pods per plant (F=2.22, P <0.05) and plot yield (F=29.46, P <0.001).

Plots treated with pesticidal plants extracts manifested higher yield compared with the control
plots treated with water (Appendix 4).Extracts of T.vogelii at 10% showed a significantly higher
average 100 seed weight (69.00+0.41), average pod weight (2.95+0.05), average number of
seeds per pod (9.05+0.13) average number of pods per plants (10.90£0.81), as well as plot yield
(961.10+81.86). Comparatively, lower average yield parameters were observed in the plots

treated with water (Appendix 4).

Among the four pesticidal plants, extracts of higher concentration(10%) of T.vogelii,
T.diversifolia and V. amygdalina at 10% concentration showed higher yield compared with plant
extracts of lower concentrations (0.1%and 1%). Exceptionally, Lantana camara at 10%
concentration exhibited lower yield. (Figure 9). Synthetic pesticide treatment was observed to
have comparably higher yield as the pesticidal plants treatments (Figure 9). Statistically, there
was no significance difference of the 100 seed weight between synthetic pesticide and
T.diversifolia at 10% concentration, similarly no significant difference of the average pod weight
was observed between synthetic pesticides, Lantana camara (10%) and V. amygdalina (10%)

showing that pesticidal plants extracts were as effective as the synthetic pesticide.
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Figure 9: Effects of concentration of treatments on the yield of common beans.

4.4.3 Presence and persistence of active compounds from T.vogelii.

Figure 10 Shows average and percentage tephrosin that was recovered from the T.vogelii (10%)

treated plots. Fast reduction was observed on the second day in which 13.83% of tephrosin was

reduced. A slight shift was observed on the third day in which 0.24% was observed to increase.

70.56% of tephrosin was however observed on the seventh day after the spraying of T.vogelii

extract.
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Figure 10 Average mean and percentage breakdown of tephrosin from T.vogelii.



4.5 Discussion.

Findings from this study show that pesticidal plants have less detrimental effects on beneficial
insects. Mkenda et al., (2015) reported less effect on spiders and ladybird beetles, findings that
relate to the results of this study. However, this study also revealed a smaller number of
lacewings and robber fly. Lacewings are believed to live in an extensive range of habitats in
which case they are rarely concentrated in one area (Henry and Brooks, 2012) and their survival
is supported by flowers that have open nectaries to enable laying eggs (Rijn, 2012). Absence of
habitats of this nature in the vicinity of the experimental area may have led to their less
abundance. Likewise, robber flies are known to be restricted to habitat requirement and are
vulnerable to habitat destruction (Mccravy and Baxa, 2011). As a result, less number of

lacewings and robbefly has been observed.

Yield of common beans in this study is found to be influenced by pesticidal plants and by
synthetic pesticide treatments. Higher yield in synthetic pesticide treatment as observed in the
results appear to be an indication of low infestation and less damage by insect pests. Synthetic
pesticide has been proven to have the most effective in controlling insects when compared with
other insect control mechanisms (El-Wakeil, 2013;lgogo et al., 2011; Mkenda et al., 2015). On
the other hand, pesticidal plants, Tephrosia vogelii (10%), Tithonia diversifolia (10%) and
Vernonia amygdalina (10%) were observed to have higher plot yield similar to the synthetic
pesticide. In addition to ability of repelling insect pests hence leading to reduced infestation and
damage, these plants have ability to increase nutrients to crops leading to increased yield. This
observation is supported by the findings from Stevenson et al.,(2012) who found that T.vogelii
has a capacity of nitrogen fixation leading to better plant performance and hence higher yield.
Extracts of T.diversifolia have also been tested and has shown its contribution of minerals
important in the soil for growth of crops (Shokalu et al., 2010; Olabode and Ogunyemi, 2007) by
improving soil pH, N, P, K, Mg and Zn. It is also reported by Mkenda et al., (2015) that plants
extracts that contribute to yield had ability to prevent insect pests and have less effects on
beneficial ones.

The length of time that pesticidal compounds persist in the environment was also investigated. In
this study, rotenone from T.vogelii a compound proven by Belmain and Amoah, (2012) for its
insecticidal effect was evaluated where rate of degradation and persistence in the environment
under a field condition was assessed. Results from 10% concentration of Tephrosia vogelii
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support the fact that compounds from plant have capability of persisting in the environment for
an ample time to cause appreciable impacts such as insects repellence and nutrients availability
for plants growth (Isman, 2006).

Pesticidal plants compounds like rotenone are generally known to persist in the environment for
a time ranging from hours to a number of days (Dubey, 2011) depending on natural climatic
variations such as humidity, sunshine and rains. Slow degradation of tephrosin is linked with the

high humidity and low temperature that persisted during sampling process.

4.6 Conclusion.

Pesticidal plants have been observed to support presence of Spiders and Lady Bird beetles,
which are beneficial insects to beans (Phaseolus vulgaris). This study has also shown that
application of T.vogelii, T.diversifolia and V. amygdalina lead to increased yield of common
beans. On the other hand, synthetic pesticide reduced the abundance of beneficial insects much
more compared with the pesticidal plants and the negative control. Pesticidal plants are therefore
good alternatives to synthetic pesticides because of their less harm to beneficial insects and
contribution to yield of crops.
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CHAPTER FIVE
Efficacy of Pesticidal Plants Powders in Controlling Callosobruchus maculatus on Stored

Cowpeas (Vigna unguiculata).

Summary

Cowpea is an important legume in developing countries because of its nutritional and economic values to small
scale farmers. It is however faced by destruction caused by storage insect pests that lead to significant post-
harvest losses. Plant based insecticides have been proven effective in the insect control and are known to be
environmental friendly. Efficacy of four pesticidal plants, Tephrosia vogelii, Lantana camara, Tithonia
diversifolia and Vernonia amygdalina was tested against Callosobruchus maculatus infestation on stored
cowpeas grains (Vigna unguiculata). Cowpea seeds free from infestation were admixed with powders of the
plant leave at concentrations of (25g/2500 and 250/2500g w/w) and a synthetic pesticide (Actelic dust) was
included in the experiment as a positive control. Adult (C.maculatus) infestation, oviposition and cowpea
damage were assessed. Results showthat synthetic pesticide had highest efficacy in preventing infestation while
T.vogelii was the most active pesticidal plant at all concentrations followed by Lantana camara. With time of
exposure, T.diversifolia and V. amygdalina showed the least efficacy. This study concludes that T.vogelii is a

reliable alternative to synthetic pesticides use in the control of C.maculatus in stored cowpeas.

5.1 Introduction

Cowpeas represent a group of leguminous plants grown in developing countries, in Africa, Latin
America and Asia (Zulu, 2011). It is an important legume that has a supply of protein from its
grains, green pods and fresh leaves (Pule-Meulenberg, 2010), is drought resistant and has
important role in fixing nitrogen in the soil and so contributing to soil fertility. (Baributsa and
Lowenberg-DeBoer, 2010). Cowpeas has also high contents of vitamin C (Wawire et al., 2011).
Cowpeas are grown mainly by small scale farmers across Africa as a source of income for small
scale farmers. It has been sold locally, but also has been exported outside producing countries,

thereby providing income to farmers (Baributsa and Lowenberg-DeBoer, 2010).

Small scale farmers in Sub-Saharan Africa face a challenge in the cultivation and storage of
copies (V. unguiculata).During growth, aphids have been found to be an important pest in the
tropics that has led to the destruction of the cowpea plants (Obopile and Ositile, 2010). Weed
management is another constraint facing farmers, especially those having smaller areas of
cuktivation that result in less yield (Mashingaidze and Madakadze, 2012).

36



Nevertheless, studies by Ilboudo et al., 2010) and Murdock et al., (2012) have highlighted a
major cause of cowpeas loss to be insect pests during storage in which Callosobruchus
maculatus is an insect species that has been mentioned to cause serious losses during storage of

cowpeas in many regions of Africa.

Control of C.maculatus has been done in various technologies to avoid losses. These include
storing grains in airtight containers (Murdocket al., 2012), use of synthetic pesticides such as
pirimiphos-methyl (Actelic dust) and use of bio pesticides. Synthetic pesticides are known for
their effects to the environment and to humans (Jenkins et al., 2013). In this case massive studies
support the use of pesticidal plants for the reason that they are less toxic to the environment and
to people’s health. Plant species are also cheaply available on the roadsides, farm margin and on
uncultivated areas. They are therefore a cheap alternative to small scale farmers. However,
majority of studies have been conducted and their results are promisingly effective but have been
done under a laboratory scale that reflects less of what small scale farmers experience in the
fields. This study assessed the efficacy of leave powders made from four plants namely Tithonia
diversifolia, Lantana camara, Tephrosia vogelii and Vernonia amygdalina against infestation by

cowpea weevils (Callosobruchus maculatus) under farmers’ actual storage condition.

5.2 Materials and Methods

The experiment was conducted in the Nelson Mandela African Institution of Science and
Technology premises. A storage house was designed to resemble a normal farm store that small
scale farmers use for storage. It included ventilated windows covered with net to ensure

containment of the insects.

5.2.1 Preparation of Callosobruchus maculatus insect culture

Callosobruchus maculatus were obtained through a stock of cowpeas slightly infested with eggs
purchased from Kikatiti local market in Arusha region. Infested cowpeas were kept under a room
temperature and ambient air for 21 days in the jars with perforated tight lids at the Nelson
Mandela African Institution of Science and Technology laboratory. After the emergence of the
insects, infested cowpeas were transferred into 5 buckets each containing whole cowpea seeds to

provide for growth of adult insects.
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Cowpeas of Raha 1” variety which were organically produced and free from infestation were
obtained from llonga Agricultural Research institute in July 2015 were used for growing insects

and for the whole experiment.

5.2.2 Preparation of pesticidal plants

Leaves of pesticidal plants namely Tephrosia vogelii, Vernonia amygdalina, Tithonia diversifolia
and Lantana camara were collected from five different locations and each species mixed
together. Collected leaves were dried under a shade in a closed aerated room to prevent
breakdown of active compounds. as reported by Dubey et al.,(2008). Dried leaves were ground

using an electronic grinder and kept into the plastic bags in a dark condition.

5.2.3 Experimental setup

Cowpeas used for the experiment were frozen at -20°C and oven dried at 70°C to Kill possible
existing insects’ larvae and eggs. Thereafter, 2500g of cowpeas were weighed and admixed with
concentrations of 25g and 250g (w/w) of Tephrosia vogelii, Vernonia amygdalina, Tithonia
diversifolia and Lantana camara. Weighed and admixed cowpea and plant powders were packed
into 2500g capacity sisal bags. Actelic super dust at a concentration provided by the
manufacturer was also used in the experiment as a positive control. Each treatment was
replicated five times. Treated cowpeas were transferred into a closed, isolated storage room and
exposed to natural infestation by Callosobruchus maculatus wich were stored in the 5 (five) open
lid buckets. Insects from the buckets were left to fly into the cowpeas arranged in the storage
room. The cowpeas were exposed to a continuous supply of insects throughout the experiment

time.

5.2.4 Data collection
Packed cowpea bags were opened and inspected for assessment of infestation, oviposition and
damage. An assessment was conducted after every two weeks from the on-start of the

experiment. Bags were opened and cowpea seeds stirred after which 125g sample of the cowpea

was weighed and used to assess the extent of infestation by Callosobruchus maculatus. Hand
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lens was used to visualize and count number of any adults’ eggs and holes on the seeds. After the

assessment, cowpeas were returned back to the respective bags, closed and stored again.
5.2.5 Data analysis.

The number of adults, number of eggs and number of holes on the seeds and percent damage
were subjected to one-way analysis of variance (ANOVA) using the STATISTICA program.
Statistical differences between the means were separated using the least significant difference
(LSD) test at the level of P <0.05.

5.3 Results

5.3.1 Infestation by adult C.maculatus.

Appendix 5 indicates a significant difference (P <0.05) in the mean number of adult C.maculatus
observed from a 125g subsample. Under a continuous possibility of infestation, there was no
significant difference in the number of adults in the second week of exposure of cowpeas to
C.maculatus infestation. Comparatively, number of insects increased with increase in time of
exposure. There was a significant difference (P <0.05) in the mean number of adult mnsects
between the (Pirimiphos-methyl) and the pesticidal plant powders in which least number of adult
insect was observed in the Actelic dust (Appendix 5).Powder of Tephrosia vogelii at 25 and
2509/2500 g of cowpea showed a minimum infestation on the 10t week of observation
(4.60+1.50) compared with the rest of pesticidal plant species. Followed by T.vogelii was L.
camara having a slight higher infestation than T.vogelii but less than V. amygdalina and

T.diversifolia that exhibited much higher infestation.

39



Statistically, a significance difference (P<0.05) was observed between untreated control and
T.vogelii. Conversely, no significant difference was observed between T.vogelii and the Actelic
dust thus showing higher effectiveness of T.vogelii (Appendix 5). There was also no significant
difference at P<0.05 between the untreated controls with L. camara. Hence only T.vogelii of the

four species was observed to have effectiveness against adult C.maculatus infestation.

5.3.2 The oviposition of C.maculatus.

Oviposition started on the fourth week after the exposure of the treated cowpeas to adult
C.maculatus (Appendix 6). An increasing trend of oviposition was observed to other treatments
except for Actelic dust and T. vogelii (250/2500g) where oviposition decreased from the 8t" to the
10t week. There was no significant difference in the mean oviposition between the Actelic dust
with T.vogelii and L. camara until the 101" week of observation. On the other hand, a significant
difference was observed between Actelic dust with V. amygdalina and T. diversifolia. Among the
plant species, T.vogelii was observed to have highest efficacy by having less oviposition
(2.20+1.36d) as with the commercial actelic dust (3.80+1.62d). Lowest efficacy was exhibited by
V. amygdalina and T.diversifolia (Appendix 6).

5.3.3 Damage by adult C.maculatus.

Extent of damage of the cowpea seeds was done by observing number of holes made on the
cowpea grains. Appendix 7 shows significance (P < 0.05) of treatments on the damage by
C.maculatus. Among the botanical plant powders, T. vogelii (250/2500g) exhibited lowest
percent damage (1.09+0.17%) followed by T.vogelii (25/2500g). Least effect was shown by
T.diversifolia (250/2500) by exhibiting highest percentage damage (65.67+17.24%). There was a
significant percentage damage difference between the untreated control and the plant powders
treatments. No significance difference was statistically observed between the actelic dust and
T.vogelii, thereby indicating T.vogelii as the most active plant powder against damage to the

cowpeas for the test period in this study.

5.4 Discussion.

In this study, leaf powder from Tephrosia vogelii showed highest control of infestation by fewer

adults, oviposition and damage by Callosobruchus maculatus compared with Lantana camara,
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Tithonia diversifolia, and Vernonia amygdalina. Effectiveness of T. Vogelii is proven to be higher
against C.maculatus in stored V. unguiculata (Mkenda et al.,2015). Extracts of T vogelii consists
of compound of chemotype 1 (Presence of rotenoids) that is proven to have an effective
insecticidal activity against pests as opposed to chemotype 2 that has an absence of rotenoids as
reported by Belmain et al., (2012). Apart from stored cowpeas pests, Hexane extracts of T.vogelii
have also been proven to work against Sitophilus zeamais Motschulsky a common maize pest in
Africa (Koona and Koona, 2007).

Ogendo and Belmain ,(2003)observed that L. Camara follows T.vogelii in its activity against
damage and on oviposition caused by Sitophilus zeamais Motschulsky on maize. Effectiveness
of L. camara and T.vogelii is reflected in this study where L.camara exhibited lower adult
infestation compared with T.diversifolia and V. amygdalina although its activity was less than
that of T.vogelii. Again, L. camara has also been proven to contain fumigant and contact toxicity
molecules against insect pests including Callosobruchus chinensis (Rajashekar, 2014).
Coumarins is a compound that has been found in Lantana camara as potential bio fumigant and
which is observed to be environmentally friendly and therefore thought of as a good grain

storage pest control option(Rajashekar et al., 2013).

Effectiveness of \ernonia amygdalina was found less against all observed parameters at
concentrations of 25 and 250¢/2500g of C.maculatus. The same result was discussed by Mkenda
et al., (2015) and recommended it not worthy of promotion for storage pests control. These
results however are different from Adeniyi et al.,(2010) who observed that V. amygdalina
possess mortality effect against storage pests (A. obtectus). Musa et al.,(2009) confirmed the
mortality, small egg count and suppressed adults’ emergence when a mixture of V. Amygdalina
with Ocimum gratissimum was used against Callosobruchus maculatus. The same observation
was noted in Tithonia diversifolia in which Kolawole et al.,(2011) investigated ethanol extracts
on T.diversifolia and highlighted its efficacy by their enzyme inhibition properties against C.

maculatus.

However, a difference between results that reported activity on V. amygdalina and T.diversifolia
and the observed less activity of the same plant species in this study appear to be caused by

experimental setups and preparation mechanisms of plant extracts.
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This study was a large scale involving natural environmental conditions and natural infestation
by Callosobrochus maculatus as well as naturally prepared treatments without any additional
controlled extraction mechanisms. Studies done by Adeniyi et al., (2010) and Musa,(2009) on
the other hand were small scale and restricted to the laboratories conditions. In these cases,
results between laboratories based experiment and field based experiment appear to contribute to
the differences.

5.5 Conclusion.

In this study, T.vogelii showed higher effectiveness more than the rest of pesticidal plants
powders. Cowpeas treated with T.vogelii exhibited less counts of adult C.maculatus, less
oviposition and also less number of holes (damage).For T.vogelii, 250g concentration showed
higher effectiveness compared with lower concentration (25g). On the other hand, effectiveness
of V. amygdalina, T.diversifolia and L. camara were lower and therefore not recommended as an
insect control mechanism.  Therefore T.vogelii is recommended as a control measure in stored

cowpeas.
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CHAPTER SIX
6.1 GENERAL DISCUSSION

Environmental friendly options for controlling insect pests to small-scale farmers were evaluated
in this study. Great diversity of pesticidal plants in Africa have been proven by various
researchers as being effective against insect pests (Mkenda et al., 2015a; Mkenda et al., 2015b;
Amoabeng et al., 2013;Brisibe et al., 2013; Stevensonet al., 2014). Compounds from pesticidal
plants are a proven solution against insect pests that do not affect ecological settings and that are
cost effective. In this study, four pesticidal plants (T.vogelii, L. camara, V. amygdalina and
T.diversifolia) were evaluated and found to have activity against insect pests on common beans

in the field as well as on storage cowpeas.

Effectiveness of synthetic pesticides as a positive control in this study appeared to exceed that of
botanical pesticides. Synthetic pesticides have been predestined as being less selective and
highly toxic to organisms (Johnsonet al., 2010; Wuet al., 2011). Again synthetic pesticides have
residue effects and stay longer on the environment in which case are regarded as destructive to a

broad spectrum of organisms and to health of users and consumers (Biondiet al., 2012).

Pesticidal plants appear to have repellant effects that only keep insects away for a while without
damaging them. Isman et al.,(2011) demonstrated repellant effects of oils from plants and
suggested a repellant potential that they can pose to insects. Likewise, Khater, (2012) suggested
that pesticidal plants induces acute toxicity, deterrent and repellant effects towards insects and
hence worthy being incorporated into integrated pest management for pre- and post-harvest to
ensure residues free foods as well as safe environment to live. In this study, related results were
observed when in each experiments; synthetic pesticide appeared the most effective by reducing

a considerable number of insects compared with the pesticidal plants and the negative control.

Under field condition, observation showed effectiveness of pesticidal plants against common
insect pests of beans (Bean leaf beetles (Ootheca), Flower beetles, Pod suckers, Aphids and
caterpillars) by reducing their abundance and reducing damage by insect pests. Extracts from T.
vogelii was recorded as the most effective compared with L. camara, V. amygdalina and
T.diversifolia. Belmain et al., (2012)reported T.vogelii to contain rotenoids, which contain a

strong insecticidal activity.
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Being effective imply that Northern Tanzanian species of T.vogelii contain Chemotype 1 which
according to Belmain et al., (2012) are effective against insect pests. This is similar to its
effectiveness against C.maculatus in stored cowpeas. Leaf powder of T.vogelii was the most
effective compared with the rest of plant species tested by manifesting less adult infestation,
inhibition of oviposition and controlled damage of the grains by the C.maculatus. After mixing
plant powders with the grains, results showed that adult insects could not fly into the bags treated
with T.vogelii and especially at its highest concentration (2509/2500g). It is evident that T.vogelii
contains a strong repellant effect at various states; in solution form as well as a grounded
powder. This observation is supported by findings from Igogo and Ogendo, (2011), Isman,
(2006), Ogendo and Belmain, (2003).

Extracts of Tithonia diversifolia is observed to contain pesticidal effects against insect pests
whose activity follows second after T.vogelii in treating the field insect pests. Dry leaves as the
case in this study appear to have more efficacy as also reported by Castafio-Quintana et
al.,(2013) and Mkenda et al.,(2015).0On the other hand, efficacy of leaf powder of T.diversifolia
against C.maculatus during storage of cowpeas grains was lower in this study. In other words it
appears that T.diversifolia has poor fumigant effect as was similarly reported by Mkenda et
al,(2015a). Again V. amygdalina and L. camara were observed to have less effectiveness on their
efficacy in the control of insect pests under field condition. Contrary to the field, L. camara was
recorded to have improved activity against C.maculatus infestation in stored cowpeas when
compared with V. amygdalina. The findings on V. amygdalina relate to those of Mkenda et
al.,(2015a) supporting less activity of V. amygdalina. Contrary to the effectiveness of V.
amygdalina and T.diversifolia, Lantana camara was found by Ogendo et al.,(2003) to have an
activity on a bioassay experiment against Sitophilus zeama is and also ranked second after

T.vogelii in its activity against C.maculatus.

Pesticidal plants investigated in this study are associated with growth and yield of the bean plants
under field conditions. Contribution of pesticidal plants on the growth and yield of bean plants
can be discussed on three aspects. Firstly, the ability of plant extracts to repel insect pests and
thereby leading to less damage and infestation, Secondly, its ability to maintain a diversity of
beneficial insects that are useful in predation and pollination (James and Xu, 2012; Laubertie et
al.,, 2012; Lenget al., 2011) and thirdly because of the contribution of nutrient supply to growing

plants (Olabode and Ogunyemi, 2007; Wang et al., 2011). Extracts from Tithonia diversifolia
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and Tephrosia vogelii were observed to influence high yield. Specifically, Shokaluet al., (2010)
documented importance of Tithonia diversifolia in soils for its contribution to soil pH,N,P,K,Mg
and Zn all of which are important for plants growth and yield. Likewise, Tephrosia vogelii
contribution to Nitrogen fixationis reported in several literatures (Munthali et al., 2014;
Stevenson et al.,, 2012; Wang et al., 2011) as contributing to the proper growth of plants and

enhanced yield.

Less persistence to the environment is one of the credits that pesticidal plants possess. It is an
important aspect to ecological balance and residue free food. In this study, T.vogelii was
evaluated for the persistence of rotenone, a compound responsible for pesticidal effect. Slow
degradation was observed and was considered as an effect of low temperature and high humidity
that persisted over the time of sampling. This observation is confirmed by findings from Dubey,

(2011) who highlighted that compounds of the pesticidal plants can persist for hours or days.

6.2 CONCLUSION

Pesticidal plants evaluated in this study have shown their contribution to the control of insect
pests under field and also in storage conditions. Under field condition all the four pesticidal
plants (T.vogelii, T.diversifolia, V. amygdalina and L. camara) were observed to have
effectiveness against insect pests. Higher concentration (10%) was found to be more effective
compared with lower concentrations (0.1% and 1%). Also these plants were observed to favor
abundance of beneficial insects that were identified as well as contribute increased yield of
common beans. However, effectiveness of the positive control manifested the highest efficacy of
all treatments indication that its ability to control insect pests was higher. Effectiveness of
T.vogelii appears to be contributed to by its ability to persist longer in the environment as
observed in this study. Different from the field experiment, only T.vogelii was found effective
against C. Maculatus. Adult infestation, oviposition and damage by C maculatus was less in the

cowpea grains treated with T. Vogelii and a positive control (Actelic super dust).

6.3RECOMENDATIONS

Use of pesticidal plants has been practiced since long in history by indigenous Africans before
the advent of use of synthetic pesticides. Effects of synthetic pesticides also lead to scientific

researches on alternative pests control options.

45



It is evident that a limited research has been done to uptake the knowledge possessed by local
small scale farmers who are the typical users and instead have been focusing on small scale
laboratory bioassays. It is therefore recommended to strengthen practical research, which focuses
on uptake of this knowledge to small scale farmers. In this study, T.vogelii is found to have the
highest effectiveness compared with the rest of pesticidal plants tested both in the field and
storage conditions and its persistence was determined to be longer in the environment indicating
better ability to control insect pests. This gives room for more research on T.vogelii on several
aspects such as a possibility to use it on a commercial scale, increase its shelf life, and improve
proper storage condition that keeps its active ingredient and possible conditions and standards of
use by small-scale farmers. In addition, the study suggests further research on proper methods of
recovering and determining compounds from pesticidal plants sprayed in the field in order to

understand persistence and therefore suggest possible intervals of application for better results.
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APPENDICES

Appendix 1 Average abundance of insect pests observed on bean plants in response to treatments at different concentrations.

Treatments Concentration Ootheca Aphids Flower beetles Caterpillars Pod sucker
Water 0 9.50+0.50a 35.00+2.68a 7.75+0.25a 3.50+1.04a 3.75+0.85a
Water and soap 0.10% 2.75+0.95b 20.50+2.60b 5.00+0.71b 1.75+0.48bc 1.50+0.87b
Synthetic pesticide 0.6ml/1 0.25+0.25de 1.00+0.71g 0.00+0.00f 0.00+0.00e 0.25+0.25d
L. camara 0.10% 2.00+0.91bcd 12.00+0.41cd 2.00+0.71cd 2.00+0.82h 0.75+0.48bcd
1% 1.50+£0.29bcde 5.75+2.22efg 0.50+0.29%f 0.50+0.29cde 1.25+0.25bc
10% 0.00+0.00e 5.50+1.66efg 0.00+0.00f 0.00+0.00e 0.00+0.00d
V. amygdalina 0.10% 2.50+0.96bc 15.25+3.09bc 2.50+0.29¢ 1.50+0.50bcd 0.25+0.25cd
1% 1.00+0.71bcde 9.50+2.50de 0.50+0.50ef 0.50+0.50cde 0.25+0.25cd
10% 0.75+0.25cde 3.25+1.60g 0.00+0.00f 0.00+0.00e 0.25+0.25cd
T. diversifolia 0.10% 1.50+0.65bcde 10.00£1.47cde 1.25+0.25de 0.75+0.48bcde 0.75+0.48bcd
1% 0.75+0.25cde 7.00+1.58def 0.75+0.48def 0.50+0.29cde 0.00+0.00d
10% 0.75+0.25cde 3.25+1.25fg 0.00+0.00f 0.25+0.25de 0.25+0.25cd
T. vogelii 0.10% 1.75+1.03bcde 9.00+1.78de 1.00+0.58e 0.25+0.25de 0.00+0.00d
1% 1.25+0.58ncde 10.00+2.12cde 0.50+0.2%f 0.50+0.50cde 0.25+0.25cd
10% 0.75+0.48cde 1.25+0.95¢ 0.50+0.50ef 0.00+0.00e 0.00+0.00d
F statistics 13.59*** 20.58*** 29.20%** 4.50%** 6.03***

Each value is a mean + standard error of four replicates, *** are significant at P<0.001. Means within the same column followed by

the same letter(s) are not significantly different at (P=0.05) from each other using Fishers Least significant Difference (LSD)
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Appendix 2 Effects of treatments on the percentage damage by insect pests observed on the bean plants

Percentage damage

Treatment
Water

Water and soap

Syntheticpesticide

L.camara

V.amygdalina

T.diversifolia

T.vogelii

F statistics

Concentration

0
0.10%
0.6ml/l
0.10%
1%
10%
0.1%
1%
10%
0.1%
1%
10%
0.1%
1%
10%

statistics

week 1
0.03+0.01a
0.03+0.00ab
0.02+0.01b
0.03+0.00ab
0.03+0.00ab
0.03+0.00ab
0.02+0.01b
0.03+0.00ab
0.03+0.00ab
0.03+0.00ab
0.03+0.00ab
0.03+0.00ab
0.03+0.00ab
0.03+0.00ab
0.03+0.00ab

1.05ns

week 2
0.04+0.01a
0.02+0.01bcd
0.01+0.01d
0.03+0.01abcd
0.01+0.01cd
0.04+0.02
0.02+0.01bcd
0.01+0.01d
0.03+0.00ahcd
0.02+0.01bcd
0.02+0.01bcd
0.02+0.01bcd
0.03+0.01abc
0.04+0.01ab
0.01+0.01d
1.93*

week 3
0.12+0.03a
0.05+0.02bcde
0.00+0.00e
0.09+0.03abcd
0.06+0.02abc
0.06+0.02abcd
0.06+0.02bcde
0.07+0.02abcd
0.10£0.02ab
0.10+0.01ab
0.12+0.03ab
0.08+0.02abcd
0.03+0.01de
0.06+0.03abcd
0.04+0.01cde
0.06*

week 4
0.09+0.02ab
0.04+0.03cdef
0.00+0.00f
0.06+0.02abcd
0.08+0.02abc
0.10+0.01a
0.07+0.02abc
0.02+0.01def
0.04+0.02cdef
0.10+0.02a
0.07+0.01abc
0.04+0.02cdef
0.07+0.01abc
0.05+0.02bcde
0.01+0.01ef
3.41*%*

week 5
0.11+0.02abc
0.13+0.02a
0.00+0.00d
0.04+0.02bcd
0.08+0.04abcd
0.040.04cd
0.11+0.05ahc
0.120.04ab
0.05+0.03bcd
0.11+0.01abc
0.06+0.02abcd
0.04+0.02bcd
0.08+0.02abcd
0.03+0.02d
0.02+0.02d
0.09*

week 6
0.05+0.03a
0.10+0.05ab
0.00+0.00d
0.10+0.05ab

0.02+0.01abc
0.05+0.02bcd
0.09+0.04bcd
0.07+0.04bcd
0.02+0.01bcd
0.07+0.03ab
0.08+0.04bcd
0.04+0.02cd
0.05+0.03bcd
0.10+0.05abc
0.04+0.02cd
2.15*

week 7
0.10+0.04a
0.03+0.03bc
0.00+0.00c
0.04+0.02abc
0.01+0.01c
0.03+0.02bc
0.03+0.02hc
0.05+0.03abc
0.01+0.01c
0.08+0.03ab
0.01+0.01c
0.02+0.01bc
0.04+0.03abc
0.04+0.02abc
0.06+0.03abc

1.53ns

week 8
0.13+0.03a
0.12+0.05ab
0.00+0.00c
0.11+0.04ab
0.12+0.03ab
0.03+0.02bc
0.09+0.01abc
0.09+0.02ab
0.04+0.01abc
0.12+0.03ab
0.10+0.04ab
0.09+0.01abc
0.11+0.05ab
0.09+0.03ahc
0.07+0.04abc

1.35ns

week 9
0.03+0.03b
0.09+0.03a
0.01+0.01b
0.02+0.02b
0.06+0.03ab
0.04+0.02ab
0.03+0.02ab
0.05+0.03ab
0.06+0.02ab
0.03+0.01b
0.04+0.02ab
0.03+0.02b
0.03+0.02b
0.03+0.01b
0.03+0.02b

0.93ns

Each value is a mean * standard error of four replicates, *, and ** are significant at P<0.05 and P<0.01 respectively, and ns means not
significant. Means within the same column followed by the same letter(s) are not significantly different at (P=0.05) from each other
using Fishers Least significant Difference (LSD) test
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Appendix 3 The average abundance of beneficial insects observed on bean plants in response to application of treatments

Treatment Concentration Lacewing Ladybird beetle Robber fly Spider
Water 0 0.75+0.48ab 6.50+0.85a 1.25+0.25a 8.50+2.63a
Water + Soap 0.1% 0.00+0.00 5.50+3.10ab 0.00+0.00b 3.25+0.75cdef
Synthetic pesticide 0.6ml/l 0.25+0.25b 0.75+0.75¢c 0.50+0.50ab 0.25+0.25f
L. Camara 0.1% 1.75+0.85a 1.00+0.58¢ 0.25+0.25b 8.25t1.11ab
1% 0.25+0.25b 2.25+0.48hc 1.25+0.63a 2.75%1.49def
10% 0.00+0.00b 0.00+0.00c 0.00+0.00b 3.75+1.31cdef
T. diversifolia 0.1% 1.00+0.58ab 3.00£1.73abc 0.50+0.29ab 5.00+0.71abcd
1% 1.00+0.71ab 0.50+0.29¢c 0.25+0.25b 7.00+1.78abc
10% 0.50+0.29ab 0.25+0.25¢ 0.00+0.00b 0.25+0.25f
V. amygdalina 0.1% 1.00+0.41ab 2.00+0.41bc 0.25+0.25b 7.00+1.29abc
1% 0.25+0.25b 2.50+0.65bc 0.75+0.75ab 4.50+1.71bcde
10% 0.50+0.50ab 3.50+1.55abc 0.00+0.00b 1.00+0.71ef
T. Vogelii 0.1% 1.00+0.00ab 1.50+0.87c 0.50+0.25ab 6.50+2.06abcd
1% 1.00+0.71ab 1.75+1.75¢c 0.25+0.25b 5.00+0.41abcd
10% 0.50+0.29ab 2.00+2.00bc 0.00+0.00b 0.50+0.29f
F statistics 1.13ns 2.01* 1.58ns 4. 75%**

Each value is a mean £ standard error of four replicates, *, and *** are significant at P<0.05 and P<0.001 respectively, and ns means
not significant. Means within the same column followed by the same letter(s) are not significantly different at (P=0.05) from each
other using Fishers Least Significant Difference (LSD) test



Appendix 4 Meanyield parameters of common beans collected during harvesting period

Treatment Concentration  100seed weight (g) Pod weight (g) Seed per pod No. of pods per plant  Yield (kg/h)
Water 0 56.00+0.41k 1.90+0.17cde  5.60+0.38d 6.95+0.61de 403.70+11.191
Water + Soap 0.1% 60.00£0.41i 1.75+0.10de  5.95+0.38cd 6.40+0.48e 461.20+9.43hi
Synthetic pesticide 0.6ml/I 66.50+0.29b 2.35£0.13bc  6.60+0.29bc 10.30£1.31abc 817.80+£16.63bc
L. Camara 0.1% 62.75+0.25h 2.15+0.17bcd  6.35+0.50bcd 8.00+1.60bcde 671.20+18.49ef
1% 63.75+0.25efgy 1.65+0.15¢e  6.05%0.36bcd 7.75x1.17cde 729.80+7.90de
10% 65.75+0.25bc 2.30+£0.17bc  6.40+0.22bcd 8.70+0.79abcde 607.00+60.75fy
T. diversifolia 0.1% 64.50+0.29cd 1.95+0.05cde  6.00+0.18cd 7.05+0.90de 665.00+28.24ef
1% 65.25+0.25cd 2.20£0.24bcd  6.20+0.12bcd 7.20+0.96de 728.60+£16.53de
10% 66.25+0.25b 2.45+0.19b 7.00£0.57b 10.70+0.37ab 899.30+25.06ab
V. amygdalina 0.1% 63.25+0.25¢gh 2.15+0.13bcd  6.45+0.48bcd 8.10+1.11bcde 598.50+8.16fgy
1% 63.500+0.29fgh  2.05+0.05bcde 6.25+0.15bcd 7.15+1.01de 456.70+14.73hi
10% 65.75+0.25bc 2.35+£0.22bc  6.50%0.51bcd 9.20+0.70abcd 802.70+10.88cd
T. Vogelii 0.1% 57.50+0.29j 2.10+0.13bcde 6.25+0.13bcd 8.85+1.10abcde 530.80+25.73gh
1% 64.25+0.25ef 2.20+0.29bcd  6.15+0.29bcd 8.90+0.37abcde 540.10+4.81gh
10% 69.00+0.41a 2.95+0.05a 9.05+0.13a 10.90+0.81a 961.10+81.86a
F statistics 133.88*** 3.56** 5.17%** 2.22* 29.46***

Each value is a mean + standard error of four replicates, *, **and *** are significant at P<0.05, P< 0.01 and P<0.001 respectively, and

ns means not significant. Means within the same column followed by the

each other using Fishers Least Significant Difference (LSD) test
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Appendix 5 The mean adult C.maculatus recorded from the cowpea seeds (V. unguiculata) subsample

Concentration

(0/2500g cowpea

Mean +SE of adult C.maculatus

Treatments seeds) week 2 week4 week 6 week 8 week 10
Control 0 0.40+0.24ab 7.20+2.01a 16.20+2.24a 20.80+1.93a 15.80+1.46ac
Actelic dust 0.2 0.00+0.00b 0.00+0.00b 1.40+0.40c 1.00+0.45¢ 0.80+0.58b
T. vogelii 25 0.00+0.00b 0.00+0.00b 3.40+0.68bc 4.60+1.50ce 4.20+0.58b
250 0.00+0.00b 0.00+0.00b 1.40+0.51c 4.60+0.40ce 4.20+0.49
L. camara 25 0.40+0.24ab 1.80+1.20b 2.40+1.12c 10.60+2.09bde 10.60+1.60ab
250 0.20+0.20ab 0.20+.0.20b 1.00+1.00c 13.40+2.58hd 18.80+4.66ac
T. diversifolia 25 1.00£0.77a 1.00£0.77b 4.00+1.22bc 15.00+5.14ad 14.80+5.44ac
250 0.20+0.20ab 0.20+0.20b 3.40+1.40bc 7.00+1.05bce 24.60+4.46¢
V. amygdalina 25 0.20+0.20ab 0.20+0.20b 7.20+2.73b 11.60+2.11ad 22.20+5.29c
250 0.40+0.24ab 0.40+0.24b 4.40+2.34bc 16.60+3.60ad 21.60+4.74c
One way ANOVA
o 1.01ns 7.86*** 8.27*** 6.18*** 5.61***
F-statistics

Each value is a mean + standard error of four replicates, *** are significant at P<0.001, and ns means not significant. Means within the
same column followed by the same letter(s) are not significantly different at (P=0.05) from each other using Fishers Least significant
Difference (LSD) test.

63



Appendix 6 Effects of treatments on the mean number of eggs of C.maculatus on cowpea seeds

Mean +SE of eggs counted on cowpea seed samples

(Concentration)

9/2500g cowpea

Treatments seeds Week 4 Week 6 Week 8 Week 10
Control 0 7.00+1.00c 23.4015.57b 150.40+16.52b 634.00+71.81bc
Actelic dust 0.2 0.00+0.00d 0.00+0.00b 4.60+2.79c 3.80+1.62d
T. vogelii 25 0.00+0.00d 3.00+1.64b 7.20+1.02c 10.20+3.51d
250 0.00+0.00d 1.00+0.63b 4.20+1.32c 2.20+1.36d
L. camara 25 3.80+1.62bcd 35.20+£14.14b 16.40+3.08¢c 122.00+19.75d
250 5.80+1.46¢c 7.80+2.78b 52.60+16.34c 198.60+45.44d
T. diversifolia 25 0.80+0.49bd 37.60£14.21b 198.80+60.71ab 514.20+167.72c
250 0.00+0.00d 48.00+28.90b 243.20+52.34a 454.80+145.94ac
V. amygdalina 25 4.80+3.01bc 355.80+182.84a 139.80+20.41b 802.80+154.69b
250 16.00+3.55a 32.2046.030b 139.00+22.45h 739.20+139.31bc
One way ANOVA F-statistics 9.27*** 3.31** 10.10*** 10.03***

Each value is a mean + standard error of four replicates, **, *** are significant at P<0.01, P<0.001 and ns means not significant.
Means within the same column followed by the same letter(s) are not significantly different at (P=0.05) from each other using Fishers
Least Significant Difference (LSD) test.
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Appendix 7 Meanand percentage damage by adult C.maculatus in response to application of treatments.

(Concentration)

0/2500g cowpea

Mean number of damaged

Treatments seeds seeds Mean % damage
Control 0 827.60+84.92b 75.24+7.72h
Actelic dust 0.2 2.60+1.54d 0.24+0.14d
T. vogelii 25 12.00+1.92d 1.09+0.17d
250 4.40+1.47d 0.40£0.13d
L. camara 25 130.60+28.02ad 11.87+2.55ad
250 123.20+37.02ad 11.20+3.37ad
T. diversifolia 25 507.80+232.94hc 46.16x21.18bc
250 722.40+189.66bc 65.67+17.24bc
V. amygdalina 25 601.20+90.17bc 54.65+8.20bc
250 452.80+159.54ac 41.16+14.50ac
One way
ANOVA F- 7.66*** 7.66%**
statistics

Each value is a mean = standard error of four replicates, *** are significant at P<0.001. Means within the same column followed by
the same letter(s) are not significantly different at (P=0.05) from each other using Fishers Least significant Difference (LSD) test.
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