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ABSTRACT

This study assessed the effects of Tephrosia vogelii (T. vogelii) formulation with rabbit urine
on insect pests and pollinators of sesame in a field experiment in Singida, Tanzania from
February 2021 to July 2021. The field experiment consisted of five treatments arranged in a
Randomized Complete Block Design (RCBD). The field experiment treatments included
(application rates are w/v for T. vogelii; v/v for rabbit urine; 2 mils/I for synthetic pesticide) 10
% T. vogelii, 50 % rabbit urine, 10% T. vogelii + 50 % rabbit urine, water (control) and
synthetic pesticide [Duduba 450 EC (Cypermethrin 100g/l. + chlorpyrifos 350g/1)], which was
used as a check. The results show that sesame plants sprayed with biopesticide formulations
significantly (p<0.001) possessed a smaller number of insect pests (Antigastra catalaunalis and
Alocypha bimaculata) same as synthetic pesticide. The larger numbers of pollinators (Apis
mellifera, Ornidia obesa and Diadegma semiclausum) and natural enemies (Tapinoma sessile
and Coccinella undecimpunctata) was recorded in sesame plants sprayed with biopesticide
formulations than those sprayed with synthetic pesticide. Conversely, the findings of this study
revealed that plots treated with 10% T. vogelii + 50% rabbit urine produced the highest (740.59
kg/ha) sesame yield, while those in the control gave the lowest yield (672.78 kg/ha). Therefore,
this study suggests that T. vogelii formulation with rabbit urine can be used by the resource
poorly-endowed smallholder farmers as an alternative strategy to control sesame insect pests,
while maintaining high yield and beneficial insects like pollinators.
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CHAPTER ONE
INTRODUCTION
1.1 Background of the Problem

Sesame (Sesamum indicum L.) is a dicotyledonous oil seed crop which belongs to the family
Pedaliaceae (Carlsson et al., 2008; Purru et al., 2018). In Africa, sesame is used not only for
family consumption as a source of oil but also for local and export markets as a source of
income (Gebregergis et al., 2018). In Tanzania, sesame is one of the crops cultivated that
mainly contributes to household income (Mkamilo, 2004). Sesame seeds contain 50-60% oil
and 19-25% protein, as well as antioxidants (sesamin and sesamolin), which have a
cholesterol-lowering effect in humans and thus help to prevent high blood pressure
(Anilakumar et al., 2010; Shivhare & Satsangee, 2012). Moreover, sesame oil contains a huge
amount of linoleate in triglyceride, which impedes malignant melanoma growth and thus can
be used as pharmaceutical, medical, and cosmetics being used as demulcent, laxative, and
emollient (Anilakumar et al., 2010; Prasad et al., 2012; Shivhare & Satsangee, 2012). Despite
its significance, weeds, diseases, and insect pests are the major production constraints causing
significant yield losses in sesame (Bukun, 2011). Among them, insect pests have been
identified as a major restricting factor that affects sesame production (Gebregergis et al., 2018;
Zenawi & Gebremichael, 2017).

The major devastating insect pests of sesame are white flies (Bemisia tabaci), aphids (Aphis
gossypii and Myzus persicae), sesame webworm (Antigastra catalaunalis), jassids (Orosius
albicinctus), sesame flea beetle (Alocypha bimaculata), spider mites (Tetranychus urticae) and
fall armyworms ( Spodoptera frugiperda) (Carlsson et al., 2008). At various stages of crop
development, from seedling to capsule formation, these insect pests cause significant damage
to sesame leaves, flower buds, and pods (Barbedo, 2014; Murugesan & Venkatesan, 2016;
Skaloudova et al., 2006).

Literature shows that management of insect pests has been mainly by the use of synthetic
pesticides (Chandler, 2008; Hakeem et al., 2016). Synthetic pesticides are effective in
controlling sesame insect pests by working quickly and significantly reducing crop losses and
improving yields (Patra et al., 2016). However, synthetic pesticides have significant negative
effects on public health and the environment at large where they lead to soil and water

adulteration (Kapeleka et al., 2019; Syafrudin et al., 2021). Synthetic pesticides, including



dichlorodiphenyltrichloroethane (DDT) induce insect pest resistance and jeopardize human
health (Ozkara et al., 2016). Moreover, the use of synthetic pesticides is currently not
encouraged globally due to their deleterious effects on the environment and non-target
organisms (Fiorenzano et al., 2017). In this light, biopesticides are now being used globally as
replacements for synthetic pesticides (Glare et al., 2012). This is because of the fact that
biopesticides are effective at eliminating insect pests without posing serious damage to the

ecological chain or aggravating environmental adulteration (Leng et al., 2011).

Biopesticides are compounds that are naturally obtained from microbes, plants, and animals
(Kumar et al., 2021). Microbes such as fungi, bacteria, viruses, and nematodes have been
reported to be effective in managing a wide ambit of insect pests, weeds, and fungi (Thangavel
& Sridevi, 2015). Microbial pesticides control insect pests through their specific toxic
metabolites that pose disease to them (Hernandez-Rosas et al., 2020). For instance, Bacillus
thuringiensis is usually used to manage insect pests on potatoes, cabbage, and many other crops
(Samada & Tambunan, 2020). Bacterium B. thuringiensis acts as a pathogen to ruinous
lepidopteran larvae pests by producing and releasing a toxin that ruins the mid gut of the insect

pests’ larvae once they devour the bacteria (Heckel, 2020; Samada & Tambunan, 2020).

Botanical pesticides, extracts from plants like Eucalyptus camaldulemsis and Nicotiana
tabacum, have been used in managing and mitigating the infestations of aphids on common
beans (Mpumi et al., 2020). Similarly, extracts from Annona squamosa, Azadirachta indica,
and Datura stramonium have managed to control Bemisia tabaci, Antigastra catalaunalis, and
Alocypha bimaculata respectively in different crops, including sesame in the fields (Perring et
al., 2018; Saritha, 2020; Simoglou et al., 2017; Sultana & Khan, 2019). Furthermore,
Azadirachta indica extracts from the leaves and seeds have effectively managed to control

Spodoptera frugiperda in cereal crops (Assefa et al., 2019).

Most biopesticides are important components of insect pest management programs because
they are affordable with regard to costs, available in the ambient environment, and feasible in
terms of preparations and applications (Amoabeng et al., 2014; de Céassia Seffrin et al., 2010).
Moreover, many biopesticides are not detrimental to human beings as well as non-target
organisms, including natural enemies and pollinators (Samada & Tambunan, 2020). Research
indicates that most biopesticides take a long time to release their effects in controlling insect
pests, as such, alternative ways of improving their efficiency are needed (Kumar et al., 2021).

Mixing biopesticides can be a good way of increasing their efficiency in controlling insect pests



without affecting beneficial incorporating natural enemies and pollinators, as has been reported
by Mpumi et al. (2021).

Pollinators are very crucial agents for fruiting and food production in flowering plants (Chen
& Zuo, 2018). Pollination is very effective in self-pollinated plants when compared to cross-
pollinated plants, where opportunity is expected to be limited (Aizen et al., 2017; Rodger et
al., 2013; Sukumaran et al., 2020). Sesame is a self-pollinated plant, but cross-pollination by
insect pollinators is normal (Feyera Takela Degafa, 2021), thus exploiting both self-pollination
and cross-pollination (Andrade et al., 2014). The floral structure of sesame facilitates cross-
pollination, although the plant is normally deemed self-pollinating (Kamel et al., 2013) and the
rate of cross-pollination normally lies between 0.5% and 65% depending on environmental
conditions, insect activity, and the availability of other vegetation (Mahmoud, 2012a). Sesame
flowers unfurl early in the morning and drop in the evening. Shortly after the flower unfurls,
anthers open and release pollen grains, which are viable for only 24 hours (Andrade et al.,
2014). Different species of insect pollinators have been reported visiting sesame flowers. The
main pollinators are honey bees, flies, butterflies, and wasps (Shakeel & Inayatullah, 2014).
Therefore, this study was conducted to assess the effects of T. vogelii formulation with rabbit

urine on insect pests, pollinator abundance, and yield of sesame.

Extract from T. vogelii leaves is currently known to be effective in managing insect pests on
various crops, including sesame. T. vogelii is among the ichthyotoxic plants normally grown
in tropical countries and employed by artisanal fishermen to stun and kill fish (Ekanem et al.,
2004; Said et al., 2020). Apart from being immensely toxic to fish, it has been employed as an
insecticide, anthelminthic, and rodenticide (Dzenda et al., 2008). The presence of rotenone,
phenol, alkaloids, steroids, tannin, saponin, and volatile oil is revealed by phytochemical
analysis of leaf extracts (Ene et al., 2010). The active component rotenone has been revealed
to have insecticidal traits (Said et al., 2020). Rotenone exerts its toxic action by impeding the
electron transport chain in cellular respiration through inhibition of the enzyme NADH
ubiquinone reductase in a wide ambit of insect pests (Golden, 2011). The higher toxicity of
rotenone to insects and fish is due to the fact that the lipophilic rotenone is easily conveyed
through trachea and gills (Ene et al., 2010). Although T. vogelii has been determined to be
effective in managing insect pests, it takes a long time to act (Belmain et al., 2012). Therefore,

there was a need to test whether or not mixing it with another biopesticide like rabbit urine can



improve its efficiency in management of insect pests of sesame and in preserving beneficial

insects.

Rabbit urine has been used as a biofertilizer and proved to improve production by boosting
plant growth and crop yield (Rahayu et al., 2021). It has primarily been used as a biofertilizer
alternative to chemical fertilizer in tomato production and has been shown to improve growth
and crop yield due to higher levels of essential nutrients such as nitrogen, phosphates, and
potassium (Indabo, 2020). Today, rabbit urine is being used as a biopesticide by smallholder
farmers in many African societies, including Tanzania, to control insect pests on various crops,
as well as sesame (Rwiza, 2017). Rabbit urine contains a high amount of ammonia (Wandita
et al., 2016). Research findings have shown that derivatives of ammonia like ammonium salts
such as ammonium chloride (NH4Cl) can be used as a pesticide (Mardones et al., 2019). Also,
ammonium bicarbonate has been used to control insect pests like olive flies (Bactocera oleae)
in olive orchards by extirpating their respiratory systems to death (Epa & Programs, 2004). In
this study, and taking into consideration the beneficial effects of T. vogelii and that of rabbit
urine and their mode of acting as previously described, there is an urgent need to test their
combined effect on management of insect pests, beneficial insects, particularly pollinators, and
yield performance of sesame in Singida, Tanzania, where sesame is one of the most prominent

oil crops.
1.2 Statement of the Problem

Insect pests are the major hindrances that reduce between 65 and 80% of sesame yield in most
African countries, including Tanzania (Chandler, 2008; Kinati, 2017; Oerke, 2006). To manage
insect pests of the crop, farmers have been using synthetic pesticides which, though fast acting,
are very expensive in such a way that the majority of smallholder farmers cannot afford to buy
them (Arora et al., 2016a; Mansour et al., 2018). In addition, synthetic pesticides affect
beneficial insects, including pollinators on plants and the environment at large, whereby they
have been cited to be deleterious to humans (Mansour et al., 2018; Nicholls & Altieri, 2013).
This has instigated a search for bio-based materials that are environmentally benign for pest
control. However, most biopesticides take a long time to reach their maximum efficiency. Thus,
there is a need to test whether mixing two or more biopesticides can improve their efficacy.
Therefore, this study evaluated the effect of the mixture of the T. vogelii formulation with rabbit

urine on the insect pests and pollinators of sesame in the Singida region, Tanzania.



1.3 Rationale of the Study

This study was organized in order to search for alternative insect pest management options due
to the increased negative effects of synthetic insecticides on the environment, humans, and
costs of utilization. Thus, the work was proposed to study the effects of T. vogelii formulation
in combination with rabbit urine on insect pests and pollinators of sesame in the Singida region,
Tanzania. The leaf extract from T. vogelii alone, rabbit urine alone, and the mixture of T. vogelii
and rabbit urine were tested for their efficacy against sesame insect pests. Also, the effect of
biopesticide formulations on pollinators was tested. In addition, yield was measured to test the
effectiveness of biopesticide formulations in sesame production. All biopesticide formulations
effectively control and manage sesame insect pests, retaining pollinators for pollination and
improving yield. Therefore, the application of these biopesticide formulations for controlling
sesame insect pests without affecting pollinators and yield improvement can be used by sesame

smallholder farmers in Tanzania.
1.4 Objectives
1.4.1 General Objective

To a develop T. vogelii formulation using rabbit urine for managing insect pests of sesame

without affecting pollination services for improved crop yield.
1.4.2 Specific Objectives

I.  Toassess the effect of T. vogelii formulation with rabbit urine on insect pests of sesame.

ii.  To evaluate the effect of T. vogelii formulation with rabbit urine on the abundance of
pollinators of sesame.

iii.  To determine effect of T. vogelii formulation in combination with rabbit urine on yield

of sesame.
1.5 Research Questions

I.  To what extent are the sesame insect pests affected by the T. vogelii formulation with
rabbit urine?
ii.  What is the effect T. vogelii formulation with rabbit urine on population abundance of

pollinators of sesame?



iii.  How does the mixture of T. vogelii formulation with rabbit urine affect the yield of

sesame crop?
1.6 Significance of the Study

The outcomes of this study will offer knowledge and skills to sesame smallholder farmers and
society at large on the affordable, efficacious, and environmentally benign technological
strategy of controlling insect pests affecting the growth and yield of sesame. These study results
will also provide awareness, knowledge, and positive attitudes to the policy makers and
authorities at large about the potential of biopesticides in protecting the environment from

being polluted as well as enhancing yield and increasing income.
1.7 Delineation of the Study

This research is concerned with assessing the effects of T. vogelii formulation with rabbit urine
on insect pets and pollinators of sesame in Singida, Tanzania. The effects of 10% T. vogelii,
50% rabbit urine, and the mixture of 10% T. vogelii + 50% rabbit urine were assessed against
sesame insect pests and on the population abundance of pollinators after application in the field.
The yield of sesame was measured to assess the performance of the biopesticide formulations
under smallholder field settings. The efficacy of these biopesticide formulations was assessed
on insect pests and pollinators of sesame only. However, they can be assessed on other insect
pests and pollinators of other crops.



CHAPTER TWO
LITERATURE REVIEW
2.1 Common Insect Pests of Sesame in Africa

Most insect pests (Table 1), such as aphids, sesame webworms, white flies, jassids, spider
mites, sesame flea beetles, and fall armyworms, deter the production of sesame crops in Africa
(Carlsson et al., 2008). These insect pests affect the sesame crop at the different stages of plant
growth, pose significant damage to the crop resulting in immense losses in sesame yield
(Thangjam & Vastrad, 2018). Previous studies, e.g., Berhe et al. (2011) and Oerke (2006),
show that insect pests can reduce up to 80% of the yield of sesame with A. catalaunalis being
a major insect pest. For many years, sesame smallholder growers have been using synthetic
pesticide to control insect pests including A. catalaunalis (Gebregergis et al., 2018). Synthetic
pesticides trigger environmental adulteration, decimation of non-targeted organisms, and
jeopardize human health (Arora et al., 2016; Fiorenzano et al., 2017). This section reviews
major insect pests commonly infesting sesame crops at the different stages of growth

development in African countries.

Table 1: Common insect pests of sesame in Africa

Common name  Scientific name  Stage of pest Growth stages sesames damaged Reference
Aphids M. persicae Nymph and Seedling, leaves, vegetative, reproductive Bissdorf and Weber
and A. gossypii ~ Adult (flowers), and maturation stage (capsules) (2007); Dilipsundar
et al. (2019); Hegde
et al. (2011); and
Sesaco (2008)
Whiteflies B. tabaci Nymph and Seedling, leaves, vegetative (foliage), and Bissdorf and Weber
Adult reproductive (flowers) (2007); Dilipsundar
et al. (2019); and
Roda et al. (2020).
Sesame A. catalaunalis  Larva Seedling, vegetative growth, flowering, Bissdorf and Weber
webworm and capsule development stage. (2007); Gebregergis
et al. (2016a).
Jassids O. albicinctus Nymph and Vegetative (foliage) to capsule stage. Sathe (2014).
Adult
Sesame flea A. bimaculata Larvaand Adult  Seedling stage to vegetative (foliage) Mayoori and Mikun
beetle than (2009).
Spider mites T. urticae Adult Vegetative (foliage) to capsule stage. (Muzemu et al.
(2011).
Fall army S. frugiperda Larva Vegetative to capsule development stage Watson (2011).
worms




2.1.1 Aphids

Aphids are the tiny insect pests whose body colors vary from black, green, yellow, brown, and
purple (Liu & Sparks, 2001). These insect pests are very delicate, possessing fragile bodies,
with a length ambit of 1.5 to 2.5 mm for adults depending on the species (Liu & Sparks, 2001).
Adult aphids can either be alated or apterous (Shang et al., 2016). Nymphs resemble adults but
they are small and apterous even though the nymph generations are alated aphids (Liu &
Sparks, 2001). Aphids are the most common agricultural insect pests that attack sesame leaves
and stems, causing the leaves to curl and the plants to wilt and die (Iram et al., 2014). Both
nymphs and adult aphids pierce plant tissues and feed on the plant cell sap (Bissdorf & Weber,
2007). Aphids produce honey dew (a sugary substance), which instigates the growth of sooty
mold fungus, which grows on the deposited honey dew on leaves and branches (Bissdorf &
Weber, 2007). Moreover, aphids are responsible for the transmission of the viruses that pose
disease to crops, including sesame (Stavrinides et al., 2009). Both alated and apterous aphids
have cornicles that produce pheromone and sticky droplets of chemicals that bind the mouth
parts and appendages of the predators and parasitoids (Alfaress et al., 2018). Two species of

aphid known as the Aphis gossypii and Myzus persicae have been reported to attack sesame.
(i) Cotton Aphid

The cotton aphid (A. gossypii) is an insect pest known to infest cotton crops, but it has extended
its infestation by attacking various hosts, including sesame (Ebert & Cartwright, 1997). Both
nymphs and adults cause crop damage by sucking cell saps from tender leaf tissues (Table 2),
indirectly by excreting honey dew that promotes the growth of fungi (Capinodium spp.), and
directly by virus transmission (Fernandes et al., 2018) such as cucumber mosaic virus, poty
virus, and citrus tristeza (Vegette et al., 2008). The pest A. gossypii is a very ruinous insect
pest, infesting a broad ambit of host plants world-wide (Hegde et al., 2011). Heavy infestation
of A. gossypii results in the mitigation of the quality of crops and seeds and leads to yield losses
of up to 50% (Fernandes et al., 2018).

To overcome the problem, sesame smallholder farmers in Africa have been using synthetic
pesticides such as sulfoximine, carbosulfan, neonicotinoid, omethoate, methomyl, and
pyrethroid for the management of A. gossypii (Chen et al., 2020). Nevertheless, A. gossypii
insect pest has developed resistance to the synthetic pesticides like neonicotinoid, methomyl,

carbosulfan, omethoate and pyrethroid (Wang et al., 2007). This instigates sesame smallholder



farmers to combine two or more synthetic insecticides to control A. gossypii (Shahid et al.,
2019). Mixing of the synthetic pesticides leads into environmental adulteration and killing of

the useful insects like the pollinators and natural enemies (Tosi & Nieh, 2019) and imperiling

the human heath (Hopper & McSherry, 2001; Kapeleka et al., 2019).

Table 2: Signs/Symptoms and effects caused by insect pests damage on sesame

Insect pest Parts of sesame Signs of the damaged Effects Reference
damaged crop
A. gossypii Leaves, tips, and Curling of the leaves, Withering, stunted Fernandes et al.

A. catalaunalis

M. persicae

B. tabaci

A. bimaculata

T. urticae

S. frugiperda

0. albicinctus

flowers.

Tender leaves,
flower buds, and
pods.

Leaves, tips, and
flowers.

Leaves, flowers,
and pods

Seedlings’ roots
and the leaves

Leaves

Leaves, flower
buds and pods
Leaves

yellowing of the leaves,
and stunted growth.

Web on tender leaves,
which results into holes
on the flower buds and
pods

Curling of the leaves,
yellowing of the leaves,
and stunted growth
Yellowing of the leaves
and stunted growth

Shallow pits and small
rounded irregular holes
in the leaves.

Tiny stipples or flecks on
the top of leaves

Holes on leaves, flower
buds, and pods
Yellowish and curling of
the leaves

growth, and finally death
of the crops.

Stop the terminal growth
leading to low yields

Withering, stunted
growth, and finally death
of the crops

Withering, stunted
growth, and finally death
of the crops

Loss of the crops at the
early stages and the low
production

Premature drop of
infested leaves and
finally low yields
productions

Yield loss

Dropping down the
flowers and the pods of
sesame

(2018).

Murugesan and
Venkatesan (2016).

Mpumi et al. (2020).

Iram et al. (2014).

Mayoori and Mikun
than (2009).

Skaloudova et al.
(2006)

Montezano et al.
(2018).
Joarder et al. (2021.

To evade effects brought by the utilization of synthetic pesticides, biological agents, which are
known to be environmentally benign, have been used in controlling a broad range of insect
pests, including the A. gossypii pest, and have proved to be efficacious (Isman, 2006). For
instance, predatory pests such as lady beetles (Coccinella septempunctata and Propylaea
japonica), lacewings (Chrysopa phyllochroma, and Chrysopa sinica) and spiders (Erigonidium
graminicola and Misumjenops tricuspidatus) attack and feed on A. gossypii while the parasitoid
Aphidius gifuensis parasitizes and decimates the cotton aphids (Ma et al., 2006). Moreover,
predators like Harmonia axyridis and Phytoseiulus persimilis and the parasitoid Aphenius
asychis, have been used in controlling potato aphids in the green house. Snyder et al. (2004)
divulged that the Asian lady beetle (H. axyridis) controls pea aphids (Acyrthosiphon pisum),



English grain aphid (Sitobion avenae) and Russian wheat aphid (Diuraphis noxia). However,
application of the natural enemies in controlling insect pests is expensive, whereby it instigates

searching for the alternative biopesticide methods which are available to control A. gossypii.

Entomopathogenic bacteria B. thuringiensis are effective in controlling A. gossypii on cotton
by releasing toxins that ruin the gut of A. gossypii (Ma et al., 2006). Furthermore, gram-positive
bacteria (Leuconoctoc pseudomesenteriodes) have been reported to be effective in controlling
aphids. In addition, entomopathogenic Beauveria bassiana, Saccharopolyspora spinosa, and
Burkholderia spp. have been used and proved to be efficacious in managing a wide ambit of
insect pests, including the A. gossypii pests (Hiebert et al., 2020). Despite the effectiveness of
microbial biopesticides in the management of the A. gossypii pest, its adoption by smallholder
farmers in Africa is impeded by the high cost of utilization. Sesame smallholder farmers have
chosen cultural practices such as intercropping and crop rotations to elude the cost of
controlling A. gossypii pests (Snyder et al., 2004). However, these cultural practices are rarely
effective in managing insect pests, including A. gossypii pests (Mpumi et al., 2020).

An alternative way to overcome this problem is by using botanical pesticides (Isman, 2006).
Botanical pesticides such as Annona squamosa leaves, Ricinus communis seed oil, Polygonum
orientale leaves, S. indicum seed oil, and Azadirachta indica seed oil are currently used to
control insect pests, particularly A. gossypii on various crops, including sesame (Ahmed et al.,
2014). Moreover, T. vogelii, Syzigium aromaticum, and Croton dichogamus have effectively
mitigated aphid infestation on cabbage (Brassica oleracea) (Mpumi et al., 2020). Furthermore,
botanical pesticides like Tithonia diversifolia and Lantana camara have been utilized in
controlling aphids on common beans (Phaseolus vulgaris) (Mkindi et al., 2020). The findings
by Mpumi et al. (2020) revealed a non significant difference between synthetic pesticide
chlorpyrifos and T. vogelii in controlling insect pests of cabbage. Therefore, botanical
pesticides, including T. vogelii, can be used as an alternative to synthetic pesticides, in

controlling insect pests on various crops incorporating sesame in African countries.
(i1) Green Peach Aphid

The green peach aphid (M. persicae) is a deleterious pest found all over the world infesting a
wide range of crops (Sun et al., 2018; Umina et al., 2014), possibly available all year round at
any time (Gu et al., 2007). M. persicae aphids are green in color (Appendix 1), being classified
into alated and apterous green peach aphids (Alyokhin & Sewell, 2003). Alated green peach
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aphids have a dark patch nigh the end of their abdomen, while apterous green peach aphids
dearth the dark patch (Umina et al., 2014). They proliferate in the environment with high
temperatures (Gu et al., 2007). Moreover, both alated and apterous green peach aphids are

harmful to plants.

There are over 50 plant families that host the green peach aphids (Umar & Piero, 2016). Those
plants include woody and herbaceous plants incorporating vegetables in the family solanaceae,
brassicaceae, cucurbitaceae, compositaceae, and chenopodiaceae (Cao et al., 2016; Umar &
Piero, 2016). Some of the host plants that facilitate the growth and development of the green
peach aphids include tomatoes, spinach, cabbages, beans, peas, lettuce, watermelons, corn,
carrots, and cucumbers (Gu et al., 2007). All these plant crops differ in their vulnerability to
the green peach aphids, but actively growing plants and the youngest plant tissues are highly

affected by the huge population of green peach aphids (Umina et al., 2014).

M. persicae (Appendix 1) nymphs and adults both cause crop damage by feeding on young,
tender plant tissues and causing wilting (Table 2), releasing honey dew that falls onto the and
is blackened by the sooty mould fungi, and finally, spreading over 100 plant viruses (Umina et
al., 2014). The destructive plant viruses transmitted by M. persicae include cucumber mosaic
virus, potato leaf roll virus, turnip mosaic, poty viruses in pepper, beet yellow, lettuce mosaic,
cauliflower, papaya ringspot, watermelon mosaic, and beet western yellow virus (Mpumi et
al., 2020). These viruses, which are transmitted by M. persicae, affect the growth and
development of crops, thereby mitigating yield (Spence et al., 2007). The damaging level of
M. persicae is characterized by their large numbers on the undersides of the leaves and the
extensive feeding of these aphids triggers plants to turn yellow and the leaves to curl
downwardly and inwardly from the edges, leading to withering, stunted growth, and finally
death of the plant crop (Mpumi et al., 2020) (Table 2). Therefore, prolonged green peach aphid

infestation on the plants can mitigate the yield of the crop products.

Green peach aphids have been controlled by being attacked by predators like P. persimilis, H.
axyridis, and parasitoid A. asychis, on pea and potato aphids in the green house (Snyder et al.,
2004). Also, predators like Coccinella undecimpunctata feed on M. persicae on sesame
(Mahmoud, 2012). Aphidius colemani, Aphidius ervi, Lysiphlebri testaceipes, Aphidius
transcaspius, Ephedous persicae, Praon volucre, Praon objectrun, Ephedous plagiator,
Lysiphlebri testaceipes, Aphidius matricariae, and Diaeretielle rapae decimate the green peach

aphids on peach orchards (Aparicio et al., 2019). All these natural enemies, together with the
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cultural methods such as crop rotation, intercropping, and destruction of the infected crops
avail to impede the incidence and spread of the viruses transmitted by the green peach aphids
(Capinera, 2006). However, some cultural practices are less effective in controlling insect
pests, including M. persicae (Ndakidemi et al., 2021). To surmount that problem, sesame
smallholder farmers have been using chemical insecticides such as organochlorines (DDT),
organophosphates (profenofos), pyrethroids (permethrin and deltamethrin), avermectin-based
formulations (abamectin) and carbamates to control insect pests including green peach aphids
(Saritha, 2020; Snyder et al., 2004). However, heavy reliance on using these synthetic
pesticides in controlling the green peach aphid population resulted in the strong insect pests’
resistance to synthetic pesticides like carbamates (pirimicarb) and pyrethroids (cypermethrin)
(Umina et al., 2014). Therefore, broad spectrum insect pest management strategies are needed

to ensure that these aphids are completely managed.

Entomopathogenic microbes like B. bassiana, C. fumosorosea, and A. dipterigenus have shown
effectiveness in managing M. persicae on potatoes, cabbage, and lettuce in the greenhouse
(Prince & Chandler, 2020). However, most microbial pesticides are expensive, so small-scale
farmers cannot afford to buy them. To evade the cost of buying microbial pesticides, affordable
and feasible botanical extracts that are available in the ambient environment can be utilized in
controlling insect pests on copious crops, including sesame (Hikal et al., 2017). Botanical
pesticides like A. squamosa leaves, P. orientale leaves, A. indica leaves and seed oil, R.
communis seed oil, Ocimum gratissimum, Capsicum frutescens and S. indicum seed oil have
successfully suppressed M. persicae on sesame and cabbage in the field (Ahmed et al., 2014
Mondédji et al., 2021). A study conducted by Mpumi et al. (2021), showed that T. vogelii,
Croton dichogamus, and Syzygium aromaticum have managed to mitigate the population of M.
persicae on cabbage. Therefore, botanical pesticides like T. vogelii can be used to control the

sesame insect pests on various crops, including sesame in Africa.
2.1.2 Whiteflies

Whiteflies B. tabaci are polyphagous insect pests reported to infest over 600 plant host species
worldwide (Brezeanu et al., 2014; Iram et al., 2014). Both nymphs and adults prick the leaves
and suck the cell sap of the leaves, which leads to the withering of the infested plants (Barbedo,
2014). They normally feed on top of the leaves (Table 2), thus mitigating the rate of
transpiration and photosynthesis as well as the chlorophyll content (Inbar & Gerling, 2008).

Like aphids, whiteflies produce honeydew on the leaves and pods that act as food for the sooty
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mold fungi (Brezeanu et al., 2014; Gangwar & Gangwar, 2018). Furthermore, the B. tabaci
pest has been linked to the spread of harmful diseases such as fungal infections (Gangwar &
Gangwar, 2018; Roda et al., 2020), as well as the transmission of plant viral diseases (Inbar &
Gerling, 2008). Fungi and viruses change the attractiveness and appearance of plants (Roda et
al., 2020). According to Roda et al. (2020), plant viruses transmitted by the whiteflies act as
pathogens to the insects that parasitize both the insect pests and beneficial insects, including
pollinators. This insect pest has caused severe damage to different crops, including sweat

potatoes, worldwide (Crossley & Snyder, 2020).

To surmount the effect of B. tabaci on sesame, sesame smallholder farmers have been using
synthetic pesticides to control it (Inbar & Gerling, 2008; Roda et al., 2020). Synthetic pesticides
like thiacloprid, monocrotophos, fipronil, cyatraniliprole, oberon, imidacloprid, and
diafenthiuron contain hazardous chemicals (Saritha, 2020). Moreover, synthetic pesticides like
methamodophos, acephate, bifenthrin, aldicarb, fenprothrin, methomyl, thiamethoxam,
dinotefuron, acetamiprid, buprotezin, and pyriproxyfen have been reported to be effective in
controlling B. tabaci in different ways (Perring et al., 2018). However, heavy applications of
synthetic pesticides result in environmental adulteration in the land, water, and air, as well as
decimating non-target organisms such as pollinators and natural enemies (Fiorenzano et al.,
2017; Ozkara et al., 2016). Moreover, B. tabaci pests have developed resistance to various
groups of synthetic insecticides, including pyriproxyfens and neonicotinoids (Horowitz et al.,
2020).

To elude the effects of synthetic pesticides, cultural methods have been used by smallholder
farmers to protect the sesame crops from being infested by B. tabaci in the fields (Tavares et
al., 2021). Cultural methods which have been used by the sesame smallholder farmers to
control B. tabaci in the fields are intercropping, planting dates, trap crops, host free periods,
crop rotations, and living mulches (Perring et al., 2018). However, once these cultural practices
are used individually, they are less effective in controlling the sesame insect pests, including
the B. tabaci pest, in the fields (Mpumi et al., 2020).

Predators that attack and decimate the B. tabaci are the Delphastus catalinae, Nerphaspis
oculatus, Serangium parcesetosum, Macrolophus praeclarus, Nesidiocoris tenuis,
Chrysoperla rufilabris, Chrysoperla carnea, Tupiocoris cucurbitaceus, Euseius scutalis,
Amblyseius swirskii, Macrophagus pigmaeus and Dicyphus hesperus (Perring et al., 2018).

Likewise, parasitoids like Eretmocerus mundus, Encarsia formosa, and Eretmocerus eremicus
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can be used to control B. tabaci (Qiu et al., 2004; Urbaneja et al., 2007). Moreover,
entomopathogenic B. bassiana, Aschersonia aleyrodis, Lecanicillium lecanii, and Isaria
fumosorosea have been used to control B. tabaci on various crops (Perring et al., 2018).
However, despite the strategies’ effectiveness in controlling the B. tabaci pest, the impediment

is the financial power of most sesame smallholder farmers in Africa.

To surmount the financial constraints of purchasing the microbial pesticides, smallholder
farmers in Africa have been adopted to use the botanical pesticide to control B. tabaci in the
field as they are affordable, feasible and available in the natural environments of the farmers
(Amoabeng et al., 2014; de Céssia Seffrin et al., 2010). Plant extracts from Solanum hirsutum,
S. galapagense, S. persicum, S. habrochaites, and S. penellii have managed to control B. tabaci
by using the bioactive compound 2-tridecanone, which triggers about 72% whitefly mortality
(Perring et al., 2018). Moreover, extracts from A. squamosa, Nicotiana tabacum, and A. indica
have been used in the field (Sultana & Khan, 2019). Likewise, methyl ketones from S.
glabratum are toxic to B. tabaci pest in a certain concentration, resulting in significant mortality
(Perring et al., 2018). Since botanical pesticides have been effective in controlling B. tabaci,
even to a higher percent, as has been reported by Perring et al. (2018), there is a need to search
for the most powerful botanical pesticides for insect pest management on sesame. Therefore,
botanical pesticides, including T. vogelii, are the best to be used by sesame smallholder farmers
to control B. tabaci on sesame fields in Africa.

2.1.3 Sesame Webworms

Sesame webworm (A. catalaunalis) larva is a most serious and devastating insect pest that
affects the yield of sesame by posing an immense loss of sesame production (Gebregergis et
al., 2018; Rakesh, 2012). The larvae of A. catalaunalis attack the S. indicum crop at all stages
of its growth (Appendix 2; Table 2), normally within two to three weeks after emanating on
the ground up to the capsule stage (Gebregergis et al., 2016; Suliman et al., 2013). The A.
catalaunalis pest feeds greedily on the tender leaves at the early stages of the crops by webbing
the tender leaves and boring into the flower buds and pods (Appendix 2) of sesame (Murugesan
& Venkatesan, 2016; Simoglou et al., 2017; Suliman et al., 2013). During flowering periods,
A. catalaunalis moth insects lay eggs within the ovaries of sesame and then hatch into larvae
where they feed on seeds in the ovary, which leads to production of the barren galls instead of
pods (Bissdorf & Weber, 2007). The A. catalaunalis pest attacks seed pods, threatening yield

losses of up to 100% in heavy infestations, as seen in Northern Ethiopia (Geremedhin &
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Azerefegne, 2020). Furthermore, Egonyu et al. (2005) reported that the insect pest A.
catalaunalis reduced sesame yields in Uganda from 2250 kg/ha to 430 kg/ha.

To subdue the loss brought by the A. catalaunalis pest, smallholder farmers in Africa
intensively rely on synthetic pesticides to control the A. catalaunalis on sesame in the fields
(Singh & Burbade, 2021). The synthetic pesticides known to be effective and used world wide
to control A. catalaunalis infestations on sesame are endosulfan, diazinone, carbaryl,
accephate, cypercal, Lambda cyhalothrin, vertimec, indoxacarb, dimethoate (Choudhary et al.,
2017; Geremedhin & Azerefegne, 2020). However, some of these synthetic pesticides have
been reported to be hazardous and therefore unwise for their utilization, and once overused,
they pose severe environmental adulteration, particularly in the soil and water. Hence, they
result in health problems for human beings (Ozkara et al., 2016). Therefore, there is a need for
searching and utilizing biopesticides that are environmentally benign, such as the sesame insect
pest control strategy. However, cultural methods like early planting on the onset of rainfall
avails to minimize the infestation of A. catalaunalis on sesame (Gebregergis et al., 2018).

Currently, biopesticides like entomopathogenic bacteria, fungi, nematodes, viruses, and
protozoa have been used to control a wide range of insect pests (Kumar et al., 2021; Thangavel
& Sridevi, 2015). Microbial pesticides such as B. thuringiensis and baculoviruses effectively
control the A. catalaunalis pest (Kumar et al., 2021). Microbe B. thuringiensis act as pathogen
to the most ruinous lepidopterans pests including A. catalaunalis by releasing poison that
destroy the midgut once they ingest it (Samada & Tambunan, 2020). In addition, the predatory
insects such as Phoneutria fera, C. undecimpunctata, Calidomantis savignyi (Appendix 4) and
C. septempuctata feed on the A. catalaunalis pest and the parasitoides Braconidae spp. and
Ichneumonidae spp. parasitize and decimate the A. catalaunalis pest (Simoglou et al., 2017).

Likewise, botanical biopesticides such as A. indica, T. vogelii, Toona ciliata, Euphorbia
tirucalli, and Cymbopogon schoeroanthus have been used to control insect pests like aphids,
webworms, and spider mites on vegetable crops (Tavares et al., 2021). Extracts from Capsicum
annuum, Annona muricata, C. dichogamus, T. diversifolia, S. aromaticum, N. tabacum, and
Allium satavum have been used to control the lepidopteran carterpillars on Phaseolus vulgaris
and Brassica oleracea (Mkindi et al., 2020; Mpumi et al., 2020). Several research findings
have been reported on the effectiveness of various botanical pesticides in controlling the insect
pests incorporating A. catalaunalis on copious crops (Ahmed et al., 2010; Souto et al., 2021;

Ugwu, 2020). Likewise, mixing of botanicals such as neem oil and sesame oil has been reported
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to perform well in controlling sesame’ insect pests, including A. catalaunalis (Ahmed et al.,
2014). Therefore, botanical pesticides like T. vogelii can also be mixed with rabbit urine to be

used in controlling the sesame’ insect pests in African countries, including Tanzania.
2.1.4 Jassids

Jassid (O. albicinctus) (Appendix 3) is a small insect pest with a wedge and elongated shape
of about 3 to 5mm long, ambiting from brown, green, and yellow green with black spots on
both sides of the head and on the apical area of each forewing (Watson, 2011). Jassids are cell
sap sucking insect pests that inject toxins into the host plants’ bodies while sucking and posing
yellowish curls of leaves, dropping down flowers and fruits or pods of sesame (Joarder et al.,
2021; Sathe, 2014) (Table 2). Both nymphs and adults wither plants by sucking the cell sap
from the underside of the leaves and the leaf buds (Chakraborty et al., 2015; Joarder et al.,
2021). Nymphs resemble adults but they are smaller than adults, wingless, paler and slower in
movement (Watson, 2011). Adults jump quickly and fly away once slightly disturbed (Sultana
& Khan, 2019; Watson, 2011). Both nymphs and adults transmit viruses to healthy plants and
pose phyllody, a very serious disease accompanied by the floral virescence, cracking of pods
and seeds germinating inside the pods, floral proliferation (Plate 1), and the formation of dark
mucilage on the foliage (Akhtar et al., 2009). In severe infestations, jassids cause yield losses
of up to 24.45 % (Hakim et al., 2018).

Plate 1: A: Floral virescence, B: phyllody symptom, C: cracking of the seed capsules and
seeds germination inside the capsules and D: Foral proliferation (Akhtar et al.,
2009)
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Sesame smallholder farmers in Africa have been controlling the jassid infestation through the
application of synthetic insecticides (Bonmatin et al., 2021). Synthetic insecticides like
imidacloprid, oberon, cyatraniliprole, thiacloprid, thiamethoxam, monocrotophos, fipronil,
flonicamid, fenazaquin, ethion, acetamiprid, spiromesifen, endosulfan, and diafenthiuron
contain hazardous chemicals (Ram et al., 2020; Saritha, 2020; Sultana & Khan, 2015, 2019).
As these synthetic pesticides contain hazardous chemicals, they lead to environmental
pollution, particularly in the soil and water, as well as decimation of beneficial insects such as
natural enemies and pollinators (Tosi & Nieh, 2019). Problems emanating from utilizing
synthetic pesticides instigate exploration of biopesticides as an alternative strategy to synthetic
pesticides. Microbial biopesticide derived from the entomopathogenic bacterium B.
thuringiensis has been used and proved to be effective in controlling O. albicinctus (Kumar et
al., 2021; Soomro et al., 2020). Also, entomopathogenic fungi such as Metarhizium spp., B.
bassiana, L. lecanii, and Trichoderma spp. have been reported to be effective in controlling O.
albicinctus significantly (Dahal et al., 2020; Halder et al., 2021).

Likewise, the predator C. carnea has caused significant mortality in jassids on cotton in the
field (Soomro et al., 2020). Also, predators such as Cheilomenes sexmaculata, Micraspis
discolor, Menichilus sexmaculatus, Marpissa spp., and Oxyopes lineatipes have been used to
control sucking pests, including jassids on okra (Halder et al., 2021). Moreover, parasitoids
like Arescon enocki and Anagrus spp. have been mitigating the population of jassids by feeding
on their eggs on okra and cotton crops (Hakim et al., 2018).

Various research findings have indicated the efficacy of botanical pesticides in controlling
insect pests on copious crops (Lengai et al., 2020). Furthermore, botanical pesticides such as
A. sativum, A. squamosa, A. indica leaves and oil, N. tabacum, R. communis, and Polygonum
hydropiper have been used to control the sucking insect pests like jassids on various crops,
including sesame in the fields (Ahmed et al., 2014; Sultana & Khan, 2015, 2019).

2.1.5 Sesame Flea Beetles

The sesame flea beetle (A. bimaculata) is a major noxious insect pest that reduces sesame yield
in southern Tanzania (Lekamoi et al., 2022). Both larvae and adults are pests to their host plants
(Patole, 2017). Within 21 days of germination, sesame seedlings are the most vulnerable to
sesame flea beetle attack (Zeit, 2021). Flea beetle larvae of A. bimaculata feed on the roots of

newly planted seedlings aged 21 days after germination (Lekamoi et al., 2022). Adult flea
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beetles of the A. bimaculata cause damage by feeding on the leaves and stems (Table 2),
whereby they form shallow and small rounded irregular holes in the leaves (Baker &
Webber, 2008).

To surmount the effects brought by A. bimaculata, smallholder farmers use hazardous synthetic
pesticides like carbaryl, emmemectin benzoate, lambda-cyhalothrin, cyfluthrin, permetrin,
binenthrin, acetamiprid, imidacloprid, pyrethrin, malathion, estenvalerate, bifenthrin, and
dinotefuran to control A. bimaculata in the field (Ali et al., 2017; Bunn et al., 2015). Synthetic
pesticides beside posing threat to human health and the non target organisms, they result into
insect pests resistance (Kapeleka et al., 2019; Ozkara et al., 2016). To overcome the problem
of insect pest resistance, sesame smallholder farmers combine two or more synthetic pesticides
in combating a very ruinous insect pest, A. bimaculata (Shahid et al., 2019; Xu et al., 2009).
Mixing of the synthetic pesticides results in water and soil pollution, hence affecting the aquatic

organisms, microorganisms in the soil as well as the macro organisms (Syafrudin et al., 2021).

To evade the effects of heavy utilization of synthetic pesticides, sesame smallholder farmers in
Africa have been practicing cultural methods like trap cropping to control sesame flea beetles
(A. bimaculata) in the fields (Kuepper, 2015). However, the cultural practices used are not
solely enough to control the insect pests of sesame (Ndakidemi et al., 2021). To solve the
problem, biopesticides such as entomopathogenic nematodes are efficacious agents for
controlling sesame flea beetles by attacking the larvae to reduce root feeding, which avail to
deter the next adult generation from emanating (Kuepper, 2015). Nematodes such as
Steinernema spp and Heterorhabditis spp are the most common biopesticides used to control
various species of flea beetles, including sesame flea beetles, by attacking their larvae and
mitigating the perpetuation of successive generations (Bunn et al., 2015). In addition, the
microbial pesticide B. thuringiensis has been reported to be effective in controlling flea beetles
by releasing a toxin that binds to the receptors of the insect’s midgut, causing it to stop feeding
and finally die within a few days once it ingests it (Adsule et al., 2009; Borden et al., 2018).
Moreover, entomopathogenic Saccharopolyspora spinosa controls a wide ambit of insect pests
including flea beetles caterpillars and the spider mites by producing insecticidal toxin which
attack the insect nervous system, making it to stop feeding and ultimately die within two days
later (Borden et al., 2018). In addition, the entomopathogenic fungus B. basssiana has been

used to control flea beetles, including sesame beetles, by releasing toxins into the insect pest’s
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body and melting the internal contents, generating a source of food for the fungus and causing
the decimation of the insect pest (Bunn et al., 2015).

Furthermore, biological control methods, which are also known as natural enemies such as
predators, parasites, and pathogens, are currently used to control insect pests in fields (Mpumi
et al., 2020). A parasitoid braconid wasp (Microcotonus vittage) decimates adult flea beetles
(Kuepper, 2015). Also, predators such as Nabis spp., Chrysopa spp., and Geocoris spp. feed
on the adult flea beetles (Bunn et al., 2015). However, the method is too expensive and

smallholder farmers cannot afford it.

To surmount the problem, botanical pesticides like T. vogelii, A. sativum, and A. indica are
currently recommended for managing the flea beetles in fields (Kuepper, 2015). According to
Bunn et al. (2015), botanical extracts from Euphorbia helioscopid, Chenopodium spp, Datura
stramonium, Calotropis procera, and A. indica have been significantly mitigating the number
of flea beetles in the Zea mays field. In addition, botanical pesticides like A. squamosa, A.
indica leaves and oil, N. tabacum, A. sativum, R. communis, and Polygonum hydropiper are
currently used to control coleopteran beetles, including sesame beetles on various crops in
fields (Ahmed et al., 2014; Sultana & Khan, 2015, 2019). According to Manonmani et al.
(2018) extracts of Cymbopogon citratus have the highest percentage mortality of Trogoderma
granium and Tribolium castaneum beetle species, up to 100%. However, there is little
information about the botanical pesticides to control sesame flea beetles on sesame in the fields.
Therefore, the sesame flea beetle on sesame can be controlled by botanical pesticides like T.

vogelii in Africa.
2.1.6 Spider Mites

Spider mites (T. urticae) are polyphagous serious insect pests of copious crops (Skaloudova et
al., 2006), with over 200 host plants infested (Capinera, 2006). Spider mites are tiny and very
difficult to see with the naked eye; hence, a magnifying glass is needed to see them clearly, for
they look like tiny dots and their presence is recognized easily by the webs that spider
mites spin (Watson, 2011). Spider mites have an oval-shaped body without wings and antennae
(Zinov’ev & Sole, 2004). They damage plants by sucking the cell saps, which normally feed
on the underside of the leaves, posing tiny stipples on top of the leaves (Skaloudova et al.,
2006) (Table 2) and are reported to devastate over 18 to 22 cells in a minute (Capinera, 2006).

The damage caused by spider mites is often associated with the premature drop of infested
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leaves (Zinov’ev & Sole, 2004), chlorophyll depletion, and ultimately low yields (Watson,
2011).

To control the infestation of crops by this insect pest, sesame smallholder farmers in Africa
have been relying on the use of synthetic pesticides (Bonmatin et al., 2021). Synthetic
pesticides like cyatraniliprole, imidacloprid, monocrotophos, thiacloprid, and diafenthiuron are
broad spectrum pesticides containing hazardous chemicals that decimate non-target organisms
and pose environmental adulteration, jeopardizing human health and the ecosystem at large
(Fiorenzano et al., 2017; Ozkara et al., 2016; Saritha, 2020; Sultana & Khan, 2015, 2019).

To elude risks caused by the utilization of synthetic pesticides, biological control or natural
enemies can be employed to control spider mites in the field. Natural enemies such as predatory
insects, parasitoid insects, and pathogens are effective in controlling spider mites in various
crops (Samada & Tambunan, 2020). For example, predatory insects such as Amblyseius
californicus, Deraeocoris punctullatus, Stethorus punctillum, P. persimilis, Scolothrips
longicornis, Amblyseius fallacis, Conwentzia psociformis, and Panonychus ulmi have been
used worldwide to control T. urticae on strawberry plants in Spain (Garcia-Mari & Gonzalez-
Zamora, 1999). Another predatory insect like Typhlodromus occidentalis has been reported to
be effective in controlling spider mites on various crops, including sesame (Waked et al.,
2016). Additionally, entomopathogenic pesticide Pseudomonas fluorescens has been used in
Africa to control spider mites by using the enzyme chitinase through the hydrolysis of the insect
pest’s exoskeleton (Waked et al., 2016). Both biological control and microbial pesticides are
effective in controlling insect pests, including T. urticae. However, feasibility and affordability

can be an impediment to most sesame smallholder farmers.

To surmount the problem, botanical pesticides are currently utilized by smallholder farmers as
one of the biopesticides to control insect pests, including T. urticae on various crops (Kumar
et al., 2021). Extracts from Citrullus colocynthis, E. tirucalli, T. vogelii, Bobgunnia
madagascariensis, and A. indica have been reported to be effective in controlling T. urticae
pests on various crops, including sesame (Mwaura et al., 2012). Several findings have been
reported on various botanical pesticides as effective in controlling the insect pests on copious
crops (Saleem et al., 2019). Because many botanical pesticides have been shown to be effective
in controlling a wide range of insect pests on various crops, pesticidal plants like T. vogelii are

best used by smallholder farmers in Africa to control the T. urticae pest on sesame.
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2.1.7 Fall Armyworms

Fall armyworm (S. frugiperda) larvae are the polypagous insect pest that is invasive in Africa
but native in America (Assefa et al., 2019), devastating various crops and reported to infest
over 80 host crops and pose huge economic yield losses (Babendreier et al., 2020). The S.
frugiperda larvae attack a wide ambit of cultivated crops, including sesame (Montezano et al.,
2018). In early 2016, the fall armyworm pest was reported to invade West African countries
(Babendreier et al., 2020), spreading to the entirety of Sub-Saharan Africa along with South
and Southeast Asia in 2018 and 2019, causing severe devastation and significant yield losses
(Du Plessis et al., 2020). S. frugiperda affects crops at different stages of growth and
development, starting from early vegetative to the late maturity stage (Watson, 2011) (Table
2).

Cultural methods such as early planting, crop rotation, intercropping, handpicking, wood ashes
and soils have been practised by the sesame smallholder farmers in Africa in controlling Fall
armyworm pest for many years (Assefa et al., 2019). However, the cultural practices used are
less effective in controlling the insect pests of sesame, especially the fall armyworm pest
(Mpumi et al., 2020; Ndakidemi et al., 2021). This compels sesame smallholder farmers to
focus on the use of broad spectrum insecticides in combating the fall armyworm pest in their
fields.

Hazardous synthetic pesticides like pyrethroids, organophosphates, organochlorines,
carbamates, emamectin benzoate and organophosphorus have been used in controlling
armyworm pests by sesame smallholder farmers in Africa (Assefa et al., 2019; Babendreier et
al., 2020). Examples of the synthetic pesticides used are pyrethrum, thiamethoxicam, thiocarb,
trichlorfon, pyrethrins, chloratraniliprole, cyantraniliprole, clothianidin, chlorprifon, and
fipronil (Assefa et al., 2019). However, utilization of these synthetic pesticides leads to soil
and water adulteration (Ozkara et al., 2016; Syafrudin et al., 2021). Soil adulteration has an
impact on soil quality as well as important micro- and macro organisms that degrade organic
matter in the soil (Mpumi et al., 2020). Furthermore, these synthetic pesticides can affect
farmers’ health, particularly during preparation and application of the pesticides (Kapeleka et
al., 2019; Ozkara et al., 2016). Due to these impedements, there is a need to focus on finding

an alternative method to these hazardous synthetic pesticides.
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Biopesticides application is an alternative method to synthetic pesticides use (Samada &
Tambunan, 2020). Microbial pesticides such as entomopathogenic fungi, baculoviruses,
bacteria, nematodes, and protozoa are currently being utilized to control S. spodoptera in the
fields and have been reported to be efficacious. The most effective microbial pesticides that
have been reported to control S. spodoptera in the fields are B. thuringiensis, Metarhizium
anisophae, baculoviruses, and B. bassiana (Assefa et al., 2019). Also, species of nematodes
such as Steinernema carpocapsae, S. feltiae S. websteri, S. downesi, S. glaseri, S. longicaudum,
S. yirgalemense, S. karii, S. abbasi, S. jeffereyense, S. krausseli, S. affine, and S. riobrave have

been used as entomopathogenic parasites in controlling S. spodoptera in maize (Winisia, 2020).

In addition, the importation of natural enemies from their native areas to invaded areas for the
permanent settlement there may be considered (Babendreier et al., 2020). For example, the
parasitoid Eiphosoma vitticole has been imported from South Florida to Africa. Moreover,
parasitoids Apantoles marginiventris, Campoletis grioti, Rogus laphygmae, Chelenus
insularis, Terrelucha spp, Ophion spp, and Meteorus autographae are native in Africa but, in
Kenya and Tanzania, parasitoids Chorops alter and Coccygidium luteum are available (Assefa
et al., 2019). In addition, biological control by using the parasitoid Telemonus remus is
currently available in Africa. The only remaining part is the proliferation of these parasitoids
and their release to be used as a biological control agent (Babendreier et al., 2020). Moreover,
predators such as Doru luteips, D. lineare, Forficula auricularia, Carabidae spp, Pentatomidae

spp, Podius maculiventris, and Orius insidiosus feed on larvae and pupae (Assefa et al., 2019).

Moreover, botanical pesticides like the leaves and seeds of neem plant (A indica) is readly
available accross the African countries (Babendreier et al., 2020). According to Assefa et al.
(2019), the high mortality of fall armyworm larvae in maize fields in Ethiopia was caused by
A. indica, followed by the other botanical pesticides such as Phytolacea docendra, N. tabacum,
Milletia ferruginea, Jatropha curcas, Croton macrostachyus, and Chrysanthemum
cinerasiifollium. Another biopesticide known as maltodextrin organic pesticide, prepared by
mixing starch, vegetable oils and water, is currently used to control S. spodoptera in the fields
and it has been reported to be fast acting on insect pests, posing death by suffocating them
through blocking the spiracles (Babendreier et al., 2020). Findings by Kardina and Maris
(2021) divulged that N. tabacum and Derris elliptica, once applied, directly cause mortality to
S. frugiperda of about 50% and 56.7 %, respectively. Another study by Mora and Blanco

(2018) revealed that mixing of two or more botanical pesticides improved efficiency in
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controlling pests than when the botanical pesticides were used individually. Therefore, T.

vogelii can be mixed with rabbit urine to be used as a biopesticide in controlling sesame insect

pests in African countries.

2.2 Biological Life Cycle of Sesame Insect Pests’ Species

For the perfect management of the insect pests of sesame, understanding their biological life

cycles is of paramount. This involves the number of generations of the insect pest within a year,

the number of eggs the insect pest produces within a generation or the entirety of its life time,

and the length of the insect pest’s biological cycle (Table 3).

Table 3: Number of eggs, number of generations and length of biological cycle

Sesame Number of Number of eggs  Length of Biological cycle Reference
insect pest generations
A They complete Female The total life cycle of A. Choudhary et al.
catalaunalis 14 generations in  deposits  the catalaunalis ranges from 21 to 39 (2017) and
a year average of 60 days, average being 27 days. Simoglou et al.
eggs in their Incubation period ranges from47to (2017)
life time 73 hours with an average of 60.6
hours. Larval period ranges from
8.21 to 12.16 days with an average
of 9 days. Pupa stage last between
3.10 to 12.0 days with an average of
7.18 days
M. persicae  They complete Oviparous The life cycle of M. persicae to Capinera (2006)
over 20 female lays 4 complete one generation takes
generations to 13 eggs about 10 to 12 days
within a year
B. tabaci They complete Oviparous The life cycle of B. tabaci varies Gangwar and
about 11 to 15 female lays  \with host. For example, in collard is Gangwar (2018)
generations in a 300 eggs in her . . and Takahashi et
year life time 19.2 days, in soya bean is 21.2 days. al. (2008)
The life span of female can extends
to 60 days, while that of males
range between 9 to 17 days
T. urticae Many Female lay the The life cycle of spider mites ranges Fasulo and
overlapping average of 100 Denmark (2012)

S. frugiperda

generations

The number of
generations
varies and it has
been reported to
be 1 up to 4
generations in a
year

eggs
Female lays a
total 1500 to
2000 eggs and
over in her life
time

from 5 to 20 days

The life of S. frugiperda varies with
seasons, in spring the half-life is 30
days, in spring is 60 days while in
winter and autumn is 80 and 90
days, respectively

Capinera (2009)
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2.3 Common Practices Used to Control the Insect Pests of Sesame
2.3.1 Cultural Practices

Several cultural practices have been used by sesame smallholder farmers in African countries
to alleviate the insect pests’ infestations (Tengtd & Belfrage, 2004). Cultural practices such as
site selection, intercropping, seed selection, planting date, and crop rotation have been
mitigating the insect pests’ infestation to a certain degree (Egonyu et al., 2005). The planting
date is important to be observed for it effectively mitigates the insect pests’ infestation. For
example, the infestation of the sesame webworm on sesame can be mitigated by planting
sesame early at the beginning of rainfall (Gebregergis et al., 2018). Moreover, cultural practices
like crop free periods, crop rotation, and crop residue disposal have been used to reduce
infestation of B. tabaci on various crops (Hilje et al., 2001). Intercropping, the common cultural
method, has been commonly used by sesame growers in Africa to curtail the infestation of the
insect pest. For example, in Nigeria, sesame smallholder farmers have been practicing row
intercropping in sesame fields by mixing it with other crops to lessen the infestation of insect
pests in the field (Uddin & Osagie, 2017) (Table 4). Also, in Uganda, A. catalaunalis, a very
ruinous pest, and other sesame insect pests have been managed by intercropping sesame with
other crops like finger millet, maize, and sorghum (Egonyu et al., 2005). Despite cultural
practices being less expensive, environmentally benign, and not deleterious to human health as
well as the natural enemies and the pollinating insects, most of these cultural practices are not
adequate to control sesame insect pests in the field (Mpumi et al., 2020). To overcome the less
effective cultural practices, sesame smallholder farmers in African countries have opted to

utilize synthetic pesticides.
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Table 4: Sesame pest management options

Pest Synthetic pesticide Microbial based Plant based Natural enemies Cultural method  Reference
A. gosspii Fipronil B. bassiana P. orientale P. japonica Intercropping Ma et al. (2006),
Diafenthiuron L. pseudomesenteriodes  T. diversifolia, L. camara  C. septempuctata Crop rotation Hiebert et al. (2020),
Thiacloprid B. thirungiensis N. tabacum C. phyllochroma Trap crops Mkindi et al. (2020),
imidacloprid Burkholderia spp E. camaldulemsis Chrysopa sinica Ahmed et al. (2014),
Hiebert et al. (2020),
Cyatraniliprole spinosa A. indica, S. indicum M. tricuspidatus Saritha (2020) and
Monocrotophos Annona squamosa Aphidius gifuensis Snyder et al. (2004).
M. pericae Carbamates L. pseudomesenteriodes P. orientale, L. camara P. persimilis,, Crop rotation Snyder et al. (2004),
Pyrethroids B. thirungiensis T. diversifolia H. axyridis, A. asychis Intercropping Ahmed et al. (2014),
Imidacloprid B. bassiana N. tabacum, A. squamosa  E. persicae, E .plagiator, Trap crops Mkindi et al. (2020),
A. colemani, L.
Diafenthiuron Burkholderia spp E. camaldulemsis testaceipes, Mpumi et al. (2020),
Thiacloprid, Monocrotophos, S. spinosa R. communis A. matricariae Hiebert et al. (2020),
Fipronil, Cyatraniliprole, A. indica seed oil D. rapae Capinera (2006) and
S. indicum, C. annuum P. volucre, A. ervi, Saritha (2020).
C. undecimpunctata
B. tabaci Imidacloprid, Buprotezin, A. aleyrodis S. hirsutum, D. catalinae, M. pigmaeus, Host free periods
Sultana and Kbhan,
Diafenthiuron, Acephate, L. lecanii S. glabratum N. tenuis, C. rufilabris, Planting dates (2019),
S. parcesetosum, E. Saritha (2020) and
Thiacloprid, Fipronil, B. bassiana S. habrochaites mundus, N. oculatus, Intercropping Perring et al. (2018).
Aldicarb, Methomyl, 1. fumosorosea S. persicum M. praeclarus, Living mulches
Bifenthrin, Pyriproxyfen, S. penellii, A. indica T. cucurbitaceus,
Cyatraniliprole, Acetamiprid, A. squamosa, D. hesperus, A. swirskii, Trap crops
Crop
Monocrotophos, Fenprothrin N. tabacum E. scutalis, C. carnea, management
Methamodophos,
Thiamethoxam, Dinotefuron.
T. urticae Imidacloprid P. fluorescens E. tirucalli P. persimilis Crop rotation Tavares et al. (2021),
Diafenthiuron, T. vogelii, T. ciliata S. punctillum Intercropping Mwaura et al. (2012),
Thiacloprid B. madagascariensis A. californicus Trap crops Saritha (2020) and
Fipronil, A. indica T. occidentalis Early sowing Waked et al. (2016).
Cyatraniliprole C. colocynthis
Monocrotophos N. tabacum
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A. catalaunalis

A. bimaculata

carbaryl

acephate
indoxacarb
vertimec

Lambda cyhalothrin
Dimethoate

Cypercal, Endosulfan
Diazinone

Emmemectin benzoate,
malathion

carbaryl, cyfluthrin, permethrin
lambda-cyhalothrin,
acetamiprid

pyrethrin, bifenthrin, binenthrin
imidacloprid, dinotefuron

B. thirungiensis
Baculoviruses

B. thuringiensis
Steinernema spp

Heterorhabditis spp

S. spinosa
Beauveria basssiana

A. indica, T. vogelii,

E. tirucalli, T .ciliata

C. schoerianthus

C. annuum, A. sativum
A. muricata, N. tabacum
T. diversifolia

Croton dichogamus
S. aromaticum

D. stramonium
Chenopodium spp

C. procera, C. citratus

E. helioscopid, A. sativum
A. indica, T. vogelii

Ichneumonidae spp
Braconidae spp

P. fera, P. mantis
Pentatomidae spp
C. undecimpunctata
C. septempuctata

T. flavo-orbitalis

M. vittage
Chrysopa spp

Nabis spp

Geocoris spp

Early sowing
Intercropping
Crop rotation

Trap cropping
Intercropping

rotating crops

Handpicking
Wood ashes

Choudhary et al. (2017),
Kumar et al. (2021),
Simoglou et al. (2017)
Tavares et al. (2021)
Mkindi et al. (2020)
Mpumi et al. (2020) and
Gebregergis et al.
(2018).

Ali et al. (2017),
Borden et al. (2018),

Kuepper (2015),

Manonmani et al.
(2018) and

Bunn et al. (2015).

S. frugiperda Emmemectin benzoate T. thuringiensis, S. karii,  C. macrostachyus T. remus
Intercropping Babendreier et al.
pyrethrin, pyrethrum Baculoviruses, S. affine, M. ferruginea E. vitticole Early planting (2020),
thiamethoxam M. anisophae A. indica A. marginiventris Crop rotation Assefa et al. (2019) and
thiocarb, trichlorfon S. carpocapsae, P. docendra C. insularis Handpicking Winisia (2020).
chloratraniliprole, S. riobrave, B. bassiana.  C. cinerasiifollium C. grioti Soils
chlorpyrifos, clothianidin, S. downesi, S. kraussei, Phytolacea docendra R. laphygmae Wood ashes
cyantraniliprole, S. longicaudu, S. abbasi,  N. tabacum, J. curcas Ophion spp,
S. feltiae, S.
fipronil yirgalemense, Maltodextrin Terrelucha spp,
S. websteri, S. glaseri, M. Autographae,
O. albicinctus Imidacloprid, flonicamid,, B. thuringiensis A. sativum C. carnea, A. enocki Mulches Saritha (2020),
Sultana and  Khan,
Diafenthiuron, oberon, Ethion,  B. bassiana P. hydropiper M. discolor, Anagrus spp Intercropping (2019),
cyatraniliprole, acetamiprid, Metarhizium spp A. indica C. sexmaculata rotating crops Halder et al. (2021),
thiacloprid, monocrotophos, L. lecanii A. squamosa M. sexmaculatus Handpicking Dahal et al. (2020),
spiromesifen, thiamethoxam, Metarhizium spp R. communis Marpissa spp, Wood ashes Hakim et al. (2018) and
endosulfan, fenazaquin, O. lineatipes, Ahmed et al. (2014).
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2.3.2 Synthetic Pesticides

Smallholder farmers in African countries have been controlling the insect pests of sesame by
intensively using synthetic insecticides (Karuppaiah, 2014). Most of these synthetic
insecticides are pyrethroids, carbamates, organochlorines, and organophosphates (Dawkar et
al., 2013). Pyrethroid insecticides like cypermethrin, entofentrox, and deltamethrin are
commonly used to control the insect pests of sesame (Egonyu et al., 2005). According to WHO,
cypermethrin and deltamethrin have been classified into Class I, which is considered
moderately hazardous (Kapeleka et al., 2019). Despite its toxic effect and long lasting nature
in the environment, hazardous organochlorine pesticides like DDT have been used by sesame
growers in Africa to control insect pests (Jayaraj et al., 2016).

In addition, many synthetic pesticides like hexachlorocyclohexane (HCH), lindane, and DDT
have developed environmental adulteration and the effects on public health (Carvalho, 2006).
Innumerable synthetic pesticides exist in the ambient environment, decimating beneficial
insects like pollinators and natural enemies as well as jeopardizing human health (Smith &
Perfetti, 2020). DDT, for example, inhibits the acetylcholinesterase enzyme, which is important
for nerve function in insects, animals, and humans (Jayaraj et al., 2016). The high persistence
rates of synthetic pesticides in the environment have resulted in bioaccumulation and
biomagnification in the organisms’ bodies in the ambient environment (Pérez-Lucas et al.,
2019). Biomagnification is the increment of pollutants like toxic from the chemical pesticides
into the bodies of the organisms and passed on from the one trophic level to another (Ali et al.,
2019). Furthermore, synthetic pesticides normally affect farmers’ health, particularly during
application. Therefore, biopesticides, which are environmentally benign, not inimical to the
health of the applicators, and sometimes easily accessible, can be used in controlling sesame
insect pests (Muhammad & Kashere, 2020).

2.3.3 Biopesticides

Biopesticides are naturally occurring compounds that are obtained from plants, animals, and
microorganisms (Kumar et al., 2021). For example, entomopathogenic viruses, bacteria, fungi,
algae, and nematodes derived from these microorganisms have been used to control a wide
ambit of insect pests, weeds, and fungi (Thangavel & Sridevi, 2015). Biopesticides have been
classified into microbial pesticides, botanical pesticides, and genetically modified organism
(GMO) based pesticides (Kumar et al., 2021).
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(i) Microbial Pesticides

Microbial pesticides are the products from microorganisms normally used to control the insect
pests by using the specific toxic metabolites which trigger disease to the insect pests; For
example, B. thuringiensis is the common microbial pesticide commonly used to control insect
pests on many crops including potato and cabbage (Samada & Tambunan, 2020). The microbe
B. thuringiensis works as a pathogen to the most pernicious lepidopteran larvae pests by
producing and releasing a toxin, that ruins the larvae pests’ midgut once they ingest it (Kumar
etal., 2021).

(ii) Botanical Pesticides

Botanical pesticides are naturally occurring compounds obtained from medicinal plants that
contain groups of bioactive compounds of diverse chemical nature and normally have an
average half-life of 2 to 5 days (Mudzingwa et al., 2013). Botanical pesticides such as Lantana
camara, Monodora myristica, and Euphorbia lateriflora have been reported to be effective in
managing Callosobruchus maculatus and Sitophilus zeamais (Kareru et al., 2013). In addition,
botanical pesticides such as A sativum, Aristolochia ringens, Ficus exasperate, and Garcinia
kola have been found to be effective against the maize weevil, Sitophilus zeamais (Arannilewa
et al., 2006). Also, extracts from N. tabacum and Eucalyptus camaldulemsis are currently used
in the management of the cabbage aphid pest (Mpumi et al., 2020). Furthermore, botanical
pesticides such as T. vogelii, Chromolaena odorata, R. communis, Synedrella nodiflora, A.
indica, A. squamosa, C. frutescens, and Argeratum conyzoides are used as an alternative
strategy to synthetic pesticides in controlling insects on cereal crops (Amoabeng et al., 2014;
Koona & Dorn, 2005). Table 5 depicts some of the botanical pesticides that can be used to

control sesame insect pests in smallholder farmers’ fields.

Most botanical pesticides are less expensive, more widely available, less toxic to mammals,
including humans, decompose faster in sunlight, moisture, and air, and have a faster Kkill rate
against insect pests (Amoabeng et al., 2014). Moreover, most botanical pesticides have fewer
effects on non-target organisms such as pollinators and the natural enemies of the insect pests
than synthetic pesticides on the growth of the sprayed plants (Arannilewa et al., 2006).
Therefore, botanical pesticides can be utilized in managing sesame pests as well. However,
mixing of the bioactive compounds of different plants has the potential to be important in terms

of efficacy and is not convenient for the insect pests to develop resistance (Kareru et al., 2013).
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Table 5: Examples of the botanical pesticides used to control the sesame insect pests

Botanical pesticides

Insect pests controlled

Reference

Neem powder and oil from A.
indica, N. tabacum, Tagetes
erecta, Cynodon dactylon,
(tobacco), Allium cepa, and
Carica papaya,

A. sativum (garlic), A. muricata
(Soursop), P. hydropiper

(water pepper)

Custard apple (A. squamosa)

Sesame (S. indicum) seed oil and
neem (A. indicum) seed oil
Ginger (rhizome), wild chili
pepper (Capsicum frutescens) and
C. schoerianthus

T. vogelii (fish-poison bean) T.
ciliate, E. tirucalli, and B.
madagascariensis

E. camaldulemsis (river red gum),
C. dichogamus and S. aromaticum
(Clove) and N. tabacum (tobacco).

L. camara and T. diversifolia
Dolichos kilimandscharicus
C. citratus (Lemongrass)

Tagetes minuta, C. annuum

Parthenium argentatum

Spider mites, caterpillars, and

sesame flea beetles.

Jassids, caterpillars, and thrips.

Whiteflies, sesame flea beetle,
aphids, and spider mites.
Flea beetles and caterpillars.

Aphids

Diamondback moth, webworms
aphids, and red spider mites.

Aphids such as M. persicae and A.
gossypii, Diamondback moth
(Plutella xylostella), and cabbage
head caterpillar (Crocidolomia
binotalis)

Flower and foliage beetles, aphids,
and pod suckers.

Fall armyworms S. frugiperda
Sesame flea beetles

Aphids

Fall armyworms (S. frugiperda)

Mondal and Chakraborty (2016), Ojo et
al., 2014, Simoglou et al. (2017) and
Sultana and Khan, (2015)

Ahmed et al. (2014), Bissdorf and
Weber (2007), Saritha (2020) and Ugwu
(2020)

Lin et al. (2009)

Ahmed et al. (2010)

Tavares et al. (2021)

Mwaura et al. 2012 and Tavares et al.

(2021)

(Mpumi et al. 2020)

(MKkindi et al. 2020)

Winisia (2020) and
Manonmani et al. (2018)
Koleva Gudeva et al.
Phoofolo (2013)
Céspedes et al. (2001)

(2013) and

(iii) Genetic Modified Organisms (GMO) Based Biopesticides

Genetic modified organism (GMO) based biopesticides are produced by transferring naturally

occurring toxic-coding genes from microbes into plant crops where they induce the production

of toxins that can be used to decimate insect pests (Abbas, 2018). These biopesticides are

pathogens to pests of interest and they are grouped into three categories, which are:

bioherbicides such as Phytophthora, biofungicides like Trichoderma, and biopesticides such as

B. thuringiensis (Kareru et al., 2013). Bacteria like B. thuringiensis produce protein crystals

called delta endotoxins that are eaten by the insect pests and broken down by the action of

proteases into smaller toxins that then bind to the insect pests’ midgut receptors, which results

in disintegration of the cells, paralysis of the insect pests’ midgut and ultimately cell death
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(Kumar et al., 2021). Crops like potatoes, tobaco, corn, and cotton have been approved by the
Environmental Protection Agency (EPA) USA in 1995 to be produced commercially and
distributed as B. thuringiensis crops (Abbas, 2018). Bacteria like B. thuringiensis have been
used and proved to be effective in controlling lepidopterans, dipterans, and coleopteran insect
pests (Federici, 2013).

2.4 Biological Control

Biological control is the prominent method of controlling insect pests that involves the use of
the natural enemies of the insect pests, such as pathogens, parasitoids, and predators (Dwyer et
al., 2004). Predators of the sesame insect pests are spiders Phoneutria fera, ladybird beetles C.
undecimpunctata, praying mantis Calidomantis savignyi (Appendix 4), assassin bugs,
Reduviid bugs, and lacewing C. carnea (Jonsson et al., 2014; Korlapati et al., 2014; Mahmoud,
2012b). Mantids, ladybird beetles, and spiders feed on the sesame web worm (A. catalaunalis)
(Simoglou et al., 2017). Both adults and larvae of ladybird beetles feed on aphids and mitigate
their population in the field (Snyder et al., 2004). For example, A. gossypii aphids are attacked
by the ladybird beetle, C. septempunctata (Ma et al., 2006). While M. persicae aphids are eaten
by Coccinella undecimpunctata in the sesame fields (Mahmoud, 2012). Other predators which
attack aphids, especially A. gossypii, are lacewings, C. sinica and C. phyllochroma, as well as
spiders, E. graminicola (Ma et al., 2006). Also, the larvae of hoverflies, silverflies, and
lacewings are the aphid predators, while parasitoid wasps such as Aphidius colemani can
parasitize and Kill aphids (Watson, 2011).

Likewise, C. sexmaculatus and C. carnea feed on nymph and adult jassids (Sahito, 2016). Also,
predatory bugs and spiders such as P. fera and E. graminicola attack and decimate jassids
(Watson, 2011). Moreover, P. persimilis is a predator of spider mites, feeding on all stages of
growth and development of the spider mite pest (Capinera, 2006). Also, a small species of
black ladybird beetle feeds on spider mites (Cranshaw, 2014). Additionally, predators such as
S. parcesetosum, C. carnea, D. catalinae, M. praeclarus, I. fumosorosea, N. oculatus, N. tenuis,
C. rufilabris, E. scutalis, T. cucurbitaceus, A. swirskii, M. pigmaeus and D. Hesperus control
whiteflies in fields (Perring et al., 2018; Roda et al., 2020). Also, predators like the larvae of
lacewing Chrysopa spp., adult big-eyed bugs Geocoris spp., and damsel bugs Nabis spp. feed
on adult flea beetles (Bunn et al., 2015).
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Moreover, parasitoid wasps like Lysiphlebus testaceipes have been controlling aphid pests
effectively by the parasitism method (Ma et al., 2006; Snyder et al., 2004; Watson, 2011). Also,
parasitoids such as Encarsia sophia, E. eremicus, E. Formosa, and E. mundus have been
controlling whiteflies in fields (Perring et al.,, 2018). Furthermore, parasitoides like
Ichneumonidae spp. and Braconidae spp. parasitize and decimate the A. catalaunalis larvae
pest (Simoglou et al., 2017). Likewise, adult flea beetles are killed by the parasitoid wasp M.
vittage (Bunn et al., 2015; Kuepper, 2015).

In addition, entomopathogenic bacteria such as B. thuringiensis and L. pseudomesenteriodes
are used to control aphids by releasing poison that ruins the insect pests’ midgut once they
ingest the microbes (Moustafa-Farag et al., 2020). Moreover, microbes such as baculoviruses
and B. thuringiensis have been reported to be effective in controlling the larvae of A.
catalaunalis pests (Kumar et al., 2021). Similarly, entomopathogenic bacteria like B.
thuringiensis, Pseudomonas spp., Chomobacterium spp., and Yersinia spp. have shown
effectiveness in controlling jassids (O. albicinctus) (Kumar et al., 2021).

Likewise, entomopathogenic fungi such as B. bassiana, L. lecanii, I. fumosorosea, and A.
aleyrodis have been currently used to control B. tabaci on copious crops (Perring et al., 2018).
Also, microbial fungi like Metarhizium spp., B. bassiana, L. lecanii, Hirsutella spp.,
Paecilomyces spp., and Verticillium spp. have been reported to control the O. albicinctus pest
very effectively (Kumar et al., 2021). Furthermore, microbial nematodes such as
Heterorhabditis spp. and Steinernema spp. are commonly used as biopesticides in the control
of flea beetles through attacking the larvae and mitigating the perpetuation of the flea beetle
generations (Bunn et al., 2015). Similarly, Heterorhabdus spp. and Steinernema spp.
“nematodes” are commonly efficacious in controlling jassids (O. albicinctus) by introducing
bacteria Xenorhabdus spp. and Photorhabdus spp. into the host’s blood after entering into hosts

and finally posing death (Kumar et al., 2021).
2.5 Common Pollinators of Sesame in Africa

The common pollinators of sesame in Africa (Plate 2; Table 6) are the hymenopterans,
dipterans, lepidopterans, and coleopterans (Kamel et al., 2013; Mahmoud, 2012b). The leading
group by possessing a higher percentage is the hymenopterans, followed by dipterans,
lepidopterans, and coleopterans (Kamel et al., 2013). Honey bees from the family Apidae and

wasps from Ichneumonidae are the most common hymenopterans known to be found on
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sesame flowers in large numbers compared with other hymenopterans (Sann et al., 2018).
Pollinators have been commonly observed as the key agents in most flowering plants for
ensuring fruit and seed production (Chen & Zuo, 2018). About 90% of flowering plant species
depend on insects for pollination, reproduction, and preserving genetic variability (Menz et al.,
2011). For instance, pollination by honey bees has been increasing yield in sesame by an
average of 62 percent, while a reduction in the number of honey bees in sesame fields causes
a yield loss of about 59 percent (Stein et al., 2017). Honey bee pollination impacts on pods and

seed yields of sesame by increasing the number of seeds per pod (Fohouo, 2018).

Dipterans which are involved in pollination in sesame are from the families Muscidae,
Syrphidae, Calliphoridae, and Sarcophagidae, while lepidopterans belonging to the families
Nymphalidae, Lycanidae, and Peridae, as well as coleopterans, are from the Coccinellidae
(Kamel et al., 2013). Inadequate number of pollinators result into reduction of fruits and seeds
production (Chen & Zuo, 2018). Maintaining a thriving population of pollinators is crucial for
the agricultural market and for ensuring the diversity of food supply (Sawe et al., 2020).

Plate 2: Common pollinators of sesame in Africa, A: Apis mellifera, B: Xylocopa
pubescens, C: Eumenes maxillosus, D: Musca domestica, E: Danaus Chrysippus,
and F: C. undecimpunctata (Mahmoud, 2012a)
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Table 6: Common pollinators of sesame in Africa

Order name Family name Common name Scientific name Role Reference
Hymenoptera  Apidae Honey bee. Apis mellifera Pollinator, visitor Kamel et al. (2013) and Mahmoud (2012)
Small carpenter bee Ceratina tarsata Pollinator, visitor Mahmoud (2012)
Large carpenter bee  Xylocopa pubescens Pollinator, visitor Kamel et al. (2013) and Mahmoud (2012)
Cuckoo bee Thyreus hyalinatus Cleptoparasite, Pollinator, visitors Kamel et al. (2013)
Blue-banded bee Amegilla spp. Pollinator, visitor Kamel et al. (2013)
Ichneumonidae Scorpion wasp Diadegma spp. Parasitoid, pollinator, visitors Kamel et al. (2013)
Formicidae Wood ant Formica spp. Pollinator, visitor Kamel et al. (2013)
Desert dwelling ant Cataglyphis bicolor Pollinator, visitor Kamel et al. (2013)
Vespidae Yellow wasp Polistes gallicus Pollinator, visitor Kamel et al. (2013) and Mahmoud (2012)
Scoliidae Digger wasp Dielis collaris Pollinator, visitor Kamel et al. (2013) and Mahmoud (2012)
Eumenidae Potter wasp Eumenes maxillosus Pollinator, visitor Kamel et al. (2013) and Mahmoud (2012)
Crabronidae Beewolf wasp Philanthus Triangulum Pollinator, visitor Kamel et al. (2013)
Sphecidae Sand wasp Bembix priesneri Pollinator, visitor Kamel et al. (2013) and Mahmoud (2012)
Halictidae Nomia bee Nomia spp. Pollinator, visitor Kamel et al. (2013)
Anthophoridae Mining bee Anthophora albigena Pollinator, visitor Kamel et al. (2013) and Mahmoud (2012)
Megachilidae Wool-Carder bee Anthidium spp. Pollinator, visitor Kamel et al. (2013) and Mahmoud (2012)
Leafcutter bee Megachile spp. Pollinator, visitor Kamel et al. (2013) and Mahmoud (2012)
Mason bee Osmia spp. Pollinator, visitor Kamel et al. (2013) and Mahmoud (2012)
Diptera Muscidae House fly Musca domestica Medical, pollinators Kamel et al. (2013) and Mahmoud (2012)
Muscidae Little-House fly Fannia canicularis Medical, pollinators Kamel et al. (2013)
Syrphidae Drone fly Eristalis spp. Pollinator, visitor Kamel et al. (2013) and Mahmoud (2012))
Syrphidae Hover fly Syrphus spp. Predator, pollinator Kamel et al. (2013) and Mahmoud (2012)
Calliphoridae Blow fly Lucilia sericata Medical, pollinators Kamel et al. (2013)
Sarcophagidae Flesh fly Sarcophaga spp. Medical, pollinators Kamel et al. (2013) and Mahmoud (2012)
Sarcophagidae Flesh fly Wohlfahrtia spp. Medical, pollinators Kamel et al. (2013)

Lepidoptera

Coleoptera

Nymphalidae
Lycaenidae

Peridae
Coccinellidae

Monarch butterfly
Bean butterfly

Cabbage butterfly
Lady beetle

Danaus Chrysippus
Cosmolyce baeticus
Pieris rapae

C. undecimpunctata

Destructive, pollinator
Destructive, pollinator
Destructive, pollinator
Pollinator, predator

Kamel et al. (2013) and Mahmoud (2012)
Kamel et al. (2013)
Kamel et al. (2013) and Mahmoud (2012)

Kamel et al. (2013) and Mahmoud (2012)
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2.6 Effects of Synthetic Pesticides on Pollinators of Sesame

Recent studies have revealed the effects of neonicotinoids like imidacloprid, thiamethoxam,
and clothianidin on honey bees, both larvae and adult bees (Lundin et al., 2015; Sponsler et al.,
2019). Several research findings have been reported about the higher toxicity level of
imidacloprid to honey bees (Challa et al., 2019). The study conducted in the United States of
America (USA) by Saleem et al. (2020) reported that imidacloprid and thiamethoxam in
concentrations of 0.25 ppm and 0.125 ppm (parts per million) respectively are inimical to A.
mellifera. Furthermore, Domingues et al. (2017) discovered that neonicotinoids thiamethoxam
and picoxystrobin, at very low concentrations of 0.001 ng/mL and 0.018 ng/mL, respectively,
caused significant loss in honey bees. Moreover, the synthetic pesticide pyriproxyfen has high
toxicity to bees by interfering with larva development and altering the development of larvae
into adults (Devillers & Devillers, 2020). Another study conducted to assess the lethal and sub-
lethal effects of the neonicotinoid insecticide thiacloprid on the larval development of mason
bees (Osmia spp.) proved thiacloprid to be associated with increased sustainable mortality and

larval development time and decreased cocoon weight (Claus et al., 2021).

Likewise, studies conducted to survey the presence of pesticide residues in top soils to a depth
of less than 25 cm in arable fields in the Czech Republic and Central Europe, revealed that over
30 insecticides of pyrethroids and neonicotinoids were detected accumulated in the soil,
whereby tebuconazole was 28 ppt (parts per trillion), azoxystrobin 23 ppt, and boscalid 29 ppt
(Hvézdova et al., 2018; Vasi¢kova et al., 2019). This is attributed to the fact that most synthetic
pesticides persist longer in the environment, whereby they affect pollinators through
toxification of nectar ( Bonmatin et al., 2015). Synthetic pesticide thiacloprid has a half-life of
74 days, acetamiprid of 450 days, while prometon and paraquat have the half-lives of 500 and
1000 days respectively (Aktar et al., 2009; Bonmatin et al., 2015; Deer, 2004). Conversely, the
half-lives of most of the biopesticides can hardly reach one week (Kang et al., 2016) thus,

possess little effect to the environment and beneficial insects, including pollinators.
2.7 Effects of Biopesticides on Pollinators of Sesame

Most biopesticides have been reported to have fewer effects on pollinators (Hubbard et al.,
2014). For example, a biopesticide obtained by mixing two toxins the protein from the
snowdrop plant Galanthus nivalis was mixed with venom from the Australian spider

Hadronyche versuta had less effect on honeybees even at higher doses (Nakasu & Edwards,
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2014). However, some biopesticides such as azadiractin and spinosad derived from the soil
bacterium actinomycete Saccharopolyspora spinosa are highly toxic to bees (Barbosa et al.,
2015; Challa et al., 2019; Sann et al., 2018). As it has been reported by Seide et al. (2018),
neem-based insecticides have been shown to derange the neuroendocrine and reproductive
systems of pollinator bees. Nevertheless, there is no documented report on the botanical
biopesticide T. vogelii having an effect on beneficial insects, including pollinators. Therefore,
the T. vogelii formulation with rabbit urine can be used as the best biopesticide in controlling

insect pests of sesame without affecting pollination activities.
2.8 Effectiveness of Biopesticides in Controlling Insect Pests
2.8.1 Tephrosia vogelii

Tephrosia vogelii normally contains the bioactive phytochemical rotenone, which has a robust
insecticidal effect against a vast ambit of pests, posing it to be used as a natural insecticide
(Zhang et al., 2020). Rotenone is naturally found in the leaves, stems, seeds, and in the roots
of T. vogelii plants (Mpumi et al., 2016). Although rotenone is distributed in various parts of
the T. vogelii plant, the higher amount is concentrated in the leaves than in other parts of the
plant (Aritho et al., 2017). Many studies on T. vogelii leaves extract as a botanical pesticide
have been conducted and proved it to be efficacious in controlling insect pests in many crops,
as well as a growth booster and improving production (Mamuye et al., 2020). For example, fall
armyworm, S. frugiperda, a very noxious insect pest, has been controlled by T. vogelii extract
from the leaves on cereal crops (Phambala et al., 2020). Many studies have reported that T.
vogelii leaf extract in a concentration of 10% has been effective in controlling insect pests on
various crops in the field (Mwaura et al., 2012). Bioactive compound rotenone is immensely
toxic to fish thus, it is usually used to terminate the undesired fish from the water bodies
including lakes (Radad et al., 2019; Smith-vaniz, 2008). Phytochemical rotenone is easily
transported through gills and trachea into the bloodstream of the fish and the insects
respectively, for their respiratory systems are direct connected to environments; for example,
gills are direct connected to water also, trachea are not covered they are just open and contact

with the environment easily (Mpumi et al., 2016).

However, rotenone is less toxic to warm-blooded animals, including birds and mammals,
because the path of ingestion is via the digestive system, whereby the compound is easily

dilapidated to non-toxic compounds before entering the bloodstream (Boboescu, 2020;
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Juliansyah Noor, 2019; Kang et al., 2016). Since rotenone has a short half-life, which ranges
between a few hours and a week; it does not assemble in the ambient environment (Kang et al.,
2016). This way, T. vogelii has fewer detrimental effects on non-target organisms, including
pollinators and natural enemies (Mpumi et al., 2016). As such, T. vogelii is supposed to be used
at short intervals and is normally applied in the evening to elude degradation by sunlight
(Juliansyah Noor, 2019).

2.8.2 Rabbit Urine

Rabbit urine contains a high amount of nitrogen since they barely drink water (Duran-Lara et
al., 2020). One rabbit can produce 25 to 100ml of urine depending on species of the rabbit
(Wandita et al., 2016). Several studies on rabbit urine as a biofertilizer have been conducted
and proved to be efficacious in improving growth and yield in different crops (Rahayu et al.,
2021). Rabbit urine has been reported to be effective in improving yield in crops and soil
fertility since it contains essential nutrient composition than the commercial foliar feed
fertilizer (Mutai, 2020). The essential nutrients found in rabbit urine are nitrogen, phosphates,
and potassium, which are crucial for plant growth (Indabo, 2020). At a concentration of 300
ml/L, rabbit urine has improved the growth and yield of melon plants (Sunadra et al., 2019). A
study on rabbit urine revealed that in a concentration of 80 ml/L, it increased soya bean plant
height by 3.3 cm, higher than plants grown under the control treatment plots (Rahayu et al.,
2021).

Despite the fact that rabbit urine is used by smallholder farmers as a biofertilizer, the urine has
been reported to be efficacy in managing insect pests as well (Rwiza, 2017). Rabbit urine
contains higher amounts of ammonia than in other mammalian animals’ urine (Duran-Lara et
al., 2020). Ammonia in rabbit urine is highly volatile and it is easily dissolves in water to
produce toxic ammonium ion (Leoni et al., 2018). According to Epa and Programs (2004)
ammonium ion such as ammonium bicarbonate has been used to control insect pests on orchard
crops. For instance, farmers in Uganda have been using rabbit urine to control pests in a ratio
1:1 (rabbit urine: water) in various crops like sorghum, finger millet, cassava, coffee, banana,
sunflower, beans, maize and a wide range of vegetables like cabbage, watermelon, tomatoes
and onions (FAO, 2012). However, there is limited reports on rabbit urine being used as
biopesticide to control insect pests of sesame within the field. Research about the relevant

amount of rabbit urine to be used as a biopesticide is highly needed.
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CHAPTER THREE
MATERIALS AND METHODS
3.1 The Study Location

The field study was conducted in the Singida region, Tanzania (Fig. 1). The experiment was
established at Mwamisye street, located at latitude 4° 47" 35.3" S, longitude 34° 42' 53.5"" E,
at an elevation of 1513 m above sea level. The experiment was conducted between late January
and early June of the year 2021. The mean annual rainfall during the experiment period was
between 500 and 800 mm. Likewise, the mean minimum and maximum ambient temperatures
ranged between 15 and 30°C and the relative humidity was 58% during the wet season months
(Province et al., 2007).
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Figure 1: The map depicting the study area where experimental field was established
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3.2 Source of Materials and Land Preparation
3.2.1 Source of Planting Materials and Biopesticides

Sesame seeds were purchased from the authorized shop at Tanzania Agriculture Research
Institute (TARI) llonga in the Morogoro region. On the other hand, T. vogelii leaves were
obtained from Mondul coffee estate (MCE) located in Kisongo, Arusha, Tanzania and
confirmed by the botanist at the Tanzania Plant Health and Pesticide Authority (TPHPA).

Rabbit urine was collected from smallholder rabbit-keeping farmers in Sekei street in the

Arusha region, Tanzania (Plate 3).

Plate 3: Components of research treatments, A: Sesame seeds, B: T. vogelii plant and C:
Rabbit urine collection. Photograph by Upendo Lekamoi, 21/1/2021

3.2.2 Land Preparation

Land was ploughed and harrowed by using a disc plough and harrow two weeks before sesame
seed planting to allow sufficient time for weeds to die (Bubbolini et al., 2016). Sesame was
planted in January and harvested in June 2021. Sesame plant spacing was 60 cm x 30 cm
(Yousif et al., 2020). Each treatment plot had five plant rows, and each row contained ten
plants, making a total population of 50 plants. Each treatment plot measured 9 m?. Two to

four seeds were sown per hole. Thinning was done two weeks after germination to maintain
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one vigorous seedling per hole (Abdalla et al., 2015). Weeding was done manually using a
hand hoe when needed.

3.3 Experimental Design and Treatments Applications
3.3.1 Experimental Design

The experimental field research was done in a Randomized Complete Block Design (RCBD)
with five treatments, namely 10% T. vogelii (w/v), 50% rabbit urine (v/v), 10% T. vogelii +
50% rabbit urine, water, and synthetic pesticide (Duduba 450 EC) v/v. Each treatment had
three replicates, making a total of 15 treatment plots. Water was applied as a control, whilst

synthetic pesticide was used as a check.
3.3.2 Treatments Applications

Treatment applications were started in the fifth week after planting sesame. The tested
pesticides were applied to sesame plants at an interval of 7 days throughout the crop’s growing
period. A synthetic pesticide was applied according to manufacturer recommendations. The
formulations were sprayed on top and under the leaves of sesame plants by wielding a 2 L hand
sprayer pump. The spraying was carried out during the evening hours to elude direct sunlight,
which may cause decomposition of bioactive compounds found in T. vogelii and rabbit urine.
Each treatment plot received between 250 ml and 500 ml per spray depending on the crop
growth stage, tantamount to 278 L/ha and 556 L/ha, respectively. The sprayer pump was
thoroughly washed with water and soap prior to re-filling it again with another formulation.

3.4 Extraction and Preparation of Treatments
3.4.1 Tephrosia vogelii

The leaves of T. vogelii were washed thoroughly to remove dust and dried until constant weight
under shade to avoid degradation of bioactive compounds (Kang et al., 2016). Then the dried
leaves of T. vogelii were pulverized into powder by using an electric blender. The 100g of
pulverized dry leaves of T. vogelii were dissolved in one liter of water, containing 1%
equivalent to 10 mL of liquid soap, for 24 hours to attain a 10% concentration (Mwaura et al.,

2012). The mixture was filtered by using muslin cloth to obtain the filtrate.
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3.4.2 Rabbit Urine

Rabbit urine was collected from the rabbit keeping farmer at Sekei in the Arusha region,
Tanzania to get at least 30 L. Rabbit urine was diluted in a ratio of 1:2 (urine: water) to get a
50% solution for treatment application. The collected rabbit urine was stored in a closed
container for three weeks to mitigate the risk of disseminating diseases which might emanate
as a result of the microbes that may be present in the urine (FAO, 2012). The rabbit urine
solution was stored under shade to evade degradation of the bioactive compounds contained
within the urine by the sunlight rays (Abdallah et al., 2019; Gong et al., 2015).

3.4.3 Tephrosia vogelii with Rabbit Urine Formulation and Synthetic Pesticide (Duduba)

A formulation of T. vogelii with rabbit urine was prepared by mixing 10% T. vogelii with 50%
rabbit urine. The synthetic pesticide (Duduba) was obtained from the retailer shops (businesses
that sell pesticides to the public) and it was diluted as per the manufacturer’s recommendation,

whereby 2 millilitres of the synthetic pesticide was mixed with one litre of water (1L).
3.5 Data Collection
3.5.1 Identification and Scoring of the Field Sesame’ Insect Pests

Identification of the field sesame insect pests was done weekly. Insect pests were scored one
day before spraying the pesticide treatments on the five randomly selected sesame plants in the
central row of each treatment plot. The collected insect pests were identified to species level
by the entomologist at TPHPA.

3.5.2 Assessment of Plants Damage Caused by Insect Pests of Sesame

The damage severity of sesame plants caused by insect pests was assessed by counting the
number of damaged leaves and pods per plant. Damage severity was scored using the scale of
0%, 25%, 50%, 75%, and 100% damage depending on the number of leaves and pods damaged
(Mkenda et al., 2015). 0% indicated that there was no damage, while 100% showed that the

damage was severe.
3.5.3 Collection and ldentification of Pollinators

During the flowering period, sesame plants were examined for the presence of pollinators

weekly, thrice a day: early in the morning, afternoon, and before evening (Kamel et al., 2013).
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The pollinators were collected and identified to species level by the entomologist at TPHPA.
The methods utilized to collect pollinators from the sesame plants were the sweep net, pitfall,
and observation methods. A sweep net was used in the collection of the flying insect pollinators

while a pitfall was used to collect walking insect pollinators (Mahmoud, 2012b).
3.5.4 Growth Parameters Collection

Sesame’s growth parameters were assessed before the flowering period. The growth
parameters measured included plant height, leaf area, number of branches and leaves. Leaf area
was obtained by direct measurements of the length, which is the distance between the base and
the apex of the leaflet, as well as the width of the leaflet, as described in Tanko and Oluwaseun
(2020). Leaf area was then calculated using equation 1.

LA=L xW Equation 1
with LA: leaf area, L: leaf length and W: leaf width
3.5.5 Yield Parameters Collection

The yield parameters were assessed during the maturity of the sesame while the seed yield was
assessed after harvesting the crop. Yield parameters included the number of seeds per pod,
number of pods per plant, weight of seeds per plot, and 1000 seed weight per plot. The number
of seeds per pod and the number of pods per plant were counted, while the weight of seeds per
plot and the weight of 1000 seeds in each treatment plot were measured by using an electronic

balance. Yield/hawas calculated by using equation 2.

Yield (kg per plot)

Seed yield (kg/ha) = Plot size (m?)

x 10,000 Equation 2

3.6 Data Analysis

Data on insect pests, pollinators of sesame, damage severity, growth parameters, and yield
parameters were analyzed using the STATISTICA software program version 8, while the
graphs were drawn using the excel software program. The Fisher’s Least Significant Difference

(LSD) was used to compare treatment means at a p = 0.05 level of significance.
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CHAPTER FOUR
RESULTS AND DISCUSSION
4.1 Results

4.1.1 Effects of T. vogelii Formulation with Rabbit Urine on the Identified Insect Pests

of Sesame

The results showed that the insect pests identified include sesame webworm (A. catalaunalis),
sesame flea beetles (A. bimaculata), green peach aphids (M. persicae) and jassids (O.
albicinctus) (Table 7). However, the effects of the treatments were assessed only for the sesame

webworm and sesame flea beetles due to their high levels of infestations.

Table 7: Insect pest identified on sesame plants during this study

General name Common name? Scientific name Number per plot
Leaf roller caterpillar ~ Sesame webworm Antigastra catalaunalis 10
Beetle Sesame flea beetle  Alocypha bimaculata 8
Aphid Green peach aphid ~ Myzus persicae 2
Leaf hopper Jassid Orosius albicinctus 1

a: Identification was conducted at Tanzania Plant Health and Pesticide Authority TPHPA

(i) Effects of T. vogelii Formulation with Rabbit Urine on Antigastra catalaunalis Pest

The results of this study show that before application of the treatments, there was no significant
difference (p > 0.05) among tested treatments in the number of A. catalaunalis (Table 8).
Population abundance of A. catalaunalis (Plate 4) appeared to differ significantly (p < 0.001)
among treatments used in this study (Table 8). Sesame plants sprayed with the biopesticide
formulations and a synthetic pesticide possessed a significantly (p < 0.001) lower number of
A. catalaunalis in weeks 1, 2, 3, 4 and 5, respectively, which decreased from week 1 up to
week 5 (Table 8). However, sesame plants in the control treatment possessed a significantly (p
<0.001) larger number of A. catalaunalis pests that persisted from week one before and after
application of the treatment from week 1 up to the 5" week (Table 8).
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Table 8: Effects of pesticides treatments on the population of A. catalaunalis
Population of A. catalaunalis per week

Treatments
0 1 2 3 4 5

T. vogelii 10% 174+0.14a 1.74+0.14bc 1.20+0.00bc 1.06 +£0.14bc 0.66+0.14bc  0.40 +0.00b
Rabbiturine 50%  1.60+0.00ba 186+0.14b 146+014b 120+000b 0.80+0.00b  0.54 +0.14b
Tv+Ru 160+000a 134+014c 106+0.14c  080+000c 040+0.00c  0.26+0.14b
Sp 2% 160+000a 174+014bc 120+000bc 1.06+014bc 0.66+0.14bc 0.54 +0.14b
Water 186+026a 294+014a 346+014a 374+01da 426+014a 456+0.14a
1-way ANOVA 0.80ns 20.30%%* 95 5 138.67%%%  319.25%kx 075w

(F- Statistics)

Each value represents mean + standard error of five treatments and three replicates, *, **, and *** is significant
at p<0.05, p<0.01 and p<0.001 respectively while ns means not significant. Means within the same column
possessing same letter (s) are not significantly different at p = 0.05 from each other accredited by Fishers Least
Significant Difference (LSD) test; Tv means T vogelii 10%, Ru means rabbit urine 50% and Sp 2% means synthetic
pesticide (Duduba 450EC), week 0 means one week before treatments application.

Plate 4: A: Sesame webworm A. catalaunalis on sesame plant before flowering period, B:
Sesame webworm A. catalaunalis on sesame plant during flowering period and
C: Sesame plant damage caused by the A. catalaunalis. Photograph by Upendo
Lekamoi, Singida, Tanzania taken from March to May 2021
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(ii) Effects of T. vogelii Formulation with Rabbit Urine on Alocypha bimaculata Pest

The result of this study indicated that before application of the treatments, there was no
significant difference (p > 0.05) in the number of A. bimaculata among the tested treatments
(Table 9). After application of treatments, there was a significant difference among the
treatments used from week 1 up to 5 (Table 9). However, there was no significant difference
between the biopesticide formulations and synthetic pesticide treatments from week 1 up to
week 5 of treatment applications (Table 9). Generally, the results of this study showed that
sesame plants sprayed with biopesticide formulations and synthetic pesticide treatments had a
significantly (p < 0.001) lower number of A bimaculata (Plate 5) than those in control
treatment, which was decreasing from week 1 up to 5 (Table 9). Conversely, the highest number
of A. bimaculata was recorded in sesame plants in control treatment, which was increasing

from week 1 up to 5 of treatments application (Table 9).

Table 9: Effect of pesticides treatments on the population of A. bimaculata
Population of A. bimaculata per week

Treatments 0 1 > 3 2 5

T. vogelii 10% 146+0.26a 1.20+0.00b 1.06+0.14b 0.94+0.14bc  0.80 £ 0.00bc 0.66 £ 0.14b
Rabbit urine 50%  1.46 £0.26ba 1.34+0.14b 1.20+0.14b  1.06 +0.14b 0.94 +0.14b 0.80 + 0.00b
Tv+Ru 160+0.24a 1.06+0.14b 0.94 +0.00b 0.80 + 0.00c 0.66 + 0.14c 0.54 £ 0.14b
Sp 2% 148+0.26a 1.34+0.14b 1.06+0.00b 0.80+0.00c  0.80 +0.00bc 0.66 + 0.14b
Water 146 +0.26a 240+0.00a 294+0.00a 3.20+0.00a 3.20 £ 0.00a 3.46 +0.14a
1-way ANOVA 0.21ns 26.67*** 49.63*** 150.5%** 163.25%** 110.88***

(F- Statistics)

Each value represents mean + standard error of five treatments and three replicates, *, **, and *** is significant
at p<0.05, p<0.01 and p<0.001 respectively while ns means not significant. Means within the same column
possessing same letter (s) are not significantly different at p = 0.05 from each other accredited by Fishers Least
Significant Difference (LSD) test; Tv means T vogelii 10%, Ru means rabbit urine 50% and Sp 2% means synthetic
pesticide (Duduba 450EC), week 0 means one week before treatments application.
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Plate 5: Sesame flea beetle (A. bimaculata) foraging feeding on sesame leaves and stems
in the field. Photograph by Upendo Lekamoi, Singida, Tanzania on 20" March
2021

(iii) The percentage damage of sesame crop caused by insect pests’ infestations

The percentage damage of the sesame caused by insect pests’ infestations was not significantly
(p > 0.05) among the treatments used before the application of treatments (Table 10). After the
application of treatments, percentage damage was significantly (p < 0.001) lower in the
biopesticide formulations and synthetic pesticide treatments than in the control. Sesame plants
sprayed with biopesticide formulations and synthetic pesticide treatments had significantly (p
< 0.001) low percentage damage when compared with those control treatments from week 1
up to week 5 (Table 10). However, sesame plants in the control treatment had the highest

percentage of damage and appeared to increase from week 1 to week 5 (Table 10).
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Table 10: Percentage leaf damage levels in sesame plants sprayed with different treatments

% Leaf damage by insect pests per week

Treatments 0 1 > 3 2 5

T. vogelii 10% 35.00 + 0.00a 33.33+1.67b 26.67 +1.67b 25.00 + 2.89bc 20.00 + 0.00b 16.67 + 1.67bc

Rabbit urine 50% 35.00 + 0.00a 33.33+1.67b 28.33+1.67b 26.67 + 1.67b 20.00 + 0.00b 16.67 + 1.67bc

Tv+Ru 35.00 + 0.00a 25.00 + 0.00c 23.33+1.67b 20.00 + 0.00c 16.67 £ 1.67b 15.00 + 2.89b

Sp 2% 36.67 + 1.67a 33.33+1.67b 26.67 +1.67b 23.33+1.67hc 18.33 +1.67b 16.67 + 1.67bc

Water 35.00 + 0.00a 40.00 £ 0.00a 50.00 + 2.89a 60.00 + 0.00a 68.33+ 1.67a 75.00 + 2.89%a
1.00ns 17.00*** 29.86*** 96.80*** 296.17%** 138.17***

1 - way ANOVA (F- Statistics)

Each value represents mean =+ standard error of five treatments and three replicates, *, **, and *** is significant at p<0.05, p<0.01 and p<0.001 respectively while ns means not
significant. Means within the same column possessing same letter (s) are not significantly different at p = 0.05 from each other accredited by Fishers Least Significant Difference
(LSD) test; Tv means T vogelii 10%, Ru means rabbit urine 50% and Sp 2% means synthetic pesticide (Duduba 450EC), week 0 means one week before treatments application.
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(iv) Effects of T. vogelii Formulation with Rabbit Urine on Identified Natural Enemies of

Sesame’ Insect Pests

The identified natural enemies in the experimental field were odorous ants (Tapinoma sessile),
ladybird beetles (C. undecimpunctata), spiders (P. fera), praying mantis (C. savignyi), and true
bugs (Pentatomidae spp.) (Table 11). Of these, C. undecimpunctata and T. sessile (Plate 6)
were found abundantly during the study period, and they were controlling A. catalaunalis insect
pests. Figure 2 describes the effect of the treatments on the population of the natural enemies
T. sessile and C. undecimpunctata. Generally, the mean number of natural enemies was higher
in the sesame plants sprayed with biopesticide formulation treatments than in those sprayed
with the synthetic pesticide (Fig. 2). It was observed that sesame plants sprayed with the
biopesticide formulations possessed a higher population of the natural enemies C.
undecimpunctata and T. sessile compared with those sprayed with a synthetic pesticide in the
field. Figure 2 shows that the formulations prepared have less effect on the natural enemies.
The sesame plants sprayed with the check (synthetic pesticide) treatment possessed the least
population of natural enemies, while those sprayed with the control treatment possessed as high
a number of natural enemies as in biopesticide formulations. It was also noted that the
population of C. undecimpunctata was lower in number compared with T. sessile throughout
the growing season of sesame (Fig. 2). These natural enemies, combined with biopesticide
formulations, were used to reduce the population of A. catalaunalis and, ultimately, mitigate

damage caused by this insect pest in the sesame field.

Table 11: Natural enemies of sesame insect pests identified in the experimental field

General name Common name? Scientific name Number per plot

Ants Odorous ant Tapinoma sessile 10

beetles Ladybird beetle Coccinella 7
undecimpunctata

Spiders Spider Phoneutria fera 1

Mantids Praying mantis Calidomantis savignyi 2

True bug True bug Dolycoris baccarum 1

a: ldentification was conducted at Tanzania Plant Health and Pesticide Authority TPHPA
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Plate 6: A: Thisis T. sessile foraging for A. catalaunalis larva on sesame plant B: T. sessile
feed on a fallen down A. catalaunalis larva. C: This is C. undecimpunctata
foraging for A. catalaunalis larva on sesame plant. Photograph by Upendo
Lekamoi, Singida, Tanzania from March to May 2021

B . nndecimpuctata m I sessile
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0.00 -

Tw Ru Tw+Ru Sp Water
Treatments

Figure 2: Effects of T. vogelii formulations with rabbit urine on population of C.
undecimpunctata and T. sessile in sesame experimental field. Tv means T.
vogelii 10%, Ru means rabbit urine 50% and Sp means synthetic pesticide 2%
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4.1.2 Effect of T. vogelii Formulation with Rabbit Urine on Identified Pollinators of Sesame

The study identified four pollinators, which were honey bees (A. melifera), green jewel flies
(O. obesa), scorpion wasps (D. semiclausum) and monarch butterflies (D. chrysippus) (Table
12). However, D. chrysippus was rare and limited in number, which made its assessment
insignificant. Identification of the identified insect pollinators of sesame was conducted at the

Tanzania Plant Health and Pesticide Authority (TPHPA).

Table 12: Pollinators identified on sesame plants during this study

General name Common name? Scientific name Number per plot

Bee Honey bee Apis mellifera 8

Fly green jewel fly Ornidia obesa 6

Wasp Wasp Diadegma 3
semiclausum

Butterfly Monarch butterfly Danaus Chrysippus 1

a: Identification was conducted at Tanzania Plant Health and Pesticide Authority TPHPA

(i) Effect of T. vogelii Formulation with Rabbit Urine on Apis mellifera Population

Apis mellifera was found in the field’s plots of sesame in the first week of the flowering period
during treatment application, and the mean population increased week after week (Table 13).
The results revealed the presence of significant differences (» <0.001) among treatments used,
which were the biopesticide formulations (10% T. vogelii, 50% rabbit urine, and the mixture
of 10% T. vogelii + 50% rabbit urine), synthetic pesticide, and control in the population
abundance of A. mellifera (Table 13). Table 13 showed that sesame plants sprayed with
biopesticide formulations possessed a significantly higher population of A. mellifera in weeks
1 to 5 of the flowering period compared with those sprayed with synthetic pesticide. Likewise,
sesame plants sprayed with control treatment (water) had a large number of A. mellifera, the
same as those sprayed with biopesticide formulations (Table 13). On the contrary, synthetic
pesticide treatment had the least number of A. mellifera (Table 13). Therefore, the biopesticide
formulations used in this study maintained a significantly large number of A. mellifera
compared with the synthetic pesticide, which had a very low number of A. mellifera (Table
13).
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Table 13: Effects of T. vogelii formulations with rabbit urine on the population of A.

mellifera
Week
Treatments
1 2 3 4 5
T. vogelii 10% 400+0.00bc  6.00+ 0.00bc 8.00  0.00bc 9.30+£0.70b  11.30+0.70b
Rabbit urine 50% 3.30+0.70cd  4.70+0.70c 6.70 £ 0.70c 8.00+0.00b  10.00 + 0.00b
T. vogelii + rabbit urine 5.30 £ 0.70ab 7.30 £ 0.70ab 9.30 £ 0.70ab 11.30 £0.70a 13.30 + 0.70ab
Duduba 450 EC 2% 2.00 +0.00d 1.30 £ 0.70d 0.70 +£0.70d 0.00£0.00c  0.00+0.00c
Water 6.70 +0.70a 8.70 +0.70a 10.00 £ 0.00a 12.70£0.70a  14.70 £ 0.70a
1-way ANOVA 12.17%** 22.25%%** 52.17%** 92.17%** 126.17%**

(F- Statistics)
Each value represents mean = standard error of five treatments and three replicates, *, **, and *** is significant
at p<0.05, p<0.01 and p<0.001, respectively. Means within the same column possessing same letter (s) are not
significantly different at p = 0.05 from each other accredited by Fishers Least Significant Difference (LSD) test.
Duduba 450 EC is the synthetic pesticide

(i) Effect of T. vogelii Formulation with Rabbit Urine on Ornidia obesa Population

This pollinator was identified on sesame plants in the first week of the sesame flowering period
in the experimental field during treatment application whereby the mean population was
increasing as the crop stayed longer in the field (Table 14). The results further indicated
significant differences (p < 0.001) among treatments used, which were the biopesticide
formulations (10% T. vogelii, 50% rabbit urine and the mixture of 10% T. vogelii + 50% rabbit
urine), synthetic pesticide and control (Table 14). Sesame plants sprayed with biopesticide
formulations possessed significantly large number of O. obesa in week 1 to 5 of the flowering
period compared with those sprayed with a synthetic pesticide (Table 14). Similarly, sesame
plants sprayed with control (water), had large number of O. obesa same as biopesticide
formulation treatments (Table 14). However, sesame plants sprayed with a synthetic pesticide
had least number of O. obesa relative to other treatments which was decreasing from week 1
up to 5 of the flowering period (Table 14).
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Table 14: Effect of T. vogelii formulations with rabbit urine on the population of O.

obesa

Treatments Week
1 2 3 4 5

T. vogelii 10% 420+0.00bc 4.70+0.70b 6.00+0.00bc  7.30+£0.70b  8.00 + 0.00bc
Rabbit urine 50% 3.10+£0.70c  4.00+0.00b 5.30+0.70c 6.70£0.70b  7.30 £ 0.70c
T. vogelii + rabbit urine 5.40+0.70ab 6.00+0.00a 7.30+0.70ab  8.70+0.70a  9.30 +0.70ab
Duduba 450 EC 2% 1.30+£0.70d  1.30+0.70c  0.70+0.70d 0.70£0.70c  0.00 + 0.00d
Water 6.00+0.00a  6.00+0.00a 8.70+0.70a 9.30+0.70a  10.70+0.70a
1-way ANOVA
(F- Statistics) 12.50%** 20.75%** 26.00%** 26.70%** 64.67%**

Each value represents mean = standard error of five treatments and three replicates, *, **, and *** is significant
at p<0.05, p<0.01 and p<0.001, respectively. Means within the same column possessing same letter (s) are not
significantly different at p = 0.05 from each other accredited by Fishers Least Significant Difference (LSD) test.
Duduba 450 EC is the synthetic pesticide

(iii) Effect of T. vogelii Formulation with Rabbit Urine on Diadegma semiclausum

Population

Diadegma semiclausum was observed in the third week of the sesame flowering period during
the application of treatments. The study results divulged the presence of significant difference
(p < 0.05) among treatments used which were the biopesticides formulations (10% T. vogelii,
50% rabbit urine and the mixture of 10% T. vogelii + 50% rabbit urine), synthetic pesticide and
control (Table 15). Treatment plots sprayed with biopesticides formulations had higher
population of D. semiclausum in week 3 to 5 of the flowering period compared those sprayed
with synthetic pesticide (Table 15). Likewise, sesame plants in control treatment had higher
population of D. semiclausum same as biopesticides formulations (Table 15). Conversely,
sesame plants sprayed with synthetic pesticide treatment had the least number of D.
semiclausum compared with other treatments throughout the flowering period (Table 15). In
general, the number of D. semiclausum appeared to decrease significantly in week 6 and 7
(Table 15). This can be attributed to the fact that week 6 and 7 was late flowering period of the
sesame where the flowers started to disappear. Still, the biopesticides formulations maintained
higher population of D. semiclausum (Table 15).
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Table 15: Effect of T. vogelii formulations with rabbit urine on the population of D.

semiclausum
Treatments Week
3 4 5 6 7

T. vogelii 10% 2.70 £ 0.70abc 3.30 £ 0.70ab 3.30+0.70b 2.70+0.70b 1.30 £0.70b
Rabbit urine 50% 2.00 £ 0.00bc 2.70£0.70b 2.70£0.70b 2.00 £ 0.00bc 1.70 £ 0.70b
T. vogelii + rabbit urine  3.30 £ 0.70ab 4.00 = 0.00ab 4.00 £ 0.00b 3.30 £ 0.70ab 1.30£0.70b
Duduba 450 EC 2% 1.30 £ 0.70c 0.70+£0.70c 0.70+0.70c 0.70+£0.70c 0.00 £ 0.00c
Water 4.00 +0.00a 470+ 0.70a 5.30 £ 0.70a 470 +£0.70a 3.30+£0.70a
1 -way ANOVA 417 6.63%* 8.38%* 6.25%* 4.38*

(F- Statistics)

Each value represents mean + standard error of five treatments and three replicates, *, **, and *** is significant
at p<0.05, p<0.01 and p<0.001, respectively. Means within the same column possessing same letter (s) are not
significantly different at p = 0.05 from each other accredited by Fishers Least Significant Difference (LSD) test.
Duduba 450 EC is the synthetic pesticide

(iv) Effect of T. vogelii Formulation with Rabbit Urine on the Abundance of sesame

pollinators

Figure 3 elucidates the effect of treatments upon the number of pollinators of sesame.
Population of A mellifera, O. obesa and D. semiclausum were higher in T. vogelii formulation
compared with synthetic pesticide (Fig. 3). The plots sprayed with water had a large number
of pollinators, the same as those in biopesticide formulations (Fig. 3). Conversely, sesame

plants sprayed with a synthetic pesticide possessed the least number of pollinators (Fig. 3).
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Figure 3: The number of pollinators of sesame in response to treatments. Tv means T.
vogelii 10%, Ru means rabbit urine 50% and Sp means synthetic pesticide 2%
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4.1.3 Effect of T. vogelii Formulation with Rabbit Urine on Yield of Sesame
(i) Effect of Treatments on Sesame Growth

Treatments were sprayed on plants to compare their effects on the growth of sesame plants.
The results showed that the biopesticide formulation of 10% T. vogelii + 50% rabbit urine had
the largest leaf area, followed by synthetic pesticide and 10% T. vogelii, while the control
treatment had the least leaf area (Fig. 4). Moreover, the results showed that the biopesticide
formulations and a synthetic pesticide resulted in significantly higher plant height, number of
branches, and leaves (Table 16-18), respectively, than the control treatment. The control
treatment, on the other hand, had significantly lower plant height, number of branches, and
number of leaves (Table 16-18).

Mean values for treatments

= Tv

= Ru

= Tv+Ru
Sp

= Water

Figure 4: Effect of T. vogelii formulations with rabbit urine on the leaf area of sesame. Tv
means T. vogelii 10%, Ru means rabbit urine 50% and Sp means synthetic
pesticide 2%
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Table 16: Effects of T. vogelii formulations with rabbit urine on sesame plant height

Treatments (cm) Week
1 2 3 4 5

T. vogelii 10% 17.67 £0.18ab 30.60 +0.35ab 51.00+0.12ab 71.20+0.31a 96.33+0.18b
Rabbit urine 50% 17.33+£0.24bc  30.20 £ 0.12b 50.67£0.18b  71.93+0.35a 96.47 +0.33b
T. vogelii + rabbit urine 18.33+0.18a  30.93+0.07a 51.60+0.20a 71.73+0.13a 97.67+0.07a
Duduba 450 EC 2% 17.67 £0.24ab  30.47 £0.24ab 51.13+0.24ab 71.13+0.35a 96.60 = 0.00b
Water 16.73 £ 0.29c 29.27 £0.13c 47.47+0.35c 68.27+0.41b 91.13+0.24c
1 - way ANOVA (F- Statistics) 6.46** 9.4** 51.6%** 17.8%** 162***

Each value represents mean + standard error of five treatments and three replicates, *, **, and *** is significant
at p<0.05, p<0.01 and p<0.001, respectively. Means within the same column possessing same letter (s) are not
significantly different at p = 0.05 from each other accredited by Fishers Least Significant Difference (LSD) test.
Duduba 450 EC is the synthetic pesticide

Table 17: Effects of T. vogelii formulations with rabbit urine on branches number of

sesame
Treatments Week
1 2 3 4 5

T. vogelii 10% 5.60 + 0.00ab 7.60+0.00ab 9.60+0.00ab 11.60+0.00a 12.00 + 0.00b
Rabbit urine 50% 5.47 £0.13b 747+013b  9.47+0.13b 1147+0.13a 11.87+0.13b
T. vogelii + rabbit urine 5.87£0.13a 7.87+0.13a 9.87+0.13a 11.87+0.13a 12.67+0.13a
Duduba 450 EC 2% 5.60 + 0.00ab 7.60+0.00ab 9.60+0.00ab 11.60+0.00a 12.00 + 0.00b
Water 4.93+0.13c 6.93 £0.13c 8.93+0.13c  10.93+0.13b 11.07£0.13c
1 - way ANOVA (F- Statistics) 11.17%** 11.17%** 11.17%** 11.17%** 30.5%**

Each value represents mean + standard error of five treatments and three replicates, *, **, and *** is significant
at p<0.05, p<0.01 and p<0.001, respectively. Means within the same column possessing same letter (S) are not
significantly different at p = 0.05 from each other accredited by Fishers Least Significant Difference (LSD) test.
Duduba 450 EC is the synthetic pesticide

Table 18: Effects T. vogelii formulations with rabbit urine on sesame’ number of leaves

Treatments Week
1 2 3

T. vogelii 10% 9.47 +0.13a 17.93 + 0.18ab 20.93+0.27ab
Rabbit urine 50% 9.33+0.13a 17.60 +0.23b 20.60 £ 0.31b
T. vogelii + rabbit urine 9.73+0.13a 18.60 £ 0.20a 21.47 £0.29a
Duduba 450 EC 2% 9.33+0.13a 17.87 £ 0.24ab 20.87 £ 0.24ab
Water 8.53+0.35b 16.87 + 0.24c 19.53 +0.07c
1 - way ANOVA (F- Statistics) 5.14* 8.18** 8.19***

Each value represents mean + standard error of five treatments and three replicates, *, **, and *** is significant
at p<0.05, p<0.01 and p<0.001, respectively. Means within the same column possessing same letter (s) are not
significantly different at p = 0.05 from each other accredited by Fishers Least Significant Difference (LSD) test.
Duduba 450 EC is the synthetic pesticide

(i) Effects of T. vogelii formulation with rabbit urine on the Yield of Sesame

The yield of sesame was assessed by observing the number of pods per plant and the seed yield

per plot (Fig. 5). The highest number of pods per plant and the highest seed yield per plot were
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significantly obtained in the biopesticide formulation of 10% T. vogelii + 50% rabbit urine,
followed by synthetic pesticide. The control had the lowest number of pods per plant and the
seed yield per plot compared to all pesticide treatments (Fig. 5). The highest total yield was
obtained in plots treated with the biopesticide formulation 10% T. vogelii + 50% rabbit urine
(740.59 kg/ha), followed by synthetic pesticide (721.78 kg/ha), while the lowest yield was
obtained in the control (672.78 kg/ha) (Fig. 5).

—Pods/Plant —#—Yield (kg)/ha
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Pesticides treatments

Figure 5: Effect of different treatments on yield per plot and pods per sesame plant and
their mean relationship. Tv means T. vogelii 10%, Ru means rabbit urine 50%,
W is water and Sp is a synthetic pesticide 2%
Figure 5 depicts the relationship existing between the number of pods per plant and seed yield
per plot. The higher yield per plot was obtained on sesame plots sprayed with the biopesticide
formulation 10% T. vogelii + 50% rabbit urine, which had a higher pod number per plant (Fig.
5). However, the findings showed sesame plants grown in the control had a low mean seed
yield per plot, the same as the low number of pods per plant among all treatments (Fig. 5).
These results show the effectiveness of the T. vogelii formulation with rabbit urine in
controlling yield loss by the insect pests on sesame without devaluing the product.
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4.2 Discussion

4.2.1 Effectiveness T. vogelii Formulation with Rabbit Urine in Controlling Insect Pests

of Sesame

The findings of this study revealed that the biopesticide formulations used (10% T. vogelii,
50% rabbit urine, and the mixture of 10% T. vogelii + 50% rabbit urine) were effective in
controlling sesame insect pests as well as a synthetic pesticide. It was observed that the lower
number of A. catalaunalis and A. bimaculata pests was significantly recorded in the
biopesticide formulations and a synthetic pesticide treatment. The findings further revealed that
the numbers of A. catalaunalis and A. bimaculata appeared to decrease from week 1 to week
5. The superior performance observed in the biopesticide formulations in controlling A.
catalaunalis and A. bimaculata, which seemed to be the major insect pests of sesame in the
study area, can be attributed to the bioactive compounds found within these biopesticide

formulations.

The effectiveness of the mixture biopesticide formulation 10% T. vogelii + 50% rabbit urine
can be contributed by the synergistic effect of bioactive compounds found within mixture T.
vogelii extract and rabbit urine. The results of synergistic effects showed that the complex
mixture of bioactive compounds within bio pesticides has a synergistic effect (Sitarek et al.,
2020; Tak & Isman, 2017). A synergistic effect occurs when a mixture of two or more chemical
compounds interacts and produces combined effects on the biological system that are greater

than the effects of those chemical compounds when acting solely (Mpumi et al., 2020).

Likewise, the formulation of 10% T. vogelii extract alone was effective in reducing the number
of insect pests. Thus, damage of sesame by A. catalaunalis and A. bimaculata insect pests was
the same as with other biopesticide formulations. Several studies have reported on the
effectiveness of T. vogelii in managing insect pests on various plant crops and have been proved
to be effective (Mkindi et al., 2020; Mpumi et al., 2021). The superior performance of the T.
vogelii formulation in controlling A. catalaunalis and A. bimaculata insect pests could be
contributed by the bioactive compound rotenone, which has been revealed to possess
insecticidal traits (Said et al., 2020). Rotenone (C23H220¢) is a selective phytochemical
compound, which act as both a contact and stomach toxin to insects that kills pest slowly by
stupefying them (Ekanem et al., 2004). Rotenone exerts its toxic action by impeding respiration

by limiting electron transport chains through inhibition of the enzyme NADH ubiquinone
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reductase in a diverse ambit of insect pests, including A. catalaunalis and A. bimaculata
(Golden, 2011). The toxicity of rotenone to insects is due to the fact that it is easily conveyed
to insects through trachea (Ene et al., 2010). Rotenone is highly effective against insect pests

because most insect pests are slow walking insects, for example, A. catalaunalis larvae pest.

The effectiveness of rabbit urine in controlling insect pests of sesame could be attributed to the
fact that rabbit urine contains a high amount of ammonia, which is caused by a high level of
nitrogen (Wandita et al., 2016). Ammonia is toxic and, at certain concentrations, may harm
organisms depending on the species. For example, at a concentration higher than 5 ppm,
ammonia affects invertebrates when compared with vertebrates, and even within invertebrates,
it may vary from species to species (Dias et al., 2019). Currently, ammonia has been reported
to be effective in controlling insect pests (Epa & Programs, 2004). Insect pests are affected by
ammonia through direct contact and by breathing in ammonia, which extirpates the respiratory
surface of the insect pest to death. Since ammonia is corrosive in nature, once it gets into insect
pest bodies directly, it ruins the insect to the point of death. The toxicity of ammonia to insects
is higher due to the fact that, in a very low concentration, invertebrates, including insects, get
harmed, but that same concentration does not affect vertebrates, including humans. This can
be posed by body size (Mathew et al., 2015).

Furthermore, this study also assessed the magnitude of the sesame plant damage posed by the
insect pests in the sesame field. The findings showed that sesame plants sprayed with the
biopesticide formulations and a synthetic pesticide had significantly (p <0.001) lower damage
when compared with those sprayed with the control treatment. However, the highest damage
was recorded in sesame plants in plots sprayed with the control treatment. The lower sesame
damage was attributed to their effectiveness in managing the identified insect pests; hence, they
possessed the least number of insect pests compared with those sprayed with control treatment,

where the number of insect pests was very high.

Also, the study assessed the population abundance of the natural enemies in the sesame field
after the application of experimental treatments. The findings showed that sesame plants
sprayed with the biopesticide formulations used to control insect pests had a higher population
of natural enemies than those sprayed with synthetic pesticide. The high population of natural
enemies in sesame plants grown under the biopesticide formulation treatments can be attributed
to the fact that most of the natural enemies found in the experimental field had hard outer coats,

which protect them from direct contact with the biopesticide formulations used. Kardinan and
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Maris, (2021) reveal that to ensure efficient performance of the botanical pesticides in
managing insect pests, direct contact application is of paramount importance. Because most
natural enemies’ insects have hard covers, it is difficult for them to come into direct contact
with biopesticide formulations used to the extent that they are affected. Also, other natural
enemies can fly away just like pollinators and come back when the toxicity level of the
biopesticide formulations used has been reduced due to the fact that most of the biopesticides
persist only for a short time in the ambient environment. Rotenone’s half life in T.vogelii ambits
from a few hours to a week (Kang et al., 2016), whereas ammonia in rabbit urine is only 2

minutes (Diana et al., 2018).

4.2.2 Effectiveness of T. vogelii Formulation with Rabbit Urine on the Population of

Pollinators of Sesame

This study evaluated the effects of using T. vogelii formulation with rabbit urine on the
population of pollinators after being exposed to it during the application of experimental
treatments. The findings of this study revealed that sesame plants sprayed with bio-pesticide
formulations possessed a higher population of pollinators relative to those sprayed with a
synthetic pesticide throughout the flowering period. The potential of the tested biopesticide
formulations to possess a high number of pollinators is attributed to the fact that biopesticides
are usually transient in the ambient environment, so their effect on beneficial insects, including
pollinators, is least juxtaposed with synthetic pesticides like Duduba 450 EC, which persist
longer (Kumar et al., 2021). The phytochemical rotenone in T. vogelii, for example, has a half-
life that ranges from a few hours to a week (Kang et al., 2016). Also, rotenone in nature is less
volatile and can be degraded rapidly in the ambient environment by hydrolysis and photolysis
(Turner et al., 2007). Moreover, rotenone is a selective biochemical acting as a contact and
stomach toxin for insect pests that decimates insect pests steadily by stunning them to death
(Ekanem et al., 2004; Wang et al., 2019). Therefore, as most pollinators are mobile compared
with the field insect pests of sesame, they can easily escape the effect of toxic rotenone once
applied by flying over, and turning back when the toxic effect of T. vogelii has been attenuated.

Likewise, the capacity of the rabbit urine formulation to possess a large number of pollinators
can be explained by the availability of large concentrations of ammonia in the rabbit urine
(Duréan-Lara et al., 2020). Ammonia in rabbit urine is highly volatile and can be degraded by
photolysis (Gong et al., 2015; Leoni et al., 2018). Since ammonia is volatile in nature, it does

not exist very long in the ambient environment as its half-life is almost 2 minutes (Diana et al.,
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2018). Consequently, pollinators may escape during treatment application through flying over
activities and come back shortly after spraying of the formulation. Moreover, the toxicity level
of ammonia differs from one organism to another, even from one species to another
(Gerberding, 2004). Ammonia at concentrations greater than 5 ppm affects more invertebrates
than vertebrates, and the effect varies between species within invertebrates (Dias et al., 2019).
Based on the results, the number of pollinators was significantly higher in plots sprayed with
rabbit urine than in those sprayed with synthetic pesticide, as the effect of rabbit urine on
pollinators was the least. However, sesame plants grown under synthetic pesticide (Duduba
450 EC) treatment had the least number of pollinators relative to other experimental treatments.
Duduba 450 EC contains a combination of two hazardous chemicals, Cypermethrin 100 g/l and
Chlorpyrifos 350 g/l, both of which are broad-spectrum insecticides, decimating insects
indiscriminately (Sadeghi et al., 2009). Moreover, the majority of the synthetic pesticides
incorporating Duduba 450 EC persist longer in the environment, resulting in environmental
adulteration, thus affecting beneficial insects, including pollinators (Kalyabina et al., 2021,
Sharma et al., 2019; Tudi et al., 2021). Therefore, this revealed evidence that the least number
of pollinators was obtained in sesame plots sprayed with synthetic pesticide when compared

with those sprayed with the biopesticide formulations.
4.2.3. Effects of T. vogelii Formulation with Rabbit Urine on Yield of Sesame

The study reports the effects of T. vogelii formulation with rabbit urine on the yield of sesame.
The findings revealed that sesame plants sprayed with the biopesticide formulations in an
attempt to manage insect pests had a significantly higher number of branches, plant height, and
number of leaves similar to those under synthetic pesticide. The biopesticide formulation of
10% T. vogelii + 50% rabbit urine possessed a large leaf area compared with other biopesticide
formulations and a synthetic pesticide. This can be attributed to the fact that both T. vogelii and
rabbit urine are growth boosters (Mkindi et al., 2020; Mutai, 2020).

Furthermore, the results of the study revealed that sesame plants treated with the biopesticide
formulation of 10% T. vogelii + 50% rabbit urine had a significantly higher seed yield than
those treated with other biopesticide formulations and a synthetic pesticide. The observed high
seed yield in the biopesticide formulation of 10% T. vogelii + 50% rabbit urine can be explained
by the fact that both T. vogelii and rabbit urine contain potential nutrients like nitrogen,
phosphates, and potassium essential for plant growth (Indabo, 2020; Sunadra et al., 2019;
Kayange et al., 2019; MKindi et al., 2020) and can increase crop yields by up to 25% (Zhang
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et al., 2020). Also, the combined effects of the potential elements found in these two growth
boosters might have contributed much to this performance (Sitarek et al., 2020). Conversely, the
lowest yield was obtained in sesame plots treated with the control treatment. The low yield in
the control treatment plots can be attributed to the heavy infestation of insect pests (Dossa et
al., 2017).

Therefore, this study suggests that the formulation of 10% T. vogelii + 50% rabbit urine can be
utilized by smallholder farmers as an alternative strategy to manage sesame insect pests and
promote yield in Tanzania. The suggested ingredient amount enough to be used in one hectare

IS 27.8 kg of T. vogelii leaves plus 139 liters of rabbit urine per spray.

60



CHAPTER FIVE
CONCLUSION AND RECOMMENDATIONS
5.1 Conclusion

Total reliance on the utilization of synthetic pesticides in managing sesame insect pests
practiced by the smallholder farmers in the Singida region should be highly mitigated because
they are immensely contributing to environmental adulteration and decimation of beneficial
insects, including pollinators. This study was to assess the effects of biopesticide formulations
on insect pests and pollinators of sesame. The biopesticide formulations tested (10% T. vogelii,
50% rabbit urine, and the mixture of 10% T. vogelii + 50% rabbit urine) significantly reduced
the number of sesame insect pests in the field.

Likewise, the results of the study showed that sesame plants sprayed with biopesticide
formulations possessed a higher population of pollinators than those sprayed with a synthetic
pesticide. Similarly, plots sprayed with the biopesticide formulation of 10% T. vogelii + 50%
rabbit urine produced a higher yield than plots sprayed with other biopesticide formulations
and a synthetic pesticide. Therefore, this signifies the potential of the formulation of T. vogelii
with rabbit urine in managing sesame insect pests and promoting growth while preserving

beneficial insects, including pollinators, in fields.
5.2 Recommendations

The findings of the study emphasize the role of T. vogelii formulation with rabbit urine in the
management of sesame insect pests, but it is underutilized because of limited information on
its efficacy, toxicity, and cost of instruments used for identification of the secondary
metabolites for commercialization. Hence, a comprehensive study to explore the toxicity of
many biopesticides is needed as soon as possible to ensure the safety of beneficial insects such

as natural enemies and pollinators.

Moreover, there should be emphasis on public health law and environmental regulatory agents
to encourage the utilization of biopesticides that are environmentally benign, affordable, and
safe for ecosystems and human health. In addition, the study recommends more studies on

rabbit urine as a biopesticide and the optimum dose for the control of field insect pests. Also,

61



detailed and appropriate studies to investigate the bioactive compounds in the rabbit urine

against insect pests are needed.

Lastly, simple, affordable, and feasible tools are needed to investigate bioactive compounds
that are found in biopesticides to enhance their efficacy and utilization for protection of crops

from insect pest infestations.
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APPENDICES

Appendix 1: Nymphs and adults of Green peach aphids, M. persicae infestation on sesame
plant leaves. Phograph by Upendo Lekamoi, Singida, Tanzania 21t May
2021.
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Appendix 2: A: Larvae of A. catalaunalis forage in the sesame tender leaves B: Damage
of A. catalaunalis on sesame tender leaves, D: Damage of A. catalaunalis on
sesame pods. Photograph by Upendo Lekamoi, Singida, Tanzania from

March to June 2021 and C: Damage of A. catalaunalis on sesame pods.

Source: (Gebregergis et al., 2016)
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Appendix 3: Jassid O. albicinctus forages on sesame plant leaves. Photograph by Upendo
Lekamoi, Singida, Tanzania 27" March 2021
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Appendix 4: Natural enemies of insect pests of sesame A: Coccinella undecimpunctata, B:
Pentatomidae spp (Dolycoris baccarum), C: Phoneutria fera and D:
Calidomantis savignyi. Photograph by UpendoLekamoi, Singida, Tanzania,

From March to June 2021

A
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