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ABSTRACT

Sub-Saharan Africa faces persistent challenges in reducing malnutrition and enhancing food
security. The field cricket, Scapsipedus icipe Hugel and Tanga (Orthoptera: Gryllidae), is edible
and could be used to alleviate malnutrition. Currently, there is limited knowledge on what plants
this insect feeds on as natural diets source of proteins for mass rearing. This study aimed to
determine the diversity of species of Commelina in different agroecological zones in
Western Kenya, evaluate the feeding preferences of S. icipe for species of Commelina, and
determine the optimum growing conditions for Commelina using cricket frass as manure. To
determine the diversity of species of Commelina, a phytosociological method was used to collect
plants using quadrats, whereas soil samples from each quadrat and managements were collected
to examine the relationship between species of Commelina and soil and management. Preferences
of S. icipe for species of Commelina were evaluated through no-choice, dual choices, and multiple-
choice experiments conducted in a RCBD design in controlled environment. Optimum growing
conditions for Commelina using cricket frass as manure were determined through experiments
carried out in a screenhouse and open field environments laid in a CRD and RCBD designs,
respectively. The results of the diversity showed that eleven species of Commelina were identified,
with C. diffusa and C. benghalensis var. benghalensis (non-hybrid variant) having higher relative
density. The results also found that the distribution of species of Commelina was significantly
influenced by soil pH, available P, TN, fertility, and crop spacing. The feeding experiments
showed that S. icipe had a significantly higher feeding rate on C. petersii and C. forskaolii and a
significantly lower feeding rate on Commelina sp. and C. purpurea in comparison to references.
There were positive significant associations between leaf feeding and Ca and NDF content of
leaves and a negative significant association between Ca and NDF. A high Ca/low NDF content
was recorded for C. petersii and a low Ca/high NDF content for C. purpurea. Six phytochemical
constituents of the leaves influenced leaf feeding: phenols, alkaloids, tannins, glycosides, saponins
and anthraquinones. Phenols stimulate feeding by S. icipe on C. petersii and C. forskaolii, whereas
the tannins and alkaloids in Commelina sp. and C. purpurea, acted as deterrents. Optimum growing
conditions for C. petersii were determined using cricket frass as manure, and the application rate
of 15 t ha? of cricket frass yielded the best results. Cricket frass significantly increased
the vegetative parameters (plant height, number of leaves, number of shoots, leaf area, and plant
biomass) of C. petersii at 5, 10, and 15 t ha™* compared to untreated plants. Moreover, cricket frass
increased the nutrient contents of C. petersii for CP and NDF as well as of Ca at 5, 10, and 15 t
ha! compared to untreated plants. The 15 t ha™* provided adequate levels of CP and Ca while still
maintaining a reasonable level of NDF. Using local resources such as species of Commelina and
cricket frass as manure could be a sustainable way for mass production of S. icipe.
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CHAPTER ONE: INTRODUCTION

1.1 Background information

Plants resources make food for most insects, and it is estimated that plants feeders (also called
herbivorous insects) approximately account 45 to 50 percent of insect species (Bernays, 1992;
Strong et al., 1984). Insect and plants interact differently at all levels such provision of habitat,
reproduction, pollination and food supply. For instance, in this interaction some herbivorous
insects feeding on one type of plant are considered as specialists, whereas others feeding on several
types of plants are called generalists. Generalists have an advantage over specialists due to a
broader resource base. This improves their nutrient balance and reduces exposure to high levels of
particular allelochemicals (Bernays & Minkenberg, 1997). Crickets of the Gryllidae family (e.g.,
Acheta, Gryllus, Teleogryllus and Modicogryllus) are generalists because they can feed on plants
of different families and even genera (e.g., Compositae-Bidens, Verbenaceae-Lanthana, Fabaceae-
Desmodium, Cleomaceae-Cleome, Commelinaceae-Commelina, Asclepiadaceae-Asclepias, and
Amaranthaceae-Amaranthus) (e.g., Carmona et al., 1999; Kinyuru & Kipkoech, 2018; Miech et
al., 2016; Ssepuuya et al., 2021). In Sub-Sahara Africa, it has been reported that reported that a
plant in the genus Commelina, namely Commelina benghalensis can be used as natural and
affordable feed for crickets (Kinyuru & Kipkoech, 2018). Plants in the genus Commelina
commonly known as “Dayflowers” are diverse in several agricultural ecosystems, and comprises
approximately 170 to 215 species worldwide (Faden, 1998; The Plant List, 2013). As the diversity
of plants is essential to sustain production of living organisms in several terrestrial ecosystems
(Booth & Grime, 2003), determining the diversity of species of Commelina in Sub Sahara Africa
is crucial for identifying potential source of feeds for crickets. This study hypothesizes that there
is no diversity of species of Commelina in different agricultural ecosystems. However, not all
crickets are known to feed on species of the genus Commelina. For instance, the house cricket
(Acheta domesticus L.) is known to feed on species of C. benghalensis, whereas the field cricket
(Scapsipedus icipe Hugel and Tanga) feeding on the same plant has not been explored. This is due
to lack of feeding experiments which are very complex as plant-food selection by insects varies
greatly depending on many factors (e.g., environment, species of cricket and species of plant).
Some studies suggested that odor, visual cues like color and phytochemicals are used by insects
for host plant finding and acceptance (e.g. Kostal & Finch, 1996; Prokopy et al., 1983a, 1983b;



Stanton, 1983). In contrast, other studies indicated that plant chemical constituents and nutrient
contents are more important in food discrimination and preference (Bernays, 1995; Chapman,
1995; Chapman & de Boer, 1995; Matthews & Matthews, 2010; Simpson et al., 1995; Ying et al.,
2003). Nevertheless, Ying et al. (2003) demonstrated that some insects can even differentiate
diverse plant-food types based on phytochemicals and nutrient contents without relying on visual
or color detections. Generally, phytochemicals in plants act as repellent or attractant for
herbivorous insects, while nutrient contents are important for their development and survival
(Bernays & Chapman, 1994). Moreover, the presence or relative concentrations of such bio-active
compounds varies across taxonomic groups of plants (Capinera, 2014; Chapman, 2009; Ward et
al., 2003). This study hypothesizes that the field cricket (Scapsipedus icipe) will have similar
feeding preference for different species of Commelina. While feeding insects with good quality
plant can improve their development and nutritional value, it is equally crucial to manage waste
accumulation in cricket production to prevent significant environmental issues. Proper waste
management plays a vital role in maintaining a clean and healthy environment. For instance, in
large-scale insect production facilities, the substantial amount of frass produced can lead to insect
mortality, air pollution, and nutrient imbalances in the soil. Therefore, implementing effective
waste management practices becomes essential to mitigate these potential problems and sustain a
more environmentally friendly approach to insect production. Different uses for insect frass have
been proposed such as biochar, solid product from biomass pyrolysis, and organic manure
(Poveda, 2021). Insect frass is rich in elements such as nitrogen, phosphorus, potassium and
microorganisms important for plant growth and soil improvement (e.g., de Souza Vandenberghe
et al., 2017; Poveda, 2021; Wanjugu et al., 2023). This study again hypothesizes that growing

conditions for production of Commelina using cricket frass as manure is similar.

The field cricket, Scapsipedus icipe Hugel and Tanga (Orthoptera: Gryllidae) (Tanga et al., 2018)
is edible and could be used to reduce malnutrition at local and global levels. It is native of Kenya
and distributed in the tropical climate of Africa (Tanga et al., 2018; Magara et al., 2021). This
insect is highly nutritional in terms of protein, fat, fibre, mineral and vitamins (Murugu et al.,

2021). The present study aims to optimize the utilization of species of Commelina as sustainable



feeds for crickets, thus improving cricket farming. Therefore, enhancing cricket production can

contribute to food and nutrition security in Sub Sahara Africa.

1.2 Statement of the problem

Crickets have significant nutritional value to address malnutrition in Sub Sahara Africa. In this
part of Africa, feed scarcity, food competition between human and crickets, high cost of
commercial feeds formulated for chicken as well as lack of knowledge to formulate low-cost
nutritionally balanced foods for crickets are key challenges for cricket farmers. Low-cost feeds
such as agricultural farm weeds are available throughout the whole seasons and can be used as
balanced feeds to meet cricket nutrient requirements. A plant in the genus Commelina, namely C.
benghalensis have been proposed as available and affordable feed for crickets (Kinyuru &
Kipkoech, 2018). However, there are several challenges that need to be addressed about the
utilization of Commelina plants as sustainable source of proteins in cricket farming. Firstly, the
diversity of species of Commelina needs to be determined as this genus represents 51 species in
the Flora of Tropical East Africa (FTEA) (Faden, 2012). Secondly, the preferences of crickets for
diverse species of Commelina need to be evaluated as nutrient contents and phytochemicals
influence insect feeding (Bernays, 1995; Chapman, 1995; Chapman & de Boer, 1995; Matthews
& Matthews, 2010; Ying et al., 2003; Simpson et al., 1995), with some insects exhibiting higher
preferences for single species, genera, family, and even cultivars (Capinera, 2014; Murray et al.,
2007; Murray & Clements, 1994). Finally, waste disposal from cricket farming such as cricket
frass using as manure for optimum growing conditions for mass production of Commelina plants,
need be determined. These challenges are interconnected and must be considered in the cricket
production as the diversity, nutrient contents and phytochemicals of Commelina can influence the
preferences of crickets, and the growing conditions of Commelina influenced by cricket frass as
manure affecting their productivity. Addressing these challenges can contribute to sustainable use

of species of Commelina as feed for crickets in Sub Saharan Africa.



1.3 Objective of the study

1.3.1 General objective
To investigate the use of species of Commelina as sustainable and affordable feed source for field
cricket, Scapsipedus icipe
1.3.2 Specific objective
The specific objectives are:
1) To determine the diversity of Commelina species across different agroecological zones in
Western Kenya
2) To evaluate the feeding preferences of S. icipe for species of Commelina
3) To determine optimum growing conditions for production of species of Commelina using

cricket frass as manure

1.4 Hypothesis

| am going to test:

1) Ho — There is no diversity in Commelina species across different agroecological zones in
Western Kenya

2) Ho - Feeding preferences of S. icipe for species of Commelina is the same

3) Ho — Growing conditions for production of species of Commelina using cricket frass as

manure is the same

1.5 Rational of the study

The use of insects as a source of protein is gaining increasing attention as a sustainable and efficient
alternative to traditional livestock production. The field cricket, S. icipe, is edible and could be
used to address the issue of malnutrition due to its high nutritional contents in terms of protein, fat,
fibre, mineral and vitamins. Moreover, it is more environmentally friendly and less expensive to
rear this insect for food and commercial farming. However, the availability and cost of feed remain
major constraints to the development of cricket farming. The species of Commelina are known to
be diverse, abundant and nutritious in Sub-Saharan Africa, and have the potential to serve as a

cost-effective and sustainable feed source of protein in cricket farming.



1.6 Justification of the study

The cricket farming is important to enhance food security and generate new source of income. For
plant-food habit of crickets, the genus Commelina has not been extensively studied as sustainable
feed for crickets generally, and likely the field cricket (S. icipe). This study will contribute to filling
this knowledge gap by determining the diversity of species of Commelina and evaluating
the feeding preference of S. icipe for these plants. In addition, by determining the optimum
growing conditions of species of Commelina using cricket frass as manure, this is very important
because cricket frass is a readily available and nutrient-rich waste product of cricket farming, and
can be utilized as a sustainable and cost-effective fertilizer for growing species of Commelina and

improve soil fertility. This study is relevant for enhancing food security in Sub-Saharan Africa.

1.6 Scope and limitation of the study

The study was carried out at Jaramogi Oginga Odinga University of Science and Technology
(JOOUST)-main campus insect and crop farms. The cricket insect type proposed in this study was
the field crickets, Scapsipedus icipe (Orthoptera: Gryllidae). This study was limited to the
ecological and nutritional traits of species of Commelina as feed for crickets, as well as agronomic
trait of using cricket waste as natural fertilizer in the growth of species of Commelina. It is
important to keep in mind that there may be additional traits or factors that could influence the
feeding preferences of S. icipe beyond our context. The present study is focused on optimization
of species of Commelina as sustainable feed for S. icipe in Sub-Saharan Africa.



CHAPTER TWO: LITTERATURE REVIEW

2.1 Introduction

The feed supply in insect production may present a challenge, as it plays a crucial role in providing
proteins and essential nutrients such as vitamins, carbohydrates, and fats to support the
development of insects’ bodies (Van Huis et al., 2022). Factors such as availability of feeds,
inconsistency in nutritional composition of agricultural side streams used as feed and high cost of
commercial feed formulated for chickens are major food-related-challenges limiting crickets
production in Sub Saharan Africa. Agricultural plants, including farm weeds, are diverse and play
a vital role in supporting various forms of biological diversity. While these plants are often
perceived as detrimental to agricultural food production due to potential yield losses, numerous
positive properties have been identified. These encompass their contributions to the environment
and food supplementation, such as improving soil health through organic matter provision and
serving as beneficial habitats for insects. Additionally, they offer nutrient enhancements, including
proteins, fiber, and minerals, and have applications in traditional medicine (Chikwanha et al.,
2007; Landis et al., 2005; Rodenburg et al., 2020). For food supplementation, agricultural farm
weeds of the Commelinaceae family, such as Commelina, have demonstrated their potential in
animal feeding. They can serve as feed for ruminants, monogastric animals like pigs, and even
edible insects (Akinfemi & Mako, 2012; Chikwanha et al., 2007; Kuo & Fisher, 2022). The role
of Commelina species in feeding edible insects is evident, and crickets feeding on them need to be
carefully evaluated. This literature review explores the preferences of crickets for agricultural farm
weeds, including species of Commelina, by providing insight into factors affecting feeding and
enhancing plant quality as feed for insects. The plants of the Commelinaceae family are poorly

investigated concerning cricket nutrition.

2.2 Diversity and reproduction of species of Commelina

Plant species growing in agriculture ecosystems are known as crops and weeds. Crops are plants
cultivated on large scale for profit or subsistence, whereas weeds are considered as unwanted
plants that grow in competition with crops. While all plant species that interfere with crops in
agricultural ecosystems are known as weeds, in natural ecosystems all non-native plants that have
negative impacts on biodiversity and ecosystem functioning are also recognized as weeds

(Ehrenfeld, 2010). Members of the genus Commelina are weed species growing in several
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agricultural ecosystems and commonly known as “Dayflower” and sometimes refer to “Wandering
jew” (e.g., Brazil). This genus of the family Commelinaceae is diverse and widespread in the
tropical and subtropical regions, and even warm-temperate regions of the world (Faden, 1998;
Wilson, 1981). The genus Commelina is regarded as the largest of the family (Acevedo-Rodr &
Strong, 2005) containing approximately between 170 to 215 species worldwide (Faden, 1998; The
Plant List, 2013), with some species (e.g., Commelina benghalensis) occurring with a number of
unusual morphological variants (Faden, 2012). These species are herbaceous annuals or perennials
that propagate both sexually (seeds) and asexually (vegetative), with vegetative propagation highly
plastic and adaptable for rapid production and uniform plant growth (Budd et al., 1979; Ecker &
Barzilay, 1993; Webster & Grey, 2008; Yang & Kim, 2016). The stems of species of Commelina
have a high moisture content and once well rooted they can survive for long periods without
moisture and produce more seeds (Wilson, 1981). For instance, it has been reported that mature
aerial seeds of species of C. benghalensis are produced within 14 to 22 days after flower opening
(Walker & Evenson, 1985). Studies in controlled environment have shown that species of
Commelina may depend on several factors such as light, temperature, agriculture inputs, ground
water level (Haroon et al., 2019; Isaac et al., 2013; Riar et al., 2016).

2.2.1 Nutrient contents of species of Commelina

Species of Commelina are reported to be utilized as a leafy vegetable, forage for ruminants, crop
protection and fuel (Lanyasunya et al., 2008; Makokha et al., 2017; Orech et al., 2007). With a
wide range of uses, they supply a large proportion of proteins, minerals, and vitamins as food
supplementation, improving the livelihoods of communities in different parts of the world.
Members of the genus Commelina are known as major contributors of micro and macronutrients
in diets, being a good source of proteins, significant amounts of calcium, iron, and manganese
(Lanyasunya et al., 2008; Orech et al., 2007). For instance, C. forskaolii, C. africana and C.
benghalensis are utilized as leafy vegetable in East Africa (Johns & Kokwaro, 1991; Orech et al.,
2007). Moreover, it has been reported that species of Commelina namely, C. diffusa, C.
benghalensis, C. erecta and C. communis, exhibited rich nutritional profile with organic matter
(88.0-95.30%), crude protein (14.71 - 19.50%) and fats (2.10-3.70%) (Cavichi et al., 2023;



Ezeabara et al., 2020; Peduruhewa et al., 2021). These species are also rich in micro-nutrients
(calcium, magnesium and manganese) and vitamin C, vitamin B2 and vitamin B3 to alleviate food
malnutrition. Furthermore, several studies reported that species of Commelina namely, C.
forskaolii, C. benghalensis, C. africana, C. diffusa and C. erecta are regarded as good ruminant
fodder for goats, sheeps, cows and other ruminants in Sub Sahara Africa (Geesing & Djibo, 2001;

Ingratubun et al., 2000; Lanyasunya et al., 2008).

2.2.2 Phytochemicals of species of Commelina

The plants of the genus Commelina are widely used in medicine due to their role as a source of
bioactive compounds. Although there may be no apparent morphological characteristics in their
growth, they possess therapeutic properties in traditional medicine (Bussmann et al., 2021; Johns
& Kokwaro, 1991). They can be used for the treatment of headache, constipation, leprosy, fever,
snake bite and jaundice in several part of the world (Hasan et al., 2008). In East Africa, species of
Commelina are used in the treatment of mouth thrush, insanity, epilepsy and psychosis (Bussmann
et al., 2021; Tabuti et al., 2003). In Central and South Africa, Commelina are applied to treat
infertility in women and in India used as bitter, laxative, anti-inflammatory, demulcent, emollient
and depressant (Hong & DeFillipps, 2000). Studies on the biological activity of species of
Commelina have demonstrated that leaf extracts contain various phytochemicals, such as alkaloids,
flavonoids, steroids, terpenoids, volatile oils, saponins, and tannins, among which flavonoids are
the most frequently identified (Martinez & Swain, 1985). Additionally, the chemical compositions
of species of Commelina are highly variable due to growth characteristics, genetic variations, and
environmental factors. For example, in C. erecta, 13 phenolic compounds were identified, with
apigenin, luteolin, and quercetin derivatives being the most abundant (Cavichi et al., 2023), while
C. diffusa contains 21 phytochemical components, with sterols, terpenoids, and alkanes being
abundant (Rahman et al., 2021).

Some phytochemicals produced by various plants act as antifeedants or phagostimulant to many
herbivorous insects. Antifeedants or repellents are a class of compounds that inhibit insect feeding,

although they do not directly kill insects. Most plants that show antifeedant activity are classified



into the following four categories: sesquiterpene lactones, heterogeneous flavonoids, quassins, and
limonoids (Pan et al., 2016). Some of these agents can either show only relative antifeedant activity
within a certain period or show a long period antifeedant activity, by affecting insect host selection.
As for feeding phagostimulants, these compounds serve as important host recognition cues for
herbivorous insects. Such cue compounds can occur as volatile attractants or as contact stimulants
that insects only perceive after biting the tissue. For instance, sucrose alone and some phenols are
known to play a role of phagostimulant stimulating cells in the lateral and epipharyngeal sensilla
of many herbivorous insects (Chapman, 2003). Hence, feeding by herbivorous insects is governed
by the balance of phagostimulatory and deterrent inputs, and this might be the sole determinant of

acceptance or rejection.

2.3 Cricket insects

2.3.1 Morphological structure and Ecology

Crickets account approximately 2400 species belonging in the order of Orthoptera and Gryllidae
family. Crickets have hard shell called an exoskeleton covered the body with a morphological
structure characterized by hind jumping legs, long thread-like antennae, two slender tactual
abdominal cerci, three tarsal segments, and some bulbous sensory setae basally on the insides of
the cerci. Cricket has three stages in their life cycle: egg, nymph, and adult. At maturity, a female
cricket has a long tube called ovipositor extending from the end of the abdomen that easily lay

approximately 100 to 200 eggs.

The humidity, land-use management and ecosystem disturbance regulate the range, population and
density of crickets (McCluney & Date, 2008). For instance, a female cricket requires warm and
moisture sites for oviposition and immatures have difficulties to survive in cold environments
(Ferreira & Ferguson, 2010). Nevertheless, crickets occur over a wide geographical range and live
in trees, shrubs, grass and even underground. Crickets are omnivorous, feeding on varieties type
of foods. They eat dried organic materials, fresh plant matter, fruits, seeds, and both living and
dead organisms. In nature, crickets play important role in the decomposition of communities of

many ecosystems.
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Figure 1. Morphological structure and life cycle of a field cricket

2.3.2 Domestication and mass rearing

The cricket production system is expected to grow significantly as an increasingly affluent global
population reaches over 9 billion by 2050 due to the demand for protein. Crickets farming are
considered has the most common species farmed. For instance, it was recently estimated that over
20 000 cricket farms have been successfully recognized in Thailand, whereas in Texas about 22
million crickets raised every month at Aspire Food Group’s indoor (Engelking, 2017; Udomsil et
al., 2019). Edible insects are harvested from their natural habitats (Van Huis et al., 2013), with
some species domesticated for home consumption purposes as well as for business supply at small
and large scales. However, successful in domestication of cricket requires knowledge of proper
technics regarding housekeeping, adequate tools and materials, good food quality and best practice
of environmental conditions. Crickets have a short life span and can be easily reared with plant

materials.

2.3.3 Nutritional composition of crickets
There are several species of cricket world widely consumed. Specific analyses of different
nutritional aspects of crickets have been done on several species, such as the field cricket (e.g.,

Gryllus and Teleogryllus genera) and the house cricket (Acheta genus). An investigation carried
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by Wang et al. (2004) on the nutritional content of the adult crickets (Gryllus testaceus Walker)
indicated that the insect is rich in crude protein 58.3 %; fat 10.3 %, chitin 8.7 % and ash 2.96 %
on dry matter basis respectively. In the same study, it was concluded that the total percentage of
oleic acid, linolic acid and linolenic acid was 77.51%. In another study by Bawa et al. (2020) on
nutritional content of the house cricket (Acheta domesticus), it has been shown that the insect
contain high mineral contents for sodium, calcium, potassium, phosphorus and iron as well as
vitamin B content for B2, B3 and B12. It is important to note that different feeds have an effect on
the nutritional composition of cricket for crude proteins, carbohydrates, fats and
macro/micronutrients (Bawa et al., 2020; Miech et al., 2016; Oloo et al., 2020; Orinda et al., 2017).
Furthermore, crickets can be processed into foods such as biscuits, bread and flour without losing

their micronutrient value (Dobermann et al., 2019).

2.4 Insect behavior and food-plant selection

Agricultural plants such as weed farms are considered as primary source of food for many insects
(Capinera, 2005). It has been shown that many insects are able to feed on many of them to be
known as generalists, while few of them can feed on specific plants and are known as specialists.
This involves a multifaceted selection criterion mostly related to selection and behavior habits,
mouthpart morphology, allelochemical-based compounds preference, feed on plants within certain
families and feed on plants part such as inflorescence, stems or leaves. For instance, Opoke et al.
(2019) conducted a study on the preference plants for the edible grasshopper (Ruspolia differens)
and the insect was found to feed frequently on two grasses (Panicum maximum, and Sporobolis
pyramidalis), but could also accept a wide range of species of the same family namely, Brachiaria
ruziziensis, Chloris gayana, Hyparrhenia rufa, Cynodon dactylon and Pennisetum purpureum.
Furthermore, it was reported in the same study that the most predominantly part of these plants
eaten by the insect were the inflorescences. Another study conducted on the edible crickets
(Gryllus pennsylvanicus L.) reported that the insect eat average of 223 redroot pigweed
(Amaranthus retroflexus L.) seeds per day (Carmona et al., 1999), while the house cricket, Acheta
domesticus can feed well on several species including species of Commelina benghalensis, Bidens
pilosa, Gallisonga parviflora, Lantana camara and Demodium spp. (Kinyuru & Kipkoech, 2018).

However, it is important to note that on some occasion, most insects over-run their food supply,
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and may be forced to feed on nonpreferred or unacceptable plants. In this case, behavior orientation

of insects plays an important role in the choice of resources (Finch & Collier, 2000).

2.5 Farming systems

Farming system is a method of farming which aimed to cultivating land and raising crops in such
a way as to keep the soil alive and healthy by use of various kind of organic wastes such as crop,
animal, farm waste and other biological material along with biofertilizers. It basically brings
together the plant development, impact on growth of soil, water, nutrients, disease and pests and
the influence of management processes. Good farming system meet the growing demand for food,
focus on closing yield gaps, and take into account the minimization of environmental stress
(Balmford et al., 2005; Pradhan et al., 2015). There are different types of agricultural farming
systems depending on the purpose of the plant use under a given social, economic and
environmental conditions. In this case, the type of crop grown may depends on the traditional,
organic or conventional management systems available. However, crop production for phytomass
purpose can be grown in different types of environments from open fields, greenhouses with or

without environmental control units, to indoor system.

The open field system is characterized by stable crops in a naturally environment with very low
natural and artificial controllability of the root zone and aerial environment (weather), whereas the
indoor system is generally characterized by high artificial controllability of both the aerial and root
zone environment. As for the greenhouses, it shows intermediate stability and controllability
between open fields and indoor systems (Kozai & Niu, 2016). Additionally, in many urban
landscapes of the world with scarcity of arable lands, the practice of growing crops on top of
residential, commercial, and industrial buildings has been successfully adopted as a mean to
maximize underutilize spaces. The system is well known as Rooftop system (RS), with building
design with green roof (Mandel, 2013; Sabeh, 2016; Whittinghill & Starry, 2016), recognized as
mitigation strategies to alleviate urban particulate pollution (Speak et al., 2012). Sometimes RS is
an integration part of indoor system when plants are produced following a vertical farming system.

Vertical farming is the practice of producing food on vertically inclined surfaces.
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Figure 2. Type of farming systems

2.5.1 Role of fertilizer in farming system

Farming systems rely on fertilizers (both synthetic fertilizers and animal manure) for crop
production. Fertilizer has been defined as any substance, solid or liquid, inorganic, natural or
synthetic, single or combination of materials that is applied to soil or to a plant to provide one or
more of the essential elements for plant nutrition, growth yield, or quality, or for producing a
chemical change in the soil that contributes to improved plant nutrition and growth (Kozai & Niu,
2016). Fertilization is successfully achieved when the soil or any substrate is supplied with
essential nutrient in adequate amount and proportion throughout the plant growing season. Plant
nutrition and soil fertility can be adapted to specific site by combining nutrients from organic,
mineral and biofertilizer sources to serve needs of food production and economic, environmental
and social viability. Different plants need specific nutrients to meet their requirements to sustaining
nutrient level in the soil or substrate. Hence, nutrient is classified in three groups based on plant
grow need. Most plant needs macronutrients or primary nutrient including nitrogen (N),
phosphorus (P), potassium (K), secondary nutrients such as calcium (Ca), magnesium (Mg) and
sulphur (S) and micronutrients or trace elements such as Chlorine (CI), Iron (Fe), Manganese (Mn),

boron (B), selenium (Se), zinc (Zn), copper (Cu), molybdenum (Mo). Macronutrients are the
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elements that the plant needs in high concentrations, whereas secondary nutrients are required in
smaller amounts in comparison to macronutrient (Kihara et al., 2017). Micronutrient are also
needed in small amount and plays important role in the growth and defense of plants (Romheld &
Marschner, 2018). The main three sources of fertilizers are organic, inorganic and biofertilizers.
Organic fertilizers are made from natural and organic materials mainly composed of peat moss,
compost, or other animal manure and plant products degradable, whereas inorganic fertilizers are
made of chemical components that contain necessary nutrients usually in the form of liquid,
powdered or granular available in bags. The biofertilizer fertilizer are valuable microorganisms
such as bacteria, algae and fungi alone or combination which play a vital role in plant development

by helping them reach and absorb nutrients.

2.5.2 Role of water, temperature and light in farming system

The three most important variable affecting plant growth are water, light exposure, and
temperature in any farming system. The requirement or amount of these variables for a plant to be
produced is important. The concept to understand when growing plants is the rule of limiting
factors, which determines the quality of the plant and determine optimum growing conditions of
these variables. Water movements (water-table fluctuations) have particularly drastic
consequences on plants (Bornette & Puijalon, 2009). Hence, applying too much water can
suffocate plant roots and too little water causes growth to become erratic and stunted. Watering
frequency will depend on the conditions under which the plants are growing. As for temperature
and light, these two are linked through the processes of photosynthesis and respiration. For
instance, reductions in light intensity could affect carbon balance of plant (Lichtenthaler et al.,
1981, Su et al., 2014), while high temperature than needed speeds up respiration leaving the plant
with little to none of resources for growth. Therefore, under insufficient light and above or below

temperature that is needed the plants do not grow.
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2.6 Conceptual framework of the study
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Two-way arrows indicate that two variables influence each other in a bidirectional or feedback
loop manner.

Figure 3. Conceptual framework
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CHAPTER THREE: MATERIALS AND METHODS

3.1 To determine the diversity of species of Commelina across different agroecological
zones in Western Kenya

3.1.1 Study site

This study was carried out between October-December 2020 in three Kenyan counties (Siaya,
Kisumu and Homabay) surrounding Lake Victoria in Western Kenya. Kenya is mostly divided in
seven agroecological zones, with the western Kenya classified between zones | and llI
characteristics with humid to sub-humid climate (Sombroek et al., 1982; Jaetzold & Schmidt,
1982). The vegetation surrounding the Lake Victoria varies from woodlands, wetlands, and even
sometimes croplands. The annual precipitation in Siaya county range between 1100 — 1600 mm,
whereas in Kisumu it varies between 1200 — 1700 mm. As for Homabay county, the precipitation
ranges between 1200 — 1800 mm per annum. The main soils types in cultivated land in Western
Kenya are mostly a mixture of acrisols, nitrosols, ferralsols and cambisols (Ngome et al., 2011a;
Omuto, 2013) suitable for agriculture (Recha, 2018). In the study site, several crops are grown by
smallholder farmers. This includes maize, sorghum, rice, bean, vervet bean, kale, tomato, spinach,
cabbage, nightshade, spider flower, onions, sugarcane, citrus, orange, mango, avocado, papaya,
sweet potato, cucumber, groundnut and cotton. Predominance of conventional system is adopted
and applied by farmers as cultural practice, but can also follow certain techniques/methods such
as crop spacing, crop establishment, farming methods, manure inputs and control of weed. The farm
lands in the three counties comprised 12 production sites under two agriculture system types, the
rainfed and irrigation systems. These production sites adjacent Lake Victoria were chosen due to
accessibility and area where agriculture activities were still taking place (Figure 4). Geographically,

these sites undulate at an altitude ranging between 1121.9 m and 1174.4 m above sea level.
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Figure 4. Map indicating the location of the study area in Western Kenya (production sites
located in Siaya, Kisumu and Homabay counties)

3.1.2 Data collection

3.1.2.1 Plant Sampling

Purposive sampling technique was employed to collect the species of Commelina in farmer fields
using quadrat of 1 x 1 m size. Since farmer fields comprise small hectarage with irregular shape,
the number of sampled fields differed between production sites. Hence, three quadrats per field were
sampled to maintain the filed uniformity corresponding to 180 quadrats recorded in total of our study
area. The species of Commelina and associated weed species were recorded following
phytosociological method determined by Mueller-Dombois and Ellenberg (1974) that consist of
counting all individual species in a quadrat. Identification of weed species was captured using field
guides (Agyakwa & Akobundu, 1987; Ivens, 1967), regional flora for comprehensive identification
of Commelinaceae family (Agnew, 2013; Faden, 2012), and AFROweeds identification tool
(Rodenburg et al., 2016). Weed species difficult to identify in the field were collected and pressed for
later determination at the East African Herbarium (EAH) of the National Museums of Kenya. Correct
species names were verified using The Plant List (2013) and Faden (2012) for Commelina plants.
Life-cycle of weed species were classified in five groups (annuals, perennials, short-lived perennial,

parasitic and unknown).
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Picture 1: Plant sampling using quadrats followed by identification at the East African
Herbarium (EAH) of the National Museums of Kenya

3.1.2.2 Environment and management variables

In the study area, 60 soil samples were used to explain consistency of environment nutrient
variables background on species of Commelina. Soils were sampled at a depth of 0 - 20 cm (Cline,
1944). After sampling, the soils were labelled, air-dried, sieved with 2-mm aperture and placed in
plastic bags. Later, about 200 grams of each soil sample from same production site were combined
in a composite sample to be submitted for laboratory analysis at Kenya Agriculture and Livestock
Research Organization (KALRO) in Nairobi. The analysis included soil pH, electric conductivity
(EC), total organic carbon (TOC), total nitrogen (TN), available phosphorus (P), cation exchange
capacity (CEC), exchangeable Ca, Mg, K, Na, exchangeable sodium percentage (ESP) and soil
texture (silt, sand and clay). The concentration of TN, TOC, CEC, Exchangeable Ca, Mg, K, Na,
ESP and soil texture class (silt, sand and clay) were expressed in percentage, whereas available P
was expressed in ppm (party per million) and Electric conductivity (EC) expressed in mS/cm
(millisiemens per centimeter). The Soil pH and EC were determined in a 1:2.5 (w/v) soil-water
suspension with a pH meter and conductivity meter, respectively (Varley, 1972). For the
determination of Ca, Mg, K, Na and CEC, soil samples were leached with 1N ammonium acetate
buffered at pH 7. The leachates were analyzed for exchangeable Ca, Mg, K and Na. Furthermore,
samples were leached with 1 N KCI, and the leachate was used for the determination of the CEC.

The determination of Na and K elements were done with a flame photometer, whereas Ca and Mg
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elements were determined with AAS (atomic absorption spectrophotometer). The CEC was
determined by distillation followed by titration with 0.01 N HCI (Page, 1982). Conventional
routine methods were used to determine TOC (Nelson & Sommers, 1996), available P (Mehlich,
1984) and TN (Bremner, 1965). The soil texture (proportion of silt, clay and sand) was determined
by the Hydrometer method (Bouyoucos, 1951).

For field management, 60 farmers were interviewed using semi-structured questions about farming
methods, crop establishment, crop spacing, weed control, cost of weed control, fertility, and
agriculture system type to understand the background of these variables on species of Commelina.
Soil sampling was conducted in their fields, and information on surrounding vegetation was
recorded through field observations. The data were captured using an open questionnaire pre-
installed in ODK tools (ODK Collect v1.28.2). The derivation of surrounding vegetation and

management variables is presented in Appendix 1.

3.1.3 Data analysis

To assess the relative density of weed species in quadrats, absolute density was measured as total
number of individual species per total number of quadrats studied. The relative value was obtained
by dividing absolute value by total value for all species multiply by 100 percent, calculated in
Microsoft Office Excel 2021® program.

The diversity indices of species of Commelina among production sites was evaluated as
Shannon-Weaver (H) diversity index (Shannon & Weaver, 1949), Piclou’s evenness (E) index
(Pielou, 1966) and Margalef (M) index (Magurran, 1988). These indexes were calculated

following the equations:

H=->..(R)(InR) (1)

H
=TS 2
S-1
M=>"=
LnN )

where P; is the proportion of all observations in the i species, N the total number of individuals
of all species in the sample, Ln = logbase, and S the number of unique species per quadrat. Higher
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value of these indices indicates high diversity and lower value a low diversity, a value of indices

equals to 0, indicates community dominated with only one species.

Differences in environment variables among production sites were assessed by the analysis of
variance (ANOVA). At all analysis, pairwise comparison evaluated significance of means for any
difference in variable among production sites using Turkey’s Honest Significant Difference test
(P < 0.05). All 14 environment variables were normalized by logarithmic [log(x + 1)]
transformation to meet the assumptions of normality because one unit variation in nutrient
concentration is considered as much more important at low than it is at high concentrations
(Palmer, 1993).

The relationship between diversity of species of Commelina, environment and management
variables were evaluated using multiple linear regression analysis. Prior to analysis, the diversity
indices and environment variables were standardized. Shannon-Wiener diversity index (H”),
Pielou’s evenness index (E) and Margalef index (M) were considered as responses, whereas
environment and management variables were predictors. Selection of best model depended on
statistic methods for Adjusted R? values and difference between models for Akaike’s information
criterion and Bayesian information criterion. The standardized beta coefficients, ranked the order
of predictors in term of their contribution to the model. In multiple linear regression, significant
(P < 0.05) environment variables with variance inflation factor (VIF < 20) were used as dropping
threshold. This procedure resulted in elimination of two variables: calcium and cation exchange
capacity due to high multicollinearity (Appendix 1). Analysis of variance and multiple linear
regressions were employed using STATA 14.2 statistical software (Stata Corp LLC, Texas, USA).

To explain the relationship of weed species—explanatory variables, multivariate statistical
analysis as ordination technique was employed (Hanzlik & Gerowitt, 2016). Prior to multivariate
analysis, we prepared three matrices in form of tables: 1) weed count with r rows and ¢ columns
(r = 180 quadrats; ¢ = 115 species); 2) weed count with r rows and s columns for species of
Commelina (s = 11 species); 3) an environment and management matrix with r rows and v columns
(v =22 variables) of which 14 quantitative environment variables: electric conductivity (EC), soil
pH, total organic carbon (TOC), total nitrogen (TN), available phosphorus (P), cation exchange
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capacity (CEC), Exchangeable Ca, Mg, K, Na, exchangeable sodium percentage (ESP), soil
texture (silt, sand and clay) and seven qualitative variables, management recorded into “binary
dummy” variables (farming method, crop establishment, crop spacing, weed control, cost of weed
control, fertility and agriculture system type). Description of surrounding vegetation as
environment variable was also recorded as “binary dummy”. To achieve the assumptions of
normality, weed count data were square-root transformed, which is considered the most
appropriate for count data in quadrat (Lep$ & Smilauer, 2003), while quantitative environment
nutrient variables follow a logarithmic [log(x + 1)] transformation. The scientific names of all
recorded weed species were replaced by their five-character EPPO codes (European and
Mediterranean Plant Protection Organization (EPPO, 2021).

Detrended Correspondence Analysis (DCA)

A Detrended Correspondence Analysis (DCA) was run on the entire data set (180
quadrats by pattern of 115 species) to detect ecological conditions of species of Commelina and
composition of associated weed species. Because some species of Commelina were recorded with
low counting, rare species were not down-weighted or selected following a specific criterion to

allow maximum differentiation among species.
Canonical Correspondence Analysis (CCA)

At first, a Canonical Correspondence Analysis (CCA) was performed to link the
relationship between the distribution of Commelina and environment and management variables.
The data set of 180 quadrats by patterns of 11 species of Commelina revealed a unimodal rather
than linear ordination technique checked by DCA depending on the gradient length (SD units > 3)
(Ter Braak & Verdonschot, 1995). Hence, we subjected our data to a Canonical Correspondence
Analysis (CCA, assuming unimodal response) using methods recommended by Lep$ & Smilauer
(2003). All multicollinearity issues among explanatory variables were checked by discarding
variables with variance inflation factor (VIF = 0 or VIF > 20; Ter Braak & Verdonschot, 1995).
We analyzed marginal and conditional effect using forward selection to rank importance of
environment and management variables that build our minimal significant model. Only significant

(P < 0.05) variables were used for CCA ordination to improve explanation of variables in the
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diagram, and variables with non-significance (P > 0.05) were excluded (Borcard et al., 1992).

Secondly, a partitioning variation of the two sets of explanatory variables (“environment”
and “management”) was assessed using Commelina data set (180 quadrats by patterns of 11
species of Commelina). Partitioning variation was helpful to quantify fraction of variation
explained of each single effect of explanatory set (“environment” and ‘“management”,
respectively) and “shared” effect (environment X management). This was resulting in the
summation of all fractions (“environment” + “management” + “shared” effect + U, with U being
the unexplained variation). To achieve this approach, a series of CCAs and partial CCAs (pCCAs)
were carried out following Borcard et al. (2012) steps: 1) a CCA with all two variable sets
(environment and management) initiated for quantification of fraction of total amount of variation
explained (TAVE), no covariable was included; 2) a pCCA with one of the two variable sets as
environment variable and the other as covariable to get single effect for each set of variable; 3)
variation of shared effect interaction between the two variable sets was calculated; 4) unexplained
proportion of variation was calculated (100-TAVE). Analyses of DCA, CCAs and pCCAs
ordinations were performed using CANOCO program (version 4.56; Ter Braak & Smilauer, 2002)
and CanoDraw for Windows (version 4.12; Ter Braak & Smilauer, 2002) to visualize the graphs
generated by DCA and CCA.
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3.2 To evaluate the feeding preference of Scapsipedus icipe for species of Commelina

3.2.1 Scapsipedus icipe

Colonies of Scapsipedus icipe were obtained from Jaramogi Oginga Odinga University of Sciences
and Technology (JOOUST) insect farm in Bondo, Kenya since 2014. The crickets are reared in
different screenhouses under optimal temperature range between 28°C to 36°C, 59-77% relative
humidity (RH), and scotophase of 12 hours. They are feed on commercial diet (chicken mash)
from Unga Farm Care (E. A.) Ltd FUNGO® Grower Mash, Nairobi, Kenya. Field cricket, S. icipe
is a native species of Kenya and it is adapted to diverse climatic zones and different food types
(Tanga et al., 2018).

Three batches of eggs of S. icipe were incubated in three 100-litre plastic buckets (950
eggs/buckets). The eggs were placed on humid cotton wool in the buckets and covered with 1 mm
mesh net to prevent predators eating the crickets and their escaping. To provide a refuge, egg trays
(29 cm x 29.5 cm) were placed vertically in the buckets. Drinking water was provided ad libitum
in the form of moist cotton wool in a 16 cm saucer, which was changed every two days. Other
conditions, such as, cleaning, disinfection and control of predators was monitored every day
following the procedure in the cricket rearing handbook of Orinda et al. (2021). Crickets were
supplied with commercial diet for a period of 30 days, starting from day 14 Post-Hatching (PH).
One-month old crickets with same body size were used for preference experiments. Crickets were
weighted at the beginning (1% day - initial weight) and end (5 day - final weight) in no-choice
experiment. Mortality of crickets was recorded daily in each treatment and dead insects replaced
immediately by live ones from backup buckets, which each contained 15 crickets reared in the
same food-plant/treatment as those selected for the preference experiments. Prior to providing the

crickets with leaves of Commelina they were deprived of food for 16 h to increase their hunger.
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Picture 2: Collection of cricket eggs and cricket maintenance at JOOUST insect

3.2.2 Source and management of species of Commelina

A total of 11 of species Commelina were obtained from different agroecological zones of Western
Kenya (Appendix 4). Each of these species was grown in a plot of 1 m x 1 m, replicated three
times and watered every day for a month before use in the feeding experiments. No pesticides or
fertilizers were used. Fresh leaves were cut from the first to third nodes in the apex of each
Commelina plant for feeding to the crickets. In addition, fresh leaves of each of the 11 species
were harvested for analysis of their nutrient content and phytochemicals. Prior to feeding, leaves
of each species were rinsed with clean water and then left to dry for 10 min. During the
experiments, the crickets were provided with fresh leaves every day. It is important to note that
only leaves of Commelina plants were supplied as food in this experiment because they were
considered to contain the nutrients essential for the development of herbivorous insects (Dethier,
1954).

Calculation of total leaf area (cm?), consumed leaf area (cm?) and percentage of leaf consumed
(%) were measured using LeafByte: mobile application (version 1.3.0; Getman-Pickering et al.,
2020) on Apple iPad mini-3 tablet. The leaves were measured flat before and after feeding using
a transparent glass protector, model iPad mini tablet. In order to obtain accurate pictures taken at
an angle, a white background scale with 4 black dots arranged in a square (10 cm spacing) was
used.
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3.2.3 Experiment design

To evaluate feeding preferences of crickets on different species of Commelina, three experiments
were carried out. A no-choice, dual-choice and multiple-choice experiments were conducted over
a period of five days. The no-choice involved 11 species of Commelina as treatments, whereas
dual-choice experiments involved 11 species of Commelina from which 10 treatments were made.
The multiple-choice experiment comprised four Commelina as treatments. Each experiment was
conducted in over a period of 5 days from 18" April to 1% May, 2021. A randomized complete

block design with three replicates was involved in each experiment.

3.2.3.1 Leaf feeding

No-choice experiment

The purpose of this experiment was to evaluate the rate of feeding of the cricket on the leaves of
the most and least preferred species of Commelina. Preferences of crickets were assessed relative
to two reference species, COMBE1 and COMBEZ2. In this experiment, crickets were fed 1.5 grams,

which was based on a preliminary experiment.

Dual-choice experiments

The dual experiments were carried out in similar manner to no-choice experiment, however two
Commelina species were compared as the experimental unit. Two dual-choice tests were carried
out—the first test evaluated each species of Commelina in comparison to COMBE 1 and the
second test compared to COMBE 2. A preliminary experiment indicated that 1 gram should be fed

to the crickets in this experiment.

Multiple-choice experiment

This experiment aimed to rank the most preferred species identified in no-choice and dual-choice
experiments. Hence, it was done in a similar manner as the no-choice experiment, but there was
no reference species. The four most preferred species of Commelina were compared with one
another. A preliminary experiment indicated that 0.8 grams should be fed to the crickets in this

experiment.
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3.2.3.2 Nutrient contents analysis

Fresh tender leaves of each species of Commelina were separately harvested then oven dried at
65°C for 24 hours and airdried for 24 hours, and finally crushed using a blander (Sinbo SHB 3090
Turbo Blender, Made in P.R.C.). The powder from each species was passed through a 45 mm
aperture sieve. Approximately 25 grams of fine powders of each species of Commelina were
placed in polyethene bags and kept airtight for nutrient analysis at the nutritional laboratory,
faculty of veterinary medicine, department of animal production, University of Nairobi. Nutrient
analysis was done involving proximate components and Van soest system for fiber fractions as

well as mineral content.

3.2.3.3 Proximate components and Van soest system for fiber fractions

Proximate analysis was done using 5 grams of the powder of each plant (Kirk & Sawyer, 1980).
The analysis included determination of moisture content (Mc) conversion to dry matter (DM), ash
(ASH) content, crude protein (CP), ether extract (EE), crude fibre (CF) and nitrogen free extract
(NFE) according to the standard methods of the Association of Official Analytical Chemists
(AOAC, 1998). Moisture content was determined by heating the sample in an oven at 105°C for
12 h, cooled in desiccants at 60°C and weighed. Ash content, which indicates the mineral content,
was determined by incinerating samples at 550°C in a muffle furnace, which were then cooled and
weighed. Crude protein was determined using the Kjeldahl method and the values multiplied by
6.25. Ether extract of the samples were also obtained. Crude fibre content was obtained by
successive digestion of defatted samples using 1.25% sulphuric acid and 1.25% sodium hydroxide
solutions (Kirk & Sawyer, 1980). Nitrogen free extract (NFE) was obtained by subtracting the
percentage of the above determinations from 100%.

Van Soest analysis was used to determine values of neutral detergent fibre (NDF), acid detergent

fibre (ADF), acid detergent lignin (ADL), levels of cellulose and hemicellulose. NDF, ADF and
ADL were determined using the Van Soest & Robertson (1985) method.
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3.2.3.4 Mineral composition

One gram of leaves powders was placed in muffle furnace at 550°C for 1 h. The ashed sample was
dissolved in hot 10% of hydrochloric acid and nitric acid (ratio 3:1) and diluted to 100 mL standard
flask with distilled water. Content of the various minerals (Iron, Zinc, Calcium, magnesium,
sodium, potassium, manganese and copper) were determined using atomic absorption
spectrometry (AAS) (Shimadzu, AA-6300, Tokyo, Japan) according to Association of Official
Analytical Chemists methods (AOAC, 1998).

3.2.3.5 Extraction and analysis of phytochemicals

Leaves of 11 species of Commelina were harvested and then left to dry for 7 days to induce the
production of bio-active compounds. The dried leaves were powdered using a blender (Sinbo SHB
3090 Turbo Blender) and passed through a 45 mm sieve. The powders were kept in air-tight
polythene bags in cool-dry place until required for the laboratory analysis at the nutritional
laboratory, faculty of veterinary medicine, department of animal production, University of Nairobi.
Confirmatory qualitative tests for nine phytochemicals (phenols, alkaloids, glycosides, tannins,
steroids, flavonoids, terpenoids, saponins and anthraquinones) were done using standard methods
Yadav & Agarwala (2011), Evans (2009), Sofowora (1993) and Harborne (1973).

Test for Phenols
Ferric chloride test: a mixture of 2 mL plant extract and 2 mL distilled water followed by 10 %
FeClz solution were mixed. The bluish black color appearance was an indication of the presence

of phenol.

Test for Alkaloids

Mayer’s test: Two mL of water extract was mixed with 2 mL of 1 % HCI and heated gently, then
two drops of Mayer’s reagent and Dragendorff’s reagent were added to the mixture. The presence
of yellow precipitation or turbidity confirmed the presence of alkaloids.
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Test for Glucosides

Libermann’s Test: Two mL of chloroform and 2 mL of acetic acid were added on 2 mL of crude
extract. The solution was ice cooled followed by addition of concentration of H2SO4. Color change
from blue to green indicates the presence of glycosides.

Test for Tannins
Ferric chloride Test: Two mL of 5 % FeClsz solution was added to 2 mL of plant extract.
Appearance of dark blue of greenish black color indicated the presence of tannins.

Test for Steroids
Sulphuric acid Test: two mL of extract was mixed with 2 mL of chloroform and concentrated
H2SO4 was added by sides of the test tube and observed for red color at the lower chloroform layer

indicated the presence of steroids.

Test for Flavonoids
Four mL of extract was taken and 2 mL of 50% methanol added. The solution was warmed and
magnesium was added. This was followed by addition of 5 to 6 drops of concentrated HCI. Red

coloration confirmed the presence of flavonoids.

Test for Terpenoids

Sulphuric acid Test: Four mL of extract was dissolved in 3 mL of chloroform. This was than
evaporated to dryness and 2 mL of concentration. Ho.SO4 was added and heated for about 3minutes.
A grayish color indicated the presence of terpenoids.

Test for Saponins

Foam Test: two mL of extract was taken in a test tube and 10 mL of distilled water was added and

shaken vigorously. Formation of foams confirmed the presence of saponin.
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Test for Anthraquinones

Borntrager’s Test: A total 0.5 mL of extract was boiled with 2 mL of 10% HCI for how many
minutes in a water bath. The resultant solution was filtered and allowed to cool. Equal volume of
chloroform was added to the filtrate. Few drops of 10% NH3 solution was added to the mixture

and heated. Formation of rose-pink color indicated the presence of anthraquinones in the extracts.

(a) Lab work (b) Foams, presence of saponins  (c) blue-dark, presence of phenols

Picture 3: Extraction and analysis of phytochemicals of species of Commelina at the
University of Nairobi

3.2.4 Data analyses

Collected data on consumed leaf area, total leaf area, percentage of leaf consumed (%), initial
insect weight, final insect weight and mortality were entered and recorded in Microsoft Excel
2021°. Data were checked for normality and homoscedacity using Shapiro-Wilk and Bartlett tests.
A logarithmic [log(x+1)] transformation was applied to data where necessary. Non-parametric
tests were used in case of nonnormal distribution and no homoscedastic data after transformation.

To differentiate the rate at which the cricket fed on the leaves, comparisons of leaf nutrient
concentrations and mortality of crickets were tested using ANOVA, paired t-test and Kruskal-
Wallis tests at different critical values of alpha (a =0.0001, o = 0.001, o= 0.01 and a = 0.05).

To determine the relationship between insect final gained weight and percentage of leaf
consumed (%) in no choice experiment based on linearity assumption, a simple linear regression
model at critical values of alpha (a = 0.05).

Spearman correlation was used to determine associations between the percentage of the

leaves consumed and leaf nutrient content at a critical value of a= 0.05, whereas Principal
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Component Analysis (PCA) using standardized variables (factor loading < .28) revealed patterns
of relationship between species and nutrient contents.

Beta regression model was used to determine the phytochemicals that influence leaf feeding
at a critical value (a = 0.05). This regression is an extension of the generalized linear model and
most suitable for situations in which the dependent variable, proportion of the leaves eaten, is
positive and recorded at intervals, 0 to 1 and the endpoints 0 and 1 excluded (Cribari-Neto &
Zeileis, 2010; Ferrari & Cribari-Neto, 2004). Seven independent variables: phytochemicals either
present or absent, and dependent ones: proportions of the leaves eaten were computed. Flavonoids
and terpenoids were not included in the analysis as both were only recorded once. Probit functional
link for conditional means and log functional link for conditional scales using OIM (Observation
Information Matrix) of standard error type was applied. The marginal effect assessed the relative
importance of each independent variable in explaining the variation in the dependent variable. A
biplot was used to display the relationship between significant phytochemicals from the regression
model and species.

The beta regression is parametric and assumes beta distribution with the dependent variable

follows a density distribution
k

gue) = Z Xei Bi = Nt

i=1

where 8 = (B1..f4)"is a vector of unknown regression parameters (8 € R¥) and assumed to
Xil,......., Xtk are observations on k covariates (k < n), which are assumed fixed and known. Finally,
g(.) is strictly monotonic and twice differentiable link function that maps (0,1). The probit function
g(u) was used g(u) = ¢t (1), where ¢ (.) is the cumulative distribution function of standard
random variable.

ANOVA, Kruskal-Wallis tests and paired t-tests were performed using Prism Software
(version 8.0.2, GraphPad Inc., San Diego, CA), Spearman correlations, principal component
analysis, simple and beta regression model were employed using STATA 14.2 software (Stata
Corp LLC, Texas, USA).
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3.3 To determine optimum growing conditions for production of species of Commelina

using cricket frass as manure

3.3.1 Experimental site

The experiments were carried out at the Jaramogi Oginga Odinga University of Science and
Technology (JOOUST) crop farm from March to June 2022 cropping seasons, with an annual
rainfall of 900-1600 mm. The experimental site was located at N 0° 5' 29.328" latitude and E 34°
15' 27.2874" longitude, with an average altitude of 1,200 m a.s.l. (above sea level). The most
prominent soil types in the studied area are loamy-sandy. Additional information regarding the

characteristics of the soil and cricket frass can be found in Table 1 and Table 2.

Table 1. Chemical properties of soil before the experiment presented as mean (£SE)

Parameters Mean

pH 6.4+0.2

Ec (dS/m) 0.25+0.01
Total carbon (%) 1.32+0.04
Organic carbon (%) 1.01+0.03
Total Nitrogen (%) 0.09£0.03
Available Phosphorus (%) 0.0019+0.0001
Calcium (%) 0.03+0.01
Magnesium (%) 0.0032+0.0002
Potassium (%) 0.0156+0.0002

Table 2. Chemical composition of cricket frass used in the experiment presented as mean

(xSE)
Parameters Mean
pH 7.98+0.00
Ec (dS/m) 2.20+0.04
Organic carbon (%) 25.4+0.3
Nitrogen (%) 2.16+0.05
Phosphorus (%) 0.79+0.02
Calcium (%) 0.38+£0.01
Magnesium (%) 0.15+0.02
Potassium (%) 0.98+0.03
Sodium (%) 0.016+0.002
Manganese (%) 0.031+0.002
Zinc (%) 0.0050+0.0002
Copper (%) 0.0010+0.0002
Iron (%) 0.0090+0.0001
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3.3.2 Experimental design

3.3.2.1 Pot experiment

The pot experiment was conducted using different application rates of cricket frass manure on C.
petersii plants. Cricket frass treatments were applied at four rates: 0, 5, 10, and 15 tons per hectare
(t ha®) (with 0 t ha™ used as the reference) in a Completely Randomized Design (CRD) replicated
four times. Sixteen pots with small holes at the bottom were utilized in the experiment, each having
a capacity of 15 L and a diameter of 40cm. The pots were filled with a mixture of sand and loam
soil in a 2:1 v/v ratio. Two weeks after cricket frass application, ten plantlets at the three-leaf stage

were transplanted into each pot.

3.3.2.2 Field experiment

The layout of the field experiment was a Randomized Complete Block Design (RCBD) with four
replications. The species C. petersii were transplanted vegetatively at the three-leaf stage, similar
to the pot experiment. After land preparation, 36 plants were transplanted in plots of 9 m2 with a
spacing of 50 cm within rows and 5 cm before the first hill (Appendix 9). The distance between
treatments was 1 m, while the spacing between replications was 2 m. Cricket frass underwent a

composting process for three months and was applied to the soil two weeks before transplanting.

Two weeks were given for the manure to naturally breakdown and release nutrients, making them
available to the plants at the time of transplanting. Irrigation of the plants after transplanting was
carried out twice a day, maintaining field capacity soil moisture. Weed control was performed
through hand weeding on a weekly basis. Plant protection measures, such as pest control, were
consistently maintained throughout the experiment.

3.3.3 Data collection

The growth parameters and foliar nutrient contents of C. petersii were collected from the sampling
area at central harvest to assess the plant's response to the manure. Data were collected for 12
plants (Appendix 9). The growth parameters included plant height, number of leaves, number of
shoots, leaf area, fresh leaf weight, and fresh dry weight. The nutrient contents were analyzed for

proximate analysis, calcium (Ca), phosphorus (P**), and neutral detergent fiber (NDF).
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3.3.3.1 Plant height (cm)

Plant height was taken as the length from the bases of the plant to the tip. Plant height was recorded
using a plastic ruler in an interval of two weeks starting two weeks after transplanting (WAT).
3.3.3.2 Number of leaves

Number of leaves were counted by calculating all leaves of plants in an interval of two weeks
starting two weeks after transplanting (WAT).

3.3.3.3 Number of shoots

Number of shoots were counted by calculating all young shoots in an interval of two weeks starting
from two weeks after transplanting (WAT).

3.3.3.4 Leaf area (cm2)

The leaf area was calculated by multiplying the leaf height to the leaf width. The Leaf height and
leaf width were measured on a fully emerged leaf from sampling area in an interval of two weeks
starting two weeks after transplanting (WAT).

3.3.3.5 Fresh weight (g)

The weight of fresh leaves was harvested on 12 plants from the central harvested area and taken
on electrical balance separately for each replication.

3.3.3.6 Dry weight (g)

The fresh weight leaves were oven dried at 65°C for 24 hours, then dry weighted, and finally
measured on electrical balance for each treatment separately.

3.3.3.7 Proximate analysis

Proximate analysis was determined using 5 g of each plant powder (Kirk & Sawyer, 1980). The

analysis included the determination in fine powders of moisture content, ash content, crude protein,
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ether extract, crude fiber and nitrogen free extract (NFE). Briefly, moisture content was determined
by heating the sample in an oven at 105°C for 12 hours to remove its water contents, then cooled
in desiccants at 60°C and weighted. Ash content used as indication of minerals was determined by
incineration of the samples at 550°C in a muffle furnace until completely ashes. It was cooled in
desiccants and weighed. The crude protein was determined by the Kjeldahl method and the values
multiplied by the factor of 6.25 (Kirk & Sawyer, 1980). Ether extract (EE) was detected by solvent
extraction of diethyl ether. The nitrogen free-extract (NFE) is found by subtracting the percent of
the above determinations from 100%, thus giving the percent NFE. The recommended methods
according to the standard methods of the Association of Official Analytical Chemists (AOAC,
1998) were used for the determination of dry matter (DM), ash content (ASH), crude protein (CP),
ether extract (EE), crude fiber (CF) and nitrogen free extract (NFE).

3.3.3.8 Determination of Ca, P3*, NDF (%0)

The leaves powder was ashed and digested in 6N HCI. Content of minerals Calcium (Ca) and
Phosphorus (P**) were determined using atomic absorption spectrometry (AAS) (Shimadzu, AA-
6300, Tokyo, Japan) according to Association of Official Analytical Chemists methods (AOAC,
1998). The Neutral Detergent Fiber (NDF) was determined by standard method established by Van
soest & Robertson (1985).

3.3.4 Data analysis

Data collected were subjected to analysis of variance (ANOVA) in CRD for pot and RCBD for
field experiments using GraphPad Prism Software (version 8.0.2, Inc., San Diego, California) and
STATA 14.2 software (Stata Corp LLC, Texas, USA). Means were compared using Turkey’s
Honest Significant Difference (TSD) at a critical value (oo = 0.05) (Gomez & Gomez, 1984).
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CHAPTER FOUR: RESULTS

4.1 To determine the diversity of species of Commelina across different agroecological

zones in Western Kenya

4.1.1 Species diversity

In total, 115 weed species representing 80 genera from 30 families were recorded. Members of
five families constituted 66 species (57.3%) of the total flora, Asteraceae (18 species), Poaceae
(15 species), Commelinaceae and Fabaceae (12 species) and Cyperaceae (9 species) (Figure 5).
Families (e.g., Amaranthaceae, Malvacae, Euphorbiaceae, Solanaceae) constituted six, five and
four species, respectively. The remaining flora were composed by monogeneric families (14)
represented by single species (e.g., Apiaceae, Molluginaceae, Onagraceae, Orobanchaceae,
Pondeteriaceae). The genera with the highest number of species were Commelina (11 species)
followed by Cyperus and Amaranthus (4 species) and finally Desmodium, Euphorbia and
Crotalaria (3 species) (Appendix