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ABSTRACT 

 

Spider plant (Cleome gynandra.L) is an African Leafy Vegetable (ALV). The crop is 

well adapted to a wide range of ecologies and has been differentiated into three main 

morphotypes based on the stem colours of purple, purple-green and green stemmed 

morphotypes. The plant plays an important role as a source of nutrients, income and 

traditional medicines in Kenya. However, production of spider plant in Kenya has been 

constrained by poor agronomic practices, plant genotypes which are less productive and 

pests. Flea beetle (Phyllotreta mashonana) is an important pest which accounts for 25 % 

foliage damage in the plant manifested as “shot holes.‟‟ The reported damage however, 

was variable among the morphotypes. The study aimed at determining the level of 

damage inflicted on the three main spider plant morphotypes in relation to the nutritive 

value and phytochemicals of importance for plant defense and/or pest attraction. The 

research entailed propagation of three spider plant morphotypes inside a screen house in a 

C.R.D. Flea beetles were introduced after seven weeks of growth to determine the 

damage caused by the beetles on the leaves which was assessed using the Bailey scoring 

scale of 0-3, 4-7 and>7 holes per leaf. The data on damage inflicted by the flea beetle was 

log transformed to standardize the variance and then analysed using ANOVA. The means 

were separated using L.S.D 0.05. It was observed that, the purple stemmed morphotype 

was the most damaged with 8.6 holes p<0.05, while the green stemmed morphotype was 

least damaged with 2.7 holes p<0.05. Quantitative determination of nutrients and 

secondary metabolites was done on the foliage taken on the 7th week of growth. 

Proximate test was done to determine the carbohydrates and proteins were determined by 

Kjedahl method. Determination of the secondary metabolites and vitamins was done 

using the High Power Liquid Chromatography (HPLC). There was a significant 

difference p<0.05 of the primary and secondary metabolites among the three 

morphotypes with purple stemmed having the highest quantities of carbohydrates, 

proteins, vitamins and glucosinolates. The purple morphotype had the least terpenoid 

quantities. In contrast, the green morphotype had the least primary metabolites and 

glucosinolates with the highest quantities of terpenoids. Correlation analysis showed a 

positive relationship of primary metabolites and glucosinolates with the flea beetle 

damage, while a negative correlation was noted between the terpenoids and the flea 

beetle damage r=-0.794. From this study, it was concluded that, the purple stemmed 

morphotype was the most susceptible to the flea beetle damage and green stemmed was 

the least susceptible. In addition, it emerged that the inflicted damage in spider plant 

morphotypes by the flea beetle is largely metabolomically influenced and that primary 

metabolites and glucosinolate levels are antagonistic to the terpenoids levels in the 

morphotypes, so do their flea beetle resistance roles. It can therefore be recommended 

that, plant breeders can use the green stemmed morphotype to improve the resistance of 

the more nutritious but flea beetle susceptible purple stemmed morphotype in order to 

increase the yields and maintain the nutritional potential of the morphotypes. 
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CHAPTER 1 

INTRODUCTION 

African Leafy Vegetables (ALVs) are important sources of food and income in many 

parts of the world. The vegetables are well adapted to a wide range of ecologies due to 

their long evolutionary history (Nekesa and Meso, 2005). The leaves of the ALVs are 

often used as vegetables and also as a source of income for the rural people mainly 

women. There is a large number of species that are used as ALVs, in Kenya however, 

amaranths, solanums, cucurbits, slender leaf, spider plant, cow pea and jute mallow are 

the most predominant (Table.1). 

 

Table.1 Percentage (%) Consumption of ALVs by Western Kenya communities. 

 

Common name Scientific name % consumption 

Cowpeas Vigna unguiculata  30 

Leaf amaranths Amaranthus blitum  21 

African nightshades Solanum villosum  12 

Jute mallow Corchorus olitorius  11 

Spider plant Cleome gynandra 7 

Slender leaf` Crotalaria brevidens 7 

African kale Brassica oleracea 7 

Pumpkin leaves Curcubita carinata 5 

Total  100 

 

 (Source: Abukutsa-Onyango, 2004) 



2 
 

In the predominantly carbohydrate-based diets of rural Kenyans; proteins, vitamins and 

minerals found cheaply in green leafy vegetables are often lacking and the alternative 

sources i.e. animal and legumes are out of reach to most rural families because of their 

prohibitive prices. These nutrients and minerals are found in significant quantities in the 

ALVs (Table 2.) thus can offer a solution to the existing malnutrition and health 

problems (KFSSG, 2009).  

African Leafy Vegetables are easy and fast to grow therefore important in filling the gap 

in food production (Kimiywe et al., 2007). Unlike the exotic vegetables that require high 

input than most rural households can afford, ALVs do not require high inputs, are 

superior nutritionally and there is the indigenous knowledge on how to grow them 

(KENRIK, 2004) This indigenous knowledge however, requires scientific enhancement 

to contribute towards higher agro-biodiversity in crop systems, which is not only 

desirable from a conservation point of view, but increases food security at the house hold 

level (Chigwumire et al., 1998;  Onyango, 2001). 

According to Kenya Food Security Steering Group KFSSG (2009), food security in 

Kenya has declined at an alarming rate of 28 % for the last one decade; this has been 

attributed to the climatic changes, poor agronomic practices and urbanization. This trend 

can only be reversed by production of the already adapted crops which do not require 

large sizes of land, making ALVs one of the ideal crops for production. 
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Table 2. Comparative nutritional and mineral composition of ALVs and exotic 

vegetables (in % or mg/100 g edible parts.) 

 

Nutrient Spider 

plant 

Amaranth 

 

Nightshade 

 

Cabbage 

 

Kale 

 

Moisture content (%) 81.8-89.6 84 87.2 91.4 88.2 

Crude protein (%) 3.1-7.7 4.6 4.3 1.7 2.3 

Crude fibre (%) 1.3-1.4 1.8 1.3 1.2 1.2 

Carbohydrates (%) 4.4-6.4 8.2 5.7 6.0 5.9 

Potassium (mg) 410     

Calcium (mg) 213-434 410 442 47 189 

Magnesium (mg) 86     

Sodium (mg) 33.6     

Phosphorous (mg) 110-115 103 75 40 91 

Iron (mg) 1-11 8.9 1.0 0.7 4.8 

Zinc (mg) 0.76     

Copper (mg) 0.46     

B-carotene (mg) 10,400-

10,500 

5,716 3660 100 800 

Ascorbic acid (mg) 12-18 64 20 54 58 

Total phenolics (mg) 520-910     

 

(Source: Kenya Resource Centre for Indigenous Knowledge (KENRIK, 2004). 
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Spider plant is widely grown in Kenya, but it is predominant in Western, Rift Valley and 

Coastal regions. In western Kenya particularly, the plant contributes 7% of total ALVs 

used, thus becoming an important food crop in these areas (Omondi, 1989; Abukutsa-

Onyango, 2003; Abukutsa-Onyango, 2004). The plant is preferred due to its drought 

tolerant nature attributed to its deep tap root and water utilization efficiency (Mnzava, 

1999; Waswa et al., 1996). The plant being a C4 species has a high photosynthesis 

efficiency characterized by rapid growth and high dry matter production i.e. 3-5 times 

more per unit leaf area and unit time than C3 plants. This can partly be attributed to the 

diaheliotropic leaf movements ensuring maximum exposure to sunlight for maximum 

photosynthesis. This is a mechanism commonly found in plants that need to complete 

their cycle rapidly before the onset of drought thus the preference as a drought tolerant 

crop (Imbamba, et al., 1977; Rao and Rajendrudu, 1999). 

 

Spider plant has been differentiated into 3 main morphotypes based on the stem colour 

i.e. the purple, purple-green and green stemmed (Plate 1). According to K‟Opondo (2009; 

2011) and spider plant morphotypes vary in many other aspects including; the plant 

structure, stem pubescence, days to 50 % flowering, plant height, petiole length and fruit 

breadth. In addition, when the morphotypes were subjected to dendrogram analysis, there 

emerged three clusters of different morphotypes clearly showing that the morphotypes 

are unique.  

Apart from the stated morphological differences between the spider plant morphotypes, 

attraction and repulsion to natural enemies or insect herbivores also vary between the 
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morphotypes (Abukutsa-Onyango, 2009). This has been attributed to the ubiquitous 

organic compounds produced by the morphotypes. These compounds include the 

glucosinolates which forms an important part of the pest attractants especially in the 

Cruciferous and Capparaceae flea beetles. Glucosinolates have been found to initiate and 

prolong feeding of the flea beetles in Canola (Addesso, 2009). Spider plant, being a 

member of the Capparaceae family which is related to the Brassicaceae family is 

therefore thought to have these glucosinolates in significant quantities serving as 

attractants to the flea beetles which cause damage on the plant foliage while feeding 

(Bartlet, 1996). On the other hand, terpenoids form important anti-herbivory compounds. 

Plants with high levels of terpenoids like the glabrous type of Canola have been observed 

to repel pests. Most cruciferous plants have also been observed to contain substantive 

levels of terpenoids which form part of host plant resistance to herbivorous pests in these 

plants (Feeny et al., 1989). 

Analysis of metabolites in relation to spider plant morphotypes and the inflicted damage 

by the flea beetles forms an important basis in understanding the relationship of 

metabolites and flea beetle infestation.  

 

1.1 PROBLEM STATEMENT. 

Spider plant morphotypes have been differentiated morphologically and 

dendrogramatically into 3 main morphotypes. There are other emerging differences 

which have not been documented, for instance, Abukutsa-Onyango (2009) in her analysis 

of the spider plant morphotypes described the purple stemmed morphotype as being more 

nutritious and susceptible to diseases than the other morphotypes. In addition to 
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Abukutsa-Onyango‟s report, many farmers in Western and Rift Valley provinces have 

found out that the spider plant morphotypes have exhibited variable damage caused by 

the flea beetles.  

 

Plate.1a Purple stemmed morphotype   Plate. 1b Purple-green stemmed morphotype 

(Source: Author, 2013)                                    (Source: Author, 2013)        

 

Plate.1c Green stemmed morphotype. 

(Source: Author, 2013) 

According to Cassareto and Corcuera (1998), flea beetles just like other insects require to 

ingest a given amount of food for optimum development. The level of feeding on a 

particular plant species is determined by the quantity and proportion of nutrients available 

for ingestion. The pest therefore feeds more on the highly nutritious species when there is 
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a variety of species with different quantities of nutrients at their disposal in order to gain 

the maximum nutrient benefit. The overall nutritional profile of spider plant has been 

done but specific information on the nutritional level per morphotype has not been 

documented. In addition to the nutritional aspect, the level of secondary metabolites per 

spider plant morphotype has not also been documented. The study anticipated that just 

like the morphotypes varied in the morphological and dendrogramatical characteristics, 

the metabolites i.e. primary and secondary also varied. 

Attributing the variation of damage by the flea beetles to the metabolites was informed by 

the fact that metabolomics play a great role in host plant desirability by the pests. This is 

due to the fact that, metabolites play the attractant or repellent role in form of terpenoids 

which are produced in variable quantities by plants while other metabolites act as feeding 

stimulants in form of glucosinolates and primary metabolites. 

The study investigated the primary metabolites, secondary metabolites and flea beetle 

damage caused per spider plant morphotype as this has not been documented. 

 

1.2 JUSTIFICATION 

Spider plant forms a significant part of the most consumed ALVs in Western and Rift 

Valley provinces of Kenya. It forms 7 % of the total ALVs consumption in these regions. 

The crop is preferred due to its high nutritional profile, therapeutic role and ease of 

production. The crop has also been ingrained in the culture of these communities forming 

an integral dietary component for these communities. Due to this significant role to these 

communities, any inimical condition to the production of the crop is a matter of concern. 
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Spider plant is well adapted to these regions although some pests have been found to 

attack it and reduce the yield. Among the major pests include; flea beetles, bragada bug, 

aphids and nematodes. However, it is the flea beetle infestation that has been reported to 

cause the greatest damage (Mnzava and Chigumira, 2004). The pest if left unabated and 

in severe infestation can result in total crop failure while moderate infestation leads to at 

least 25 % foliage damage characterized by “shot holes” on the foliage. 

Determination of the actual damage caused by the flea beetles per morphotype was 

necessary in documentation and scientific validation of the indigenous communities‟ 

observation of the Western and Rift Valley provinces of Kenya that the damage varies 

across the morphotypes. The study investigated the variation existing between the spider 

plant morphotypes in terms of flea beetle damage and metabolites thereby offering a 

scientific explanation to the role of metabolites on flea beetle damage variation in spider 

plant morphotypes. The research aimed at generating important information on increasing 

the quality and quantity of spider plant yield by utilizing the inherent host-plant 

resistance attributes of the morphotypes in order to make cultivation of the crop attractive 

to more farmers and the product fetch higher prices in the market due to improved yield 

and quality respectively. 

 

1.3 OBJECTIVES 

Main objective 

The overall objective of the study was to enhance production of spider plant in western 

Kenya by metabolomics. 
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Specific Objectives 

The specific objectives of the study were to; 

1. Determine the preference and damage of the three spider plant morphotypes by 

flea beetle. 

2. Determine the plant metabolites composition of the spider plant morphotypes. 

3. Correlate flea beetle damage on the spider plant morphotypes with the secondary 

metabolites and primary metabolites. 

 

1.4 Hypothesis 

Ho: There is no difference in flea beetle damage between the three spider plant 

morphotypes. 

Ho: There is no significant difference in primary and secondary metabolites among the 

three spider plant morphotypes. 

Ho: There is no correlation between primary metabolites, secondary metabolites and flea 

beetle damage in the three spider plant morphotypes. 
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CHAPTER 2 

LITERATURE REVIEW 

2.1 Spider plant (Cleome gynandra.L). 

Spider plant belongs to the Genus Cleome and the Family Cleomoideae. Some of the 

common names include; African cabbage, Spider flower, Spider wisp and Cat‟s whiskers. 

The plant is a primitive relative of the Brassicas cultivated mainly as an African leafy 

vegetable (ALV) (Schippers, 2002; Chweya, 1997). These families contain secondary 

metabolites i.e. glucosinolates and terpenoids that give them the characteristic taste and 

smell respectively (Rodman et al., 1997; Tentelier, 2007).  

The Cleome genus comprises 150-200 species, with about 50 of them occurring in Africa 

(Mnzava and Chigumira, 2004). Spider plant is an erect annual herb reaching up to 1.5 m 

tall, strongly  branched with long tap root and a few secondary roots, the stem is hairy 

and rather oily, the leaves are alternate and palmately  compound with 3, 5 and 7 leaflets 

borne on petioles 2-10 cm long (Schippers, 2002 ; Mnzava and Chigumira, 2004; 

AVRDC, 2000). 

Spider plant is both self and cross pollinated and bears white or pink flowers on a long 

much branched inflorescence resulting in fruits which later dehisce to release small, 

rough, and grey to black seeds (Maundu et al., 1996). 

 

In Kenya, it is known by different names among the different communities. Among the 

Swahili (Mwangani), Luhya (Tsisaka), Luo (Dek), Kalenjin (Saget), Kisii (Chinsanga), 

Kikuyu (Thageti) and Kamba (Mwianzo) (Chweya, 1997). 
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The leaves and seeds of spider plant are used in indigenous medicine in many countries. 

These medicinal uses include; sap from leaves used as analgesic, concoction of boiled 

leaves and/or roots administered to facilitate child birth, stomachache reliever, 

deworming, treatment of conjunctivitis, chest pain reliever, anti-inflammatory proteins, 

treatment of anemia, wounds and other disorders (Mallikharjuna et al., 2007; Abukutsa-

Onyango, 2004; Opole et al., 1995). The plant has significant economic contribution 

mainly to the rural women with 0.7% of the vegetable revenue earned from the sale of 

spider plant foliage in the rural and urban areas (Maundu., 1997). 

2.1.1 Spider plant production constraints 

The production of spider plant in Kenya has been constrained by factors such as short 

vegetative stage, lack of certified seed, insect pests and weeds. Important insect pests 

include; flea beetles, aphids, bragada bug and ants. The pests lower both the qualitative 

and quantitative value of the crop. 

In severe infestation, flea beetles cause up to 25 % foliage loss, though when infestation 

occurs at a tender stage this may lead to total crop failure (Maundu, 1997; Mbugua et al., 

2005). 

 

2.2 Flea beetle damage in spider plant 

2.2.1 Biology of the flea beetle 

Flea beetles belong to the Family Coleoptera, Sub Family Alticinae (derived from the 

Greek “haltikos” meaning “good at jumping”) the pests are minute oval shaped beetles 

whose enlarged hind femora are adapted to jumping over long distances a habit that have 

earned them the name flea beetles. (Plate. 2) 
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Plate. 2 Flea beetle Phyllotreta mashonana (mg x20) 

(Source: Mc Caffrey, 2004) 

 

Many species of the beetles exist, and each species is adapted to locate, feed and produce 

on a certain plant group (Chitteden and Marsh, 1990; Bycznski, 1999). A case in point is 

the crucifer flea beetle (P. cruciferae) which feeds on Brassica crops while P. mashonana 

mainly attacks the Cleome genus. The two species resemble each other but can be 

distinguished by their size and colour. The crucifer flea beetle has two yellow stripes on 

its back while P. mashonana has shiny black elytra and is smaller in size (Mc Caffrey, 

2004). 

2.2.2 Flea beetle damage in plants 

The most important damage of these univoltine species is caused by the adult flea beetles. 

Flea beetles cause sieve-shaped damage known as “shot holes” on the plant foliage which 

upsets the water balance in the plant tissues. They cause high level of mortality of 

seedlings, growing in young plants is retarded and they cause unequal ripening of fruits 

(Giamoustaris and Mithen, 1995). The importance of Phyllotreta species as pests is 

aggravated by the fact that several species such as the corn flea beetle are known to act as 
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vectors of numerous plant pathogens. In this case, the corn flea beetle harbours the 

Stewart‟s wilt bacterium and spreads the disease during the growing season. The 

bacterium incubates in the digestive system of the beetle and 10-20% of the corn beetles 

pass it onto their hosts during feeding. An uninfected beetle that feeds on infected plant 

can spread the bacterium to other plants (Wety, 2007; De Jong et al., 2000). 

 

In canola, adult flea beetles begin feeding as soon as seedlings emerge. Damage by flea 

beetle to the seedlings can be severe and plants may lose up to 100% of their leaf area, 

the flea beetles inflict holes of approximately 1mm in diameter on the leaf surface. 

Feeding by the adult beetles on cotyledons and first true leaves is easily quantified by 

counting the number of pits per leaf and employing leaf size as a covariate (Bailey, 

(1996). Pilson, (2007) has also shown that feeding by adult flea beetles on seedlings can 

significantly reduce numbers and mass of seeds produced by Brassica rapa. Flea beetles 

can also significantly reduce canola seed yields (Mc Caffrey, 2004). Flea beetles oviposit 

in the soil and at the base of their host plants and larvae feed on host plant roots; root 

damage is generally not severe though when the population is high, it can cause massive 

seedlings failure at the tender stage (Cook, 2003). 

2.2.3 Pest status of Phyllotreta mashonana 

The adult lays yellow tiny and elongated eggs. The larvae are dirty white in colour with 

brown heads. When mature, they are slender up to 6 mm long with 3 pairs of short legs 

on the thorax, the pupae are white and about 2-4 mm long. The adults are small and 

blackish beetles with a metallic or bright blue lustre, measuring about 2-3 mm length 

(Peterson et al., 2000). 



14 
 

 Beetles of the first generation are the most destructive to plants particularly during the 

dry season. Adult  flea beetles  feed on the foliage of plants  and because of their small 

size and active habits they eat little at each feeding site producing  damage consisting of 

small round holes often described as “shot holes”, when the feeding is prolonged, the 

leaves tend to appear like a perforated net (Raubenheimer and Simpson, 1993; Cosse et 

al., 2006). 

2.2.4 Host plant-beetle interaction 

Flea beetle is a polyphagous insect with marked preference to the Brassicas and all 

related families like the Capparaceae and Solanaceae. The host plants are usually 

colonized by the jumping beetles which lands on the plants and through probing with its 

mouth adapted for biting and chewing aided by the olfactory, visual and organoleptic 

cues are able to determine the right host (Thompson, 2005). 

This initial investigation on the surface of the plant involves little or no biting, but 

enables the beetle to sense the host suitability within a very short time.  

 

2.3 Flea beetle damage and metabolites  

Metabolites are substances produced by plants during metabolism and are defined as 

primary metabolites if they are directly involved in the normal growth, development and 

reproduction e.g. carbohydrates, proteins and vitamins or secondary metabolites if they 

are not directly involved in the normal processes but have an important ecological 

function e.g. terpenoids, glucosinolates and alkaloids. The quantitative measurement of 

the dynamic metabolic response of living systems to pathophysiological stimuli or 
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genetic modification is known as metabolomics (Spencter, 2009; Hall, 2006; Cook, 

2008). 

Metabolomics has attracted significant interest over the last few years and has contributed 

significantly to the discovery of bioactive compounds, improving food quality and 

cataloguing metabolism. It is now being used as a new diagnostic and therapeutic 

approach to study plant-herbivore interactions (Dixon and Payne, 1980; Boulter, 2008; 

Jansen et al., 2009). 

 

According to Shinoda et al., (2003); Michael and Boyko (2006) the ability of crops to 

accumulate low molecular weight bioactive compounds oftenly known as metabolites 

provides a chemical defense against herbivorous insects. On the other hand, some 

metabolites play a major role in host plant selection due to their ubiquitous 

characteristics. 

 

Nielsen et al., 2001; Agerbirk et al., (2001); Nielsen (2005) found out that the interaction 

between Barbae vulgaris (Brassicaceae) and the flea beetles P. nemorum and P. 

cruciferae is a unique model system with the plant showing polymorphic behaviour with 

respect to insect resistance, the pubescent (P)-type is susceptible to all known flea beetle 

species, whereas the glabrous (G)-type is resistant to most common species of the insects. 

 

The (P) and (G)-type morphotypes of B. vulgaris differ morphologically, biochemically 

and cytologically. Of interest is that, there is significant difference in the levels of 

glucosinolates with the (P)-type having the highest quantities of glucosinolates. These 
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metabolites can be attributed to the flea beetle resistance/susceptibility observed within 

the spider plant morphotypes (Verma and Pandey, 1998; Kuzina et al., 2009). 

2.3.1 Flea beetle damage and glucosinolates 

Glucosinolates are low molecular mass nitrogen and sulfur-containing compounds that 

are hyhrolysed by myrosinase. Glucosinolates occur as secondary metabolites in almost 

all plants of the order Brassicales including the families Brassicaceae, Capparidaceae and 

Caricacaceae. They are feeding and oviposition stimulants for a number of specialist 

insects, which have become adapted to such compounds as an outcome of long-standing 

co-evolutionary interactions with host plants containing them (Bartlet et al., 2011; Finch, 

1980; Renwick, 2002; Thompson, 2005). Though, the relationship between glucosinolate 

profiles of plants is not simple, the (P)-type B. vulgaris contains the R-isomer of 2-

hydrox-phenylethyl glucosinolate, whereas the (G)-type contains in S-isomer. The two 

morphotypes showed significant difference in their resistance to flea beetle damage 

(Agerbirk et al., 2003). These glucosinolates are responsible for the variation of damage 

that exists between the two varieties of canola as the P-type with higher quantities of 

glucosinolates attracted more feeding insects thus more damage than the G-type which 

had a low quantity of the glucosinolates. Spider plant being a Capparaceae family 

member is known to contain significant quantities of glucosinolates; these compounds 

however, just like in other plants may vary from morphotype to morphotype and season 

to season therefore the variation in flea beetle attraction and the associated damage in the 

plant. 
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2.3.2 Flea beetle damage and terpernoids 

Terpenoids are aromatic lipids derived from 5-carbon isoprene units with a major role in 

anti-macrobial, anti-fungal, antineoplastic, insecticidal, molluscicidal, and other 

pharmaceutical functions. They are widely distributed in higher plants and are 

constituents of many plant drugs and folk medicines (Fische, 1991; Sparg et al., 2004, 

Gauthier et al., 2009). 

The toxicity of terpenoids to fungi and insects is thought to be as a result of their ability 

to form complexes with sterols in the plasma membrane thus destroying the cellular semi 

permeability leading to cell death. Although terpenoids are toxic to poikilotherms, their 

oral toxicity to mammals is low. This therefore, makes terpenoids ideal pest damage 

antidote as they induce inherent resistance without associated diet complications to 

humans (Mazza, 2007). 

These terpenoids have been developed as a putative response to renewed selection 

pressure from herbivorous insects, a number of crucifers and related families have 

evolved a second generation of secondary defense to pests (Renwick, 2002). 

The impact of terpenoids in plants on the flea beetle defense cannot be overemphasized, 

for instance in B.  vulgaris the glabrous (G)-type, concentration of terpenoids was found 

to correlate positively with flea beetle resistance. In the plant, the terpenoids levels 

declined during the dry spell where, there was a notable decrease in the resistance to the 

flea beetle during the same period (Agerbirk, 2011; Agerbirk et al., 2003). This spatial 

fluctuations of terpenoids even within the same plant resulted in variable flea beetle 

resistance. This therefore confirms that, terpenoids are feeding deterrents for the flea 

beetles (Shinoda et al., 2003; Agerbirk et al., 2003). 
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2.3.3 Flea beetle damage and primary metabolites. 

Host plant susceptibility or resistance is however, not solely mediated by secondary plant 

metabolites as plant damage by the phytophagous insects correlates better with nutrients 

levels than with glucosinolate levels (Louda and Mole, 1991; Mitchell, 1999; Hiiesaar et 

al., 2006). 

According to Beran (2011), Sugars, amino acids, proteins, vitamins, sterols and 

phospholipids have all been reported to be insect phagostimulants. During its life, an 

insect will need to ingest a particular amount and blend of different nutrients if it is to 

perform optimally. By use of olfactory, visual and tactile cues an insect is able to detect 

the plant with the highest quantities of the above nutrients developing a preference 

towards such a crop (Chapman and Bernays, 1995; Raffa et al., 2005). 

 

The phagostimulatory power of the plant nutrition varies across and between plants 

affecting the insect pest preference (Cook, 2008; Dent, 2000). 

Cassareto and Corcuera (1998) showed that, Dolichos species with the highest quantities 

of heat stable proteins had an effect on infestation of the plants by aphids and mites. The 

varieties with the highest quantities of these proteins were the most preferred while those 

with the least were unattractive to the phytophagous insects. 

 

Members of Brassicaceae and other related families have been observed to vary in their 

insect herbivory properties, with some members being more resistant than others. This 

resistance is attributed to the biochemical and/or morphological characteristics of these 

family members. Spider plant has therefore shown variable host plant resistance to the 
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flea beetle which can be construed to be influenced by the biochemicals and/or 

morphological characteristics. (Moran and Hamilton, 1990; Wink, 2003)  

In addition Simmonds et al., (2002) was able to demonstrate that cruciferous crops with 

higher levels of carbohydrates, sugars, glucosinolates and phospholipids were most 

preferred by insect pests thus making them more susceptible. According to Mazza (2007), 

crops with low terpenoids were more susceptible to herbivory insects unlike those with 

high concentration of terpenoids.  

The study was inspired by lack of specific information on the role played by metabolites 

in the damage inflicted by the flea beetles on the spider plant morphotypes. This is the 

case in most of the ALVs where despite their immense nutritional potential little research 

regarding their ecological, agronomical, metabolomical and genetic characteristics has 

been done. It was not until recently that these vegetables gained scientific attention as 

they were mostly referred to as weed plants. This neglect therefore led to introduction of 

exotic vegetables where much of the research was directed, this gradually resulted in 

these indigenous vegetables losing their ecological advantage becoming vulnerable to the 

introduced pests and diseases (Adango et al., 2005; Abukutsa-Onyango, 2001; FAO, 

1999). The study anticipated that just like the members of Brassicaceae family vary in 

their metabolites composition and the resulting pest damage, the Capparaceae family 

which the former may have evolved from after a long evolutionary process, may also 

vary in these aspects between its species as the latter has no scientific reference on host 

plant resistance qualities. 
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CHAPTER 3 

MATERIALS AND METHODS 

3.1 Seed collection and multiplication 

Farmers from Rift Valley (Moiben and Kitale) and Western Province (Chavakali) 

provided the seed to be used in the experiment. The sites were chosen based on a 

previous survey conducted by Abukutsa-Onyango (2001). In the survey, valuable 

information on the scale of production, usefulness of the spider plant as a vegetable to the 

local people and reports by the local farmers that the flea beetles affected the foliage 

quality albeit in variable proportions among the morphotypes was obtained. Seeds of the 

three spider plant morphotypes were collected from the farmers‟ fields at the brown pod 

stage which is the harvest maturity stage and dried in the green house for two months to 

break the dormancy. The seeds were then sown in plastic pots (Ø 20 cm) inside the green 

house for seed multiplication. The seedlings were closely monitored throughout the 

growing period and similar morphotypes grouped together to obtain true to type 

morphotypes of purple, purple-green and green stemmed spider plant which were used  

for the experiment. 

 

3.2 Experimental site and layout 

A one year (May 2008-April 2009) host plant preference trial was set up in a screen 

house at the Department of Seed, Crop and Horticultural Sciences, University of  Eldoret 

(0
0 

30‟‟N and latitude  35
0 

15‟‟E and 2140 MASL).  

Experimental plastic pots containing planting media consisting of soil, farm yard manure 

and Di-Ammonium Phosphate (D.A.P) at a ratio of 60:30:0.5 kg respectively, 
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were placed on an area measuring 1 m x 2 m and a path of 50 cm left between the plots 

(Fig. 1). The experiment was laid in a CRD with three treatments, replicated six times. 

The treatments were the three spider plant morphotypes (purple, purple-green and green 

stemmed). Seed of the three spider plant morphotypes were planted in the pots and kept 

weed-free by uprooting any emerging weeds. The plants were thinned to 2 plants per pot 

at the 7
th

 week after planting (WAP). 

 

3.3 Data Collection on Spider plant Damage 

Flea beetles sourced from Dudu Technology Co. Ltd were introduced on the 7
th

 WAP at a 

rate of 5 beetles per plant. Before infestation, an insect screen was established in all 

replicates to prevent movement of beetles between the replications and also to shield the 

beetles from predators like the birds. Plate 3. 

Data on foliage damage was taken after every 2 days for two weeks after infestation 

according to Chengwang, et al., (2001). The 2 days timing in data collection was selected 

based on the time required for the flea beetle to inflict significant damage, while the 7
 

weeks period taken before infestation of plant with flea beetles was determined by the 

time nutrients and biochemicals are at their optimum (Chweya, 1999). 

While taking the data, number of „shot holes‟ counted on all the leaves of the tagged 

plants where in each plot, 6 plants were randomly taken and tagged to be used in 

estimating the damage.  Windows always resulted prior to holes emergence. But holes 

were used to express the actual damage; three leaves observed to be flea beetle damaged 

were selected and marked from the tagged plants and the average number of holes taken 

by physical counting through direct observation. For easy observation, a magnifying 



22 
 

glass was used to show the shot holes clearly. Bailey (1996) scoring scale was used for 

indexing the inflicted damage as shown in Table 3. 

 

 

Fig.1 Field layout on infestation of the flea beetles on spider plant morphotypes. 

 

KEY.  P-Purple stemmed morphotype, P-G-Purple-green stemmed morphotype and G-

Green stemmed morphotype.  

(Source: Author, 2013) 
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Plate. 3 Experimental plots covered with insect screens. 

(Source: Author, 2013) 

 

Table 3. Bailey Scoring scale. 

 

Scoring Hole Scale Index 

1 0-3 holes/leaf No- minimum damage 

2 4-7 holes/leaf Damage 

3 >7 holes/leaf High damage 

 

(Source: Bailey, 1996) 

 

3.4 Analysis of metabolites 

The primary metabolites analysis was conducted in the Food Science Laboratory, while 

the secondary metabolites analysis was done in the Biochemistry Laboratory both in 

Jomo Kenyatta University of Agriculture and Technology (J.K.U.A.T) 
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Leaves of the three spider plant morphotypes were obtained from plants of each 

experimental plot after seven weeks of growth just before infestation with the flea 

beetles. The leaves from each morphotype and replicate were kept separately and dried to 

obtain the eighteen samples used for metabolite analysis. 

3.4.1 Analysis of primary metabolites 

The total primary metabolites were analysed using the proximate test for carbohydrates 

and micro-Kjedahl method for proteins as stipulated by Kirk, 2004 and Shida et al., 1999. 

In the laboratory, the leaves were ground into fine powder using a miller machine. 

Proximate analysis was carried out to obtain the quantities of carbohydrates, fat and 

proteins, where carbohydrate was obtained as difference of the moisture content, crude 

ash, crude fibre, and crude fat and crude protein. 

3.4.1.1 Moisture Content 

The steel containers were heated at 110
o
C for 2 hours to obtain a constant weight.  The 

container was cooled in a silica gel dessicator. A 20 g sample of ground spider plant 

morphotype was added to the container then placed to the oven, heated at 110
o
C for 2 

hours and placed in the dessicator to cool.  The constant weight of the sample was taken 

and the moisture content calculated as a difference of the sample weight before drying 

and after drying in the oven. The same was repeated for all the samples and replicates. 

3.4.1.2 Crude Fibre 

A 20 g sample of ground spider plant morphotype was placed in a 500 ml beaker and 

dilute sulphuric acid added then placed in a refluxing chamber to digest the sample.  The 

digest was filtered using a glass wool and rinsed with sodium hydroxide to remove the 

acid. 
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Refluxing was continued now using sodium hydroxide for 30 minutes the sample filtered 

and washed with boiling water.  The residue was washed with dilute Hydrochloric acid 

and rinsed with water to remove the acid. 

The residue was then washed once with absolute ethanol and three times with diethyl 

ether and dried in an oven at 100
o
C for 1 hour then cooled in a dessicator. 

The sample was then incinerated at 500
o
C for 1 hour and cooled in a dessicator.  The 

crude fibre was calculated as a difference of the original mass and the weight after 

desiccation for all the three samples. The procedure was repeated for all the samples and 

replicates. 

3.4.1.3 Crude Ash 

The crucible was heated at 550
0
C for 1 hour and cooled in a dessicator then weighed.  A 

20 g sample of ground spider plant morphotype was placed in the dessicator for 2 hours; 

this was repeated until a constant weight was attained. 

The crude ash was calculated as a difference of the weight before placing in the oven and 

the weight after heating in the oven. This was repeated for all the samples and replicates. 

3.4.1.4 Crude Fat 

A 20 g sample of ground spider plant morphotype was put in a thimble, placed in an oven 

at 100
o
C for 1 hour and cooled in a dessicator. The sample was then added in to a round 

bottomed flask containing diethyl ether and heated at 110
0
C for 18 hours, then cooled in a 

dessicator and weighed. Crude fat content was calculated as a difference of the sample 

weight before and after extraction of fat. The procedure was repeated for all the samples 

and replicates. 
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3.4.1.5 Crude Protein by micro-Kjedahl method 

A 20 g sample of ground spider plant morphotype was placed in the digestion flasks, 

mixed with sulphuric acid and copper sulphate as the catalyst.  

A blank test was prepared separately and sulphuric acid added.  The two i.e. the sample 

and blank test were heated under a digestion heater until the colour changed to green like 

the blank.  The samples were then transferred to distillation using the Marknan method 

and Titration done using hydrochloric acid until the orange colour occurred. The colour 

change was used to determine the amount of N per morphotype. 

The amount of nitrogen was calculated which was then used to obtain the quantity of 

protein using the formula below. 

 N (%) = (VHCl*NHCl)-(VBK*NNaoH)-(VNaoH*NNaoH)\1.4007 W/100 

Where; 

VNaoH-mL standard NaoH needed to titrate the sample 

VHCl-mLstandard HCl pipetted into titrating flask for sample 

NNaoH-normality of NaoH 

NHCl- normality of HCl  

VBK-Ml standard NaoH needed to titrate 1 mL standard HCl minus B 

B- mLstandard NaoH needed to titrate reagent blank carried through method and distilled 

into 1mL standard HCl  

1.4007-milliequivalent weight of nitrogen *100 

W-weight of the sample in grams. 

F = Factor of Hcl, 0.99 

N = Normality of Hcl, 0.02 
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S = Weight of samples 

F-protein factor  

(n) = percentage nitrogen (n) 

Protein = (n)* (N)* 6.25* 100÷ (W) 

3.4.1.6 Determination of carbohydrates 

Carbohydrates content (C) calculation by difference 

C= 100 – x 

Where x = (weight in grams (Moisture content + crude ash + crude fibre + crude fat + 

crude protein in 100 g)) 

3.4.1.7 Determination of Beta – Carotene Content/Vitamin A  

Standard solutions of beta carotene were prepared i.e. 1 ppm, 2 ppm, 4 ppm and 8 ppm 

and their absorbance on an ultra – violet – VIS spectrometer used in calibration. 

A 20 g sample of ground spider plant morphotype was placed in 100 ml flask and heated 

with acetone and acidified sand for extraction. 

The extract was concentrated with the rotary evaporator and eluted in petroleum ether.  

The elute was read under ultra-violet – VIS at 440 mm to obtain their respective 

absorbance values.  A calibration curve was obtained as a linear equation from which the 

beta-carotene values in the samples were obtained. The procedure was repeated for all the 

samples and replicates. 

1/Y(X) =94.6925*and (1/X)
 2

+53.56752*(1/X) +0.57010; R2=0.9938. 

3.4.1.8 Determination of Ascorbic acid/ Vitamin C  

Standardization of the indophenol solution was done and the ascorbic acid equivalent 

calculated. 
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A 20 g sample of ground spider plant morphotype was placed in a flask, acidified and 

Trichloroacetic acid (TCA) solution added. Then calculation of ascorbic acid equivalent 

filtration was done and 10 ml of each extracted sample titrated with indophenol solution. 

The amount of the filtrate used for the colour of the indicator to turn pink was taken and 

used to obtain the concentration of the ascorbic acid in the samples. The titration was 

repeated twice and the results agreed within 0.1 ml. The procedure was repeated for all 

the samples and replicates and concentration of ascorbic acid determined. 

3.4.2. Analysis of secondary metabolites  

3.4.2.1 Terpenoids  

To determine the constitutive terpenoids quantity, a 20 g sample of the powdered foliage 

material was extracted with 10 ml of methanol in water bath at 80
0
C for 10 minutes. The 

condensed filtrate was then used for chromatography. The concentration of constituent 

terpenes in the morphotypes was determined by high power liquid chromatography 

(H.P.L.C.) following the procedure of Raffa (1999); William and Kinghorn, (2005) The 

terpenes were separated using chloroform, glacial acetic acid, methanol and water 

(64:34:12:8) solvent mixture. After 24 h, the extract was removed with a Pasteur pipette 

and filtered through glass wool. The sample was washed in 400 µl hexane to remove any 

remaining terpenes. The wash solvent was removed with a Pasteur pipette and filtered 

through glass wool. The volume of extract was brought to 2 ml by addition of hexane. 

Twenty micro-litres of 10% paracymene was added to each extract as an internal 

standard. 

The colour and refractive values of these spots were recorded with visible light of the 

high powered liquid chromatography (HPLC) after spraying the plates with anaisaldeyde-
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sulphuric acid reagent and heating at 60°C oven temperature for the first 10 min and 

increased 10°C/min for 10 min to 160°C. The carrier gas, helium, was maintained at 30 

cm/s. The concentration of terpenes was determined by integrating peak areas using a 

densitometer. The peaks output were printed during observation. The procedure was 

repeated for all samples and replicates. (Mallikharjuna et al., 2007; Horwitz et al., 1998) 

3.4.2.2 Glucosinolates 

Total glucosinolates were determined by the sulfate method of Mc Ghee et al., (1996); 

William and Kinghorn (2005). A 20 g of the powdered foliage material was extracted 

with 70% ethanol on a rotary shaker at 180 thaws/min for 10 hrs. 70% lead acetate was 

added to the filtrate and centrifuged by adding 6.3% sodium carbonate at 100 r.p.m for 10 

minutes. The retained supernatant was dried, redisolved in chloroform and used for 

chromatography. The glucosinolates were separated using Et OAC-methanol-water (80: 

10:10) solvent mixture. The colour and refractive values of the spots were recorded by 

observing under ultra-violet (U.V 254 mm) from a densitometer, to obtain the peak 

intensity and level. The procedure was repeated for all the samples and replicates 

(Mallikharjuna et al., 2007, Horwitz et al., 1998). 

3.4.3 Data analysis. 

The level of damage on the three morphotypes by the flea beetles was based on the 

feeding holes on the tagged plant leaves of each morphotype. The number of feeding 

holes observed were transformed to log10 (n+1) before analysis to standardize the 

variance, where n represented the average number of holes observed per morphotype. 

The transformed data were then subjected to ANOVA (Analysis Of Variance) and 

Pearson‟s correlation coefficient (r) used to measure the strength of the association 
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between the damage inflicted by the flea beetles and the plant metabolites. The means 

were separated using the Fischer‟s L.S.D (Least significant Difference) test. Analysis was 

done using the statistical package Genstat 7.22, 2005 (Verzani, 2005). 
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CHAPTER 4 

RESULTS 

4.1 Flea beetles damage on the spider plant morphotypes 

The foliage damage by Flea beetles (P. mashonana) was different among the purple 

stemmed, purple-green stemmed and green stemmed spider plant morphotypes. The flea 

beetles fed on the leaves resulting in characteristic shot-holes arrowed (Plate 4). 

 

 

Plate. 4a Purple stemmed leaf-severely      Plate. 4b Purple-green stemmed-           

damaged.                                                           moderately damaged. 

(Source Author, 2013)                                    (Source Author, 2013)          

 

Plate. 4c Green stemmed morphotype-least damaged.  

(Source Author, 2013) 
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The level of damage on the purple stemmed morphotype was significantly high. The 

green stemmed morphotype had the least damage. While the purple-green stemmed 

morphotype depicted a moderate damage level. The damage inflicted on the purple 

stemmed morphotype was three times severe than in the green stemmed morphotype. (F≤ 

26.76, P ≤ 0.05) (Fig. 2 and Appendix 1).  

 

 

 

Fig. 2 Mean plant damage score by the flea beetles on the 3 spider plant 

morphotypes.  

Where 1=minimum or no damage, 2=moderate damage and 3 =severe damage. All the 

differences in the damage are significant at p≤0.05 level. Error bars represent standard 

deviation. 

 

In addition to the damage inflicted on the morphotypes being significantly different, there 

was a consistent variance of damage on all the sampling dates except the level of damage 

observed 2 days after infestation with the flea beetles. This was because of the time taken 

by the flea beetles to acclimatize and start feeding on the new host. The damage recorded 
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on the 14
th

 day was more than tenfold the one observed two days after infestation of the 

flea beetles on the purple stemmed morphotype. However, the rate of damage decreased 

significantly after the 10
th

 day with the recorded damage being insignificant as the flea 

beetles had reached their optimum feeding and feeding rate had reached the plateau 

(Table 4). 

 

Table 4. Mean number of flea beetle damage holes on different spiderplant 

morphotypes for 14 days. 

 

Treatment/Morphotype Time  (days) 

2               4             6            8            10            12            14 

Green stemmed 

Purple-green  

Purple stemmed 

0.0 a        0.7 a       0.7 a      1.1 a      2.4 a       2.7b       2.7 b 

0.0 a        0.9 a        2.5 b      4.4b       5.5 bc     7.2c      7.6c 

0.5 a       1.6 ab      4.4 b       6.5 c      8.5 c        8.6c      8.6 c 

 

 

Means linked with similar letters in a column are not significantly different p≤0.05. 

 

4.2 Analysis of primary metabolites. 

The foliage analysis of spider plant morphotypes revealed that the 3 morphotypes had 

different quantities of primary metabolites; carbohydrates, proteins and vitamins.   It was 

observed that the purple stemmed morphotype had the highest concentration of 

carbohydrates (F=21.18, P=0.05), proteins (F=10.55, P=0.05) and Vitamins A and C 

(18.87 and 45.68, P=0.05 respectively). The purple-green stemmed morphotype had 

moderate concentration of these primary nutrients (carbohydrates, proteins and vitamins) 
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respectively. Lastly, the green stemmed morphotype had the least primary nutrients. The 

protein levels did not vary between the purple-green and green stemmed morphotypes but 

the carbohydrates levels showed the highest increase from the green to the purple 

stemmed morphotypes. (Table 5 and Appendices 2, 3, 5, 7 and 8). 

 

Table.5 Percentages of primary nutrients in the spider plant morphotypes leaves 

(%). 

 

Morphotype       Carbohydrates   Proteins     Fats           Vit.A         Vit.C 

Green stemmed-1                   1.7a           2.6a            1.4a            0.2a          14.3a 

Purple-green -2                       1.9a           2.8b            1.6b           0.29b         15.7b 

Purple stemmed-3                   2.5b           2.8b            1.7c            0.5c          16.5c 

 

Means linked with different letters in a column are statistically different (p≤ 0.05). 

 

4.3 Analysis of secondary metabolites  

When the leaves of the spider plant morphotypes were analysed for the secondary 

metabolites, glucosinolates and terpenoids responsible for the damage by the flea beetle, 

it was found out that the purple stemmed morphotype had the highest concentration of 

glucosinolates 43% (Appendix 10). The purple-green stemmed morphotype had moderate 

glucosinolates quantities 37% (Appendix 11), while the green stemmed morphotype had 

the least glucosinolates 19% (Appendix 12) (F=49.42, P=0.05).  

Conversely, the green stemmed morphotype had the highest terpenoids quantities 45% 

(Appendix 15), followed by the purple-green stemmed 35% (Appendix 14). The purple 
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stemmed morphotype had the least terpenoids quantities 15% (Appendix 13) (F=47.78, 

P=0.05). The variation of terpenoids in the morphotypes was higher than that of 

glucosinolates (Table 6 and Appendices 4, 6 and 10). 

From the above analysis, it emerged that glucosinolates and terpenoids forms about 70% 

of the total secondary metabolites in the spider plant an indication that they play a major 

role in host plant preference. 

 

Table 6. Percentages of secondary metabolites in the spider plant morphotypes 

foliage (%).  

 

Morphotype Glucosinolates             Terpenoids 

Green stemmed-1                                              1.5a                      2.0a 

Purple-green -2                                                 1.8b                      2.2b 

Purple stemmed-3                                            1.9c                       2.9c 

 

Means linked with different letters along a column are statistically different (P ≤ 0.05). 

 

4.4 Correlation of the flea beetle damage and plant metabolites 

Results in Table 7 show that, primary and secondary metabolites in the spider plant 

morphotypes correlated with the flea beetle damage inflicted on the foliage. 

A positive correlation was found between carbohydrates, fats, vitamins, proteins, 

glucosinolates and the inflicted damage (r=0.659*-1.000*) In contrast, terpenoids 

quantities correlated negatively with the inflicted damage by the flea beetles and the other 

metabolites. 
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There was a strong correlation between the metabolites and the damage inflicted by the 

flea beetle; this depicted the fact that, the damage inflicted on the spider plant 

morphotypes was more or less stimulated by the metabolites. 

 

Table.7 Pearson’s correlation coefficients of the relationship between spider plant 

morphotypes damage by the flea beetle and the metabolites. 

 

                          D                 T                G                 C                     P               F               VC               VA 

Damage (D) 

Terpenoids (T) 

Glucosinolates(G) 

Carbohydrates (C) 

Proteins (P) 

Fats (F) 

Vit. C (VC) 

Vit. A (VA) 

 1.000 

-0.794*   1.000* 

0.805*     -0.951*      1.000* 

0.754*     -0.685*      0.879*         1.000* 

0.659*    -0.745*       0.678*          0.786*           1.000* 

0.760*     -0.945*      0.896*          0.645*            0.698*      1.000* 

0.830*    -0.894*       0.931*          0.688*            0.690*      0.688*      1.000* 

0.840*     -0.755*      0.780*          0.895*            0.715*      0.742*      0.759*     1.000* 

 

All the r-values are significant (*) (p<0.05) 

(-) Negative correlation. 
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CHAPTER 5 

DISCUSSIONS 

5.1 Flea beetle damage on spider plant morphotypes 

The research clearly demonstrated that; there was significant difference in the level of 

flea beetle damage among the 3 morphotypes. The damage ranged from severe in the 

purple stemmed to minimal in the green stemmed, while the purple-green exhibited a 

moderate damage level. This study therefore, validates the Western Kenya and Rift 

Valley provinces communities‟ unreported observation that the flea beetle damage on the 

spider plant morphotypes is variable.  

The variation of the damage in spider plant morphotypes is attributed to the differences in 

primary and secondary metabolites as found out extensively in this study. These 

metabolites play a major role in attracting or repelling the flea beetles which ultimately 

result in the damage (Traw, 2002).  

 

5.2 Primary metabolites as phagostimulants. 

Carbohydrates, proteins and vitamins act as major insect phagostimulants. This is 

informed by the fact that an insect will ingest a given amount of nutrients for optimum 

metabolism; the occurrence of these nutrients in high proportions in a particular plant 

species will result in a given insect pest preferring to feed on the plant to exploit the 

nutrient-ratio benefit (Arnod, 1996; Bartlet, 1996). This preferential feeding in turn 

results in damage, thus a plant containing high quantities of these nutrients will 

experience a high level of damage by the insect herbivores. This variation in primary 

metabolites (Carbohydrates, proteins and vitamins) can explain why the purple stemmed 
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morphotype with the highest concentration of the primary metabolites/nutrients was 

damaged most by the flea beetle Phyllotreta mashonana. The variation in damage can be 

attributed to the neurosensory ability of flea beetles to sense nutrients concentration in a 

host in order to derive maximum benefits from the high primary nutrients quantities. 

(Chapman and Bernays, 1995; Cook, 2008). 

The nutritional sensory cues than any other sensory attribute (visual or touch) have been 

identified for host finding and acceptance. The molecular receptors for taste and smell are 

located on the peripheral sensory neurons of the antennae, mouth parts, tarsi and the 

ovipositor (Nielsen, 2005; Nielsen, 2011). Conversely, the low primary nutrient levels in 

the green stemmed morphotypes discouraged feeding as the flea beetles could not derive 

the same nutrient benefits as in the purple stemmed morphotype. This can be referred to 

as negative chemotaxis where a low concentration gradient exists between the 

morphotypes thereby repelling flea beetles from feeding on the morphotype thus least 

damage inflicted. The nutrient-benefit derived from the purple-green stemmed 

morphotype was moderate so was the feeding, attractiveness and damage on the 

morphotype by the flea beetles. 

Another important attractant of flea beetles to the spider plant morphotypes, is the 

carbohydrate-protein ratio. The nutritional analysis of spider plant depicted that the 

purple stemmed morphotype had the highest carbohydrates-proteins ratio of 1.22:1.00. 

This attracted the flea beetles resulting in the highest damage level among the 3 spider 

plant morphotypes. The higher the ratio the more likely a given plant species will be 

preferred by the insect herbivores as found out by Barlet (1996). The purple-green 

stemmed morphotype had a carbohydrate-protein ratio of 1.20:1.00 which was a 
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moderate ratio while the green stemmed morphotype had the least carbohydrate-protein 

ratio of 1.15:1.00 and was therefore the least damaged. This nutrient-benefit feeding on 

spider plant morphotypes can be attributed to the fact that carbohydrates being the 

biggest source of energy for most organisms, an insect herbivore in this case the flea 

beetle will prefer to feed on the spider plant morphotype with the highest quantities of 

these nutrients. Similarly, proteins play a significant role in building the body of 

organisms, thus the spider plant morphotype with higher protein content will attract the 

flea beetles feeding in an attempt to gain most from ingestion of the morphotype. 

Vitamins also increase the immunity and suitability of an organism to the environment. In 

this regard, flea beetles will therefore aim at exploiting the host with the highest 

quantities of the vitamins in order to enhance their suitability to the environment. Thus, 

the primary metabolites offer an insect direct means of assessing the nutrient quality of a 

potential food which allows an insect using chemotaxis to feed more on the plant species 

considered more “nutritious” causing more damage (Kareiva, 1983; Barlet, 1996). 

Supporting the above observation, Dixon and Payne (2006); Arnod (1996); Hiiesaar et 

al., (2003) found out that primary metabolites play a significant role in phagostimulation, 

where insect herbivores will be attracted and feed more on the nutritious varieties than 

less nutritious ones. These nutrients therefore affect the insect herbivore gustatory 

responses thereby increasing the level of damage on the host plant. This therefore 

confirms the findings that there is a strong positive correlation between flea beetle 

damage and primary metabolites in spider plant morphotypes. High nutrients in the 

purple stemmed morphotype acted as a stimulant to the flea beetle feeding resulting in the 

highest damage on the foliage. The same primary metabolites significant reduction in the 
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green stemmed morphotype can be construed to have rendered the plant less desirable to 

the flea beetles thus the least foliage damage. 

 

5.3 Effect of glucosinolates quantities in spider plant morphotypes on flea beetle 

damage. 

Glucosinolates are water soluble group of secondary metabolites derived from glucose 

and amino acids and they contain sulphur and nitrogen in their structure (Van Dam et al., 

1998). These glucosinolates play an important role in host-pest interaction a condition 

that resulted after a long evolutionary process making glucosinolates a host specific 

attractant. Glucosinolates only affect specific insect herbivores either as attractants or 

repellents. Flea beetles feed only on plant containing glucosinolates a compound 

ubiquitous in the Brassiceae and the related families (Cosse et al., 2006). This is because 

glucosinolates are considered host-specific stimulants derived from the dietary 

experience of the foraging pests (Renwick and Lopez, 2005). Glucosinolates play an 

identification role of the host to the flea beetles as they possess the necessary 

characteristic to trigger the physiological changes involved in development of 

dependence a phenomenon considered as a type of an “addiction” which is an adaptation 

of the flea beetles as they possess a nitrile-specifier protein (NSP) which attracts flea 

beetles to such plants. There is evidence that there exists a positive correlation between 

high quantities of glucosinolates and the resultant foraging of the plants by the flea 

beetles. This interaction is exceptionally complex with little knowledge on the genetic 

basis and the enzymes responsible for the interaction (Wittstock et al., 2004). 
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Glucosinolates not only initiated but prolonged the feeding of the flea beetles which is 

attributed to the carbohydrate-protein rich background of glucose and amino acids which 

are readily absorbed forming an instant source of “succour” to the insect herbivore upon 

ingestion (Addesso, 2009). High quantities of glucosinolates in a given plant species will 

have a positive effect on the flea beetles infestation and damage (Hartmann, 2007). This 

explains why high quantities of these glucosinolates in the purple stemmed spider plant 

morphotype resulted in high feeding by the flea beetles inflicting higher damage than in 

the green stemmed morphotype which has low quantities of glucosinolates. The low 

glucosinolates in the green stemmed morphotype can therefore, be construed to have 

made the plant less desirable for feeding by the flea beetles thus the least damage 

inflicted on the leaves. Whereas, the purple-green stemmed morphotype was moderately 

damaged as the glucosinolates quantities were also found to be moderate.  

A positive correlation was found between glucosinolates quantities and the damage 

inflicted by the flea beetles on the spider plant morphotypes. This confirms an earlier 

observation by Wittstock et al., (2004) that high glucosinolates quantities results in an 

increased foraging by the flea beetles. This can be attributed to the fact that, 

glucosinolates play a major role in the desirability of the spider plant as host to the flea 

beetles in that, the flea beetle is host specific and the higher the quantities of these 

glucosinolates makes the host more suitable. This qualifies glucosinolates as strong 

phagostimulants. The correlation of glucosinolates and the flea beetle damage was very 

strong in this study (0.8) indicating that higher quantities of glucosinolates resulted in 

much feeding reflected as damage on the leaves. 
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However, experiments in controlled laboratory chambers by Bartlet, (1996), found out 

that a 5000 fold increase in glucosinolates concentration could only lead to a 7 fold 

increase in feeding by the flea beetles. This may be misleading as the experiment was 

done in a controlled environment, as the field conditions demonstrated that, provided 

there exists a significant difference in the concentration of glucosinolates in a particular 

host, then the flea beetle damage will be significantly different. 

This damage may not be solely attributed to the glucosinolates, as most plants contain 

other phagostimulants which play a synergistic role in host plant selection in that, host 

plant desirability is a function of many factors.  According to Hartmann (2007), 

flavonoids are readily ingested by herbivores and humans. These flavonoids are 

expressed as yellow pigments and plants with high contents of these flavonoids are 

preferred by many pests. Other phagostimulants include the carotenoids and 

anthocyanins.  

 

5.4 Role of terpenoids quantity in spider plant morphotypes on flea beetle damage.  

Terpenoids are aromatic secondary metabolites derived from 5-carbon isoprene units. 

These compounds are known for their insecticidal, antifungal, antibacterial and 

molluscicidal properties (Mallikharjuna et al., 2007). Terpenoids form part of the volatile 

cues known as olfaction repellents of insect herbivores. Unlike the other metabolites i.e. 

primary metabolites and glucosinolates where taste allows evaluation of the nutritional 

potential prior to ingestion, terpenoids have a repulsive aroma to the flea beetles and 

when the flea beetles are attracted by other attractants, these terpenoids have a toxic 

effect on the flea beetles whereby upon ingestion, the compound inhibits A.T.P. 
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(Adenosine Tri-phosphate) formation, results in the alkalation of the nucleophiles, 

disruption of hormonal activity , complexation with the protein binding with free sterols, 

inhibition of respiration and/or increasing the relative electron partitioning to the 

alternative oxidizing pathway. When the terpenoids are ingested in large quantities, the 

above reactions may result in death of the insect herbivore (Gauthier et al., 2009). 

The characteristic of high terpenoids quantities makes the green stemmed morphotype the 

least attractive to the flea beetles which was reflected in form of the least damage 

inflicted on the leaves. This was in addition to the morphotype‟s less nutrient-benefit 

which made the flea beetles refrain from the morphotype as the “potential harm may not 

be worth the gain after consuming the host”.  

The repulsion of the flea beetles to the green stemmed morphotype was also informed by 

the well developed olfactory lobes at the antennae of the flea beetles which can sense 

high terpenoids levels in the morphotypes and “keep-off”. The minimum damage 

inflicted on the green stemmed morphotype, can be attributed to the fact that, in the event 

of availability of a host plant albeit with toxic chemicals, some flea beetles may have 

developed resistance and may have a mechanism to sequester the toxic compounds and 

prolong living by ingesting the food, thereby justifying the observation that all the 

morphotypes had some feeding damage (Michael and Boyko, 2006). 

The purple stemmed morphotype was the most suitable for the flea beetle feeding, owing 

to its low terpenoids quantities and high nutrients thus attracted flea beetles to feed on the 

foliage resulting in the highest damage inflicted. 

A negative correlation was observed between the terpenoids, the flea beetle damage and 

the other metabolites. This can be explained by the fact that, when a host is said to be 
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desirable, most of the innate factors favour the pest. However, when a potential host is 

undesirable, most innate factors also deter the pests. In this study therefore, the green 

stemmed had the least desirable nutrients for attraction of flea beetles while at the same 

time had the highest feeding detterents in the form of terpenoids which resulted in the 

least damage inflicted on the morphotype. 

According to Dicke and Baldwin, (2010), pest repellence in plants is also attributed to 

cyanogenic compounds like the cyanide which exists as an unstable compound and easily 

disintegrate releasing the highly toxic and volatile cyanide. This gas easily binds the 

nervous system of insect herbivores and other animals killing them instantly when the 

cyanide is in high concentration. As a result of this, many pests tend to avoid such plants 

unless endowed with a natural ability for countering the toxic cyanogenic compounds. 

Other invertebrate anti-feedant secondary metabolites include; atropines, phytic acid and 

gossypol all which have a negative effect on foraging pests. 

 

Vincent and Stewart (1985), attributed host plant desirability to the foliage colour, in that, 

insects have inhererent colour preferences mostly those colours which resemble the 

foliage, flower or even hosts. Different insects are attracted by different host colours with 

most Lepidopterous preferring yellow colours of 50-560nm. Hymenoptera have colour 

receptor in blue and ultra-violet with some species also being able to perceive red 

(Lobdell et al., 2005). The Coleoptera insects have a high recognition for pink, purple, 

ultra-violet and black colours (Anderbrant et al., 2009). Members of the same family may 

prefer more than one colour like in the case of Curculionidae. In addition, colour 

preference may also differ at species and metamorphic level with some instars preferring 



45 
 

different colours at different stages (Simpson and Raubenheimer, 1995; Chen et al., 

2002; Addesso, 2009). The fact that flea beetle is a member of Coleoptera family may 

explain why the purple stemmed morphotype attracted  the flea beetles to feed on its 

foliage resulting in higher damage than the green stemmed morphotype which was least 

attractive therefore had the least damage inflicted on the foliage. However, foliage colour 

cannot be the only host selection basis as insect herbivore damage is dependent on plant 

nutrient-benefit and chemotaxis.  
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CHAPTER 6 

CONCLUSIONS AND RECOMMENDATIONS 

6.1 Conclusions 

i. The purple stemmed morphotype was the most severely damaged while the green 

stemmed morphotype had the least damage. The purple-green stemmed morphotype was 

moderately damaged. 

ii. The contents of plant metabolites also varied across the morphotypes, the purple 

stemmed morphotype had the highest primary metabolites (carbohydrates, proteins and 

vitamins) followed by the purple-green stemmed morphotype, the green stemmed 

morphotype had the least primary metabolites. 

iii.  In addition to the primary metabolites, the morphotypes had varying quantities of 

secondary metabolites with the purple having the highest glucosinolates and the least 

terpenoids. The purple green stemmed had moderate quantities of glucosinolates and 

terpenoids while the green stemmed had the least quantities of glucosinolates and the 

highest quantity of terpenoids. 

iv. Flea beetle damage in spider plant increased with the increasing primary metabolites and 

glucosinolates while it decreased with increasing terpenoid levels.  

 

6.2 Recommendations 

i. The green stemmed morphotype can be crossed with the more nutritious but flea beetle 

susceptible purple stemmed morphotype in order to increase yield and maintain the 

desirable nutritional potential of the morphotype. 
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ii. Farmers can always grow the green stemmed morphotype in areas with high incidences 

of flea beetles as it is less damaged, also the purple stemmed can be alternately grown 

with the green stemmed morphotype to reduce build up of the flea beetles in the farm. 
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APPENDICES 

 

Appendix 1. Analysis of variance for beetle-damage in spider plant morphotypes. 

 

Source  d.f. s.s. m.s.  F  Sig. 

var 

Residual 

Total 

2 

15 

17 

10.1111 

2.8333 

12.9444 

5.0556 

0.1889 

 

26.76 

 

 

0.05 

  

 

 

 

 

Grand mean 1.94    s.e.d.   0.251   l.s.d (0.05) 0.535    c.v 22.4% 

  Identifier                                        Mean 

            Green (1)                               1.000 

            Purple-green (2)                     2.000 

            Purple (3)                               2.833 

 

 Appendix.2 Analysis of variance for carbohydrates in spider plant moprphotypes. 

 

Source  d.f. s.s. m.s. F  Sig. 

var 

Residual 

Total 

2 

15 

17 

2.10010 

0.74355 

2.84365 

1.05005 

0.04957 

 

21.18 

 

 

0.05 

 

 

 

 Grand mean 2.072     s.e.d.   0.1285    l.s.d (0.05)        CV 10.7% 

Identifier        Mean 

            1       1.735  

            2       1.940  

            3       2.540   
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 Apendix.3 Analysis of variance for fats in the spider plant morphotypes. 

 

Source  d.f. s.s. m.s. F  Sig. 

var 

Residual 

Total 

2 

15 

17 

0.142811 

0.016750 

0.159561 

0.071406 

0.001117 

 

63.95 

 

 

0.05 

 

 

 

 Grand mean          s.ed          l.s.d 0.05              CV% 2.1 

             Identifier         Mean 

            1                      1.462 

            2                      1.613 

            3                      1.673 

 

 Appendix.4 Analysis of variance for glucosinolates in the spider plant morphotypes. 

 

Source  d.f. s.s. m.s.  F Sig. 

var 

Residual 

Total 

 

2 

15 

17 

  

0.502533 

0.076267 

0.578800 

 

0.251267 

0.005084 

 

 

49.42 

 

 

 

0.05 

 

 

 

  

 Grand mean 1.723    s.e.d.   0.0412      l.s.d (0.05)      CV   4.1% 

         Identifier                    Mean 

           1                               1.507 

            2                               1.750 

            3                               1.913     
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 Appendix.5 Analysis of variance for proteins in the spider plant moprphotypes. 

 

Source  d.f. s.s. m.s. F  Sig. 

var 

Residual 

Total 

2 

15 

17 

0.087544 

0.062233 

0.149778 

0.043772 

0.004149 

 

10.55 

 

 

0.05 

 

 

 

 Grand mean   2.72    s.e.d.   0.0372    l.s.d (0.05)   0.0793     CV 2.4% 

                Identifier                Mean 

              1                               2.625 

              2                               2.750  

              3                               2.788  

 

 Appendix.6 Analysis of variance for terpenoids in the spider plant morphoytypes. 

 

Source  d.f. s.s. m.s. F Sig. 

var 

Residual 

Total 

2 

15 

17 

2.823644 

0.044317 

2.867961 

1.411822 

0.002954 

 

47.78 

 

 

0.05 

 

 

  

 Grand mean 2.367     s.e.d.   0.0314   l.s.d (0.05)   0.0669    CV 2.3% 

               Identifier                   Mean 

              1                                2.005 

              2                                2.178 

              3                                2.918 

 

 

 

 



60 
 

 Appendix.7 Analysis of variance for Vit_A in spider plant morphotypes. 

 

Source  d.f. s.s. m.s.  F  Sig. 

var 

Residual 

Total 

2 

15 

17 

0.3208111 

0.0127500 

0.3335611 

0.1604056 

0.0008500 

 

18.87   

 

 

 0.05 

 

  

 Grand mean 0.3572     s.e.d.   0.01683     l.s.d (0.05).   0.03588   CV 8.2% 

             Identifier                    Mean 

            1                                  0.2367 

            2                                  0.2917 

            3                                  0.5433 

 

 

 Appendix.8 Analysis of variance for Vit_C in spider plant morphotypes. 

 

Source d.f. s.s. m.s. F Sig. 

var 

Residual 

Total 

 

2 

15 

17 

  

15.9992 

2.6267 

18.6259 

 

7.9996 

0.1751 

 

 

45.68 

 

 

 

       0.05 

 

 

 

 

Grand mean 15.481   s.e.d.    0.2416   l.s.d (0.05)    0.5150   C.V 2.7% 

  Identifier     Mean 

            1       14.25 

            2       15.66 

            3       16.54 
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Secondary metabolites HPLC output. 

 

Appendix. 9 Purple stemmed morphotype glucosinolates analysis 

 

 

 
 

Highest glucosinolates- peak at 43 % 
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Appendix. 10 Purple-green stemmed morphotype glucosinolates analysis 

 

 
 

Highest glucosinolates- peak at 37 % 
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Appendix. 12 Green stemmed morphotype glucosinolates analysis 

 

 
 

Highest glucosinolates- peak at 19 % 
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Appendix. 12 Purple stemmed morphotype terpenoids analysis 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Highest terpenoids- peak at 29 % 
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Appendix. 13 Purple-green stemmed morphotype terpenoids analysis 

 

 

 
 

Highest terpenoids- peak at 35 % 
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Appendix. 14 Green stemmed morphotype terpenoids analysis 

 

 

                                      
 

Highest terpenoids- peak at 45 % 

 

 

 

 

 


