
 
 

                                 

                                                                                                                   

 

 

 

Characterisation of key pests of amaranth and nightshades in 

Kenya and development of integrated pest management (IPM) 

strategies 

 

 

 

Von der Naturwissenschaftlichen Fakultät der 

Gottfried Wilhelm Leibniz Universität Hannover 

 

zur Erlangung des Grades 

Doktor der Gartenbauwissenschaften (Dr. rer. hort.) 

 

 

genehmigte Dissertation 

von 

Daniel Mwangi Mureithi, M. Sc. 

 

2018 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Referent: Prof. Dr. rer. hort. Edgar Maiss 

Korreferent: Prof. Dr. sc. agr. Hartmut Stützel 

Tag der Promotion: 16.05.2018 



 

i 
 

Abstract 

Scanty information is available concerning the identity of the major pests of amaranth and 

African nightshades in Kenya and associated damage. The natural enemies of these pests have 

also not been studied in detail. In this PhD study, field survey to identify the major pests of 

amaranth and nightshades, their abundance, distribution, and damage in six regions in Kenya was 

conducted. The natural enemies for these pests present in the amaranth and nightshade fields in 

these regions were also profiled. Based on the survey findings, field experiments to study the 

population dynamics and host range for the major pests of African nightshades was done. The 

performance of parasitoid Aphidius colemani Viereck for the control of Aphis fabae Scopoli and 

Myzus persicae Sulzer was also tested. Finally, the biology of the nightshade veinal mottle virus 

(NsVMV) was investigated. Survey findings showed that the damage by insect from various 

insect orders on amaranth was; Lepidoptera- 24.41±1.39%, Homoptera- 16.61±1.15%, 

Coleoptera- 14.99±0.89%, and Thysanoptera- 4.06±0.63%. However, the most destructive insect 

species on amaranth were Spoladea recurvalis Fabricius, and Epicauta albovittata Gestro in the 

rainy and dry season respectively. Four important amaranth pests that had not been reported as 

pests of amaranth in Kenya i.e. Epicauta albovittata Gestro, Psara atritermina Hampson, Tuta 

absoluta Meyrick and Anyma octogueae Guenèe were also observed. In the survey for the 

African nightshade pests, the greatest damage was caused by Homopterans (26.8 %), Coleoptera 

(16.5%), Lepidoptera (5.1%) and Thysanoptera (3.7%). We observed 47 Coleoptera species, 6 

aphid species, 8 Lepidoptera species and 8 Thysanoptera species infesting the African 

nightshades. However, A. fabae, and Epitrix silvicola Bryant were the two most damaging pests 

on the crop. Majority of the natural enemies observed belonged to the Coleoptera and 

Hymenoptera insect orders among them the parasitoid A. colemani which was studied during this 

PhD project.  In the population dynamics study, we showed that highest abundance of A. fabae 

was observed in the 2
nd

 growing season at the mid altitude zone and in the 3
rd

 growing season in 

the high altitude zone. For the E. silvicola, the highest abundance was observed in the 4
th

 

growing season at the mid altitude zone and in the 3
rd

 growing season at the high altitude zone. 

For the Lepidopteran pests (Spodoptera exigua, S. littoralis, Tuta absoluta and Plusia sp.), the 

peak abundance was recorded in the 1
st
 growing season at the mid altitude zone and 4

th
 growing 

season at the high altitude zone. For most of the pests, colonization on African nightshades 

started early at the seedling stage. However, the population rose and fluctuated at different 
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phenological stages of crop growth. In the study of the performance of A. colemani, we showed 

for the first time that A. colemani has higher acceptance for M. persicae compared to A. fabae 

regardless whether the parasitoid was reared on S. scabrum or S. villosum as the host plants. 

However, higher parasitism was observed on A. fabae. Study on NsVMV revealed that Solanum 

lycopersicum, Nicotiana occidentalis, Nicotiana.hesperis, Nicotiana debneyi, Nicotiana tabacum 

cv. Samsun and Nicandra sp were the other hosts of the virus. There was no nightshade 

species/line resistant to the virus. In addition, 1000 seeds from NsVMV infected plants were 

germinated and found visually free from symptoms, indicating that the virus is if at all only to 

very low percentages seed-borne. Findings from the present study provide significant 

information necessary for designing and implementation of management interventions for the 

major pests of amaranth of African nightshades in Kenya. 
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Zusammenfassung 

Es liegen nur wenige Informationen über die Identität der Hauptschädlinge von Amaranth und 

afrikanischem Nachtschatten und den damit verbundenen Schäden in Kenia vor. Auch die 

natürlichen Gegenspieler dieser Schädlinge wurden nicht im Detail untersucht. In der 

vorliegenden Doktorarbeit wurde deshalb eine Feldstudie durchgeführt, um die Hauptschädlinge 

von Amaranth und Nachtschatten zu identifizieren, sowie ihre Häufigkeit, Verbreitung und 

Schäden in sechs Regionen in Kenia zu analysiseren. Auch natürliche Gegenspieler von 

Schädlingen, die in den Amaranth- und Nachtschattenfeldern in diesen Regionen vorhanden 

sind, wurden einbezogen. Basierend auf den Erhebungsergebnissen wurden Feldexperimente 

durchgeführt, um die Populationsdynamik und das Wirtsspektrum für die Hauptschädlinge 

afrikanischer Nachtschatten zu untersuchen. Die Leistung des Parasitoiden Aphidius colemani 

Viereck zur Bekämpfung von Aphis fabae Scopoli und Myzus persicae Sulzer wurde ebenfalls 

getestet. Schließlich wurde die Biologie des Nightshade Veinal Mottle Virus (NsVMV) 

untersucht. Die Erhebungsergebnisse zeigten, dass der Hauptschaden auf Amaranth durch 

Insekten von verschiedenen Insektenordnungen, d.h. Lepidoptera (24,41 ± 1,39%), Homoptera 

16,61 ± 1,15%, Coleoptera 14,99 ± 0,89% und Thysanoptera 4,06 ± 0,63%, hervorgerufen 

wurde. Der größte Schaden an Amaranth wurde jedoch von dem Schmetterling Spoladea 

recurvalis Fabricius und dem Ölkäfer Epicauta albovittata Estra in der Regen- bzw. Trockenzeit 

hervorgerufen. Vier wichtige Amaranth-Schädlinge, die in Kenia bisher nicht als Amaranth-

Schädlinge identifiziert worden waren, d. h. Epicauta albovittata, Psara atritermina Hampson, 

Tuta absoluta Meyrick und Anyma octogueae Guenèe, wurden ebenfalls beobachtet. Bei der 

Erhebung am afrikanischen Nachtschatten wurde der größte Schaden von Homoptera (26,8%), 

Coleoptera (16,5%), Lepidoptera (5,1%) und Thysanoptera (3,7%) verursacht. Insgesamt wurden 

47 Käfer-Arten, 6 Blattlausarten, 8 Schmetterlings-Arten und 8 Thrips-Arten beobachteten, die 

deb afrikanischen Nachtschatten befallen. Die Blattlaus A. fabae und der Blattfloh Epitrix 

silvicola Bryant waren jedoch die beiden schädlichsten Insektenarten auf der Pflanze. Die 

Mehrheit der beobachteten natürlichen Feinde gehörte zu den Insektenordnungen der Coleoptera 

und Hymenoptera, darunter der Parasitoid Aphidius colemani, der im Rahmen dieser 

Doktorarbeit detaillierter untersucht wurde. In den Untersuchungen zur Populationsdynamik 

konnte gezeigt werden, dass die höchste Abundanz der Blattlaus A. fabae in der 2. 

Vegetationsperiode in der mittleren Höhenzone und in der 3. Vegetationsperiode in der oberen 
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Höhenzone beobachtet wurde. Für den Blattfloh E. silvicola wurde die höchste Abundanz in der 

4. Vegetationsperiode in der mittleren Höhenzone und in der 3. Vegetationsperiode in der oberen 

Höhenzone beobachtet. Bei den Schadschmetterlingen (Spodoptera exigua, S. littoralis, Tuta 

absoluta und Plusia sp.) wurde die höchste Abundanz in der ersten Vegetationsperiode in der 

mittleren Höhenzone und in der vierten Wachstumsperiode in der oberen Höhenzone registriert. 

Bei den meisten Schädlingen begann die Kolonisierung des afrikanischen Nachtschatten früh im 

Keimlingsstadium. Die Population stieg jedoch an und schwankte bei verschiedenen 

phänologischen Wachstumsstadien. In der Untersuchung des Parasitierungsverhaltens von A. 

colemani zeigten wir zum ersten Mal, dass A. colemani eine höhere Akzeptanz für M. persicae 

im Vergleich zu A. fabae aufweist, unabhängig davon, ob der Parasitoid an S. scabrum oder 

S. villosum als Wirtspflanzen aufgezogen wurde. Bei A. fabae wurde jedoch eine höherer 

Parasitierungsleistung beobachtet. Die Untersuchungen zum erstmals beschriebenen 

Pflanzenvirus (NsVMV = Nightshade Veinal Mottle Virus) ergab, dass Solanum lycopersicum, 

Nicotiana occidentalis, Nicotiana.hesperis, Nicotiana debneyi, Nicotiana tabacum cv. Samsun 

und Nicandra sp zum Wirtspflanzenspektrum gehören. Es gab keine gegen das Virus resistente 

Nachtschattenart. Zusätzlich wurden 1000 Samen von NsVMV-infizierten Pflanzen zur Keimung 

gebracht. Visuell waren sie frei von Symptomen, was darauf hinweist, dass das Virus, wenn 

überhaupt, nur zu sehr geringen Prozentsätzen samenübertragbar ist. Die Ergebnisse der 

vorliegenden Untersuchungen liefern wichtige Informationen, die für die Planung und 

Durchführung von integrierten Pflanzenschutzmaßnahmen gegen Schadinsekten an Amaranth 

und afrikanischem Nachtschatten in Kenia notwendig sind. 

 

 

Schlüsselbegriffe: Schadinsekten, Amaranth, African nightshade, Biodiversität, Schlupfwespen, 

Pflanzenviren 
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1. General Introduction 

1.1 Role of AIVs in combating malnutrition and diseases   

The highest incidences of malnutrition in the world are found in Sub-Saharan Africa (FAO, 

2014). Moreover, cases of non-communicable lifestyle diseases such as cancers and heart 

ailments are also on the increase in the communities living in Africa (Tullao, 2002). The 

situation calls for urgent measures to arrest this challenge. African indigenous vegetables 

(AIVs), have numerous nutritional and health benefits and can be utilised to fight against 

malnutrition and lifestyle diseases in Africa (Nesamvuni et al., 2001; Yang and Keding, 

2009). AIVs have higher content of protein, carotene, vitamin C, iron, calcium and 

magnesium than the exotic vegetables introduced to Africa from Europe (Maundu et al., 

1999b). In particular leaves from amaranth (Amaranthus viridis, A. cruentus and A. blitum), 

African nightshade (Solanum scabrum,, S. villosum, S. americanum, S. sarrachoides), spider 

plant (Cleome gynandra), jute mallow (Corchorus olitorius, C. tricularis), sweet potato 

(Ipomoea batatas), cowpea (Vigna unguiculata), cassava (Manihot esculenta), and pumpkin 

(Cucurbita spp.) are a rich source of beta carotene and iron (Grubben and Denton, 2004; 

Weinberger and Swai, 2006). Additionally Moringa stenopetala and M. esculenta leaves 

have high content of vitamin c and e while Pterocarpus mildbraedii provides appreciable 

amounts of zinc. Adansonia digitata and Rorippa madagascariensis possesses antioxidant 

properties (Shackleton et al., 2009). AIVs also contain anti-oxidants that are useful in the 

fight against cancers and heart diseases (Uusiku et al., 2010). 

1.2 Economic significance of AIVs 

Agriculture is the backbone of the Kenyan economy with approximately 80 % of the 

population depending on it directly or indirectly. The agricultural sector accounts for 25% of 

Gross Domestic Product (GDP) (Muriuki et al., 2001). Horticulture is an important sub-sector 

in the agricultural sector. The sub-sector is dominated by small-scale holders who account for 

70% of total horticultural production (McCulloch and Ota, 2002). The wide variety of 

horticultural crops enables small-scale farmers in Kenya who live in areas with varied 

climatic conditions to select crops suitable for their locality (Minot and Ngigi, 2004). Among 

the vegetable crops that are grown by Kenyan farmers are the African indigenous vegetables 

(AIVs).  (Omiti et al., 2004). These are vegetable crops that have been grown and utilized as 

food in many African countries for generations. There are more than 210 species of AIVs in 

Kenya (Ngugi et al., 2006). Commonly grown AIVs include amaranth (Amaranthus dubious, 

Amaranthus hybridus), African nightshades (Solanum scabrum, Solanum villosum, Solanum 
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americanum, Solanum macrocarpon), spiderplant (Cleome gynandra), cowpea (Vigna 

unguiculata), and Ethiopian kale (Brassica carinata) among others (Maundu et al., 1999a). 

Although previously referred as the poor man’s vegetables, production and consumption of 

AIVs have increased greatly in the recent years due to consumer demand. The area put under 

the cultivation of AIVs also increased by 25 % between the years 2011 - 2013 (Cernansky, 

2015). The market channels for AIVs have also expanded and currently they are sold both in 

open air markets and in the high-end markets such as the supermarkets (Irungu et al., 2007). 

The AIVs fetch better prices in the markets compared to the exotic vegetables making them 

play an important role in improving the income levels of the rural households who are the 

major producers (Lenne and Ward, 2010). For instance, a study conducted in Kiambu 

County, one of the regions where AIVs are cultivated in Kenya, revealed that production of 

AIVs earned farmers’ up to three times the income they were obtaining from the production 

of exotic vegetables in the same unit of land (Muhanji et al., 2011). 

1.3 Botanical characteristics and production of amaranth in Kenya 

The word amaranth originates from a Greek work “amarantos” which means the one that 

does not wither or a never fading flower (Mosyakin and Robertson, 2003). Amaranth is an 

annual, dicotyledonous and herbaceous plant, 40 cm to over 3 m high, with a rigid upright 

stem, and flowers are a big inflorescence. Amaranth leaves are alternate, simple and petiolate, 

with some red or greenish colour and they are mostly edible. The flowers are very small 

purple or dark red or yellow-green. They are gathered in clusters grouped in spikes and 

panicles. Having a monocular ovary, fruits contain a tiny and lenticular shaped single seed 

(1.0 -1.5 mm diameter). Seeds have different colours and depending on plant species they 

may be white, gold, red and dark. Standard 1,000 amaranth seeds weight varies from 0.6 to 

1.2 g (Bressani, 1993; Teutonico, 1985). There are more than 60 species in the genus 

amaranthaceae. However, only few of the species are used for human or animal consumption. 

Amaranthus tricolor, A. lividus, and A. blitum are grown for consumption of leaves whereas 

A. cruentus/hybridus, A. caudatus, and A.hypocondriacus are grown for grain production 

(Amicarelli and Camaggio, 2012). 

A total of 17, 445 Mt of amaranth was produced in the year 2012, accounting for 2.6% of the 

total AIV produced in the Kenya. There is high concentration in production of amaranth 

(both grain and leaf) in the former Nyanza, Western, and Coast provinces of Kenya. Kisii, 

Nyamira, Kilifi Counties lead in production of amaranth in Kenya (HCDA, 2012). 
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1.4 Botanical characteristics and Production of African nightshades in Kenya 

The African nightshade is an erect, many-branched herb growing 0.5 to 1.0 m high. The plant 

bears thin, oval, slightly purplish leaves up to 15 cm in length, has numerous white flowers 

and usually purple to black, round berries about 0.75 cm in diameter containing many small, 

flattened, yellow seeds. The species that are produced in Kenya include S. macrocarpon, S. 

scabrum and S. villosum. However S. villosum which bears orange berries is the most 

popular. Leaves from the plant are consumed after boiling them and discarding the water. 

They are a rich source of proteins, carbohydrates and vitamins. Fresh fruits are also 

consumed (www.infonet-biovision.org). With a total of 22,791 Mt produced in 3,440 

hectares, African nightshade is the second most produced AIV after cowpeas in production 

(HCDA, 2012). Counties in the former Nyanza province are the leading producers of 

nightshade. Nyamira and Kisii counties account for 53% of the total national production. 

Other counties with high production of nightshade include; Bomet, Bungoma, Kakamega, 

Kisumu, Migori, and Narok counties (HCDA, 2012).  

1.5 Pests of amaranth and African nightshades in Kenya 

Production of AIVs in Kenya is constrained by arthropod pests and diseases that lower the 

quantity and quality of the produce (Gockowski and Ndumbe, 1997; Schippers, 2000).  For 

instance, in Kenya, yield losses of between 20-100% by arthropod pests have been reported 

on amaranth and African nightshades (Sithanantham et al., 2003; Saunyama and Knapp, 

2003). The major insect groups causing considerable losses to amaranth belong to the orders 

Lepidoptera, Coleoptera, Hemiptera, and Diptera (Clarke-Harris et al., 1998). More than 13 

insect species belonging to orders Hemiptera, Lepidoptera, and Diptera as well as spider 

mites have been reported to attack African nightshades. In addition to direct losses, pests also 

lower the quality of the produce. For instance, aphid infestation significantly reduces product 

quality of produce through contamination with honeydew and subsequent growth of sooty 

mould, leading to frequent markets rejections (Varela and Seif, 2004). Moreover, leaves 

attacked by spider mites are generally twisted, webbed and therefore not marketable. 

Presence of pests and diseases in amaranth and African nightshades has lead to the overuse of 

chemical pesticides. As a result, the pesticide residues are more likely to be found on the 

produce thereby potentially causing health complications to the consumers and adverse 

effects to the environment. An integrated pest and disease management system for amaranth 

and African nightshades is necessary to enable production of these crops in a suitable 

manner.  

http://www.infonet-biovision.org/
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1.6 Research aim 

Until now, few studies on the identity and management of arthropod pests and diseases 

infecting amaranth and African nightshades in Kenya have been conducted. In particular, 

arthropod pests infesting amaranth and African nightshades in major production regions of 

Kenya have not been profiled in detail. Moreover, the seasonal abundances of the key pests 

of African nightshades in Kenya have not been studied extensively. The natural enemies 

occurring in amaranth and nightshade fields for control of arthropod pests infesting the two 

crops have not been identified and their potential for the management of amaranth and 

nightshade pests have not been explored. Moreover, the biological properties of the 

nightshade veinal mottle virus (NsVMV), a new plant virus infecting African nightshades 

(Schimmel et al., 2015), are unknown. 

The overall objective in the current study was to develop knowledge on the key pests of 

amaranth and African nightshades and their natural enemies in Kenya as a pre-requisite for 

developing effective integrated pest management (IPM) measures for their control. 

Specifically, the study aimed to answer the following questions; 

1. What are the biodiversity, abundance, distribution, and damage of arthropod pests 

infesting amaranth and African nightshades in key production counties in Kenya and 

their natural enemies? 

2. How do agro-ecology, seasonality and crop phenological stages affect the abundance 

of major African nightshade pests and natural enemies? 

3. Which are the alternative hosts for key pests infesting African nightshades among the 

crops/weeds growing around the African nightshade fields? 

4. What is the potential of parasitiod Aphidius colemani in control of Aphis gossypii and 

Myzus persicae on African nightshades? 

5. What are the host range, host resistance, aphid transmission and seed transmission of 

nightshade veinal mottle virus (NsVMV)? 

Knowledge of the key pests of amaranth and nightshades and their distribution in Kenya will 

provide farmers and extension workers with critical information on which pests to prioritise 

on in their management practices in different seasons. The new information obtained on the 

pests and their natural enemies will be useful in development of IPM measures for these 

pests.  
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1.7 Outline of thesis 

Amaranth and African nightshades are important AIVs in Kenya which are attacked by 

different types of pests. Neighbouring plants and wild plants occurring in and around the 

amaranth and nightshade crop may also play as alternative host to pests that infest the two 

crops. In Chapter 2, I take a critical review of the literature for major pest species of 

amaranth and African nightshades with a focus on their host plant ranges. 

Occurrence and distribution of pests and their natural enemies of a particular crop may vary 

from one agro-ecological zone to another. In Chapter 3 and Chapter 4, I examine the 

biodiversity, distribution, abundance, and damage of pest insects in major growing regions 

infesting amaranth and African nightshades on farmers fields. The natural enemies of these 

pests that are naturally occurring in amaranth and African nightshades fields are also 

discussed. 

Agro-ecological zone, growing season and phenological stage of African nightshade 

influence the abundance of key pests. In Chapter 5, I study the influence of these factors on 

the abundance of A. fabae, E. silvicola and Lepidopteran pests (Spodoptera exigua, S. 

littoralis, Tuta absoluta and Plusia sp.) in four growing seasons in the year 2015 and 2016 

under controlled conditions. In the same study, I examine the crops and wild plants growing 

in close proximity with the African nightshade fields for the presence of African nightshade 

pests. 

Since aphids belong to the main pest species the promotion or release of aphid parasitoids 

seems to be an obvious strategy for IPM. But it’s likely that the aphid host plant and the 

aphid species identity influence the performance of parasitoids. In Chapter 6, I evaluate the 

host acceptability and suitability of two aphid species, A. fabae and M. persicae, feeding on 

two different African nightshade species, S. scabrum and S. villosum, by the common aphid 

parasitoid Aphidius colemani. 

Other than the pests, production of African nightshades in Kenya is faced with a threat of a 

new plant virus, the nightshade veinal mottle virus (NsVMV) which is transmissible by aphid 

M. persicae. However, little is known with regard to its biological properties. In Chapter 7, I 

test the host range, host resistance, transmission by aphid species A. fabae and by seed of 

NsVMV. 
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In Chapter 8, I review the most important finding from my PhD study and discuss their 

contribution in development of IPM measures for the key pests of amaranth and African 

nightshades in Kenya. 
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2 Important arthropod pests on leafy amaranth (Amaranthus viridis, A. 

tricolor and A. blitum) and broad-leafed African nightshade (Solanum 

scabrum) with a special focus on host-plant ranges (based on Mureithi et 

al., 2017) 

 

2.1 Abstract 

Leafy amaranths and African nightshades are important African Indigenous vegetables 

(AIVs) with numerous nutritional and health benefits. However, their production is faced 

with several challenges - key among them integrated control of arthropod pests. The insect 

groups attacking these vegetables include a range of hemipterans, dipterans, lepidopterans, 

and coleopteran species. Moreover, other crop and weed species frequently serve as 

alternative hosts to amaranth and nightshade pests in absence of the crops or when pest 

management measures have been applied. This review will evaluate the major pests attacking 

leaf amaranth and African nightshades and their potential host ranges. Potential viral diseases 

transmitted by these insects on African nightshades will also be highlighted. The final aim of 

the project will be to characterize infection pathways in the production system and 

agricultural landscape to develop new options of pest control. 

 

Key words: African Indigenous vegetables, Infection pathways, Pest distribution. 
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2.2 Introduction 

Among the main African indigenous vegetables (AIVs) produced in Kenya are leafy 

amaranths and African nightshades (Mbugua et al., 2006; HCDA, 2012). Amaranthus 

tricolor, A. lividus, and A. blitum (Caryophyllales, Amaranthaceae) are grown for 

consumption of leaves (Amicarelli and Camaggio, 2012). The African nightshade species that 

are produced in Kenya include Solanum macrocarpon, S. scabrum and S. villosum (Solanales, 

 Solanaceae). The insect groups attacking these two vegetables include; defoliators, sucking 

insects, stem borers, fruit/pod borers, leafminers and webbers (Schippers, 2000; 

Sithanantham et al., 2003). Development of sustainable integrated pest and disease 

management strategies are of high priority in the HORTINLEA project for production of 

healthy vegetables. In this context, World distribution of amaranth and nightshade pests in 

general and in East Africa in particular, host-ranges and their damage are discussed with the 

aim of characterizing their infection/infestation pathways in the production system and 

agricultural landscape. 

2.3 Pests of amaranth and their host ranges 

Amaranth is attacked by numerous herbivorous arthropod pests that feed on various plant 

parts such as roots, stems, leaves, flowers and seeds. The major insect groups causing 

considerable losses to amaranth belong to the orders Lepidoptera, Coleoptera, Hemiptera, and 

Diptera (Clarke-Harris et al., 1998). Beet webworm, Spoladea recurvalis Fabricius 

(Lepidoptera; Crambidae) is distributed in tropical and sub-tropical regions of Asia, Africa 

and Australia. Other than amaranth, Garden beet and swiss chards are other Chenopodeaceae 

crops commonly grown in amaranth production zones in East Africa and might serve as 

major hosts of S. recurvalis. The pest also attacks several weed species that are found in 

amaranth fields including Chenopodium album (Chenopodiaceae), Portulaca oleracea 

(Portulacaceae), and Trianthema portulacastrum (Aizoaceae) (Table 2-1) (Capinera, 2011; 

Kedar et al., 2013).  Alternative hosts could serve to perpetuate the pest in absence of 

amaranth or further increase their population if present together with amaranth due to 

abundance in food sources. The larvae skeletonize the leaves before rolling them to provide 

shelter during pupation. Huge losses caused by S. recurvalis on amaranth have been reported 

in Nigeria (Aderolu et al., 2013). 

Cotton leafworm Spodoptera littoralis Boisduval (Lepidoptera; Noctuidae) is a severe 

lepidopteran pest of amaranth and African nightshade. The pest is widely distributed 

throughout Africa including East African countries of Kenya, Uganda and Tanzania. It is also 
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present in other tropical and sub tropical regions of Asia and Europe (Miller, 1976; Sidibe 

and Lauge, 1977). Spodoptera littoralis is a highly polyphagous species which is able to feed 

on more than 87 plant species covering 40 different families such as Amaranthaceae, 

Brassicaceae, Liliaceae, Malvaceae, Chenopodiaceae, Fabaceae, Solanaceae, Curcubitaceae, 

and Poaceae. Besides amaranth, onion, cabbage, capsicum, beans, maize, potato, tomato and 

eggplants are potential major hosts of the pest grown in amaranth production areas. Minor 

hosts in the familyApiaceae such as carrots are also grown in amaranth production areas and 

could serve as an alternative host to S. littoralis. Wild hosts such as lantana (Verbenaceae), 

jatropha (Euphorbiaceae) and wild strawberries (Rosaceae) could also provide food resources 

(nectar and foliage) to the pest (Table 1) (Salama et al., 1970; Brown and Dewhurst, 1975; 

Badr, 1982; Rizk et al., 1988; Holloway, 1989; Mohamed, 2003). The ability of the pest to fly 

long distances could enable S. littoralis to reach many other hosts which may be far away in 

absence of amaranth crop and later return to infest newly established amaranth. The pest is a 

voracious feeder shredding leaves of the host plant and leaving large irregular holes. 

Considerable yield losses on amaranth have been reported in Nigeria and Mexico (Aragón et 

al., 1997; Aderolu et al., 2013). 

Amaranth stem weevils, Hypolixus sp. (Coleoptera; Curculionidae) are among the most 

serious coleopteran pests of amaranth. Species known to be destructive to the crop include 

H. truncatulus, H. haerens, and H. nubilosus (Gupta and Rawat, 1954; Louw et al., 1995; 

Torres-Saldaña et al., 2004; Kagali et al., 2013). Besides Amaranth, no other host plant has 

been documented for Hypolixus sp suggesting that the pest could be managed by cultural 

practices such as closed season or crop rotation (Table 2-1). Weevil larvae damage the stem 

by burrowing and feeding on the stem tissues and leaving their excreta therein while the 

adults are leaf-feeders. Feeding by the pest causes stunting, reduction in leaf yield, 

development of tumours on the stem and eventual drying up of the plant (Tara et al., 2009; 

Imam et al., 2010). Plant infestation of up to 81 % has been reported in India. 

The pea leafminer, Liriomyza huidobrensis Blanchard (Diptera; Agromyzidae) is among the 

leafminer flies challenging the production of amaranth. L. huidobrensis is widespread in the 

Mediterranean region. However, it has colonized other regions of the world (America, Asia, 

Africa and the Oceania). In East Africa, it has been reported in Kenya and Tanzania (Chabi-

Olaye et al., 2008; EPPO 2014; Foba et al., 2015). Liriomyza huidobrensis is highly 

polyphagous and is known to attack host plants from 14 different families, both cultivated 

and wild including amaranth. Other popular crops grown alongside amaranth which the pest 
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uses as host include faba beans, onions, garlic and snowpeas. Oxalis, datura and tagetes are 

wild hosts of L. huidobrensis that invade amaranth farms leading to higher epidemics of the 

pest (Table 2-1) (Mujica and Kroschel, 2011; Foba et al., 2015). The pest manifests itself by 

burrowing irregular white mines with dampened black and dried brown areas on the leaves. 

Yield losses of between 20-100 % on different crops have been reported in Kenya (Spencer 

1973, 1990; OEPP/EPPO, 2005).  

The green peach aphid, Myzus persicae Sulzer (Hemiptera; Aphididae) is distributed 

throughout the world except in areas with extreme temperatures or moisture. The pest is 

present in East African countries including Kenya (Millar, 1994; CIE, 1979; Remaudiere and 

Autrique, 1985). M. persicae is a serious pest of Amaranth. Groundnuts, capsicums, carrots, 

maize, beans, potato, tomato and eggplants which are cultivated in amaranth growing regions 

of East Africa also serve as alternative hosts of M. persicae leading to high population build-

up of the pest (Table 2-1) (Heathcote, 1962; Tamaki 1975). Significant yield losses have been 

reported in potato, sugarbeets and peach (Barbagallo et al., 2007). The pest vectors important 

plant viruses such as Potato leaf roll virus (PLRV), Potato virus Y (PVY), Cucumber mosaic 

virus (CMV), and Pepper veinal mottle virus (PVMV). Among the listed viruses, PVY is the 

only one that has been shown to infect amaranth experimentally. However, the other virus 

could also infect amaranth as they are hosted by other plant species that also grow in the 

same neighbourhood as amaranth such as potato, tomato, capsicums, and pumpkin. Common 

weeds in amaranth fields such as datura and Physalis ungulata are also hosts of the viruses 

listed (http://www.cabi.org; Kennedy et al., 1962). 

Other important pests infesting leaf amaranth that have been reported in Africa include; 

Sylepta derogota (Lepidoptera; Pyralidae), Herpetogramma bipunctalis (Lepidoptera, 

Crambidae), Liriomyza sativae (Diptera; Agromyzidae), and Empoasca sp. (Hemiptera; 

Cicadellidae) (Table 2-1) (Aragón et al.,1997; Garcia et al., 2011; Sæthre et al., 2011; 

Aderolu et al., 2013; Kagali et.al., 2013). Although scanty information is available on some 

of these pests with regard to their geographical distribution in Africa, host range, virus 

transmission and economic importance, they pose a serious challenge in production of 

Amaranth due to their long distance flight capability particularly the Lepidopterans and the 

Dipterans. 

 

 



Chapter 2: Review of major pests of amaranth and nightshades                                             13 

 

Table 2-1: Pests of Amaranth and host range on crops and weeds (--- = no information available).
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Table 2-1: Pests of Amaranth and host range on crops and weeds (continued) (--- = no information available). 
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2.4. Pests of African nightshades and their host ranges  

African nightshade is attacked mainly by herbivorous arthropod pests that feed on leaves. 

More than 13 insect species belonging to orders Hemiptera, Lepidoptera, and Diptera as well 

as spider mites have been reported to attack African nightshades. The most serious pests on 

African nightshades are discussed. Aphids (Hemiptera; Aphididae) are among the most 

important sucking insects attacking African nightshades. The leaves infested by aphids curl 

and fold causing distorted and retarded growth of young apical shoots. Moreover, aphid 

infestation significantly reduces crop quality through contamination with honeydew and 

subsequent sooty mould, leading to frequent markets rejections. (AVRDC, 2003; Varela and 

Seif, 2004). The major aphid species attacking African nightshades include Aphis gossypii, A. 

craccivora, and A. fabae (Ashilenje et al., 2011; Suganthy and Sakthivel, 2012; Singh et al., 

2014).  

The cotton aphid, A. gossypii Glover is present worldwide including the East African region. 

It can survive in both hot and cold regions of the world (UK CAB International, 1968). The 

pest has a wide host range in over 92 plant families. Among the primary hosts are crops in the 

Malvaceae, Cucurbitaceae, and Solanaceae families such as cotton, pumpkins, cucumber 

tomato, and nightshades. Other hosts of the pest include; maize, beans, cabbages, kales, and 

Bidens pilosa (Table 2-2) (Ebert and Cartwright., 1997). Presence of the mentioned host 

plants in East Africaenables the perpetual survival of A. gossypii in farmlands throughout the 

year and recolonisation of the new nightshade crop upon establishment. Transmission of 

viruses is the most devastating impact of the pest with a potential of transmitting over 30 

plant viruses such as Cucumber mosaic virus (CMV), Pepper veinal mottle virus (PVMV) 

and Potato leafroll virus (PLRV) (http://www.cabi.org ; Kennedy et al., 1962; Ebert and 

Cartwright, 1997). These viruses are present in East Africa and have been reported to infect 

nightshades alongside other Solanaceae crops such as tomato, potato, capsicums, and weed 

species such as datura and Physalis ungulata. Melon, Pumpkin, common beans, faba beans, 

maize and Oxalis are also hosts of CMV and could serve as a reservoir of the virus in absence 

of nightshades. Yield losses of up to 80 % have been reported on cotton in Zambia. However, 

losses on African nightshades are yet to be quantified. 

The cowpea aphid, A. craccivora Koch, has a wide distribution in the tropics where it is 

among the most common aphid species. Among other East African countries, the pest is also 

present in Kenya (CIE, 1983; Blackman and Eastop, 2000). Although A. craccivora has 

higher preference for plants in the Fabaceae family, it is a polyphagous pest that uses 18 other 
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plant families such as Amaranthaceae, Solanaceae, and Malvaceae. Host crops for A. 

craccivora that are found areas where nightshades are grown in East Africa include; beans, 

cowpea, mung beans, pigeon peas, groundnuts, pepper, amaranth and citrus fruits. Wild hosts 

to the pest include; Commelina benghalensis, Palisota hirsute, Boerhavia diffusa, and 

Portulaca oleracea (Table 2-2)(Sæthre et al., 2011). A. craccivora transmits about 30 

different plant viruses including Cucumber mosaic virus (CMV), and Alfalfa mosaic virus 

(AMV) that are known to infect nightshades and other common vegetables present in 

nightshade growing areas of East Africa such as tomato, potato, pepper, common beans, faba 

beans, eggplant, and beetroot. (http://www.cabi.org; Jones, 1967; Bock 1973). 

The black bean aphid, A. fabae Scopoli, is highly polyphagous and plants in the families 

Solanaceae, Amaranthaceae, Chenopodiaceae, Brassicaceae, Cucurbitaceae, and Fabaceae 

serve as suitable hosts. Among the potential alternative cultivated hosts of A. fabae in 

nightshade production areas are; common beans, runner beans, and broad beans. Common 

weeds found in nightshade farms that could serve as alternative hosts to A. fabae are 

Chenopodium album, Physalis wrightii, Sonchus oleraceus Amaranthus retroflexus, and 

Amysynchia intermedia (Table 2-2). The major damage by this pest is through direct feeding 

(Cammell and Way, 1983). Although A. fabae transmits over 30 viruses, the damage is low 

on other plants except Beta vulgaris. Important virus transmitted by A. fabae and is present in 

East Africa is Potato virus Y (PVY). The virus not only infects nightshades but other crops 

and weed species discussed earlier in this review that are present in nightshade growing 

areas. 

Spidermites, Tetranychus spp. (Trombidiformes; Tetranychidae), are a menace in production 

of African nightshades particularly in dry weather conditions. The underside of African 

nightshade leaves attacked by spidermites turn bronze, rusty or yellowish. Severe infestation 

results to cobwebbing on the plant and may lead to the death of the plant. Tetranychus evansi 

Baker & Pritchard and Tetranychus urticae Koch cause most serious damage to African 

nightshades (Jepson et al., 1975; Moraes et al., 1987; Park and Lee 2002; Fiaboe et al., 2006; 

Murungi et al., 2011). Tomato red spider mite, T. evansi originated from South America. 

However, it is currently distributedin many African countries including Kenya (Migeon & 

Dorkeld, 2006-2012). T. evansi is a specialist spidermite species mainly foraging on plants in 

the Solanaceae family. Tomato, potato and eggplant commonly grown in the same 

agroecological zone or in the same field with African nightshades are the other preferred 

Solanaceae hosts (Moraes et al., 1987). Minor hosts are in Asteraceae, Fabaceae, 

http://www.cabi.org/
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Cucurbitaceae, Malvaceae, Poaceae, Chenopodiaceae, Euphorbiaceae, Amaranthaceae and 

Brassicaceae families among others (Migeon and Dorkeld 2006–2012). Chenopodium sp., 

Conyza sp., and Sonchus sp. are common weeds in nightshade fields that also serve as 

alternative refuge to T. Evansi (Table 2). Losses of 90 % have been reported in field trials in 

Namibia (Jeppson et al., 1975; Gutierrez and Etienne, 1986).  

The two spotted spider mite, Tetranychus urticae is widely spread in many parts of the world. 

It was reported in Kenya in 1996 (IIE, 1996; Bolland et al., 1998). T. urticae has a wide host 

range from wild plants, ornamentals, vegetable plants, and fruits. Other than African 

nightshades, it forages on many other crops such as tomato, common beans, cucumber, 

eggplant, pepper, sorghum onion, garlic and cotton, many of which are grown in similar areas 

as nightshades thereby serving to perpetuate the pest further (Table 2-2). (Jepson et al., 1975; 

Bolland et al., 1998). Economic damage of 13 % has been recorded on Soybean. 

Flea beetles (Phyllotreta sp. and Epitrix sp.), Herpetogramma bipunctalis, Agrotis sp., 

Spodoptera sp., Tuta absoluta, whiteflies, thrips, Liriomyza sp. and nematodes 

(Meloidogyne sp.) are other important pests of African nightshades and many other crops and 

weed species in nightshade growing zones. Flea beetles have particularly been observed to 

cause immense damage in African nightshades farms in Kenya although they have not been 

properly documented. 
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Table 2-2: Pests of African nightshades and host range on crops and weeds. 
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Table 2-2: Pests of African nightshades and host range on crops and weeds (Continued). 
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2.5 Conclusion 

Although the major pests of leafy amaranth are chewing insects mainly Lepidopterans and 

Coleopterans, production of African nightshades is chiefly constrained by sucking insects 

particularly the aphids and spider mites. The importance of the mentioned key pests is due 

their abundance in amaranth and nightshade farms, and the direct and indirect damage they 

cause on the crop. This has been supported by own survey done in Kenya (unpublished data). 

The plant host range for many pests of the two crops are broad, cutting across many 

vegetable, agricultural crops as well as and weed species commonly found in or around 

amaranth or nightshade growing fields. However, some of the pests are specialist herbivores 

mainly feeding on Amaranthaceae or Solanaceae families. Sucking pests know to transmit 

plant viruses are more important in Nightshades, therefore it is likely that viral diseases play a 

larger role in constraining production of African nightshades compared to Amaranth. There 

are also a higher number of other hosts and weed species for pests of African nightshades as 

compared to Amaranth possibly due to a lower number of sucking insects infesting amaranth 

or due to missing information on host range of some of the pests of Amaranth. In considering 

integrated pest management measures for both crops, whole farm evaluation should be done 

taking in to account not only the crop of interest but also the other crops and weed species 

present in the farm. Larger areas should be considered for management of amaranth pests due 

to their ability to fly longer distances particularly the Lepidopterans.  
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3 Altitudinal zone and seasonality affects the biodiversity and abundance of 

amaranth (Amaranthus spp.) pests in Kenya. 

 

3.1 Abstract 

Vegetable amaranth, an important indigenous vegetable for nutritional security and income 

generation in Africa is attacked by different types of arthropod pests. To understand the 

effects of altitude and seasonality on biodiversity and abundance of amaranth pests, field 

studies were conducted in 188 amaranth farms in low, mid and high altitudinal zones of 

Kenya. The damage caused by these pests and natural enemies associated with them were 

also investigated. We show for the first time that the highest diversity of amaranth pests is 

found in mid altitude zone followed by low and high altitudes respectively. Moreover, the 

highest diversity of amaranth pest occurs in the rainy season. A total of 975 Coleopterans, 

426 Lepidopterans, 2875 aphids, and 363 Thysanopterans were collected among them four 

important  amaranth pests that have not been reported as pests of amaranth in Kenya i.e. 

Epicauta albovittata Gestro, Psara atritermina Hampson , Tuta absoluta Meyrick and Anyma 

octogueae Guenèe. The pest damage were; Lepidoptera-24.41±1.39%, Homoptera- 

16.61±1.15%, Coleoptera- 14.99±0.89%, and Thysanoptera- 4.06±0.63%. The most 

destructive insect species were Spoladea recurvalis Fabricius, in the rainy season and 

Epicauta albovittata Gestro during the dry season. Twenty two (22) natural enemies of 

amaranth pests were also observed. Findings from this study will assist amaranth farmers in 

formulating crop protection measures at various altitudinal zones and seasons of the year. 

 

 

Key words: Indigenous vegetables; pest diversity; pest abundance; pest distribution
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3.2 Introduction 

There is a re-awakening on the importance of African indigenous vegetables (AIVs) for food 

and nutritional security as well as health benefits across the African continent. Amaranth is 

among the leafy AIVs that has received great interest in production and consumption. 

Currently, amaranth is the 4
th

 most produced AIVs in Kenya (HCDA, 2013). Amaranth 

leaves are a rich source of protein, fat, iron, calcium and vitamin C (Uusikua, 2010; 

Amicarelli and Camaggio, 2012). Some amaranth species have anti oxidant properties and 

could play a role in management of ailments such as cancer (Sreelatha et al., 2012). 

Arthropod pests are among the major constraints affecting production of AIV (Gockowski 

and Ndumbe, 1997; Schippers, 2000). Twenty percent (20%) amaranth yield losses due to 

insect pests has been reported in Kenya from the year 1996 to 1998 (Sithanantham et al., 

2003). The insect groups attacking AIV include defoliators (beetles and caterpillars), sucking 

arthropods (aphids, mites, thrips, and bugs), stem borers, fruit/pod borers, leafminers and 

webbers (Schippers, 2000; Sithanantham et al., 2003; Sithanantham et al., 1997; HortCRSP, 

2012; Kagali et al., 2013).  

The diversity and abundance of insects in the tropical regions vary in different seasons of the 

year (Pinheiro et al. 2002). The variation is brought about by changes in climatic factors such 

as temperature, photoperiod, rainfall, humidity and landscape composition (Wolda, 1988). 

The abundance of insects declines rapidly in case of severe dry season when there is low 

availability of food resources or in the mid of the wet season (Wolda, 1988; Pinheiro et al. 

2002). Moreover, altitude affects climatic factors such as temperature, rainfall, CO2, UV, and 

soil fertility. These factors have an impact on the on the physical and physiological properties 

of the host plants growing at various altitudinal levels with implications on the diversity and 

abundance insect species (Kronfuss and Havranek, 1999). Presence of natural enemies and 

interspecific competition among insect species among other factors also affect pest diversity 

and abundance (Goeden and Teerink, 1996; Hodkinson and Bird, 1998).   

Altitude affected the abundance of various Agromyzidae leafminers species in Kenya. While 

there was higher abundance of Liriomyza huidobrensis in the high altitude compared to the 

mid and low altitudes, the highest abundance of another two species,  L. sativae and L. trifolli 

was found on the mid altitude zone (Foba et al., 2015). In other studies, the abundance of 

Heteroptera, Homoptera and Coleoptera species affecting birch, Betula pubescens decreased 

with an increase of altitude levels in Sogndal, Norway while the species richness of 

Psocopterans infesting mango, Mangifera indica increased with an increase in the altitudinal 

gradient in Jamaica (Turner and Broadhead, 1974; Hägvar, 1976). The insect diversity could 
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also remain unaltered despite the changes in altitudinal gradient as observed for insects 

infesting branken, Pteridium aquilinum in United Kingdom (Lawton et al., 1987).   

To our knowledge, no studies on the effects of altitude and seasonality on amaranth pests in 

Kenya have been conducted. In this present study, we present comprehensive national-wide 

data showing the diversity, distribution, seasonality, and damage of arthropod pests infesting 

amaranth in the main production regions in Kenya. We also characterize natural enemies 

occurring naturally in these regions which could be exploited in an integrated pest 

management program. 

 

3.3 Methodology 

3.3.1 Field survey methodology 

The survey was done in two different seasons of the year 2014. The first season was 

conducted from February to May, and was relatively dry with scanty rainfall while the second 

season covering October to November was cool and witnessed heavy rains. The survey 

involved visiting leading Counties in production of amaranth in Kenya. A total of 15 counties 

were surveyed and further categorized into low altitude zone (< 1000 m asl), mid altitude 

zone (1000-1800 m asl), and high altitude zone (> 1800 m asl) (Hassan, 1998). Mombasa, 

Kilifi, Lamu, and some parts of Embu County were located in the low altitude zone; 

Machakos, Embu, Kajiado, Kisii, Narok, Kisumu, Kakamega, Busia, and parts of Nyamira, 

Kirinyaga, and Tranzoia Counties were in the mid altitude zone; Kiambu, and some parts of 

Kirinyaga (Gichugu sub-county), Nyamira, and Transzoia Counties were in the high altitude 

zone.  

In each of the selected Counties, 5 farms each in 2 Sub-counties were selected making a total 

of 10 farms per County. Each farm was divided into 4 equal quadrants and ten plants were 

randomly selected and insects sampled following a diagonal transect across the quadrant.  

Each of the selected plants was examined for the presence of pests and natural enemies using 

the beating and picking methods. The beating method was used for small cryptic insects 

particularly the Coleopterans, Thysanopterans, some Homopterans, and the young instar larva 

of Lepidopterans. For this purpose,, a tray  (32 x 23.5 cm) smeared with 70% alcohol at its 

base was held below the plant with one hand and the other hand used to tap the plant 

vigorously for 10 seconds to dislodge the insects that are on the plants. The insects that fell 

on the tray were collected with fine camel brush (No. 1) into vials containing 70% alcohol. 

The vials were labeled appropriately with details of farm, host crop, insect development 

stage, and insect damage.  
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The picking method was used for sampling insects that burrow within the leaves/stems such 

as leafminers, amaranth stem weevils, and insects that are not very mobile such as mites, 

aphids, big sized caterpillars and parasitoid mummies. The picked adult insects were directly 

put in vials containing 70% alcohol while the caterpillars/mummies/mined plant tissues were 

put in lunch boxes (19 cm ×13 cm × 8 cm). The lunchboxes were lined with paper towels to 

absorb excess leaf moisture and fitted with fine wire screen mesh on top. The insects in 

lunchboxes were transferred to the laboratory at icipe to allow further insect development to 

adulthood for identification and potential parasitism recording. The larval stages of the 

insects were fed with fresh plant material on a daily basis to enable them to develop to 

maturity. The pupae were provided with suitable pupation sites. Where insects had burrowed 

into the plant tissues such as leaves or stems, the infested plant part was collected into the 

lunchboxes and kept in similar conditions as the immature live insects until adult emergence. 

The insect samples collected in 70% alcohol and the mature adults emerging from insects 

reared in lunchboxes were sorted into the various insect orders, mounted using insect pins or 

insect cards and later identified using morphological keys at the Entomology laboratory at the 

Nairobi National Museum, 1.2740° S, 36.8145° E. 

 

3.3.2 Insect damage scoring guidelines 

Significant of pest is due to the damage they cause to the plants. Moreover, insect abundance 

does not necessarily translate into insect damage. Therefore the damage of the pests was 

scored alongside the insect abundance following the guide on table 3-1. 

Table 3-1: damage guide used to score for various insect orders during the survey to identify the major pests of 

amaranth in Kenya. 

Insect Damage 

score 

Description of damage Reference 

Aphids 

0 Plant appear healthy, may have small chrotic spots Webster et al. 

1987 1 Chlorosis and leaf folding 26-50 % of total leaf area 

2 Chlorosis and leaf folding 26-50 % of total leaf area 

3 Chlorosis and leaf folding 51-75 % of total leaf area 

4 Chlorosis and leaf folding > 75% of total leaf area  

Coleoptera 

0 No visible damage on the crop 

Smith, 2000 

modified 

1 1-20% leaf consumed 

2 21-40% leaf consumed 

3 41-60% leaf consumed 

4 61-80% leaf consumed 

5 81-100% leaf consumed 

Lepidoptera 

0 No leaf damage 

Said  and Itulya, 

2003 modified 

1 1-25 % of leaf consumed 

2 26-50 % of leaf consumed 

3 51-75 % of leaf consumed 

4 76-100 % of leaf consumed 

Thysanoptera 
1 No leaf damage Nyasani et al., 

2011 2 Few silvery streaking (≤25%) 
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Table 3-1: damage guide used to score for various insect orders during the survey to identify the major pests of 

amaranth in Kenya (Continued). 

Insect Damage 

score 

Description of damage Reference 

Thysanoptera 
3 Moderate streaking (26-50%) 

Nyasani et al., 

2011 
4 Heavy streaking (51-75%) 

5 Severe streaking and drying of attacked leaves (≥75%) 

Mites 

0 No leaf damage 

Hussey & Parr 

1963 modified 

1 1-20 % of leaf damaged 

2 21-30 % of leaf damaged 

3 31-50 % of leaf damaged 

4 51-70 % of leaf damaged 

5 71-0 % of leaf damaged 

 

3.3.3 Data analysis 

ANOVA for the average pest abundance per farm for each of the 4 most important orders and 

for the three most abundant species per order at different altitudinal zones and seasons was 

done using R. program (R version 3.3.1, 2016). The insect count data was log transformed 

before the analysis was done. The pest damage data which was recorded in percentage was 

Arcsin-squareroot transformed before statistical analysis.  Where significant differences were 

observed, the means were separated using the Tukeys test. All tests were carried out at 5% 

level of significance. Insect species diversity on amaranth crop across different altitudinal 

zones and in different seasons were analysed using the Renyi diversity profiles. Biodiversity 

analyses were done using R (version 3.3.1, 2016). Vegan (Oksanen et al., 2005) and 

BiodiversityR (Kindt & Coe, 2005) packages were used to calculate the diversity and plot the 

graphics. 

The Renyi diversity profiles order species in an ecosystem from species richness to species 

evenness. Other common diversity indices used by ecologist such as the Shannon index, or 

Simpson index are specific cases of Rényi entropy formula. In Renyi diversity profile, the 

diversity values on the y-axis (H-alpha) are related to the scalar parameter “alpha” on the x-

axis. H0 = species richness, H1 = Shannon Diversity, H2 = Simpson Diversity and H∞ = 

Berger-Parker Index (Legendre & Legendre, 1998, Kindt et al. 2006). H-alpha is based on the 

frequency of each component species (proportional abundances “pi” = abundance of species 

i/ total abundance) and a scale parameter (α) ranging from zero to infinity (Tóthmérész, 

1995).   
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A given insect community X is said to have higher species richness than community Y if it 

has a higher value at alpha=0 compared to community Y. Similarly, insect community X is 

said to have higher evenness than community Y if it has a higher value at alpha=∞ than 

community Y. Species diversity is a combination of species richness and species evenness.  A 

given insect community X is regarded as more diverse than a community Y if its diversity 

profile line is everywhere above that of community Y in Renyi diversity graph (Kindt R, Coe 

R. 2005). This means that community X has higher species richness and higher species 

evenness than community Y. If the profile lines of different insect communities cross each 

other, it is not possible to order the diversity of these communities from the most diverse to 

the least diverse. This is because one community for instance community X could have 

higher species richness than another community Y but at the same time community Y could 

be having higher species evenness than community X. In that case, we can only discuss 

species richness and species evenness separately (Legendre and Legendre). The values of the 

series for the three altitudinal zones and in the two seasons were calculated for the scales of 

α = {0, 0.25, 0.5, 1, 2, 4, 8, ∞} and plotted as diversity profiles for each altitudinal zone 

(high, mid, and low) in a single graph or diversity profiles for each of the seasons (Season 1 

and season 2) in a single graph.  

 

3.4 Results 

3.4.1 Diversity of Amaranth pests in Kenya at different altitudes and seasons 

When different altitudinal zones were considered, the mid altitude zone had the highest pest 

species richness of amaranth pests followed by low altitude zone and high altitude zone 

respectively. The H-alpha value at alpha=0 (representing species richness) was 3.87 for the 

mid altitude zone, 3.67 for the low altitude zone and 3.25 for the high altitude zone. 

Moreover the mid altitude zone had the highest pest species evenness of the amaranth pests. 

The H-alpha value at alpha=∞ (representing species evenness) was 0.82 for the mid altitude 

zone. However, the high altitude zone had higher pest species evenness compared to the low 

altitude zone. The H=∞ values were 0.68 for high altitude zone and 0.50 for the low altitude 

zone. When pest species diversity, which combines both species richness and species 

evenness was considered, the mid altitude zone had the highest amaranth pest species 

diversity since its diversity profile was everywhere above the diversity profiles for the high 

and low altitudinal zones at all alpha values i.e. it had the highest h-alpha value at alpha=0, 2, 

and∞. However, the amaranth pest species diversity between the high and low altitude zones 

could not be ordered since their diversity profiles were criss-crossing each other. This is 
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because the low altitude zone had higher pest species richness compared to the high altitude 

zone while the high altitude zone had greater pest species evenness than the low altitude zone 

(Fig 3-1a).  

 

      
 

 

Fig 3-1: Renyi diversity indices for amaranth pests in a study conducted in Kenya across three agro-ecological 

zones. These are: high altitude, mid altitude and low altitude zones (a). Renyi diversity indices for amaranth 

pests in a study conducted in Kenya across the six regions producing amaranth for the two seasons of 2014 (b). 

 

When different seasons were considered, the species richness was more or less the same for 

the two seasons. The H-alpha values at alpha=0 were rather tight for both seasons, 3.89 for 

season 1 and 3.93 for season 2. However, at alpha=∞, which represents species evenness, the 

H-alpha values were 0.89 for season 2 and 0.53 for season 1 indicating that the insect 

communities in season 2 were more evenly distributed compared to those in season 1. 

However, when the overall pest species diversity was considered, the diversity profile for 

amaranth pests in season 2 was everywhere above that of season 1 indicating that there was a 

higher pest species diversity in season 2 as compared to season 1. (Fig 3-1b). 

 

3.4.2 Abundance and damage of major insect orders attacking amaranth  

A total of 5047 individual insects were collected during the survey. The five most abundant 

insect orders infesting amaranth in were Homoptera- 2876 (56.61%), Coleoptera- 959 (18.88 

%), Lepidoptera- 448 (8.82 %), Diptera 434 (8.54%), and Thysanoptera- 363 (7.15%). There 

was significantly higher number of the Homopterans and Coleopterans compared to the 

Lepidopterans, Dipterans and Thysanopterans. However, there was no significant difference 

in the abundance of the Coleopterans and Homopterans. Moreover, there were no significant 

(a) (b) 
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differences in the number of Lepidopterans, Dipterans, and Thysanopterans (F4, 941=18.52; 

P=<0.001) (Fig 3-2).  

 

 
Fig 3-2: Mean number (+/- SE) of insects/ field infesting amaranth from the major orders from a study 

conducted in two seasons of year 2014 across the three altitudinal zones (low, mid and high) growing amaranth 

in Kenya. The insect count data was log transformed before the analysis. Anova was carried out at P≤0.05. 

Where significance difference was observed, Tukey test was used to separate the means. 

 

Although the highest abundance was observed on insect from the Homopteran order, insects 

from the Lepidopteran order recorded the highest damage. There was significantly higher 

damage from the Lepidopterans compared to pests from the other orders. Moreover, there 

was significantly higher damage from insects in the Homopteran and Coleopteran orders 

compared to the Dipterans and the Thysanopterans. However, there was no significant 

difference in the damage arising from the Coleopterans and the Homopterans. Furthermore, 

there was no significant difference in the damage caused by Dipterans and the 

Thysanopterans (F4,943 = 132.87; P<0.001) (Fig 3-3). 

 

a 

a 

b b 
b 
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Fig 3-3: Mean percentage damage (+/- SE) by insects infesting amaranth from the major orders in a study 

conducted in two seasons of year 2014 across the three altitudinal zones (low, mid and high) growing amaranth 

in Kenya. The percentage data was arcsine square root transformed before the analysis. Anova was carried out at 

P≤0.05. Where significance difference was observed, Tukey test was used to separate the means. 

 

3.4.3 Abundance of Coleopteran species on amaranth 

Thirty eight Coleopteran species infesting amaranth belonging to 15 families and 35 genera 

were observed during the survey. Nine species were from Chrysomelidae family. Similarly, 

nine species were from Curculionidae family. Four of the species were from Tenebrionidae 

family while three species were from Bruchidae family. Two species were from Alleculidae 

family while one came from each of the following families; Aderidae, Anthicidae, Apionidae, 

Brenthidae, Cerambycidae, Elateridae, Histeridae, Melyridae, and Nitidulidae families. The 

most abundant species across the two seasons were Lixus sp. (Coleoptera: Curculionidae), 

Apion sp. (Coleoptera: Apionidae) and Epicauta albovittata Gestro (Coleoptera: Meloidae) 

(Table 3-2).  

 

 

 

 

a 

b 

b 

c 

c 
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Table 3-2: Mean number (+/- SE) of Coleopteran insects infesting amaranth fields during a study conducted in 

two seasons in the year 2014 across the three altitudinal zones (low, mid and high) growing amaranth in Kenya. 

Family Species 

Abundance 

(%) Count/ field 

Range of 

abundance 

Curculionidae 

Lixus sp. 13.9 0.516±0.35 0 - 17 

Baris sp. 8.0 0.298±0.20 0 - 14 

Hypolixus pulvisculosus (Boheman) 4.3 0.160±0.12 0 - 6 

Systates crenatipennis (Fairmaire) 3.9 0.144±0.17 0- 12 

Balanogastris sp. 3.3 0.122±0.13 0 - 7 

Anaplesius sp. 1.9 0.069±0.11 0 - 9 

Babauitia sp. 0.9 0.032±0.06 0 - 5 

Cylas sp. 0.4 0.016±0.03 0 - 3 

Nematocerus sp. 0.1 0.005±0.01 0 - 1 

Apionidae Apion sp. 11.7 0.436±0.35 0- 24 

Meloidae 
Epicauta albovittata 10.6 0.394±0.31 0- 19 

Mylabris amplectens (Gerstaecker) 1.3 0.048±0.10 0 - 9 

Chrysomelidae 

Aulacophora foveilcollis (Lucas) 8.6 0.319±0.35 0 - 23 

Epitrix silvicola (Bryant) 8.5 0.314±0.25 0- 13 

Phyllotreta sp. 4.4 0.165±0.21 0- 17 

Monolepta cruciata (Guerin De Meneville) 1.1 0.043±0.05 0 - 3 

Hapsidolema nigroparallela (Crow) 1.1 0.043±0.09 0- 8 

Hyperacantha semipalliata (Fair) 0.9 0.032±0.07 0 - 6 

Ceralces natalensis (Baly) 0.6 0.021±0.05 0 - 4 

Colasposoma tokeri (Bryant) 0.3 0.011±0.02 0- 2 

Monolepta leuce (Weise) 0.1 0.005±0.01 0- 1 

Anthicidae Formicomus sp. 5.2 0.191±0.14 0 - 8 

Aderidae Hylophilus sp. 0.1 0.005±0.01 0 - 1 

Alleculidae 
Synallecula sp. 2.3 0.085±0.11 0 - 7 

Allecula lesnei (Pic) 0.1 0.005±0.01 0- 1 

Brenthidae Cerobates sp. 0.1 0.005±0.01 0- 1 

Bruchidae 

Bruchus sp. 1.1 0.043±0.06 0 - 4 

Acanthoscelides obtectus (Say) 0.4 0.016±0.03 0- 3 

Callosobruchus chinensis (Linnaeus) 0.1 0.005±0.01 0 - 1 

Cerambycidae Xystrocera dispar (Fahraeus) 0.6 0.021±0.05 0 - 4 

Elateridae Cardiophorus sp. 1.3 0.048±0.10 0 - 5 

Histeridae Atholus sp. 0.1 0.005±0.01 0 - 1 

Melyridae Hapalochrus elgonensis (Champ) 0.4 0.016±0.03 0 - 2 

Nitidulidae Pria sp. 0.3 0.011±0.02 0 - 2 

Tenebrionidae 

Himatismus tyrivialis (Gerstaecker) 0.6 0.021±0.05 0 - 4 

Lagria cyanicollis (Borchmann) 0.4 0.016±0.03 0 - 2 

Derolagria erythrocephala  (Borchmann) 0.4 0.016±0.03 0 - 2 

Lagria sp. 0.3 0.011±0.02 0 - 2 

 

When these three most abundant species were considered separately, there was significantly 

higher abundance of Apion sp. in season 1 compared to season 2 in the low altitude zone (t 

=58.24; df =49; P<0.001). Similarly, there was significantly higher abundance of Apion sp. at 
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the mid altitude zone in season 1 compared to season 2 (T=18.64; df= 104; P<0.001) (Table 

3-3).  

Table 3-3: Mean number of insects/field from the three major Coleoptera species infesting amaranth from a 

study conducted in two seasons in the year 2014 across the three altitudinal zones (low, mid and high) growing 

amaranth in Kenya.  

Species Season Altitudinal zone     

   Low Mid High 

Apion sp Season 1 3.43±1.28aA 0.15±0.08aB 0.00B 

 Season 2 0.07±0.07bA 0.00bA 0.00A 

E. albovittata Season 1 0.07±0.07bA 0.00B 0.00B 

 Season 2 0.23±0.18aA 0.00A 0.00A 

Lixus sp Season 1 1.48±0.89A 0.00aA 0.43±0.25aA 

 Season 2 1.60±0.69aA 0.00aB 0.00aB 

Same lower case letter for the same zone in a particular insect species denotes no significant difference for the 

two seasons. Same upper case letter for the same season in a particular insect species denotes no significant 

difference in various altitudinal zones. P≤0.05 

 

When season 1 was considered separately, there was significantly higher abundance of Apion 

sp. at the low altitude zone compared to the mid and high altitude (F2,85=19.96; P<0.001) 

(Table 3-3).. When season 2 was considered separately, there was no significant difference in 

the abundance of Apion sp. across all the altitudinal zones (F2,97=1.17; P=0.314) (Table 3-3). 

When E.albovittata was considered, there was significantly higher abundance of the pest in 

season 2 compared to season 1 (t=34.68; df= 49; p<0.001) (Table 3-3). When each season 

was considered separately, there was significantly higher abundance of E. albovittata in low 

altitude zone compared to the mid and high altitude zone (F2,85=23.94; P<0.001) (Table 3-3). 

. 

When Lixus sp. was considered, there was no significance difference in the abundance of the 

pest at the low altitude zone between the two seasons (t =0.59; df= 49; p=0.78). Similarly, 

there was no significance difference in the abundance of Lixus sp. in the mid altitude zone 

between the two seasons (t= 11.85; df= 104; p=0.103). Moreover, no significance difference 

was observed in the abundance of Lixus sp. in the high altitude between the two seasons (T = 

25.61; df = 29; P = 0.056) (Table 3-3). When each season was considered separately, there 

was no significant difference across the three altitudinal zones in season 1 (F2,85=2.83; 

P=0.065). However, in the second season, there was significantly higher abundance of Lixus 

sp. at the low altitude zone compared to the mid and high altitude zones (F2,97=10.65; 

P<0.001) (Table 3-3). 
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3.4.4 Abundance of Homopteran species on amaranth 

Four species of aphids belonging to family Aphididae were observed during the survey: 

Aphis fabae Scopoli (Homoptera: Aphididae), Myzus persicae Sulzer (Homoptera: 

Aphididae), Aphis craccivora Koch (Homoptera: Aphididae) and Toxoptera sp (Homoptera: 

Aphididae). However, the most abundant species were A. fabae (79.9 %), M. persicae (13.0 

%) and A. craccivora (6.1%) (Table 3-4).  

Table 3-4: Mean number (+/- SE) of aphid species infesting amaranth fields during a study conducted in two 

seasons in the year 2014 across the six regions (Central, Coast, Eastern, Nyanza, Rift, and Western) growing 

amaranth in Kenya. 

Family Species Abundance (%) Count/ field Range of abundance 

Aphididae 

Aphis fabae (Scopoli) 79.9 22.03±10.60 0 - 462 

Myzus persicae (Sulzer) 13.0 3.60±1.59 0 - 64 

Aphis craccivora (Koch) 6.1 1.69±0.80 0 - 34 

Toxoptera sp. 1.0 0.26±0.42 0 - 27 

 

Seasonality had no significant effect on abundance of A. fabae at the low altitude zone 

between the two seasons (t = 5.39; df=49; p=0.102). Moreover, there was no significant 

difference in the abundance of A. fabae in the mid altitude zone between the two seasons (t = 

2.99; df = 102; p = 0.111). Similarly, there was no significance difference in the population of 

A. fabae at the high altitude between season 1 and season 2 (t= 0.00; df= 29; p=0.549) (Table 

3-5). 

 

Table 3-5: Mean number of insects/ field from the three major aphid species infesting amaranth from a study 

conducted in two seasons in the year 2014 across the three altitudinal zones (low, mid and high) growing 

amaranth in Kenya.  

Order Season Altitudinal zone     

   Low Mid High 

A. fabae Season 1 49.90±28.62aA 9.00±4.23aA 11.33±6.22aA 

 Season 2 9.47±6.47aA 3.48±1.89aA 9.94±5.19aA 

M. persicae Season 1 7.38±3.87aA 1.21±0.50aA 4.33±2.84aA 

 Season 2 0.00bA 1.15±0.61aA 1.50±1.03aA 

A. craccivora Season 1 0.00B 0.77±0.37aAB 3.00±1.81aA 

 Season 2 0.00B 0.44±0.23aB 4.00±2.31aA 

Same lower case letter for the same zone in a particular insect species denotes no significant difference for the 

two seasons. Same upper case letter for the same season in a particular insect species denotes no significant 

difference in various altitudinal zones. P≤0.05 

 

There was also no significant difference in the abundance of A. fabae across the three 

altitudinal zones in season 1 (F2,85= 1.77; P=0.177). Similarly, there was also no significant 

difference in the abundance of A. fabae across the low, mid, and high altitudinal zones in the 

second season (F2,95= 1.77; P=0.177) (Table 3-5). When the abundance of M. persicae was 

considered, there was significantly higher population of the pest in season 1 compared to 



Chapter 3: Amaranth pests and their natural enemies in Kenya                                             38 

 

 

season 2 in the low altitude zone (t= 45.20; df = 49; P = 0.005). However, there was no 

significant difference in the abundance of M. persicae between the two seasons at the mid 

altitude zone (t = 1.91; df =102; P=0.317). Moreover, there was no significant difference in 

the abundance of M. persicae in the high altitude between the two seasons (t = 2.49; t= 29; 

p=0.317) (Table 3-5). . When different seasons were considered separately, there was no 

significant difference in the abundance of M. persicae at the low, mid and high altitude zones 

in the first season (F2,85= 1.28; P=0.286). Moreover, there was no significant difference in the 

abundance of M. persicae at the low, mid and high altitude zones in the second season (F2,95= 

2.10; P=0.128) (Table 3-5). 

There was no significant difference in the abundance of A. craccivora in the mid altitude 

zone between the two seasons (t= 1.56; df= 102; p=0.529). Moreover, there was no 

significant difference in the abundance of A. craccivora at the high altitude zone between the 

two seasons (t = 0.19; df = 29; P =0.798). A. craccivora was absent at the low altitude zone in 

both seasons (Table 3-5). When the seasons were considered separately, there was 

significantly higher abundance of A. craccivora in the high altitude zone compared to the low 

altitude zone in the first season. However, there was no significant difference in the 

abundance of A. craccivora between the low and mid altitude or between the mid and high 

altitude zones in the first season (F2,85= 2.77; P = 0.068). Moreover, there was significantly 

higher abundance of A. craccivora in second season at the high altitude zone compared to the 

mid and low altitude zones (F2,95= 5.97; P = 0.004). (Table 3-5). 

Nineteen species of Coccinelids beetles associated with predation of aphids were observed in 

amaranth fields during the survey. The beetles were from 11 different genera, however, 

majority of the species were from the Scymnus genus (6 species). Moreover, hoverflies 

(Syrphidae) larvae were also seen predating aphids on amaranth fields. Aphidius colemani 

Verick (Hymenoptera: Brachonidae) was also observed parasitizing aphids in amaranth 

fields. The most abundant aphid predators were Hippodamia variagata Goeze (Coleoptera: 

Coccinellidae) (10±7.0 insects/farm), Platynapsis vittigera (Coleoptera: Coccinellidae) 

(3.3±1.00 insects/farm), Cheilomenes sulphurea Olivier (Coleoptera: Coccinellidae) 

(3.1±0.69 insects/farm) and Scymnus luteus Sicard (Coleoptera: Coccinellidae) (3 

insects/farm) (Table 3-6).   

 

 

 

 

 



Chapter 3: Amaranth pests and their natural enemies in Kenya                                             39 

 

 

Table 3-6: Natural enemies of aphids observed in amaranth fields during a study conducted in two seasons in the 

year 2014 across the three altitudinal zones (low, mid and high) growing amaranth in Kenya. 

Order Family Species Insects/field 

Coleoptera Coccinelidae 

Hippodamia variagata (Goeze) 10±7.0 

Platynapsis vittigera (Muls) 3.3±1.00 

Cheilomenes sulphurea (Olivier) 3.1±0.69 

Scymnus luteus (Sicard) 3 

Scymnus trepidulus (Weise) 2.6±0.63 

Scymnus sp. 2.6±0.39 

Brumoides fulviventris (Fairmare) 2.4±0.75 

Exochomus nigrimaculatus (Goeze) 2.2±0.42 

Scymnus kibonotensis (Weise) 2.0±1 

Stethorus sp. 2 

Scymnus morelleti (Muls) 1.3±0.25 

Cheilomenes aurora (Gerstäcker) 1 

Chnotriba similes (Thunberg) 1 

Henesepilacha hirta (Thunberg) 1 

Hyperaspis sp. 1 

Scymnus pruinosus (Weise) 1 

Hymenoptera Braconidae Aphidius colemani (Viereck) 5.5±0.71 

Diptera Syrphidae Hoverfly 1.7±0.24 

 

3.4.5 Abundance and damage caused by Lepidopteran species on amaranth 

Seventeen Lepidopteran species belonging to 4 families and 15 genera were found to attack 

amaranth. The two families having the highest number of species were Noctuidae with eight 

species and Crambidae with five species. Two species belonged to Geometriidae family 

while Acraeidae and Gelechiidae families had one species each. The three most abundant 

species were S. recurvalis Fabricius (Lepidoptera: Crambidae) (28.9 %), P. atritermina 

Hampson (Lepidoptera: Crambidae) (24.2 %) and A. octogueae Guenèe (Lepidoptera: 

Noctuidae) (11.0%) (Table 3-7). 

 

Table 3-7: Mean number (+/- SE) of Lepidopteran species infesting amaranth fields during a study conducted in 

two seasons in the year 2014 across the six regions (Central, Coast, Eastern, Nyanza, Rift, and Western) 

growing amaranth in Kenya. 

Family Species 

Abundance 

(%) Count/field 

Range of 

abundance 

Crambidae 

 

Spoladea recurvalis (Fabricius) 28.9 0.690±0.44 0 - 20 

Psara atritermina (Hampson) 24.2 0.578±0.38 0 - 16 

Sameodes cancellalis (Zeller) 2.7 0.064±0.07 0 - 4 

Udea ferrugalis (Hübner) 1.6 0.037±0.05 0 - 4 

Orphanostigama absuptalis 0.4 0.011±0.02 0 - 2 

Noctuidae 

 
Anyma octogueae (Guenèe) 11.0 0.262±0.21 0 - 10 

Helicoverpa armigera (Hübner) 8.5 0.203±0.56 0 - 11 
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Table 3-7: Mean number (+/- SE) of Lepidopteran species infesting amaranth fields during a study conducted in 

two seasons in the year 2014 across the six regions (Central, Coast, Eastern, Nyanza, Rift, and Western) 

growing amaranth in Kenya (Continued). 

Family Species 

Abundance 

(%) Count/field 

Range of 

abundance 

Noctuidae 

Spodoptera litorralis (Boisduval) 7.0 0.166±0.10 0 - 5 

Spodoptera exigua (Hübner) 5.6 0.134±0.15 0 - 12 

Plusia sp. 5.4 0.128±0.08 0 - 4 

Anomis sabulifera (Guenée) 0.9 0.021±0.05 0 - 4 

Spodoptera exempta (Walker) 0.7 0.016±0.03 0 - 2 

Acraea Acraea eponina (Cramer) 1.6 0.037±0.08 0 - 7 

 

Gelechiidae 

 

Tuta absoluta (Meyrick) 0.7 0.016±0.03 0 - 2 

Eupithecia sp. 0.2 0.005±0.01 0 - 1 

Traminda pallid (Warren) 0.2 0.005±0.01 0 - 1 

Scythrididae Eretmocera sp. 0.4 0.011±0.02 0 - 2 

 

When the abundance of the three most dominant species was considered, there was 

significantly higher abundance of. P. atritermina in the second season compared to first 

season at the low altitude zone (t= 123.36; df=49; p<0.001). However the pest was absent at 

the mid and high altitude zones during the two seasons when the study was conducted (Table 

3-8).  

 

Table 3-8: Mean number of insectst/field from the three major Lepidopteran species infesting amaranth from a 

study conducted in two seasons in the year 2014 across the three altitudinal zones (low, mid and high) growing 

amaranth in Kenya.  

Order Season Altitudinal zone     

   Low Mid High 

P. atritermina Season 1 0.00b  0.00 0.00 

 Season 2 3.60±0.94aA 0.00B 0.00B 

S. recurvalis Season 1 0.00bA 0.17±0.12aA 0.27±0.27aA 

 Season 2 1.57±0.72aA 1.31±0.58aA 0.06±0.06aA 

A. octogueae Season 1 0.19±0.11aA 0.06±0.03aA 0.00A 

 Season 2 1.30±0.56aA 0.06±0.04aB 0.00B 

Same lower case letter for the same zone in a particular insect species denotes no significant difference for the 

two seasons. Same upper case letter for the same season in a particular insect species denotes no significant 

difference in various altitudinal zones. P≤0.05 

 

When each season was considered separately, there was significant difference in abundance 

of P. atritermina in the second season at the low altitude zone compared to the mid and high 

altitude zones (F2,95= 22.82; P<0.001). Moreover, the pest was not observed during the first 

season in all of the altitudinal zones (Table 3-8). 

Significantly higher abundance of S. recurvalis was observed in season 2 compared to season 

1 at the low altitude zone (t = 27.62; df = 49; P = 0.024). However, there was no significant 
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difference in the abundance of S. recurvalis between the two season at the mid altitude zone 

(t = 14.09; df = 103; P = 0.089). Moreover, there was no significant difference on the 

abundance of S. recurvalis between the two seasons at the high altitude zone (t = 1.47; df = 

29; P = 0.587). (Table 3-8). When each season was compared separately, there was no 

significant difference in the abundance of S. recurvalis among the three altitudinal zones in 

the first season (F2,86= 0.71; P = 0.493). Moreover, there was no significant difference in the 

abundance of S. recurvalis at the low, mid, and high altitudinal zones during the second 

season (F2,95= 1.38; P = 0.256) (Table 3-8). 

No significant difference was observed in the abundance of A. octogueae between the two 

seasons at the low altitude zone (T = 12.18; df = 49; P = 0.156). Moreover, there was no 

significant difference in the abundance of A. octogueae between the two seasons at the mid 

altitude zone (T = 0.066; df = 103; P = 0.886). (Table 3-8). When both seasons were 

considered separately, there was significantly higher abundance of A. octogueae at the low 

altitude zone compared to the mid and high altitude zones during the second season (F2,95= 

6.24; P = 0.003). However, there was no significant difference in the abundance of A. 

octogueae among the three altitudinal zones during the first season (F2,86= 1.88; P = 0.158) 

(Table 3-8). One parasitoid species, Apanteles sp. attacking S. recurvalis was observed during 

the survey. The parasitoid was mainly observed in the coastal and Eastern regions of Kenya.  

 

3.4.6 Abundance and damage caused by Thysanopteran species on amaranth 

Eight thrips species belonging to 3 families and 8 different genera were observed during the 

survey. Six of the species belonged to the Thripidae family while there was one species each 

in the families Aeolothripidae and Phlaeothripidae. The most dominant species were F. 

Schultzei Trybom (Thysanoptera: Thripidae) (37.2 %), M. Sjostedti Trybom (Thysanoptera: 

Thripidae) (24.5 %) and H. gowdeyi Franklin (Thysanoptera: Phlaeothripidae (16.6 %) (Table 

3-9). 
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Table 3-9: Mean number (+/- SE) of Thysanopteran species infesting amaranth fields during a study conducted 

in two seasons in the year 2014 across the six regions (Central, Coast, Eastern, Nyanza, Rift, and Western) 

growing amaranth in Kenya. 

Family Species 

Abundance 

%  

Count/ 

field 

Range of 

abundance 

Thripidae 

 Frankliniella schultzei (Trybom) 37.19 0.722±0.56 0 - 39 

 Megalurothrips sjostedti (Trybom) 24.52 0.476±0.35 0 - 24 

Dendrothrips sp. 9.92 0.193±0.14 0 - 5 

 Franklinothrips megalops (Trybom) 8.54 0.166±0.24 0 - 19 

 Sericothrips adolfifriderici (Karny) 1.65 0.032±0.04 0 - 2 

Chirothrips frontalis (Williams) 0.55 0.011±0.02 0 - 1 

Aeolothripidae  Microcephalothrips abdominalis 

(Crawford) 0.83 0.016±0.03 0 - 2 

Phlaeothripidae  Haplothrips gowdeyi (Franklin) 16.80 0.326±0.18 0 - 8 

 

There was significantly higher abundance of F. schultzei at the low altitude zone in the first 

season compared to the second season (t = 27.91; df = 49; P = 0.015). Moreover, there was 

significantly higher abundance of F. schultzei in season 1 than in season 2 at the mid altitude 

zone (t = 22.95; df = 103; P = 0.027). However, there was no significant difference in the 

abundance of F. schultzei between the two seasons at the high altitude zone (t = 0.062; df = 

29; P = 0.905) (Table 3-10).  

 

Table 3-10: Mean number of insects/ field from the three major Thysanoptera species infesting amaranth from a 

study conducted in two seasons in the year 2014 across the three altitudinal zones (low, mid and high) growing 

amaranth in Kenya. 

Order Season Altitudinal zone     

   Low Mid High 

F. schultzei Season 1 1.43±0.76aA 1.62±0.84aA 0.47±0.40aA 

 Season 2 0.10±0.10bA 0.08±0.05bA 0.31±0.22aA 

H. gowdeyi Season 1 0.52±0.31aA 0.70±0.23aA 0.20±0.20aA 

 Season 2 0.13±0.13aA 0.12±0.09bA 0.00aA 

M. sjostedti Season 1 1.38±0.59aA 0.79±0.47aA 0.07±0.07aA 

 Season 2 0.33±0.33bA 0.13±0.12aA 0.00aA 

Same lower case letter for the same zone in a particular insect species denotes no significant difference for the 

two seasons. Same upper case letter for the same season in a particular insect species denotes no significant 

difference in various altitudinal zones. P≤0.05 

 

When each season was considered separately, there was no significant difference in the 

abundance of F. schultzei among the three altitudinal zones in the first season (F2,86= 0.52; P 

= 0.595). Moreover, there was no significance difference in the abundance of F. schultzei 

among the three altitudinal zones in the second season (F2,95= 1.15; P = 0.322) (Table 3-10). 

There was significantly higher population of M. sjostedti in season 1 compared to season 2 at 

the low altitude zone (t = 19.29; df = 49; P = 0.031). The mean number of M. sjostedti in 

season 1 at the low altitude zone was 1.38±0.59 as compared to 0.33±0.33 in season 2. 
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However, there was no significant difference in the abundance of M. sjostedti between the 

two seasons at the mid altitude zone (t = 12.76; df = 103; P = 0.076). The mean number of M. 

sjostedti in season 1 at the mid altitude zone was 0.79±0.47 compared to 0.13±0.12 in the 

second season. Moreover, there was no significant difference in the abundance of M. sjostedti 

between the two seasons at the high altitude zone (t= 4.96; df= 29; p=0.310) (Table 3-10). 

When each season was considered separately, there was no significant difference in the 

abundance of M. sjostedti across the altitudinal zones during the first season (F2,86= 2.25; 

P=0.111). Moreover, there was no significant difference in the abundance of M. sjostedti 

across the three altitudinal zones during the second season (F2,95= 0.33; P=0.722) (Table 3-

10). 

Significantly higher population of H. gowdeyi was observed in season 1 compared to season 

2 in the mid altitude zone (t = 30.00; df = 103; P = 0.012). However, there was no significant 

difference in the abundance of H. gowdeyi between the seasons at the low altitude zone (t = 

8.17; df = 49; P = 0.146). Moreover, there was no significant difference in the abundance of 

H. gowdeyi between the two seasons at the high altitude zone (t= 4.96; df = 29; P = 0.310). 

(Table 3-10). When each season was considered separately, there was no significance 

difference in the abundance of H. gowdeyi across the three altitudinal zones during the first 

season (F2,86= 0.71; P = 0.493). Moreover, there was no significant difference in the 

abundance of H. gowdeyi across the three altitudinal zones (F2,95= 0.29; P = 0.752) (Table 3-

10). 

 

 3.5 Discussion 

Biodiversity includes a collection of all species of animals, plants and microorganisms preset 

and interacting in a given ecosystem (Vandermeer and Perfecto, 1995). Agricultural lands 

that are characterized by monocultures have less pest diversity as compared with the ones that 

are practicing polycultures or ones with a variety of vegetation types (Altieri and Letourneau, 

1984; Altieri, 1994). Changes in climatic factors due to changes in altitude may also affect 

the biodiversity of insect species in an ecosystem (Pickett, 1989). Therefore, climatic factors 

and agricultural practices impact heavily on the biodiversity of insect communities in a given 

ecosystem. In our study, the environment in the mid altitude zone could have provided more 

niches for different insect species than in the other zones leading to higher species richness 

and evenness. The mid altitude zone in Kenya is characterised by temperature range of 

between 17-32˚C
 
and annual rainfall of between 500-1000 mm/year (Hassan, 1998). These 

climatic conditions particularly the warm weather and adequate rainfall in the mid altitude 
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zone could have supported growth of a variety of host plant species that could not only 

provide food for the insects but also offer suitable habitats for their growth and reproduction. 

A stable environment, i.e. an environment that provides more realisable niches for different 

species has higher species richness (Legendre, 1998).  

Higher altitudes are characterized by relatively lower temperatures (Kronfuss and Havranek, 

1999). In general, an increase of 1000 m in altitude results to a 5.5 – 6.5 ˚C decrease in 

temperature (Anslow & Shawn, 2002). It might have been that many insects have low 

thermal tolerance range and few could have survived in the high altitude zone which is 

characterized by low temperatures. The low altitude had the lowest species evenness 

indicating some species were dominant as compared to the other species. Species evenness 

can be used to evaluate the biological activity in an ecosystem. Low evenness corresponds to 

high biological activity in a given site leading to dominance of some species as compared to 

the others on the ecosystem (Legendre, 1998).  In the case of low altitude zone in Kenya, the 

Lepidopterans, being voracious feeders could have out-competed the other species leading to 

their dominance in that region. 

The abundance of insects at different altitudinal zones is not only affected directly by 

prevailing climatic factors, but interaction with other living organisms in the ecosystem such 

as host plant and natural enemies (Hodkinson, 2005).  For instance, population of phloem 

feeding psyllid, Strophingia ericae, decreased at higher altitudes when the UV-B levels 

increased by 15% compared to the low altitude (Salt et al., 1998). In our study, the abundance 

of the major Coleopterans decreased at higher attitudes. Higher UV-B exposure changes the 

host-plant morphology and biochemistry by increasing leaf thickness and trichome leaf 

density, leading to a higher UV-B protection on the plants. Moreover, more exposure to UV-

B increases the concentration of carotenes and fouranocoumerins. Higher exposure of UV-B 

to Citrus jambhiri, a host plant of moth Trichoplusia ni. lead to a slower development of its 

larvae (McCloud and Berenbaum, 1994). The biochemistry of the amaranth crop could have 

been altered by increased exposure to UV-B at high altitude with negative effects on the 

growth of the Coleopterans feeding on this crop.  

We observed the stripped blister beetle, E. albovittata only at the low altitude zone of Kenya 

along the coast. This pest has not been reported as a pest of amaranth in Africa. The high 

temperatures and humidity prevailing at the Kenyan coast could have favoured the survival 

and development of the pest in that region. The pest has also been reported in Mexico, a 

country with tropical climate that is characterized by high temperatures and humidity 

(Aragon et al, 1997). Our study also reported two other major Lepidopteran pests that had 
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previously not been documented as pests of amaranth in Kenya. These are P. atritermina and 

A. octogueae. P. atritermina which is a leaf webber was particularly a menace in the coastal 

area causing similar damage as that caused by S. recurvalis. Moreover, A. octogueae, a leaf 

worm, was observed in our study particularly in the low altitude zone.   

Seasonality had an effect on the Lepidopterans, Coleopterans, and Thysanopterans. 

Lepidopteran species particularly S. recurvalis and P. atritermina were more abundant in 

season 2 which was immediately after the onset of short rains in Kenya. The outbreak of 

these pests could have been triggered by the lush vegetation of host plants that grows after the 

onset of rains. A similar observation was made in India where S. recurvalis population 

increased during the rainy seasons (National Research Council, 1984). Apart from the 

cultivated amaranth, other host plants for S. recurvalis are wild amaranth, Amaranthus spp., 

and the devils horsewhip Achyranthes aspera (Kahuthia-Gathu., 2011). Moreover, during the 

rainy season, there is higher cultivation of spinach, Beta vulgaris by many small scale 

farmers in the same regions growing amaranth. Spinach is an alternative host plant of S. 

recurvalis. Proliferation of these weed plants and high cultivation of spinach after the onset 

of the rainy season could have provided S. recurvalis with abundant food resources for their 

growth and reproduction leading to their high abundance. However, in another study 

conducted in Nigeria, the abundance of S. recurvalis did not differ between rainy and dry 

season (Aderolu et al., 2013). Perhaps there were adequate food resources in both seasons in 

that region. 

Significantly higher abundance of major Coleopteran and Thysanopteran species were 

observed in the dry season compared to the wet season. Dry and hot weather conditions like 

those witnessed during the first season survey could have shortened the development time for 

the Coleopterans and Thysanopterans during the dry season. MacDonald et al., 1998, 

observed that high temperatures reduce the development time of thrips making them have 

many and overlapping generations within one season of the crop. Moreover, majority of 

thrips pupate in the soil (Berndt et al., 2004). Therefore wet soils in rainy season could have 

suffocated the pupal stages of thrips in the soil leading to low population.  

Altitude and seasonality affects the diversity and abundance of amaranth pests in Kenya. The 

highest diversity of amaranth pests is found in the mid altitude zone. There is also higher 

abundance of Coleopterans and Thysanopterans in the dry season than in the rainy season. 

Conversely, abundance of Lepidopterans is highly favoured by the rainy season. Coleoptera, 

Homoptera and Lepidoptera are the primary insect groups affecting amaranth and 

management measures for their control need to be prioritised. Farmers in the mid altitude 
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zone are likely to face greater challenge in management of amaranth pests owing to their high 

diversity in that region. Moreover, farmers should be alert of threat of Coleopterans during 

the dry season and Lepidopterans during the rainy season and prepare in advance the 

management interventions. The wide range of indigenous predators (coccinelid ladybeetles 

and hoverfly) and parasitoids (Aphidius colemani, Apanteles sp) observed during the survey 

could be exploited for the management of these pests in a biological plant protection 

program. 
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4 Effect of elevation and seasonality on the abundance and diversity of 

major pests of African nightshades (Solanum sp) in Kenya and their 

associated natural enemies. 

 

4.1 Abstract 

There has been a renewed interest in production and consumption of African nightshades due 

to their superior nutritional content and health benefits. However, pests continue to pose great 

challenge to their production. Scanty information is available on the abundance, distribution 

and damage of pests that infest this crop in Kenya and the naturally occurring natural enemies 

that could be exploited for their management. To understand the diversity, distribution, 

seasonality and damage caused by the major insect pests infesting African nightshades, 

studies were conducted in all the major African nightshade growing areas in Kenya during 

the wet and dry season. A total of 132 African nightshade farms were examined for the insect 

pests and associated natural enemies using the beating and the picking methods. 29 farms 

were located in the high altitude zone, 91 in the mid altitude zone and 12 in the low altitude 

zone. A total of 8190 individual insects were collected of which 6220 Homopterans, 1466 

Coleopterans, 444 Thysanopterans and 60 Lepidopterans. For the first time, we report 47 

Coleoptera species, 6 aphid species, 8 Lepidoptera species and 8 Thysanoptera species 

infesting African nightshades in Kenya. The highest diversity of African nightshade pests 

was in the mid altitude zone and during the dry season. The greatest damage was caused by 

Homopterans (26.8 %), Coleoptera (16.5%), Lepidoptera (5.1%) and Thysanoptera (3.7%). 

The most destructive species of African nightshades were Aphis gossypii, Epitrix silvicola 

and Phyllotreta sp. The findings of this study will be useful in prioritization of key pests in 

development of management measures for African nightshade pests in various regions of 

Kenya and in different seasons. 

 

Key words: Pest distribution, species richness, species composition 
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4.2 Introduction 

African nightshade is the 2
nd

 most produced African indigenous vegetable (AIV) in Kenya 

(HCDA, 2012). African nightshades are a valuable source of vitamins A and C, calcium, 

potassium, iron and proteins (IPGRI, 2003; Kamga et al., 2013). The vegetable is also 

recommended for the people living with human immune deficiency virus (HIV/AIDS) due to 

its therapeutic properties (Abukutsa-Onyango, 2007). Pests are among the major constraint in 

production of African nightshades. Aphids and red spider mites have been reported as the 

main pests infesting nightshade in Kenya with yield losses as high as 36-100% particularly 

during the dry spell (Sithanantham et al., 2003; Mureithi et al., 2017). In addition to direct 

losses, insects such as aphids significantly reduce product quality through contamination with 

honeydew and subsequent sooty mould, leading to frequent markets rejections (Varela and 

Seif, 2004). Especially leaves attacked by spider mites are generally twisted, webbed and 

unmarketable. 

Few studies have been conducted on pests of African nightshades in Kenya. For instance, a 

study conducted in Western and Rift valley regions of Kenya showed that whiteflies, aphids, 

leafminers, leaf hoppers and grass hoppers were reported as the main pest infesting the 

African nightshade in western and rift valley regions of Kenya. A related study in Central 

region reported that cutworm (Agrotis spp), white grubs, crickets, aphids (Myzus persicae), 

African bollworm (Helicoverpa armigera) and leafminer (Liriomyza sp) were reported as the 

main pests attacking nightshade in central region of Kenya (Mbugua et al., 2006).  

Several factors influence the diversity, distribution and abundance of insects in a given area. 

Factors that may affect the insect population include; altitudinal gradient, climatic factors, 

availability of host plants, natural enemy complex, and interspecific competition (Lawton et 

al. 1987; Torres and Madi-Ravazzi 2006). In particular, altitudinal gradient could influence 

the diversity of insect communities in a given ecosystem. Previous studies have given 

contrasting conclusion on the effect of altitudinal gradient on the abundance and diversity of 

insect communities in an ecosystem. In their study, Romero-Alcaraz and Avila (2000) 

reported higher species richness and diversity of scarabaeoid dung beetles in high altitude 

zones than in the low altitudes zones in a study conducted at altitude zones between 900- 

2271 m above sea level in Sierra de Baza, southeastern Iberian Peninsula. They concluded 

that the higher diversity of the scarabaeoid dung beetle at high altitudes was a result of fewer 

disturbances of the habitats by human activities such as deforestation. Conversely, in another 

study, the diversity of butterfly communities across the Mediterranean mountain in Spain did 

not differ significantly at different altitudinal zones (Sanchez-rodriguez and Baz, 1995).  
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Climatic factors also contribute significantly to the diversity and abundance of insect 

communities. In a study to evaluate the seasonal variability of insects in Cerrado region, 

Brazil, higher diversity and abundance of insects were observed in the rainy season as 

compared to the dry season (Silva et al., 2006). Similar pattern was observed in a study 

conducted in gaps Panama whereby higher arthropod diversity was observed in the rainy 

season compared to the dry season (Richards and Windsor, 2005). 

To our knowledge, a nationalwide study for the major pests of African nightshades in Kenya 

and their associated natural enemies has not been conducted. In the present study, we were 

interested in assessing the diversity and abundances of arthropod pests infesting African 

nightshades across different attitudinal zones and seasons in the major nightshade production 

areas in Kenya. We also evaluated the damage caused by these arthropod pests on African 

nightshades and assessed the natural enemies for these pests occurring naturally in these 

areas.  

 

4.3 Methodology 

4.3.1 Field assessment methodology 

The first season study was done between the months of February to May 2014, while the 

second season study was done in October to November 2014. The first season was 

characterized by dry and hot weather conditions while the second season witnessed heavy 

rains. In the high altitude zone, nightshade farms in Kiambu, Kirinyaga, Nyamira, and 

Transzoia counties were screened for pest of nightshades and associated natural enemies. In 

the mid altitude zone, nightshade farms in Machakos, Embu, Kajiado, Kisii, Narok, Kisumu, 

Kakamega, Busia, Nyamira, Kirinyaga, and Tranzoia Counties were studied. In the low 

altitude zone, nightshade farms in Mombasa, Kilifi, Lamu and some parts of Embu County 

were considered. The altitude ranges were as follows; low altitude zone (< 1000 m asl), mid 

altitude zone (1000-1800 m asl) and high altitude zone (> 1800 m asl) (Hassan, 1998).  

10 nightshade farms from each of the County (5 farms each from 2 sub-counties) were 

chosen for the study. 40 plants were examined in each nightshade farm in a 10 x 10 m plot. 

The plot was sub-divided into 4 quadrants and plants sampled following a diagonal transect 

across the plot. Two sampling strategies were employed i.e. the beating and the picking 

methods. For the cryptic insects hiding inside the plants canopy, the beating method was used 

whereby a 32 x 23.5 cm tray sprayed with a layer of 70% ethyl alcohol was placed below the 

plant canopy. The plant was then tapped 10 times to dislodge insects that were hiding on the 

leaves and flowers of nightshade plants. A fine camel brush (No. 1) was used to pick the 
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insects that fell on the tray and transferred them into insect collection vial containing 70% 

ethyl alcohol. The vials were labeled appropriately with the details of the location where the 

sample was obtained. For large insects that were rather docile, hand picking method was used 

to capture the insects and transfer them into the insect collection vials containing 70% ethyl 

alcohol. Immature stages of insects, mainly caterpillars and leafminers, were hand-picked and 

put into lunch boxes (19 cm ×13 cm × 8 cm) lined with paper towel on the inside. Fresh 

leaves were also added into the lunch boxes to provide food for the immature insects during 

transportation into the laboratory. Upon arrival into the laboratory, the nutritional supply was 

continued until insects went into pupation. Suitable pupation sites were provided to enable 

the insects develop to adulthood. Thereafter, they were collected and preserved in insect 

collection vials containing 70% ethyl alcohol. A similar procedure as for the live immature 

stages of insects was followed for the parasitoid mummies. Matures stages collected by either 

the beating or the picking methods were mounted and taken to the National Museums of 

Kenya, 1.2740° S, 36.8145° E, for identification. 

 

4.3.2 Insect damage scoring guidelines 

It was important to record the damage caused by different pest groups as some pests cause 

more damage than others. Moreover, information on pest damage complemented the 

information on pest abundance. The guide on table 4-1 was used for scoring damage from 

various pests. 

 

Table 4-1: damage guide used to score for various insect orders during the survey to identify the major pests of 

African nightshades in Kenya. 

Insect Damage 
score 

Description of damage Reference 

Aphids 

0 Plant appear healthy, may have small chrotic spots Webster et al. 
1987 1 Chlorosis and leaf folding 26-50 % of total leaf area 

2 Chlorosis and leaf folding 26-50 % of total leaf area 
3 Chlorosis and leaf folding 51-75 % of total leaf area 
4 Chlorosis and leaf folding > 75% of total leaf area  

Coleopterans 

0 No visible damage on the crop 

Smith, 2000 
modified 

1 1-20% leaf consumed 
2 21-40% leaf consumed 
3 41-60% leaf consumed 
4 61-80% leaf consumed 
5 81-100% leaf consumed 

Lepidopterans 

0 No leaf damage 
Said  and 

Itulya, 2003 
modified 

1 1-25 % of leaf consumed 
2 26-50 % of leaf consumed 
3 51-75 % of leaf consumed 
4 76-100 % of leaf consumed 

Thysanopterans 

1 No leaf damage 
Nyasani et al., 

2011 
2 Few silvery streaking (≤25%) 
3 Moderate streaking (26-50%) 
4 Heavy streaking (51-75%) 
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Table 4-1: damage guide used to score for various insect orders during the survey to identify the major pests of 

African nightshades in Kenya (Continued). 

Insect Damage 
score 

Description of damage Reference 

Thysanoptera 
5 

Severe streaking and drying of attacked leaves (≥75%) Nyasani et al., 
2011 

Mites 

1 1-20 % of leaf damaged 

Hussey & Parr 
1963 modified 

2 21-30 % of leaf damaged 
3 31-50 % of leaf damaged 
4 51-70 % of leaf damaged 
5 71-0 % of leaf damaged 

 

4.3.3 Data analysis 

ANOVA for the pest abundance in the 4 most important orders and for the three most 

abundant species per order at different altitudinal zones and seasons was done using R. 

program (R version 3.3.1, 2016). The insect count data was log transformed before the 

analysis was done. Where significant differences were observed, the means were separated 

using the Tukey test. All tests were carried out at 5% level of significance. Insect species 

diversity on nightshade crop across different altitudinal zones and in different seasons were 

analysed using the Renyi diversity profiles. Biodiversity analyses were done using R (version 

3.3.1, 2016). Vegan (Oksanen et al., 2005) and BiodiversityR (Kindt and Coe, 2005) 

packages were used to calculate the diversity and IBM SPSS was used to plot the graphics. 

The Renyi diversity profiles order species in an ecosystem from species richness to species 

evenness. Other common diversity indices used by ecologist such as the Shannon index or 

Simpson index are specific cases of Rényi entropy formula. In Renyi diversity profile, the 

diversity values on the y-axis (H-alpha) are related to the scalar parameter “alpha” on the x-

axis. H0 = species richness, H1 = Shannon Diversity, H2 = Simpson Diversity and H∞ = 

Berger-Parker Index (Legendre and Legendre, 1998, Kindt et al. 2006). H-alpha is based on 

the frequency of each component species (proportional abundances “pi” = abundance of 

species i/ total abundance) and a scale parameter (α) ranging from zero to infinity 

(Tóthmérész, 1995).   

 

A given insect community X is said to have higher species richness than community Y if it 

has a higher value at alpha=0 compared to community Y. Similarly, insect community X is 

said to have higher evenness than community Y if it has a higher value at alpha=∞ than 

community Y. Species diversity is a combination of species richness and species evenness.  A 

given insect community X is regarded as more diverse than a community Y if its diversity 

profile is everywhere above that of community Y in the Renyi diversity profiles graph. This 
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means that community X has higher species richness and higher species evenness than 

community Y. If the profile lines of different insect communities cross each other, it is not 

possible to order the diversity of these communities from the most diverse to the least 

diverse. This is because one community say community X could have higher species richness 

than another community Y but at the same time community Y could have higher species 

evenness than community X. In that case, we can only discuss species richness and species 

evenness separately (Legendre and Legendre). The values of the series for the three 

altitudinal zones and in the two seasons were calculated for the scales of α = {0, 0.25, 0.5, 1, 

2, 4, 8, ∞} and plotted as diversity profiles for each altitudinal zone (high, mid, and low) in a 

single graph or diversity profiles for each of the seasons (Season 1 and season 2) in a single 

graph.  

 

4.4 Results 

4.4.1 Diversity of African nightshade pests across altitudinal zones and seasons 

The Renyi diversity profile for the mid altitude zone was everywhere above those of the high 

and low altitude zones meaning the mid altitude zone had the highest insect diversity. 

However, the Renyi diversity profiles for the high and the low altitude zones were crossing 

each other suggesting that there was no difference in nightshade pest species diversity 

between the two altitudinal zones (Fig 4-1a).  

 

 

 

 

 

 

 

 

 

 

 

Fig 4-1: Renyi diversity indices for African nightshades pests in a study conducted in Kenya across three agro-

ecological zones. These are; high altitude, mid altitude and low altitude zones (a). Renyi diversity indices for 

African nightshades pests in a survey conducted in Kenya across the six regions producing African nightshades 

for two seasons of 2014 (b). 

a b 
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When pest species richness was considered separately, i.e. at alpha= 0, the mid altitude had 

the highest pest species richness followed by the high altitude and low altitude respectively. 

The H-alpha value at alpha=0 were 3.97 for the mid altitude, 3.47 for the high altitude, and 

2.56 for the low altitude (Fig 4-1a). When pest species evenness was considered, the mid 

altitude had the highest H-alpha value (0.81) at H=∞ value indicating it had the highest pest 

species evenness. The low altitude zone had higher H-alpha value (0.55) at H=∞ that high 

altitude (0.35) indicating it had higher pest species evenness than the high altitude. When the 

two seasons were compared, the diversity profile for season 1 (dry season) was everywhere 

above that of the second season (rainy season) indicating that there was higher pest species 

diversity on nightshade farms in the first season (Fig 4-1b). Moreover, there was higher pest 

species richness in the first season compared to the second season. The species richness index 

was 3.97 in the first season compared to 3.53 in season 2. There was also higher pest species 

evenness in the first season compared to the second season. The H- alpha value at H=∞ 

signifying pest species evenness was 0.65 in the first season compared to 0.48 in the second 

season (Fig 4-1b). 

 

4.4.2 Major insect orders attacking African nightshades 

The major pest groups observed on African nightshades during the study were from insect 

orders Trombidiformes, Coleoptera, Homoptera, Lepidoptera, and Thysanoptera. There was 

significantly higher number of Homopterans compared to the other pest groups. Similarly, 

there were significantly higher numbers of Coleopterans compared to Trombidiformes, 

Lepidopterans and Thysanopterans. However, there was no significant difference in the 

abundance of Trombidiformes, Lepidopterans, and Thysanopterans (F4,662=46.01; 

P<0.001)(Fig 4-2). 
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Fig 4-2: Mean number (+/- SE) of insects/ field infesting African nightshades from the major orders in a study 

conducted in two seasons of year 2014 across the three altitudinal zones (low, mid and high) growing African 

nightshades in Kenya. The insect count data was log transformed before the analysis. Anova was carried out at 

P≤0.05. Where significance difference was observed, Tukey test was used to separate the means. 

 

4.4.3 Damage by major insect orders attacking nightshades 

With 26.76% damage, Homopterans caused significantly higher damage on African 

nightshades compared to the other pest groups. Moreover, Coleopterans caused higher 

damage on the crop (16.5%) compared to the Trombidiformes (spider mites), Lepidopterans, 

and the Thysanopterans. There was no significant difference in the damage caused by 

Trombidiformes, Lepidopterans, and Thysanopterans (F4,662=91.70; P<0.001) (Fig 4-3). 

 
 

c 

a 

b 
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Fig 4-3: Mean insect damage (%) (+/- SE) from the major insect orders infesting African nightshades in a study 

conducted in two seasons of year 2014 across the three altitudinal zones (low, mid and high) growing African 

nightshades in Kenya. 

 

The main damage by Homopterans was caused by aphids. They caused chlorosis, curling and 

twisting of the leaves. Moreover, production of honey dew by the aphids led to the 

development of black sooty moulds that stained the leaves. Leaves infested by the 

coleopterans particularly the flea beetles had mainly small shoot holes. However, some 

Coleopterans made larger holes in or around the leaf margin. The Lepidopteran caterpillars 

were foraging on the leaves leaving large irregular holes. Thrips damage was mainly through 

punctures made on the leaves leaving unsightly white scars on the nightshade leaves. 

 

4.4.4 Abundance, distribution and seasonality of major Homopteran species 

Six aphid species belonging to 4 genera were observed. All the aphids belonged to Aphididae 

family. Aphis craccivora, Aphis gossypii belonged to the Aphis genus while Myzus persicae 

belonged to the Myzus genus. Moreover, Macrosiphum sp belonged to Macrosiphum genus 

while Toxoptera sp belonged to Toxoptera genus. The three most abundant aphid species on 

African nightshades were A. fabae, M. persicae and A. craccivora (Table 4-2). 
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Table 4-2: Composition of insect species infesting African nightshades in Kenya in a study conducted during the 

dry and the rainy seasons in the year 2014 across the three altitudinal zones (low, mid and high). 

Order Family Species Proportion (%) 

Homoptera Aphididae 

Aphis fabae (Scopoli) 72.29 

Myzus persicae (Sulzer) 20.48 

Aphis craccivora (Koch) 5.76 

Macrosiphum sp. 1.01 

Aphis citricola (Van Der Goot) 0.43 

Toxoptera sp. 0.03 

Coleoptera 

Anthicidae Formicomus sp. 1.05 

Apionidae 
Apion sp. 0.37 

Cylas brunneus 0.22 

Bruchidae Acanthoscelides obtectus (Say) 0.07 

Carabidae Tachys ascendens (Alluaud) 0.30 

Chrysomelidae 

Epitrix silvicola (Bryant) 59.04 

Phyllotreta  sp. 19.96 

Luperodes quaternus (Fairmaire) 2.99 

Monolepta cruciata (Guerin De Meneville) 1.05 

Haltica pyritosa (Erichs) 0.67 

Bicolorizea semifulua 0.45 

Monolepta vinosa (Gerstaecker) 0.37 

Exora pusilla (Gerstaecker) 0.22 

Hapsidolema nigroparallela (Crow) 0.22 

Herma insignis (Weise) 0.22 

Mesoplatys ochroptera ( Stal ) 0.22 

Hapsidolema viridisuturalis ( Pic) 0.15 

Pachnephorus sp. 0.15 

Prosmidia pygidialis 0.15 

Leptaulaca basalis (Weise) 0.07 

Coccinelidae 
Epilachna fulvosignata (Reiche) 0.30 

Epilachna paykulli (Muls) 0.07 

Curculionidae 

Baris sp. 1.49 

Systates crenatipennis (Fairmaire) 1.12 

Micrelus cruciatus (Schultze) 0.37 

Babaultia sp. 0.30 

Nematocerus lindblomi (Aurivillius) 0.15 

Balanogastris sp. 0.07 

Elateridae 

Candiophorus sp. 0.52 

Drasterius aethiopicus  (Abyss) 0.15 

Paederus riftensis (Fauvel) 0.15 

Heteroderes sp. 0.07 

Meloidae Epicauta alborvita (Gestro) 2.84 
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Table 4-2: Composition of insect species infesting African nightshades in Kenya in a study conducted during the 

dry and the rainy seasons in the year 2014 across the three altitudinal zones (low, mid and high) (Continued). 

Order Family Species Proportion (%) 

Coleoptera 

Melyridae Hapalochrus similaeuis 0.07 

Nitidulidae 
Brachypeplus sp. 0.30 

Carpophilus dimidiatus  (Fabricius) 0.07 

Scarabaeidae 
Sisyphus ocellatus ( Reiche) 0.22 

Onthophagus sp. 0.30 

Staphylinidae Paederus sabaeus (Erichson) 2.39 

Tenebrionidae 

Eutochia pulla (Fabricius) 0.22 

Lagria cuprina (Thomas) 0.22 

Lagria purpurascens (Borchmann) 0.22 

Lagria cyanicollis (Borchmann) 0.15 

Derolagria dermatodes (Fairmaire) 0.07 

Gonocephalum simplex  (Fabricius) 0.07 

Lagria sexvitta 0.07 

Lepidoptera 

Erebidae Spilosoma investigatosum 1.67 

Gelechiidae Tuta absoluta (Meyrick) 1.67 

Noctuidae 

Spodoptera litorralis (Boisduval) 40.00 

Helicoverpa armigera (Hübner) 31.67 

Spodoptera exigua (Hübner) 15.00 

Plusia sp 5.00 

Spodoptera exempta (Walker) 3.33 

Timora crofti (Pinhey) 1.67 

Thysanoptera 

Aeolothripidae Franklinothrips megalops (Trybom) 0.68 

Phlaeothripidae Haplothrips gowdeyi (Franklin) 24.94 

Thripidae 

Megalurothrips sjostedti (Trybom) 42.63 

Dendrothrips sp. 15.65 

Frankliniella schultzei (Trybom) 9.52 

Thrips sp. 4.76 

Thrips pusillus (Bagnall) 1.59 

Frankliniella occidentalis  (Pergande) 0.23 

 

There was significantly higher population of A. fabae in the high elevation zone compared to 

the mid and low elevation zone. However, there was no significant difference in the 

abundance of A. fabae between the mid and the low altitude (F2,129=15.94; P<0.001) (Fig 4-

4).  
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Fig 4-4: Mean number of Aphis fabae, Myzus persicae and Aphis craccivora per field infesting African 

nightshades from a survey conducted across the high, mid and low altitude zones of Kenya in the year 2014. The 

zones were drawn from the six regions (Central, Coast, Eastern, Nyanza, Rift, and Western) growing African 

nightshades in Kenya. Same letter for a given species denotes no significant difference among the zones.  The 

insect count data was log transformed before the analysis. Anova was carried out at P≤0.05. Where significance 

difference was observed, Tukey test was used to separate the means. 

 

When the abundance of M. persicae was evaluated across the elevation zones, no significance 

difference was observed (F2,129=1.19; P=0.309) (Fig 4-4). Moreover, there was no significant 

difference in the abundance of A. craccivora across the three elevation zones (F2,129=0.98; 

P=0.380) (Fig 4-4).  When different seasons were considered separately, there was no 

significant difference in the population of A. fabae between the first and the second season 

(F1,130=4.32; P=0.121) (Table 4-3).  

Table 4-3: Mean number of insects/ field from the three major aphid species infesting African nightshades in 

Kenya in a study conducted in the two seasons in the year 2014 across the three altitudinal zones (low, mid 

and high).  

Species Season 1 (Dry season) Season 2 (Rainy season) 

Aphis fabae 43.42±12.39a 25.80±8.61a 

Myzus persicae 16.52±6.32a 3.59±1.49b 

Aphis craccivora 0.85±0.53b 4.39±1.67a 

Same lower case letter in a given insect species denotes no significant difference between the seasons 

a 

b 

b 

a a 

a 
a a 

a 
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However, there was significantly higher abundance of M. persicae in the first season than in 

the second season (F1,130=10.22; P=0.013) (Table 4-3). Conversely, there was significantly 

higher abundance of A. craccivora in the second season compared to the first season 

(F1,130=25.94; P=0.012) (Table 4-3). 

 

4.4.5 Abundance, distribution and seasonality of major Coleopteran species 

Forty seven (47) Coleoptera species from 41 genera and 13 families were observed during the 

study. Chrysomelidae had the largest number of species with 16 species. Majority of these 

species were flea beetles which cause damage to the crop by puncturing the shoot-holes. 

Tenebrionidae family was second with 7 species followed by Curculionidae with 6 species. 

Four species were observed in Elateridae family. Families Apoinidae, Coccinelidae, 

Nitidulidae, and Scarabaeidae had 2 species each while families Anthicidae, Carabidae, 

Meloidae, Melyridae, and Staphylinidae had one species each (Table 4-2). Epitrix silvicola, 

Phyllotreta spp and Luperodes quaternus were the three most abundant Coleoptera species in 

Kenya (Table 4-2). The three most abundant Coleoptera species i.e. E. silvicola, Phyllotreta 

spp, and L. quaternus were all absent in the low elevation zone (Fig 4-5).  

 
Fig 4-5: Mean number of Epitrix silvicola, Phyllotreta sp and Luperodes quaternus per field infesting African 

nightshades from a survey conducted across the high, mid and low altitude zones of Kenya in the year 2014. The 

zones were drawn from the six regions (Central, Coast, Eastern, Nyanza, Rift, and Western) growing African 

nightshades in Kenya. Same letter for a given species denotes no significant difference among the zones.  The 
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insect count data was log transformed before the analysis. Anova was carried out at P≤0.05. Where significance 

difference was observed, Tukey test was used to separate the means. 

The abundance of E. silvicola was not significantly affected by elevation zones (F2,129=1.96; 

P=0.145) (Fig 4-5). Moreover, elevation zone did not have a significant effect on the 

abundance of Phyllotreta sp (F2,129=1.38; P=0.257) (Fig 4-5). . However, the abundance of L. 

quaternus was significantly higher in the high elevation zone compared to the other zones 

(F2,129=5.84; P=0.004) (Fig 4-5). . Seasonality did not significantly affect the population of E. 

silvicola (F1,130=4.35; P=0.261) (Table 4-4). 

 

Table 4-4: Mean number of insects/ field from the three major Coleopteran species infesting African 

nightshades in Kenya in a study conducted in the two seasons in the year 2014 across the three altitudinal 

zones (low, mid and high). 

Species Season 1 (Dry season) Season 2 (Rainy season) 

Epitrix silvicola 9.79±5.19a 2.94±0.87a 

Phyllotreta sp. 3.44±1.06a 0.77±0.46b 

Luperodes quaternus 0.55±0.31a 0.01±0.01a 

Same lower case letter in a given insect species denotes no significant difference between the seasons 

 

Moreover, there was no significance difference in the abundance of L. quaternus between the 

first and the second season (F1,130=16.04; P=0.077) (Table 4-4). . However, there was 

significantly higher abundance of Phyllotreta spp. in the first season compared to the second 

season (F1,130=33.88; P=0.004) (Table 4-4). . 

 

4.4.6 Abundance, distribution and seasonality of major Lepidopteran species 

Eight Lepidopteran species belonging to three families and six genera were observed. The 

dominant family was the Noctuidae with 6 species while the Arctiidae and Gelenchiidae had 

one species each (Table 4-2). The three most abundant Lepidoptera species were S. littoralis, 

H. armigera and S. exigua. (Table 4-2). Different elevation zones did not have a significant 

effect on the abundance of S. littoralis. (F2,129=1.36; P=0.260) (Fig 4-6).  
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Fig 4-6: Mean number of Helicoverpa armigera, Spodoptera litorralis and Spodoptera exigua/ field infesting 

African nightshades from a survey conducted across the high, mid and low altitude zones of Kenya in the year 

2014. The zones were drawn from the six regions (Central, Coast, Eastern, Nyanza, Rift, and Western) growing 

African nightshades in Kenya. Same letter for a given species denotes no significant difference among the 

zones.  The insect count data was log transformed before the analysis. Anova was carried out at P≤0.05. Where 

significance difference was observed, Tukey test was used to separate the means. 

 

Similarly, there was no significant difference in the population of S. exigua across the three 

elevation zones (F2,129=0.33; P=0.719) (Fig 4-6). However, there was significantly higher 

abundance of H. armigera in the high and low altitude zones as compared to the mid 

elevation zone (F2,129=0.23; P=0.043) (Fig 4-6). . Seasonality did not influence significantly 

the abundance of the three major Lepidoptera species infesting African nightshades. There 

was no significant difference in the abundance of S. littoralis between the first and the second 

season (F1,130=0.51; P=0.701) (Table 4-5).  
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Table 4-5: Mean number of insects/field from the three major Lepidopteran species infesting African 

nightshades in Kenya in a study conducted in the two seasons in the year 2014 across the three altitudinal 

zones (low, mid and high). 

Species Season 1 (Dry season) Season 2 (Rainy season) 

Spodoptera littoralis 0.21±0.11a 0.16±0.07a 

Helicoverpa armigera 0.15±0.05a 0.14±0.07a 

Spodoptera exigua 0.08±0.04a 0.06±0.05a 

Same lower case letter in a given insect species denotes no significant difference between the seasons 

 

Similarly, seasonality did not affect significantly the population of H. armigera (F1,130=0.50; 

P=0.661) (Table 4-5). Moreover, the population of S. exigua did not differ significantly 

between the two seasons (F1,130=2.37; P=0.420) (Table 4-5). . 

 

4.4.7 Abundance, distribution and seasonality of major Thysanopteran species  

Eight thrips belonging to six genera and three families were observed during the survey. The 

dominant family was the Thripidae family with six species. One species was observed in the 

Aeolothripidae and Phlaeothripidae family (Table 4-2). The three most abundant species were 

Megalurothrips sjostedti, Haplothrips gowdeyi and Dendrothrips sp (Fig 4-2). Elevation zone 

had a significant effect on the abundance of M. sjostedti and Dendrothrips sp. but not on H. 

gowdeyi. There was significantly higher abundance of M. sjostedti in the high and mid 

elevation zones as compared to the low elevation zone (F2,129=3.85; P=0.024). (Fig 4-7).  
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Fig 4-7: Mean number of Megalurothrips sjostedti, Haplothrips gowdeyi and Dendrothrips sp./field  infesting 

African nightshades from a survey conducted across the high, mid and low altitude zones of Kenya in the year 

2014. The zones were drawn from the six regions (Central, Coast, Eastern, Nyanza, Rift, and Western) growing 

African nightshades in Kenya. Same letter for a given species denotes no significant difference among the 

zones.  The insect count data was log transformed before the analysis. Anova was carried out at P≤0.05. Where 

significance difference was observed, Tukey test was used to separate the means. 
 

Moreover, the high elevation zone contained significantly higher abundance of Dendrothrips 

sp. compared to the mid and low elevation zones (F2,129=3.53; P=0.032) (Fig 4-7). (Fig 4-7). . 

However, elevation zone did not have a significant effect on the population of H. gowdeyi 

(F2,129=1.65; P=0.196) (Fig 4-7). Among the three most abundant thrips species, seasonality 

had a significant effect on the abundance of M. sjostedti only. There was significantly higher 

abundance of M. sjostedti in the first season compared to the second season (F1,130=26.39; 

P=0.023) (Table 4-6). 

 

Table 4-6: Mean number of insects/field from the three major Thysanopteran species infesting African 

nightshades in Kenya in a study conducted in the two seasons in the year 2014 across the three altitudinal 

zones (low, mid and high). 

Species Season 1 (Dry season) Season 2 (Rainy season) 

Megalurothrips sjostedti 2.61±0.98a 0.27±0.08b 

Haplothrips gowdeyi 0.44±0.17a 1.31±1.16a 

Dendrothrips sp 0.68±0.43a 0.39±0.20a 

Same lower case letter in a given insect species denotes no significant difference between the seasons 
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4.4.8 Natural enemies of African nightshades pests 

Different types of predators for pests of African nightshades were identified during the study. 

Fifteen species of Coccinelids ladybeetles were observed on nightshade plants that were 

infested with aphids. Moreover, and Orius sp. (Hemiptera: Anthocoridae) were observed 

feeding on aphids. Aphidius colemani was also collected from mummified aphids that were 

sampled from the nightshade crop (Table 4-7). 

 

Table 4-7: Natural enemies of African nightshades pests observed during a study conducted in the two seasons 

in the year 2014 across the low, mid and high altitudinal zones in Kenya. 

Family Species Abundance (%) Pest controlled 

Anthocoridae Orius sp. 1.92 Spidermites, thrips, whiteflies 

Braconidae Aphidius colemani (Viereck) 13.46 

Aphids 
 Coccinelidae 

Scymnus trepidulus (Weise) 26.28 

Cheilomenes sulphurea (Olivier) 14.10 

Scymnus sp. 12.82 

Chnotriba similes (Thunberg) 8.01 

Hippodamia variagata (Goeze) 7.37 

Platynaspis sp. 2.88 

Exochomus ventralis (Gerstäcker) 2.56 

Scymnus scapuliferus (Mulsant) 2.56 

Stethorus sp. 2.24 

Micraspis sp. 1.28 

Scymnus pruinosus (Weise) 1.28 

Platynaspis vittigera (Weise) 0.96 

Scymnus morelleti (Muls) 0.96 

Scymnus kibonotensis (Weise) 0.64 

Scymnus pruinosus (Weise) 0.64 

Scymnus casstroemi (Mulsant) 0.64 

Scymnus luteus (Sicard) 0.64 

Platynaspis sexguttata 0.32 

Scymnus usambaricus (Weise) 0.32 

 

4.5 Discussion 

In our study, we observed the highest pest diversity in the mid altitude zone. The moderately 

warm climate in the mid altitude zone could not only have been favourable for the survival 

and development of many pest species but also ideal for growth of various vegetation types 

that serve as food resources for the insects. Lawton et al. (1987) observed that an increase in 

food resources contributes to the diversity of insect communities in a given ecosystem. In our 
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study, we also observed that most of the farmers in the high altitude zone did production of 

African nightshade mainly as an income generation enterprise as opposed to most of the 

farmers in the mid altitude zone who produced the African nightshades at substance scale. 

The farmers in the high altitude zone applied heavy inputs in their production particularly 

insecticides and this might have lead to a decline in diversity of insect communities in that 

zone. This is in concurrence with Wold, (1987) who reported that disturbances of the 

environment by human being activities could lead to decrease in insect community in an 

ecosystem. Moreover, the farmers in the high altitude zone mainly practiced monoculture in 

the production of African nightshades as opposed to the farmers in the mid altitude zone who 

either intercrop African nightshades with other food crops or grew several other crops 

adjacent to the nightshade crop.  Altieri and Letourneau (1982) made similar observation 

when they reported less insect species diversity in monocultures compared to polycultures.  

In our study, there was higher insect diversity in the dry season than in the wet season. 

Moreover, except for the Lepidopterans, there was more abundance of major insect group in 

the dry season than in the rainy season. Contrary to our findings, greater insect abundance 

was observed in the wet season than in the dry season in studies done in other tropical regions 

of Brazil and Panama (Richards and Windsor, 2007; Silva et al., 2006). In these studies done 

in Brazil and Panama, they associated greater insect abundance to increased availability of 

food resources as a result of new growth of vegetation during the rainy season. However in 

our study, higher abundance and diversity of insects in the dry season might have been driven 

by the warmer temperatures that are within the thermal tolerance of many arthropod pest 

species. Moreover, food resources was available throughout the dry season as supplemental 

irrigation in most of the farms during the dry season supported the growth of  African 

nightshades that provided food resources necessary for survival, growth and reproduction of 

the pests.  

The higher abundance of Homopterans in season 1 could have resulted from the dry and hot 

weather conditions which were prevailing during the first season. Similar observation were 

made in the Kimaru et al., 2015 study where there were more pests observed in the dry 

season than in the wet season. Higher temperatures shorten the insect development time and 

therefore higher temperatures in the dry season could have lead to an increase in the 

population of aphids on the nightshade crop. Furthermore, 80% of the lifecycle of flea beetles 

is in the soil. It could also be that the wet soils during the wet season were unsuitable for 

survival and development of soil stages (eggs and larval) of flea beetles leading to the low 

population of flea beetles in the wet season.  
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Overall, the Homopterans and Coleopterans particularly the aphids and flea beetles 

respectively were the major pests of African nightshades during our study. These groups of 

pests could be having a higher preference for nightshades compared to the other insects 

present in the African nightshade growing regions. Similar observations were made in a 

related study conducted in Nairobi region of Kenya where the aphids were among the 

dominant species observed on African nightshades (Kimaru et al., 2015). However, contrary 

to our findings, the study only recorded one species of aphid i.e. Aphis fabae, where in our 

study, we observed six different aphid species. During our study, we studied nightshade pests 

in all the major production areas in Kenya as opposed to Kimaru et.al. (2015) study, which 

was done in only one location. This might explain why we observed more aphid species as 

some aphid species were only present in certain areas only.  

In conclusion, this study has demonstrated the dry season in Kenya poses the highest pest 

challenge for production of African nightshades. During the dry season, there is high 

proliferation of the African nightshade pests particularly the aphids and flea beetles which 

bring significant damage to the nightshade crop. Moreover, our study has revealed that 

nightshade farmers in the mid altitude zone are faced with the highest diversity of pest 

compared to the farmers in the other altitudinal zones. This information is critical in future 

development of effective integrated pest management (IPM) measures for African nightshade 

pests particularly during the time the pest pressure is high such as dry the season and in the 

mid altitude zone. This will eventually contribute to minimizing the production losses 

associated with pests thereby increasing the production and incomes for the African 

nightshades farmers. 
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5 Seasonal abundance of Aphis fabae, Epitrix silvicola and Lepidopteran 

pests on African nightshades (Solanum spp.) in different agro-ecological 

zones in Kenya 

 

5.1 Abstract 

African nightshades (Solanum scabrum and S. villosum) are important vegetables in 

addressing minerals and vitamin deficiency in Africa. However, their production is 

constrained by damage from Aphis gossypii Glower (Homoptera: Aphididae), Epitrix 

silvicola Bryant (Coleoptera: Chrysomelidae) and Lepidopteran pests. Seasonal variations of 

Aphis gossypii, Epitrix silvicola and Lepidopteran pests on African nightshades at mid and 

high altitudes of Kenya in two dry (1
st
 and 3

rd
 growing seasons) and two wet (2

nd
 and 4

th
 

growing seasons) seasons in the year 2015 and 2016 were studied.  We show for the first time 

that the peak abundance of these pests occur in different seasons at the mid and high altitude 

zone. The highest abundance of A. fabae was observed in the 2
nd

 growing season at the mid 

altitude zone and in the 3
rd

 growing season in the high altitude zone. For the Epitrix silvicola, 

the highest abundance was observed in the 4
th

 growing season at the mid altitude zone and in 

the 3
rd

 growing season at the high altitude zone. For the Lepidopteran pests, the peak 

abundance was recorded in the 1
st
 growing season at the mid altitude zone and 4

th
 growing 

season at the high altitude zone. Infestation on nightshade by these pests started at the 

seedling stage and their population increased up to the flowering stage in most of the seasons. 

The parasitoid Aphidius colemani Viereck (Hymenoptera: Braconidae) recorded the highest 

abundance at the 2
nd

 growing season at the mid altitude zone and 3
rd

 growing season at the 

high altitude zone. These findings are useful for development and implementation of 

effective integrated pest management (IPM) measures for these pests. 

 

Key words: Solanum scabrum; Solanum villosum; Phenological stages; insect population 
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5.2 Introduction 

Although African indigenous vegetables (AIVs) were part of the old-age farming tradition in 

Africa, they were largely abandoned after the introduction of exotic vegetables. However, in 

the recent past, these vegetables have gained prominence as they are a rich source of 

important minerals such as potassium, calcium, iron and vitamins (Orech et al., 2007; Uusiku 

et al., 2010). African nightshades (Solanum spp.) are among the most widely grown AIVs in 

Kenya (AVRDC, 2003; HCDA, 2013). The two most popular species of African nightshades 

are Solanum scabrum and S. villosum although S. villosum is more popular (Kamga et al., 

2013).  

Among the factors constraining production of African nightshades is attack by insect pests 

resulting in yield losses of 36-100% (Sithanantham et al., 2003; Mureithi et al., 2017). 

African nightshades have many insect pests attacking them including aphids, flea beetles, and 

caterpillars (Kimaru et al., 2015; Mureithi et al., 2017; Mureithi et al., unpublished). Aphids 

cause damage by sucking the phloem sap on nightshade leaves leading to curling and 

distorted growth. The aphids also produce honeydew that subsequently is colonized by sooty 

mould that contaminates the produce leading to market rejection (AVRDC, 2003; Varela and 

Seif, 2004). Among the aphid species that infest African nightshades are A. craccivora Koch, 

A. fabae Scopoli, and Myzus persiae Sulzer (Ashilenje et al., 2011; Suganthy and Sakthivel, 

2012; Singh et al., 2014: Kimaru et al., 2015; 4.4.3). Flea beetles particularly Epitrix silvicola 

Bryant puncture shoot-holes on nightshade leaves making them undesirable by the 

consumers. Lepidopteran pests are also voracious feeders on nightshade leaves reducing the 

yields. In the tropics, aphids undergo anholocyclic life cycle, reproducing parthenogenetically 

throughout the entire year on different hosts (Eastop 1957, Blackman 1974). However, their 

populations fluctuate as a result of changes in temperature, rainfall and relative humidity 

(Michaud and Browning, 1999).  

Despite the knowledge on damage caused by aphids, flea beetles and Lepidopterans on 

African nightshades, there are few reports on their seasonal abundance on African 

nightshades. Little is also know with regard to the host range of these pests in African 

nightshade production areas in Kenya. In particular, A. fabae, E. silvicola and Lepidopteran 

pests were abundant and caused significant damage to African nightshade in a survey 

conducted in Kenya in the year 2014 (4.4.3; 4.4.4: 4.4.5; 4.4.6) The present study was 

designed to provide data on seasonal abundances of A. fabae, A. colemani, Epitrix silvicola 

and Lepidopterans on African nightshades in Kenya in different growing seasons and at 

different phenological stages of African nightshades. This information is needed for 
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development and implementation of effective integrated pest management (IPM) measures 

for these pests. The role of neighbourhood crops and weed species as potential refuge for 

aphids, flea beetles and the Lepidopteran pests was also studied. 

 

5.3 Methodology 

5.3.1 Description of field sites 

 The study was conducted in two agro-ecological zones; the mid and the high altitude zones 

in Kenya. The mid altitude was located between 1000 – 1800 m above sea level (asl) while 

the high altitude zone was located above 1800 m asl. The study sites for the mid altitude zone 

were Yatta, Machakos County for the 1
st
 growing season and KALRO – Kandara in Muranga 

County for the 2
nd

, 3
rd

, and 4
th

 growing season. The high altitude site was located at KALRO-

Tigoni for the four growing seasons. The study was done in the following growing seasons; 

1
st
 growing season- February – May 2015, 2

nd
 growing season – August- November 2015, 3

rd
 

growing season - February – May 2016, 4
th

 growing season August- November 2016. The 1
st
 

and the 3
rd

 growing seasons were generally dry and hot, with rainfall in the month April. The 

2
nd

 and the 4
th

 growing seasons were generally rainy but having a dry spell in the month of 

August.  

 

5.3.2 Crop establishment 

African nightshades Solanum scabrum (variety Giant Nightshade from Kenya Seed 

Company) and Solanum villosum (from Kenya Seed Company) were used in this trial. 10 

plots measuring 10 x 10 m were prepared in each altitudinal zone except for the 1
st
 growing 

season where only three plots were established. The path of 2m was left between the 

nightshade plots while a distance of at least 5 m was observed between the other 

neighbouring crops. African nightshade seeds were sown and raised in a nursery bed for one 

month before being transplanted in the field at a spacing of 45 x 30 cm. Well decomposed 

cattle manure was applied to the field at a rate of 40 tonnes /hectare at the planting hole 

during transplanting. The seedlings were irrigated after transplanting to enhance their 

establishment. Thereafter, the crop was managed in accordance to the normal farmer’s 

practices. However, no crop protection measures were applied. During the dry spell, 

supplemental irrigation was applied. The fields were kept weed free throughout the 

experimental period.  
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5.3.3 Sampling for pests and natural enemies  

In each of the growing season the sampling was done at the following phenological stages of 

crop growth; seedling (3 weeks after transplanting), pre-flowering (5 weeks after 

transplanting), flowering (7 weeks after transplanting), fruit formation (9 weeks after 

transplanting), fruit ripening(11 weeks after transplanting), senescence (13 weeks after 

transplanting). The plots were divided into 4 equal quadrants for the purpose of sampling. 

The population of pests of interest were monitored by sampling 10 plants per quadrant 

following a diagonal transect from one corner of the quadrant to the opposite one.  

Sampling of A. fabae was done by randomly selecting 3 leaves each at the top, middle, and 

bottom of the selected plants and counting all the alate and apterous aphids present. Aphid 

parasitoids, mainly A. colemani, were sampled by counting the number of aphid mummies 

that were present on the leaves where aphids were sampled. The mummies were collected in 

lunch boxes lined with paper towel for identification of the parasitoid upon emergence. 

Sampling of Epitrix silvicola was done using the beating method where the selected plants 

were rapidly tapped by hand for 15 times over a tray smeared with 70% alcohol and counting 

the number of flea beetles that fall on the tray. The flea beetles were then collected in plastic 

vials containing 70% ethanol for identification in the laboratory. Lepidopteran pests on the 

crops were sampled by visually examining the top, middle and lower leaves of the selected 

plants, counting the caterpillars that were observed on upper and on the underside of the 

leaves. The caterpillars were then collected and put in lunchboxes lined with paper towel on 

the inner side and putting a leaf of African nightshade for the caterpillar to continue feeding 

before covering the containers.  The caterpillars were reared to adulthood at icipe laboratories 

before being identified. The infection pathways of A. fabae, Epitrix silvicola and 

Lepidopteran pests were also monitored by sampling from crops/weeds neighbouring the 

experimental plots. Crop/weeds within the radius of 30 m from the experimental field were 

examined for the presence of A. fabae, Epitrix silvicola and Lepidopterans. 

 

5.3.4 Data analysis 

The count data was log-transformed before analysis by a three way anova with agro-

ecological zone, growing season, and crop phenological stage of African nightshade as the 

factors was performed. Where significance difference was observed, Tukey´s HSD test was 

done to separate the means. The number of A. fabae, Epitrix silvicola, and Lepidopterans 

observed per plant at each phenological stage of African nightshade was analysed using 
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repeated measures analysis of variance (RM-ANOVA). All tests were done at 0.05 level of 

significance.  

 

5.4 Results 

5.4.1 Effect of seasonality and crop phenology on abundance of A. fabae 

During the study, A. fabae was the major aphid species on the African nightshade crop 

representing 94 % of all the aphids observed in the study. Other minor aphid species observed 

were M. persicae (5 %), Aphis craccivora (1%). A three way interaction between agro-

ecological zone (AEZ), growing season and crop phenological stage had a significant effect 

on the abundance of A. fabae on African nightshades (F = 19.94; df = 15,348; P = <0.001). 

Moreover, the single factors had significant effect (Table 5-1).  

 

Table 5-1: ANOVA table for main effects (Agro-ecological zone, seasonality and crop phenology) and 

interactions for abundance of Aphis fabae,  Aphidius colemani, Epitrix silvicola and Lepidopteran pest  attacking 

African nightshades during a study conducted in 2015 and 2016 in mid and high altitude zones in Kenya (total 

df=396). 

Source df Species         

 

    

  

 

Aphis fabae Aphidius colemani Epitrix silvicola Lepidopterans 

    F P F P F P   F P 

Agro-ecological 

zone 1 101.50 < 0.001 215.090 < 0.001 4.71 < 0.001 

 

65.15 < 0.001 

Season 3 19.03 < 0.001 1.900 0.130 3.24 < 0.001 

 

48.24 < 0.001 

Crop phenology 5 14.14 < 0.001 12.620 < 0.001 1.68 0.138 

 

8.38 < 0.001 

Agro-ecologal zone 

x Season 3 132.31 < 0.001 78.48 < 0.001 7.38 < 0.001 

 

34.13 < 0.001 

Agro-ecological 

zone x Crop 

phenology 5 11.39 < 0.001 11.76 < 0.001 2.55 0.028 

 

7.15 < 0.001 

Season x Crop 

phenology 15 54.48 < 0.001 46.30 < 0.001 3.89 < 0.001 

 

8.44 < 0.001 

Agro-ecological 

zone x Season x 

Crop phenology 15 19.94 < 0.001 42.530 < 0.001 0.46 < 0.001   11.11 < 0.001 

 

In the mid altitude zone, there was significantly higher population of A. fabae in the 2
nd

 

growing season compared to the other growing seasons (F = 7.03; df = 3,194; P = <0.001). 

Moreover in the high altitude zone, there was significant difference on the population of A. 

fabae with the highest abundance observed in the 3
rd

 growing season (F = 58.74; df = 3,194; 

P = <0.001) (Fig 5-1).  
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Fig 5-1: Mean number (+/- SE) of Aphis fabae/ African nightshade plant/field in different growing seasons of 

African nightshades in 2015 (1
st
 & 2

nd
) and 2016 (3

rd
 & 4

th
) in mid and high altitude zones in Kenya. The 1

st
 and 

3
rd

 season were dry while the 2
nd

 and 4
th

 season were wet. In each of the agro-ecological zone, ten African 

nightshades fields measuring 10 x 10 m were sampled except in the 1
st
 season where three fields were sampled 

in each agro-ecological zone. The insect count data was log transformed before anova was carried out at P≤0.05. 

Where significance difference was observed, Tukey HSD test was used to separate the means. Same letter for a 

given agro-ecological zone signify no significant difference 

 

When the population density of A. fabae was considered at different phenological stages of 

plant growth in the mid altitude zone, the population increased from seedling stage to the pre 

flowering stage before declining sharply at the other stages of crop growth in 1
st
 season. 

During the 2
nd

 growing season, a similar trend was observed, except that the population 

reached its peak at the flowering stage before declining at the later stages of plant 

development. However, in the 3
rd

 and 4
th

 growing season, few A. fabae were observed on the 

crop during the vegetative phases (seedling and pre-flowering stages), with the population 

rising in the generative phases (flowering, fruiting and senescence stages) (Fig 5-2).  

 

b 

a 

b 

b 

b 

a 

a 

c 
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Fig 5-2: Mean number (+/- SE) of Aphis fabae/African nightshade plant/field at different phenological stages of 

crop growth in different growing seasons in 2015 (1
st
 & 2

nd
) and 2016 (3

rd
 & 4

th
) in mid altitude zones in Kenya. 

The 1
st
 and 3

rd
 season were dry while the 2

nd
 and 4

th
 season were wet. Numbers in brackets represent weeks after 

transplanting. At each of the phenological stage, , ten African nightshades fields measuring 10 x 10 m were 

sampled except in the 1
st
 season where three fields were sampled per phenological stage 

 

At the high altitude zone, higher A. fabae densities were observed in the generative phases of 

plant growth compared to the vegetative phases in the 1
st
, 2

nd
 and 3

rd
 growing seasons. 

However, very few aphids were observed in the 4
th

 growing season in all the development 

phases of crop growth (Fig 5-3). 

 

Fig 5-3: Mean number (+/- SE) of Aphis fabae/African nightshade plant/field at different phenological stages of 

crop growth in different growing seasons in 2015 (1
st
 & 2

nd
) and 2016 (3

rd
 & 4

th
) in high altitude zones in 

Kenya. The 1
st
 and 3

rd
 season were dry while the 2

nd
 and 4

th
 season were wet. Numbers in brackets represent 

weeks after transplanting. At each of the phenological stage, , ten African nightshades fields measuring 10 x 10 

m were sampled except in the 1
st
 season where three fields were sampled per phenological stage 
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5.4.2 Effect of seasonality and crop phenology on abundance of A. colemani 

In general, the parasitism rate of A. fabae by parasitoid A. colemani was very low. There was 

a significant interaction in the abundance of aphid parasitoid A. colemani among the three 

factors, agro-ecological zone (AEZ), growing season and crop phenology (F = 42.53; df = 

15,348; P = <0.001). Moreover, the agro-ecological zone and crop phenology individually 

also affected the population of A. colemani (Table 5-1). When each agro-ecological zone was 

considered separately, there was significantly higher population of A. colemani in 2
nd

 

growing season compared to the 3
rd

 growing season at the mid altitude zone. However, there 

was no significant difference in the abundance of A. colemani between the 1
st
, 2

nd
, and 4

th
 

growing season in the mid agro-ecological zone (F = 4.52; f = 3,194; P = 0.004). At the high 

altitude zone, significantly higher population of A. colemani was recorded at the 3
rd

 growing 

season compared to the other growing seasons. However, there was no significant difference 

in the abundance of A. colemani between the second and the 4
th

 growing season (F = 32.10; 

df = 3,194; P = <0.001) (Fig 5-4). 

 
Fig 5-4: Mean number (+/- SE) of Aphidius colemani/African nightshade plant/field in different growing 

seasons of African nightshades in 2015 (1
st
 & 2

nd
) and 2016 (3

rd
 & 4

th
) in mid and high altitude zones in Kenya. 

In each of the agro-ecological zone, ten African nightshades fields measuring 10 x 10 m were sampled except in 

the 1
st
 season where three fields were sampled in each agro-ecological zone. The 1

st
 and 3

rd
 season were dry 

while the 2
nd

 and 4
th

 season were wet. The insect count data was log transformed before anova was carried out at 

P≤0.05. Analysis was done separately for each agro-ecological zone. Where significance difference was 

observed, Tukey HSD test was used to separate the means. Same letter for a given agro-ecological zone signify 

no significant difference. 

 

The abundance of the parasitoid A. colemani was also different at different phenological 

stages of crop development. When the mid altitude zone was considered, the abundance of A. 

ab 

a 

b 

ab 

b 

c 

a 
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colemani increased during the vegetative stages of crop development before declining at the 

generative phases of crop development in the 1
st
 and 2

nd
 growing season. The scenario was 

different in the 3
rd

 and 4
th

 growing season where higher populations of A. colemani were 

observed in the generative phases of crop development (Fig 5-5).  

 
 
Fig 5-5: Mean number (+/- SE) of Aphidius colemani/African nightshade plant/field at different phenological 

stages of crop growth in different growing seasons in 2015 (1
st
 & 2

nd
) and 2016 (3

rd
 & 4

th
) in mid altitude zones 

in Kenya. The 1
st
 and 3

rd
 season were dry while the 2

nd
 and 4

th
 season were wet. Numbers in brackets represent 

weeks after transplanting. At each of the phenological stage, ten African nightshades fields measuring 10 x 10 m 

were sampled except in the 1
st
 season where three fields were sampled per phenological stage 

 

In the high altitude zone, low population densities were observed at the vegetative phases for 

all the four growing seasons. However, whereas the population increased at the generative 

phases in the 1
st
 and the 3

rd
 growing seasons, it decreased in the 2

nd
 and the 4

th
 growing 

seasons (Fig 5-6). 
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Fig 5-6: Mean number (+/- SE) of Aphidius colemani/African nightshade plant/field at different phenological 

stages of crop growth in different growing seasons in 2015 (1
st
 & 2

nd
) and 2016 (3

rd
 & 4

th
) in high altitude zones 

in Kenya. The 1
st
 and 3

rd
 season were dry while the 2

nd
 and 4

th
 season were wet. Numbers in brackets represent 

weeks after transplanting. At each of the phenological stage, ten African nightshades fields measuring 10 x 10 m 

were sampled except in the 1
st
 season where three fields were sampled per phenological stage 

 

5.4.3 Effect of seasonality and crop phenology in abundance of Epitrix silvicola 

Majority (~90%) of the flea beetles observed in the African nightshade crop were Epitrix 

silvicola. A three way interaction between the agro-ecological zone, growing season, and 

crop phenological stage on the abundance of flea beetles was significant (F = 3.21; df = 

15,348; P = <0.001). Agro-ecological zone and seasonality also significantly affected the E. 

silvicola abundance (Table 5-1). In the mid altitude zone, significantly higher population of 

Epitrix silvicola was observed in the 4
th

 growing season compared to the 1
st
 growing season. 

However, there was no significant difference in the abundance of Epitrix silvicola in the 2
nd

, 

3
rd

, and 4
th

 growing season zone (F = 4.57; df = 3,194; P = 0.004) (Fig 5-7).  
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Fig 5-7: Mean number (+/- SE) of Epitrix silvicola/African nightshade plant/field in different growing seasons 

of African nightshades in 2015 (1
st
 & 2

nd
) and 2016 (3

rd
 & 4

th
) in mid and high altitude zones in Kenya. In each 

of the agro-ecological zone, ten African nightshades fields measuring 10 x 10 m were sampled except in the 1
st
 

season where three fields were sampled in each agro-ecological zone. The 1
st
 and 3

rd
 season were dry while the 

2
nd

 and 4
th

 season were wet. The insect count data was log transformed before anova was carried out at P≤0.05. 

Analysis was done separately for each agro-ecological zone. Where significance difference was observed, 

Tukey HSD test was used to separate the means. Same letter for a given agro-ecological zone signify no 

significant difference 

 

In the high altitude zone, there was significantly higher population of flea beetles in the 3
rd

 

growing season compared to the 1
st
 and the 2

nd
 growing seasons. However, there was no 

significant difference in population of Epitrix silvicola between the 1
st
 and 2

nd
 growing 

season or from the 3
rd

 and 4
th

 growing season (F = 10.42; df = 3,194; P = <0.001) (Fig 5-7). 

There was a steady increase in the population of Epitrix silvicola from the seedling stage up 

to the flowering stage for all the seasons in the mid altitude zone. Thereafter the population 

either increased or decreased in different seasons (Fig 5-8).  
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Fig 5-8: Mean number (+/- SE) of Epitrix silvicola/African nightshade plant/field at different phenological 

stages of crop growth in different growing seasons in 2015 (1
st
 & 2

nd
) and 2016 (3

rd
 & 4

th
) in mid altitude zones 

in Kenya. The 1
st
 and 3

rd
 season were dry while the 2

nd
 and 4

th
 season were wet. Numbers in brackets represent 

weeks after transplanting. At each of the phenological stage, ten African nightshades fields measuring 10 x 10 m 

were sampled except in the 1
st
 season where three fields were sampled per phenological stage 

 

There was no clear trend in the population of flea beetles at different phenological stages of 

plant growth for all of the growing seasons in the high altitude zone. The population kept on 

rising and fluctuating (Fig 5-9). 

 

 
Fig 5-9: Mean number (+/- SE) of Epitrix silvicola/African nightshade plant/field at different phenological 

stages of crop growth in different growing seasons in 2015 (1
st
 & 2

nd
) and 2016 (3

rd
 & 4

th
) in high altitude zones 

in Kenya. The 1
st
 and 3

rd
 season were dry while the 2

nd
 and 4

th
 season were wet. Numbers in brackets represent 

weeks after transplanting. At each of the phenological stage, ten African nightshades fields measuring 10 x 10 m 

were sampled except in the 1
st
 season where three fields were sampled per phenological stage 
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5.4.4 Effect of seasonality and crop phenology in abundance of Lepidopterans 

The major Lepidopterans infesting African nightshades observed during the trial were 

Spodoptera exigua, S. littoralis, Tuta absoluta and Plusia sp. The interaction between agro-

ecological zone, growing season and crop phenology had a significant effect on the 

population of the Lepidopterans (F = 11.11; df = 15,348; P = <0.001). Each of the three 

factors significantly affected the abundance of the Lepidopterans (Table 5-1). Significantly 

higher population of Lepidopterans were observed in the 1
st
 growing season compared to the 

other growing seasons in the mid altitude zones. However, there was no significant difference 

in the abundance of the Lepidopterans in the other growing seasons at the mid altitude zone 

(F = 8.70; df = 3,194; P = <0.001) (Fig 5-10).  

 
Fig 5-10: Mean number (+/- SE) of Lepidopterans/African nightshade plant/field in different growing seasons of 

African nightshades in 2015 (1
st
 & 2

nd
) and 2016 (3

rd
 & 4

th
) in mid and high altitude zones in Kenya. In each of 

the agro-ecological zone, ten African nightshades fields measuring 10 x 10 m were sampled except in the 1
st
 

season where three fields were sampled in each agro-ecological zone. The 1
st
 and 3

rd
 season were dry while the 

2
nd

 and 4
th

 season were wet. The insect count data was log transformed before anova was carried out at P≤0.05. 

Analysis was done separately for each agro-ecological zone. Where significance difference was observed, 

Tukey HSD test was used to separate the means. Same letter for a given agro-ecological zone signify no 

significant difference 

 

Conversely, there was significantly higher population of Lepidopterans in the 4
th

 growing 

season compared to the other growing seasons at the high altitude zone. Although there was 

significant difference in the abundance of Lepidopterans between the 1
st
 and the 2

nd
  growing 

season, no such difference was observed between the 2
nd

 and the 3
rd

 growing season in the 

high altitude zone (F = 24.13; df = 3,194; P = <0.001) (Fig 5-10). 
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In the mid altitude zone, the abundance of Lepidopterans increased in the vegetative phase in 

1
st
, 3

rd
, and 4

th
 growing season. Although the population continued to increase for the 3

rd
 

growing season up to the fruiting stage, the population decreased and stabilized for the 4
th

 

growing season while it decreased towards fruit maturation stage and later decreased as the 

crop approached senescence for the 1
st
 growing season. In the 2

nd
 growing season, the 

Lepidoptera population increased steadily from the seedling stage up to the flowering stage, 

after which the population decreased dramatically at the fruit formation stage after which no 

Lepidopteran was observed on the crop (Fig 5-11). 

 

 
 
Fig 5-11: Mean number (+/- SE) of Lepidopteran/African nightshade plant/field at different phenological stages 

of crop growth in different growing seasons in 2015 (1
st
 & 2

nd
) and 2016 (3

rd
 & 4

th
) in mid altitude zones in 

Kenya. The 1
st
 and 3

rd
 season were dry while the 2

nd
 and 4

th
 season were wet. Numbers in brackets represent 

weeks after transplanting. At each of the phenological stage, ten African nightshades fields measuring 10 x 10 m 

were sampled except in the 1
st
 season where three fields were sampled per phenological stage 

 

In the high altitude zone, higher abundance of Lepidopterans were observed in the generative 

phases of nightshade plant in the 1
st
, 3

rd
, and 4

th
 growing cycle compared to the vegetative 

phases. However, in the 2
nd

 growing season, the population of Lepidopterans decreased as the 

crop developed from the vegetative to the generative phases of plant growth and the pest was 

absent as from the flowering phase until senescence (Fig 5-12).  
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Fig 5-12: Mean number (+/- SE) of Lepidopteran/African nightshade plant/field at different phenological stages 

of crop growth in different growing seasons in 2015 (1
st
 & 2

nd
) and 2016 (3

rd
 & 4

th
) in high altitude zones in 

Kenya. The 1
st
 and 3

rd
 season were dry while the 2

nd
 and 4

th
 season were wet. Numbers in brackets represent 

weeks after transplanting. At each of the phenological stage, ten African nightshades fields measuring 10 x 10 m 

were sampled except in the 1
st
 season where three fields were sampled per phenological stage 

 

5.4.5 Host range for the major pests of African nightshades in Kenya 

Pests infesting African nightshades were also observed to attack other cultivated and wild 

plants growing in or around the nightshade fields. At the mid altitude zone, the alternative 

hosts for A. fabae observed were primarily wild plants. However the alternative hosts for the 

E. silvicola and Lepidopterans were cultivated crops (Table 5-1). At the high altitude zone, 

wild African nightshade plants growing on the hedges of the nightshade fields were also 

colonized by A. fabae. The wild African nightshade plants were also found to host Epitrix 

silvicola. Potato crop which was cultivated adjacent to the African nightshade experimental 

plot at the high altitude zone was also infested by Tuta absoluta (Table 5-2). 

 

Table 5-2: Alternative host plants of major pests infesting African nightshades in Kenya in a study conducted in 

different growing seasons of African nightshades in 2015 (1
st
 & 2

nd
) and 2016 (3

rd
 & 4

th
) at the mid altitude 

(KALRO-Kandara and Yatta) and high altitude (KALRO-Tigoni) zones of Kenya. 

Agro-ecological 

zone 

African 

nightshade pest Alternative host plants Plant Family Abundance 

Mid altitude zone 
(1000 -  1800 m) 

Aphis fabae 

Bidens pilosa 

Euphobia sp. 

Leonotis leonurus  

Eupatorium sp. 

Asteraceae 

Euphobiaceae 

Lamiaceae 

Asteracea 

Moderate 

Low 

Low 

Low 

Epitrix silvicola Amaranthus dubious 

Amaranthus cruentes 

Amaranthaceae Low Spodoptera 

littoralis 

Amaranthus dubious 

Amaranthus cruentes 

Spodoptera exigua Amaranthus sp. (wild amaranth) 

Amaranthus cruentes 

Tuta absoluta Solanum lycopersicon Solanaceae High 
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Table 5-2: Alternative host plants of major pests infesting African nightshades in Kenya in a study conducted in 

different growing seasons of African nightshades in 2015 (1
st
 & 2

nd
) and 2016 (3

rd
 & 4

th
) at the mid altitude 

(KALRO-Kandara and Yatta) and high altitude (KALRO-Tigoni) zones of Kenya (Continued). 

Agro-ecological 

zone 

African 

nightshade pest 

Alternative host plants Plant Family Abundance 

High altitude zone 

(above 1800m) 

Aphis fabae 
 Solanum sp. (wild nightshades) 

Eupatorium sp. 

Solanaceae 

Asteraceae 

Moderate 

Low 

Epitrix silvicola 
Solanum sp. (wild nightshades) 

Solanum tuberosum 
Solanaceae 

Moderate 

Low 

Spodoptera 

littoralis 

Amaranthus dubious 

Amaranthus cruentes 
Amaranthaceae 

Low 

Low 

Spodoptera exigua Amaranthus dubious 

Amaranthus cruentes 

Low 

Low 

Tuta absoluta Solanum tuberosum High 

Keys for abundance scoring: A. fabae (low=less than 10 insects/plant; moderate=10-20 insects/plant; high= 

more than 20 insects/plant). E. silvicola (low=less than 5 insects/plant; moderate=5-10 insects/plant; high= more 

than 10 insects/plant). Lepidoptrans (low=less than 5 insect/plant; moderate=5-10 insects/plant; high= more than 

10 insects/plant). 

 

5.5 Discussion 

Presence of aphids on African nightshades is particularly injurious to the crop and 

populations of between 10 - 80 aphids/plant can result to high yield losses of up to 26% 

(4.4.3). From the present study, we observed populations of up to 80 aphids/plant particularly 

in the mid altitude zone. This could be a concern for the African nightshade farmers as such 

high population could result to huge economic losses. Agro-ecological zone seemed to have 

played role on the abundance of A. fabae whereby the mid altitude zone recorded higher 

populations of A. fabae compared to the high altitude zone. We observed higher temperatures 

at the mid altitude zone compared to the high altitude zone. Temperatures in the mid altitude 

zone can go as high as 32˚C (Hassan, 1998). Therefore, the high temperatures at the mid 

altitude zone could have shortened the development time of A. fabae at the mid altitude zone 

leading to more generations of this pests in that zone.  

We also observed higher abundance of A. fabae in the year 2015 compared to year 2016 

particularly in the mid altitude zone. It is probable that the other weather conditions such as 

relative humidity and rainfall, affected the population of the aphids negatively in the year 

2016 as more rains were experienced in the year 2016 compared to 2015 (data not shown). 

There was strong seasonal effect particularly in the second season particularly in the second 

growing season. This could be attributed to the prolonged dry and hot spell in the mid altitude 

zone and the delay in the onset of the rains. In the high altitude zone, the low population of A. 

fabae in the 2
nd

 and 4
th

 growing season could have resulted from more rainfall and low 

temperatures that were experienced in those seasons. The rains have the potential of 

displacing aphids from the plants and it is probable that the rains washed off the aphids from 
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the African nightshade plants in our study during the rainy season. Moreover, the lower 

temperatures during the rainy season could have slowed down the development of A. fabae 

leading to low population densities. Jones (1979) reported that the abundance of cereal aphids 

were positively correlated to temperature and negatively correlated to rainfall. Nakata (1995) 

also noted higher abundance of A. fabae with increase in temperatures. In our study, we 

observed highest population density of A. fabae in the 2
nd

 growing season at the mid altitude 

zone.  

We also observed that while there was low colonization of African nightshades by A. fabae at 

the seedling stage, the population densities increased with time up to the fruit formation stage 

for most of the cases. This is particularly significant to the farmers since the crop is harvested 

between the pre-flowering and early flowering stage. Therefore, the pest will have inflicted 

the damage to the crop by the time is ready for harvesting. It would therefore be important to 

institute aphid management practices at an early stage of crop development to prevent the 

population build-up that may lead to yield losses. 

Successful parasitism by a parasitoid depends on habitat location, host location, host 

acceptability and host suitability host regulation (Vinson, 1976).   In the present study, very 

low parasitism rate of A. fabae by A. colemani was observed in all the growing seasons in the 

two agro-ecological zones. This was the case even when there was a high aphid density on 

the crop suggesting that there could be low parasitoid density in the fields. Takasu and Lewis, 

(1984) reported that when parasitoids are adequately fed, their search activities for a host to 

parasitize is increased. It could also be that the African nightshades are not a preferred host 

plant for A. colemani.  Abiotic factors also affect the performance of parasitoids. A. colemani 

larvae cease to develop when the temperatures of above 30˚C (Goh et al., 2001; Bueno et al., 

2006).  Moreover, wind speed of 2 m/s has been reported to lower the oviposition rate of the 

parasitoid Aphidius rosae (Fink and Volkl, 1995). High temperatures and windy conditions 

which prevailed at some times during our trial could also have negatively affected survival of 

A. colemani and subsequent parasitism of A. fabae.   In the present study, very low parasitism 

rate of A. fabae by A. colemani was observed in all the growing seasons in the two agro-

ecological zones. Low parasitiod population could also result from high application of 

pesticides in the neighbouring farms. It is probable that there was heavy application of 

pesticides in in the farms neighbouring our experimental sites that could have resulted to low 

parasitoid abundance observed in the present study. Conservation and augmentative 

biocontrol strategies for A. colemani could be used by farmers growing African nightshades 

for the control of A. fabae in their fields. 
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Flea beetles such as E. silvicola cause immense damages the nightshade plant by making 

small holes on the leaves (Mureithi et al., 2017; Mureithi et al., unpublished). This is 

disadvantageous to the farmer as leaves having the holes are discarded from the harvested 

produce before taking it to the market. E. silvicola might be more tolerant to lower 

temperatures than high temperatures more populations was observed in the high altitude zone 

which is characterized by low temperatures. It might also be that E. silvicola was out-

competed by A. fabae in the mid altitude zone since high infestation by aphids on African 

nightshades was observed in the mid altitude zone compared to the high altitude zone.  

Our results also reveal that at the high altitude zone, infestation by E. silvicola occur early in 

the season and continues throughout the crop cycle unlike in the mid altitude zone where 

colonization occur occurs early and is sustained at almost all stages of crop phenology. Mani 

and Pal (2013) also observed early colonization of okra by the flea beetle Nisotra 

chrysomeloides starting from the seedling stage. Therefore farmers at the high altitude are 

likely to face higher damage on their nightshade crop from E. silvicola damage considering 

that the crop is normally harvested between pre-flowering and flowering stages and by that 

time, the pest will have damaged the crop. Early detection and control of E. silvicola in 

African nightshade fields particularly at the high altitude zone could be useful in order to 

curtail the pest damage. Lamb (1983) reported that the Phyllotreta flea beetles are capable of 

flying long distances from the overwintering sites to colonise canola fields. In our study, the 

flea beetle E. silvicola could have migrated from the mid altitude to high altitude zone 

particularly in the early stages of crop development. The cool weather conditions in the high 

altitude zone could have driven this migration. High colonisation of African nightshades with 

E. silvicola even at the later stages of crop development at the mid altitude zone suggest that 

farmers in the mid altitude zone could reduce E. silvicola population build-up by removing 

the older nightshade crop from the field. The older crop is rarely harvested and removing it 

from the field could aid in lowering the incidences of flea beetles in the subsequent season. 

The use of entomopathogenic nematodes (EPNs) and zero tillage are other strategies that 

have been reported to lower the population of this pest and future studies could investigate 

their potential on management of E. silvicola in African nightshades production. (Dosdall et 

al., 1999; Trdan et al., 2008; Xu et al., 2010). 

Our study further revealed low infestation of African nightshades by the Lepidopteran pests 

in all the growing seasons for both agro-ecological zones. The Lepidopterans could have 

preferred other hosts such as amaranths which were grown in close proximity to African 

nightshades. In the year 2015, higher abundance of Lepidopterans were observed in the dry 
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season (1
st
 growing season), compared to the wet season (2

nd
 growing season).  The flowering 

plants during the 1
st
 growing season might have provided the adults Lepidopterans with 

abundant source of pollen and nectar necessary for reproduction. In the year 2016, we did not 

observe differences in the abundance of Lepidopteran pests in both growing seasons at the 

mid altitude zone. However, more Lepidopterans were observed in the wet (4
th

 growing 

season) compared to the dry season (3
rd

 growing season) in the high altitude zone. It might be 

that the high temperatures that prevailed in the 3
rd

 growing season may have been unsuitable 

for the Lepidopterans.  

The major pests attacking African nightshades are polyphagous and have a wide host range 

among the cultivated and wild plants (Mureithi et al., 2017). For instance, A. fabae  has a 

wide host range in the families Solanaceae, Amaranthaceae, Chenopodiaceae, Brassicaceae, 

Cucurbitaceae, and Fabaceae (Cammell and Way 1983; Fernandez-Quintanilla et al., 2002). 

However, in our study we found higher A. fabae colonization on African nightshades 

compared to the other hosts present in the neighbourhood. However farmers should not 

ignore alternative hosts of A. fabae such as Bidens pilosa, a common weed species in and 

around African nightshade farms since they can be a source of new infestation for a newly 

planted nightshade crop. 

Moreover, higher E. silvicola colonization on African nightshades was observed relative to 

the other hosts presents in the trial sites. Preference of flea beetles to particular hosts has been 

reported. In their study, Altieri and Schmidt (1986) observed higher attractiveness of flea 

beetle Phyllotreta cruciferi to wild mustard compared to cultivated collards. When the 

collards were sprayed with extract from the mustard plant, they became more attractive than 

the unsprayed collards. They concluded that the wild mustard could be having higher 

concentration of volatiles that attract flea beetles than collards. In our study, there was higher 

colonization by flea beetle E. silvicola on African nightshades compared to the other 

neighbouring hosts.  African nightshade plants might be having stronger volatiles that attract 

E. silvicola more than the alternative hosts present in the neighbourhood.  

In conclusion, our study has shown that while the abundance of A. fabae and A. colemani 

were higher in the mid altitude zone than in the high altitude zone, more E. silvicola, and 

Lepidopterans were observed in the high altitude zone. Moreover, infestation of African 

nightshades by A. fabae, E. silvicola and Lepidopteran pests starts at an early stage of 

nightshade development. However, their populations peaks and fluctuates at different 

phenological stages of nightshade growth. Interventions for pest management should be 

instituted at an early stage of crop development when the pests are first observed. Parasitiod 
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A. colemani which was observed occurring naturally in nightshade fields could be exploited 

as a biological control of A. fabae. However, studies aimed at improving its performance 

should be conducted since low parasitism rate was observed in the present study. This study 

provides important information needed for development and implementation of integrated 

pest management strategies for nightshade pests at different agro-ecological zones in Kenya 

and in various seasons of the year. Additionally, the findings on the alternative hosts of the 

nightshade pests are critical in informing the cultural methods that are required to control 

these pests. 
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6 Effects of host and host-plants on acceptability and suitability of Aphis 

fabae and Myzus persicae by Aphidius colemani in African nightshades 

production system 

 

6.1 Abstract 

The current study evaluated the acceptability and suitability of Aphis fabae Scopoli, and 

Myzus persicae Sulzer, as host aphids and Solanum scabrum and Solanum villosum as tested 

host plants for Aphidius colemani Viereck. A 24 hr old mated A. colemani reared on A. fabae 

feeding on either S. scabrum or S. villosum was allowed to parasitize separately twenty 

second instar larvae of A. fabae or Myzus persicae. The host aphids were each reared 

separately on S. scabrum and S. villosum. We show for the first time that A. colemani has 

higher acceptance for M. persicae compared to A. fabae regardless of the rearing host plant. 

Whereas significantly higher parasitism occurs on A. fabae when the test host plant was S. 

villosum (62.50±1.06%) compared to S. scabrum (55.25±1.13%), the inverse was the case for 

M. persicae, whereby significantly higher parasitism occur when the test host plant is S. 

scabrum (11.12±2.17%) compared to S. villosum (3.37±0.99%). However, higher parasitoid 

emergence occurs on A. fabae (85.31±1.10%) compared to M. persicae (17.42±3.89%). A. 

fabae feeding on S. villosum is therefore the most preferable and suitable host for A. colemani 

in nightshade production system. A. colemani presents a promising alternative in 

management of aphids in nightshade farms which currently is over-reliant on synthetic 

pesticides. 

 

Key words: Parasitiod; aphids; African nightshades 
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6.2 Introduction 

Sucking insects are among the most important pest problem in the production of African 

nightshades (Schippers, 2000; Sithanantham et al., 2003; Mureithi et al., 2017). In particular, 

aphids are a menace in African nightshades production causing up to 26.76 % damage to the 

crop (Mbugua et al., 2006; 4.4.3).  Among the most prevalent aphid species infesting African 

nightshades are Aphis fabae (Scopoli) and Myzus persicae (Sulzer) (Kimaru et al., 2015; 

4.4.3). Currently, the control of A. fabae and M. persicae in African nightshade farms is 

largely through application of synthetic insecticides. However, these aphids develop fast 

resistance to the application of synthetic insecticides (Kung et al., 1964; Furk et al., 1980; 

Zil'bermints and Zhuravleva, 1984; Devonshire et al., 1998; Herron and Wilson, 2011). 

Biological control of aphids is considered a good alternative to the use of synthetic chemical 

pesticides.  

For decades, parasitoids have been incorporated in IPM programs for the control of aphids 

(Boivin et. al., 2012). For instance, parasitiod Aphidius rhopalosiphi (Hymenoptera: 

Aphidiinae) is reported to reduce the population of wheat aphid Sitobion avenae in wheat 

fields below economic injury point (Levie et al., 2005). Aphidius colemani, a generalist 

parasitoid that parasitizes many aphid species including A. fabae and M. persicae is well 

established in many programs for the management of aphids in vegetables and ornamental 

plants (Stary, 1975; Messing and Rabasse, 1995; Jones et al. 2003; Vásquez et al., 2006). 

Moreover, parasitiod A. colemani takes a short time to apply compared to the chemical 

pesticides, has great dispersal distance, and is easy to produce cost effectively (Van Lenteren 

et al., 1988; Van Steenis et al., 1995; Van Schelt et al., 2011). 

Factors influencing parasitism by a parasitoid include habitat location, host location, host 

acceptance and host suitability (Vinson, 1976, 1984; Hatano et al., 2008; Rasekh et al., 2010).  

Host acceptance and host suitability are affected by the insect host and the host-plant the host 

was feeding on before being parasitized (Chau & Mackauer, 2001).  The acceptance of a host 

is influenced by the pre-imaginal learning whereby a parasitoid has higher acceptance to the 

host used in its rearing (van Emden et al., 2008). The semio-chemicals cues present on the 

insect host body aid the parasitoid in selecting an acceptable host during antennae contacts or 

ovipositor probing. Moreover, the plant volatiles released when the plant is attacked by 

insects and the visual cues of the host plant also guide the parasitoids in finding its host 

(Powell and Wright, 1988; Turlings et al., 1990; Mattiacci et al., 1994; Du et al., 1998; Dicke 

et al., 2003 Muratori et al., 2006; Larocca et al., 2007). The colour of the host aphid also 
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influences preference of the parasitoid as with the case of parasitoid Lysiphlebus fabarum 

which show strong preference for dark coloured aphids (Tregubenko, 1980). 

Parasitoid A. colemani reared on M. persicae as host and pepper as host plant had higher 

parasitism on M. persicae-pepper combination than on other plants. However, in the same 

study, A. colemani reared on M. persicae as host and radish as host plant had lower 

parasitism on M. persicae-radish combination than when the host plant was pepper (Bilu et 

al, 2006).  In a related study, there was higher host acceptance of parasitoid Lysiphlebus 

testaceipes (Cresson) on A. fabae when the host plant of the aphid was bean as compared to 

sugarbeet. Conversely, no difference was observed in host acceptance of A. colemani to M. 

persicae or A. fabae when the host plant was sugarbeet or beans. (Albittar et al., 2016).  

These studies suggest that host acceptance is mediated by combined effects of the host aphid 

and the host plant of the host aphid Pre-imaginal conditioning of the parasitoids and 

herbivore induced volatiles play a significant role in host acceptance and suitability by the 

parasitoid.   

To our knowledge, no study on the performance of A. colemani in the management A. fabae 

and M. persicae in African nightshades has been done.  In the current study, we investigated 

the acceptability and suitability to A. colemani two aphid species, A. fabae and M. persicae 

which were reared on S. scabrum or S. villosum.  

 

6.3 Materials and methods 

6.3.1 Aphid colonies 

Both aphid species, A. fabae and M. persicae, were collected from nightshade farms in 

Kiambu County, Kenya and continuously reared on potted nightshade plants placed inside 

plexiglass cages at ICIPE laboratories. Colonies of A. fabae and M. persicae were reared in 

separate plexiglass cages. Prior to rearing, the aphid sample from the collection was taken to 

the National Museums of Kenya for confirmation of the species identity. Three potted 

S. scabrum or S. villosum were placed in each of the plexiglass cages. Five mature A. fabae or 

M. persicae were placed onto the leaves of each plant in the cage. The cages were then placed 

on top of a bench inside the rearing room. The aphids were left to reproduce for several 

generations before being used in the experiments. Withered or senescing plants were replaced 

with fresh plants once or twice per week depending on the level of infestation. During 

replacement of new plants, the old plants were retained in the cages until all the aphids had 

migrated naturally from the old plants to the new plants. Thereafter, the old plants were 

removed and discarded. When the population of aphids became high in a particular cage, they 
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were redistributed into new cages to avoiding over-crowding and completion for the food 

resource. The climatic conditions in the rearing room were maintained at 23
0
C±2.  

 

6.3.2 Rearing of A. colemani 

Mummies of A. colemani were collected from African nightshade plants in Kiambu County, 

Kenya and brought to ICIPE laboratory for rearing. After the emergence of the parasitoids, 

they were first identified at ICIPE laboratories before rearing them continuously for several 

generations on A. fabae as host and potted African nightshades as the host plant at ICIPE 

laboratories. Stock cultures of A. colemani were maintained in plexiglass cages (30 x 30 x 30 

cm) where 3 nightshade plants (S. scabrum or S. villosum) infested with A. fabae were 

exposed to the parasitoid for parasitism. The climatic conditions in the rearing room were 

maintained at 23±2
0
C and 60% RH. For use in experiments, African nightshade leaves with 

mummies developing from the parasitized A. fabae from the stock culture were plucked from 

the plant and put in a new plexiglass cage (30 x 30 x 30 cm). The bottom of the cage was 

lined with paper towel to absorb the excess moisture in the cage and cotton wool balls soaked 

with honey solution were placed on the inside walls of the cage to nourish the emerging 

parasitoids. The emerged adults were left together in the cage for 24 hours for the purpose of 

mating and female maturation. Thereafter, the mated and naïve females were collected and 

used in the experiments. 

 

6.3.3 Preparation of the Petri-dishes for experiment 

A layer of 1% solution agar/water was poured into a petri dish (9 cm diameter, 1.5 cm height) 

until half-full and left overnight to solidify. An African nightshade leaf (S. scabrum/ Solanum 

villosum) that covered almost the entire bottom of the petri dish was placed upside down on 

top of the agar. The petiole of the leaf passed through a small hole drilled on the side of the 

petri dish to the outside of the petri dish. The base of the petiole was then covered by a wet 

cotton wool to sustain the freshness of the leaf throughout the experimental period. In all 

cases in the experiments, the leaf placed at the bottom of the petri dish corresponded with the 

host plant the test aphid was feeding on before the experiment. 

 

6.3.4 Effect of rearing host plant, host aphid and test host plant on acceptability and 

suitability of A. fabae and M. persicae by A. colemani  

The parasitoids used for the experiment were obtained from two sources; rearing host plant 

1, where the rearing host plant for the parasitoid was S. scabrum, and rearing host plant 2, 
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where the rearing host plant for the parasitoid was S. villosum. The parasitoids were tested on 

two host aphid species, A. fabae (mass rearing host) and M. persicae (alternative host). Each 

aphid species was reared separately on each of the rearing host plants. In the first experiment, 

20 2
nd

 instar nymphs of A. fabae which were reared on S. scabrum as the test host plant were 

gently picked from the stock culture with the camel brush (size No. 1) and placed on top of 

the leaf in a petri dish and allowed 10 minutes to settle on the leaf. A 24 hr-old-mated female 

parasitoid and without previous oviposition experience obtained from rearing host plant 1, 

was exposed to the aphids for a period of 10 minutes. Pre-experiments done prior to this 

experiment showed that the parasitoid was not actively searching for the host after the 10 

minutes exposure period.  

During the 10 minutes exposure period, the following observations were made; the number of 

“contacts” the parasitoid made on the aphid host using the antennae, the number of 

“oviposition attempts” (bending of the parasitoid ovipositor beneath the aphid host and 

thrusting it in the aphid body) and the number of “kicks” (aphid defending itself by kicking 

the approaching A. colemani with its hind leg). Thereafter, the petri-dishes containing the 

parasitized aphids were transferred to a climate chamber (23±2
0
C, RH 65%, 12 hrs light, 12 

hrs darkness) to await mummification of parasitized aphids and parasitoid emergence. To 

maintain freshness of the leaves placed at the bottom of the petri dish, drops of water were 

added on the cotton wool wrapping the base of the petiole. This enabled continued survival of 

the aphids before the parasitized ones became mummified. The parasitized aphids were 

checked daily to determine parasitism rate, emergence rate, host size and sex ratio.  

In the second experiment, the parasitoid was obtained from A. fabae from rearing host plant 

1, and tested on A. fabae feeding on S. villosum as the tet host plant. In the third experiment, 

the parasitoid was obtained from rearing host plant 1and tested on M. persicae feeding on S. 

scabrum as the test host plant. In the fourth experiment, the parasitoid was obtained from 

rearing host plant 1 but the tested aphid was M. persicae reared on S. villosum as the test host 

plant. In experiment 5 to 8, the parasitoid was obtained from rearing host plant 2. The 

parasitoid was tested on A. fabae on S. scabrum, A. fabae on S. villosum, M. persicae on S. 

scabrum, and M. persicae on S. villosum in experiment 5, 6, 7, and 8 respectively (Fig 6-1). 
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Fig 6-1: Schematic diagram showing the various combinations of rearing host plants, aphid hosts, and tested 

host plants. 

 

6.3.5 Data analysis 

The number of antennae contacts, the number of oviposition attempts, parasitism rate (%), 

and emergence rate (%) was subjected to a three way ANOVA with rearing host plant, host 

aphid and tested host plant included as factors in the analysis. The number of antennae 

contacts and oviposition attempts made by the parasitoids as well as the number of kicks 

made by the aphids were log transformed before analysis. Parasitism rate was calculated as a 

percentage of number of mummies formed compared to the total number of host aphids 

exposed to the parasitoid. The emergence rate was calculated as a percentage of emerged F1 

parasitoids from the total number of mummies formed. The percentage data was arcsine-

square root transformed before analysis. Host size was determined by measuring the length of 

the forewing of the female parasitoids emerging from the parasitized aphids Chi-square was 

used to analyse the sex ratio of the emerging parasitoids from parasitized aphids.  

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                       

Rearing host plant 1: 

 

Host plant: S. scabrum 
M. persicae on S. scabrum 

A. fabae on S. villosum 

M. persicae on S. scabrum 

M. persicae on  S. villosum 

Rearing host plant 2: 

 

Host plant: S. villosum 

M. persicae on S. villosum 

A. fabae on S. scabrum 

A. fabae on S. villosum 

A. fabae on S. scabrum 

Rearing host plant Host aphid and test host plant 
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6.4 Results 

6.4.1 Effect of rearing host plant, host aphid, and test host plant on antennae contacts by 

A. colemani  

The parasitoid A. colemani made between 17.78 ± 0.37 to 26.28 ± 0.89 antennae contacts on 

the aphids during the 10 minutes exposure period (Fig 6-2).  

 
Fig 6-2: Mean number (+/- SE) of antennae contacts made on Aphis fabae and Myzus persicae by Aphidius 

colemani which was reared from two different sources.  Rearing host plant_1Rearing host plant_1- the rearing 

host plant for A. colemani was Solanum scabrum; Rearing host plant_2Rearing host plant_2- the rearing host 

plant for the parasitoid was Solanum villosum. The count data was log transformed before the analysis. T-test 

was carried out at P≤0.05. Where significance difference was observed, Tukey test was used to separate the 

means. Same letter for a given rearing host plant signify no significant difference. 

 

Interaction between rearing host plant and host aphid was observed when the number of 

antennae contacts were evaluated (F = 9.034; P = 0.003). Regardless of the rearing host plant, 

there was significantly higher number of antennae contacts made on M. persicae compared to 

A. fabae. When the parasitoids were reared on S. scabrum as the rearing host plant, there 

were significantly higher number of antennae contacts on M. persicae than on A. fabae (t = -

4.83; df = 78; p< 0.001) (Fig 6-2). Similarly, there were significantly higher number of 

antennae contacts on M. persicae than on A. fabae when therearing host plant was S. villosum 

b 

a 

b

b 

a 
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for both of the host aphids (t = -9.35; df = 78; p < 0.001). There was no interaction between 

the rearing host plantrearing host plant and the test host plant (F = 0.478; P = 0.490). In both 

aphid species, the test host plant did not have a significant effect on the number of antennae 

contacts made by the parasitoids (t = -1.34; df = 58; p = 0.894). The mean number of contacts 

made by parasitoids on aphids feeding on S. scabrum was 21.35±0.63 while the one made by 

parasitoids on aphids feeding on S. villosum was 21.43±0.61.  

 

6.4.2 Effect of rearing host plant, host aphid, and test host plant on oviposition attempts by 

A. colemani  

The parasitoid made between 15.10 ± 0.26 and 17.33 ± 0.53 oviposition attempts on both 

aphid species in the 10 minutes the parasitoid was exposed to the host aphid. Interaction of 

rearing host plant and host aphid was observed (F = 6.99: P =0.009). A. colemani made 

significantly more oviposition attempts on M. persicae than in A. fabae when the parasitoid 

came from rearing host plant_2 (t= -3.35; df = 78; p = 0.001) (Fig 6-3).  

 
Fig 6-3: Mean number (+/- SE) of oviposition attempts made on Aphis fabae and Myzus persicae by Aphidius 

colemani which was reared from two different sources.  Rearing host plant_1- the rearing host plant for A. 

colemani was Solanum scabrum; Rearing host plant_2- the rearing host plant for the parasitoid was Solanum 

villosum. The count data was log transformed before the analysis. T-test was carried out at P≤0.05. Where 

significance difference was observed, Tukey test was used to separate the means. Same letter for a given rearing 

host plant signify no significant difference. 

a a 
b 

a 
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However, the number of oviposition attempts was not significantly different on the two aphid 

species when the parasitoid came from rearing host plant 1 (T= 0.51; df = 78; p=0.613) (Fig 

3). There was also interaction between the host aphid and the test host plant for rearing the 

aphid (F = 6.68; p = 0.011). Significantly higher number of oviposition attempts were made 

on M. persicae that was reared on S. scabrum as compared to the one reared on S. villosum (T 

= 0.21; df = 78; p = 0.040) (Fig 3). However, no significant difference on oviposition 

attempts was observed on A. fabae regardless of whether the test host plat was S. scabrum or 

S. villosum (T = -1.65; df = 78; p = 0.103) (Fig 6-4). 

 
Fig 6-4: Mean number (+/- SE) of oviposition attempts made by Aphidius colemani on Aphis fabae and Myzus 

persicae.  Each aphid was reared separately on Solanum scabrum and Solanum villosum. The count data was log 

transformed before the analysis. T-test was carried out at P≤0.05. Where significance difference was observed, 

Tukey test was used to separate the means. Same letter for a given aphid species signify no significant 

difference. 
 

6.4.3 Effect of rearing host plant, host aphid, and test host plant on parasitism by A. 

colemani  

Interaction between the host aphid and test host plant was observed when the parasitism rate 

of the aphids by A. colemani was considered (F = 21.24; p < 0.001). Whereas there was 

significantly higher parasitism on A. fabae reared on S. villosum than on S. scabrum (T = -
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4.67; df = 78; p = < 0.001), the opposite was true for the parasitism rate on M. persicae (T = 

3.34; df = 78; p=0.001) (Fig 6-5).  

 
Fig 6-5: Parasitism rate (+/- SE) of Aphis fabae  and Myzus persicae by Aphidius colemani. Each aphid species 

was reared separately on Solanum scabrum and Solanum villosum. The percentage parasitism data was arcsine 

square root transformed before the analysis. T-test was carried out at P≤0.05. Where significance difference was 

observed, Tukey test was used to separate the means. Same letter for a given aphid species signify no significant 

difference. 

 

However, there was no interaction between the rearing host plant and the host aphid (F = 

0.10; p = 0.754) or the host plant (F = 0.13; p = 0.716). The parasitism rates of the aphids 

were not significantly affected by the rearing host plant (T = 0.13; df = 158; p = 0.897). 

Parasitism rate by A. colemani from rearing host plant 1 was 33.12±3.08 whereas the 

parasitism rate from rearing host plant 2 was 33.00±3.12 

 

6.4.4 Effect of rearing host plant, host aphid, and test host plant on emergence of A. 

colemani  

The three factors did not interact when the emergence rate of A. colemani was considered (F 

= 0.97; p = 0.33). When the host aphid was considered, significantly higher number of 
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parasitoids emerged from A. fabae compared to M. persicae (T= 14.86; df = 158; p < 0.001) 

(Fig 6-6).  

 
Fig 6-6: Mean emergence rate (+/- SE) of Aphidius colemani from Aphis fabae and Myzus persicae. The 

percentage emergence data was arcsine square root transformed before the analysis. T-test was carried out at 

P≤0.05. Where significance difference was observed, Tukey test was used to separate the means. Same letter for 

a given aphid species signify no significant difference. 

 

However, the rearing host plant (T= -1.13; df = 158; p = 0.261) and test host plant (T= 0.55; 

df = 158; p = 0.581) did not have a significant effect on the emergence of the parasitoids. 

Emergence rate of 48.01±4.75% was observed on aphids parasitized by A. colemani from 

rearing host plant 1 while 54.73±4.75% was recorded from aphids parasitized by A. colemani 

from rearing host plant 2. Furthermore, the emergence rate of parasitoids from aphids reared 

on S. scabrum as the test host plant was 49.48±4.75% while those from aphids reared on S. 

villosum as the test host plant were 53.26±4.78%. 

 

6.4.5 Defense of A. fabae and M. persicae against the attack by A. colemani 

M. persicae defended itself more aggressively against A. colemani compared to A. fabae. 

There were significantly higher number of kicks made by M. persicae to wade off the attack 

of the parasitoid as compared to those made by A. fabae (T= -3.84; df = 158; p < 0.001). The 
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mean number of kicks made by M. persicae against the parasitoid during the exposure period 

was 6.99±0.46 as compared to 4.11±0.09 made by A. fabae.  

 

6.4.6 The effect of host and host plant on the size of A. colemani 

Interaction between the host and host plant was observed when the size of the emerged 

parasitoid was evaluated (F = 11.07; p = 0.001). The parasitoids emerging from A. fabae that 

was reared on S. villosum were significantly larger than those reared on S. scabrum (T= -5.40; 

df = 78; p < 0.001). The mean wing length of female parasitoids emerging from A. fabae 

reared on S. villosum was 1.61±0.012 mm   as compared to 1.48±0.02 mm for those reared on 

S. scabrum. However, there was no significant difference in the size of the parasitoid 

emerging from M. persicae regardless of the rearing host plant (T= 1.75; df = 78; p = 0.105). 

The wing length of the parasitoids that emerged from M. persicae reared on S. scabrum was 

1.65±0.03 mm as compared to 1.57±0.03 mm for those that emerged from S. villosum.  

 

6.4.7 Sex ratio of emerging parasitoids 

The sex ratio of the emerged parasitoids from A. fabae was male biased (X-squared = 4.357; 

df = 1; p = 0.03686). 53.7 % of all the emerged parasitoids from A. fabae were males while 

46.3% were females. Although 57.1% of the parasitiods that emerged from M. persicae were 

females, the sex ratio of females to males parasitoids.was not statistically different(X-squared 

= 0.714; df = 1; p = 0.398). 

 

6.5 Discussion 

Antennae contacts and oviposition attempts are some of the parameters used to measure host 

acceptability by a parasitoid. A higher number of antennae contacts and oviposition attempts 

would be translated to mean higher acceptance of a particular host to the parasitoid. Although 

our study revealed higher acceptance of parasitoid A. colemani to M. persicae compared to A. 

fabae in the nightshade production system, Messing and Rabasse (1995) in their study using 

eggplant and cucumber as host plant for M. persicae and A. gossypii respectively, observed 

higher acceptance of A. colemani on A. gossypii relative to M. persicae. In our study, 

parasitoid A. colemani made more antennae contacts and oviposition attempts on M. persicae 

compared to A. fabae suggesting that M. persicae is a more acceptable host for the parasitoid. 

M. persicae defended itself more aggressively through kicks compared to A. fabae and this 
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might have contributed to the parasitoid making more oviposition attempts in an effort to 

oviposit its eggs on the host. 

Host acceptability does not always translate to higher host parasitism and parasitoid 

emergence rate as the parasitoid may fail to deposit or deposit fewer eggs on less acceptable 

hosts. In our study, although M. persicae was more acceptable host, higher parasitism rate 

was observed on A. fabae. In a related study, Sampaio et al. (2008) observed higher 

parasitism rate on A. gossypii than M. persicae in laboratory trials. These results were further 

demonstrated in greenhouse trials done with A. colemani on both A. gossypii and M. persicae 

(van Driesche et al., 2008). M. persicae is very aggressive in defending itself by kicking 

away the attacking parasitoid and this could have lead to fewer successful ovipositions. A. 

colemani may succeed in depositing its egg in the aphid host but the eggs may fail to hatch 

due to encapsulation of the eggs by chemical substances inside the host body or the parasitoid 

larvae may die inside the host body before it kills the host. A study by Vorburger et al., 

(2009) found out that a secondary endosymbiont, Regiella insecticola, present on M. persicae 

confers resistance to the aphid against A. colemani. Similarly, Oliver et al., (2003) reported 

that secondary endosymbionts present in Acyrthosiphon pisum (the pea aphid) body confer 

resistance against A. ervi leading to death of developing parasitoid larvae inside the host 

body. It is therefore probable that secondary endosymbionts present in M. persicae confer 

higher resistance against the parasitoid leading to low parasitism by A. colemani and also 

leading to low parasitoid emergence. However, further studies on this aspect are required. 

Studies with A. ervi revealed that the parasitoid does not discriminate between resistant and 

susceptible aphids and their oviposition behaviour is similar on M. persicae having 

endosymbionts or not (Oliver et al., 2003).  If A. colemani is unable to distinguish M. 

persicae having endosymbionts from the ones that do not have as is the case with A. ervi, the 

contribution of A. colemani in biologically based IPM programs for M. persicae control 

particularly in classical bio-control could be adversely affected.  

Similar to our findings, it has been demonstrated that host plant influences the preference of 

A. colemani to particular host (Messing and Rabasse, 1995; Storeck et al., 2000; Martinou 

and Wright, 2007). A. rhopalosiphi, a parasitoid of wheat aphid, was even able to show 

higher preferences to volatiles from some wheat varieties in a Y-tube olfactometer 

experiments (Wickremasinghe and van Emden, 1992). The chemical cues from these host 

plants were revealed to be present on mummy cases and parasitoids picks them while 

emerging from the mummies, a process called preimaginal conditioning. The preimaginal 

conditioning of a parasitoid influences the acceptability on the subsequent host (Emden et al., 



Chapter 6: Performance of A. colemani in aphids control                                                    105 

 

 

1996). Storeck et al. (2000) demonstrated that when the mummies were dissected and the 

parasitoid pupae removed to prevent any contact of the emerging parasitoid with the mummy 

cases, A. colemani did not show preference for the rearing host plant and have to quickly 

adopt to the new host plant. In our study, we speculate that the aphid mummy cases bear 

chemical cues from the nightshade species. It might be that S. scabrum has stronger chemical 

cues than S. villosum and consequently, higher residual effect on the aphid mummy cases. 

Therefore the emerging A. colemani from aphids feeding on S. scabrum would pick more 

chemical cues from the mummy cases resulting in higher acceptance to the subsequent host 

feeding on the same host plant. 

Moreover, aphid parasitoids may also learn plant odours from the environment they emerge 

in resulting to higher preferences for hosts feeding on those particular host plants (Van 

Emden et al., 2002). In the present study, S. scabrum could have been having stronger 

volatile compounds than S. villosum and consequently influencing the foraging behaviour of 

the emerging parasitoids towards aphids that were feeding on it. Therefore the emerging A. 

colemani could have been more attracted to volatiles from S. scabrum leading to a higher 

acceptance for M. persicae feeding on that host plant. Further studies to investigate the effect 

of African nightshade species odours on parasitiod A. colemani should be carried out.  

Our study has demonstrated that the host aphid and the nightshade host plant play a critical 

role in host acceptance and host suitability for A. colemani. These findings clearly indicate 

that the performance of A. colemani in nightshades is not only dictated by the particular aphid 

species attacking the nightshade, but also by the African nightshade species. Producers of 

parasitoid should therefore take into account these factors when producing parasitoids for 

management of aphids attacking African nightshades. Future studies could also investigate 

the performance of A. colemani reared on M. persicae as host aphid and tested on both A. 

fabae and M. persicae. These findings are particularly important to nightshade farmers in 

East Africa who are faced with a major challenge in control of A. fabae. Parasitiod A. 

colemani presents a promising alternative to the current practice which is heavily relying on 

synthetic pesticides.  However, further studies at semi-field and field level are required to 

validate and improve on the performance of A. colemani in nightshade fields before the full 

potential of this parasitoid can be realized by farmers. Studies on how A. colemani could also 

be integrated with other IPM measures which focus on reduction in the use of synthetic 

pesticides are required for sustainable production of African nightshade.  
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7 Occurrence, host range, host resistance and seed transmission of a novel 

potyvirus, tentatively named nightshade veinal mottle virus, infecting 

nightshades in Kenya 

 

7.1 Abstract 

Production of African nightshades faces several challenges, among a new virus disease, 

tentatively named nightshade veinal mottle virus (NsVMV). In the current study the 

incidence, host range, host resistance and seed transmission of NsVMV was investigated. For 

this purpose field surveys were done at the nightshade growing regions of mid and high 

altitudes. Moreover, mechanical inoculation of NsVMV was performed in greenhouse trials 

followed by ELISA with a heterologous antiserum in laboratory tests for virus identification. 

NsVMV was present in both mid and high elevation zones of Kenya. Solanum lycopersicum, 

Nicotiana occidentalis, Nicotiana.hesperis, Nicotiana debneyi, Nicotiana tabacum cv. 

Samsun and Nicandra sp were hosts of the virus. Capsicum sp, Solanum tuberosum, Solanum 

melongena, Physalis angulata, Amaranthus dubious, Lactuca sp, Conyza sp, Bidens pilosa, 

Chenopodium murale, Chenopodium nubrum, Cleome gynandra and Leonotis leonurus were 

non-hosts of the virus. None of the tested nightshade species/line were resistant to the virus. 

In addition, 1000 seeds from NsVMV infected plants were germinated and found visually 

free from symptoms, indicating that the virus is if at all only to very low percentages seed-

borne. Management of solanaceous weed plants containing the virus and serving as 

alternative hosts is critical in disease control. Intervention measures that involve barrier 

cropping with non-host crops could reduce the severity of the disease since many of the 

cultivated vegetables tested were not susceptible to the virus. Such measures might reduce 

losses associated with the virus thereby contributing significantly to poverty alleviation in 

Africa 

 

Key words: Plant viruses: host range: host resistance: seed transmission 
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7.2 Introduction 

Poverty and malnutrition continues to be a threat to many African countries. Africa 

indigenous vegetables could play an important role in alleviation of these challenges owing to 

their high nutritional value and higher prices in the market (Uusikua, 2010; Muhanji et al., 

2011). African nightshades (Solanum scabrum and Solanum villosum (Solanaceae) are among 

the most popular indigenous vegetable species produced in Kenya. Leaves of African 

nightshades are a rich source of proteins, carbohydrates and vitamins. One of the factors 

limiting the production of African nightshades (S. scabrum and S. villosum), is the damage by 

insect pests (Schippers, 2000; Sithanantham et al., 2003). Aphids are particularly injurious to 

the African nightshades (Mbugua et al., 2006; Kimaru et al., 2015; Mureithi et al, 

unpublished). Among the aphids that have been observed to cause considerable damage to the 

crop are A. fabae and Myzus persicae (Kimaru et al., 2015; 4.4.3). Nightshade plants and 

leaves attacked by aphids show virus-like symptoms, which include: mottling, leaf rolling, 

folding and stunted growth which are often characteristic for potyvirus infection (Mureithi 

et.al, unpublished data).   

Potyviruses have been reported to infect nightshades. Among the potyviruses infecting 

nightshades are pepper veinal mottle virus (PVMV) and chilli veinal mottle virus ChiVMV) 

(AVRDC, 2004; Shah et al., 2009). More recently, potyviruses were reported on African 

nightshades growing in western parts of Kenya (Wanjohi et al., 2015). A putative new 

potyvirus infecting African nightshades has also been characterized from samples collected 

from the nightshade plants growing in Kenya. The virus shows 70-75% sequence similarity to 

PVMV and ChiVMV, respectively, except for the P1 and P3 cistron suggesting it is a new 

virus species to the genus Potyvirus. The new virus is tentatively named as nightshade veinal 

mottle virus (NsVMV; Schimmel et al., 2015).  

Potyviruses belong to the family Potyviridae. They are characterized by a ssRNA with a 

genome size of about 10 kb. They cause considerable crop losses all over the world on 

agricultural and horticultural crops (Ward and Shukla, 1991). Potyvirus infections manifest in 

various symptoms on the plants such as mosaic, mottling, ringspots, necrotic or chlorotic 

spots, stunting and yield losses (Shukla et al. 1994). Among the economically important plant 

families, potyviruses infect plants from the Leguminosae, Solanaceae, and Cucurbitaceae 

(www.ncbi.com 2013). Some potyviruses have a wide host range such as the watermelon 

mosaic virus whose host range including 23 plant families (Purcifull et al. 1984). PVMV has 

several hosts mainly from the Solanaceae family including pepper, African nightshades, and 
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Physalis angulata (AVRDC, 2004). A wide host range of NsVMV could pose a greater 

challenge in its management. 

Host plant resistance and control of insect vectors are strategies used in management of plant 

viruses (Bragard et al., 2013). The plant may use several strategies such as inhibiting 

replication of the virus, prevent cell-to-cell movement, systemic infection or restricting an 

infection in the primary infected cell (Zaitlin and Hull, 1987). Studies done on potato showed 

that varieties that carry the resistance gene Rysto from the wild potato Solanum stoloniferum 

were not infected by several potyviruses such as potato virus Y (PVY), potato virus V (PVV), 

potato virus A (PVA) and tobacco etch virus (TEV) (Hinrichs et al., 1997). Presence of 

NsVMV resistance genes among African nightshades could contribute to the management of 

this potyvirus. 

Among the methods for transmission of plant viruses is via seeds. Approximately 18 % of 

known plant viruses are transmissible by seed such as barley stripe mosaic virus (BSMV) and 

pea seedborne mosaic virus (PSbMV) (Johansen et al. 1994). Seed transmission can occur 

externally when the surface of the seed is contaminated with virus particles or internally 

when the virus is present in the embryo or the cotyledons.  Transmission of viruses by seed 

enables the viruses to be carried over from one growing season to another (Shepherd, 1972).  

African nightshades are propagated using seeds. Seeds could therefore play an important role 

in spread of NsVMV if the virus is found seed transmissible.  

To our knowledge, no study has been conducted so far to determine the occurrence, host 

range, host resistance and seed transmission of NsVMV in Kenya. Therefore, this study has 

been conducted to clarify the biology of NsVMV. The findings will be pivotal in developing 

management practices for NsVMV.  

 

7.3 Methodology 

7.3.1 Incidence of NsVMV in African nightshades 

The survey was conducted between February 2015 to November 2016 in mid (1000- 1800 m) 

and high altitude (>1800 m) zones of Kenya for 4 seasons. The mid altitude locations were in 

Yatta (Machakos County) and KALRO-Kandara (Muranga County) while the high altitude 

location was in KALRO-Tigoni (Kiambu County). The first and the third season were 

generally dry with rains being witnessed in the month of April. The second and the fourth 

season were wet, with rains of moderate intensity. 

Plots measuring 10 by 10 m were prepared and planted with African nightshades. In the first 

season (February - May 2015) three nightshade plots were established with Solanum scabrum 
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at each of the two sites, Yatta and Tigoni. In the second (August – November 2015), third 

(February - May 2016) and fourth (August - November 2016) seasons, 10 nightshade plots 

(five plots of S. scabrum and 5 plots of S. villosum) were planted at each site in KALRO-

Kandara and KALRO-Tigoni. Normal agronomic practices such as weeding and irrigation 

were done until visible viral symptoms were seen on the plants. However, in the fourth 

season, data were not collected in 4 plots at KALRO-Kandara as all the leaves of the 

nightshade plants were eaten by birds that visited the site. 

Twenty nightshade plants/plot were used to score for the virus disease incidence per plot. To 

achieve this, each plot was divided into 4 quadrants and 5 nightshade plants/quadrant were 

randomly selected to determine the incidence of NsVMV. The percentage virus incidence 

was calculated in each plot by counting the number of symptomatic plants divided by the 

total number of nightshades plants sampled (20 plants) multiplied by 100. 

 (Disease incidence (%) = Number of diseased plants /Total number of plants examined × 

100). 

After scoring for viral disease incidence, leaf samples from 10 symptomatic nightshade plants 

across the plot whether infested or not infested with aphids were obtained for laboratory 

testing of NsVMV. In instances where no symptoms were observed on all nightshade plants 

in the plot, leaf samples were collected from asymptomatic plants that were infested with 

aphids. For each plant sampled, 3 young symptomatic/asypmtomatic leaves were plucked and 

put in zip-lock polythene bags before keeping them in a cooler box for transportation into the 

laboratory. The leaf samples were preserved in a refrigerator at -180°C. The samples were 

tested at the virology laboratory at ICIPE. Some samples were also kept in falcon tubes 

containing calcium chloride and transported to the virology laboratory at Leibniz University 

Hannover Germany for further analysis. The plants in which the leaf samples were picked 

were tagged for the purpose of harvesting their seeds to test seed transmission of NsVMV. 

Samples were tested using DAS-ELISA with a PVMV antiserum (DSMZ; AS0123), which 

was found to react with NsVMV. The ELISA was conducted according to the manufactures 

recommendations. Briefly, the microtiter wells were coated with 100 µl of the first antibody 

with a dilution 1:500 in coating buffer followed by incubation overnight at 4 °C. The 

microtiter wells were washed 3 times with washing buffer (PBS-Tween). This was done by 

rinsing each well with the wash buffer and leaving the plate for 3 minutes before emptying it 

to remove excess buffer. The plant samples were grinded in 600 µl sample extraction buffer 

(PBS-TPO) in a 1.5 ml Eppendorf tube with a mini-pistil. A sample from a healthy 

nightshade plant was used as a negative control while a sample from an infected plant raised 
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in the greenhouse was used as a positive control. The sap was centrifuged for 3 min at 

maximum speed in a bench top centrifuge. 100 µl of the supernatant was loaded into a well 

and incubated for 4 h at 37 °C. Each sample was tested in 3 wells. The plate was washed 3 

times with washing buffer (PBS-Tween). To each loaded well 100 µl of the second antibody 

prepared in a dilution of 1:500 with sample extraction buffer (PBS-TPO) was added and the 

plate incubated overnight at 4 °C. After three times washing of the plate the substrate was 

prepared at a ratio of 1 µg per ml substrate buffer and each well was loaded with 100 µl. The 

plate was placed on a shaker until a colour change in the wells was observed followed by 

measuring the absorbance at 405 nm. A sample was considered positive when its absorbance 

value was higher than two times the mean value of the healthy control. 

 

7.3.2 Host range determination 

To determine the host range of NsVMV, a survey of possible hosts in the field and 

greenhouse experiment with selected plant species was performed. For the field survey, leaf 

samples showing/not showing viral symptoms and/or infested with aphids from crops and 

weed species growing in and around the nightshade fields at KALRO-Tigoni  (2114 m; 01° 

08.9587’S; 036° 41.0171’E) , KALRO-Kandara (1508 m; 01° 00.1617’S; 037° 04.715’E)  and 

ICIPE-Duduville (1599 m; 01° 13.214’S; 036° 53.444’E)   campus were collected and tested. 

Samples from Amaranthus dubious, Solanum lycopersicon, Eupatorium sp, Leonotis 

leonurus, Datura stramonium, Commelina benghalensis and Nicandra sp were obtained from 

KALRO-Tigoni and KALRO-Kandara. Additionally, samples from African nightshades 

plants at the experimental fields at ICIPE-Duduville campus and other neighbouring crops 

such as Amaranthus cruentus, Cucumis sativus, Vigna unguiculata and Fragaria × ananassa 

were also collected.  For each of the plant species sampled, 3 young leaves were collected. 

The samples were tested using DAS-ELISA for the presence of NsVMV.    

In the greenhouse experiment, seeds from seven solanaceous plants (Capsicum annum, 

Solanum lycopersicon, Solanum tuberosum, Solanum melongena, Physalis angulata, 

Nicotiana occidentalis, Nicotiana occidentalis subsp. hesperis, Nicotiana debneyi, Nicotiana 

tabacum cv. Samsun), 3 Asteraceae (Conyza sp, Lactuca sp, and Bidens pilosa), two 

Chenopodiaceae (Chenopodium murale and Chenopodium nubrum), one Amaranthaceae 

(Amaranthus dubious), one Lamiaceae (Leonotis leonurus), and one Cleomanaceae (Cleome 

gynandra) were sown in the nursery. Three weeks old seedlings were transplanted into pots 

and after one week, the seedlings were mechanically inoculated with NsVMV. The 

mechanical inoculation of nightshade plants was done with approximately 1 g of NsVMV 
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infected Nicotiana benthamiana leaf material grinded in 5 ml of 0.1 M potassium-sodium 

phosphate buffer with a spatula tip of both celite and activated charcoal. Fingers were dipped 

into the sap and then rubbed gently on the mid and upper leaves of the healthy plants. After 

inoculation the plants were rinsed with clean water to remove excess celite and charcoal. The 

plants were kept in an insect proof greenhouse for 2-3 weeks to observe symptom 

development before being collected and tested for the presence of NsVMV using DAS-

ELISA.  

 

7.3.3 Host resistance of nightshade species/lines to NsVMV 

Various germplasms of nightshade varieties/lines/landraces were tested for resistance to 

NsVMV in a greenhouse trial. The candidates tested were; five Solanum scabrum varieties 

(Kenya seed, Abuk 1, Abuk 2, Olevolosi, RV1), two Solanum villosum (Kenya seed, BG), as 

well as Solanum americanum, Solanum sarachoides, and Solanum tarderemotum. The seeds 

of the candidate nightshade lines/species were sown in plastic trays and raised in the nursery 

for 4 weeks. After 4 weeks, the seedlings were transplanted into plastic pots and hardened off 

in the nursery for 1 week. The seedlings were mechanically inoculated with NsVMV and 

grown for 3 weeks to allow symptom development before being tested for NsVMV using 

DAS-ELISA.  

 

7.3.4 Transmission of NsVMV by seeds and A. fabae 

During the third season, nightshade plants in plots showing severe symptoms of NsVMV 

were tagged for the purpose of collecting their seeds upon maturity. Five plants/plot at 

KALRO-Tigoni and KALRO- Kandara were tagged for the study. When fruits from the five 

tagged plants/plot matured from these plants they were harvested and crushed together in 

order to obtain one seed sample/plot. The extracted seeds were rinsed in fresh water to 

remove the fruit sap attached to the seeds and dried on top of a bench in the laboratory. The 

dry seeds were tested for the presence of NsVMV using the standard germination test and 

grow-out method. The standard germination method tests the potential of the virus to affect 

the germination of the seed while the grow-out method tests the potential of the virus to be 

transmitted to the resulting seedling. In the seed standard germination method, 100 seeds 

from each seed sample were placed in a petri dish lined up with a moistened filter paper. The 

petridish was covered with a petri dish cap and placed in a germination chamber. Three 

replicates were performed for each seed sample. A negative control of seeds obtained from a 

healthy plant was also included in the test.  
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The climatic conditions in the germination chamber were set as 28
0
C±2 and 85% RH. Seeds 

were considered to have germinated when the seeds produced the radical. The number of 

seeds germinating were counted, recorded and removed from the petri dish on a daily basis 

starting from the 3
rd

 day up to the 14
th

 day. During the daily scoring for the germinated seeds, 

the filter paper was moistened with distilled water to prevent the seeds from drying up. 

Thereafter, the germination percentage was calculated at the end of the trial. The formula for 

calculating germination percentage was: (Total number of seeds germinated per petri 

dish/100) x 100. In the grow-out method, 100 seeds from each seed sample were sown using 

sterile growing media. The seeds were grown in an insect proof greenhouse. The plants were 

grown for one month before leaf samples were collected and tested for NsVMV using DAS-

ELISA.  

Transmission of NsVMV by A. gossypii was also tested. In this experiment, A. gossypii were 

reared in a cage using cucumber plants as the host. The temperature in the rearing room was 

23˚C.  For use in the experiment, the aphids were taken from the cucumber leaf with a fine 

brush, put in a petri dish and starved for one hour. They were then transferred to a Nicotiana 

benthemiana plant infected with NsVMV and left to feed/probe the plant for 2 minutes in 

order to acquire the virus. Five aphids were then transferred to an African nightshade 

seedling and allowed to feed for 24 hrs. The aphids were finally removed and plants left to 

continue growing in a climate chamber at 23˚C and 65% RH. Leaf samples were then 

collected from the African nightshade plants after 3 weeks and tested for presence of NsVMV 

using DAS-ELISA. The experiment was replicated six times. 

 

7.4 Results 

7.4.1 Incidence of NsVMV on African nightshades  

The symptoms of NsVMV were present on African nightshades in all the experimental sites. 

Yatta site had the lowest disease incidence while KALRO-Tigoni had the highest disease 

incidence. At KALRO-Tigoni, the disease incidence increased with time as African 

nightshades were planted in the subsequent seasons after the first season. A similar scenario 

was observed at KALRO-Kandara up to the third season, after which the disease incidence 

declined slightly (Fig 7-1).  
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Fig 7-1: Occurrence of NsVMV on African nightshades in nightshade production sites in Kenya.  Leaf samples 

were collected from African nightshade plants in each plot. 20 plants were sampled per plot. The mid altitude 

sites were located at KALRO-Kandara and Yatta while the high altitude site was situated in KALRO-Tigoni. 

Leaf samples were tested for presence of NsVMV using DAS-ELISA 

 

When the abundance of aphids on African nightshades was considered at KALRO-Tigoni, it 

rose and fluctuated through the seasons with the highest abundance observed in the third 

season. At KALRO-Kandara, the abundance of aphids was highest in the second season and 

lowest in the third season (Fig 7-2).  
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Fig 7-2: Mean number of aphids/plant on African nightshades in nightshade research sites in Kenya. The mid 

altitude sites were KALRO-Kandara while the high altitude site was situated at KALRO-Tigoni The number of 

aphids/plant were scored in 40 African nightshade plants per plot. 
 

When serological tests were conducted from symptomatic leaf tissues collected from the 

nightshade plants at Yatta and at KALRO-Tigoni in season 1 and 2, they gave a negative 

result for NsVMV. However, samples from the symptomatic plants collected at KALRO-

Tigoni during the third and fourth season turned positive for NsVMV. Symptomatic 

nightshade samples collected from KALRO-Kandara in the three seasons were positive for 

NsVMV (Table 7-1). 

Table 7-1: Incidence of NsVMV on African nightshades in research sites in Kenya. Leaf samples were collected 

from experimental fields at the three sites (Yatta, KALRO-Tigoni, and KALRO-Kandara) in different seasons. 

The field sites were located in the mid altitude zone (Yatta and KALRO-Kandara) and high altitude zones 

(KALRO-Tigoni) of Kenya and tested for presence of NsVMV using DAS-ELISA. 

Research site Season Remarks 

KALRO-Kandara 2 23 % of samples were +ve for NsVMV 

KALRO-Kandara 3 67 % of  samples were +ve for NsVMV 

KALRO-Kandara 4 60 % of the samples were +ve for NsVMV 

KALRO-Tigoni 1 All samples were -ve for NsVMV 

KALRO-Tigoni 2 All samples were -ve for NsVMV 

KALRO-Tigoni 3 All  samples were +ve for NsVMV 

KALRO-Tigoni 4 91.7 % of samples were +ve for NsVMV 

Yatta 1 All samples were -ve for NsVMV 
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7.4.2 Host range of NsVMV 

ELISA tests show that Solanum lycopersicum, at ICIPE-Duduville campus was infected with 

NsVMV. Moreover, a weed species present at KALRO-Kandara and KALRO-Tigoni field 

sites, Nicandra sp, was also infected with NsVMV. However, all other crops tested which 

included Amaranthus sp, Solanum tuberosum, Vigna unguiculata, Cucumis sativus, and 

Fragaria × ananassa were not infected with NsVMV. Moreover, the other weed species 

present in the trial sites such as Leonatis sp, Euphobia sp, Commelina benghalensis, Bidens 

pilosa, Datura stramonium and Eupatorium sp were not infected with the NsVMV. This was 

despite some of the plant species such as Amaranthus sp, Vigna unguiculata, and Leonatis sp. 

showing viral symptoms / being infested with aphids (Table 7-2). 

Table 7-2: Natural occurrence of NsVMV on other crops planted in close proximity with the African nightshade 

and weed species growing naturally around the nightshade fields at the experimental fields in the three sites 

(KALRO-Tigoni, KALRO-Kandara and ICIPE-Duduville campus). The field sites were located in the mid 

altitude zone (KALRO-Kandara and ICIPE-Duduville) and high altitude zones (KALRO-Tigoni) of Kenya. 

Samples were tested for presence of NsVMV using DAS-ELISA 

Common Name Scientific Name Plant Family Location 

Serological 

test 

Tomato Solanum esculentus Solanaceae ICIPE-Duduville +ve 

Apple of Peru Nicandra sp Solanaceae 

KALRO-Tigoni/  

KALRO-Kandara +ve 

Potato Solanum tuberosum Solanaceae KALRO-Tigoni -ve 

Amaranth 

Amaranthus cruentes/ 

Amaranthus dubious Amaranthaceae 

KALRO-Tigoni/  

KALRO-Kandara -ve 

Cowpea Vigna unguiculata Fabaceae ICIPE-Duduville -ve 

Cucumber Cucumis sativus Cucurbitaceae ICIPE-Duduville -ve 

Strawberry Fragaria x ananassa Rosaceae ICIPE-Duduville -ve 

Lions tail Leonotis leonurus Lamiaceae 

KALRO-Tigoni/  

KALRO-Kandara -ve 

 Eupatorium sp Asteraceae KALRO-Tigoni -ve 

Datura Datura stramonium Solanaceae KALRO-Tigoni -ve 

 Euphobia sp Euphobiaceae KALRO-Kandara -ve 

Wondering jew 

Commelina 

benghalensis Commelinaceae KALRO-Kandara -ve 
Keys: +ve = positive for NsVMV; -ve = Negative for NsVMV; NsVMV – Nightshade veinal mottle virus (genus Potyvirus. Family 
Potyviridae) 

 

Four out of the fifteen host species experimentally inoculated developed symptoms on their 

leaves and tested positive for NsVMV. These include Solanum lycopersicon, Nicotiana 

occidentalis cv. hesperis, Nicotiana debneyi, Nicotiana tabacum cv. samsun. The NsVMV 

positive plants were all from the family Solanaceae. However, other solanaceous plants such 

as eggplant, pepper, and potato neither showed symptoms nor tested positive for NsVMV. 

Furthermore, none of the weeds species and crops from the other plant families tested 

positive indicating that the virus is hosted only by plants from the family Solanaceae (Table 

7-3).  
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Table 7-3: Experimental host range of NsVMV on crops and weed species done through mechanical 

inoculation. Young plants, 3 weeks old, were mechanically inoculated with NsVMV viroins and tested for 

NsVMV using DAS-ELISA 
Common 

Name Scientific Name Plant Family Symptoms 

Serological 

test 

Tomato Lycopersicon esculentus Solanaceae C, S, M +ve 

Tobacco Nicotiana benthemiana Solanaceae C,S, M,  +ve 

Tobacco Nicotiana occidentalis cv. hesperis Solanaceae N, C, S +ve 

Tobacco Nicotiana debneyi Solanaceae N, C +ve 

Tobacco Nicotiana tabacum cv. samsun Solanaceae N, C +ve 

Pepper Capsicum sp Solanaceae --- -ve 

Potato Solanum tuberosum Solanaceae --- -ve 

Eggplant Solanum melongena Solanaceae --- -ve 

Amaranth Amaranthus dubious Amaranthaceae --- -ve 

Spiderplant Cleome gynandra Cleomaceae --- -ve 

Horseweed Conyza sp Asteraceae --- -ve 

Milk thistle Lactuca sp Asteraceae C -ve 

Lions tail Leonotis leonurus Lamiaceae --- -ve 

Blackjack Bidens pilosa Asteraceae --- -ve 

Nettleleaf 

goosefoot Chenopodium murale Chenopodiaceae --- -ve 

Red goosefoot Chenopodium nubrum Chenopodiaceae --- -ve 
Keys: C = Chlorosis; S = Systemic; N = Necrotic lesion; M = Leaf molting; --- = No symptoms; NsVMV – Nightshade veinal mottle virus 

(genus Potyvirus. Family Potyviridae) 

 

7.4.3 Host resistance of nightshade species/lines to NsVMV 

All the nightshade species tested in this study, i.e. Solanum scabrum, Solanum villosum, 

Solanum americanum, Solanum sarachoides and Solanum tarderemotum were susceptible to 

NsVMV. They developed typical symptoms of NsVMV like interveinal chlorosis and leaf 

mottling. The symptoms were systemic affecting both the younger and the older leaves. They 

all turned positive in serological tests. 

 

7.4.4 Transmission of NsVMV by seeds and A. gossypii 

The germination of African nightshades seeds was not significantly affected by the presence 

of NsVMV on the mother plants (F2,27 = 2.48; P = 0.103). Germination percentage of seeds 

obtained from infected African nightshade plants from KALRO-Tigoni was 85.67±1.61%, 

while that from KALRO-Kandara was 86.08±2.02%. Seeds obtained from the healthy 

African nightshade plants had a seed germination of 94.33±1.45%.  In the grow-out test, the 

seedlings did not show any symptoms of NsVMV. Furthermore, the serological test done 

using DAS-ELISA gave negative results for NsVMV indicating the seeds were free from 

NsVMV. Moreover, no symptoms were observed on the African nightshade seedlings 

exposed to A. gossypii and the DAS-ELISA test turned negative for these plants. 
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7.5 Discussion  

After harvesting the African nightshades, farmers normally sort and discard the diseased 

leaves (deformed, curled, mottled, and chlorotic) before taking the product to the market 

since they are a sign of poor quality of the vegetable. The NsVMV presents itself with similar 

symptoms on the nightshade leaves. Therefore, the farmers incur yield losses due to infection 

of their African nightshades by NsVMV. Wanjohi et al., 2015 had reported incidences of 

potyviruses infecting African nightshades in the western parts of Kenya. However, the 

specificity of the potyviruses and other biological properties of these viruses had not been 

documented. To our knowledge, this is the first study to investigate the biological properties 

of NsVMV.  

In our study, we observed that the incidence of NsVMV increased with time in the African 

nightshade fields. The increase of NsVMV incidence with time particularly in the high 

altitude zone could have resulted from cooler and humid weather conditions in that area and 

availability of alternative hosts in the research sites. In a similar study done in Nigeria, the 

incidence and severity of PVMV was higher in derived savanna and humid forest agro-

ecological zones (Fajinmi, 2010). These regions were characterized by warm and humid 

climate that not only favoured rapid multiplication of the virus and the aphid vector but also 

supported abundant growth of alternative hosts for the virus (Fajinmi 2006; Fajinmi, 2010).   

In a related study, Dahal et al. (1997) noted that availability of alternative volunteer/wild 

hosts which serve as reservoirs of papaya ringspot potyvirus (PRSV) and presence of aphid 

vectors lead to the high incidence of the disease in Nepal. During our study, there were higher 

amounts of rainfall experienced in the second, third and fourth season compared to the first 

season that lead to high proliferation of weed species particularly Nicandra sp and wild 

African nightshades. These are alternative hosts for NsVMV and might have acted as 

reservoir for the NsVMV and later becoming new sources of NsVMV inoculum in the 

subsequent seasons. Bosque-Pe´rez and Buddenhagen (1990) also reported that weeds are 

important sources of new virus infection to the cultivated crop in their study on epidemiology 

of virus diseases of chickpea. 

Aphids are important vectors of plant viruses and nearly half of all plant viruses vectored by 

invertebrates are transmitted by aphids, majority of which in a non persistent manner (Perring 

et al., 1999; Hull, 2002). Previous studies have reported the occurrence of aphids on African 

nightshades in Kenya (Mbugua et al., 2006; Ashilenje et al., 2011; Kimaru et al., 2015). In 

our study, we observed aphids, particularly A. fabae and M. persicae on African nightshades 

infected with NsVMV. These aphids might have played a role in transmission of NsVMV 
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even in instances where the aphid infestation was low. Therefore, it was necessary to confirm 

the role of A. fabae in transmission of NsVMV. Schimmel et al. (unpublished) observed 

transmission of NsVMV by M. persicae. However, in our study, transmission of NsVMV by 

A. gossypii was not observed indicating that the virus is not transmissible by A. gossypii. 

However, there were challenges in execution of this experiment as A. gossypii died shortly 

after transferring them to the healthy nightshade plants after being exposed to the infected N. 

benthemiana plants. The use of different host plants for A. gossypii in this experiment could 

have affected the results in our study. A. gossypii was mass reared on cucumber plants, before 

being offered N. benthemiana infected with NsVMV, and later offered the healthy African 

nightshade plants. A. gossypii could have rejected to feed on the African nightshades and 

hence fail to transmit the virus. The aphids could also be allowed more time to settle and 

aquire the virus from the infected plants before being transferred to the healthy plants for 

virus transmission. The study on transmission of NsVMV could also be repeated using N. 

benthemiana only in the virus acquisition and inoculation steps. 

From our study, there is a strong indication that NsVMV is restricted to a few crops and 

weeds from the family Solanaceae. Apart from tomato and tobacco, no other cultivated 

solanaceous crop grown in close proximity to African nightshades was infected with the 

virus. Moreover, other indigenous and exotic vegetables usually cultivated in mixed cropping 

system together with African nightshades by small scale farmers were not infected by 

NsVMV. Since NsVMV belongs to the potyvirus family, a group of viruses that are 

transmitted in a non-persistent manner by insect vectors, biological control of the aphid 

vectors may not effectively control this virus (Irwin, 1999). A barrier cropping system 

whereby other indigenous vegetables which are not host of NsVMV are grown around a 

nightshade crop might be an effective strategy for the management of this disease. The aphid 

vectors coming to infest African nightshades will lose their virus transmission ability when 

they probe the other indigenous vegetables planted as barrier crops around the nightshade 

crop before they reach the nightshade crop. The use of barrier cropping system has been 

reported to reduce the incidences and spread of non persistent viruses vectored by aphids 

(Fereres, 2000). For instance, studies by Difonzo et al. (1996) noted decreased incidences of 

potato virus Y on seed potato that was planted using the barrier cropping system with 

sorghum, wheat or soybean. This could be practical NsVMV management option for the 

small scale farmers since no resistant nightshade species/lines were identified in our study.  

Furthermore, the non-host vegetables are also popular with the consumers who in most cases 

purchase more than one type of AIVs at the same time. This way, the farmer could not only 
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manage the disease but also satisfy the consumer needs for AIVs when using the barrier 

cropping system. However, studies on the use of barrier cropping system for the management 

of NsVMV in African nightshades need to be undertaken. 

An important aspect in effective management of NsVMV could involve management of 

weeds particularly Nicandra sp and wild nightshades in and around the African nightshade 

farms. Farmers should be particularly watchful on the borders of the nightshade crop and on 

the hedges where the weed grows. Most farmers tend to ignore such areas, which serve as 

potential reservoir of the virus when the older crop is uprooted at the end of the season and 

the land is being prepared for a new nightshade crop. 

Our study did not show that NsVMV is seed transmissible. Therefore, the spread of the 

NsVMV from one nightshade plant to another during the growing season or from one season 

to another is unlikely to be through the seed. This is particularly good news for the farmers 

who normally rely on recycling seeds from previous season African nightshades crop for the 

subsequent season. However, in our study we tested seed transmission using the grow-out 

method and the germination test, which are indirect methods for testing seed transmission. 

Future studies are necessary for testing the presence of the virus in the seeds using direct 

method on the seeds themselves from mechanically inoculated nightshades. This is important 

before reaching to the conclusion on seed transmission as previous studies have shown that 

seed transmission incidences as low as 0.1% in lettuce mosaic virus coupled by efficient 

vector transmitter can lead to high epidemiology of the virus in the crop (Dinant and Lot, 

1992). 
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8 General discussion 

The role of African Indigenous vegetables (AIVs) in combating malnutrition and fighting 

poverty cannot be overemphasized. Amaranth and African nightshade being among the most 

popular AIVs in Kenya play an important nutritional role of providing iron, calcium, 

potassium, and vitamins A and C to diets of many households in Africa (IPGRI, 2003; 

Uusikua, 2010; Amicarelli and Camaggio, 2012; Kamga et al., 2013). These vegetables have 

also been reported to have therapeutic against chronic diseases such as cancers and 

HIV/AIDS (Abukutsa-Onyango, 2007; Sreelatha et al., 2012). Attack of amaranth and 

nightshades by arthropod pests is among the challenges growers face in production of this 

crops.  

This study intended to determine the biodiversity, abundance, distribution, and damage of 

arthropod pests infesting amaranth and African nightshades in the major production areas in 

Kenya and the natural enemies associated with these pests. This was meant to answer the 

salient question of the main pests of these vegetables and the natural enemy complex present 

in the fields to which future research should focus on. After identifying the major pests of 

African nightshades, the study aimed to find out the effect of seasonality and crop phenology 

on the abundances of the major pests of African nightshades. The study also investigated the 

host range of the major pests infesting African nightshades. It further aimed at testing the 

performance of parasitoid A. colemani in management of A. fabae, the most abundant aphid 

species during our study. Information on seasonality, crop phenology, host range and 

acceptability and suitability of A. fabae and M. persicae by parasitoid A. colemani would be 

useful in future development of IPM programs for management of the major pests of African 

nightshades. Finally, this study intended to provide information on the biology of NsVMV, a 

new virus found to infect African nightshades in Kenya. Understanding the biology of 

NsVMV will guide in developing effective management practices for it to limit its damage on 

the African nightshades.  

In chapter 3, 188 amaranth farms in low, mid and high altitudinal zones of Kenya were 

surveyed. We found out that amaranth crop in Kenya is attacked by different types of insects. 

However, the Lepidopterans were the most damaging. Moreover, Spoladea recurvalis and 

Epicauta albovittata were found as the major pests of amaranth in the rainy and dry seasons 

respectively. Although previous studies had also observed higher abundance of S. recurvalis 

in the rainy season (National Research Council, 1984), other reports did not observe 

significant difference in the abundance of the pest between the dry and the wet season 
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(Aderolu et al., 2013) suggesting that there might be other factors which determine the 

abundance of this pest. High abundance of food resources could also lead to an increase of 

population of this pest as the pest is reported to play host to weed species wild amaranth, 

Amaranthus spp., and the devils horsewhip Achyranthes aspera (Kahuthia-Gathu., 2011) 

which may be abundant during the rainy season. However, this aspects need to be 

investigated in detail. Nonetheless, farmers of amaranth need to consider these weed species 

in their management practices for S. recurvalis. To our knowledge, this is the first study to 

report the occurrence of four new pests on amaranth in Kenya i.e. E. albovittata, P. 

atritermina, T. absoluta and A. octogueae. The occurrence of these pests on amaranth crop, 

majority of which are Lepidopterans indicate that production of amaranth in Kenya is faced 

with new pest challenge and research should be geared towards seeking ways of managing 

these pests before they cause huge damage to the crop.  

We also profiled the pests of African nightshades in Kenya and their natural enemies in 

Chapter 4 during the countrywide survey. Homopterans (mainly aphid species A. fabae, M. 

persicae and A. craccivora), Coleopterans (flea beetle species E. silvicola and Phyllotreta 

sp.) were the most damaging insects on this crop. Several natural enemies for the nightshade 

pests were also observed among them the parasitoid A. colemani which we carried out 

experiments with in this study (see chapter 6). The highest diversity of African nightshade 

pests was in the mid altitude zone and during the dry season. Abundance of food resources 

and minimal human interference with the natural vegetation are factors that lead to increased 

biodiversity of insect communities (Lawton et al., 1987; Wold, 1987). The warm climate and 

the abundance of food resources in the mid altitude zone could have had a positive effect on 

the diversity of insect species in that zone. The frequent application of insecticides by farmers 

in the high altitude zone could have lowered the diversity of insect species in that region. 

During the countrywide survey for the pests of African nightshades and associated natural 

enemies in chapter 4, we could not study in details the population abundances of the major 

pests of African nightshades since the area covered during the survey was quite large. 

Moreover, we did not have much control on the agronomic practices, particularly the crop 

protection measures the farmers used to manage pests on the amaranth and nightshade crops 

which could have interfered with our results. In chapter 5, we therefore set-up our own field 

experiments where we planted African nightshades in two agro-ecological zones (mid and 

high), and monitored closely the natural colonization patterns of A. fabae, E. silvicola and 

Lepidopteran pests (Spodoptera exigua, S. littoralis, Tuta absoluta and Plusia sp). During the 

same trial, we also studied the seasonal abundances of parasitoid A. colemani. We did not 
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apply any crop protection measures during the whole trial period in the year 2015 and 2016. 

Higher abundances of A. fabae was observed in the mid attitude zone compared to high 

altitude zone. Moreover, whereas the highest abundance of A. fabae was observed in the 2
nd

 

growing season at the mid altitude zone, highest abundance was observed in the 3
rd

 growing 

season in the high altitude zone. Our findings suggest that nightshade farmers at the mid 

altitude zone would require to put more effort in management of A. fabae compared to the 

high altitude farmers. Conversely, higher abundance of E. silvicola were observed in the high 

altitude zone compared to the mid altitude zone. E. silvicola could have been outcompeted by 

A. fabae at the mid altitude zone as the infestation by A. fabae in the mid altitude zone was 

high.  

Moreover, colonization by E. silvicola occurs when the crop is young and continues 

throughout the other stages of crop phenology. This is unlike in the mid altitude zone where 

the abundance of E. silvicola is mainly at the later stages of crop development.  

Lamb (1983) reported that Phyllotreta flea beetles are strong flyers and have the potential to 

migrate to canola crop regardless of the proximity between the overwintering sites and the 

canola fields. In our study, it might be that the flea beetle E. silvicola was able to migrate 

from the mid altitude zone to the high altitude zone particularly in the early stages of crop 

development possibly because of the lower temperatures that characterized the high altitude 

zone. In their study, Mani and Pal (2013) also observed that okra was colonized by the flea 

beetle Nisotra chrysomeloides from the seedling stage and infestation continued throughout 

the crop phenology. Therefore as the farmers in the mid altitude have to put more emphasis in 

management of A. fabae, the farmers in the high altitude need to put more effort in the 

management of E. silvicola. Farmers in the mid altitude zone could therefore lower the 

incidences of E. silvicola by removing the older nightshade crop from their farms. The use of 

entomopathogenic nematodes (EPNs) has been reported as a promising strategy in the 

management of flea beetles. In laboratory trials with adult flea beetles, Trdan et al., (2008) 

reported at least 74% mortality of the flea beetles with EPNs Heterorhabditis bacteriophora, 

Steinernema feltiae, and S. carpocapsae at 25˚C. Moreover, Xu et al., (2010) reported high 

efficacy of EPNs under field conditions. Therefore studies on the use of these EPNs for the 

management of flea beetle E. silvicola in African nightshades should be explored. Zero 

tillage has also been shown to be an effective tool in management of flea beetles on canola as 

the cool and moist soil conditions are less favourable for the survival of the flea beetles 

(Dosdall et al., 1999). African nightshade farmers particularly in the high altitude zone could 
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practice this method in order to lover the infestation of their nightshade crop by the flea 

beetles.  

We also found that some common weed species growing in or around the nightshade farms 

such as Bidens pilosa, Euphobia sp., Leonotis leonurus, and Eupatorium sp are alternative 

hosts for A. fabae. Moreover, wild nightshades growing on the hedges bordering the 

nightshade crop and cultivated potato and amaranth neighbouring nightshades plots were 

important alternative hosts for E. silvicola. Cultivated amaranth grown adjacent to the 

nightshades also hosted Spodoptera exigua, S. littoralis, and Plusia sp. that attacked the 

nightshades. Tomato and potato were also alternative hosts to Tuta absoluta. These 

alternative hosts could serve as refuge for the major pests of nightshades when the nightshade 

crop is not in the field and later become a source of new infestation to a newly planted 

nightshade crop. Therefore, IPM measures to control nightshade pests should also include 

control of alternative wild hosts (weed species) growing in and around the nightshade crop. 

Moreover farmers should also aim to control key nightshade pests on the other cultivated 

hosts grown in close proximity to the nightshade crop such as amaranth, potato and tomato, 

to break-up the infestation pathway between these crops. 

One of the most important parasitoid species that we found occurring naturally in African 

nightshades farms in Kenya is A. colemani. The parasitoid A. colemani has been reported to 

be highly effective against aphid species A. fabae and M. persicae on other crops such as 

chrysanthemum and pepper, takes short time to apply, has great dispersal distance, easy to 

rear and cost-effective to produce commercially (Van Lenteren et al., 1988; Van Steenis et 

al., 1995; Vásquez et al., 2006; Van Schelt et al., 2011). In chapter 6, we demonstrated the 

potential of parasitoid A. colemani for the management of A. fabae and M. persicae in 

nightshade production systems. Although A. fabae and M. persicae has been shown to be 

acceptable and suitable hosts to A. colemani on other crops (Messing and Rabasse, 1995; 

Jones et al. 2003; Vásquez et al., 2006), we showed for the first time that nightshade species 

S. scabrum and S. villosum are also acceptable hosts for A. colemani. Our results showed that 

both aphid host species and host plant species affect the performance of A. colemani.  

Although production of parasitoid A. colemani using A. fabae as host and S. scabrum as the 

rearing host plant for the aphid gave promising results in control of A. fabae and M. persicae 

on nightshades, other rearing systems should also be investigated before full recommendation 

is made. Moreover, field trials will be required to validate these laboratory findings. 

Nevertheless, the use of parasitoid A. colemani both as for the management of A. fabae and 

M. persicae should be encouraged as an alternative to the current situation where farmers 
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mainly rely on the use synthetic pesticides. Compatibility trials of parasitoid A. colemani with 

other non-chemical methods for control of aphids on African nightshades should also be 

tested in future. 

In chapter 7, we carried out tests to determine the occurrence, host range, host resistance and 

seed transmission of NsVMV. We found out that NsVMV is present in both the mid and high 

altitude zones of Kenya and the incidence of the disease is increasing with time particularly 

in the high altitude zone. Cool and humid conditions, availability of alternative hosts and 

presence of insect vectors increases the incidence of a disease in a given region (Dahal et al. 

1997; Fajinmi 2006; Fajinmi, 2010). In our study, the cool weather conditions and high 

abundance of Nicandra sp. as alternative host for the disease could have favoured high 

incidences of the disease in that region. The use of host genetic resistance and control of 

insect vectors are two successful strategies employed in management of plant viruses 

(Bragard et al., 2013). Unfortunately in our study, we did not find a nightshade species/line 

resistant to NsVMV. Therefore the use of resistance breeding as a strategy for management 

of NsVMV in African nightshades may not be a feasible strategy unless a resistant nightshade 

variety/line is identified. Moreover, management of the aphid vector with insecticides or 

biological control may not be very effective strategy for the management of NsVMV, since 

the virus is transmitted in a non-persistent manner by M. persicae, meaning the aphid vector 

may already transmit the virus before it is controlled (Irwin, 1999; Perring et al., 1999). 

Viruses transmitted in a non persistent manner by insect vectors require a very brief period 

(1-2 minutes) of probing the host to transmit the virus ((Hull, 2002). The disease obviously 

has a narrow host range and research and the use of barrier cropping system by growing other 

non-host indigenous vegetables around the African nightshades crop could be an effective 

way of managing the disease.  

In conclusion, the present study has shed more light on the major pest of amaranth and 

African nightshades in Kenya and their natural enemies, their distribution on different agro-

ecological zones, and how their abundances are affected by seasonality and crop phenology. 

Moreover, the host range of the major African nightshade pests has been highlighted and the 

potential on the use of parasitoid A. colemani in management of A. fabae and M. persicae has 

been demonstrated. Biological properties of NsVMV have also been characterized. The 

findings of this study will guide in future development of management practices both for the 

major pests of amaranth and African nightshades but also for the management of NsVMV on 

African nightshades.  
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