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ABSTRACT 

Tomato leafminer [Tuta absoluta, Meyrick. (Lepidoptera: Gelechiidae)] is a notorious pest 

that causes massive losses in Solanaceae’s crops including tomato (Solanum lycopersicum 

L.). This study was conducted to evaluate the occurrence, damage incidences, host range, 

population dynamics and developed bio-control strategies for managing T. absoluta in 

Tanzania. Field surveys were conducted in thirteen tomato production regions of Tanzania by 

purposively sampling one region and one district from each region then three villages were 

randomly selected for field survey. Optima lures was deployed per plot (0.5 acre) and number 

of adult moths trapped were counted after 7 days.  To identify host of T. absoluta, in each 

selected village number and types of crops damaged per plot were recorded. Ten plants per 

plot were randomly selected to determine the rate of T. absoluta damage per plant by 

counting number of damaged leaves/fruits per plant in each plot and expressed as percentage 

damage. However, botanical extracts against T. absoluta larvae was conducted in laboratory 

by using four plant species extracted by using organic solvents. Different concentrations of 

extract were tested against 10 second instar larvae of T. absoluta that were selected randomly. 

Mortality rate, pupation rate and adult emergence rate were recorded at interval of 24h. 

Results indicated that T. absoluta was present in 13 regions surveyed and proliferates in 12 

host plants including tomato, potato, nightshade, pepper and some weed species particularly 

Solanum incanum. Population density of T. absoluta was high in Iringa compared to Arusha 

and Morogoro and the dry season exhibited higher number of T. absoluta than in rainy season 

in all regions surveyed. The study on T. absoluta management revealed that, the pest can be 

controlled by using locally available entomopathogenic fungi (Patent No. 

TZ/P/2018/000035), plant extracts from Bersama abyssinica stem bark, Commiphora 

africana leaves, Tergetes minuta seeds and Moringa oleifera essential oil from seeds and 

cultivation of four accessions of tomato landraces namely BKM-22, KGM-5, HSK-4 and 

HSK-38. Application of the developed bio–control strategies caused 60% to 80% mortality of 

adults and larvae of T. absoluta in the laboratory and open field conditions. The identified 

bio-control strategies and resistance tomato landraces are recommended for further analysis 

and for consideration   as remedies against T. absoluta in tomato in Tanzania.  
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CHAPTER ONE 

INTRODUCTION 

1.1 Background 

Tuta absoluta Meyrick. is a destructive moth belonging to the Lepidoptera: Gelechiidae 

family and native to South America (Desneux et al., 2011; Urbaneja et al., 2012). It is 

commonly known as tomato leafminer or South America pin worm and in Tanzania it is 

known as Kanitangaze. Tuta absoluta is currently an important insect pest in many countries 

leading to deterioration and losses of tomato (Arnó et al., 2009; Urbaneja et al., 2012; 

Zappala et al., 2013). The pest can also infest several other plants including potato (Solanum 

tuberosum) (Pereyra and Sánchez, 2006), eggplant (Solanum melongena), night shades 

(Solanum nigrum) and weeds such as Solanum incanum, Nicotiana glauca and Datura 

stramonium (Desneux et al., 2010; Polaszek et al., 2012). Due to its aggressive nature and 

associated loss, it has become a key pest of concern in many countries including Tanzania.  

For instance, since its  first report in the country in 2014 it has been reported to cause losses 

up  to 100% in tomato  (Chidege et al., 2016). Management of T. absoluta is challenging due 

to concealed larval feeding nature that occurs  within hidden plant parts such as stem, fruit or 

under leaf thus forefending it from contact managements and  natural enemies ( Kılıç, 2010; 

Guedes and Picanço, 2012; Zekeya et al., 2016). The  pest is also favoured by a very 

conducive  tropical environmental conditions and a wide host range that  all together lead to 

pest development and invasion  throughout growing seasons (Salem and Abdel-Moniem, 

2015).  

Tuta absoluta is also capable of completing its life cycle in different plant parts under various 

environments, for instance; larvae develop inside plant tissue, pupa develops in the soils and 

adults develops on plant surfaces and can fly away. All these stages are difficult to manage 

by a single bullet option such as chemical sprays ( Siqueira et al., 2000b,  Lietti et al., 2005; 

Silva et al., 2011; Guedes and Picanço, 2012; Tonnang et al., 2015). The synthetic chemicals 

are associated with adverse impacts  to humans, non targeted organisms, high cost to farmers, 

environmental pollution and can lead to resistance development by the pest  (Abdel-Raheem 

et al., 2015). Pest control using resistant varieties has been reported to be effective option in 

control of pest (Oliveira et al., 2012). In some locations in the world, some tomato  

accessions have been reported to produce chemical cues and chemicals that unpleasant for T. 

absoluta oviposition and larvae feeding (Resende et al., 2006; Rodrigues et al., 2011). One of 



  

 
 

 

2 

study identified some wild tomato accessions for  control of T. absoluta in Tanzania, but have 

deprived agronomic attributes for adoption by farmmers (Rakha et al., 2017). Some 

landraces, were collected from various regions of Tanzania for conservation (Hamisy et al., 

2016), however, none of the screening  study was conducted their resistance against T. 

absoluta in Tanzania. Other efforts to reduce use of insecticides in tomato fields including; 

cultural control methods such as controlled irrigation, crop rotation and destruction of 

infested plant material from the farms have been tested in some locations but not effective 

after the pest has been established in the field (Abbes et al., 2012; Karem,  2014).  Other 

methods such as biological control including using natural enemies  such as  parasitoids, 

predators and entomopathogenic microbes have been reported to be very potential  (Guedes 

and Picanço, 2012), however, there are no established biological control methodologies in 

Tanzania. 

Pheromone traps have been recommended for minimizing T. absoluta populations in field, 

however, use of sex pheromone is of limited efficacy since females are able to reproduce 

parthenogenetically, can reproduce asexually and also due to polygenic behaviour of males, 

there is a strong implication for the efficiency of sex pheromone management strategies 

(Michereff Filho et al., 2000; Silva, 2008; Abbes and Chermiti, 2011; Megido et al., 2012). 

The pheromone traps have only been reported to perform well  in greenhouses and are 

inefficient in open fields with high population of the pest (Cocco et al., 2013). Although these 

methods are applied, they are not guaranteed to reduce this pest and may be not readily 

available especially to small holder farmers in Tanzania.    

This study aimed at conducting a survey to study the population, to record host range of T. 

absoluta, developing bio-control agents and screening for resistance of landraces for 

sustainable management of T. absoluta in Tanzania.  

1.2 Problem statement and justification 

Tuta absoluta  is a devastaing insect pest that cause losses in tomato production amounting to 

80- 100% in Tanzania (Chidege et al., 2016). Synthetic chemical pesticides have been 

reported to be very prominent to farmers due to quick activity on pest; however, they are 

economically and environmentally unfriendly to poor rural tomato production farmers in 

Tanzania (Siqueira et al., 2000a; Materu et al., 2016). Due to difficulties in controlling the 

pest, tomato production farmers have been reported to duplicate pesticide doses and or 

mixing different chemicals to address T. absoluta (Consoli et al., 1998; Arnó and Gabarra, 

file:///C:/Volumes/ZEKEYA%20DOCS/SINKER/DAAD%20INFO/Review%20paper-Never%20Zekeya.doc%23_ENREF_1
file:///C:/Volumes/ZEKEYA%20DOCS/SINKER/DAAD%20INFO/Review%20paper-Never%20Zekeya.doc%23_ENREF_16


  

 
 

 

3 

2011; Desneux et al., 2011). As a result, the over application  of synthetic chemical have 

been associated with disruption of  Integrated Pest Management programs by killing 

biological active  microbes and parasitoids  (Consoli et al., 1998). Due to this challenge, this 

study attempted to develop a sustainable bio-control strategy and identify resistant tomato 

accessions from locally available resources to equip farmers with affordable pest 

management options for effective and profitable production of tomato in Tanzania. 

1.3 Research objectives 

1.3.1 General objective 

To study the occurrence, distribution, host range, screen for host resistance of landraces and 

to develop a sustainable managerial strategy against T. absoluta, for application by small 

holder farmers who depend on tomato for their income and nutrition in Tanzania. 

1.3.2 Specific objectives 

(i) To study the occurrence, distribution and population dynamics of T. absoluta in 

different agro ecological zones of Tanzania. 

(ii) To identify host range and rate of T. absoluta damage in agro ecological zones of 

Tanzania. 

(iii) To evaluate the efficacy of plant-based biocontrol (PBB) against T. absoluta  

(iv) To screen and evaluate susceptibility of selected tomato landraces and Tengeru 97 

to T. absoluta larval damage 

(v) To formulate a fungal based biopesticide for management of T. absoluta 

1.4 Research questions 

(i) Is Tuta absoluta distributed in agroecological zones of Tanzania? What is the 

population density in each region? 

(ii) Is Tuta absoluta hosted by several plants other than tomato? What is the rate of 

damage in each host? 

(iii) Are there any plant extract effective for control of T. absoluta in Tanzania? 

(iv) Are the landrace varieties having superior agronomic features and resistant to T. 

absoluta damage than Tengeru 97? 

(v) Can local fungal isolate be effective and formulated for management of T. absoluta 

in Tanzania? 
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1.5 Significance of the study 

Tuta absoluta is a destructive pest of tomato and several solanaceous crops. It is known for its 

losses reaching 100% in unmanaged fields. In Tanzania, farmers have raised an outcry due to 

effect of the pest. This study was conducted to determine the ditribution, host range, season 

variation, screened for host resistance in tomato landraces and developed  an effective 

biocontrol strategies that can be used for management of the pest. Such information was very 

important to tomato growers, policy markers and other stakeholders towards effective 

management  of T.absoluta in Tanzania.  
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CHAPTER TWO 

LITERATURE REVIEW 

2.1 Importance of tomato 

Tomato (Solanum lycopersicum L.) is a key vegetable crop for income, nutrition and 

industrial development globally (Mlozi et al., 1992; Jacobi et al., 2000; Adebooye et al., 

2006). It is a major source of dietary vitamins including vitamin E, K, ascorbic acid and 

lycopene (Franceschi et al., 1994; Shi and Maguer, 2000; Giovannucci et al., 2002; 

Adebooye et al., 2006). In Tanzania, tomato crop play a significant role in transforming 

livelihood of rural societies (De Putter et al., 2007; Kurosaki, 2007). It is a major 

horticultural crop that contribute to individual, household and national income in Tanzania. It 

contributes in alleviating malnutrition and reducing hanger gap as farmers spare tomato sells 

to purchase staple foods during offseasons (Zekeya et al., 2017).  

2.2 Distribution and management challenges of Tuta absoluta 

Tuta absoluta  is native to South America countries including  Argentina, Bolivia, Brazil, 

Chile, Colombia, Ecuador, Paraguay, Peru, Uruguay and Venezuela (Van Lenteren and 

Bueno, 2003; Dandria and Catania, 2009; Desneux et al., 2011; Megido et al., 2012; 

Chailleux et al., 2013). A summary on distribution of T. absoluta across regions is provided 

(Table 1). It  was identified for the first time in 1917 and documented as tomato pest in 1960s 

in Peru (Guedes and Picanço, 2012; Zappala et al., 2013; Gabarra et al., 2014). Tuta absoluta 

is rapidly spreading across regions including Europe, Mediterranean, Middle East, South Asia 

and Africa (Tropea Garzia et al., 2012; Abbes et al., 2014; Brévault et al., 2014). In   Europe, 

it was reported for the first time in 2006 in  Spain (Desneux et al., 2010) and thereafter in 

France, Italy, Greece, Malta and Bulgaria (Desneux et al., 2011; Campos et al., 2017). In 

Africa, T. absoluta was reported first in 2008 in the northern African countries including 

Algeria, Tunisia  and Morocco and  thereafter, it was  reported in Libya in 2009 (Campos et 

al., 2017). The tomato leafminer continued to spread in Africa and invaded Egypt in 2010 

(Moussa et al., 2013), then  crossed to Sudan and South Sudan in 2011 (Brévault et al., 

2014). Later on  in 2012, T. absoluta invaded Ethiopia (Tonnang et al., 2015), then  Kenya 

(2013), Senegal Uganda, Zambia, Malawi, Nigeria, Mozambique, South Africa and 

Zimbabwe (in 2014)  (Tonnang et al., 2015; Guimapi et al., 2016; Tumuhaise et al., 2016). In 

Tanzania, the pest was formerly reported in 2014 in tomato fields at Ngarenanyuki, Arumeru 

District, Arusha region (Chidege et al., 2016). Since then, the pest has spread very fast and is 
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threatening tomato production in the country (Brévault et al., 2014; Materu et al., 2016; 

Zekeya et al., 2016). Tuta absoluta  has posed a great challenge to manage due to  its strange 

feeding,reproduction behaviour and wider host range including Solanum lycopersicum 

(tomato), S. tuberosum (Irish potato) (Pereyra and Sánchez, 2006), S. melongena (eggplant), 

S. americana (black night shade), S. nigrum (night shade) and Capscum annuum (pepper) 

(Megido et al., 2014). Weedy hosts include Datura stramonium and Lycium chilense 

(Rehman et al., 2012). Of the described plants, tomato is the most preference and more 

vulnerable to pest damage than other known hosts (Pereyra and Sánchez, 2006; Karadjova et 

al., 2013; Megido et al., 2014). A summary of host plants and pest status reported in different 

parts globally is as shown in Table 1. Tuta absoluta can spread through transportation of 

contaminated tomato and other solanaceous crops across different locations and also by wind 

dispersal (Desneux et al., 2010; Cifuentes et al., 2011; Tropea Garzia et al., 2012; Tonnang et 

al., 2015). Success of T. absoluta in new regions is greatly facilitated by presence of 

alternative or alternate crop and weed host plants during tomato offseason (Loni et al., 2011; 

Megido et al., 2014; Kutinkova et al., 2016).  Another factor contributing to the success of T. 

absoluta is its explosive reproductive potential where females lay more than 250 eggs within 

first few days after emerging (Abbes and Chermiti, 2014), resulting in a short lifecycle and 

several generations per year  (Luna et al., 2012; Abbes and Chermiti, 2014; Retta and Berhe, 

2015).  
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Table 1: Global distribution and status of Tuta absoluta and host range. 

Continent Country host Status Reference 

South 

America 

Peru, Chile, 

Ecuador, 

Argentina, Brazil, 

Bolivia, and 

Colombia 

Tomato (S. 

lycopersicum) (up to 

80-100% yield loss) 

Potato (S. tuberosum) 

Persistent 

since 1914 

(Lietti et al., 

2005; Desneux et 

al., 2011; Luna et 

al., 2015) 

Central 

and North 

America 

Canada, USA, 

Mexico, Panama, 

and Costa Rica 

Tomato (S. 

lycopersicum) Potato 

(S. tuberosum). 

 

moderate 

impact 

(Pereyra and 

Sánchez, 2006; 

Parra, 2009; 

Desneux et al., 

2011; Proffit et 

al., 2011b) 

Europe Spain, Italy, Malta, 

France, Portugal, 

Bulgaria, UK, 

Serbia Lithuania, 

Greece, and 

Netherlands 

Tomato (S. 

lycopersicum) Potato 

(S. tuberosum). 

(up to 80-100% yield 

losses) 

Problem 

since 2006 

and 

continuing to 

increase 

(Desneux et al., 

2010; Ostrauskas 

and Ivinskis, 

2010; Karadjova 

et al., 2013) 

Asia Turkey, India, 

Iran, Bangladesh, 

Saud Arabia, 

China, and Nepal 

Tomato (S. 

lycopersicum) 

Eggplant (S. 

melongena) 

(50-100% crop 

damage) 

Problem 

increasing 

since 2010 

(Kılıç, 2010; 

Desneux et al., 

2011; Shashank 

et al., 2015; 

Campos et al., 

2017; Rakha et 

al., 2017) 

Africa Algeria, Morocco, 

Libya, Egypt, 

Senegal, Nigeria, 

Ethiopia, Kenya, 

Tunisia, Tanzania, 

and Zambia  

Tomato (S. 

lycopersicum)  

(up to 100% yield 

loss), Potato (S. 

tuberosum) Night 

shade (S. villosum) 

Eggplant (S. 

melongana) Datura 

(D. stramonium). 

Problem 

increasing 

since 2008  

(Chermiti et al., 

2009; Desneux et 

al., 2011; 

Tonnang et al., 

2015; Rakha et 

al., 2017) 

Australia Not reported However, is at risk 

due cross continental 

business  

No problems 

reported 

(Steiner and 

Goodwin, 2015) 
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2.3 Management options for Tuta absoluta 

2.3.1 Synthetic chemical pesticides 

Chemical pesticides such as pyrethroids (Guedes and Picanço, 2012), organophosphates, 

spinosad and emamectin benzoate (Campos et al., 2014), chloride channel activators, 

benzoylureas (Haddi, 2012), diamide (Roditakis et al., 2015), Cartap and Abamectin (Guedes 

and Siqueira, 2013; Campos et al., 2015) have been reported to be widely used to control T. 

absoluta. Application of these chemicals against T. absoluta has been reported with little 

success, mainly because of a complex feeding and life cycle of the insect as previously 

discussed and due to pest resistance (Siqueira et al., 2000; Campos et al., 2015).   As a 

consequence, farmers become stranded and try to increase application rates of chemicals 

without following recommended rates (Consoli1998; Siqueira et al., 2000; Lietti et al., 2005). 

In Spain and Brazil for instance, farmers use about 15 and 30 applications, respectively  to 

control the pest (Silva et al., 2011; Guedes and Picanço, 2012). Studies show that resistance 

of T. absoluta to spinosad chemical reached to 180,000 folds within seven generations in 

Brazil (Campos et al., 2014). In Tunisia, more than 18 chemicals were introduced during 

2009-2011 for the control of T. absoluta but none of them seemed efficient in solving the pest 

problem (Abbes et al., 2012). In Tanzania, chemical pesticides are applied intensively, and 

sometimes farmers duplicate doses of chemical pesticide to control T. absoluta (Zekeya et al., 

2016). This initiative has been reported to not only fail in managing T. absoluta but also to   

insignificant turnover and high cost of tomato production (Materu et al., 2016). Failure of 

these chemicals in controlling T. absoluta has opened a gap for development of other 

methods including botanicals, biological control, pheromone traps, and host resistant varieties 

for managing T. absoluta. 

2.3.2 Botanicals pesticides  

Botanicals have been reported to play a great role in controlling pests including T. absoluta 

(Cork et al., 2009; Sharma and Bhandari, 2014). Africa in particular has been reported to be a 

good source of botanical  plants that possess insecticidal activities against pests (Shiberu and 

Getu, 2017). For instance, extracts from neem plant have been reported to be effective against 

T. absoluta under laboratory condition (Durmusoglu et al., 2011; Yankova et al., 2014).  

Other botanicals promising in controlling  T. absoluta and other insect pests include piper 

(Piper amalago)  (Brito et al., 2015),  toothache plant (Acmella oleracea) (Moreno et al., 

2012) and jojoba seeds  (Abdel-Baky and Al-Soqeer, 2017) but they scarce in local 

environment.  In this study a list of other locally available plants namely Bersama abyssinica, 
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Commiphora africana, Tergetes minuta and Moringa oleifera have been tested for their 

insecticidal activity against the tomato leafminer based on indigenous knowledge and 

preliminary information (Zekeya et al., 2014b) 

2.3.3 Biological control 

a) Application of parasitoids as biocontrol agents against Tuta absoluta. 

Natural enemies play a geat ecological role in controlling pests in natural settings (Ghoneim, 

2014c).  A study showed that the larvae of T. absoluta search for and aquires some biological 

characteristics and thermal requirements from host plants that can attract a parasitoids 

(Megido et al., 2014). Tuta absoluta and host plants have ability to emmit volatile 

compounds that attract either pest predator or parasitoid towards it and this favors the 

parasitoid indirectly (Proffit et al., 2011a). One of suscessiful used parasitoids include 

Trichogramma pretiosum which can parasitise a number of insect species including T. 

absoluta (Zappala, 2012). This natural enemy has been utilized in America and Europe. 

However there are scarce information regarding availability and application in Tanzania.  

More examples of parasitoids include Necremnus near artynes (Walker) 

and Necremnus near tidius (Walker) from  order  Hymenoptera (Ferracini et al., 2012; Balzan 

and Wäckers, 2013),  Trichogrammatidae, Encyrtidae, and Eupelmidae (Ghoneim, 2014b). 

Of the parasitoids, Trichogramma bourarachae has been cited to be very popular in 

biological control due to its  efficacy in controlling pests and ability to be produced quickly 

and affordably relative to other parasitoids (Zouba et al., 2013; Ghoneim, 2014a). 

Trichogramma achaeae Nagaraja and Nagarkatti have been reported as the most important 

and effective parasitoids of T. absoluta. This parasitoid has been reported to have a 

worldwide distribution and  capable of  parasitizing T. absoluta eggs and larvae (Hoffmann 

and Frodsham, 1993; Chailleux et al., 2012). This parasitoid is genetically compatible with 

many pest biocontrols (Michel‐Salzat and Whitfield, 2004). Some studies revealed that use of 

Trichogramma spp.  is gaining popularity as biocontrol of several pest (Luna et al., 2015).  

Other parasitoids reported to have potential for parasitizing T. absoluta include  

Pseudapanteles dignus (Hymenoptera) (Sánchez et al., 2009), Neochrysocharis Formosa, 

Pnigalio (Ratzeburgiola) cristatus (Ratzeburg), Pnigalio sp. soemius complex (Hymenoptera: 

Eulophidae), Diadegma ledicola Horstmann (Hymenoptera: Ichneumonidae) and 

Braconosculator (Ferracini et al., 2012). 



  

 
 

 

10 

Although parasitoids are very promising in the management of pest, limited information is 

available regarding application of parasitoids against T. absoluta on tomato in Tanzania 

b) Application of microbes 

Use of microorganism as biopesticides for management of pests has increasingly gained 

popularity in recent years (Mollá et al., 2011). Bacteria and fungi have been used for a long 

time in management of tomato borer in America and Europe (Van Lenteren and Bueno, 2003; 

Trottin‐Caudal et al., 2012). The microbes  have been reported to attack pests by their 

pathogenic effects (Pires et al., 2009; İnanlı̇ et al., 2012). Currently there are many 

commercially available bacterial and fungal formulations for controlling pests including T. 

absoluta in America and Europe but no information for their use in the African continent  

(Sabbour, 2014). The formulations available are either by foliar spray or by drenching the 

roots (İnanlı̇ et al., 2012). One of the best and successful formulations of microbial 

formulation include that of Metarhizium anisopliae (fungus) and Bacillus subtilis (bacteria) 

which have been reported to reduce the population of T. absoluta on tomato at  all 

developmental stages in America and Europe (İnanlı̇ et al., 2012). Microbial control of pests 

is increasing globally as a sustainable and cost-effective management approach (Urbaneja et 

al., 2012). In Europe and America, application of bacteria such as Bacillus thurigensis for 

pest control has been commercialized and has become an essential component of  

development of biotechnology for pest management (Berg, 2009; Batalla-Carrera et al., 2010; 

González-Cabrera et al., 2011; Sabbour and Nayera, 2014). Efficacy of B. thuringesis on 

insect pests including tomato leafminer has been reported in Egypt (Desneux et al., 2010; 

Sabbour et al. 2014). This biocontrol has a synergic effect when applied with other 

biocontrols that influence activity against pests (Molla et al., 2012). Some bacteria organisms 

such as Rhizobacteria are known to balance and regulate nutrients in agricultural soils (Price, 

2006; Robertson and Vitousek, 2009). 

 

Other microbial formulations effective against T. absoluta  include that of Metarhizium 

anisopliae and Beauveria bassiana (İnanlı̇ et al., 2012).  Most of these reports however have 

been demonstrated on screen house studies (González-Cabrera et al., 2011; Sabbour and 

Nayera, 2014) and only a few have been tested on field conditions and thus they may not be 

readily available for small-holder farmers in Tanzania. Nematodes have been reported as 

biocontrols of T. absoluta in some countries and depicted high insect mortality (Batalla-

Carrera et al., 2010). The nematodes were reported to be effective against  larvae, pupae and 
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adult T. absoluta (Garcia-del-Pino et al., 2013). Unfortunately, none of these strategies have 

been reported in Sub-Saharan Africa including Tanzania.  

 

Entomopathogenic fungi industry has grew up in such a way that it is promoted be an 

alternative to synthetic chemicals in suppressing or eliminating insect pests in more safe way 

(Strasser et al., 2000; Shah and Pell, 2003). They are currently used in other parts of the 

world as foliar or endophytes through drenching in many agricultural fields (Ekesi et al., 

2007) but not reported intensively in Tanzania.  One of good examples of the fungus 

commonly used include Beauveria bassiana (Meyling and Eilenberg, 2007; Akello et al., 

2009) which can be applied for both endophytic and foliar spray applications. 

Entomopathogenic fungi such as Metarhizium anisopliae has been reported to be effective 

against tomato leafminer In Europe, America and Asia but not tested in Tanzania (Biondi et 

al., 2018). Other study by Lakhdari (2016) revealed that  Aspegillus flavus is efficacy on 

larvae, pupae and adult T. absoluta in Algeria. Generally, though entomopathogenic microbes 

have been applied for pest management in developed countries, little has been done on their 

application for managing T. absoluta  in developing countries including Tanzania (Zekeya et 

al., 2017; van Lenteren et al., 2018). As a way forward, there is need to focus on  fungal 

based biocontrols due to existing information and benefits (Guedes and Picanço, 2012; 

Kaoud, 2014).  

Fungi of the genus Aspergillus, have been reported to have great potential for  pest control in 

tropical countries (Zhang et al., 2015; Lakhdari et al., 2016). The genus Aspergillus belongs 

to one of the oldest fungal groups of conidia that freely establishes in many environments 

(Beguin and Nolard, 1994) and comprises high numbers of potentially economically 

important species (Bennett, 2010). The genus comprises more than 250 species (Geiser et al., 

2007), and  is xerophile or halophile. It  is naturally widely distributed in soil, food remains, 

leather, and textile products (Hubka et al., 2013). Aspergillus genus  is characterized by the 

production of lenticular ascospores and uniseriate conidial heads with hyphae in shades of 

green, black, or yellow depending on species color (Hubka et al., 2015). Few members of the 

genus are pathogenic to humans (Aspergillosis) (Karkowska-Kuleta et al., 2009; Brown et 

al., 2012) and their carcinogenic syndrome are indirectly caused by their metabolites 

(Gourama and Bullerman, 1995; Pitt et al., 2000; Bayman et al., 2002). Nevertheless, 

majority of Aspergillus have been reported to be beneficial in agricultural and industrial 

applications (Contesini et al., 2010; Powell et al., 2013). Some are important sources of 
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industrial biodegradable enzymes (de Vries and Visser, 2001). They also have medicinal 

components against infectious diseases (Khan et al., 2010), and are involved in the formation 

and balancing of nutrient composition in soil (Schuster et al., 2002; Verma et al., 2011). 

Industrial effluent in urban and peri–urban environments is the principal source of 

entomopathogenic Aspergillus spp. in agricultural fields, due to its tolerance to heavy metals 

(Iram et al., 2009), and some species that live as endophytes of plants support growth and 

defend against pathogens and insect pests (Khan et al., 2011). The exploration of native 

fungal as biocontrol agents would suppress pest populations and reduce economic losses 

incurred in tomato production in Africa. 

2.3.4 Use of pheromone traps 

Sex pheromone traps have been cited as among environmentally accepted pest monitoring 

and management strategy (Harizanova et al., 2009; Reddy and Guerrero, 2010; van der 

Straten et al., 2011). The traps are used prior to other control strategies so as to determine the 

presence and abundance of insects so as to decide on appropriate control measure to apply 

(Witzgall et al., 2010; Cocco et al., 2013). Although these traps are designed to trap only 

adult male moth, they have been reported to be effective in managing T. absoluta (Vacas et 

al., 2011; Abbes et al., 2014). For effective application in the field, the sex pheromone traps 

are to be properly hanged at right positions depending on the height of tomato varieties and 

wind direction (Soliman et al., 2013). Other factor reported to be important is color of the 

trap which, affect and influence the pest towards it thus enhancing trapping efficiency 

(Megido et al., 2013b; Braham, 2014; Mwangi, 2015). Shining colors especially red has been 

reported to be the most attractive to T. absoluta (Taha et al., 2012). Combination of these 

factors have been reported to improve traps efficiency in the field (Speranza and Sannino, 

2012; Lobos et al., 2013) especially when they are combined with insect killing ingredients. 

Use of killing agent in combination with sex pheromones has been reported to have minor 

effect however when the pheromone traps used are only for disrupting mating system they are 

effective (Gacemi and Guenaoui, 2012; Mafra-Neto et al., 2013). Currently, no study has 

reported the efficacy of pheromone traps when synergized by botanicals in Tanzania. It is 

evident that a pheromone trap bitted with active compound could be effective for monitoring 

and control of T. absoluta in open field, hence botanicals have been evaluated so as to be 

incorporated in IPM with pheromone traps for monitoring and control of T. absoluta in 

Tanzania. 
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2.3.5 Application of host resistance  

Wild tomato varieties including landraces possess important traits compared to improved 

varieties for defense (Terzopoulos et al., 2009). Mechanism of resistance is either by physical 

deterrent to pest or through secondary metabolites such as acyl sugars particularly the 

zingiberene have been reported to kill various life stages of Tuta absoluta (de Azevedo et al., 

2003; Resende et al., 2006; Maluf et al., 2010). The physiology of wild tomato especially 

trichome protect it against invading pest (Simmons and Gurr, 2005). It is also reported that 

the leaf surface of most wild accession affects oviposition and kill eggs or young larvae of T.  

absoluta (Rakha et al., 2017).  This is because they embrace traits responsible for defense 

against sucking pests including aphids (Aphis gossypii) (Digilio et al., 2010; Scintu et al., 

2015). They also resist against several plant pathogens and diseases (Acciarri et al., 2010; 

Salim et al., 2011) including viruses  that are more prominent on tomato and several 

solanaceous crops (García-Martínez et al., 2011, 2012).   Landraces have many advantages 

over improved cultivar as they strive under harsh environmental conditions such as drought, 

high salinity and heavy rains (Taffouo et al., 2010; Moles et al., 2016). They can be grown in 

limited nutrient soil and does not require fertilizer (Oloyede and Adebooye, 2005). Studies 

have revealed that landrace accessions possess  resistant trait against  Tuta absoluta (Pereyra 

and Sánchez, 2006; Oliveira et al., 2009). Mechanism of resistance in tomato landraces has 

been reported to be due to either physical deterrent to pest or through secondary metabolites 

such as acyl sugars particularly the zingiberene, a compound which has been reported to kill 

various life stages of Tuta absoluta (de Azevedo et al., 2003; Resende et al., 2006; Maluf et 

al., 2010). The physiology of tomato landraces especially trichome protect it against invading 

pest (Simmons and Gurr, 2005). It is also reported that the leaf surface of most wild accession 

affect oviposition and kill eggs or young larvae of T. absoluta (Rakha et al., 2017). Despite 

merits of indigenous tomato, they are not accessible by farmers in agro-ecological zones of 

Tanzania due to low priority by farmers and breeders focusing on improved variety that are 

commercially available (Hamisy et al., 2016). Cultivation and promotion of land races can 

save as antagonistic  units of various insect pests challenges (Alba et al., 2009). There is 

limited information on resistant tomato varieties against T. absoluta in Tanzania. However 

there is evidence that, tomato landraces could be source of resistance against pest in Tanzania 

(Hamisy et al., 2016). Therefore, as part of this study, some land races have been screened 

for resistance against T. absoluta in in screen house and in field. 
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CHAPTER THREE 

MATERIALS AND METHODS 

3.1 Location of the study 

 Baseline survey on occurrence, distribution, host range and damage by Tuta absoluta was 

conducted on farmers' fields in thirteen regions namely; Arusha, Iringa, Morogoro, Tanga, 

Kilimanjaro, Manyara, Singida, Dodoma, Zanzibar, Dar es Salaam, Pwani, Mwanza and 

Mbeya from September to December 2016 (Table 3). Result from baseline survey led to 

section of three regions as representative of agro-zones; northern (Arusha), east-central 

(Morogoro) and southern (Iringa) were selected for studies on population dynamics of T. 

absoluta. Choice of these regions were due to occurrence of high incidences of T. absoluta 

recorded during the survey. Laboratory bioassay was done at Nelson Mandela African 

Institution of Science and Technology (NM-AIST) Arusha, Tanzania laboratory at the 

Tengeru, main campus. Screen house studies were conducted World Vegetable Centre, 

Tengeru, Arusha, Tanzania.  

3.2 Tomato genotypes used in this study 

Tomato seeds (variety Tengeru 97) were purchased from KIBO SEED CO.LTD, Arusha and 

landraces accessions (Table 5) seeds were offered by Tropical Pesticides Research Institute 

(TPRI), Arusha Tanzania. All collected seeds were stored at 40C at the NM-AIST laboratory. 

3.3 Pheromone traps used in this study 

Delta traps (Tuta absoluta-Optima, Russell IPM Company, London, UK) containing 

synthetic female T. absoluta sex pheromone, which consists of two components: (3E, 8Z, 

11Z)-3, 8, 11-tetradecatrien-1-yl acetate (TDTA) and (3E, 8Z)-3, 8-tetradecadien-1-yl acetate 

(TDDA) (0.5mg per lure) were purchased from ZAIDI AGRO LTD, Dar es Salaam. 

3.4 Plant extracts used in this study 

Leaves from three plant species namely; Commiphora africana, Moringa oleifera and 

Tergetes minuta were collected from farmer’s fields in Arusha, and barks of Bersama 

abyssinica were obtained from Rungwe District, Mbeya based on indigenous knowledge and 

result from previous study. All collected plant materials were dried under shade and stored at 

room temperature until used. 
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3.5 Tuta absoluta insects used in laboratory and screen-house studies 

Larvae of T. absoluta were collected from infested tomato leaves at Ngarenanyuki-Arusha in 

November 2015. Insects were reared and maintained on a 14 days old tomato plants var. 

Tengeru 97 in the screen house conditions (23 ± 2°C and relative humidity of 80% RH) at the 

WorldVeg laboratory. The plants were in 2L plastic pots with diameter 14 cm and height (20 

cm) containing sterile sand: compost soil (1:3 ratio, respectively) filled to a depth of about 12 

cm.  

During the rearing process, about 10 males and 20 females adult T. absoluta were introduced 

in each potted tomato plant and maintained in Perspex cages covered with fine polyester 

mesh (0.0132 mesh/cm) cages (75×45×35 cm) at 23 ± 2°C and 70% RH. Female were 

monitored for oviposition of eggs and plants were removed from cages after every 24 h for 

larvae to hatch. After 12 ± 3 days, when the majority of the larvae reached the 4th instars, the 

infested materials were collected and reared inside cages until adult emerged. The adults   

were transferred into other cages using a mechanical aspirator measuring (3x40cm) width and 

length respectively at the WorldVeg. To feed the T. absoluta adult, a cotton wool was 

immersed in 10% honey solution and placed on petri dishes (two petri dishes per 20 adult T. 

absoluta) placed under the tomato plants. After every six generation, new larvae were 

collected from field to activate the laboratory colonies. Experimental larvae and adults were 

collected from leaves using painting brush and adults were collected using mechanical 

aspirator respectively. 

3.6 Field surveys  

To assess occurrence and distribution of T. absoluta in Tanzania, thirteen regions (Table 1) 

were surveyed as follows: In each region, one main tomato growing district was purposively 

selected based on information available at the regional agricultural office and in each district 

three villages were randomly selected. To assess occurrence and distribution of T. absoluta, 

in each village, two pheromone traps (Russell IPM, UK) was randomly placed at distance of 

100 m within tomato farm planted with variety Tengeru 97 and the distance between one 

farm and another was at least 1km to avoid movement of T. absoluta across fields. Number of 

T. absoluta caught per trap was recorded after seven days.  

In addition, in each farm, damage levels by T. absoluta on tomato plant were established by 

counting T. absoluta larval mines as described by Kılıç, (2010). The percentage of tomato 
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loss was calculated by this formula: (Total Fruit –Marketable Fruit)/Total number of fruits) x 

100 (Kilic, 2010).  

To assess occurrence of T. absoluta in different host plants, three locations were randomly 

selected per village, and plants known to be hosts of T. absoluta (Megido et al., 2012) were 

critically examined for mines on leaves as signs of infestation by the pest. Estimation of 

damage incidences by T. absoluta was calculated by counting number of plants with mines 

divided by total number of plants of similar species multiplied by 100% in a 5 m x 5 m plot in 

triplicates arranged in a zigzag format within each assessed farm.    To ascertain whether or 

not the leaf mines were due to T. absoluta, set of pheromone trap was placed in the middle of 

the farm (farm size was approximately 0.5 to 1 acres).   

Global Positioning System (GPS) coordinates points for regions covered in the survey were 

recorded using a mobile phone Bizz GPRS function (LBKC_GD0041_Samsung SM-

A8001Z). The map of Tanzania was obtained from google maps 

(https://www.google.com/maps/d/u/0/ed). To indicate locations, GPS coordinates were 

entered and labeled accordingly. 

3.7 Assessing population dynamics of T. absoluta  

Using information collected from the surveyed regions, three regions (with the highest levels 

of T. absoluta record) namely Iringa, Morogoro and Arusha were selected to study the 

population dynamics of the pest.  In each region, three villages per district were selected and 

in each village three farms each with a size of about 0.5 acre planted with tomato variety 

Tengeru 97 were used for the study. In each farm, one pheromone trap was placed at the farm 

terminal as a general rule of using the traps. The trap was monitored on number of catches 

per week for eight weeks. New trap card was replaced weekly on a specific selected time 

frame within each season. In Season I (dry), lure was placed once, and sticky cards were 

replaced weekly from 1st September 2015 to 30th October 2015 and repeated from 1st 

September 2016 to 30 December 2016. Also, in season II (rainy) lure was placed once after 

seven weeks and sticky cards were replaced weekly from 1 January 2016 to 1th March 2016 

and repeated from 1st January 2017 to 1th March 2017. Trapped T. absoluta were preserved in 

alcohol (99%) and samples of the insects were submitted to the National Herbarium of 

Tanzania (NHT), in Arusha, Tanzania.   



  

 
 

 

17 

3.8 Assessing efficacy of botanical against Tuta absoluta 

3.8.1 Preparation and extraction of botanical extracts 

 Aerial plant parts from species namely; Commiphora africana, Moringa oleifera and 

Tergetes minuta were collected from farmers’ fields in Arusha based on indigenous 

knowledge. Each sample was dried under shade, then samples of 100g from each plant was 

macerated using a blander (Ken wood, Japan) to obtain fine particles of about 2 -10 mm. The 

obtained particles were soaked in 1000mL of Petroleum ether (40-60oC, supplied by Carlo 

Erba, Strada-Rivoltana) for 48h. Then, the content was filtered using a filter paper (Whatman 

No1, Camlab UK.). The filtrated was collected on a round bottom flask and pellets were 

further soaked on analytical ethanol (analytical supplied by Scharlab S.L, Spain. Laboratory) 

for 48h. Filtrates from petroleum ether and that from ethanol were separately evaporated in a 

vacuum using a rotary evaporator under low pressure and reduced temperature (<50oC). The 

resulting extracts for each solvent were used separately for bioassays against T. absoluta in 

vitro.  For each extract, 0.1g (10%) was dissolved in 10ml of sterile distilled water containing 

1% dimethyl sulphoxide (DMSO) RFCL, Haryan, India) and served as a stock solution.  

From each stock solutions, three different concentrations; 2%, 5% and 10% were prepared.  

To prepare working solutions for B. abyssinica, 500g of stem bark or leaves granules were 

soaked in 1500ml petroleum ether for 48 h then, the pellets were then soaked on 1000ml 

ethyl acetate (analytical supplied by Scharlab S.L, Spain. Laboratory) for 48h and finally 

after filtering the pellets were also soaked in 1000ml ethanol (analytical supplied by Scharlab 

S.L, Spain. Laboratory) for 48h. The filtrates were separately evaporated in vacuum using a 

rotary evaporator as described previously. Six extracts; three from stem bark and three from 

leaves (SBAP, SBAEA, SBAE and LBAP, LBAEA, LBAE) respectively, were weighed and 

preserved in air tight bottles in a refrigerator at -4° C until used for adult T. absoluta 

bioassays using 4% and 8% concentrations for each and control solutions containing 4% and 

8% of DMSO. 

3.8.2 Testing botanical extracts against Tuta absoluta larvae  

Second instar larval stage was used for larval bioassay using 2% 5% and 10% concentrations 

each from C. africana, M. oleifera and T. minuta and 4% and 8% concentrations from B. 

abyssinica bark or leaf and respective controls as previously described were sprayed on five 

weeks old tomato plant and left to air dry for 1 h, thereafter three fresh tomato leaflets were 

picked and placed into dry petri dish before inoculation of larva. Then 10 T. absoluta larvae 



  

 
 

 

18 

were randomly selected and inoculated into treated tomato leaflets on one-layer filter paper in 

a petri-dish (16cm diameter, 3cm height) in triplicates. Number of live and dead larvae in 

both treated and control units was recorded at interval of 48h. Fresh untreated tomato leaflets 

were placed regularly if the leaf has been consumed by T. absoluta or overstayed beyond 

48h. Monitoring was extended for live larvae until pupation and or adult emergence.  Percent 

of larvae morality, pupation and adult emergence was recorded.  

 

3.8.3 Testing botanical extracts against Tuta absoluta adult  

Newly emerged adults (1 day old) were collected using a mechanical aspirator and inoculated 

in the rearing cages before bioassay. Then plastic vials (4.5cm width and 15cm height) were 

separately preloaded by 2%, 5% and 10 % of C. africana, T. minuta and M. oleifera extracts 

whereas 4 and 8% of B. abyssinica extracts were used for this bioassay and control 

containing 4% and % of DMSO. Excess water was removed from the vials followed by 

inoculation of 10 adult T. absoluta in each treated vial which was then covered by mesh net 

on top to protect insect from escaping. Treated and control adult T. absoluta were fed on 

honey solution by placing on top of vial to keep them active.  Number of dead insects was 

recorded after every 24 h and treatments were replicated thrice. 

3.9 Testing resistance of tomato genotypes against Tuta absoluta 

3.9.1 Screening for resistant accessions against T. absoluta in screen house 

Twenty-one tomato landrace (Table 5) and Tengeru 97 (check) were sown separately in 66 

well trays (two seeds were sown per hole) in sterile soil in which each tray contained a total 

of 132 seeds. Seedlings were raised in screen house (28.4± 2.1oC and 70%RH) and were 

watered once a day. In each accession, number of seedlings emerged was recorded and 

expressed as percentage of germination and emergence duration was recorded as well. 

Seedlings were then thinned to one seedling two weeks after planting.  Three weeks after 

transplanting, trays with all tomato accessions were transferred in closed transparent cages of 

about 6x4x3.5 cm length, width and height respectively. Then, 46 newly (2 days) emerged 

adults female T. absoluta were introduced and symptoms of infestation (mines/accession) 

were recorded for 7 days after inoculation of insect. 

3.9.2 Evaluation of resistant accessions in field 

Only accessions that lower number of mines (<2.0) per plant were selected for further 

screening for resistance in field. Thus, accessions; BKM-22, KGM-5, HSK-43, HSK 38 and 
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improved variety (Tengeru 97) as check/control were used for this study. All seeds were 

sown in 72-pit (4 cm diameter) trays each filled with heat sterilized forest soil. Trays with 

seeds were sprinkled with water until wet and covered by white Agro net (0.4m hole) ( A to Z 

Company Ltd) maintained at the temperature of about 23.7 ± 2.4°C, 27.2 ± 1.3°C and 21.1± 

2.2°C, in northern, east-central and southern zone of Tanzania, respectively (Shenge et al., 

2010). Each tray was watered once a day during the evening for 21 days, then seedlings were 

transferred to the field for transplanting and grown with no any synthetic input such as 

fertilizers or pesticides as described in literature (Hamisy et al., 2016). Experimental plots 

were 20 m x 20 m each and seedlings were sown at the spacing of 60 cm and 40 cm between 

ridges and between plants, respectively. One day prior to transplanting, pits were prepared 

and watered using furrow irrigation scheme. One seedling was planted per hole of about 15 

cm deep. Plots were weeded and pruned biweekly. All plots were watered after every three 

days by furrow irrigation until all plants were moist enough. Insect pests other than T. 

absoluta such as aphids (Aphis gossypii), mites (Aculops lycopersici), leaf miner (Lyriomyza 

sativae) and whitefly (Bemisia tabaci) were left uncontrolled in all plot to avoid interference 

with host plants.  

3.9.3 Identification of morphological traits for Tuta absoluta resistance 

Three weeks after transplanting in fields, number of leaves per plant was counted from fully 

expanded plant. Number of mines by T. absoluta larvae per plant in each tomato variety was 

recorded once per week for six weeks consecutively. Number and percentage of fruit damage 

per plant was calculated by subtracting marketable fruit from total yield per each accession in 

each location. In additional, harvest frequency per genotype was recorded to evaluate the 

accession with the shortest maturity rate.  

3.9.4 Assessment for post-harvest longevity and resilience  

After harvest, 100 mature and firm fruits per genotype were exposed at room temperature 

(200C and 75% RH) on benches to evaluate stability. Changes in shape, color and spoilage 

and microbial contamination was observed and recorded daily until all fruits degraded in 

containers. 
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3.10 Assessing efficacy of fungal based biopesticides  
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3.11 Data analysis 

All data were subjected to analysis of variance (ANOVA) with the Proc GLM procedure of 

SAS, version 9.1 (SAS Institute, Cary, NC, USA). All data were checked for normality, for 

those that were not equally distributed were log| transformed to obtain normally distributed 

data set. Tukey’s Honest Significant Difference (HSD) was used to separate mean difference 

between treatments in normal data set while Bonferroni was used to separate mean in non-

parametric data at 5% significance level of probability. 

 Pairwise differences were evaluated with Tukey’s HSD at p<5%. For the distribution survey, 

the variables in the trap catch ANOVA were number of adult T. absoluta trapped/trap/week. 

For the population dynamics study, the variables were number of T. absoluta /trap/ per; zone, 

weather, lure duration (week/month) and season. To evaluate level of damage by T. absoluta 

larvae, number and percentage of fruit damage was the variable whereas for host range data 

number of damaged. 

For botanical bioassay, larval survival duration, adult survival duration, percentage larval 

mortality, pupation and adult emergence were the variable for ANOVA analysis. However, 

number of fruits, weight of fruits, percentage of damaged fruits and fruit resilience were the 

variables for ANOVA in a host resistance of tomato landraces trial. 
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CHAPTER FOUR 

RESULTS AND DISCUSION 

4.1 Results 

4.1.1 Occurrence and damage levels by Tuta absoluta on tomato in different regions of 

Tanzania covered during this study. 

Survey results showed that T. absoluta exist in all 13 surveyed regions of Tanzania with 

varying densities (Illustration 1) and the number of adult T. absoluta trapped differed 

significantly (p p<.0001) between regions (Table 2).  Of the surveyed regions Iringa 

appeared to have the highest density 299.3 ± 22.7 moths per trap, whereas the lowest density 

of T. absoluta averaging 13.3 ± 1.0 moths per trap was recorded in Mwanza (Table 2). The 

damage by T. absoluta was observed in premature green to full ripen tomato fruits (plate 1)  

By levels, the current study found that the incidence of T. absoluta damage was significantly 

(p p<.0001) different between regions (Table 2). The highest damage averaged 90 ± 0%, 86.6 

± 3.3%, 83.3 ± 5.7% and 80 ±0 in Iringa, Morogoro Arusha, Dar es salaam and Tanga 

respectively. The lowest damage by T. absoluta averaging 30 ± 5.7% was recorded in 

Mwanza (Table 3). 

 

Illustration 1: Map of survey sites for the study of T. absoluta occurrence and distribution  
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Table 2: Occurrence, density and damage level by T. absoluta on tomato in the surveyed 

regions 

Region Number of adult Tuta absoluta/ 

trap 

Level of damage by T. absoluta 

larvae 

Arusha 192.1 ± 12.1b 83.3 ± 6.6a 

Dar es 

salaam 

135.7 ± 11.1b 80 .0 ± 0.0a 

Dodoma 16.2 ±1.2c 43.3 ± 3.3de 

Iringa 299.3 ± 22.7a 90 .0 ± 0.0a 

Kilimanjaro 27.1 ± 2.2c 53.3 ± 3.7 cd 

Mbeya 22.0 ± 1.2c 46.6 ± 6.6 de 

Manyara 137.8 ± 11.3b 70 ± 5.7bc 

Morogoro 173.1 ± 10. 1b 86.7 ± 3. 3a 

Mwanza 13.3 ± 1.0c 30 ± 5.7e 

Pwani 20.8 ± 1.6c 43.3 ± 3.3de 

Singida 32.1 ± 3.6c 43.3 ± 12.0de 

Tanga  169.7 ± 14.9b 80 .0 ± 5.70a 

Zanzibar 121.9 ± 11.9b 76.6± 3.3ab 

P value <.0001 <.0001 
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(b)

(a)

 

Plate 1: T.absoluta larvae damage on prevarvest green (a) and mature harvest red (b) tomato 

fruits in Ilula, Iringa region during the 2016 tomato growing season 

 

4.1.2 Host range and incidence of damage by T. absoluta larvae 

Results showed that T. absoluta larvae were associated with ten (10) hosts out of 11 plants 

evaluated during the survey (Table 3). The highest rate of infestation by T. absoluta on these 

hosts was on tomato, potato, night shade, African eggplant, eggplant and weed species 

identified as Solanum dubium. Of all these plants, tomato was found to be the most preferred 

host as it also appeared to have the highest number of mines by T. absoluta compared to other 

hosts in all surveyed regions (Table. 3 and Table 4). In all locations covered in the current 

study, the T. absoluta larvae were found associated with the different host plants damaging 

leaves, shoots, fruits and whole plant (e.g. tomato, plate 2). More results summary of 

infestation at each village in region and host evaluated in this study (Table 3). 

The results also showed that, potato was the second most preferred host in all surveyed 

regions. The highest damage rate reached 60 ± 0% in Arusha and the lowest incidence was 

0.0 ± 0.0 % in Morogoro, Tanga, Dodoma, Pwani and Mwanza (Table 4).  

The results also showed that the damage by T. absoluta larvae on night shade plant varied 

significantly (p<.0001) between regions in which Arusha exhibited the highest score 

averaging 33.3 ± 3.3 compared to other regions (Table 4). It was only in Zanzibar where 

night shade seemed not to be infested by T. absoluta (Table 4). The damage by Tuta absoluta 
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larvae on weed plant identified as S. incanum differed significantly (p<.0001) between 

surveyed regions with Arusha, Iringa Manyara and Kilimanjaro exhibiting the highest 

damage level compared to other regions (Table 4). The levels of damage by T. absoluta on 

other host plants in each region are as shown in Table 4. 
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Table 3: Occurrence and number of Tuta absoluta mines in different host in surveyed villages  

Region 

 

Ward/Villages  Host and number of T. absoluta mines   

Lat (S°), Long(E°) SL ST SN SA SI DS CP CA SL SD CA 

Arusha Ngarenanyuki -1 03.2136, 36.8613 +++ ++ + + ++ + + + + + - 

 Ngarenanyuki -2 03.1896, 36.9042 ++ + + + ++ + + + + + - 

 Ngarenanyuki -3 03.2130, 36.9003 +++ ++ + + + + + + + + - 

Morogoro Dumila-1 06.4225, 37.3583 +++ + + + + + + + + + - 

 Dumila-2 06.4104, 37.3431 ++ + + + + + + + + + - 

 Magole 06.3749, 37.3724 +++ + + + + + + + + + - 

Iringa Ilula-1 07.6957, 36.0234 ++ + + + + + + + + + - 

 Ilula-2 07.6709,36.0308 +++ + + + ++ + + + + + - 

 Ilula-3 07.6995, 37.3593 ++ + + + + + + + + + - 

Tanga Magamba 04.4427, 38.1753 +++ + + + ++ + + + + + - 

 Shume 04.3958, 38.1455 ++ + + + + + + + + + - 

 Soni 04.5030, 38.2229 ++ + + + + + + + + + - 

Zanzibar Bambi 06.0831, 39.3501 + - - - - + + - - + - 

 Mzuri 06.1697, 391997 + - - - - + + - - - - 

 Fuoni 06.1898, 39.2458 + - - - - + + - - + - 

Dar es salaam Kibamba 06.8066, 39.0618 + - + + + + + - - - - 

 Kariakoo 06.8199, 39.2751 +++ - + + + + + + + + - 

 Jangwani 06.8128, 39.2913 ++ - + + + + + + + + - 

Manyara Gallapo 04.2552, 35.8508 + + + + + + + + + + - 

 Magugu 03.9949, 35.7684 ++ + + + + + + + + + - 
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 Dareda 04.2419,35.4979 ++ + + + + + + + + + - 

Kilimanjaro Weruweru 03.3278, 37.2575 ++ + + + + + + + + + - 

 Mabogini 03.4188, 37.3663 ++ + + + + + + + + + - 

 Njiapanda 03.4099,37.5283 ++ + + + + + + + + + - 

Singida Itigi-1 05.7325, 34.5123 + - + + + + + + + + - 

 Itigi-2 05.7476, 34.8513 ++ - + + + + + + + + - 

 Itigi-3 05.7639, 34.8497 + - + + + + + + + +  

Pwani Msoga 06.5713, 38.3065 ++ - + + + + + + + +  

 Lugoba 06.4683, 38.3265 ++ - + + + + + - - -  

 Msata 06.3518, 38.3786 + - + + + + + - - -  

Mbeya Mbalizi 08.9407, 33.3416 ++ + + + + + + - - -  

 Igawilo 08.9007, 33.5527 + + + + + + + - - +  

 Inyala 08.8643, 33.6310 ++ + + + + + + - - +  

Dodoma Mlali 06.1402, 36.8645 ++ - + + + + + - - -  

 Iduo 06.2815, 36.6477 ++ - + + + + + - - +  

 Sagara 06.2511, 36.6477 + - + + + + + - - +  

Mwanza Nyegezi 02.5938, 32.9044 ++ - + + + + + - - +  

 Nsumba 02.6021, 32.8995 + - + + + + + - - -  

 Feta 02.5850, 32.8982 + - + + + + + - - -  

Legend: - = adult T. absoluta not present; += 1 to 9 adult T. absoluta present; ++= 10 to 20 adult T. absoluta present; +++= more than 20 adult 

T. absoluta 
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Table 4: Percentage of T. absoluta larvae damage on different host plants  

Region SL ST SN SI SA SM CP CL DS SD CA 

Iringa 90.0 ± 0.0 a 36.6 ± 3.3b 26.6 ± 3.7ab 30.0 ± 0.0a 23.3± 3.7a 10.0 ±0.0bc 3.3 ± 3.3a 6.6 ±3.3a 3.3 ± 3.3a 3.3 ± 3.3a 0.0 ± 0.0a 

Morogoro 86.6 ± 5.7a 0.0 ± 0 .0c 20.0 ±0.0ab 23.3± 5.7ab 16.6 ±3.3a 16.6 ±3.3ab 10.0 ±0.0a 3.3 ± 3.3a 3.3±3.3a 3.3 ±3.3a 0.0 ± 0.0a 

Arusha 83.3 ± 5.7a 60.0 ±0.0a 33.3 ± 3.3a 30.0 ±0.0a 23.3±3.3ab 16.6 ± 3.7ab 13.3 ± 3.3a 10.0 ±0.0a 3.3 ±3.3a 3.3±3.3a 0.0 ± 0.0a 

Dar es salaam 80.0±0.0a 23.3±3.3b 26.6± 3.3 ab 23.3 ± 3.3ab 20.0±0.0abc 13.3 ±3.3bc 6.6 ± 3.3a 10.0±0.0a 6.6 ± 3.3a 6.6 ±3.7a 0.0 ± 0.0a 

Tanga 80.0±0.0a 0.0 ±0.0c 23.3 ± 3.3 ab 20.0 ±0.0abc 20.0±0.0abc 20.0 ±0.0a 6.6 ± 3.3a 10.0±0.0a 6.6 ± 3.3a 3.3 ±3.3a 0.0 ± 0.0a 

Zanzibar 76.6 ± 2.7ab 0.0 ± 0.0c 0.0 ± 0.0 d 16.6 ± 3.3abc 6.6 ± 0.3bc 0.0 ± 0.0d 0.0±0.0a 0.0 ± 0.0 a 0 .0±0.0a 0.0±0.0a 0.0 ± 0.0a 

Manyara 70.0 ±0.0ab 26.6 ±3.3b 26.6 ± 3.3 ab 30.0 ± 0.0a 20.0 ±0.0ab 6.6 ± 3.3cd 10.0±0.0a 6.6 ± 3.3a 6.6 ± 3.3 a 3.3 ± 3.3a 0.0 ± 0±.0a 

Kilimanjaro 53.3 ± 3.3ab 36.6 ± 3.3b 30.0 ± 0.0ab 30.0 ±0.0a 23.3 ±3.3 ab 13.3 ±0.3bc 10.0 ± 0.0a 10.0 ± 0.0a 6.6 ± 3.7a 3.3 ±3.3a 0.0 ± 0.0a 

Mbeya 46.6±2.7bc 33.3 ±3.3b 23.3 ± 3.3bc 13.3 ± 3.3bc 20.0 ± 0.0 ab 6.6±3.3cd 10.0±0.0a 3.3 ±3.3a 0.0 ± 0.0a 0.0 ± 0.0a 0.0 ± 0.0a 

Dodoma 43.3 ± 3.3bc 0.0 ± 0.0c 10.0 ±0.0d 6.6 ± 3.3c 10.0 ± 0.0bc 3.3 ±3.3cd 0.0± 0.0ab 3.3 ± 3.3a 0.0 ± 0.0a 0.0 ± 0.0a 0.0±0.0a 

Pwani 43.3± 3.7bc 0.0 ± 0.0c 16.6 ± 3.3 cd 10.0 ± 0.0bc 10.0 ± 0.0bc 13.3 ± 3.3bc 0.0± 0.0ab 3.3 ± 3.3a 3.3 ± 3.3a 0.0 ± 0.0a 0.0±0.0a 

Singida 43.3 ± 3.3bc 0.0 ± 0.0c 16.6 ± 3.3 cd 13.3 ± 3.3bc 13.3±3.3bc 10.0±0.0bc 3.3 ± 3.3a 3.3 ± 3.3a 0.0 ± 0.0a 0.0 ± 0.0a 0.0± 0.0a 

Mwanza 30.0 ± 0.0 c 0.0 ± 0.0c 16.6 ± 3.3 cd 10.0± 0.0bc 16.6 ±3.3bc 6.6 ± 0.3cd 6.6 ± 3.3a 3.3 ± 3.3a 0.0 ± 0.0a 0.0 ± 0.0a 0.0 ± 0.0a 

P value <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 0.03 0.10 0.08 0.32 - 

 

Legend: SL-Solanum lycoperscum, ST-potato (Solanum tuberosum), SN- nightshade (Solanum nigrum), SM-eggplant (Solanum melongena), 

SA-African eggplant (solanum aethiopicum), CP-Chill pepper (Capsicum), SD-weed (Solanum dubium), SL-watermelon (Citrullus lanatus), 

DS- jimson weed (Datura stramonium), SI- weed (Solanum incanum) and CA- sweet pepper (Capsicum annuum). 
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(a)

(d)(c)

(b)

 

Plate 2: Damage by T. asoluta larvae infesting tomato in all aerial parts including leaves (a), 

shoot (b), fruits (c)  stem and whole plant (d). 

 

4.1.3 Population dynamics of Tuta absoluta  

The population of T. absoluta varied significantly (p<.0001) between seasons and between 

the regions of Iringa, Arusha and Morogoro (Table. 5). The highest (250.25±21.30 moth/trap) 

number of adult T. absoluta trapped was recorded in Iringa during the September-December 

2015 dry season and the lowest (120.93±10.32 moth/trap) was recorded in Morogoro during 

the January –April 2016 rain season (Table 5). The results trend shows that in seasons with 

low rains record, higher number of adult T. absoluta was trapped.  For instance, this highest 

count of adult T. absoluta (250.25 ± 21.30) was recorded at 0.00mm rain and at a temperature 

of while the average 20oC and the described lowest count (120.93 ± 10.32) was recorded at 

180.9 mm rain and 27oC temperature. Despite the seasons, Iringa exhibited the highest moth 

density in both dry and wet season across three years of field study (Table 5). The results also 

showed that the duration of the lure (Plate 3) significantly (p<.0001) affected catches of T. 

absoluta. Iringa region exhibited the highest count of adult T. absoluta in week 1 (493.50 ± 

27.54 moth/trap) compared with other regions. The last three weeks; 14, 15, 16 exhibited the 

lowest moth count in all three regions, however the lowest moth count/trap (51.4 ± 8.1) was 

trapped in Morogoro (Fig. 1). 

 



 
 

 
 

30 

(b)

(a)

(c)
 

Plate 3: Delta trap with pheromone rule (a) for attraction of adult T. absoluta, a dense card 

with moth in dry season, November 2016 (b) and less dense cards in rainy season, 

April 2016 (c). 
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Figure 1: Population of T. absoluta in 16 different weeks in Iringa, Morogoro and Arusha 

regions recorded during this study 

 

Table 5: Number of T. absoluta/trap under different conditions in Arusha, Morogoro and 

Iringa  

Season of year Region Temperature (°C) Rainfall (mm) T. absoluta density 

Sept-Dec2015 

Arusha 20.35 0.875 198.39 ±15.09abc 

Iringa 20.23 0 250.25±21.30a 

Morogoro 24.12 8.67 180.70±19.59bcd 

Sept-Dec 2016 

Arusha 22.11 89.67 136.72±11.18abc 

Iringa 23.7 67.72 230.81±23.39b 

Morogoro 27.93 113.22 151.5±19.02de 

Jan-Apr2016 

Arusha 19.57 9.32 183.3±13.62cde 

Iringa 20.63 0.15 244.27±20.77ab 

Morogoro 23.86 48.2 143.81±11.48de 

Jan-Apr2017 

Arusha 22.56 157.92 139.79±10.73de 

Iringa 22.47 169.07 217.31±22.98ab 

Morogoro 27.13 180.9 120.93±10.32e 

 

P value 

  

<.0001 

 

4.1.4 Effect of plant extracts on Tuta absoluta 

Using five weeks old potted tomato plants (plate 4) for T. absoluta rearing (Plate 5) and 

studying the effects different plant extracts under invitro experiments (Illustration 2), the 

results showed that B. abyssinica leaves were effective against larvae of T. absoluta by 
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exhibiting 86.6±3.8% mortality compared to ethyl acetate and ethanolic extracts and water 

control (Fig 2). The petroleum ether extract from B. abyssinica stem back extract also exerted 

high activity on larvae by causing up to 83.3 ± 4.8% than control that exhibited only 

6.6±0.9% larvae mortality (Fig. 2). The ethanolic extract of B. abyssinica stem bark and 

leaves extracts were significantly (p<.0001) effective, affecting survival duration of adult T. 

absoluta compared to control. The B. abyssinica ethanolic extracts of stem barks were more 

active than ethyl acetate and petroleum ether extract (Fig. 3). The petroleum ether and ethanol 

extracts from C. africana, T. minuta and M. oleifera were significantly (p= .0033) effective 

against T. absoluta by causing high mortality on larvae that reached 80.00 ± 5.77% mortality 

in 10% C. africana leaf petroleum ether extract (CLP), M. oleifera ethanolic extract (MOE)  

C. africana ethanolic extract (CLE) and T. minuta ethanolic extract (TME) treated larvae 

compared to control that caused only 23.33 ± 0.33% mortality after 9 days of exposure (Fig. 

4). Botanical extracts from C. africana, T. minuta and M. oleifera significantly (p= .0033) 

inhibited pupation compared to control that had higher pupation rate averaging 

76.66± 3.33%. The pupation rate in 10% CLP, MOE, CLE and TME treated larvae was low 

amounting 20.00 ±5.77% only (Fig. 5). For the successful pupae placed in cages (plate 6) for 

emergence of adult, result showed that extracts from C. africana, T. minuta and M. oleifera 

significantly (p= .0033) inhibited adult development from treated pupae compared to control 

that had high rate of adult emergence averaging 70.00 ±5.77%.  Treating larvae with CLE 

and MOE resulted in low number (16.66 ± 6.66%) of adults emerged (Fig. 6). The effect of 

plant extracts was significant (p<.0001) in reducing survival duration of adult T. absoluta 

especially in 10% extracts treatments where survival duration was 9.00 ± 0.42 day shorter 

than in 5%, 2% extracts and control, where in the later adult survived for 17.00 ± 0.78 days 

(Fig. 7).  The effect of treatment was significant (p<.0001) on survival duration of adults T. 

absoluta. In the CLP treated insect, survival duration reached 10.9 days compared to control 

that survived longer up to 27.5 days (Fig. 8). Of all extracts, the ethanolic extracts of C. 

africana leaves and M. oleifera seeds at 10% concentrations had higher activity against larvae 

compared to T. minuta leaves, petroleum of all extracts and control. However, petroleum 

ether extracts of C. africana and T. minuta depicted the highest mortality rate against adult T. 

absoluta compared to ethanol and control (Fig. 7). All extracts were effective in controlling 

different stages of T. absoluta under laboratory conditions (Illustration 2). 
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Plate 4: Young (5 weeks old) potted tomato plant with three fully expanded leaves used for 

T. absoluta inoculation and botanical bioassay against T. absoluta larvae 
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Plate 5: Colony of T. absoluta reared in meshed Perspex cages at 20-280C and 70-80%RH 

for collection of moths for botanical bioassays. 

 

(a) (c)

(d)
(b)

After 24 h

After 24 h

 

Illustration 2: Effect of botanical extracts on T. absoluta larvae in petri dishes (a) and adults 

into plastic vials (b) mortality on larvae after 24 h (c) mortality on adults after 

24 h (d) 
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Figure 2: Effect of B. abyssinica extract on T. absoluta larvae  

Legend: BAE-Bersama abyssinica ethanolic extract of leaves, LBAEA- Bersama abyssinica 

ethyl acetate extract of leaves, LBAP- Bersama abyssinica petroleum ether extract of leaves, 

SBAE-Bersama abyssinica ethanol extract of stem bark, SBAEA- Bersama abyssinica ethyl 

acetate extract of stem bark and SBAP- Bersama abyssinica petroleum ether extract of stem 

bark.  

 

 

Figure 3: Effect of B. abyssinica extract on survival duration of adult T. absoluta 
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Figure 4: Effect of botanical extracts on larvae of T. absoluta 

Legend: TME- Tergetes minuta ethanol extract, TMP- Tergetes minuta petroleum ether 

extract, CLE-Commiphora africana ethanol extract, CLP-Commiphora africana petroleum 

ether extract, MOE-Moringa oleifera ethanol extract and MOP- Moringa oleifera ethanol 

extract. 
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Figure 5: Effect of botanical extracts on pupation of T. absoluta. Turkey’s HSD was used to 

separate means at 5% probability level of significance. Error bars indicates 

standard error and different letters mean statistically different between treatments. 
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Figure 6:  Effect of botanical extracts on emergence of adult T. absoluta. Turkey’s HSD was 

used to separate means at 5% probability level of significance. Error bars indicates 

standard error and different letters mean statistically different between treatments. 
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Figure 7: Effect of Botanical extract on survival of adult T.absoluta. Turkey’s HSD was used 

to separate means at 5% probability level of significance. Error bars indicates 

standard error and different letters mean statistically different between treatments. 
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4.1.5 Seedlings emergence rate and susceptibility to Tuta absoluta in screenhouse 

conditions  

Result showed that landrace accession had rate of seedlings emergence compared to check.  

In accession BKB-22 the seedlings emerged reached 93.93% within 5.42±0.71 days whereas 

Tengeru 97 emergence rate reached 86.36% after 8.19±0.22 days (Table 5). Landrace 

accessions exhibited significant (p<.0001) resistance against T. absoluta larvae damage in 

averaging 5.38±0.85 mines/accession compared with the control Tengeru 97 exhibited 

6.84±0.03 mines/plant (Table 5).  

For field trial, number of leaves/plant and height from seedling stage was a determinant 

factor for growth and vigor (plate 7). There was significant (p <.0001) variation in number of 

leaves/plants between tomato genotypes in which most land races exhibited higher number of 

leaves/plants compared with the control cultivar (Table 5).  Accession HSK-38 possessed 

significantly the highest number of leaves that averaged 29.04 ± 1.12 leaves/plant than 

accession KGM-5 and control where the later possessed few leaves averaging 18.75 ± 0.62 

leaves/plant (Fig. 8). 

The number of T. absoluta mines varied significantly (p<.0001) between tomato genotypes 

and most landraces exhibited few mines compared to the control that was more susceptive to 

larvae damage. Accession BKB-22 exhibited a significant low number of mines averaging 

7.94±0.74 per plant compared to the control that possessed higher number of mines averaging 

12.98 ± 0.98 mines/plant (Fig. 9). 

The harvest frequency varied significantly (p<.0001) between tomato accessions and 

growing zones. Landrace accessions exhibited several harvest frequencies with short harvest 

intervals in which the east-central zone had more harvest frequency/week than southern and 

northern zone. In central zone accession KGM-5 had high harvest frequencies that reached 

3.61± 0.32/week compared to accession BKB-22, HSK-43, HSK-38 and the control, where 

the later had only 0.5 ± 0.09 harvest/week. In northern zone accession 3 had more harvest 

frequency which averaged 3.12 ± 0.35 than accession KGM-5, HSK-43, HSK-38 and control 

that had only 0.48 ± 0.08 frequency/week (Fig. 10).  The southern zone exhibited the lowest 

fruit harvest frequency in which accession 2 had more harvest rate averaging 2.90 ± 0.21 in 

contrast to check which only 0.71 ± 0.10 harvest/week was achieved (Fig. 10). 
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Fruit damage by T. absoluta larvae is indicated by presence mines or pin holes on fruits 

(Kilic, 2010). Variation of fruit damage/plant was significant (p<.0001) different between 

tomato varieties and zone where up to 118. 66 ± 21.18 g/plant was damaged due to T. 

absoluta larvae in check plants than in landrace accession KGM-5, HSK-43, HSK-38, BKB-

22 the later exhibiting only 22.69 ± 3.23 g/plant of damaged fruits in northern zone, followed 

by northern zone that averaged 66.44 ± 11.54 g/plant in check compared to accession 4 which 

was damaged by 29.85 ± 4.01 g/plant. The east-central zone exhibited the lowest damage 

with the check being most damaged with an average damage of 51.81 ± 5.00 g/plant 

compared to accession KGM-5, HSK-43, BKB-22 and HSK-38, where the later exhibited the 

lowest damage that averaged 34.62 ± 4.44 g/plant (Fig. 11). 

Tomato yield varied significantly (p<.0001) between tomato accessions and zones in which 

landrace accessions yielded more fruits (t/ha) than control in all zones.  The east-central zone 

yielded highest fruits than southern and northern where accession HSK-43 yielded the highest 

fruits that averaged 18.82 ± 2.67t/ha compared to check that yielded 1.96 ±1.08 t/ha. In the 

southern zone, the highest yield was achieved by accession BKB-22 that averaged 18.82 ± 

1.93 t/ha in contrast to control that yielded the lowest fruits averaging 8.60 ±3.50 t/ha. On 

other hand in the northern zone accession 3 yielded the highest weight that averaged 17.15 

±3.45 t/ha than accession KGM-5, HSK-43, HSK-38 and the control that yielded the lowest 

fruits averaging 0.51 ± 0.08 t/ha (Fig. 12). 

Percentage of tomato fruits damaged by T. absoluta larvae differed significantly (p<.0001) 

between accessions and growing zone.  The control tomato plants in the southern zone 

exhibited the highest percentage of damage compared to landraces accession in the northern 

and east-central zone. The southern zone exhibited the lowest fruit damage where only 8.34 ± 

1.35 % damage incidences was recorded in accession 1 compared to the control which had 

the highest damage incidence that averaged 80.27 ± 12.14%. High yield loss due to T. 

absoluta damage reached 65.07 ±11.46% and 65.07 ±11.46% damage in the control 

compared to accession HSK-38 that averaged 9.54 ±1.2% and 11.39 ± 1.24 % in tomato 

damage in the southern zone and east-central zone respectively (Fig. 13). 

The results also showed that four landraces accessions persisted longer for more than 

35.53±1.81 days before deterioration than check that lasted for shorter 16.65 ± 0.36 days 

(Fig. 14). The landraces showed physiological, agronomic and nutritional attributes that 
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superseded improved tomato cultivar Tengeru 97 that was used as control in this experiment. 

All the four landrace accessions lasted longer in 200 C and below and remained firm (Plate 7).  

 

Table 6: Seedlings emergence rate and susceptibility of tomato accessions to T. absoluta 

damage 

Source Genotype      

Seedlings 

emerged 

        

  % Seedlings 

emerged 

  Emergence time 

(days) 

No. of mines/ 

plants 

Bukoba BKB-22 124 93.939 5.42±0.71 0.14±0.01a 

Kigoma KGM-5 118 89.39 5.85±0.33 0.5±0.05a 

Mbeya HSK-43 124 93.939 6.11±0.18 0.66±0.10a 

Ruvuma HSK-38 122 92.42 7.14±0.67 0.66±0.12a 

Control Tengeru 97 114 86.36 8.19±0.22 6.84±0.03b 

Singida SGD-1 122 92.42 6.19±0.30 4.28±0.84b 

Ruvuma HSK-29 114 86.363 6.22 ±0.28 4.33±0.54b 

Singida SGD-7 112 84.84 6.28±0.26 4.57±0.21b 

Mbeya HSK-39 124 93.93 6.33±0.32 4.66±0.18b 

Kigoma KGM-9 122 92.42 6.52±0.22 4.71±0.25b 

Bukoba BKB-1 118 89.39 6.52±0.04 4.80±0.58b 

Njombe HSK-17 116 87.87 6.57±0.24 4.85±0.88b 

Njombe HSK-18 114 86.36 6.70±0.28 4.90±0.29b 

Njombe HSK-19 112 84.84 7.10±0.03 4.95±0.19b 

Singida SGD-2 120 90.90 7.04±0.07 5.04±0.75b 

Kigoma KGM-8 118 89.3 7.14±0.35 5.09±0.21b 

Ruvuma HSK-31 114 86.36 7.23±0.44 5.12±0.22b 

Mbeya HSK-41 120 90.90 8.129±0.46 5.07±0.65b 

Iringa HSK-1 122 92.42 8.14±0.29 5.14±0.91b 

Iringa HSK-7 118 89.39 8.12±0.74 5.14±0.62b 

Iringa HSK-09 116 87.87 8.22±0.87 5.38±0.85b 

Bukoba BKB-25 118 89.39 8.80±0.32 5.31±0.65b 

 Total seeds 132    

P value     <.0001 
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(a)
(b)

 

(b)

(a)

 

Plate 6: Tomato seedlings (3 weeks old) raised in plastic trays (66 holes) in screen house 

condition (a) increased in length and vigour 3 weeks after transplanting in the 

field in Arusha (b). 
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Figure 8: Number of tomato leaves/ selected tomato genotypes plant. Turkey’s HSD was 

used to separate means at 5% probability level of significance. Error bars indicates 

standard error and different letters mean statistically different between treatments. 

 

 

 

 

Figure 9: Weekly tomato harvest on selected tomato genotypes in different zones. Turkey’s 

HSD was used to separate means at 5% probability level of significance. Error 

bars indicates standard error and different letters mean statistically different 

between treatments. 
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Figure 10: Level of fruits damaged by T. absoluta larvae on selected tomato genotypes. 

Turkey’s HSD was used to separate means at 5% probability level of significance. 

Error bars indicates standard error and different letters mean statistically different 

between treatments. 

 

 

 

Figure 11: Yield of selected tomato genotypes (yield/ha) in northern, eastern and southern 

zones. Turkey’s HSD was used to separate means at 5% probability level of 

significance. Error bars indicates standard error and different letters mean 

statistically different between treatments. 
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Figure 12: Percentage of yield damage/ha due to T. absoluta larvae. Turkey’s HSD was used 

to separate means at 5% probability level of significance. Error bars indicates 

standard error and different letters mean statistically different between treatments. 

 

 

 

Figure 13: Post-harvest longevity of fruits from selected tomato genotypes stored at 20oC in 

the laboratory at the NM-AIST. Turkey’s HSD was used to separate means at 5% 

probability level of significance. Error bars indicates standard error and different 

letters mean statistically different between treatments. 
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1 (b) (c)

b (c)2

(a)

(a)

 

Plate 7: Resilience variation between Tengeru 97 (1) and landraces (2) fruits; Three hours 

after harvest Tengeru 97 (1a, after seven days decay (1b) and microbial spoilage after 

14 on tomato (1c), landrace fruits 3 h post-harvest (2a), 7 days of landrace ripening 

(2b) and 14 days green ripened and retained firmness (2c). 
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4.1.6 Effect of entomopathogenic fungi on T. absoluta. 
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4.2 Discussion 

The survey conducted in thirteen regions of Tanzania revealed that Tuta absoluta is present 

and is associated with about ten host plants. The presence of a wide host range, infestation 

mechanism and favorable climatic conditions give the T. absoluta the power to invade new 

areas in high densities as per support by Desneux et al., 2011 and Megido et al., 2013a. In the 

surveyed areas, the speed of dispersion and establishment of T. absoluta is highly  influenced 

by the presence of the highly preferred tomato host  particularly among others, Tengeru 97 as 

noted in this study (Megido et al., 2013a; Urbaneja et al., 2013). In 2014, T. absoluta was 

only reported at Ngarenanyuki, northern Tanzania (Chidege et al., 2016), however in this 

study T. absoluta had been found to be present in all 13 surveyed regions of Tanzania 

alarming a possibility that it is most likely to be present in other regions of the country and 

beyond to eventually  in Sub Saharan Africa (Zekeya et al., 2017). The rapid spread of T. 

absoluta from northern (Arusha) to southern (Iringa) has previously been described as a 

“north-south movement” pattern of T. absoluta which is causing high damage in tomato 

(Guimapi et al., 2016). The main carriers for the T. absoluta has been reported to be 

associated with   the availability of tomato and other favorable host across seasons and 

movement of infected tomato fruits and containers especially to and from big markets such as   

Kariakoo in Dar es Salaam where major whole sellers of tomato and other solanaceous are 

marketing produces (Braham and Nefzaouil, 2016) The study on population dynamics of T. 

absoluta in the selected three regions revealed that the southern region i.e. Iringa exhibited a 

higher population density than the Arusha and Morogoro regions. Such observations were 

due to not only continuous cultivation of preferred tomato hosts but also presence of 

favorable climate conditions including an ideal temperature below 25oC and rainfall below 

8.0 mm. It has been clearly supported that weather conditions, particularly temperature and 

rainfall are important factors for development of T. absoluta (Karadjova et al., 2013; Megido 

et al., 2013a). In this study the population of T. absoluta was adversely affected by high 

temperatures and heavy rains above 87mm. Although T. absoluta can survive under adverse 

weather conditions, adults seemed to be less tolerant to temperatures above 270C and heavy 

rains (Cuthbertson et al., 2013; Van Damme et al., 2015). This study revealed that, the 

population of T. absoluta was high during the dry seasons from September to December and 

this was due to two major reasons; the pest was still new and not widely spread in the country 

that is supported by other studies (Silva et al., 2011). Secondly, low cultivation of tomato 
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during the rainy and farmers usually plant main staple food crops thus there was scarcity of 

tomato plants as main host of T. absoluta subsequently lowering the population of the pest.  

In this study that the population of T. absoluta was high during the dry than rainy season 

(January to April), due to favorable low rains and temperature of below 25oCas well as the 

abundance of tomato host. However, the first month of each season exhibited higher trap 

catches than subsequent months, due reduced pesticide use in newly-planted crops and/or the 

heightened attractiveness of newly-deployed pheromone lures which can draw moths from 

great distances (Kılıç, 2010; Balzan and Moonen, 2012; Karadjova et al., 2013). It was noted 

that during the first three weeks after lure deployment, higher numbers of moths were trapped 

per week than in the next five weeks as the lure’s pheromone emission rate slowly waned and 

also the pest was in other forms such as pupae, larvae and eggs that are not trapped. 

Understanding the occurrence, population dynamics of T. absoluta and factors influencing its 

distribution in different agro-ecological location is of economic importance for tomato 

growers and policy maker to plan for better management below economic injury level. These 

findings inform farmers about the seasonal variation in populations of T. absoluta in different 

regions of Tanzania for suggesting proper management strategy based on pest distribution 

and abundance.  

Despite a wide range of hosts of T. absoluta identified in this study, tomato plant seemed to 

be the preferred host possibly due to chemical cues and terpenes secreted by tomato which 

has been reported to attract T. absoluta for oviposition and feeding (Rakha et al., 2017). 

Other Solanaceae crops especially potato was second leading host of the T. absoluta 

particularly in Arusha region which could be influenced by attractive physiology and cues 

produced by potato leaves that is close related to tomato plant (Rakha et al., 2017). Weed (S. 

incanum) was found to harbour T. absoluta in all thirteen regions making T. absoluta present 

across seasons and maintain population in crop off seasons. This has great impact on insect 

reproduction potential and could influence leaf and fruit damage when crops are planted. 

However, none of T. absoluta larvae or moth was reported in Capsicum annum (green sweet 

pepper) thus there was no damage and loss of pepper due to T. absoluta larvae. 

 

In the current study, ethanolic extract of B. abyssinica stem bark and leaves had high activity 

on moth showing that polar compounds can be extracted using water and sprayed in the fields 

to control T. absoluta. Additionally, extracts of C. africana, T. minuta and M. oleifera were 
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effective against T. absoluta larva and inhibited pupation and delayed adult development. 

This study is in line with other studies which revealed that plant extracts can be effective in 

controlling insect pest (Moreno et al., 2012; Ghanim and Abdel 2014). Other studies revealed 

that plant compounds are effective in controlling  eggs and larvae of T. absoluta (Kona et al., 

2014). The botanical extracts from B. abyssinica have been revealed to possess high 

insecticidal activity against insect pests (Zekeya et al., 2014). This study revealed that 

ethanolic extracts of B. abyssinica were effective on T. absoluta larvae than petroleum ether 

showing that plant materials have active polar compounds that can be dissolved in water and 

filtrate could be used by farmers to control pest locally. However, some petroleum ether 

extracts were effective on adult T. absoluta indicating that non-polar metabolites easily attack 

insect cuticle and penetrate into insect’s tissue and finally cause mortality. Several studies 

show that extract and essential oils are best biocontrol agents of T. absoluta (Moawad et al., 

2013).  Studies shows that C. africana and M. oleifera and T. minuta possess active 

metabolites against insect pests (Cestari et al., 2004; De Oliveira et al., 2011). The current 

study revealed that B. abyssinica have high activity against adult T. absoluta by reducing 

survival duration whereas C. africana, M. oleifera and T. minuta have high insecticidal 

activity against all stages of T. absoluta hence could be potential source of organic pesticide 

for the management of T. absoluta in Tanzania. 

Landraces have additional physiological, agronomic and nutritional attributes that supersede 

improved tomato varieties (Louette, 2000).  All tomato landraces showed high resistance to 

T. absoluta damage by exhibiting lower number of larval amines and low amount of tomato 

fruit damage. This was due to the fact that the landraces are capable of producing chemical 

cues that are unattractive to T. absoluta for feeding and oviposition (Rakha et al., 2017). 

These indigenous tomato materials have unique growth-related attributes including high 

germination rate, early maturation and long harvest duration with attractive colour. They can 

strive under harsh conditions and have short harvest cycles as a result of higher yield than 

improved tomato varieties (Hamisy et al., 2016).  In this study neither pesticide nor fertilizer 

was applied in plants to improve yield, yet landraces yielded more than variety Tengeru 97 

that was highly susceptible to damage by T. absoluta and other pests. Although landrace bear 

small fruits than improve varieties this study showed that they can reside longer in room 

temperature before deterioration than improved cultivars. In addition, the  small size of 

landraces fruits can facilitate its easy consumption as the whole fruit can be eaten entirely 

with its skin and seeds which, have been  reported to reserve high amount of nutrients 
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including protein, vitamin C and phosphorus (Adebooye et al., 2006). This study revealed 

that of all landraces performed better in east-central regions than in southern and northern 

regions and this might be due to warm temperature from 25oC favouring tomato growth. 

Accession HSK-38 performed better by yielding more fruits in east-central regions with 

warm temperature than northern and southern regions that are chiller, and accession HSK-43 

and KGM-5 lasted longer in 20oC and below showing that in cool temperature these tomato 

materials can maintain quality than in warm temperatures.  
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CHAPTER FIVE 

CONCLUSSIONS AND RECOMMENDATIONS 

5.1 Conclusions 

This study revealed that T. absoluta has spread in the entire surveyed regions of the country, 

with high densities in Iringa, Arusha and Morogoro causing massive damage and loss in more 

than ten host plants beside tomato plant. 

Biological control including application of microbes and parasitoids are effective in 

parasitizing eggs and larvae only with limited information in Tanzania, thus application of 

local plants and microbial control will reduce the problem in the country. 

Additionally, utilizing locally available tomato landraces identified by this study; HSK-38, 

BKM-22, KGM-5 and HSK-4 would reduce the problem of pest resistance and accumulation 

chemicals in environment.  

This study also evaluated the efficacy of botanical pesticides that all yielded a considerable 

output including use of extracts from B. abyssinica, M. oleifera, T. minuta and C. africana, 

that could be potential source of plant-based bio-insecticide. 

Bio-pesticide developed from this study (Patent No. TZ/P/2018/000035) was very efficacy 

against the pest and is the strongest milestone in this study, thus intensely recommended for 

registration and application by tomato farmers for control of T. absoluta in Tanzania.  

5.2 Recommendations 

Information regarding occurrence, distribution and host range of T. absoluta should be 

disseminated in all regions to create awareness and proper management of the pest. 

The developed bio-pesticide should be registered and promoted for application by tomato 

farmers against T. absoluta in Tanzania. 

Information regarding efficacy of botanicals against T. absoluta developed in this study 

should be used to lay grounds for further research on developing plant-based bio pesticides. 

Tomato landraces identified to be resistant to T. absoluta are recommended for breeding 

programs in searching for resistant tomato plants against T. absoluta in Tanzania.  
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