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Management of Tomato Leaf Miner (Tuta absoluta Meyrick) on Tomato 

(Solanum lycopersicum) Using Botanical and Synthetic Insecticide in Fogera, 

Northwest Ethiopia  

MSc. Candidate: Lemat Teshome Ayele 

Advisor: Adane Tesfaye Lema (PhD) 

Bahir Dar University, College of Agriculture and Environmental Sciences 

ABSTRACT 

The tomato leaf miner (Tuta absoluta) is an important insect pest affecting 

Solanaceae plant worldwide. It pose a significant threat to tomato production in 

Fogera, Northwest Ethiopia. However; study has not yet been made for effective 

management of this insect by using botanical and synthetic insecticide in these area. 

Therefore these studies were intended to manage T. absoluta on tomatoes through by 

using botanical and synthetic insecticide. The study was conducted during 2022 dry 

season using irrigation in Fogera, Northwest Ethiopia where the tomato variety 

“Cochoro” was used as a test crop. The experiment consisted of fourteen (14) 

treatments which are two botanical insecticides, Neem (Azadirachta indica) and 

Garlic (Allium sativum L.), a synthetic insecticide, Mercury 23 EC 0.14 ml, 0.28 ml 

and 0.42 ml and an integration of each together through sequential application. The 

experiment was laid out in Randomized Complete Block Design with three 

replications. Data on mortality of T. absoluta, infested leaves, tunneled fruit and 

marketable yield of tomato were collected timely as per their respective standard 

procedure and analyzed using R-Software version 4.3.1. The results of the study had 

shown that an integration of botanical with synthetic insecticide influenced most of 

the tested parameters. Accordingly, the highest mortality of T. absoluta (100%), 

lowest infested leaves (5.44), lowest tunneled fruit (0.33), highest marketable yield 

(35.06 ton/ha) and lowest yield loss percentage (<4.10%) were recorded from 

treatment which consisted of an integration of neem and garlic with Mercury 23 EC 

0.28 ml. Similarly this treatments also generated the highest net benefit (350349.94 

ETB/ha) with the highest marginal rate of return (553.01%). The yield loss due to T. 

absoluta was found 81.41%. The current study clearly showed that yield loss 

positively correlated with infestation of tomato by T. absoluta. Neem and garlic with 

MERCURY 23 EC 0.28 ml can be recommended as the most effective and economical 

management of T. absoluta on tomato under irrigation in the study area and areas 

with similar agro-ecologies.  

Keywords: Cochero, Garlic, Invasive insect pest, Lepidoptera, MERCURY 23 EC, 

Neem
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CHAPTER ONE: INTRODUCTION 

1.1. Background and Justification 

Tomato (Solanum lycopersicum Linnaeus) (Solanales: Solanaceae) is one of the most 

significant horticultural vegetables crops cultivated worldwide for its considerable 

commercial and nutritional value (Stoleru et al., 2020). It is the third largest vegetable 

crop following potato and sweet potato and as a processing crop, it is the top-ranked 

among all vegetables (Rothan et al., 2019).  

In Ethiopia, tomato is the most important and widely grown vegetable for fresh 

consumption and as a source of income (Seid Awol et al., 2019). Despite its 

nutritional, economic and health importance, the national average production of 

tomatoes in the country is very insufficient which accounts for 5.3 tons/ha in 

comparison with China (59.4 tons/ha), India (24.6 tons/ha), USA (96.8 tons/ha), 

Turkey (68.8 tons/ha) and Egypt (40.9 tons/ha) (FAO, 2020). This low level of tomato 

production is associated with many biological and environmental constraints. The 

notable constraints are insect pests and diseases which decrease yield  and the quality 

of marketable fruits of tomatoes (Amare Getachew and Hailay Gebremedhin, 2020). 

The tomato leaf miner (Tuta absoluta Meyrick) is an invasive insect pest of tomatoes 

and other Solanaceae that causes severe damage and yield losses in many regions of 

the world (Desneux et al., 2022). 

Tomato leaf miner is one of the most devastating tomato insect pests affecting tomato 

plant and fresh tomatoes. Tomatoes have been described as being the primary host for 

T. absoluta. However, this pest can also develop by feeding other solanaceous plants 

such as potato (Solanum tuberosum L.), eggplant (Solanum melongena L.) and 

tobacco (Nicotiana tabacum L.) (Rwomushana et al., 2019).  This lepidopteran 

species causes enormous losses up to 100% in crop production, especially if control 

strategies are not implemented (Mansour et al., 2018) as well as expose plants to 

secondary infection by facilitating the entry of pathogens (Alikhani et al., 2019). 

Feeding damage to host plants is caused by larvae, which can attack at any stage of 

development from seedlings to adult plants. The larvae also invade the leaves and 



 
 

2 
 

damage the mesophyll. This creates irregular mines and negatively affects the rate of 

photosynthesis (Oliveira, 2020).  

In Ethiopia, T. absoluta was first officially reported for the first time in 2012 and it 

have been belived introduced through the northern part of the country from Yemen or 

Sudan (Retta Abeba  and Daniel Hagos, 2015). This insect pest invaded  different 

parts of the country like Oroma, Tigiray, Amhara and Gambela (Ayele Birhan et al.,  

2020). Yield  loss of tomato about 78% (Shiberu Tadele, and Emana Getu, 2018) and 

92.33% (Abebe Nahi, 2019) caused by T. absoluta infestation in Ethiopia. 

The economic importance of T. absoluta led to its management strategies focused on 

mainly synthetic pesticides (Illakwahhi and Srivastava, 2017). This includes synthetic 

insecticides with a wide range of organic substances that adversely affect the 

environment, mainly due to micro pollutants through bio-magnification and bio-

accumulation (Hassaan and El Nemr, 2020). Additionally, most pesticides pose risks 

to humans from contact poisoning and inhalation to serious health problems 

(Thompson et al., 2020). Excessive use of synthetic pesticides can also cause 

environmental damage, insecticide resistant pests (Guedes et al., 2020), pests 

resurgence (Kumar et al., 2021), reduction of natural enemies (Torres and Bueno, 

2018) and pesticide residues on harvested plants (Gelaye Yohannes and Belete 

Negash, 2024). 

In addition to that Buragohain et al., (2021) reported the implementation of an 

integrated pest management (IPM) package including microbial pesticides, Neem 

products and synthetic insecticide significantly reduced T. absoluta infestations 

without any compromise in the marketable yield, even reducing crop protection costs 

by 50%. Similarly, botanical insecticides from neem (Azadirachta indica) and garlic 

(Allium sativum) extract are ideal for the management of T. absoluta with safe, 

inexpensive, and effective control measures (Khan et al., 2022). Therefore, in addition 

to management using synthetic insecticides, more sustainable strategies have also 

been adopted, such as: integrated pest management (IPM) including biological control 

agents such as parasites, predators, entomo-pathogenic microorganisms, botanical 

insecticide, pheromones, and plant resistance (Colmenárez et al., 2022). 
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1.2. Statement of the Problem 

In the Fogera Northwest Ethiopia, several vegetables thrive due to the favorable 

climate and soil conditions. The major economically important vegetables cultivated 

in this area are Hot and sweet peppers (Capsicum spp.), Ethiopian 

mustard/kale (Brassica carinata), Onion (Allium cepa), Tomato (Solanum 

lycopersicum), Chili (C. chinense), Carrot (Daucus carota), Garlic (A. sativum) and 

Cabbage (B. oleracea var. capitata). Tomato (S. lycopersicum var. Cochero) is one of 

the most widely cultivated crop by small scale tomato production for fresh market in 

dry season using irrigation for a long time in Fogera (Birhanu Habtie, 2022).  

However, the production in these area does not meet the farmers and other producer 

due to many constraints faced in their field production. The notable constraints are 

insect pests and diseases which decrease yield  and the quality of marketable fruits of 

tomatoes (Amare Getachew and Hailay Gebremedhin, 2020). The tomato leaf miner 

(Tuta absoluta) pose a significant threat to tomato production in Fogera, Northwest 

Ethiopia (Gebrelibanos Gebremariam, 2015; Tefera Abu and Teddy Tefera, 2013).  

Hence, to reduce yield loss and address the overall challenges, management of T. 

absoluta through an effective integration botanical with synthetic insecticides is a 

crucial in these area. Based on Khan et al., (2022) and Buragohain et al., (2021)  

descriptions the implementation of an integrated pest management including botanical 

(neem and garlic extract) and synthetic insecticide have the ability to manage T. 

absoluta with safe, inexpensive, and effective control measures. However, study has 

not yet been made for effective integration of botanical with synthetic insecticide to 

manage this insect in these area. 

The present study was therefore initiated with the objective to evaluate integrated use 

of botanical and synthetic insecticides to manage T. absoluta on tomatoes in 

Northwest Ethiopia. 
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1.3. Objectives   

1.3.1. General objective  

 To develop Tomato leaf miner (Tuta absoluta) management on tomato through 

appropriate and integrated use of botanical and synthetic insecticides in 

Northwest Ethiopia.  

1.3.2. Specific objectives 

 To evaluate the integrated use of botanical and synthetic insecticides in the 

management of tomato leaf miner 

 To determine the right combination of botanical and synthetic insecticides for 

economically feasible  management of tomato leaf miner  
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CHAPTER TWO: LITERATURE REVIEW 

2.1. Origin and Distribution of Tomato 

The origin of the tomato is much debated, with some suggesting that it is centered in 

the arid coastal deserts of Peru (Blanca et al., 2012; Preedy and Watson, 2008). Two 

parts, consisting of a part of located in the coastal region between the Andes (Blanca 

et al., 2012) and the ocean, and a second part of his extending from southern Mexico 

to Guatemala (Bauchet and Mathilde, 2012) Center of gravity. Wild relatives of 

tomato are distributed in the Andes from Ecuador to Peru and Chile (Peralta et al., 

2006) and grow in different climatic conditions from sea level to 3300 meters above 

sea level (Blanca et al., 2012). Domestication is not yet clear, but linguistic evidence 

suggests that Peru and Mexico are major domestication areas (Peralta et al., 2006). 

Tomatoes are known to have been cultivated as early as 500 BC. They were used in 

cooking by the Aztecs in Mexico in BC and were introduced to other parts of the 

world by the conquistadors after conquering Aztec territory in BC (Bergougnoux, 

2014). 

The natural geographic distribution or origin of S. Lycopersicon is located in a narrow 

belt between the Andes Mountains and the Pacific coast of western South America. It 

extends from southern Ecuador to northern Chile, including the Galapagos Islands 

(Peralta et al., 2008). Wild tomato plants come from the Andean region of South 

America. This region includes the countries of Peru, Bolivia, Chile, and Ecuador. 

Scientists believe the Aztecs and Incas were inhabited as early as 700 BC. Tomatoes 

were grown in B.C. The tomatoes they grew were a completely different size than the 

tomatoes we have today (Gutierrez et al., 2018). The tomato's wild ancestor (Solanum 

pimpinellifolium) is native to western South America. These wild versions of him 

were about the size of peas. The taste was different (Letstalkscience, 2021). 

2.2. Taxonomy of Tomato  

The scientific name of tomato is Solanum lycopersicum. It is a member of the 

Solanaceae family, which includes many other plants important for human 

consumption, such as potatoes, peppers, and eggplants. The genus name Solanum 
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comes from, which means "nightshade" in Latin, and the species name Lycopersicum 

means "wolf peach" in Latin. The Solanaceae family includes more than 3,000, 

species, including many economically important species (Bionity, 2023; ITIS, 2023; 

Wikipedia, 2023). Family:  Solanaceae,  Sub-Family:  Soloanoideae,  Cestroideae,  

Tribe: Solaneae,  Genera:  Solanum,  Lycopersicon,  Species:  Solanum lycopersicum  

(Tanuja ,  2023). 

Tomatoes have had a few different scientific names over the years. Names like 

Solanum lycopersicum and Lycopersicon esculentum. Tomato was originally named 

Solanum lycopersicum by Linnaeus in 1753; Lycopersicon lycopersicum (L.) Karsten 

has also been used (Valdes and Gray, 1998). Miller (1768) in The Gardener‟s 

Dictionary used Lycopersicon esculentum. Rick (1979) included nine species in the 

Lycopersicon genus. For a long time tomatoes were known as Lycopersicon 

esculentum but recent research has shown that they are part of the genus Solanum and 

are now again broadly referred to as Solanum lycopersicum (Letstalkscience, 2021; 

Donahue, 2019). Taxonomic rank or classification of Tomato is Kingdom: Plantae, 

Phylum: Angiosperms, Order: Solanales, Family: Solanaceae, Genus:  Solanum, 

Species:  lycopersicum. 

2.3. Tomato Production and Its Importance 

Tomato (Solanum lycopersicum) is one of the most important edible and nutritious 

vegetable crops in the world. It ranks next to potato and sweet potato with respect to 

world vegetable production but ranks first as a processing crop (Gemechu Getachew  

and Beyene Tewodros, 2019). It is widely cultivated in tropical, subtropical and 

temperate climates and the leading top ten tomato producing countries are China, 

India, Turkey and United State of America, Egypt, Iran, Italy, Spain, Mexico and 

Brazil. As it is a relatively short duration crop and gives a high yield, the crop is 

economically attractive and the area under cultivation is increasing daily. The current 

world tomato production reached to more than 182.2 million tons cultivated on more 

than 4.7 million hectares of land (FAO, 2020 ). 

The climatic and soil conditions of Ethiopia are suitable for the production of a wide 

range of tropical and subtropical fruits and vegetables including tomato. According to 

(FAO, 2020) the annual average tomato production in Ethiopia is estimated to be 
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about 43,816 tons which is harvested from about 7,089 hectares of land. The tomato 

crop is mainly cultivated by smallholder farmers as cash crop in mid- to low-altitude 

areas of Ethiopia. It is one of widely grown vegetable crop as annual both in the rainy 

and dry seasons for their fruits by smallholder farmers, commercial state and private 

farms in Ethiopia (Desalegn Wondim, 2021: AVRDC, 2014 ). The crop is grown 

between 700 and 2000 meters above sea level, with about 700 to over 1400 mm 

annual rain fall, in different areas and seasons, in different soils, under different 

weather conditions, but also at different levels of technology (e.g. with furrow, drip or 

spate irrigation) and yields (Abera Gezai et al., 2020). Production of tomato has been 

emphasized as a source of food security and income in many countries (Ejeta Bahilu  

et al., 2020). 

2.4. Biology of Tomato 

Tomatoes are perennial herbaceous plants, but they are often grown as annual crops, 

although biennial and perennial forms also exist (Finzi et al., 2017). In both tropical 

and temperate regions, tomatoes are grown in open fields or, in temperate climates, 

beneath greenhouses. Frequently, greenhouses are utilized for massive manufacturing. 

With the ideal amount of light for growth in a warm climate, approximately from 

germination to anthesis it takes 45 days, and it takes 90-100 days to reach the 

commencement of the maturity of fruit (Wikifarmer, 2023). The crop's final 

application, whether for the market for processing or fresh market, will decide which 

cultivars are planted, when to harvest, and how to harvest that is either mechanical or 

manual (Osorio et al., 2011). 

The plant's growth habit varies from indeterminate to steady, and it can grow up to 3 

meters in height. The taproot can be several meters long. The stems are angular and 

covered with hairy, glandular trichomes, which give off a distinctive odor. The stem 

has alternate leaves, and the phyllotaxis is 137.5° (Olagunju et al., 2019). Leaf shapes 

range from lobed to compound and the leaflets are arranged in a pinnate pattern. 

Compound leaves usually consist of 5 to 9 leaflets. The leaflets have stalks and are 

serrated.  All leaves are covered with glandular hair-like trichomes (Bionity, 2023).  

Tomato fruits are spherical or oval. Botanically speaking, this fruit has all the 

common characteristics of the berry (Quinet et al., 2019). It has simple fleshy fruit 
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with seeds inside the pulp. The integument is a thin, fleshy tissue that includes the rest 

of the pericarp and the placenta. The color of the fruit comes from the cells in the pulp 

tissue. Tomato fruits can be either bilocular or multilocular. 50-200 seeds are located 

in orbits, surrounded by a gelatinous membrane. On average, seeds are small (5 x 4 x 

2 mm) and lentil shaped (Rančić et al., 2010). The seed contains the embryo and the 

endo-sperm and is covered by a strong seed coat, called the testa. The development of 

the fruit takes seven to nine weeks after fertilization. The many end uses of tomato 

fruit, as well as food and feed safety considerations, including composition of key 

food and feed nutrients, anti-nutrients, allergens, and toxicants (EEB, 2023). 

2.5. Origin and Current Geographical Distribution of Tomato leaf miner 

Tomato leaf miner thought to have originated in the Andean region of Peru and spread 

to Latin American countries in the 1960s (Tarusikirwa et al., 2020; Biondi et al., 

2018). Currently, T. absoluta is prevalent in various Solanaceae plants almost all over 

the world (Huda et al., 2020; Mkonyi et al., 2020). Recently, T. absoluta was 

officially reported in countries in South Asia, including India (Maharashtra) in 

October 2014, and separately in Nepal and Bangladesh in May 2016. Furthermore, in 

2010, it was discovered in West Asian countries, including Iran (Bastola et al., 2020; 

Khani et al., 2020). It then spread very rapidly throughout the Mediterranean basin, 

including areas of North Africa and the Middle East (Desneux et al., 2022; Hogea, 

2020). 

Tomato leaf miner is currently present in 41 out of 54 countries in northern and 

western Africa, particularly Sudan, Kenya, and Ethiopia, causing devastating 

economic hardship (Nyamukondiwa et al., 2022). It develops under both open field 

and greenhouse conditions from 1,000 to 3,500 m above sea level (EPPO, 2022a). It  

has spread rapidly across tomato fields in Europe, Asia, and north, west and central 

Africa (EPPO, 2022b). It is currently threatening production and causing extensive 

economic damage on  tomato producers worldwide (Yadav et al., 2022; Verheggen 

and Fontus, 2019). 
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2.6. Taxonomy of Tomato leaf miner 

Tomato leaf miner was originally described as Phthorimaea absoluta (Meyrick, 1917). 

The genus was subsequently changed to Gnorimoschema (1962) and Scrobipalpula 

(1964). This species was later classified into a new genus called Scrobipalpuloides 

(1987). The current correct name of the species is Tuta absoluta (Povolny, 1994). 

In 2021, this moth was reclassified from Tuta absoluta to its original genus, 

Phthorimaea absoluta (Chang and Metz, 2021). It is commonly referred to in the 

literature as "Tuta absoluta". The mitochondrial genome has been described and can 

be used for identification in addition to morphology, confirming its position in the 

family Lepidoptera (Gelechiidae) (Li, et al., 2022). Phthorimaea absoluta has been 

classified into the genera Gnorimoschema (by Meyrick 1925), Scrobipalpula (by 

Povolný 1967), and Scrobipalpuloides (by Povolný, 1993) (Chang and Metz, 2021). 

Taxonomic Rank of T. absoluta is Kingdom: Animalia, Phylum: 

Arthropoda ,Subphylum: Hexapoda, Class: Insecta, Infraclass: Neoptera, Subclass: 

Pterygota, Order: Lepidoptera, Superfamily: Gelechioidea, Family: Gelechiidae, 

Subfamily: Gelechiinae, Tribe: Gnorimoschemini, Genus: Tuta, Species: Tuta 

absoluta 

2.7. Biology of Tomato leaf miner 

Tomato leaf miner is a miniature lepidopteran moth with fast reproduction ability. 

Conception paces of  T. absoluta  shift contingent upon the temperature and ideal 

conditions with a possible  limit  of  10-12  generations per year (Huda  et  al., 2020;  

Mkonyi  et  al.,  2020). It is holometabolous insect that includes four development 

stages such as eggs, larvae, pupae and adults. Each stage is directly related to the 

species of the host plant and environmental factors, such as temperature (Poudel and   

Kafle, 2021).  

The female moths start laying eggs 2 to 3 days after emergence and can oviposit for 

over 20 days. They can lay eggs somewhere in the range of 250 and 300 in the course 

of their life (Zhang et al., 2023). Tuta females store their eggs either separately or in 

little groups mostly on the underside or upper side of the leaves and on stems and 
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edges, blossoms, or buds. However, egg-laying on the fruit is extremely uncommon 

(Alimbekova and Duisembekov, 2021; Zekeya et al., 2017). 

The incubation period is between 4-6 days at a temperature range of 25-30°C (Huda 

et al., 2020). Further, eggs are brought forth into larvae, which form into four larval 

stages called instars. The term of the improvement of the average period of hatchlings 

stage is around 18 to 22 days (Alimbekova and Duisembekov, 2021). Moreover, the 

pupal stage can finish its life expectancy within 21 days. It is obscure whether this 

species goes through a diapause (Wakil et al., 2018). Adults rise out of the pupae in 5 

to 8 days. The adult‟s life expectancy on average is 6-7 days for males and 10-15 days 

for females, respectively (Huda et al., 2020). 

The length of developmental periods (Eggs to adult emergence) relies, especially 

upon the climatic conditions. The total life cycle requires around 76 and 24 days 

under cold and warm conditions, individually (Chavan et al., 2020; Hogea, 2020). 

Eggs 

Eggs  are  curved  tube-shaped,  without blades, and are laid disengaged, comprising 

of 0.35 - 0.38 mm length, and 0.22 - 0.25 mm width (Figure 2.2) (El-Shafie,  2020). 

The recently laid eggs are smooth white to dazzling yellow in shading and become 

coppery-red too dark with two red eyes pots prior to incubating (Bastola et al., 2020; 

Hogea, 2020).  Thus, the eggs pigmentation changes with the following days after 

lying (Pandey et al., 2023) 

Larvae 

The caterpillar is round and hollow fit, with a distinct head, three sets of pectoral legs, 

and five sets of ventral pseudopods on the stomach (Figure 2.2) (Alimbekova and 

Duisembekov, 2021). They are dorso-ventrally straightened, yellowish in shading 

with dim head, and body length lies between 7 - 10 mm (Hogea, 2020). 

As they develop, the hatchlings become yellowish green during the second and third 

instar, and marginally pink with a purplish thorax in the last instar (Figure 2.1).  In 

developed larvae, there is an observable red tone, as a spot or as lines arranged in 
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width on the back, and further,  there  are  snares  of  various  sizes,  orchestrated  in  a  

circle  at  the  front  legs (Kumari et al., 2021). In  the first larval period, they are 0.6 

mm to 0.8 mm in length  and  become  7.3  mm  to  8  mm  in  their fourth  stage  

(Sanda et al., 2018). The larval are the major threats to the cultivator's production that 

should be controlled wisely to maintain the pest populace at below ETL 

(Moeininaghade et al., 2020). 

 

Figure 2.1: Larval instars of T. absoluta (Colmenárez et al., 2022) 

Pupae 

The  developed  larvae  generally  fall  and penetrate into the soil, where pupation for 

the most part  happens  or  either  move  to  the  calyx  or leaves,  where  it  turns  a 

luxurious  silk  case  to pupate called cocoon  (Bastola  et al., 2020). The pupa is 

elliptical  and  tapered  fit  running  between 4-5 mm long and 1.1 mm - 1.8 mm wide, 

and are dim green in shading  and  later turns intensive brown, near-adult bearing  

phase (Figure 2.2) (Yadav et al., 2022;  Huda et al., 2020). At this stage, they produce 

a slender, velvety case that transforms into pre-pupae and pupae (Hogea, 2020). It  

was  found  that those  male  pupae  who  fed  on  major  hosts weighted more as 

compared to females feeding on the same host (Arnó  et al., 2019).  

Adults  
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Adults are yellowish, mottled dim, and pole molded  with  a  body  length  of  5-6  

mm  and  a couple of long fill-form antennae with alternating  light  and  dark  bands 

(Figure 2.2) (Coleman,  2020).  The size of an adult moth is small and is about 7 mm 

in length along with a wingspan of about 1 cm (Acharya et al., 2023). The forewings 

of T. absoluta are flimsy, spear formed and the edges, particularly the underside, are 

layered.  The  upper  part  of  the forewings  has  clear  apparent  dark  lines  arranged  

in  columns  with  dim  to  shiny  scales ( Huda et al., 2020). Though, the hind wings 

are trapezoidal, bent, with a periphery on the external side and contain apparent dark 

spots (Hogea, 2020). The grown-up's head is yellowish to dark in shading with a 

simple eye, and white to dark mustache rings (Alimbekova   and Duisembekov, 2021). 

Between the genders, the females are more extensive and more voluminous than the 

males (Desneux et al., 2022). The main  difference  between  male  and  female moths 

is that the genital opening in females is found  between  tubercles  and  is  

distinguished by  a  longitudinal  suture  at  the  middle  of  the eighth  abdominal  

segment  (Birhan Aynalem,  2018). 

 

Figure 2.2 Life cycle of T. absoluta (Pandey et al., 2023) 
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2.8. Ecology of Tomato leaf miner 

2.8.1. Ecological requirement Tomato leaf miner 

The environmental condition severely affects the reproductive potential as well as the 

duration of the life cycle (Campos et al., 2021). Between the months of November 

and May, T. absoluta develops its four generations. It develops 4-5 male flight peaks, 

with more voracious activity in summer (March and July) (Mansour et al., 2019).  

This pest is comparatively less dominant and active in the winter season but is 

adversely detrimental in the summer season. The  climatic condition severely affects 

the growth  and  development  as  well  as  the  invasion  of  this  pest (Poudel and 

Kafle, 2021).  As  the  cold  season  prevails, these pests maintain their viability and 

during the  hot  season,  they  spread  to  open  fields (Victor and Mwangi,  2019).  In 

favorable conditions, diapause does not appear and generation continues throughout 

the year.  Tuta absoluta generally mated and lay eggs at night. It shows different 

pupation behavior according to the environment (Sanda et al., 2018). For the optimum 

growth, the required temperature for T. absoluta  is 30°C with an upper and lower 

development threshold of 34.6°C and 14°C, respectively  (Birhan Aynalem, 2022).  

However, Lower threshold temperature does not show that the pest would experience 

high mortality under 14°C as they can tolerate lower temperature (Han et al., 2018). 

2.8.2. Host plant of Tomato leaf miner 

Tomato leaf miner is a harmful oligophagous  insect  assaulting  several  plant species  

with  a  high  inclination  towards  the types  of  the  Solanaceae  family.  It has a 

solid preference for tomato (Solanum lycopersicum L.) which is considered as the 

principal or primary host (Abdel-baky et al., 2021; Huda et al., 2020). T. absoluta is a 

cosmopolitan species and regardless of having a clear bias on the tomato plant and it 

additionally developed on another type of Solanaceae (Idriss et al., 2020) 

It has a wide scope of hosts including significant host, minor host, wild host and 

substitute host (Hogea, 2020; Jack, 2017). Further, various developed solanaceous 

species including potato (S. tuberosum), sweet pepper (S.  muricatum  L.),  eggplant  

(S. melongena),  tobacco  (Nicotiana  tabacum  L.), cape  gooseberry  (Physalis  

peruviana  L.), pepinodulce  (S. muricatum) and  peppers  (Capsicum annuum L.) are 
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its minor hosts (Bastola et al.,  2020;  Moeininaghade et al., 2020). In addition to 

cultivated hosts, T. absoluta uses other wild solanaceous plants and develop on other 

substitute hosts including Amaranthaceae, Convolvulaceae, Fabaceae, and 

Malvaceae (Bastola et al., 2020; Godfrey et al., 2018). 

2.8.3. Pathways of Entry and Establishment for Tomato leaf miner 

This invasive pest is also spread by natural spread like the wind. Spread through 

infected tomatoes imported from other countries (Biondi et al., 2018). Invasions can 

also occur when importing planting material, crates, boxes and pallets from countries 

infested with pests (Karadjova  et al., 2013). Due to the small size of the eggs and the 

cryptic feeding habits of the larvae, they can be easily spread over long distances 

through international trade activities and domestic transportation of agricultural 

products (Desneux et al., 2022; Wang et al., 2021). The transmission route of T. 

absoluta is seedling, tomato fruit, production base and agricultural machinery and 

vehicles when they are transported or stored, which increase the probability of pest 

survival (Pandey et al., 2023).  

2.9. Damage Symptoms of Tomato leaf miner 

The larvae feed upon  plants,  creating  huge  displays  in  leaves, tunneling in stalks 

and burning through apical buds and green and ripe fruits and forms dark frass  

because  of  which  pervasions  are  genuinely simple to notice  (Hogea, 2020). On the 

leaves, larvae feed just on mesophyll part, leaving the epidermis hurt with its 

defecation, which along these lines extends and afterward the harmed tissue dries 

(Bastola et al., 2020). The mines on the leaf might turn out to be enormous to the 

point that the leaves seem skeletonized, decreasing the plant's capacity to 

photosynthesize and produce fruits (Godfrey et al., 2018). 

Further,  the  openings  made  from  the mining  on  the  fruit  are  generally  situated 

around  the  bowl  are  faintly  noticeable  right away, as they are regularly covered 

with petioles. A couple of days after the entrance of the pest, holes start to be 

noticeable, as the harmed parts become dark because of the amassing of waste and 

result in fruit decay in light of colonization  of  microorganisms (Alimbekova and 

Duisembekov,  2021).  Under extraordinary assault, the harmed leaves become yellow, 
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shrink and senescence; the fruits are obliterated and the plant ultimately dies. The 

gallery of stems changes the general development of the plant. Tomato plants can be 

affected at any stage of development, from seedlings to mature plants (Poudel and 

Kafle, 2021). This pest is generally easy to spot because it prefers upper buds, flowers, 

or new fruit where black grass is visible (Bastola et al., 2020). 

Consequently, if the larva is left uncontrolled at the beginning phases of its 

development, it might burn through all plants including buds and blossoms that can 

bring about their abscission, decrease of plant development, poor plant architecture, 

and a loss of fruit set in the farm (Mkonyi et al., 2020). 

 

Figure 2.3 Damage symptoms of tomato leaf miner in (A) leaves, (B) stem and (C, D) 

fruits of tomato (El-Shafie, 2020). 

2.10. Economic Importance of Tomato leaf miner 

This insect pest has enormously contributed to the damage of the different parts of the 

crop especially the leaves portion and the most damage-causing stage is the larval 

stage which has the voraciously feeding habit (Birhan Aynalem, 2022). The yield and 

fruit quality are both significantly affected by the damage of T. absoluta which caused 

by direct ingestion of plant parts such as leaves, flowers (calyx and corolla), stems, 

fruits (immature and mature) and secondary infection by pathogen invasion by T. 

absoluta hurt (Bastola et al., 2020). 

Tomato leaf miner is perhaps the most harmful insect nuisance of solanaceous crops 

(Desneux et al., 2022). Whenever it has become set up, without satisfactory control 

measures, pervasions of T. absoluta can bring about 90-100% loss of tomato plants 

(Dlamini, 2020). The  subsequent  stage  (larvae)  is  the riskiest one because the 
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larvae assault all parts of  the crop including  leave,  stem,  apical buds, blossoms and 

fruits except roots during  all  development  stages (Khani et al., 2020;  Mkonyi et al., 

2020). 

Tomato Leaf miner is one of the most devastating tomato pests in greenhouses and 

fields (Gözel  et al., 2020). Yield loss impacts farmers directly by reducing 

marketable yields, but indirectly by higher production costs after pest control (Fand  

et al., 2020).  

2.11. Management of  Tomato leaf miner 

Due to the lack of civilized agricultural economic exercises, farming crops cause 

enormous damage and loss world wide (Yadav and Paudel, 2022). Tuta absoluta has 

the ability to destroy both cultivated and non-cultivated Solanaceous plants, causing 

huge economic losses of up to 80%. For this reason, various researchers and breeders 

have worked to find the appropriate and most effective sustainable management 

strategies for T. absoluta  (Mansour et.al., 2019). Control of this pest can be 

incorporated into pre-infestation and post-infestation methods. Pre-infestation 

methods include methods to prevent pests from invading and spreading into new areas. 

This method includes plant quarantine measures and appropriate inspection and 

treatment. Similarly, post-infestation methods include methods of eradicating or 

destroying pests in the early stages of an invasion, or any suitable and sustainable 

management techniques (El-Shafie, 2020). 

To act against this disastrous situation, farming needs to be incorporated 

with Integrated Pest Management (IPM). IPM incorporates the policy of pest 

management instead of the traditional practices towards pest management. It approves 

methods like soil solarization, use of resistant varieties, insect trapping, introducing 

natural enemies, and using botanicals and bio-control agents  (Pandey et al., 2023) 

2.11.1. Cultural control 

This is an approach that have manipulation of environmental conditions that favor 

survival, growth and reproduction of T. absoluta (Pandey et al., 2023).  

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/integrated-pest-management
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/soil-solarization
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 Inter-cropping 

Inter-cropping certain minor crops with the main crop can forbid this pest infestation. 

This insect pest infestation can be prevented by mixing certain secondary crops with 

the main crop. For tomatoes, coriander (Coriadrum sativum L.) and gallant soldier 

(Galinsoga parviflora L.) inter-cropping have shown good results in terms of 

reducing pest density and enhance common natural enemies (Huda et al., 2020; Cherif 

and Verheggen, 2019).  The inter-cropping of main crops with minor crops diverts the 

pest from the main crops, draws in towards them and eventually limits the odds of 

pervasive. 

Adjusting planting dates  

When conditions allow, growers should avoid growing tomatoes early and late in the 

season when the presence of T. absoluta is known. Proper planting dates can prevent 

pest outbreaks and protect critical production stages of crops (Mansour et al., 2019; 

Wakil et al., 2018). 

Removal of wild and alternate hosts 

In addition, wild solanaceous weeds and weeds covering fields should be removed 

within 50 meters of invaded fields, as crops favored by these species may be re-

infested by T. absoluta at all developmental stages. Eradication is strongly 

recommended. They act as repositories for the rest of the pest population ((Dlamini, 

2020; Huda et al., 2020). 

Field sanitation  

Plants should be regularly inspected for signs of infestation and infested material 

should be carefully pruned. All implied leaves, stems and fruits are affected by 

the presence of larvae and pupae should not be left in the ground, as the pest can 

quickly settle on another plant. Rather, these materials should be wrapped in plastic 

packaging for disposal (Huda et al., 2020).  In addition, all equipment used in heavily 

infested fields should be thoroughly pressure washed or steam washed, and proper 
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planting spacing between lines also helps prevent pest infestation (Mansour et al., 

2019). 

Use of free planting material   

The use of pest free transplants is an effective control measure against T. absoluta. To 

obtain safe planting materials, legislative branches and private seed companies are 

responsible. Therefore, these efforts by responsible professionals must be stepped up 

to obtain pest-free seeds (El-Shafie, 2020; Huda et al., 2020). 

2.11.2. Physical control  

This approach for the pest management aims to prevent or reduce the infestation of 

pests on plants. Proper screening of roofs and sides of greenhouses, the use of double 

entry doors can help to reduce the movement of pests into the greenhouse. Removal 

of green leaves that are mined by the pest can help to reduce the migration of pests 

into the massive crop (Retta Abeba and Berhe Danie, 2015).  

There are several insect suction traps that can be used to capture and control T. 

absoluta populations. Traps include light traps, water trap and sex pheromone-baited 

traps (Huda et al., 2020). The use of insect confirmation screens or nets has shown an 

extraordinary level of predictability for T. absoluta invasion of host plants. This is a 

preventative measure that can reduce insect densities by mechanically avoiding hosts 

and pests without killing them (Hogea, 2020). 

2.11.3. Botanical Control 

Botanical insecticides are plant extracts, plant volatile and plant oils with 

pest/pathogen control activity (Regnault and Philogène, 2018). They are extracted 

from plants using water, alcohol, or other solvents from fresh or dried parts of the 

plant (Isman and Grieneisen, 2014). Similar to other pests Pavela et al., (2020); 

Benelli et al., (2019) reported that the most developed botanical insecticides against T. 

absoluta to date consist of essential oils prepared from plant extracts. 
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The botanical insecticides are the important alternative to minimize or replace the use 

of synthetic insecticides because botanical insecticides have a wide range of 

properties such as toxicity, protection, anti-feeding and insect growth-regulating 

properties against agriculturally important insect pests (Birhan Aynalem, 2022). It is 

an important alternative. The use of botanical insecticides has many advantages over 

synthetic insecticides, including:  low  toxicity to mammals, so there is minimal or no 

health risk of environmental pollution, these products target microorganisms that have 

a low risk of developing  resistance in pests to non-pests, do not have a negative effect 

on plant growth, are naturally occurring and are therefore cheap and easily available, 

especially in oriental countries (Pandey et al., 2023).  

Now a day, many studies have focused on the use of plant extracts to control T. 

absoluta (Ghanim and Abdel, 2014; Nilahyane et al., 2012). A study reported 

effective larval control of T. absoluta with plant extract (Ahmad et al., 2019). For 

example, the effects of Neem and Garlic plant extracts and other seven plant species 

on T. absoluta showed different levels of toxicity and effective against to T. absoluta 

larvae (Nada et al., 2014; Nilahyane et al., 2012). Field studies showed 71.82% and 

74.26% larval mortality following treatment using the bio-pesticides such as Allium  

sativum and Azadiachata indica, respectively (Shiberu Tadele and Emana Getu, 2018). 

The insecticidal activities of aqueous extracts of five local plants Neem (Azadirachta 

indica), Garlic (Allium sativum), Argel (Solenostemma sp.), Coriander (Coriandrum 

sativum) and Khella (Ammi visnaga (L.) plants reduced significantly the number of 

infested leaflets, the number of mines and the number of fruits infested by T. absoluta 

under greenhouse condition (Mahmoud et al., 2020). Neem (Azadirachta indica) and 

Garlic (Allium sativum) extracts showed significant effects against tested insect pests 

under laboratory conditions, especially against T. absoluta larvae (Nabil and Sherif, 

2014). A large number of plant part extracts, such as dynamic metabolites were  used 

to manage T. absoluta  population  at various stages of insects below economic 

threshold level (Table 2.1) below (Pandey et al., 2023). 
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Table 2.1: Botanical insecticide against Tomato leaf miner 

Neem (Azadirachta indica) 

Neem (Azadirachta indica) extract botanical insecticides are ideal for controlling 

insect pests with a safe, inexpensive and effective means of controlling a wide range 

of insects of agricultural importance (Pascoli et al., 2019). Active ingredient of Neem 

are gedunin, azadirachtin, nimbolinin, nimbin, nimbidin, nimbidol, sodium nimbinate, 

salannin, quercetin, nimbanene, nimbandiol, nimbolide, ascorbic acid etc. are present 

in different parts of Neem. The most important active ingredient is azadirachtin which 

is effective on insect as anti-feedant, insect growth regulation, sterility and cellular 

processes. This azadirachtin can also play effectively on T. absoluta and mortality is 

high (Alam et al., 2019; Kubo et al., 2012). It is a better source of pesticides due to its 

insecticidal, nematicidal, bactericidal and fungicidal effects in addition to its anti-

feedant and repellent properties (Frank et al., 2014). Neem oil, leaf extracts and bark 

extracts have insecticidal properties and Neem oil is widely used for pest control 

worldwide (Gebremariam Amha et al., 2022). 

Azadirachtin derived from A. indica is a triterpenoid that inhibits feeding, oviposition 

and growth control (Arnó and Gabarra, 2011). It is one of the most important 

botanical insecticides currently used to control leaf miners (Guedes et al., 2019; 

Biondi et al., 2018). It reportedly has little effect on leaf miner beneficial natural 

enemy, including adults of Rambur (Macrolophus pygmaeus), Marchal 

Common name Botanical name Stage of insect 

Neem Azadirachta indica Egg and Larva 

Jatropa  Jatropa curcas L.  Larva  

Jojoba seed Simmondsia chinensis. 2
nd

 instar larva 

Garlic  Allium sativum L. 2
nd

 instar larva 

Chinaberry  Melia azedarach L 2
nd

 instar larva 

Onion  Allium cepa L. 2
nd

  instar larva 

Pepper Piper amalago var.medium  Larva and Pupa 

Toothach plant Acmella oleracea (L.)  All  

Southern blue Gum Eucalyptus globulus Labill.  Larva 
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(Trichogramma cacoeciae) and the nematode (Steinernema feltiae) (Amizadeh et al., 

2019; Cherif et al., 2018). It has also shown efficacy similar to indoxacarb, 

metaflumizone, and abamectin (Nannini et al., 2011). 

Neem leaf extract acts as a contact and systemic insecticide against tomato leaf miner 

(Sanda et al., 2018). The results of Coelho and Deschamps, (2014) as using neem 

extract who found insecticidal and anti-feeding effects of neem on T. absoluta 

caterpillars. Also, the results of Illakwahhi and Srivastava, (2019) reported the 

effectiveness of using Neem as an insecticide and as a synergist to increase the 

activity of abamectin to control T. absoluta.  A study by Kona et al., (2014) reported 

that 84-100% control of was achieved by using different concentrations of neem 

extract on young larvae of T. absoluta and showed that the plots treated with neem 

seed oil achieved the highest yield. The same results of yield increase with the use of 

neem were reported by Abbasi et al., (2003). 

Garlic (Allium sativum L.) 

Garlic bulbs, derived from the plant A. sativum are a common flavoring ingredient in 

many recipes. It is also known for its therapeutic properties. Garlic bulbs and 

numerous preparations such as garlic oil, garlic powder, and various garlic extracts 

are mentioned as remedies in various traditional medical systems (Adaki et al., 2014). 

Notable biological activities of garlic extract include antioxidant and protein structure 

stability (Khan et al., 2022), antibacterial properties (Steglinska et al., 2022), 

antifungals (Sharma et al., 2017) and insecticides (Shiberu Tadele and Emana Getu, 

2017). 

Garlic extract contain insecticidal properties that are lethal to a wide range of insects 

(Oparaeke, 2007). The extract of A. sativum has an interesting insecticidal potential 

and the greatest reduction in the population of T. absoluta; it can be used as a 

biological and natural treatment source against tomato leaf miner (Krache et al., 2022). 

Garlic extract has shown promise in controlling T. absoluta larvae on tomato plants 

due to its acute toxicity to this insect. It also affects insect development by reducing 

insect survival and growth rates, increasing larval and pupal lifespan, and reducing 

pupal weight. Also A. sativum extracts had strong repellent effects (Salama and 

Shehata, 2017). 
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The insecticidal effect of garlic extract was previously studied on different larval 

stages of tomato leaf miner (Shiberu Tadele and Emana Getu, 2017). Ghanim and 

Abdel, (2014) reported that garlic has the strongest effect on the second instar larvae 

of T. absoluta under laboratory conditions. Meanwhile, Hussein et al., (2015) 

investigated the insecticidal ability of several plant extracts including garlic on T. 

absoluta infestation under field conditions; the highest reduction was recorded by 

garlic extract. 

The most commonly identified constituents of garlic, namely diallyl sulfide, diallyl 

disulfide and diallyl trisulfide. It has an antagonistic effect on many insects. They are 

lethal and repellent against larvae, pupae, and adults of tomato leaf miner. Regarding 

toxic compounds, diallyl disulfide was the most toxic to adult pupae and larvae, 

respectively, and showed lethal effects at various time points (Hamada et al., 2018; 

Angelica et al., 2017). It can cause toxic and necrotic symptoms in T. absoluta larvae, 

pupae and adults 20-40 hours after exposure. Garlic extract caused lethal and sub 

lethal effects on T. absoluta and thus have pest control potential (Alam et al., 2019).  

2.11.4. Biological Control 

Biological control is an essential management part for T. absoluta. Some experts have 

detailed a decline in T. absoluta populations identified with an increase in predator 

populations when moderate natural controls are applied (Wakil et al., 2018). The 

introduction of predators, parasitoids and entomo-pathogenic organisms allows for the 

control of T. absoluta in a short period of time (Hogea, 2020). 

Predators 

Some analysts have found a more pronounced suitability of predators as natural 

enemies to reduce T. absoluta populations both in open fields and nurseries (Huda et 

al., 2020). A few brutal species, especially from the order Hemiptera, belong to the 

families Myridae, Antochoridae and Navidae such as Dicyphus errans, D. bolivari, 

Macrolophus pygmaeus, Nesidiocoris tenuis and Nabis pseudoferus has been 

classified as permanent natural enemies of the T. absoluta (Hogea, 2020; Lahiri and 

Orr, 2018). 



 
 

23 
 

Adults prey on eggs on leaves. They were able to reduce tomato leaf miner losses by 

75-90% (Sanda et al., 2018). Other recognized predators of T. absoluta include D. 

maroccanus, Amblyseius swirskii and Amblyseius cucumeris. These show very 

promising results and the feasibility of using predators when combined with different 

techniques to control T. absoluta by killing eggs and young (Huda et al., 2020; Jac, 

2017). 

Parasitoids 

Parasitoids are probably the most powerful natural control specialists that can be used 

to control T. absoluta population development (Huda et al., 2020). Various species 

have been found as parasitoids of T. absoluta. They belong to the families; 

Eulophidae, Braconidae, Ichneumonidae, Trichogrammatidae, Encyrtidae, 

Eupelmidae, Pteromalidae and Chalcididae (Hogea, 2020; Wakil et al., 2018). 

Entomopathogens 

Entomopathogenic microorganisms have also been shown to be effective against T. 

absoluta (Abdel-baky et al., 2021). Bacillus thuringiensis (BT) is effective against T. 

absoluta larvae in both outdoor and greenhouse conditions (Bastola et al., 2020). 

Entomopathogenic nematodes (EPNs) such as Steinernema carpocapsae (Weiser), 

Steinernema Feltiae (Filipjev) and Heterorhabditis sp. used for control of T. absoluta 

through introduction into soil to kill pupating larvae or into leaves to kill mine larvae 

(El-Shafie, 2022; Huda et al., 2020;  Lahiri and Orr, 2018). 

2.11.5. Insecticides applications  

A basic technique to combat this nuisance insect is the use of chemical insecticide 

(Abdel-baky et al., 2021; Moeini-naghade et al., 2020). Recent studies have shown 

that T. absoluta is insensitive to various insecticides including chlorantraniliprole, 

abamectin, deltamethrin, methamidophos, permethrin, and cartap (Hogea, 2020; 

Alsaedi et al., 2017). However, some insecticides such as Chlorantraniliprole, 

Emamectin benzoate, Imidachloprid, spinosad, indoxacarb, spinetoram, Novaluron, 

flubendiamide, dichlorovus are yet effective against T. absoluta (Kumar et al., 2021). 

Among these, spinosad and chlorantraniliprole are the best for second stage of T. 

absoluta hatchlings larvae and eggs, followed by indoxacarb (Khani et al., 2020). 
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Additionally, eight dynamic formulations of chlorantraniliprole, chlorfenapyr mixed 

with indoxacarb, spinosad mixed with abamectin, Emamectin benzoate, and 

Imidachloprid caused 90% mortality against T. absoluta larvae and provides the most 

promising control results exceeding (Gozel et al., 2020; Yadav et al., 2020; Mansour 

et al., 2018). 

2.11.6. Integrated Pest Management  

IPM is an effective and environmentally friendly control method by using a 

combination of all available pest control strategies. A combination of physical, 

cultural, mechanical, biological, botanical leads to successful management of T. 

absoluta. Combining these pest control techniques with the proper use of 

environmentally friendly insecticidal sprays may help control T. absoluta without 

damaging the agricultural environment (El-Shafie, 2022; Sanda et al., 2018; Jac, 

2017). (Giorgini et al., 2019) claimed that the best approach to controlling invasive 

pests is the adoption of IPM. 

Saeidi and Raeesi, (2021) reported that the integration of two environmentally 

friendly methods (host plant resistance and biological control) is effective for 

sustainable management of T. absoluta under greenhouse conditions. Similarly, 

(Buragohain et al., 2021) found that microbial pesticides (B. thuringiensis kurstaki, B. 

assiana), Neem products and containing chlorantraniliprole showed a significant 

reduction in T. absoluta by the implementation of IPM packages without 

compromising marketable yields and also reduces crop protection costs. Therefore, 

IPM packs can be an effective and economical tool for controlling T. absoluta 

infestation on tomato plants (Giorgini et al., 2019). 

Other strategies include establishing populations of effective biological control agents 

(predators, parasites, bio-pesticides) in combination with a series of officially 

registered selective low toxicity insecticides used in rotation. In conclusion, effective 

and sustainable management of T. absoluta requires the integration of cultural, 

behavioral, biological and chemical controls with IPM principles (Tarusikirwa et al., 

2020; Kamali et al., 2018) 

  



 
 

25 
 

 

  

  



 
 

26 
 

CHAPTER THREE: MATERIALS AND METHODS 

3.1. Description of the Study Area 

The experiment was carried out at Fogera National Rice Research and Training 

Centre, Northwest Ethiopia during 2022 dry season using irrigation. The area is 

located between 11° 57' 0" North, 37° 35' 0" East at an altitude of 1774 meter to 2410 

meter above sea level (Figure 3.1). The total area is 117,405 hectares, consisting of 

plains (76%), mountains and hills (11%) and valley floors (13%). The land use pattern 

of this area can be explained as 48 % agricultural land, 22% pasture, 21% water, 2% 

forest and 7% other (Lema Tadesse et al., 2017).  

 

Figure 3.1: Map of the study area 

The district receive average annual minimum and maximum temperatures of 13.17
o
C 

and 28.08 ℃, respectively with a mean of 20.63 ℃ with the mean annual rainfall is 

1278.92 mm (Figure 3.2). Vertisols and Fluvisols are generally dominating the area 
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and these soils textural are sandy clay and sandy loam respectively (Desta Mare et al., 

2021). The farming system is mainly rice dominated cereal production, livestock 

farming and vegetables. A total of 42,746 households are engaged in agriculture out 

of which about 21,018 are tomato producers (Fikadu Asmiro and Girma Gezim, 2021). 

 

Figure 3.2: Maximum, Minimum and Average Temperature for 2022 over Fogera 

District. Source: National Meteorological Service Agency, 2022 

3.2. Botanical Plant Collection and Extraction Methods 

All plant extract (botanicals) were collected and extracted according to Stoll, (2000) 

methods. Garlic (Allium sativum) was obtained from a local market at Bahir Dar and 

the clove part was used as fresh extract. A. sativum extract was prepared from 250 g 

of fresh garlic bulbs. It was chopped, strained in a grinder and then soaked the 

chopped bulbs in 1 liter of distilled water for 1 hour and well shaken before spray 

(Stoll, 2000). 

Fresh, green neem (Azadirachta indica)  leaves were collected from locally available 

trees in Bahir Dar. The leaves simultaneously soaked in a 1% sodium hypochlorite 

solution and were washed thrice with sterilized water to separated from any disease 

and insect infestation. Mortal and pestle was used to grind the neem leaves into small 

pieces. A. indica extract was made from fresh leaves by pounding 1.25 kg of leaves in 

which it was soaked overnight in 5 liters of water and one teaspoon of liquid soapy 

(10ml) were added to act as a sticker (Stoll, 2000). 
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3.3. Description of Experimental Materials 

MERCURY 23 EC synthetic insecticide was used in this experiment since it is the 

most available and selective insecticide against T. absoluta. It was purchased from 

Bahir Dar Pesticide shop. Detail information is given in the Table 3.1.  

Garlic (Allium sativum) colve extract and neem (Azadirachta indica) leaf extract were 

used as botanical insecticides. Detail information about these two botanicals were 

given the Table 3.2.  

Cochero tomato variety was used as a test crop. The seeds were obtained from 

Weramit Horticulture Research and Training Institute. The variety are open pollinated 

varieties that were released from Melkasa Agricultural Research Center (Birhanu 

Habtie, 2022). The description of the varieties is given in the Table 3.3.  
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Table 3.1: Description of synthetic insecticide used for management of T. absoluta 

Chemical name Active Ingredient Human  Toxicity  Classification  Application dose /ha 

MERCURY 23 EC Chlorofenapry 200gl+Emamectin Benzoate 30g/l Slightly hazardous  Class III 

 

225 ml 

Note: recommended dose as per instructions on the chemical container label. 

Table 3.2: Description of botanical used for management of T. absoluta 

Common name Scientific name  Family Used part Application dose 

Plot  

(12 m
2
 ) 

Experiment 

(216 m
2 

) 

Garlic  Allium sativum  Lilliaceae Cloves  24 ml 432 ml 

Neem  Azadirachta indica Meliaceae Leaf 24 ml 432 ml 

Note : The dose are according to (Alam et al., 2019)  
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Table 3.3: Description of the tomato variety 

Source: Source: MOA, (2020) 

 

Variety name Year of 

Release 

Environmental requirement Days to maturity Yield  (ton/ha) 

Altitude (m) Rain fall (mm) 

Research field Farmer field 

Cochoro 2007 800-2000 1400 100-120 45 13-17 
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3.4. Treatments and Designs 

The treatments were two botanical insecticides, neem (Azadirachta indica) and garlic 

(Allium sativum), synthetic insecticide (MERCURY 23 EC @ 0.14 ml, 0.42 ml and 

0.28 ml) and an integration of each together and untreated check (Table 3.4). A 

randomized complete block design (RCBD) was used to lay out the experiment which 

consisted of fourteen (14) treatments with three replications. The net plot area of each 

treatment was 12 m
2
 (3 m x 4 m). The recommended intra - row spacing 0.5 m and 

inter - row spacing 1 m was maintained for all plots. The outer single rows at both 

sides of the plot and one plant at both ends of the rows were considered as border 

plants. 

Table 3.4: List of experimental treatments 

Treatment No Treatment combination 

1 Garlic + Neem 

2 Garlic 

3 MERCURY 23 EC @ 0.14 ml/L 

4 MERCURY 23 EC @ 0.42 ml/L 

5 Neem  

6 MERCURY 23 EC @ 0.28 ml/L 

7 Neem + MERCURY 23 EC @ 0.28 ml/L 

8 Neem + MERCURY 23 EC @ 0.14 ml/L 

9 Neem  + MERCURY 23 EC @ 0.42 ml/L 

10 Garlic + MERCURY 23 EC @ 0.28 ml/L 

11 Garlic + MERCURY 23 EC @ 0.14 ml/L 

12 Garlic +MERCURY 23 EC @ 0.42 ml/L 

13  Neem + Garlic+ MERCURY 23 EC @ 0.28 ml/L 

14 Untreated check 
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3.5. Experimental Procedures and Management of the Experiment 

About 300g/ha (0.36g/plot) seed rate was used. The seed of tomato was sown in flat 

seed bed having 2 m length and 1.2 m width (2.4 m
2
) for raising seedlings on April 10, 

2022. The land was ploughed, harrowed and leveled from March to May, 2022 and 

allocated to plots measured (3 m x 4 m) with 31 m long and 27.5 m width. The 

seedling was transplanted into the experimental area on May 19, 2022 after 40 days 

manually with an intra- row spacing 0.5 m and inter row spacing 1 m. To ensure 

uniform plant population throughout the experiment, after three day of transplanting 

wilted and dried seedling were replaced by strong and vigorous seedlings.  

Water was applied using furrow irrigation method at three days interval at early stage 

of the plants. Then, plants have received water every seven days interval where 

irrigation was stopped a week before harvest. The frequency was in seven days 

interval and was stopped at physiological maturity (Getahun Dessie et al., 2022) 

Fertilizer were applied with the amount of 242 kg/ha NPS and 100 kg/ha Urea. NPS 

was applied fully at transplanting while urea was applied in two splits, the first half 

percent a week after transplanting and the second half percent half month after 

transplanting. All other crop management practices including pest management, hand 

weeding and crop residue disposal were applied timely and uniformly to all plots as 

per the recommendation for tomato plant.  Harvesting of tomato fruit was done after 

90 day of transplanting. 

When applying treatments which consists of both botanical and synthetic insecticides, 

a spray schedule (sequential application) was designed. In which, botanical 

insecticides were used in the early stages of the series because they act as 

oviposition repellents for egg-laying female moths and as feeding inhibitors for larvae; 

whereas, synthetic insecticides are the final component of the experiment and it 

applied after 10 days of botanical insecticide application. All treatments were applied 

before sunset using knapsack sprayer twice throughout the experiment.  

Application of treatments was begin on June 18, 2022 after 30 day of transplantation 

when the T. absoluta infestation accumulated and exceeded the economic threshold 

(approximately 2 larvae per plant) using methods of Shibru Tadele and Emana Getu, 
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(2018a). Recommended doses of treatment were applied at intervals of 10 days. All 

treatment was compared with an untreated check.  

3.6. Data Collected 

Data collections for some parameters were at plant basis from 6 plants selected 

randomly from each plot while some were at plot basis level. For all treatments, 

before and after spraying data were recorded on infestation parameters caused by T. 

absoluta during vegetative and harvesting period. Before treatment application 

number of live larva per plot and number of infested leave per plants were recorded 

on June 18, 2022 after 30 day of transplanting. 

Number of Live larvae per plot: The number of live larvae were recorded from each 

plot and collected at 9 days after application of each spray. 

Number of  Infested Leaves per Plants: The number of infested leaves of six 

randomly selected plants were counted after 10 days of the last spraying from each 

plot.    

Number of Tunneled Fruit per plant: The number of tunneled fruit from six 

randomly selected plants were counted after 20 days of last spray.   

Marketable Yield (ton/ha): Fruits free from any visible damages of disease, insect 

pest, physiologically and mechanically damages were considered as marketable 

(Lemma, 2000). Marketable fruits were recorded from each plot. The marketable fruit 

recorded from each net plot area were weighed with analytical balance in kg and 

converted into hectare basis. 

Yield Loss Estimation: Percent yield loss was calculated by comparing yield in  

untreated plot with yield in treated plot by using methods of Shiberu and Getu, (2015). 

           ( )  
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Note: Potential yield is a yield in treated plot whereas; yield in control is considered 

as Actual yield. 

Percentage of Mortality: Data was collected on the basis of mortality of larvae in 

once time after 9 days after application of each spray, and the percentage of mortality 

was calculated. The percentage of mortality was calculated by using the methods of 

Alam et al., (2019)   

          ( )  
(                                )

               
      

 

Where: TNLL= Total number of live larvae and TNDL= Total number of dead larvae

3.7. Data Analysis 

The data obtained were statistically analyzed to reveal the significance differences 

between treatments. R-Statistics software version 4.3.1 (R Core Team, 2023) was 

used to assess the means of all treatments, perform analysis of variance, and Duncan's 

Multiple Range Test (DMRT) test to assess mean differences (Gomez and Gomez, 

1984). Pearson's correlation coefficient method and linear regression analysis fitting 

regression equation Y= a + bx were used to examine associations between larval 

populations, infested leaves and tunneled fruit with marketable tomato yield and yield 

loss.   

3.8. Partial Budget Analysis 

Economic analysis and marginal rate of return were done using the procedures 

described by CIMMYT (1988). The cost of management T. absoluta was done by 

adding the cost of the insecticide per plot, the total cost of crop production and the 

percentage yield loss per plot. Management costs reflect the range of actual pricing 

scenarios at current market prices. The price of tomato (ETB/ha) take into account a 

range of crop market prices for 2022/2023 including low, average and high prices for 

tomatoes in which the price of tomato was 15 ETB/kg. 
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CHAPTER FOUR: RESULTS AND DISCUSSIONS 

4.1. Effects of Botanical and Synthetic Insecticides on larvae mortality of Tuta 

absoluta 

The analysis of variance revealed that the effects of botanical and synthetic 

insecticides were very highly significant (P<0.001) on larvae mortality of T. absoluta  

when compared to the untreated check after nine days of the first and last spray 

(Appendix Table 2-3). The highest percentage of larvae mortality after nine day of the 

two sprays was obtained from treatments consisting of an integration of  MERCURY 

23 EC @ 0.28 ml with both neem and garlic (91.01% and 100%). It followed by neem 

+ MERCURY 23 EC 0.42 ml (84.26% and 96.81%), Garlic +MERCURY 23 EC @ 

0.42 ml (82.08% and 96.76%), neem + MERCURY 23 EC  0.28 ml (78.29% and 

91.68%), Garlic + MERCURY 23 EC 0.28 ml (70.95% and 90.21%), neem + 

MERCURY 23 EC 0.14 ml (71.65% and 89.53%) and Garlic + MERCURY 23 EC @ 

0.14 ml (70.95% and 87.52%) after nine (9) days of first and last spray, respectively. 

The lowest percentage of larval mortality (0.0 %) was obtained from untreated check 

(Table 4.1.).  

This result was in accordance with the findings of Buragohain et al., (2021) who 

reported  highest larvae mortality by using neem extract with the standard insecticides. 

The results reported using neem extract were also consistent with the findings of 

Illakwahhi and Srivastava, (2019) who reported the potency of use of neem extract as 

insecticide and as synergist to increase activity of abamectin to control T. absoluta. In 

addition, these findings concur with the findings of various scholars who reported the 

efficacy of some selected bio-rational insecticides with Emamectin benzoate, spinosad, 

abamectin, lufenuron and buprofezin in different combinations against the tomato leaf 

miner larvae (Alam et al., 2019; Birhan Aynalem, 2018; Cherif et al., 2018).  

These results are also in conformity with the results of Njoki et al., (2023) who 

recorded significantly higher larval mortality of T. absoluta recorded from Pyrethrin + 

Garlic extract compared with the untreated check.  
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The integration of neem with garlic showed highest percentage of larvae mortality 

(71.69% and 89.74%) after nine (9) days of first and last spray, respectively. Similar 

results were reported by El-Ghany et al., (2016) who reported that a higher mortality 

rate (76%) was recorded for the Garlic + Neem extract combination. 

On the other hand, from the two botanicals; neem had the highest larvae mortality 

percentage (64.71% and 77.35%) as compared to Garlic (61.64% and 70.86%) after 

nine (9) days of first and last spray, respectively. The present findings are in 

agreement with the findings with Alam et al., (2019) who reported that neem leaf 

extract showed the highest (67.47%) percentage mortality of T. absoluta larvae as 

compared to Garlic clove extract which was (60.36%). These result also in 

consistence with the findings of Shiberu Tadele and Emana Getu, (2018); Angelica et 

al., (2017); Bawin et al., (2014). They reported that neem leaf extract has highest 

larval mortality as compared to Garlic clove extract. 

The effects of neem extract on T. absoluta larvae mortality were very highly 

significant. Similarly, Srinivasan and Dilipsundar, (2019) reported that the maximum 

reduction in larval population (65.26%) was showed from neem extract. The extract 

of Azadirachta indica gave about 74% larval mortality within 10 days of its 

application (Shiberu Tadele and  Emana Getu, 2018). These present result was 

supported by many scholar (Gebremariam Amha et al., 2022); Alam et al., 2019; 

Frank et al., 2014;  Kubo et al., 2012). They reported that neem extract was highly 

effective against T. absoluta larvae. The high effectiveness of neem extract was due to 

its contact, as well as systemic action against the larval stages of T. absoluta (El-

Ghany et al., 2016).  

Garlic extract showed a high significant effect on mortality of T. absoluta larvae. 

These results are consistent with Ghanim and Ghani, (2014) who found that garlic had 

the strongest effect on second instar T. absoluta larvae. Badran et al., (2018) also 

reported that chemical insecticides, garlic extract and mineral oil alone were effective 

resulting in a gradual decrease in the population of the tomato leaf miner.  

Of the tested synthetic insecticides MERCURY 23 EC (Chlorfenapry 200 g/l + 

Emamectin Benzoate 30 g/l) was highly effective in controlling T. absoluta. It gave 

the highest larval mortality percentages at it are by its two concentrations (0.28 ml) of 
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(66.94% and 85.52%) and (0.42 ml) of (68.84% and 89.32%) after nine (9) days of 

first and last spray, respectively. On the other hand, the lowest larval mortality 

percentages (27.79% and 33.57%) were recorded with MERCURY 23 EC @ 0.14 ml 

but highly significant as compared to untreated check (0.00%).  

These results were in harmony with Kandil et al., (2020) who found that Emamectin 

benzoate and Chlorfenapry had excellent efficacy against T. absoluta and resulting in 

high mortality rate 98.74% and 84.89%, respectively. Roby and Hussein, (2019) 

reported that Emamectin benzoate showed high toxic activity against T. absoluta. 

Furthermore, Simmons et al., (2018) stated that the efficacy of Chlorfenapry and 

Emamectin benzoate against T. absoluta was high (mortality rate >90%). In the same 

trends, several scientists reported that combining emamectin benzoate with 

imidacloprid, indoxacarb, profenofos, chlorfenapyr, or methomyl significantly 

reduced the population of T. absoluta and caused up to 90% mortality of T. absoluta 

larvae and produced the most promising control results (Gozel et al., 2020; Yadav et 

al., 2020; Mansour et al., 2018). 
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Table 4.1: Mean value of mortality percentage on larvae mortality of T. absoluta after 

9 days of two different sprays  

Note: P-value= Probability value, ***=highly significant (P<0.001); SE (±) = 

Standard error; CV = Coefficient of variation; DAS = Days after spray means with in 

the same columns followed by the same letter (s) are not significantly different from 

each other. 

  

 

Treatments 

Mortality percentages of  T. absoluta after 

nine (9) days of each spray  

9 days after 1
st
 spray 9 days after 2

nd 
spray 

Garlic + Neem 71.69
ef

 89.74
cde

 

Garlic  59.06
i
 70.86

h
 

MERCURY 23 EC @ 0.14ml 27.79
 j
 36.86

i
 

MERCURY 23 EC @ 0.42ml   68.84
fg

 89.32
de

 

Neem  64.71
h
 77.35

g
 

MERCURY 23 EC @ 0.28ml  66.94
gh

 85.52
f
 

Neem + MERCURY 23 EC @ 0.28ml  78.29
cd

 91.68
c
 

Neem + MERCURY 23 EC @ 0.14ml 71.65
ef

 89.53
cde

 

Neem  + MERCURY 23 EC @ 0.42ml 84.26
b
 96.81

b
 

Garlic + MERCURY 23 EC @ 0.28ml 74.83
de

 90.21
cd

 

Garlic + MERCURY 23 EC @ 0.14ml 70.95
efg

 87.52
ef

 

Garlic +MERCURY 23 EC @ 0.42ml 82.08
bc

 96.76
b
 

 Neem + Garlic+ MERCURY 23 EC @ 0.28ml 91.01
a
 100.00

a
 

Untreated check 0.00
k
 0.00

j
 

SE (±) 1.31  0.72 

Mean  65.15 78.73 

CV (%)     3.50 1.60 

P-value *** *** 
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4.2. Effects of Botanical and Synthetic Insecticides on Infestation of Tomato 

leave by T. absoluta 

The analysis of variance revealed that the effects of botanical and synthetic 

insecticides were very highly significant (P < 0.001) influenced infested leaves per 

plant (Appendix Table 1). The lowest number of infested leaves per plant was 

observed on an integration of  MERCURY 23 EC @ 0.28 ml with both neem and 

garlic (5.44) followed by  neem with MERCURY 23 EC @ 0.42 ml (5.61).  

Generally, the lowest number of infested leaves per plant was observed on treatments 

which contain an integration of botanical with synthetic insecticide than a single 

application of botanical and synthetic insecticides; whereas, The highest leave 

infestation was observed in untreated check (43.05) followed by MERCURY 23 EC 

@ 0.14 ml (25.44). The results of this study are consistent with those of Sayeed et al., 

(2021) who reported that the highest number of infested leaves per plant was obtained 

from an untreated check and the lowest infestation of leaves was obtained from IPM 

package consisting of synthetic insecticides with other control methods. Buragohain 

et al., (2021) also reported that tomato leaf infestation by T. absoluta was similarly 

reduced by using neem extract and standard insecticides. 

Both neem and garlic had the highest effect on reducing number of infested leaves per 

plant. The highest number of infested leaves per plant (18.33) was found on garlic 

application as compared to neem application (14.16). This is directly in line with the 

findings of Alam et al., (2019) who reported that infested leaves per plant, the highest 

percentage (82.12%) of infested leaves per plant was found in an untreated check, 

whereas the lowest percentage (30.59%) of infested leaves was recorded in neem leaf 

extract followed by garlic extract (35.38%). Furthermore, the results obtained in this 

study were consistent with those of Shiberu Tadele and Emana Getu, (2018). The 

present study agreed with El-Ghany et al., (2018) who reported that application of 

azadirachtin reduced T. absoluta leaf invasion by 70–83%. 

On other the hand, MERCURY 23 EC (Chlorofenapry 200 g/l + Emamectin Benzoate 

30g/l) was very highly significant on the reduction of infested leaves per plant at the 

concentrations of 0.42 ml and 0.28 ml. This is directly in agreements with the findings 
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of Saad et al., (2020) who found that both of Chlorfenapyr and Emamectin benzoate 

gave reduced values of infestation of tomato plant leaves by Tuta absoluta. Moreover, 

Abdelmaksoud et al., (2020) expressed that the damage of plant and leaves was 

decreased due to decrease of infestation of tomato leaf miner.  
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Table 4.2: Mean value of infested leaves per plant before first spray and after second 

spray 

Note: P-value = Probability value ***=highly significant (P<0.001), ns= Non 

significant; SE (±) = Standard error; CV = Coefficient of variation. Means with in the 

same columns followed by the same letter (s) are not significantly different from each 

other. 

4.3. Effects of Botanical and Synthetic Insecticides on Fruit Infestation per plant 

by T. absoluta 

The analysis of variance revealed that the effects of botanical and synthetic 

insecticides were a very high significant (P < 0.001) difference among treatments on 

reducing tunneled fruit (Appendix Table 4). Most treatments were found to reduce 

Treatments Before first spray After second spray 

Garlic + Neem 22.55 8.55
fgh

 

Garlic  23.16 18.33
c
 

MERCURY 23 EC @ 0.14ml 22.44 25.44
b
 

MERCURY 23 EC @ 0.42ml   22.17 10.16
f
 

Neem  23.00 14.16
d
 

MERCURY 23 EC @ 0.28 ml 22.55 12.05
e
 

Neem + MERCURY 23 EC @ 0.28 ml  25.05 7.05
hij

 

Neem + MERCURY 23 EC @ 0.14 ml 23.44 8.67
fgh

 

Neem  + MERCURY 23 EC @ 0.42 ml 23.39 5.61
j
 

Garlic + MERCURY 23 EC @ 0.28 ml 23.94 8.00
ghi

 

Garlic + MERCURY 23 EC @ 0.14 ml 22.61 9.39
fg

 

Garlic +MERCURY 23 EC @ 0.42 ml 22.61 6.50
ij
 

 Neem + Garlic+ MERCURY 23 EC @ 0.28 ml 24.05 5.44
j
 

Untreated  22.67 43.05
a
 

SE (±) 0.82 0.58 

Mean 23.11 13.03 

CV (%) 6.14 7.75 

P-value Ns *** 
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tunneled fruit per plant. The lowest number of tunneled fruit were recorded in an 

integration of   both neem and garlic with MERCURY 23 EC 0.28 ml (0.33) followed 

by neem with MERCURY 23 EC 0.28 ml (0.67), whereas the highest number of 

tunneled fruit per plant were recorded from untreated check (15.33) followed by 

MERCURY 23 EC 0.14 ml (9.67) (Table 4.3).  

Generally, the lowest number of tunneled fruit per plant was observed on treatments 

which contain an integration of botanical with synthetic insecticide than a single 

application of botanicals and synthetic insecticides. This result concur with Sayeed et 

al., (2021) who reported that the highest number of infested fruit was obtained from 

untreated check and the lowest fruit infestation was obtained from IPM package 

consisting of synthetic insecticides with other controlling methods.  

Most treatments with an integration of botanical with synthetic insecticides, and 

botanical insecticide (neem and garlic) are not significantly different from each other 

but highly significant from untreated check and observed the lowest number of 

tunneled fruit per plant. This result may be supported by the findings of several 

scientists who have studied the effectiveness of bio-rational integrated approaches in 

the control of tomato leaf miner and observed less fruit infestation (El-Ghany et 

al., 2016; Frank et al., 2014; Harbi et al., 2012).  

Neem has anti-feedant and repellent properties, and it was found to be relatively less 

toxic to beneficial organisms than other harmful synthetic pesticides, which made it 

an eco-friendly and effective substitute for IPM packages (El-Ghany et al., 2018). 

Both neem and garlic found that lowest number of infested fruit per plant.  In fact, the 

results obtained in this study were consistent with those of Mahmoud et al., (2020). 

showed that the insecticidal activities of aqueous extracts of five local plants 

including neem (Azadirachta indica) and garlic (Allium sativum) plants reduced 

significantly the number of infested leaflets, the number of mines and the number of 

fruits infested by T. absoluta under greenhouse condition. Similarly, the current 

results were in agreement with Shiberu Tadele and Emana Getu, (2018) that showed 

that A. sativum and A. indica were reduced number of leaf infested and fruit tunneled 

per plants. 
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Synthetic insecticides MERCURY 23 EC (Chlorfenapry 200 g/l + Emamectin 

Benzoate 30 g/l) treatment was shown to be equivalent in minimizing tomato fruit 

damage caused by T. absoluta compared to untreated controls. These results were in 

correspondence with Kachave et al., (2020) who reported that treatment with 

Emamectin benzoate insecticide was shown to effectively minimize T. absoluta 

damage on tomato fruit compared to untreated controls. Similarly, El-Aassar et al., 

(2015) reported that using Chlorfenapry gives promise result and low infested fruit 

per plant. 

4.4. Effects of Botanical and Synthetic insecticide on Marketable Yield of 

Tomato 

On closer look at the data, revealed a trend toward increased insect control show 

higher yields. The analysis of variance revealed that the effects of botanical and 

synthetic insecticides were a very high significant (P < 0.001) influenced marketable 

yield of tomato (Appendix Table 5). The tomato yields ranged from (35.06 ton/ha) to 

(6.53 ton/ha) (Table 4.3). The highest marketable yield was recorded from treatment 

consisting of a botanical integration with the synthetic insecticides. Both neem (29.00 

ton/ha) and garlic (28.36 ton/ha) gave highest marketable yield. The lowest 

marketable yield was recorded from untreated check (6.35 ton/ha) followed by 

MERCURY 23 EC 0.14 ml (18.67 ton/ha).  

Similar results by Bakheit et al., (2022) who evaluate the efficacy of extracts of three 

botanical including neem extract as alternative to synthetic insecticides against T. 

absoluta on reducing the number of infested plant per plot, number of active mines 

and percentage of infested fruits as well as increase yield was recorded. The present 

result on the marketable fruit yield are supported by Nesreen et al., (2018); Shiberu 

Tadele and Emana Getu, (2018). They were evaluated the combined efficacy of 12 

bio-rational based IPM packages against the infestation of Tuta absoluta and reported 

that the highest marketable fruit yield was obtained.  

On other hand, results of this study proved that plots treated with neem (29.00 ton/ha) 

gained the highest marketable yield (Table 4.3). The results of present study are 

similar with the study of Alam et al., (2019; Frank et al., (2014). They reported that 
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yield and yield attributes was directly increase with the decreased of infestation of 

tomato leaf miner during fruit setting and maturity stage of tomato. Srinivasan and 

Dilipsundar, (2019) also reported that the maximum reduction in larval population 

(65.26%) and a higher marketable yield (17.55 ton/ha) with using neem extract. A 

study by Kona et al., (2014) showed that the plots treated with neem extract achieved 

the highest marketable yield. The same results of yield increase with the use of neem 

were reported by Abbasi et al., (2003). Garlic extract were gave the highest 

marketable yield of tomato. These were in line with Matendo et al., (2019) who 

reported that garlic extract gave the highest marketable yield of tomato. 

In this study, synthetic insecticides MERCURY 23 EC 0.42 ml (30.33 ton/ha) and 

MERCURY 23 EC 0.28 ml (29.10 ton/ha) investigated the highest yield of tomatoes, 

respectively. This result was consistent with the results of Kandil et al., (2020) who 

found that Chlorfenapry and Emamectin Benzoate were most effective against T. 

absoluta and gained highest marketable yield of tomato. 

4.5. Yield Loss Estimation caused by T. absoluta 

In terms of yield loss, the analysis of variance revealed that the effects of botanical 

and synthetic insecticides were a very high significant (P < 0.001) difference within 

treatments in all plots (Appendix Table 6). An integration of botanical with synthetic 

insecticide gained highest marketable yield of tomatoes than a single application of 

botanical and synthetic insecticides (Table 4.3). The lowest yield losses (<4.10 %) 

were recorded in the treated plots consisting of neem and garlic with MERCURY 23 

EC 0.28 ml followed by neem with MERCURY 23 EC 0.42 (4.10%).  

The synthetic insecticides MERCURY 23 EC (Chlorfenapry 200 g/l + Emamectin 

Benzoate 30 g/l) at the concentrations of 0.28 ml and 0.42 ml showed the lowest yield 

loss followed by Neem (17.23%) and Garlic (19.10%), respectively. The highest yield 

loss (81.41%) was observed on untreated check followed by MERCURY 23 EC 0.14 

ml (47.98%).  

So, the loss in marketable yield depends on the level of T. absoluta infestation. The 

present result might be supported by the findings made by Nesreen et al., (2018) who 
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studied the effectiveness of the integrated bio-rational approach in the management of 

tomato leaf miner and reported that the bio-rational IPM approach was markedly 

superior to the conventional chemical method with only 2% yield loss as compared to 

50% and 45% in the chemical control and untreated check, respectively.  

This result was also in agreement with several scholar who reported that without 

control measures, T. absoluta can reduce tomato yield and fruit quality by up to 80–

100% by attacking leaves, flower stalks and especially fruit (El-Shafie, 2020; Chhetri, 

2018). Therefore, these agree with the present study which showed yield losses of 

81.41%. 
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Table 4.3: Mean values for tunneled fruit per plant, marketable yield of tomato in tons 

per hectare and yield loss percentage 

Note: P-value = Probability value, ***=highly significant (P<0.001); SE (±) = 

Standard error; CV = Coefficient of variation; means with in the same columns 

followed by the same letter (s) are not significantly different from each other. 

4.6. Partial Budget Analysis 

The competence of botanical and synthetic insecticide for the management of T. 

absoluta on tomato for the economic analysis and marginal rate of return was done 

(Table 4.4). Cost of the insecticide per plot and the total cost of crop production were 

 

Treatments  

No. of tunneled  

fruit/ plant 

Yield 

(ton/ha) 

Yield loss 

(%) 

Garlic + Neem 1.33defg 31.41
cde

 10.42
efg

 

Garlic  3.33
c
 28.36

g
 19.10

c
 

MERCURY 23 EC @ 0.14ml 9.67
b
 18.67

h
 47.98

b
 

MERCURY 23 EC @ 0.42ml   2.33cde 30.33
efg

 13.44
de

 

Neem 2.67
cd

 29.00
fg

 17.23
cd

 

MERCURY 23 EC @ 0.28 ml  2.33
cde

 29.10
fg

 17.19
cd

 

Neem + MERCURY 23 EC @ 0.28ml 1.33defg 32.57
bcd

 7.06
fgh

 

Neem + MERCURY 23 EC @ 0.14ml 2.00
cdef

 31.14
de

 11.19
ef

 

Neem  + MERCURY 23 EC @ 0.42ml 0.67
fg

 33.76
ab

 4.10
hi

 

Garlic + MERCURY 23 EC @ 0.28ml 1.67
defg

 31.85
bcde

 9..15
efgh

 

Garlic + MERCURY 23 EC @ 0.14ml 2.00
cdef

 30.67
def

 12.49
def

 

Garlic +MERCURY 23 EC @ 0.42ml 1.00
efg

 33.28
abc

 5.03
ghi

 

Neem + Garlic+ MERCURY 23 EC @ 

0.28ml 

0.33
g
 35.06

a
 ~ 

Untreated  15.33
a
 6.53

i
 81.41

a
 

SE (±) 0.44 0.63 1.76 

Mean 3.28 28.69 18.27 

CV (%) 23.48 3.84 16.73 

P-value *** *** *** 
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considered as variable cost that varies within treatments. Accordingly, the highest net 

benefit (350349.94 ETB/ha) were recorded from an integration of neem and garlic 

with MERCURY 23 EC 0.28 ml followed by an integration of neem with 

MERCURY 23 EC 0.42 (325427.735 ETB/ha) and neem with MERCURY 23 EC 

0.28 ml (296697.325 ETB/ha). From the botanicals, neem had the highest net benefit 

(262,539.97 ETB/ha) than garlic (253,524.35 ETB/ha). On the other hand, the lowest 

net benefit were recorded from untreated check (36174.51 ETB/ha) followed by 

MERCURY 23 EC 0.14 ml (76803.13 ETB/ha). 

In order to compute the marginal rate of return, the dominance analysis was carried 

out by listing the treatments in order of increase in total variable costs. According to 

CIMMYT (1988), any treatments that have net benefits less or equal to the previous 

treatment was dominated and removed from further analysis (Table 4.5). Accordingly, 

the highest marginal rate of return was recorded from the botanicals; neem (11.43%) 

and garlic (7.29%) followed by an integration of Neem and Garlic with MERCURY 

23 EC 0.28 ml (553.01%). The highest MRR (553.01%) indicates that investing one 

ETB on treatment integration of neem and garlic with MERCURY 23 EC 0.28 ml 

enables tomato grower to obtain a return of 5.53 ETB/ha. MERCURY 23 EC 0.28 ml 

with neem and garlic may, therefore, be recommended for effective and economic 

management of T. absoluta on tomato plant.  
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 Table 4.4: Economic analysis for the management of T. absoluta using botanical and synthetic insecticides on tomato 

 

Treatments  

MY(ton/ha) AMY(ton/ha) TVC (ETB/ha) GB(ETB/ha) NB(ETB/ha) 

Garlic + Neem 31.41 28.269 67727.26 335249.95 267522.69 

Garlic  28.36 25.524 45822.57 289312.42 262539.97 

MERCURY 23 EC @ 0.14ml 18.67 16.803 27259.32 104062.45 76803.13 

MERCURY 23 EC @ 0.42ml   30.33 27.297 64242.19 213074.95 148832.76 

Neem  29.00 26.1 35788.11 308362.54 253524.35 

MERCURY 23 EC @ 0.28ml  29.10 26.19 60748.01 158362.42 97614.41 

Neem + MERCURY 23 EC @ 0.28ml 32.57 29.31 71065.22 367762.54 296697.32 

Neem + MERCURY 23 EC @ 0.14ml 31.14 28.06 68044.01 335797.24 267753.23 

Neem  + MERCURY 23 EC @ 0.42ml 33.76 30.38 72542.85 397970.58 325427.73 

Garlic + MERCURY 23 EC @ 0.28ml 31.85 28.66 69027.67 346087.48 277059.81 

Garlic + MERCURY 23 EC @ 0.14ml 30.67 27.60 64453.84 314212.50 249758.66 

Garlic +MERCURY 23 EC @ 0.42ml 33.28 29.95 72542.85 380849.98 308307.13 

Neem + Garlic+ MERCURY 23 EC @ 0.28ml 35.06 31.55 72800.00 423149.94 350349.94 

untreated check 6.53 5.87 15988.00 52162.51 36174.51 

Where; MY=Marketable yield, AMY=Adjusted marketable yield, TVC= Total variable cost, GN= Gross benefit 
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Table 4.5: Dominance and Marginal Rate of Return analysis for the management of T. 

absoluta using botanical and synthetic insecticides 

Treatments  TVC NB DA MRR (%) 

Untreated 15988 36,174.51 ~  

MERCURY 23 EC @ 0.14ml/L 27259.32 76,803.13  3.60 

Neem 35788.11 262,539.97  11.43 

Garlic  45822.57 253,524.35  7.29 

MERCURY 23 EC @ 0.28ml 60748.01 97,614.41 D  

MERCURY 23 EC @ 0.42ml/L 64242.19 148,832.76 D  

Garlic + MERCURY 23 EC @ 0.14ml 64453.84 249,758.66 D  

Garlic + Neem 67727.26 267,522.69  4.47 

Neem + MERCURY 23 EC @ 0.14ml 68044.01 267,753.23  4.45 

Garlic + MERCURY 23 EC @ 0.28ml 69027.67 277,059.81  4.54 

Neem + MERCURY 23 EC @ 0.28ml 71065.22 296,697.32  4.73 

Neem  + MERCURY 23 EC @ 0.42ml 72542.85 325,427.73  5.11 

Garlic +MERCURY 23 EC @ 0.42ml 72542.85 308,307.13 D  

Neem + Garlic+ MERCURY 23 EC @ 0.28ml 72800 350,349.94  5.53 

Where: TVC= Total variable cost, NB= Net benefit, DA=Dominance analysis, MRR= 

Marginal rate of return, ETB=Ethiopian total birr, price of tomato=15ETB/kg 

4.7. Correlation between live Larva, Infested leave and Tunneled fruit with 

Marketable Yield and Yield Loss 

Correlation analyses were conducted to determine the relationship between live larvae, 

infested leave and tunneled fruit with yield and yield loss. It was found that there was 

a very strong correlation between that parameter and showed a high significant 

correlation (P < 0.001) correlation in all parameters. Positive correlations were found 

between live larvae, infested leaf and tunneled fruit with yield loss; whereas a 

negative correlation were found between those parameters with marketable yield of 

tomatoes. Consider (Table 4.6) for detail information about correlation value of those 

parameters.   
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Similar results were reported by Shiberu Tadele and Emana Getu, (2018a) who 

reported positive correlations were found between larvae population with yield loss; 

whereas a negative correlation were found between leave infestation with marketable 

yield of tomatoes. These present result was also supported by Alam et al., (2019) who 

revealed that highly positive correlation was observed between the percentage of 

infested fruits and yield loss of tomato caused by tomato leaf miner (Tuta absoluta). 

The present results were also consistent with Allache et al., (2017) who indicated that 

tomato fruit damage due to leaf miners was significantly positively correlated with 

larvae population changes. 

Table 4.6: Correlation between yield and yield loss with infested leaves tunneled fruit 

and live larvae 

Variable by Variable Correlation Significance level 

Marketable yield Infested leaves -0.9106 *** 

Marketable yield Live larvae -0.8926 *** 

Marketable yield Tunneled fruit -0.9395 *** 

Yield loss (%) Infested leaves 0.9678 *** 

Yield loss (%) Live larvae 0.9802 *** 

Yield loss (%) Tunneled fruit 0.9068 *** 

4.6.1. Marketable Yield and Yield Loss of tomato with Live larva of T. absoluta 

relationship 

Strong negative correlations were found between live larva and marketable yield 

(Table 4.6) and showed a high significant effect (P < 0.001). It was clear that the 

fitted regression line with the equation (Y=26780.92 - 581.21x) had significant 

regression coefficients (Figure 4.1). The value R
2 

=0.79 indicated a yield variation of 

79% due to T. absoluta infestation. Tomato yields were affected by increased 

infestation of tomato leaf miner larvae. A decrease of 0.0013 kg/ha (Appendix Table 

7) marketable yield was by an increase of one larva per plot. In this case, an increased 

number of larvae per plot translate into decreased marketable yield of tomatoes.  
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The data between live larva of T. absoluta and marketable yield loss showed a highly 

significant (P<0.001) strong positive correlation (Table 4.6). Thus, increasing the 

number of larvae per plot resulted in a parallel increase in marketable yield loss 

(Figure 4.2). The relationship between T. absoluta live larva per plot and percent 

marketable yield loss was described by the regression equation Y= 9.44 + 1.64x. An 

increase of 1 larva per plot caused about 0.58% marketable yield loss (Appendix 

Table 8). The highest value of R
2
=0.96 showed, approximately 96% of variation in 

marketable yield loss can be explained by live larva of T. absoluta per plot. 

The present results were in line with Rostami et al., (2021) who have shown 

a negative correlation between the number of Tuta absoluta larvae and marketable 

yield of tomato; whereas, positive correlation between the number of Tuta absoluta 

larvae and marketable yield loss of tomato. Also, Bacci et al., (2021) reported that as 

larval infestation increases, the marketable yield of tomatoes tends to decrease and 

they have strong negative correlation, vise versa. Similar results were reported by 

Shiberu Tadele and Emana Getu, (2018a) who reported positive correlations were 

found between larvae population with yield loss; whereas a negative correlation were 

found between learvea infestation with marketable yield of tomatoes. 

 

Figure 4.1: Relationship between marketable yield and live larva per plot 

https://www.researchgate.net/publication/354905208_Assessment_of_Tuta_absoluta_yield_loss_in_Iranian_tomato_crops
https://www.researchgate.net/publication/354905208_Assessment_of_Tuta_absoluta_yield_loss_in_Iranian_tomato_crops
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Figure 4.2: Relationship between percent of marketable yield loss and live larva per 

plot 

4.6.2. Marketable Yield and Yield loss with Infested leave by T. absoluta  

relationship 

Strongly negative correlations were found between the number of leaf infestations and 

the marketable yield (Table 4.6). The relationship between the number of leaf 

infestations by T. absoluta and the marketable yield was expressed by the equation 

Y=31053.66- 748.38X (Figure 4.3). The highest value of R
2
 = 0.83 indicated a yield 

variation of 83 % due to T. absoluta infestation of leaf. The p values of the linear 

regression coefficients were highly significant, with higher R
2
 values (0.83) indicating 

a more pronounced effect of the T. absoluta leaf infestation on the yield. A decrease 

of 0.0011kg/ha marketable yield was caused by T. absoluta infestation of one leaf per 

plant (Appendix Table 9).  

A correlation study was conducted to determine the relationship between number of 

infested leaf and marketable yield loss rates in tomato crops. It found that a very 

strong positive correlation was observed between those parameters. It was clear that 

the fitted regression line of the equation Y= -1.74+2.04X (Figure 4.4.) has significant 

regression coefficients (Table 4.6). The highest R
2 

value (0.94) were observed which 

indicated about 94 % variation was caused by infestation of leaf by these insect. 
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Tomato marketable yields were affected by increased infestation of T. absoluta. A 

market yield loss of 0.45% was caused by T. absoluta infestation of one leaf per plant 

(Appendix Table 10). Therefore, increasing the number of infested leaf per plant 

increases the marketable yield loss associated with it.  

Similar results reported by Rostami et al., (2021) who showed the correlation between 

the number of mines in leaves was highly significant, indicating the negative 

relationship between feeding activity and the marketable yield of tomatos.  

 

Figure 4.3: Relationship between marketable yield and infested leaf per plant. 
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Figure 4.4: Relationship between percentage of marketable yield loss and infested leaf 

per plant 

4.6.3. Marketable Yield and Yield loss of Tomato with Tunneled fruit - 

relationship 

A strong negative correlation was observed between the tunneled fruit and the 

marketable yield (Table 4.6) and has a very high significant p-value (P<0.001). The 

relationship between tunneled fruit per plant and marketable yield was expressed by 

the equation Y= 29406.37 - 1637.15X (Figure 4.5). A higher r
2
 value (0.89) indicates 

a more pronounced effect of tunneled fruit on yield, indicating 82.2% variation was 

occurred. A decrease of 5.4kg/ha marketable yield was caused by the damage caused 

by T. absoluta damage of one fruit per plant (Appendix Table 11). They had an 

inverse relationship, as the number of tunnel fruits per plant increases, the 

corresponding market yield decreases.  

A correlation study was conducted to determine the relationship between tunneled 

fruit and marketable yield loss rates in tomato crops. It turned out that a very strong 

positive correlation was observed between these parameters (Table 4.6). It is clear that 

the fitted regression line for the equation Y= 4.79 + 4.06X (Figure 4.6) has a high 

significant regression coefficient (R
2
 =0.8). The highest r

2
 value (0.80) was observed, 

indicating that approximately 80 % of the discrepancies were caused by fruit damage 

by this insect. Tomato marketable yields were affected by increased infestation of 

tomato leaf miner on fruit, in which a damage of one fruit per plant would cause about 

0.20% of yield loss (Appendix Table 12). In this case, an increased percent of yield 

loss translates into increased damage fruit on tomatoes.  

The present result was in agreement with Alam et al., (2019) who revealed that highly 

positive correlation was observed between the percentage of infested fruits and yield 

loss of tomato caused by tomato leaf miner (Tuta absoluta); whereas, a positive 

correlation between infested fruit with marketable yield of tomato. The present results 

were also consistent with Allache et al., (2017) who indicated that tomato fruit 

damage due to leaf miners was significantly positively correlated with larvae 

population changes. 
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Figure 4.5: Relationship between percentage of marketable yield and tunneled fruit 

per plant 

 

Figure 4.6: Relationship between percentage of marketable yield loss and tunneled 

fruit per plant. 
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CHAPTER FIVE: CONCLUSIONS AND RECOMMENDATIONS 

5.1. Conclusions 

Management of the Tomato leaf miner, Tuta absoluta, using botanical and synthetic 

insecticides is a critical alternative with safe, economical and effective management 

methods. Based on the results of the present study, an integration of botanical with 

synthetic insecticide influenced most of the tested parameters. Percentage mortality of 

T. absoluta larvae, infestation level of leaves and fruits, marketable yield and yield 

loss were influenced at high significance level by an integration of neem, garlic and 

MERCURY 23 EC at Fogera, Northwest Ethiopia. 

The treatments consisting of an integration of neem and garlic with MERCURY 23 

EC 0.28 ml performed best in this study. This was evident in the highest mortality of 

T. absoluta larvae (100%), lowest infested leaves (5.44), lowest tunneled fruit (0.33), 

highest marketable yield (35.06 ton/ha) and lowest yield loss percentage (<4.10%). 

Similarly, these treatments also generated the highest net benefit (350349.94 ETB/ha) 

with the highest marginal rate of return (553.01%). 

The Neem leaf extract and the garlic clove extract evaluated in this study reduced the 

infestation of tomato leaf and fruit by T. absoluta almost similarly to the synthetic 

insecticide treatment. Therefore, botanical insecticides can be included as efficient, 

economical, and promising options, in integrated management programme for the 

management of T. absoluta.  

The efficacy of MERCURY 23 EC (Chlorofenapry 200 g/l + Emamectin Benzoate 30 

g/l) varied across its three concentrations (0.42 ml, 0.28 ml and 0.14 ml), but they 

significantly reduced T. absoluta infestation compared to the untreated check. The 

yield loss due to T. absoluta was found 81.41%. The current study clearly showed that 

yield loss was positively correlated with tomato infestation by tomato leaf miner, T. 

absoluta.  
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5.2. Recommendations 

Accordingly, an integration of botanical with synthetic insecticide consisting of an 

integration of both Neem and Garlic with MERCURY 23 EC 0.28 ml can be 

recommended as the most effective and economical treatment for the management of 

the tomato leaf miner (T. absoluta) for the study area and areas with similar agro-

ecology. Further validation of this work including different labels of synthetic and 

botanical treatments under various agro-ecological conditions is required to determine 

the optimization and practicability of this integrated treatment application for the 

management of T. absoluta under field conditions. Moreover, further studies on the 

possible effect of the treatments used in the current study on human, soil and 

environmental health is also recommended. In addition, studies and awareness 

creation training for farmers and pesticide applicators on preparation of formulations 

of the botanical extracts is required to encourage their use by farmers in integrated 

management.   
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APPENDICES 

Appendix Table 1: Summary table for analysis of variance on infested leaves after 

second spray 

Source of variation DF SS MS F-value Pr(>F) P-value 

Replication  2 1.6 0.776 0.7598 0.4778  

Treatment 13 4087.7 314.435 307.7730 <0.001 *** 

Error 26 26.6 1.022    

CV (%) 7.75      

Where: P-value= Probability value, ***= highly significant (P<0.001); DF = Degree 

of freedom SS=Sum square; MS= Mean square; CV= CV=Coefficient of variation 

Appendix Table 2: Summary table for analysis of variance on percentage mortality of 

first spray after 9 day of spray 

Source of variation DF SS MS F-value Pr > F P-value 

Replication  2 1.4 0.70 0.13 0.87  

Treatment  13 22201.0 1707.77 327.02 <0.001 *** 

Error 26 135.8 5.22    

CV (%) 3.50      

Where: P-value= Probability value, ***=highly significant (P<0.001); DF= Degree of 

freedom; SS= Sum square; MS=Mean Square; CV=Coefficient of variation 

Appendix Table 3: Summary table for analysis of variance on mortality percentage for 

second spray after 9 days of spray 

Source of variation DF SS MS F-value Pr > F P-value 

Replication  2 3.4 1.68 1.053 0.36  

Treatment  13 29680.1 2283.09 1428.36 <0.001 *** 

Error 26 41.6 1.60    

CV (%) 1.60      
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Where: P-value= Probability value, ***=highly significant (P<0.001); DF= Degree of 

freedom; SS= Sum square; MS=Mean Square; CV=Coefficient of variation 

Appendix Table 4: Summary table for analysis of variance on number of tunneled 

fruit per plant 

Source of variation DF SS MS F-value Pr > F P-value 

Replication  2 0.34 0.168 0.163 0.85  

Treatment  13 888.45 68.34 66.65 <0.001 *** 

Error 26 26.66 1.02    

CV (%) 23.48      

Where: P-value= Probability value, ***=highly significant (P<0.001); DF= Degree of 

freedom; SS= Sum square; MS=Mean Square; CV=Coefficient of variation  

Appendix Table 5: Summary table for analysis of variance on marketable yield of 

tomato (ton/ha) 

Source of variation DF SS MS F-value Pr > F P-value 

Replication  2 1.43 0.71 0.59 2.01  

Treatment  13 2173.17 167.16 137.41 <0.001 *** 

Error 26 31.62 1.21    

CV (%) 3.84      

Where: P-value= Probability value, ***=highly significant (P<0.001); DF= Degree of 

freedom; SS= Sum square; MS=Mean Square; CV=Coefficient of variation 

Appendix Table 6: Summary table for analysis of variance on yield loss percentage 

Source of variation DF SS MS F-value Pr > F P-value 

Replication  2 16.54 8.27 0.88 1.55 ** 

Treatment  13 17878.27 1375.25 147.10 <0.001 *** 

Error 26 348.7 13.41    

CV (%) 16.73      

 

Where: P-value= Probability value, ***=highly significant (P<0.001); DF= Degree of 

freedom; SS= Sum square; MS=Mean Square; CV=Coefficient of variation 
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Appendix Table 7: Correlation value of live larva with Yield 

Lm (formula = Live Larva ~ Yield 

Error: 

     Min       1Q   Median       3Q         Max  

-12.8912   -2.5452   0.3791   2.4621   16.6316  

Coefficients: 

                     Estimate              Std. Error      t value    Pr(>|t|)          P-value  

(Intercept)    38.6284845        2.4962118     15.47        < 0.001             *** 

Yield            -0.0013708        0.0001095       -12.52      <0.001              *** 

Note: 

Significance Codes:  0 „***‟ 0.001 „**‟ 0.01 „*‟ 0.05 „.‟ 0.1 „ ‟ 1 

Residual standard error: 5.772 on 40 degrees of freedom 

Multiple R-squared:  0.7967, Adjusted R-squared:  0.7917  

F-statistic: 156.8 on 1 and 40 Degree of Freedom, p-value: <0.001 

Appendix Table 8: Correlation value of live larva with yield loss percentage 

Lm (formula = Live larva ~ Yield loss (%)) 

Error: 

    Min      1Q    Median      3Q     Max  

-4.0351 -1.4764 -0.2468   1.2444   9.6980  

Coefficients: 

                        Estimate      Std. Error     t value     Pr(>|t|)        P-value 

(Intercept)       -5.15521    0.60806         -8.478      < 0.001           *** 

Yield loss(%)   0.58510    0.01868         31.319     < 0.001           *** 

Note: 

Significance Codes:  0 „***‟ 0.001 „**‟ 0.01 „*‟ 0.05 „.‟ 0.1 „ ‟ 1 

Residual standard error: 2.534 on 40 degrees of freedom 

Multiple R-squared:  0.9608, Adjusted R-squared:  0.9598  

F-statistic: 980.9 on 1 and 40 DF, p-value: < 0.001  
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Appendix Table 9: Correlation value for infested leaf with yield 

Lm (formula = Infested leaf ~ Yield) 

Error: 

    Min      1Q    Median      3Q       Max  

-8.6688 -1.9584   -0.7475   1.1063   11.7556  

Coefficients: 

                 Estimate       Std. Error   t value     Pr(>|t|)     P-value 

(Intercept) 36.6346504   1.8126434   20.21    <0.001      *** 

Yield         -0.0011081    0.0000795   -13.94   <0.001     *** 

Note: 

Significance Codes:  0 „***‟ 0.001 „**‟ 0.01 „*‟ 0.05 „.‟ 0.1 „ ‟ 1 

Residual standard error: 4.191 on 40 degrees of freedom 

Multiple R-squared:  0.8293, Adjusted R-squared:  0.825  

F-statistic: 194.3 on 1 and 40 Degree of freedom, p-value: < 0.001 

Appendix Table 10: Correlation value of infested leaf with yield loss percentage 

Lm (formula = Infested leaf ~ Yield Loss (%)) 

Error: 

    Min      1Q       Median      3Q       Max  

-8.6949 -1.3591   -0.3633     1.7304   6.5743  

Coefficients: 

                            Estimate        Std. Error      t value    Pr(>|t|)       P-value 

(Intercept)           1.62276           0.61241       2.65       < 0.0115      *   

Yield Loss (%)    0.45773          0.01882         24.33    <0.001        *** 

Note: 

Significance Codes:  0 „***‟ 0.001 „**‟ 0.01 „*‟ 0.05 „.‟ 0.1 „ ‟ 1 

Residual standard error: 2.552 on 40 degrees of freedom 

Multiple R-squared:  0.9367, Adjusted R-squared:  0.9351  

F-statistic: 591.8 on 1 and 40 Degree of Freedom, p-value: < 0.001 
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Appendix Table 11: Correlation value of tunneled fruit with yield 

Lm (formula = Tunneled fruit ~ Yield) 

Error: 

    Min      1Q        Median      3Q        Max  

-3.4257   -1.2958     0.2253      1.1533    3.2713  

Coefficients: 

                    Estimate      Std. Error        t value    Pr(>|t|)      P-value 

(Intercept)     1.644e+01   7.087e-01       23.19      <0.001      *** 

Yield            -5.391e-04    3.108e-05       -17.35    <0.001      *** 

Note: 

Significance Codes:  0 „***‟ 0.001 „**‟ 0.01 „*‟ 0.05 „.‟ 0.1 „ ‟ 1 

Residual standard error: 1.639 on 40 degrees of freedom 

Multiple R-squared:  0.8827, Adjusted R-squared:  0.8797  

F-statistic: 300.9 on 1 and 40 Degree of Freedom, p-value: < 0.001 

Appendix Table 12: Correlation value for tunneled fruit with yield loss percentage 

Lm (formula = Tunneled fruit ~ Yield Loss (%)) 

Error: 

    Min      1Q         Median      3Q         Max  

-3.2568    -1.1463   -0.4446    -0.1464   5.4947  

Coefficients: 

                         Estimate         Std. Error        t value     Pr(>|t|)        P-value 

(Intercept)         -0.09051        0.48385          -0.187      0.853     

Yield loss (%)     0.20226      0.01487           13.606       <0.001        *** 

Note: 

Significance Codes:  0 „***‟ 0.001 „**‟ 0.01 „*‟ 0.05 „.‟ 0.1 „ ‟ 1 

Residual standard error: 2.017 on 40 degrees of freedom 

Multiple R-squared:  0.8223, Adjusted R-squared:  0.8179  

F-statistic: 185.1 on 1 and 40 Degree of Freedom, p-value: < 0.001 
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