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Abstract

A multi-site study was conducted in Kathmandu, Bhaktapur, Kavre, and Pokhara, Nepal, to assess
the impact of Tuta absoluta and identify effective control measures from the farmers' perspective.
A total of 480 tomato-growing households were randomly selected for the study. The pest posed a
significant threat to tomato production, resulting in increased labor requirements (29.96%),
increased expenditures on crop protection and control measures (62.18%), and significant yield
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losses of up to 85%. The results showed that the pest was ranked as the most important pest of
tomatoes by the majority of respondents (88%), with the flowering stage being highly susceptible
(99.73%). The study highlighted that the overuse of chemical pesticides disrupts integrated pest
management practices, while all the respondents affected by T. absoluta used chemical and cultural LICENCE
control methods without using biological control methods due to a lack of knowledge. About
77.27% of the respondents used physical control methods. Among the control methods used,
tomato leaf miner (TLM) bait (0.764) was rated as the most effective, followed by chemical pesticides
(0.586) and sanitation (0.502). The research highlights the importance of raising awareness of
integrated pest management strategies, including the use of biological control methods, for
effective and sustainable management of T. absoluta. These findings will help improve pest
management practices and support the long-term sustainability of tomato production in Nepal.
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Statement of Sustainability: This research emphasizes the significance of crop protection and sustainability as affected by T.
absoluta on tomatoes. Since T. absoluta can cause severe allergic responses in people who ingest infected tomatoes, our research
contributes to SDG 3 (Good Health and Well-Being) by revealing important information about the pest's effects on human health.
Additionally, because the work investigates the sustainability of tomato farming and helps to preserve biodiversity, it is consistent
with SDG 15 (Life on Land).

1. Introduction

Tomato (Solanum lycopersicum L.) is a warm-season primary vegetable crop (Poudel-Chhetri et al., 2023) produced
worldwide and belongs to the nightshade family Solanaceae (Bauch et al., 2012; Demissew et al., 2017; Hassan et al.,
2021). The optimum night temperature of 20°C and day temperature of 30°C are required for the proper growth and
development of the plant (Shamshiri et al., 2018). Vegetable cultivation is increasingly gaining importance in Nepal
(Ghimire et al., 2018). Tomato cultivation in Nepal expanded to about 20,000 hectares in the 2013/14 fiscal year, with an
average production of 0.3 million tons (15 tons per hectare) (MoALD, 2020). By the fiscal year 2018/19, the cultivated
area had increased to 22,566 hectares, with a productivity of 18 tons per hectare (MoALD, 2020). However, its production
is subject to various biotic and abiotic constraints (Ochilo et al., 2019). Tomatoes are at high risk of pest infestation.
Tomato fruit borer and tomato mosaic virus are two of the most important problems, but a new threat has emerged
with the introduction of a new pest, Tuta absoluta (Saidov et al.,, 2018; Simkhada et al., 2019).

T. absoluta, earlier called Phthorimaea absoluta, belonging to the order Lepidoptera and family Gelechiidae
(Gebremariam, 2015), is considered a devastating pest of tomatoes (Cuthbertson et al., 2013; Sevcan, 2013). Its larvae
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feed on the leaves, buds, stems, and fruit of tomatoes. T. absoluta prefers tomatoes, but it can also grow and breed on
weeds, which offers it a significant advantage over dying out when tomatoes aren't available (Ogiir et al., 2014). It mainly
attacks the leaf and, on advancement, affects the other parts (lllakwahhi et al., 2017; Alam et al., 2019). Fruit rot occurs
due to secondary pathogen invasion in fruits bored by the pest (Bajracharya et al., 2016; Srivastava et al., 2018). It can
reduce yield by 80-100% (Desneux et al., 2010) and the quality of tomatoes in newly invaded areas both in the field and
in greenhouse conditions if control measures are not applied timely (Sah, 2017).

T. absoluta's life cycle comprises four development stages, viz., egg, larva, pupa, and adult, which is completed within
24 days at 27 °C. It is a solanaceous crop-related neotropical oligophagous moth (Tosevski et al., 2011). It has been
found more prominently in tomatoes growing at an altitude of 1000 meters within mean sea level in open conditions
and mostly in tomatoes grown in the plastic house (Neupane et al., 2020). This pest is becoming a threat to our country,
as it can spread even into new locations where tomatoes are not cultivated and even in the absence of solanaceous
crops (Abdul-Ridha et al., 2012; Abdul-Rassoul, 2014).

T. absoluta was recorded first in 1917 and as a tomato pest in the 1960s in Peru (Seplyarsky et al., 2010). The first
occurrence of this pest in Nepal was reported by Bajracharya and his team on May 16, 2016, and was identified by
examining the genitalia and external morphology of a tomato farm in Tarakeshwor Municipality of Kathmandu
(Bajracharya et al.,, 2016). The pest spread to surrounding districts and was later recorded in Kathmandu, Lalitpur,
Bhaktapur, Kavrepalanchowk, and Dhading districts. Due to open borders, lax quarantine, and the import of tomatoes
and packing supplies from India, the threat of this pest attacking Nepalese tomato production has always existed. When
it was just started in Kathmandu, a 25-30% loss was reported (Gautam et al., 2018). There are four possible entrance
points for this pest into an uninfested area, viz., tomato fruits from infected areas, containers, packaging equipment,
and vehicles; plants for growing tomatoes, and plants for growing ornamental Solanaceae.

It is important to identify this newly introduced pest and farmers should use appropriate control strategies as early
as possible before it spreads throughout the country. These control methods include chemical pesticides, bioagents,
and mass traps using pheromones and botanical extracts. B. thuringiensis has been demonstrated to be quite effective
at minimizing damage (Gonzélez-Cabrera et al., 2011). Although there have been several studies on T. absoluta, the
impact of this pest on Nepalese farmers and their management practices has been relatively overlooked. There is a need
for fresh insights into the occurrence of T. absoluta in Nepal, the extent of damage it inflicts on tomato crops, and the
preventive measures adopted by Nepalese farmers. By studying this pest and its impact, valuable knowledge can be
gained to develop effective strategies for its management, ultimately benefiting the agricultural sector in Nepal. Such a
study is of great importance due to its novelty and the urgent need to address the economic losses caused by T. absoluta
infestation.

The study is aimed to examine the effects of T. absoluta on tomato production, analyze the pest control methods
employed by farmers and determine the most effective control measures from their perspective.

2. Materials and methods

2.1. Study site

The study was conducted in four different districts of Nepal, viz, Kathmandu, Bhaktapur, Kavre, and Kaski, from
November 2022 to January 2023. The sites were purposefully selected due to the prominence of the T. absoluta problem
in these localities.

2.2. Sample and Sampling Technique

A total of 480 households were selected through a random sampling technique that was actively involved in tomato
cultivation. A total of 120 farmers were chosen from each district.

2.3. Research Instruments and Design
2.3.1. Preliminary Study

The preliminary study was carried out to collect information regarding the socio-economic, demographic, and
topographical settings of the site. The information was used in the preparation of the semi-structured questionnaire
and was asked individually by each tomato grower.
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2.3.2. Pre-testing of the Questionnaire

The questionnaire was pretested before the field survey to check its reliability and validity. Then the necessary
adjustments were made as per requirement after administering the questionnaire to 5% of farmers in the vicinity area.

2.3.3. Household Survey

The household survey was conducted to collect information, knowledge, experience, and perceptions of T. absoluta.

The target groups of farmers were asked a series of open-ended and closed-ended questions about T. absoluta, its
impact on tomatoes, and the farmers' control procedures.

2.3.4. Observation

Frequent visits were made during the growing season of tomatoes from November onward.
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Figure 1. Study area mapping showing Kathmandu, Bhaktapur, Kaski, and Kavre districts of Nepal.

2.4. Data Sources
2.4.1. Primary Data

The primary data was collected from the farmers at the site who have been experiencing the impact of T. absoluta.
Primary data collection was conducted through a questionnaire. It was used to collect data, share experiences, take
actual recent information on T. absoluta, and find out real problems mostly faced by tomato farmers. A face-to-face
interview was done to fill out questionnaires from randomly selected farmers.

2.4.2. Secondary Data

Secondary information was collected from various sources: statistical data from annual reports, newsletters,
bulletins, relevant articles, journals, magazines, and the Central Bureau of Statistics (CBS).

2.4.3. Analysis Techniques

The various assistive media for the qualitative and quantitative analysis of the gathered data were SPSS (IBM
Statistics 28; New York, USA) and MS-Excel 2010 (Microsoft Corp., Washington, USA). Information collected from the
household survey was coded first and entered into the computer for analysis. Data entry was done using SPSS and
Microsoft Excel and descriptive analysis was done to analyze the data. Means, standard deviations, frequencies,
percentages, charts, diagrams, and other such tools were used to present the data.
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3. Results and Discussion

3.1. Socio-demographic Characteristics
3.1.1. Age Group of Farmers

The study results showed that 70% of total farmers in the age group of 36-57 years were actively involved in tomato
cultivation. The population was successively followed by an age group of less than 36 years, with 16% involved in tomato
farming. The age group of more than 57 years was least involved in the production, with only 14% involvement. This
showed that the age group of 36-57 was dominating tomato cultivation.

3.1.2. Gender of Farmers
The results of the study showed that 66% of the male and 34% of the female population were involved in tomato
cultivation. This demonstrated the adequate involvement of women in cultivation compared to other programs.

3.1.3. Total Family Members in the Household
There were 480 families in the survey, with the household population ranging from 2 to 10 in the number of people
involved in tomato cultivation. The mean family size was 5.36, showing that most of the households have 5-6 members.

3.1.4. Main occupation of the family

Study results revealed that the primary profession of 80% of households was agriculture, followed by service holder,
business (4%), and others (2%) which include foreign employment. This means that agriculture is the main source of
income for 80% of families in Kathmandu, Bhaktapur, Kavre, and Kaski. In Nepal, 65.7% of the population as a whole is
involved in agriculture (MoAD, 2016).

3.1.5. Total Land Holdings of Farmers

The total land holding of farmers ranged from 0.25 to 5.30 acres, with a total of 673.41 acres and the mean land
holding of that area is 1.40 acres. The average area used for vegetable cultivation was determined to be 0.38 acres,
indicating professional vegetable production in the region.

3.2. Vegetable Cultivation

People were upgrading their cultivation level from subsistence to commercial level. Fifty-six percent of farmers were
involved in commercial vegetable production, which was successfully followed by 42% of farmers who practiced
intermediate farming techniques. The study revealed that subsistence farmers constituted approximately 2% of the
population in the study sites, which aligns with the prevalence of subsistence farming in Nepal (Subramanya et al., 2021;
Aryal et al., 2023).

3.3. Tomato Cultivation
3.3.1. Tomato Cultivation Level

Results indicate that 24% of farmers were involved in commercial tomato production. At least three tunnels were
needed for commercial tomato production. This means that 28% of farmers have three or more tunnels. A total of 76%
of farmers were involved in mixed cultivation levels as they cultivate tomatoes for subsistence as well as commercial
purposes.

3.3.2. Tomato Cultivation Method

Most of the farmers cultivate tomatoes in both open fields and tunnels in these areas, with 64% in this category. A
total of 34% of the farmers cultivate tomatoes in the tunnel only and only 2% cultivate tomatoes in an open field (Table
1) as tunnels provide a protected environment that shields against pests, diseases, wind, and low temperatures (Kandel
et al,, 2020).

Table 1. Distribution of tomato cultivation methods among farmers.

Method of tomato cultivation Frequency Percentage
Tunnels 10 2

Open field 163 34

Both open fields and tunnels 307 64

Total 480 100
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3.3.3. Number of Tomato Tunnels
The study revealed that 54% of the population had only one tunnel. Out of the whole population, 115 farmers have
three or more tunnels (Table 2).

Table 2. Distribution of plastic tunnels among farmers.

Number of plastic tunnels Frequency Percentage
0 10 2

1 259 54
2 96 20
3 29 6

4 29 6

5 29 6

7 9 2

8 10 2
10 9 2
Total 480 100

3.3.4. Tomato Crops per Year
The result showed that 54% of total farmers grow 2 tomato crops per year and 46% grow 1 crop per year.

3.3.5. Month of Tomato Cultivation
Maximum tomato cultivation was done in both August-September and February-March, accounting for 54% of
cultivation. Out of the total, 22% of farmers cultivate tomatoes only in August-September and 1% in February—March.

3.3.6. Varieties of Tomatoes Cultivated

Most of the tomato farmers had a greater preference for Srijana than Samjhana varieties of tomatoes. A total of
72% of respondents cultivate the Srijana variety, whereas the Samjhana variety is cultivated by 1% and 26% of
respondents cultivate both varieties.

3.3.7. Problems Seen in Tomato Cultivation

Farmers frequently deal with multiple issues at once (Abera et al., 2020). Important problems seen in tomato
cultivation were pests, diseases, lack of technical support, marketing, and input supply. As given in Table 3, the pest
problem was ranked first, followed by disease, marketing problems, lack of technical support, and lack of input supply,
respectively. The result revealed that pest and disease problems were major in tomato cultivation.

Table 3. Problems encountered in tomato cultivation among farmers (I as the highest and V as the lowest).

Problems Level of Problem Total Weight Index Rank
1 0.8 0.6 04 0.2

Pests 336 77 67 0 0 480 437.8 0.912 I

Disease 58 288 134 0 0 480 368.8 0.768 I

Technical support 0 67 48 125 240 480 180.4 0.375 %

Marketing 10 77 85 106 202 480 2054 0.427 M

Lack of input supply 0 28 58 77 317 480 151.4 0.315 \

3.3.8. Major Diseases in Tomatoes

Major diseases seen in the study area were blight, damping off, and tomato mosaic virus (Table 4). The majority of
respondents ranked blight as a big issue in the tomato crop, making it the most significant disease in this region and
ranking it first on the list. The respondents selected damping off and tomato mosaic virus as the second and third
damaging diseases respectively.
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Table 4. Major diseases encountered in tomato cultivation among farmers (I as the highest and V as the lowest).

Diseases Level of problem Total Weight Index Rank
1 0.66 0.33

Blight 422 39 19 480 454.01 0.945 |

Damping off 38 288 154 480 278.9 0.581 Il

Tomato mosaic virus (TMV) 0 96 384 480 190.08 0.396 1

3.3.9. Major Pests in Tomatoes
T. absoluta was the major pest reported by 88% of respondents and tomato fruit borer was the second major pest.

3.4. Tomato Leaf Miner
T. absoluta has caused an 80-100% loss in tomatoes and an account loss of more than $50 million for the industry.

3.4.1. Infestation of T. absoluta

According to the statistics, T. absoluta was an issue for 88% of all farms, whereas it was not found in 12% of farmers’
fields (Table 5), similar to the findings of Bastola et al. (2021). So, the further questions were asked only to 88% of
respondents, i.e, 422 respondents.

Table 5. Prevalence of TLM infestation among farmers.

Infestation Frequency Percentage
Found 371 88
Not-found 51 12

Total 422 100

3.4.2. Damage Symptoms

Damage symptoms were seen in the leaves, stem, and fruit of the tomato. Larvae of this pest fed on the green
portion of the leaves, leaving behind pale, erratic patches as well as black excretions and larvae visible inside the leaves.
They made a hole in the fruit and entered it. Mining damage to the stems caused malformations in the plant. In an
extreme situation, leaves were entirely drying out, and flying moths were seen all around the plant.

3.4.3 Stage of Plant Mostly Affected

This pest affects all stages of the plant. According to the survey result, 97.63% of the damage was seen in the
flowering stage and 2.36% in the seedling stage, as shown in Table 6.

Table 6. Distribution of TLM damage by plant stage.

Stage of the plant affected Frequency Percentage
Seeding 10 2.36
Flowering 412 12

Total 422 100

3.5. Impacts of T. absoluta
The impacts of T. absoluta were studied mainly based on yield loss and an increase in production costs.

3.5.1. Yield Loss Owing to T. absoluta

T. absoluta infestation can lead to significant yield reductions in tomato crops. The damage caused by this pest,
including leaf mining, tunneling, and feeding on plant tissues, can impair photosynthesis, hinder plant growth, and
ultimately result in lower fruit production. The study revealed that the minimum yield loss due to this pest was 10% and
the maximum loss was 85%. The mean yield loss due to this pest was 35%. However, in severe cases, it is likely to cause
80-100% yield loss in tomatoes (Sah, 2017). High yield loss means high economic damage due to this pest; farmers are
losing faith in tomato cultivation as it is a risky business (Overton et al., 2021). As a result of an increase in the use of
synthetic fertilizers, crop protection costs ultimately have an impact on tomato prices. As a result, more chemical
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pesticides are being used carelessly, disrupting Integrated Pest Management (IPM) and as a result, many nations have
banned the sale of tomato products, including seedlings.

3.5.2. Increase in Production Costs due to T. absoluta Infestation

The normal mean cost for human labor is recorded at Rs. 11,250 per hectare, while the increased cost due to TLM
was Rs. 14,625 per hectare, indicating a 29.96% increase (Figure 2). Similarly, the normal mean cost for plant protection
and control measures was Rs. 25,345 per hectare, but the expenses rise to Rs. 41,105 per hectare in the presence of TLM,
representing a significant increase of 62.18%. Furthermore, with the normal mean yield of 21.2 tons per hectare dropping
to 13.38 tons per hectare, reflecting a decrease of 35%, these figures highlight the financial burden faced by farmers
due to increased costs for labor and plant protection measures, as well as the substantial reduction in yield resulting
from TLM infestations.

45000 27705
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40000 -

35000 @ Increased cost due
to TLM
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25000 ~
20000 -
15000 -
10000 -
5000
0 A

Cost (Rs/ha) and yield (t/ha)
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Human labor (Rs/ha) Plant Protection and Total Yield (t/ha)
control measures (Rs/ha)

Economics of production

Figure 2. Impact of TLM on the economics of production.

3.6. Control Measures

Since T. absoluta had already been introduced in the study areas, its impact on tomato crops was substantial.
Consequently, the implementation of effective control measures became paramount. Complete eradication of this pest
was deemed unattainable. Nonetheless, numerous farmers were employing various control measures. It is worth noting
that a decrease in both yield and quality leads to economic losses, as consumers are unwilling to pay for goods of
inferior quality.

3.6.1. Ideas and Control Measures for TLM and their Adoption

All the farmers had an idea about control measures for this pest and were adopting different control measures to
control it. The main control measures were cultural, chemical, and physical techniques. The biological method of control
was not used by any respondents due to a lack of knowledge about proper chemicals. Farmers were using pesticides
like Roger and Nuvan, which were not recommended to control the pest. Different control measures adopted by farmers
were sanitation, TLM lures, light traps, and sticky traps. They were using homemade traps, which they learned from
training about the control measure of T. absoluta. The study result showed that 100% of farmers affected by the pest
were adopting chemical and cultural methods as control measures (Figure 3). The physical method was used by 77.27%.
Chemical and cultural methods were adopted by all farmers due to their ease. Physical measures were used less than
other measures (chemical and cultural) due to a lack of knowledge.

sagens.org/journal/agens [43]


https://www.sagens.org/journal/agens

AgroEnvironmental

Ghimire and Chhetri . -
Sustainability

450
400 -
350 A

300 A

N N
o w
o O
! !

Frequency

-

A

o
!

100 A
50 A

Chemical Cultural Physical
Control measures

Figure 3. Types of control measures of TLM adopted among farmers.

3.6.2. Source of Knowledge About Control Measures for T. absoluta
The main source of knowledge about control measures was from friends and family, government offices, and others,
which included training, as shown in Table 7.

Table 7. Source of knowledge about control measures of TLM among farmers

Source of knowledge Frequency Percentage
Friends/family 422 100
Government agencies 393 93.18
Others (training) 326 77.25

3.6.3. Use of Integrated Pest Management

T. absoluta infestation was discovered in 422 out of 480 households. Only in those households did further
questionnaires continue. The survey showed that all farmers were familiar with IPM and used cultural and physical
control measures to control the pest.

3.6.4. Knowledge About TLM (Pheromone) Lure
In this, 88.64% of farmers knew about the TLM lure and 11.36% of farmers did not know about this lure.

3.6.5. TLM Lure Used
The result showed that 77.27% of affected farmers were using TLM lure and 22.73% of farmers were not using TLM
lure.

3.6.6. Number of TLM Lures Used
There were 663 traps used in total, with a minimum of 0 and a maximum of 6. The mean lure used by farmers was
found to be 1.57.

3.6.7. Availability of TLM Lures

These TLM lures were not easily available on the market. Due to the heavy infestation of tomato leaf miners, various
governmental bodies like the Department of Agriculture Development Office and the Prime Minister Agriculture
Modernization Project provided these lures to the tomato growers at 100% subsidy in the affected area.

3.6.8. Chemical Pesticides
Farmers had no proper knowledge about the use of proper chemical pesticides for this pest, so almost all farmers
were using Nuvan (Dichlorvos) and Roger (Dimethoate) for this pest.
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3.6.9. Availability of Chemical Pesticides

Chemical pesticides were easily available on the market, as there were many agro-vets. The result showed that all
the farmers used chemical pesticides for pest control purposes, but their use was minimal.

3.6.10. Best Control Measures

Among all these different control methods used by farmers, the use of TLM lure was the best measure, as 77.27%
(Figure 3) of affected farmers only used it and most of them found that TLM lure is the most effective to control T.
absoluta, as shown in Table 8. Pheromone traps might be quite effective in controlling this pest, even in an intense
infestation (Caparros et al., 2013; Rwomushana et al., 2019 Helvaci, 2020). The second-best option was to employ
chemical pesticides to control the infestation. From Figure 3, we discovered that all the impacted farmers were
employing chemical pesticides to control this pest because it is the simplest method (Sharifzadeh et al., 2018). Also,
respondents ranked good agricultural practices as the third best control measure to control T. absoluta, as good
agricultural practices alone cannot control the pest after a heavy infestation but can be used as a preventive measure.
Farmers were using different practices such as plowing, mulching, sanitation, crop rotation, removing infected parts, and
destruction of infested plants.

Table 8. Control measures ranked by respondent perception for TLM (I as the highest and V as the lowest).

Best control measures Level of Best Measures Total Weight Index Rank
1 0.66 0.33

TLM lure 316 10 0 326 3226 0.764 I

Sanitation 38 144 240 422 212.24 0.502 1l

Chemical pesticides 67 192 163 422 247.51 0.586 Il

5. Conclusion and Recommendations

The study revealed that T. absoluta is a significant threat to tomato production in Nepal, causing a significant
increase in human labor (29.96%), plant protection and control measures (62.18%), and yield loss (up to 85%), with an
average loss of 35%. The study found that the flowering stage of tomatoes was highly susceptible to T. absoluta
infestation (99.73%). All affected respondents used chemical and cultural control methods but lacked knowledge about
biological control. About 77.27% of the respondents used physical control methods. The most effective control methods
were Tomato Leaf Miner (TLM) bait (0.764), chemical pesticides (0.586), and sanitation (0.502). The results highlight the
importance of promoting sustainable and integrated pest management strategies, including the use of biological control
methods, to effectively manage the pest and reduce over-reliance on chemical pesticides. The study findings are critical
for policymakers, researchers, and practitioners working to improve food security and rural development in Nepal and
beyond. Further research and knowledge sharing are needed to address the complex and evolving challenges faced by
smallholder farmers in Nepal and other developing countries.

Author Contributions: Conceptualization, S.G.; Data curation: S.G. and B.P.C,; Funding acquisition, S.G. and B.P.C,; Investigation, S.G.
and B.P.C.; Methodology, S.G. and B.P.C.; Resources: S.G. and B.P.C.; Software, S.G.; Supervision, S.G.; Validation, S.G,; Visualization,
S.G.; Writing — original draft, S.G.; Writing — review & editing, S.G. and B.P.C. All authors have read and agreed to the published version
of the manuscript.

Funding: This research received no external funding.
Acknowledgments: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.
Institutional/Ethical Approval: Not applicable.

Data/Supplementary Information Availability: Not applicable.

sagens.org/journal/agens [45]


https://www.sagens.org/journal/agens

AgroEnvironmental

Ghimire and Chhetri . -
Sustainability

References

Abdul-Rassoul, M. S. (2014). A new host record for tomato leaf miner Tuta absoluta (Meyrick, 1917) in Baghdad province, Irag. Bulletin
of the Irag Natural History Museum, 13(1), 15-18. Retrieved from: https://www.iasj.net/iasj/download/a7327d99d0ed1abb
(accessed 6 February 2023)

Abdul-Ridha, M., Alwan, S. L, Helal, S. M., & Aziz, K. A. (2012). Alternative hosts of South American tomato moth Tuta absoluta
(Gelechiidae: Lepidoptera) in some tomato farms of Najaf Province. Euphrates Journal of Agriculture Science, 4(4), 130-137.
Retrieved from: https://www.iasj.net/iasj/article/64317 (accessed 6 February 2023)

Abera, G., Ibrahim, A. M., Forsido, S. F., & Kuyu, C. G. (2020). Assessment on post-harvest losses of tomato (Lycopersicon esculentem
Mill.) in selected districts of East Shewa Zone of Ethiopia using a commodity system analysis methodology. Heliyon, 6(4), e03749.
https://doi.org/10.1016/j.heliyon.2020.e03749

Alam, M. J,, Ahmed, K. S., Rony, M. N. H., Islam, N. E. T., & Bilkis, S. E. (2019). Bio-efficacy of bio-pesticides against tomato leaf miner,
Tuta absoluta, a threatening pest of tomato. Journal of Bioscience and Agriculture Research, 22(2), 1852-1862.
https://doi.org/10.18801/jbar.220219.229

Aryal, K., Maraseni, T., & Apan, A. (2023). Transforming agroforestry in contested landscapes: A win-win solution to trade-offs in
ecosystem services in Nepal. Science of The Total Environment, 857, 159301. https://doi.org/10.1016/j.scitotenv.2022.159301

Bajracharya, A. S. R, Mainali, R. P, Bhat, B., Bista, S., Shashank, P. R., & Meshram, N. M. (2016). The first record of South American
tomato leaf miner, Tuta absoluta (Meyrick 1917)(Lepidoptera: Gelechiidae) in Nepal. Journal of Entomology and Zoology Studies,
4(4), 1359-1363.

Bastola, A., Pandey, S. R, Khadka, A., & Regmi, R. (2021). Efficacy of Commercial Insecticides against Tomato Leaf Miner Tuta absoluta
(Meyrick) (Lepidoptera: Gelechiidae) in Palpa, Nepal. Turkish Journal of Agriculture - Food Science and Technology, 8(11), 2388-
2396. https://doi.org/10.24925/turjaf.v8i11.2388-2396.3680

Bauchet, G., & Causse, M. (2012). Genetic diversity in tomato (Solanum lycopersicum) and its wild relatives. Genetic Diversity in Plants,
8, 134-162.

Caparros Megido, R, Haubruge, E, & Verheggen, F. (2013). Pheromone-based management strategies to control the tomato
leafminer, Tuta absoluta (Lepidoptera: Gelechiidae). A review. Biotechnologie, Agronomie, Société et Environnement, 17(3), 475-
482. Retrieved from: https://hdl.handle.net/2268/154676 (accessed 10 February 2023)

Cuthbertson, A., Mathers, J., Blackburn, L., Korycinska, A., Luo, W., Jacobson, R., & Northing, P. (2013). Population Development of
Tuta absoluta (Meyrick) (Lepidoptera: Gelechiidae) under Simulated UK Glasshouse Conditions. Insects, 4(2), 185-197.
https://doi.org/10.3390/insects4020185

Demissew, A, Meresa, A., & Mulugeta, M. (2017). Testing and Demonstration of Small Scale Tomato Processing Technologies in
Ambhara Region Fogera District. Journal of Food Processing & Technology, 8(6), 1-3. https://doi.org/10.4172/2157-7110.1000678

Desneux, N., Wajnberg, E., Wyckhuys, K. A. G, Burgio, G., Arpaia, S., Narvaez-Vasquez, C. A, Gonzélez-Cabrera, J., Catalan Ruescas, D.,
Tabone, E., Frandon, J,, Pizzol, J., Poncet, C., Cabello, T., & Urbaneja, A. (2010). Biological invasion of European tomato crops by
Tuta absoluta: Ecology, geographic expansion and prospects for biological control. Journal of Pest Science, 83(3), 197-215.
https://doi.org/10.1007/s10340-010-0321-6

Gautam, S., Adhikari, D., Sapkota, B. R,, & Shrestha, A. K. (2018). Monitoring South American Tomato Leaf Miner, Tuta absoluta
(Meyrick) and Assessment of Management Practices Adopted in Kavre, Nepal. Journal of the Plant Protection Society, 5, 129-138.
https://doi.org/10.3126/jpps.v5i0.47122

Ghimire, D., Lamsal, G., Paudel, B, Khatri, S., & Bhusal, B. (2018). Analysis of trend in area, production and yield of major vegetables
of Nepal. Trends in Horticulture, 1(2), 1-11. https://doi.org/10.24294/th.v1i2.914

Gonzélez-Cabrera, J., Molla, O., Montén, H., & Urbaneja, A. (2011). Efficacy of Bacillus thuringiensis (Berliner) in controlling the tomato
borer, Tuta absoluta (Meyrick) (Lepidoptera: Gelechiidae). BioControl, 56(1), 71-80. https://doi.org/10.1007/s10526-010-9310-1

Hassan, U., Ja'afar, U, & lbrahim, T. (2020). Morphological Characterization of Tomato Genotypes (Solanum lycopersicum L).
International  Journal of Science for Global Sustainability, 6(3), 58-64. Retrieved from: https://www.fugus-
ijsgs.com.ng/index.php/ijsgs/article/view/86 (accessed 9 February 2023)

Helvaci, M. (2020). Determination of tomato leafminer (Tuta absoluta) population in open field and greenhouse tomato growing areas
on Turkish Republic of Northern Cyprus. International Journal of Agriculture Forestry and Life Sciences, 4(1), 107-110. Retrieved
from: https://dergipark.org.tr/en/pub/ijafls/issue/51802/691394 (accessed 9 February 2023)

lllakwahhi, D. T., & Srivastava, Prof. B. B. L. (2017). Control and Management of Tomato Leafminer - Tuta Absoluta (Meyrick)
(Lepidotera, Gelechiidae): A Review. IOSR Journal of Applied Chemistry, 10(06), 14-22. https://doi.org/10.9790/5736-1006011422

Kandel, D. R,, Marconi, T. G., Badillo-Vargas, |. E., Enciso, J., Zapata, S. D., Lazcano, C. A,, Crosby, K., & Avila, C. A. (2020). Yield and fruit
quality of high-tunnel tomato cultivars produced during the off-season in South Texas. Scientia Horticulturae, 272, 109582.
https://doi.org/10.1016/j.scienta.2020.109582

MoAD. (2016). Statistical Information on Nepalese Agriculture 2015/2016. Agribusiness Promotion and Statistic Division.
Hariharbhawan, Lalitpur: Ministry of Agricultural Development. Agribusiness Promotion and Statistic Division, Hariharbhawan,
Lalitpur, Nepal.

sagens.org/journal/agens [46]


https://www.sagens.org/journal/agens

AgroEnvironmental

Ghimire and Chhetri . -
Sustainability

MOoALD. (2020). Statistical information on Nepalese agriculture | 2018/2019. Ministry of agriculture and livestock development.
Planning and Development Cooperation Coordination Division. Statistics Analysis section. Singha durbar (2020). Kathmandu,
Nepal.

Neupane, S., & Ghimire, T. R. (2020). Towards a Landscape Perspective of Diseases in Plants: An Overview and Review of a Critical but
Overlooked Ecology Issue in the Hindu Kush-Himalayan Region. In: Hindu Kush-Himalaya Watersheds Downhill: Landscape Ecology
and Conservation Perspectives (pp. 135-168). Springer International Publishing. https://doi.org/10.1007/978-3-030-36275-1_8

Ochilo, Willis. N., Nyamasyo, Gideon. N., Kilalo, D., Otieno, W., Otipa, M., Chege, F., Karanja, T., & Lingeera, Eunice. K. (2019).
Characteristics and production constraints of smallholder tomato production in Kenya. Scientific African, 2, e00014.
https://doi.org/10.1016/j.sciaf.2018.e00014

Ogiir, E., Unli, L, & Karaca, M. (2014). Chenopodium album L.: A new host plant of Tuta absoluta Povolny (Lep.: Gelechiidae). Tiirkiye
Entomoloji Biilteni, 4(1), 61-65. https://doi.org/10.16969/teb.91380

Overton, K., Maino, J. L, Day, R, Umina, P. A, Bett, B., Carnovale, D., Ekesi, S., Meagher, R, & Reynolds, O. L. (2021). Global crop
impacts, yield losses and action thresholds for fall armyworm (Spodoptera frugiperda): A review. Crop Protection, 145, 105641.
https://doi.org/10.1016/j.cropro.2021.105641

Poudel-Chhetri, B., & Ghimire, S. (2023). Different post-harvest treatments on physicochemical properties and shelf life of tomato
(Solanum  lycopersicum cv. Pusa Ruby) fruits. Sustainability in Food and Agriculture, 4(1), 39-42.
https://doi.org/10.26480/sfna.01.2023.39.42

Rwomushana, |., Beale, T., Chipabika, G., Day, R., Gonzalez-Moreno, P., Lamontagne-Godwin, J., Makale, F., Pratt, C., & Tambo, J. (2019).
Evidence Note Tomato leafminer (Tuta absoluta): Impacts and coping strategies for Africa. In: CABI Working Paper 12, pp. 56.
https://doi.org/10.1079/CABICOMM-62-8100

Sah, L. (2017). Tuta absoluta: A serious and immediate threat to tomato production in Nepal. Retrieved from:
http://www.idenepal.org/what/tuta.html (accessed on 18 February, 2018).

Saidov, N., Srinivasan, R., Mavlyanova, R., & Qurbonov, Z. (2018). First Report of Invasive South American Tomato Leaf Miner Tuta
absoluta (Meyrick) (Lepidoptera: Gelechiidae) in Tajikistan. Florida Entomologist, 101(1), 147-149.
https://doi.org/10.1653/024.101.0129

Seplyarsky, V., Weiss, M., & Haberman, A. (2010). Tuta absoluta Povolny (Lepidoptera: Gelechiidae), a new invasive species in Israel.
Phytoparasitica, 38(5), 445-446. https://doi.org/10.1007/s12600-010-0115-7

Sevcan, O. Z. (2013). Population of Tuta absoluta and natural enemies after releasing on tomato grown greenhouse in Turkey. African
Journal of Biotechnology, 12(15), 1882-1887. https://doi.org/10.5897/AJB12.726

Shamshiri, R. R., Jones, J. W., Thorp, K. R,, Ahmad, D., Man, H. C,, & Taheri, S. (2018). Review of optimum temperature, humidity, and
vapour pressure deficit for microclimate evaluation and control in greenhouse cultivation of tomato: A review. International
Agrophysics, 32(2), 287-302. https://doi.org/10.1515/intag-2017-0005

Sharifzadeh, M., Abdollahzadeh, G., Damalas, C., & Rezaei, R. (2018). Farmers’ Criteria for Pesticide Selection and Use in the Pest
Control Process. Agriculture, 8(2), 24. https://doi.org/10.3390/agriculture8020024

Simkhada, R, & Thapa, R. B. (2019). Biology and population growth parameters of tomato leaf miner, (Tuta absoluta,
Meyrick)(Gelechiidae: Lepidoptera), on tomato in the laboratory. Journal of Agriculture and Environment, 20, 29-39.

Srivastava, R. M., Reddy, M. S. S,, Singh, R. P., & Srivastava, P. (2018). Report of invasive pest Tuta absoluta (Meyrick) from Tarai area
of North Western Himalayan region (Uttarakhand). Indian Journal of Entomology, 80(4), 1719. https://doi.org/10.5958/0974-
8172.2018.00224.9

Subramanya, S. H., Bairy, |, Metok, Y., Baral, B. P.,, Gautam, D., & Nayak, N. (2021). Detection and characterization of ESBL-producing
Enterobacteriaceae from the gut of subsistence farmers, their livestock, and the surrounding environment in rural Nepal. Scientific
Reports, 11(1), 2091. https://doi.org/10.1038/s41598-021-81315-3

Tosevski, 1., Jovic, J., Mitrovic, M., Cvrkovic, T., Krstic, O., & Krnjajic, S. (2011). Tuta absoluta (Meyrick, 1917) (Lepidoptera, Gelechiidae):
A new pest of tomato in Serbia. Pesticidi { Fitomedicina, 26(3), 197-204. https://doi.org/10.2298/PIF1103197T

Publisher’s note/Disclaimer: Regarding jurisdictional assertions in published maps and institutional affiliations, SAGENS maintains
its neutral position. All publications' statements, opinions, and information are the sole responsibility of their respective author(s) and
contributor(s), not SAGENS or the editor (s). SAGENS and/or the editor(s) expressly disclaim liability for any harm to persons or
property caused by the use of any ideas, methodologies, suggestions, or products described in the content.

sagens.org/journal/agens [47]


https://www.sagens.org/journal/agens

