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Abstract

Identifying damage pattern and studying the longevity of Tuta absoluta is essential for developing
sustainable and effective strategies to manage this pest and mitigate its impact on agricultural systems
and food security. The present study aims to elucidate the invasion impact of Tuta absoluta on tomato
plants and factors associated with the pest longevity in Nigeria. Rearing of Tuta absoluta were carried
out under an average 27.5 + 3 °C temperature and 75.5 + 3% relative humidity following standard
procedure. Obtained data were analyzed using descriptive analysis and SPSS wversion 20.0.
Subsequently, they were subjected to ANOVA with significance level at P = 0.05. The larval stage
represents the destructive phase of Tuta absoluta on tomato plants. Virgin males and females had
lifespans of up to 7.3 £ 2.13 and 12.9 + 3.55 days, respectively, with significantly different values
(P<0.05) observed between the sexes. Mating affected longevity of T. absoluta moths. Males lived up to
7.0 +0.15 days while the females lived up to 20.5 + 0.44 days. These values are significantly different
at P<0.05. Generally, female live longer than the male counterpart of Tuta absoluta under any
condition. It is therefore recommended that the most effective stage to target for control of the pest is
typically the larval stage.
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INTRODUCTION

When introduced, aggressive exotic insect pests show remarkable capacity for environmental
adaptation, which can cause significant destruction to valued crops (Pimentel et al. 2000).
When they arrive, crop yields are frequently significantly reduced, forcing farmers to devote
additional resources to pest management techniques (Bell, 1996, FAOSTAT, 2016).
Lepidoptera is the order that includes most invasive insect pests (El-Shafie, 2020). Since its
unintentional invasion of Spain in 2006, Tuta absoluta (Meyrick) has quickly spread to many
parts of the world and is currently acknowledged as the main danger to tomato production
globally (Desneux et al. 2011; Mahlangu et al. 2022).

Reports indicate that Tuta absoluta exhibits various developmental stages and inflicts damage
on leaves, stems, and fruits of tomato plants (Solanum lycopersicum) at any growth phase,
resulting in decreased yield and fruit quality (EPPO, 2005; Han et al. 2018). Without effective
pest control measures, this damage can lead to complete crop loss, reaching up to 100% (Cherif
et al. 2019; Younes et al. 2018). Although tomatoes are its preferred host, T. absoluta has been
documented to also feed on the foliage of other Solanaceae species, with potatoes (Solanum
tuberosum) and eggplants (Solanum melongena) being significant alternative hosts, alongside
ten other Solanaceae species (Smith et al. 2018; Younes et al. 2018).

Research has documented the impact of genetic diversity on the utilization of Solanaceae host
plant species by various populations of T. absoluta (Ferracini et al. 2012; Sylla et al. 2019). It is
crucial to investigate its association with Solanaceae crops, particularly tomatoes, across
different global regions, with special emphasis on Nigeria. In Nigeria, tomato production
holds significant economic importance, serving as a cornerstone of the country's agricultural
economy (Oke et al. 2016; Ogunwale et al. 2021).

Understanding how long Tuta absoluta can survive in different environmental conditions
helps in developing effective pest management strategies. By knowing its lifespan, one can
devise control measures that target specific stages of its life cycle to minimize damage to crops.
Also, knowledge of Tuta absoluta's longevity aids in predicting population dynamics (Desneux
et al. 2022). This includes understanding how quickly populations can grow and spread, which
is crucial for implementing timely interventions to prevent outbreaks and minimize crop
damage. Hence, identifying damage and studying the longevity of Tuta absoluta is essential
for developing sustainable and effective strategies to manage this pest and mitigate its impact
on agricultural systems and food security (Mohamed, et al. 2022). Therefore, the present study
aims to elucidate the invasion impact of Tuta absoluta, novelly, within a simulated natural
environment as differ from majority of previous studies on tomato plants and factors
associated with the pest longevity collected in Nigeria.

MATERIALS AND METHODS

Study Locations

The experiments were conducted in the Entomological laboratories and screen houses of
Department of Crop Protection and Environmental Biology, University of Ibadan, Ibadan,
Nigeria, with ambient conditions maintained at approximately 27.5 + 3 °C temperature and
75.5 £ 3% relative humidity, and 29.2 + 3 °C temperature and 83.3 + 4% relative humidity,
respectively. Fieldwork (located at 7.4052° N and 3.8500° E) was established at the National
Horticultural Research Institute (NIHORT), Ibadan, Oyo State. Additionally, the identification
of T. absoluta was performed at the Genetic Laboratory of the Institute
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Origin and Typical Stock culture of T. absoluta

With a few modest modifications, a two-phase approach based on Omoloye (2006) was used
to build the stock culture. During the first stage, T. absoluta larvae samples were taken from a
tomato field and put into a rearing cage, which was a 60 x 60 x 80 cm enclosure made of plastic
net. The enclosure was set up with a 16-hour light cycle and an 8-hour dark cycle. These larvae
were raised on sweet tomato plants that came from an independent organic tomato farmer's
tomato farm at the University of Ibadan's teaching and research farm.

In the second stage, tomato plants in a screen house were exposed to mated females from the
F1 generation. After that, the developing F2 instars were carefully moved to rearing cages and
fed fresh tomato leaves. In order to maintain a stable culture for ensuing research, this
procedure was repeated, providing age-specific cohorts for the study of the biology, lifespan,
and effects of the pest on tomato plants.

Tuta absoluta: Breeding and Life Cycle

A group of twenty newly emerged T. absoluta individuals were placed in oviposition cages
within the laboratory to investigate the life cycle parameters and developmental stages of T.
absoluta, focusing on the sweet tomato variety. This study aimed to evaluate oviposition,
fecundity, and lifespan of mated male and female adults. Pairings were monitored for mating
activity in the early morning (0500 - 0800 hours) and evening (1800 - 2000 hours). After
mating, pairs were separated and observed for various biological parameters. Subsequently,
mated males were crossbred with virgin females and mated females, while virgin males were
crossbred with mated females (Oyedokun 2012). Concurrently, another experiment was
conducted to examine the pre-oviposition period, post-oviposition period, and oviposition
behavior of adult females separately. Additional parameters recorded in the experiment
included the incubation period of laid eggs, percentage of egg hatching, and the longevity of
mated and virgin adults under different treatments (water, 5% sugar, and 10% sugar). A life
table was constructed, and the experiments were replicated five times in a Completely
Randomized Design (CRD) as described by Oyedokun (2012) and Bajonero & Parra (2017).

Growth and Life Stages Evaluation of T. absoluta

The mean width of the head capsule and the total number of development days from the first
instars to the adult moths were used to measure T. absoluta's growth progression.

Adults were sexed upon emergence, and pairs were kept apart in cages. The entire number of
eggs, the length of the incubation period, the larval morphometrics (body length, abdominal
width, and head capsule width), the number of instars, the developmental period of the
instars, the number of days until the adult emerges, and the duration of the adult and life span
were all recorded.

Eggs were gathered from rearing cages and cultured separately under ambient conditions of
approximately 27 + 3 °C temperature and 75 + 3% relative humidity. Twenty larvae were given
sweet tomato leaves to eat after emerging and then placed into separate plastic cages. In order
to observe the feeding habits, time intervals between larval stages, developmental process,
and behavioral patterns of the larvae, they were given tomato leaves in plastic plates as
described by Retta & Berhe, 2015.

The duration of pupation description was used to evaluate T. absoluta's pupal stage. For the
assessment of the adult stage, thirty newly emerged adults (both male and female) were
collected, sexed, and preserved in 70% alcohol for body length, body width, wingspan, and
other morphometric measurements.
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Data Analysis

Statistical analysis was conducted using the Statistical Package for Social Sciences (SPSS
version 20.0, Inc.,, Chicago, IL, USA). Data obtained for larval, pupal, and adult
morphometrics were analyzed utilizing descriptive statistics. Subsequently, they were
subjected to ANOVA, with means differentiated using Turkey’s Honestly Significant
Difference comparison test at 5% significance level (P = 0.05).

RESULTS

Damage by larvae of Tuta absoluta

The larval stage represents the destructive phase of Tuta absoluta on tomato plants. Larvae
create perforations through the mesophyll. This feeding activity results in conspicuous mines
and galleries on leaves, fruits, and stems (Figure 1). These mines and galleries on leaves
diminish the photosynthetic capacity, causing premature drying of the leaves (Figure 2).
Consequently, other aspects of tomato growth such as flowering and fruiting are affected,
particularly when the attack occurs during the early stages of tomato growth.

Figure 1: Tomato leaf damaged by larvae of Tuta absoluta

Figure 2: The total defoliation of a tomato plant by larvae of Tuta absoluta in the screen house
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Factors Affecting Longevity of Tuta absoluta

The longevity of T. absoluta moths exhibited variations based on sex, feeding, and mating.
Virgin males and females had lifespans of up to 7.3 £ 2.13 and 12.9 + 3.55 days, respectively,
with significantly different values (P<0.05) observed between the sexes (Table 1).

Table 1: Effect of sex on the longevity of Tuta absoluta moths

Sex of moth Mean * SE Range
(days)

Male 7.3+0.13b 6-8

Female 12.9 £ 0.55a 11-13

N = 20; if the mean + SE is indicated by the same letter along a column, it implies no significant
difference (P > 0.05) based on Tukey’s Honestly Studentized Range (HSD) test.

Feeding had a noticeable impact, with an increase in the longevity of female moths fed on 5%
significantly (P<0.05) less than those feed with 10% sugar solution. However, males lived for
approximately 7.8 + 0.34 days on a 10% sugar solution significantly (P<0.05) less than males
feed with the same sugar concentration (Table 2).

Table 2: Effect on feeding on the longevity of Tuta absoluta moths

Sex of moth Feeding status Mean £ SE Range
Male Water 7.3 +£0.13b 6-8
5 % sugar solution 10 % 75+0.17b 6-9
sugar solution 7.8 £0.34b 6-8
Female Water 13.0 £0.51a 11-16
5 % sugar solution 10 % 13.9 £ 0.37a 12-17
sugar solution 14.1 £ 0.30a 12-17

N = 20; if the mean + SE is indicated by the same letter along a column, it implies no significant
difference (P > 0.05) based on Tukey’s Honestly Studentized Range (HSD) test.

Mating affected longevity of T. absoluta moths. Males lived up to 7.0 +0.15 days while the
females lived up to 20.5 + 0.44 days. These values significantly different at P<0.05 (Table 3).

Generally, female live longer than the male counterpart under any condition.

Table 3: Effect of mating on longevity of Tuta absoluta moth

Sex of moth Mean + SE Range
Male 7.0 £0.15b 6-8
Female 20.5 £ 0.44a 18 -22

N = 20; if the mean + SE is indicated by the same letter along a column, it implies no significant
difference (P > 0.05) based on Tukey’s Honestly Studentized Range (HSD) test.

40 (95.24%) larvae survived till 4th instar larval stage. The highest survival rate was recorded
at third instar stage (Table 4). The 4th instar larval stage recorded 10% (4) mortality hence only
36 (90%) of the larvae survived to pupal stage. There was 11.11% (4) mortality in the pupal
stage, 36 (88.89%) pupae survived to adult emergence. From the 36 pupae that survived to
adult emergence seventeen (17) were males emerged and twenty were females (21). The first
instar stage had the highest mortality rate at 12.96%, while survival rate was 87.04% (Table 4).
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Table 4: Mortality and survival table of Tuta absoluta

Parameter Surviving at start Number dying Mortality Survival

() (dx) (%) (%)

Eggs 80 26 32.50 67.5
B 54 07 12.96 87.04
Larvae ond 47 05 10.64 89.36
grd 42 02 4.76 95.24
4th 40 04 10.00 90.00
Pupae 36 04 1111 88.89

Adult 32
Adult emergence
Male Female
13 19

DISCUSSION

The presence of Tuta absoluta, also recognized as the tomato leaf miner (Wang et al. 2019), in
tomato fields can result in widespread and harmful consequences. Our observations indicate
that the larvae of T. absoluta, considered the primary destructive stage of this pest,
predominantly consume the foliage of tomato plants. They tunnel within the leaves, forming
mines and galleries, thereby greatly impairing the plant's photosynthetic capability. This
damage to the foliage consequently induces stunted growth, reduced vigor, and premature
drying of the leaves. This finding aligns with previous reports highlighting that the larval
stage of Tuta absoluta poses the greatest threat to tomato production, primarily by feeding on
and damaging the leaves of tomato plants. (Fuentes et al. 2019; Giakoumoglou et al. 2023; Sahin
et al. 2023).

The longevity of Tuta absoluta, is a significant factor to consider in understanding its life cycle,
population dynamics, and management strategies. Tuta absoluta undergoes a complete
metamorphosis, consisting of four stages: egg, larva, pupa, and adult. The larval stage, which
comprises the moth phase, is where longevity is most pertinent according to the present study.
This aligns with El-Shafie's (2020) findings, indicating that the pest undergoes four
developmental stages (egg, larva, pupa, adult) in its life cycle, with females exhibiting notable
longevity under various conditions.

To effectively control Tuta absoluta, it's important to target its vulnerable stages. The most
effective stage to target for control of T. absoluta is typically the larval stage. This is because
the larvae are the ones that cause the most damage to the tomato plant by feeding on the
leaves, stems, and fruits. By targeting the larvae, either through biological control methods,
such as introducing natural predators or parasites, or through the use of chemical pesticides,
farmers would be able to effectively reduce the population and minimize damage to the
tomato crop. Additionally, early detection of the pest and prompt action can help prevent
significant infestations (Angon et al. 2023).

We additionally suggest prioritizing control measures targeting the female population of the
pest. This is due to the females having a longer lifespan, which facilitates multiple
reproductive cycles within their lifetime. Thus, it is crucial to eliminate female adults to
diminish the overall pest population.

CONCLUSUION
Female Tuta absoluta exhibit a longer lifespan compared to their male counterparts, while the
larval stage of the pest poses a significant threat to tomato crops. Consequently, the study
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concludes that targeting female individuals for control measures will ensure an effective
reduction of the pest's impact on agricultural products like tomato plants.
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