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ABSTRACT

The tomato leaf miner, Tuta absoluta (Meyrick, 1917) (Lepidoptera: Gelechiidae), is one
of the most important pests causing significant economic losses in plant species belonging
to the Solanaceae family. The preferred management method for 7. absoluta currently
involves insecticide application. However, beside the undesired effects of insecticides,
chemical treatments can also negatively impact the efficiency of Integrated Pest
Management programs (IPM). Bacillus thuringiensis (Shigetane 1902) (Bacillales:
Bacillaceae) (Bt) is a pathogen with formulations used as host-specific bio-insecticides.
These formulations decompose quickly in the environment, thereby reducing non-target
effects and residue problems compared to chemical pesticides. In this study, the
effectiveness of six commercial B products, belonging to aizawai and kurstaki strains,
against 7. absoluta was assessed under laboratory conditions, using manufacturer-
recommended doses. The efficacy of the Bt products varied between 70 and 97.5%. The
lowest and highest mortalities were recorded in B. thuringiensis var. aizawai and B.
thuringiensis var. kurstaki products, respectively. Mortality reached 100% within three
days following insecticide treatments, whereas peak mortality in Bz applications was
noted after a post-treatment period of 15 days. These findings highlight the potential of
certain Bt products as effective components of IPM programs for 7. absoluta, suggesting

the need for further field studies to optimize their use in agricultural practices.
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INTRODUCTION

The tomato leaf miner, Tuta absoluta
(Meyrick, 1917) (Lepidoptera: Gelechiidae),
originating from South America, stands as
one of the most economically detrimental
pests affecting a range of plant species
within the Solanaceae family (Miranda et
al., 1998; Garzia, 2009). Initially reported in
Spain in 2006, the pest subsequently spread
throughout Europe and the Mediterranean
countries (Urbaneja et al., 2007; Ao et al.,
2009). In Turkey, following its first
appearance in 2009, it rapidly proliferated
and emerged as a prominent pest in both
greenhouse and field tomato -cultivation
(Kilig, 2010; Karut et al., 2011). T. absoluta

larvae feed between the two epidermal
layers of tomato leaves, creating irregular
transparent galleries that eventually turn
brown, causing complete leaf desiccation.
Furthermore, the larvae also feed on tomato
fruits, and their excrement fosters an
environment conducive to decay and the
development of secondary microorganisms.
Collectively, these damages result in
significant losses in fruit quality and yield
(Korycinska and Moran 2009; Desneux et
al., 2010).

Among the existing practices, the
predominant method for controlling 7.
absoluta involves insecticide application
(Tropea et al., 2012; Roditakis et al., 2018).
However, due to the limited penetration of
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insecticides into plant tissues and the rapid
development of resistance attributed to 7.
absoluta's  high reproductive capacity,
chemical control alone often fails to yield
the desired results (Biondi et al., 2018;
Buragohain et al., 2021). Moreover, the
indiscriminate and intensive use of
insecticides poses adverse effects on human
and environmental health. Consequently,
alternative  control methods, such as
biological and biotechnical control, have
gained preference for the better management
of the pest (Lietti et al., 2005; Gonzales-
Cabrera et al., 2011; Desneux et al., 2022).
Numerous natural enemies of 7. absoluta
from Hymenoptera and Hemiptera group of
insects have been identified (Miranda et al.,
1998; Marchiori et al., 2004; Luna et al.,
2007; Bajonero 2008; Cabello et al., 2009;
Kabiri et al., 2010; Doganlar and Yigit
2011). In addition to predators and
parasitoids, microorganisms are  also
employed for pest control (Buragohain et
al., 2021). Bacillus thuringiensis (Shigetane
1902) (Bacillales: Bacillaceae) (Bt) is a
unique soil-dwelling bacterium utilized in
the biological control of 7. absoluta (Palma
et al., 2014; Dammak et al., 2016; Biondi et
al., 2018). Commercial products derived
from various subspecies of Bt are deployed
in managing insect species across different
families. While B. ¢ var. kurstaki is effective
against lepidopteron larvae, B. ¢ var.
israelensis and B. t var. tenebrionis are used
to control mosquitoes and coleopteran pest
species, respectively (Gelernter, 2004;
Palma et al., 2014; Dammak ef al., 2016).
Studies investigating the efficacy of Bt
products against on 7. absoluta commenced
with B. ¢ var. kurstaki (Btk), sourced from
South America in the early 2000s. Giustolin
et al. (2001) demonstrated Btk induced
mortality across all developmental stages of
T. absoluta larvae. Subsequently, there has
been a notable increase in research assessing
the efficacy of Bt products in managing the
pest (Niedmann and Meza-Basso, 2006;
Gonzalez-Cabrera, 2011; Sarr et al., 2021).
Niedmann and Meza-Basso (2006) revealed
that two indigenous strains of Bt exhibited
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lethal effects against 7. absoluta in Chile.
Gonzalez-Cabrera (2011) reported that the
impact of 7. absoluta could be significantly
diminished by exclusively applying B. ¢-
based formulations, obviating the need for
chemical insecticides. Sarr et al. (2021)
demonstrated a reduction in the proportion
of damaged fruits and an improvement in
tomato yield, particularly with the
application of Bt products. Furthermore, it
has been revealed that more favorable
outcomes in pest management could be
achieved by combining Bt with various bio-
control agents (Gonzalez-Cabrera et al.,
2011; Alsaedi et al., 2017; Jamshidnia et al.,
2018; Asma et al., 2018).

Environmentally friendly agents such as
Bt strains are essential for a sustainable
Integrated Pest Management (IPM) program
against tomato pests. Therefore, this study
aimed to evaluate the effects of specific Bt
commercial products with the potential to be
used in biological control programs against
T. absoluta.

MATERIALS AND METHODS

Host Plant Rearing

Tomato (Lycopersicon esculentum L.)
cultivar Soray was used as a host plant in
this study. The production of tomato plants
was carried out in the specialized rearing
room adjusted at 25+£2°C and 70+5%
humidity with long day lighting (16 Light: 8
Dark) hours. The plants were grown in pots
(15 x15 cm) containing potting soil.

Tomato Leaf Miner Rearing

The initial population of 7. absoluta was
obtained from tomato fields of Adana, and
bioassay studies were completed at
Cukurova University, Faculty of
Agriculture, Department of Plant Protection,
Laboratory of Insect Molecular Genetics and
Biotechnology. The production was carried
out in three fully grown tomato plants in net
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cages. The cages, each measuring
70x70x150 cm, were placed in the rearing
room adjusted to 25+2°C and 70+5%
humidity, with long-day lighting (16 Light:8
Dark) hours. To maintain the 7. absoluta
production, dead tomato plants were
replaced with new healthy plants during
mass rearing period.

Bacillus thuringiensis Products

In this study, six registered Bt products in
Turkey were tested. In addition to those
products, two commercial insecticides,
spinetoram 120 g L' (Radiant™, Dow
AgroSciences, Istanbul, Turkey), and
spinosad 480 g L' (Laser™, Dow
AgroSciences, Istanbul,Turkey), widely
preferred in pest control by growers, were
used as positive controls. The features and
recommended doses of the products are
given in Table 1. Except for Dacron, all
products were registered against 7. absoluta.

Bioassay Experiment

Leaves obtained from the upper half of 40
cm tall tomato plants were used in the
experiments. The recommended doses of the
products, given in Table 1, were prepared
using distilled water, and were applied to the
tomato leaves by leaf dipping method. In the
process, the leaves were dipped in the
prepared solution for three seconds, then,
allowed to dry on a paper for 30 minutes
under laboratory conditions. The petiole of
the tomato leaves were wrapped in wet
cotton to provide moisture and keep the
leaves alive during the experiments. The
leaves were placed in rectangular transparent
plastic containers of 12x6x6 cm, where the
lids were covered with nets for ventilation.
One newly hatched first instar of 7. absoluta
larvae was transferred to each leaf with the
help of a fine-tipped paint brush. The first
instar larvae were obtained from 7. absoluta
eggs kept in cabinet adjusted to 25+1°C and
70+5% humidity. The larvae released on
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leaves treated with distilled water were
considered as the controls. The prepared
units were placed in a cabinet adjusted to
25+1°C, 70+£5% humidity, and long-day
lighting (16 h Dark :8 h Light).
Experimental units were checked daily, and
the number of live/dead larvae and the
development of the larvae that remained
alive were recorded. The stages of the larvae
were determined depending on the head
capsules they left after each molting. A total
of ten individuals were used per replicate,
and each treatment was set up with 10
replicates (100 individuals) in bioassay
experiments. The mean development time of

larval instars was determined from
individuals that remained alive and
completed the immature development

(Kandil et al., 2020). To determine adult
longevity, individuals reaching the adult
stage were carefully transferred to separate
containers, and provided with honey as a
regular consistent food source. These
containers were kept under controlled
environmental conditions, including a
temperature of 25+1°C, relative humidity of
704£5%, and a photoperiod of 16 h light/8 h
dark. Each adult was observed daily, and
their survival was recorded until death.

Statistical Analyses

Corrected mortality rates of 3, 7, 10, and
15 days after application and cumulative
mortality were calculated using the Abbott
formula (Abbott, 1925). Before conducting
the analysis, we assessed the normality using
the Shapiro—Wilk test and checked for
homogeneity of variances using Levene’s
test. In case of violation of assumptions, the
data were transformed using LoglO(X+1)
and arcsin for homogeneity of variances.
The original data are presented in the results.
Data were analyzed using the One-Way
ANOVA, followed by separation of means
using the Tukey test. All analyses were
conducted using SPSS 25.0 (Chicago, IL,
USA).
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RESULTS

Effects of B. thuringiensis Products on
Mortality of Tuta absoluta

The insecticides spinosad and spinetoram
exhibited the highest cumulative mortality
rates, both reaching 100%, indicative of
their potent lethal effects. Delfin and
Dacron, belonging to Bt category, followed
with mortality rates of 97.5 and 92.5%,
respectively, and statistically fell within the
same group [F(7, 79)=9.74, P=0.0001]. The
remaining Bt products demonstrated
mortality rates ranging from 86.2 to 70.0%,
showcasing variability in their effectiveness
(Figure 1).

On the third day after application, 100%
mortality was observed for spinosad and
spinetoram, while Dipel exhibited a low rate
of 1%. Mortality rates increased for all
products by day 7, ranging from 9% for
Agree to 50% for Delfin, signifying varied
responses to the treatments. On day 10, all
products, except Delfin (67%), exhibited
mortality rates below 50%, indicating
sustained but varied efficacy across
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treatments. On the 15" day, the highest and
lowest mortality rates were observed in
Delfin (94.2%) and Agree (55.2%),
highlighting the durability and variability of
the treatments (Table 2).

In the first instar larvae, the highest mean
number of dead individuals was detected for
Delfin (3.6), followed by Rebound (1.9) and
Dipel (1.6). The three products differed
statistically from the control experimental
unit [F(6, 69)=10.1, P=0.0001]. No mortality
was observed in Agree, which belonged to
the same category as the control group. In
the second instar larvae, the highest average
numbers of dead individuals were found in
Dacron (4.6), followed by Florbac (4.5).
Other products showed varied mean
mortality values between 0 and 2.8, and the
differences were statistically significant
[F(6, 69)= 16.08, P= 0.0001]. In the third
instar larvae, the mean numbers of dead
individuals were close to each other, with
the highest in Agree and Dacron (2.8). All
the products were statistically different from
the control, but showed no difference
between each other [F(6, 69)= 827, P=
0.0001]. In the fourth instar larvae, the
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Figure 1. Cumulative mortality rates (£SE) of Tuta absoluta caused by different Bacillus thuringiensis
products and two insecticides (Spinosad and Spinetoram). * Values with different letters denote

statistically significant difference (Tukey; P< 0.05).
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highest mean mortality values was
determined as 2 for both Agree and Florbac.
The values varied between 0.6 and 1.5 for
the other products. In the pupal stage, the
highest and lowest mean numbers of dead
individuals were recorded for, respectively,
Rebound (0.8), and Delfin (0.1). The
statistical difference, however, was not
significant [F(6, 69)= 1.40, P= 0.226]. In the
sum of the first and second instars, the mean
number of dead individuals exceeded
approximately 50% for the three products,
i.e. Dacron, Delphin and Florbac (Table 3).

Effects of B. thuringiensis Products on
Development and Longevity of Tuta
absoluta

In the first instar, statistically significant
differences were observed in mean
development times. The longest and shortest
times were recorded for Dipel (4.37 days)
and the control (3.33 days), respectively
[F(5, 161)=2.72, P= 0.02] (Table 4). In the
second instar, the mean development times
varied between 2.77 and 5.00 days. In the
third instar, a statistically significant

Table 2. Corrected mortality rates (=SE) of commercial Bacillus thuringiensis (Bt)-based
products and two insecticides (Spinetoram and Spinosad) after post-treatment period of 3, 7, 10 and

15 days.”
D
Products ays
3 7 10 15
Agree 0.00+0.00* 9.00+3.48° 13.00+3.34° 55.25+4.38°
Dacron 0.00+0.00° 16.00+4.00% 44.00+6.86° 64.50+7.00°
Delfin 0.00+0.00° 50.00+7.60° 67.00+9.07° 94.25+3.07*
Dipel 1.00+1.00° 32.00+4.16% 46.00+7.18° 78.50:4.47%¢
Florbac 0.00+0.00° 21.00+4.33% 45.00+7.49° 76.25+6.57%
Rebound 0.00+0.00° 26.00+6.15%¢ 37.00+6.15% 82.25+6.17%
Spinetoram 100+0.00* - - -
Spinosad 100+0.00* - - -

“ Means within the same column with different letters denote statistically significant difference

(Tukey; P<0.05).

Table 3. Mean (+SE) numbers of mortality of Tuta absoluta individuals at different larval instars
treated with commercial Bacillus thuringiensis (Bt)-based products.”

Larval instars and pupa

Products 1 11 111 v Pupa

Agree 0.0+0.00°" 2.0£0.36" 2.8+0.44° 2.0£0.61° 0.7+0.30°
Dacron 0.5+0.30% 4.6+0.76™ 2.8+0.46" 1.240.38" 0.3+0.30°
Delphin 3.6£0.61 2.8+0.44%° 2.0+0.55° 1.440.26° 0.1+0.10°
Dipel 1.6£0.54% 2.5+0.54%° 2.6+0.30° 1.5+0.37° 0.2+0.13°
Florbac 1.0£0.29" 4.5£0.63° 2.4+0.26 0.6+0.26" 0.3+0.15
Rebound 1.9+0.62% 1.540.16° 2.0+0.59* 2.040.53° 0.8+0.29
Control 0.0+0.00° 0.0:£0.00° 0.10.10° 0.6+0.22° 0.4+0.22°

“ Means within the same column with different letters denote statistically significant difference (Tukey;

P<0.05).
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Table 4. Mean (£SE) development time (day) of different larval stages, and adult longevity of Tuta
absoluta calculated from the larvae do not dead and complated development after Bacillus thuringiensis

treatment.”

Larval instars and pupa

Products

n I 1l 1 v Pupa Total Longevity
Agree 24 3.45+020™°  4.16£0.48"  4.54+0.37°  3.54£0.24 8.12+0.06" 23.83+0.63" 12.33+1.13®
Dacron 6 4.33:042"  4.83+£030°  3.50+022%  3.66+0.33" 8.16+0.18" 24.50+042" 15.16+0.60°
Dipel 16 4.37+032°  3.62£0.32™  3.37+0.28%  3.56x0.47" 8.12+0.17° 23.06+0.50™ 13.68+0.76"
Florbac 12 3.91£028"  500+0.68"  3.33+028%®  2.83+0.40" 7.58+0.19" 22.66+0.93"  8.66+1.00°
Rebound 18 3.66+0.19"  2.77+0.26° 2.88+0.25°  4.224040° 7.94+0.17* 21.50£0.49"  14.66+0.94%
Control 86 3.33+0.13°  3.50+0.14%  2.74+£0.09°  2.72+0.13° 7.88+0.07* 20.27+026° 11.04£0.32%

“ Means within the same column with different letters denote statistically significant difference (Tukey;

P<0.05).

difference in mean development times was
observed, exceeding those of the control
[F(5, 161)= 9.62, P= 0.0001]. In the pupal
stage, mean development times were close
to each other and did not show statistically
significant differences [F(5, 161)= 1.83, P=
0.10]. Total mean development times ranged
between 20.27 and 24.5 days, with
statistically significant differences observed
[F(5, 161)= 12.7, P= 0.0001]. Except for
Florbac, adult longevities in all treatments
were longer and statistically different from
the control [F(5, 161)= 6.42, P= 0.0001]
(Table 4).

DISCUSSION
Although there were statistical
differences, the effectiveness of B.

thuringiensis (Bf) products, manifested by
mortality rates exceeding 70.0%, was
confirmed in this study. Similarly, the
effectiveness of Bt products on larval
mortality of T. absoluta was confirmed
under laboratory and greenhouse conditions
(Hafsi et al., 2012; Birgiicii et al., 2014;
Jallow et al., 2019; Kandil et al., 2020;
Sandeep Kumar ef al., 2020a, b; Buragohain
et al., 2021; Sarr et al., 2021). Although the
application method is different, Hafsi et al.
(2012) also found an average of 72.5%
larval mortality seven days after the
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treatment of the B¢ product (Bt 32000) under
laboratory conditions. Jallow et al. (2019)
reported 55-65% mortality when second-
instar 7. absoluta larvae were exposed to
tomato leaves treated with Bt (Dipel).

It can be suggested that the high mortality
rate in the first two larval stages, with over
50% mortality in three Bt products (Delfin,
Florbac, and Dacron), could increase the
success in the biological control of tomato
leaf miner. Similar results were reported in
different studies, and mortality in the first
and second larval stages was found to be
higher than the other larval stages (Giustolin
et al., 2001; Gonzalez-Cabrera et al., 2011;
Hashemitassuji et al., 2014). Coelho and
Franca (1987) argued that this was because
the new larva that emerged from the egg was
feeding by chewing the leaf surface to reach
the mesophyll layer. This behavior increases
the chance of getting bacterial toxins into the
digestive system of the larvae.

B. thuringiensis products prolonged the
larval development period in infected
individuals that survived and completed
their development. These results were
aligned with other researchers who
demonstrated the effect of Bt products on 7.
absoluta larvae, reporting a significant
increase in larval and pupal development
periods (Kandil et al., 2020). Similar results
were also reported for other lepidopteron
pests. Yang et al. (2008) determined that the
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Bt YL17 isolate disrupted the development
of the 3" larval stage of Spodoptera exigua
(Hiibner, 1808) (Lepidoptera: Noctuidae),
and prolonged the total immature
development. Erb et al. (2001) reported that
Bt had a sub-lethal effect on Lymantria
dispar (Linnaeus, 1758) (Lepidoptera:
Lymantridae) fourth instar larvae and
prolonged the development period. Barker
(1998) reported 12.4 days longer total
immature development time for Bt treated
Cochylis  hospes (Walsingham, 1884)
(Lepidoptera: Tortricidae) larvae compared
to the control group. Similarly, Huarong et
al. (2005) found that, after Bt applications,
larval development of Ostrinia nubilalis
(Hiibner, 1796) (Lepidoptera: Pyralidae) was
prolonged when compared to the control.

The mortality rates of the Bt products
were found to be close to the that of the
insecticides. However, the highest mortality
rate (100%) was reached on the 3 day in
insecticide treatments, while it was reached
on the 15" day in Bt treatments. This could
be due to the different modes of action of the
insecticide and Bt. While insecticides lead to
immediate death after application, mortality
in Bt applications may occur after a few
hours or weeks (Perez et al., 2015). B.
thuringiensis strains generate toxins during
both the initial sporulation phase and the
growth stage, resulting in the formation of
para-sporal crystalline inclusions. Upon
ingestion by insects, these toxins dissolve
within the midgut. Subsequently, midgut
proteases trigger the toxins through
proteolysis, binding them to precise
receptors on the insect cell membrane. This
binding results in cell disruption, ultimately
leading to the death of the insect (Schnepf et
al., 1998; Palma et al., 2014).

In this laboratory study, we demonstrated
that Bt products are, at least, as effective as
insecticides, but require more time to
achieve the maximum mortality rate.
Therefore, for a successful IPM program in
greenhouses, these products should be
applied repeatedly at specific time window
(one week) supported with supplemental
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application of other natural enemies, such as
predators or parasitoids.
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