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Introduction 

During the recent years, tomato leafminer Tuta 
absoluta has been considered as one of the key 

pest of tomato outside its native range of South 
American countries. It has been reported to be 
available in tomato growing areas (either cultivated or 
greenhouse) of European, South American and Asian 
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countries, mainly because of its capacity to disperse 
rapidly as it can travel up to 800 kilometers in a year 
(Biondi et al., 2018; Han et al., 2019; Verheggen and 
Fontus, 2019). Recently it has also been reported 
from the tomato growing area of Punjab, KPK 
(Ishtiaq et al., 2020; Sadique et al., 2022), and Sindh 
(Gabol et al., 2023) provinces of Pakistan as losses 
to leaves, stems, buds, and fruits have been reported 
due to the feeding of all larval instars (Desneux et al., 
2010). Nevertheless, there was a significant variance 
in the amount of T. absoluta on tomatoes across the 
nation, and this may be due to either the effects of 
the region’s studies on climatic change or the different 
tomato cultivars produced there (Oliveira et al., 2009; 
Sawadogo et al., 2022). Studies have also suggested 
the development and use of resistant tomato cultivars 
as one of the significant measures to reduce the level 
of T. absoluta damage (Oliveira et al., 2009; Rakha et 
al., 2017; Sawadogo et al., 2022). The importance of 
resistant tomato cultivars is also getting importance 
because farmer’s most reliable method for pest control 
i.e., use of synthetic chemicals is not so effective 
against T. absoluta because of the cryptic nature of 
larvae during feeding inside the mines (Uzun et al., 
2015; Sawadogo et al., 2022). Moreover, most of 
the synthetic insecticides has adverse effects on the 
humans and other non-target organisms, whereas 
pest has also developed resistance against many of the 
widely used insecticides (Siqueira et al., 2000; Silva et 
al., 2011; Campos et al., 2015; Roditakis et al., 2015).

As the incidence and spread of T. absoluta is increasing 
in various tomato growing areas of the Pakistan 
including Sindh province, but so far, no systematic 
study has been done to determine the relative 
preference of T. absoluta on widely grown local and 
hybrid varieties. Therefore, this study was conducted 
to determine the relative preference of T. absoluta on 
widely grown tomato varieties of Sindh province so 
that the information obtained could be used for the 
development of cultivars that should be resistant to 
the pest along with a potential yield.

Materials and Methods

Study location and varieties used
The study was conducted at a farmer’s filed located 
at district Shaheed Benazir Abad, Sindh. Following 
varieties were used in the study:

T1 = Rota F1(Semillas Almeria Seeds)

T2 = Early King (Hybrid F1) (Millan Agro Seeds)
T3 = G1612 (Hybrid F1) (Gulistan Seed Corporation 
Pvt. Ltd)
T4 = NAGA F1 (Tarnab Seed Corporation)
T5 = T-1057 (Syngenta Pak Ltd.)
T6 = Desi Local
T7 = Shimlo

Experimental design, data collection, and analysis
Each variety was raised in nursery and then 
transplanted in field as per their recommended rate of 
150 grams/ acre. A row-to-row distance of 4 feet and 
plant to plant distance of 2 feet was maintained during 
the plantation. The size of each replicated plot was 
10*10 square feet as five replications were maintained 
for each variety. All agronomic practices were used 
as per standard, whereas no synthetic chemicals were 
applied throughout the study. 

The data collection was started fifteen days after the 
transplanting of tomato nursery and then continued 
on weekly basis till the final harvesting. Ten plants 
were randomly selected from the individual replicated 
plot of each variety as all above ground parts were 
observed for the recording to TLM infestation as 
the infestation percentage was calculated using the 
formula given below:

Yield data of all the varieties was also calculated by 
recording the entire yield of all the replicated plot. 
All the collected data was analyzed using the analysis 
of variance, whereas the least significant difference 
test was used to determine the means with significant 
difference. The STATISTIX 8.1 computer software 
was used for the analysis.

Results and Discussion

Figure 1 illustrated the results for mean weekly T. 
absoluta infestation on tomato leaves of various varieties 
under field conditions. The results confirmed that a 
significant variation (F = 1.67, P < 0.001) was recorded 
among various tomato varieties for their susceptibility 
to T. absoluta infestation on leaves as local varieties 
were found comparatively more susceptible than 
evaluated hybrid varieties. The T. absoluta infestation 
on tomato leaves of all the varieties was observed 
since the first week after their transplanting with 
maximum (4.00±0.70%) infestation recorded on Desi 
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Local, followed by Shimlo (3.08±0.53%) and Rota 
F1 (2.28±0.38%) varieties. The lowest mean weekly 
infestation during first week after transplanting was 
recorded on leaves of T1057 variety (1.28±0.26%). 
Afterwards, a gradual increase in weekly mean 
infestation of T. absoluta was recorded that reached 
its peak during 20th or 21st week of the transplanting. 
Accordingly, the maximum mean weekly T. absoluta 
infestation on leaves was observed in Desi Local 
variety (46.72±3.81%), followed by 45.12±4.19% and 
37.48±3.21% infestation recorded on Shimlo and 
Rota F1 varieties, respectively. The maximum weekly 
mean T. absoluta infestation recorded on remaining 
varieties i.e., Early King, FG1612, NAGAF1 and 
T1057 was 34.72±2.92, 32.00±2.33, 30.99±2.69, and 
14.31±1.60%, respectively, all observed during week 
18 to 21 after the transplanting of tomatoes.

Figure 1: Mean weekly percentage infestation of Tuta absoluta on 
leaves of different tomato varieties (LSD = 6.1742).

The weekly mean T. absoluta infestation on fruits 
of various tomato varieties is illustrated in Figure 
2, showing that the first infestation was recorded 
during 5th week of the tomato transplantation. 
It was observed that T. absoluta showed feeding 
preference on local varieties than widely cultivated 
hybrid varieties. Initially, the highest infestation on 
fruits was recorded in Shimlo variety (0.32±0.13%), 
followed by Desi Local (0.24±0.10%), Early King 
(0.12±0.09%) and NAGAF1 (0.12±0.07%) varieties. 
Afterwards, a rise in T. absoluta infestation on fruits of 
all the varieties was observed, especially Shimlo, Desi 
Local, and Rota F1 varieties suffered a significant 
infestation. The peak infestation on tomato fruits 
was recorded towards the maturity of the crop i.e., 
after 21st week of the transplanting. Thus, weekly 
the maximum T. absoluta infestation was recorded 
on Shimlo variety (22.48±2.34%), followed by 
22.24±2.23 and 17.20±1.35%, infestation recorded in 
Desi Local and Rota F1 varieties. Among remaining 
varieties i.e., Early King, FG1612, NAGAF1, and 

T1057, the maximum infestation recorded on 
fruits was 15.00±1.15, 13.80±1.26, 13.68±1.08, and 
9.28±0.95%, respectively. The statistical data analysis 
confirmed a substantially significant (F= 4.11, P < 
0.001) variation in weekly mean T. absoluta infestation 
on various tomato varieties evaluated.

Figure 2: Mean weekly percentage infestation of Tuta absoluta on 
fruits of different tomato varieties (LSD = 2.5934) F = 4.11 P < 
0.001.

Figure 3: Overall percentage infestation of Tuta absoluta on leaves 
and fruits of different tomato varieties.
*Means followed by same letters are not significantly different from 
each other (P < 0.05, LSD values leaves = 1.2603, fruits = 0.5294).

The overall infestation percentage of T. absoluta 
on leaves and fruits of various tomato varieties is 
given in Figure 3. Results of the study confirmed a 
substantial difference among tomato varieties for T. 
absoluta infestation on tomato leaves (F = 170.38, P < 
0.001) and fruits (F = 108.66, P < 0.001). According 
to the results, Desi Local (27.19±9.10%) and Shimlo 
(26.47±8.76%) varieties suffered maximum infestation 
of the miner on their leaves, followed by Rota F1 
(21.22±7.07%) and Early King (19.66±6.15%) 
varieties. Significantly, the minimum infestation of 
T. absoluta on tomato leaves was recorded on T1057 
(9.70±3.54%) tomato variety, whereas infestation 
recorded on FG1612 (18.24±5.41%) and NAGAF1 
(17.37±5.26%) was significantly similar. Like tomato 
leaves, significantly the highest infestation on fruits 
was recorded in Desi Local (9.10±0.44%) and 
Shimlo (8.76±0.43%) varieties, that was followed by 
infestation recorded Rota F1 (7.07±0.33%) and Early 
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King (6.15±0.28%) fruits. The T. absoluta infestation 
recorded on FG1612 (5.41±0.27%) and NAGAF1 
(5.26±0.26%) fruits was not significantly different 
from each other, whereas T1057 variety suffered the 
lowest infestation (3.54±0.19%) on tomato fruits.

Figure 4: Impact of Tuta absoluta infestation on yield of different 
tomato varieties.
*Means followed by same letters are not significantly different from 
each other (P < 0.05, LSD = 23.659).

It was observed that various tomato varieties not 
only differ in their susceptibility to the infestation 
of T. absoluta, but they also differ significantly (F = 
243.00, P < 0.001) in their yield potential (Figure 4). 
According to results, significantly the highest tomato 
yield was recorded for T1057 variety (735.20±9.49 
maunds/acre), followed by Early King (676.40±8.21 
maunds/acre). No significant difference was recorded 
in the tomato yield recorded for Rota F1 (632.20±7.70 
maunds/acre) and NAGAF1 (639.00±7.97 maunds/
acre) varieties. Moreover, significantly the lowest 
tomato fruit yield was recorded for Desi Local variety 
(407.60±7.03 maunds/acre) that was not significantly 
different from yield obtained for Shimlo variety 
(412.60±8.60 maunds/acre). 

It was observed in the study that T. absoluta showed 
relatively more preference to local varieties of Sindh 
province (Desi Local and Shimlo) as compared to 
widely grown hybrid cultivars. However, there was 
also a significant difference among hybrid varieties 
for their preference for the T. absoluta with respect to 
number of mines on leaves and fruits. The differential 
preference of T. absoluta among various local and hybrid 
varieties evaluated may be attributed to the chemical 
composition of evaluated varieties as earliest studies of 
Kennedy and Dimock (1983) also demonstrated the 
role of naturally available toxicants in wild varieties of 
the tomatoes for their capability to induce resistance 
against insect pests. Among other factors that may be 

responsible for the variable preference of T. absoluta 
on various tomato varieties include the presence of 
trichomes and their arrangement on various parts i.e., 
leaves, stems (de Resende et al., 2008, 2021; Pereira et 
al., 2008; Silva et al., 2011; Oliveira et al., 2012). All 
these studies also reported that all advanced tomato 
varieties that possess quantities of AA, ZGB, and 
2-TD allele chemicals exhibited almost same level 
of resistance towards the T. absoluta. Khederi et al. 
(2014) also reported that little density of glandular 
trichomes on various regions of tomato leaves may be 
responsible for their susceptibility towards T. absoluta. 
Above mentioned studies also confirmed negative 
relationship of T. absoluta infestation with trichomes 
density on the leaves.

Several studies have been conducted to evaluate 
tomato genotypes against T. absoluta as Mohamed 
et al. (2020) in their studies at University of Gezira 
found Rioking cultivar highly susceptible towards 
T. absoluta infestation on tomato fruits and leaves, 
whereas Salama and RILG3-162 genotypes were 
the least preferred by the miner. Sohrabi et al. (2017) 
identified the key role of higher densities of leaf 
trichomes towards the resistance of Berlina, Golsar, 
Poolad, and Zaman tomato genotypes among the 
eleven cultivars evaluated against the T. absoluta. 
Moreover, Gharekhani and Salek-Ebrahimi (2014) 
while evaluating eleven tomato cultivars for their 
resistance against the T. absoluta at 45-days after 
transplanting. They found significant differences 
among the varieties as the CLUSE variety was found 
relatively resistant with lower levels of infestation, but 
not significantly different from those of SERVENT, 
KUBRA, ATABAY, and MILAS, whereas Y-32-227 
variety was found highly susceptible with the highest 
infestation of T. absoluta. They also demonstrated 
that varieties with strong vegetative and reproductive 
growth may have the potential to compensate for the 
early damage of the T. absoluta by producing more 
fruits, however, a strong and positive correlation of 
number of mines was calculated with the number of 
leaflets and plant height. Rakha et al. (2017) evaluated 
various tomato accessions of Solanum galapagense, 
S. cheesmaniae and S. pimpinellifolium which were 
known to be resistant against Bemisia tabaci Genn. 
and Tetranychus urticae Koch against T. absoluta 
based on the level oviposition along with the larval 
and adult mortality. The experiments conducted at 
two separate locations i.e., World Veg Eastern and 
Southern Africa (World Veg) and the International 
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Centre for Insect Physiology and Ecology (ICIPE) 
confirmed that S. galapagense VI063177 was found 
most resistant, whereas S. pimpinellifolium accession 
VI030462 was found susceptible at ICIPE.

The relative susceptibility of seven tomato cultivars 
based on their role to support various damage and 
reproductive parameters of T. absoluta suggested that 
Cal JN3 was the most susceptible variety, whereas 
Primo Early and Early Urbana was the found to 
be most resistant varieties (Ghaderi et al., 2017). 
Another study determined the level of resistance 
among tomato cultivars based on the antibiosis (by 
observing larval survival and weight of male, females 
pupae) and antixenosis (by observing oviposition) 
criteria (Vitta et al., 2016). Among the wild varieties 
evaluated, S. habrochaites (RCAT030597) genotype 
was found resistant based on the antibiosis with 
lower larval survival. However, S. chilense showed 
low oviposition preference for the T. absoluta, but it 
supported the highest larval survival among all the 
cultivars evaluated. 

In continuation of the above-mentioned studies, 
high susceptibility of local Sindh province varieties 
(Shimlo and Desi Local) towards T. absoluta may be 
due to the lack of availability of defense chemicals in 
them due to the less breeding done among them for 
their better resistance against insect pests. Moreover, 
continuous improvements in the hybrid varieties to 
get higher and better yields along with their advanced 
pest protection may have played role in their relatively 
more resistance against the T. absoluta. Accordingly, 
T1057, FG1612, and NAGAF1 hybrid varieties were 
found more resistant against T. absoluta with least 
infestation on tomato leaves and fruits. Moreover, it is 
also evident from the above discussion that T. absoluta 
have the potential to prefer some of the tomato 
cultivars over others with role of various chemicals 
along with number and setting of trichomes has 
been identified as key in this regard. However, most 
of these characteristics are generally found in the 
wild tomato cultivars, and the incorporation of these 
characteristics into the cultivated edible varieties 
seems to be more complex (de Falco et al., 2019; 
Rasheed et al., 2018). Therefore, it is aways suggested 
to understand this complex mechanism of resistance 
of wild tomato cultivars against T. absoluta and its 
incorporation into the edible varieties with all the 
desirable features required by the consumers (Dias et 
al., 2019; Vitta et al., 2016).

Conclusions and Recommendations

All the tomato varieties evaluated showed the 
infestation of T. absoluta on their leaves and fruits, 
however they differ in their level of susceptibility 
against the pest. Desi Local and Shmilo varieties 
were found most susceptible to T. absoluta infestation, 
whereas T1057 hybrid variety was most relatively 
resistant, followed by FG1612 and NAGAF1. 
Moreover, significantly the highest tomato yield 
was recorded in T1057 and Early King varieties. 
However, there is a need to conduct additional 
studies to determine the mechanism of resistance 
among different tomato varieties against T. absoluta 
so that better breeding strategies could be employed 
to develop more resilient varieties with good yield 
potential.

Acknowledgement

There is no acknowledgment for this paper to anyone 
because authors use their own resource during the en-
tire study

Novelty Statement

The results of this study could provide a base to 
understand the relative resistance of widely grown 
local and hybrid tomato varieties against Tuta 
absoluta, hence the same may be considered by the 
growers in their cultivation to maximize their yield 
with less dependance on chemicals.

Author’s Contribution

Abdul Hayee Gabol, Arfan Ahmed Gilal and Lubna 
Bashir Rajput: Designed the study. 
Abdul Hayee Gabol and Ghulam Qader Mangrio: 
Conducted the experiments. 
Jamal-U-Ddin Hajano and Jam Ghulam Mustafa 
Sahito: Analyzed data. 
Muhammad Ishaque Mastoi and Arfan Ahmed 
Gilal: Wrote and finalized the manuscript.

Conflict of interest
The authors have declared no conflict of interest.

References 

Biondi, A., R.N.C. Guedes, F.H. Wan and N. 
Desneux. 2018. Ecology, worldwide spread, 



Tuta absoluta infestation on tomato varieties

September 2023 | Volume 36 | Issue 3 | Page 295	

and management of the invasive South 
American tomato pinworm, Tuta absoluta: 
Past, present, and future. Ann. Rev. Entomol., 
63: 239-258. https://doi.org/10.1146/annurev-
ento-031616-034933

Campos, M.R., T.B. Silva, W.M. Silva, J.E. Silva 
and H.A. Siqueira. 2015. Spinosyn resistance 
in the tomato borer Tuta absoluta (Meyrick) 
(Lepidoptera: Gelechiidae). J. Pest Sci., 88: 
405-412. https://doi.org/10.1007/s10340-014-
0618-y

de Falco, B., D. Manzo, G. Incerti, A.P. Garonna, M. 
Ercolano and V. Lanzotti. 2019. Metabolomics 
approach based on NMR spectroscopy and 
multivariate data analysis to explore the 
interaction between the leafminer Tuta absoluta 
and tomato (Solanum lycopersicum). Phytochem. 
Anal., 30(5): 556-563. https://doi.org/10.1002/
pca.2850

de Resende, J.T.V., D.M. Dias, L. Erpen-Dalla 
Corte, L.V. Constantino, M.U. Ventura, R.B. 
de Lima Filho, L.V.B. de Oliveira and P.R. 
Da-Silva. 2021. The introgression of resistance 
to Tuta absoluta in tomato based on glandular 
trichomes. Arthropod. Plant Interact., pp. 1-13. 
https://doi.org/10.1007/s11829-021-09873-x

Desneux, N., E. Wajnberg, K.A. Wyckhuys, G. 
Burgio, S. Arpaia, C.A. Narváez-Vasquez 
and A. Urbaneja. 2010. Biological invasion 
of European tomato crops by Tuta absoluta: 
ecology, geographic expansion and prospects for 
biological control. J. Pest Sci., 83(3): 197-215. 
https://doi.org/10.1007/s10340-010-0321-6

Dias, D.M., J.T. de Resende, A.R. Zeist, A. Gabriel, 
M.H. Santos and N.C. Vilela. 2019. Resistance 
of processing tomato genotypes to leafminer 
(Tuta absoluta). Hortic. Bras., 37: 40-46. https://
doi.org/10.1590/s0102-053620190106

Gabol, A.H., A.A. Gilal, L.B. Rajput and G.Q. 
Mangrio. 2023. Distribution and damage 
potentials of tomato leafminer, Tuta absoluta 
(Lepidoptera: Gelechiidae) Sindh, Pakistan. 
Proc. Pak. Acad Sci. B. Life Environ. Sci., 
60(2): 283-291. https://doi.org/10.53560/
PPASB(60-2)758

Ghaderi, S., Y. Fathipour and S. Asgari. 2017. 
Susceptibility of seven selected tomato 
cultivars to Tuta absoluta (Lepidoptera: 
Gelechiidae): Implications for its management. 
J. Eco. Entomol., 110(2): 421-429. https://doi.
org/10.1093/jee/tow275

Gharekhani, G.H. and H. Salek-Ebrahimi. 
2014. Life table parameters of Tuta absoluta 
(Lepidoptera: Gelechiidae) on different 
varieties of tomato. J. Eco. Entomol., 107(5): 
1765-1770. https://doi.org/10.1603/EC14059

Han, P., N. Desneux, C. Becker, R. Larbat, J. Le Bot, 
S. Adamowicz, J. Zhang and A.V. Lavoir. 2019. 
Bottom-up effects of irrigation, fertilization and 
plant resistance on Tuta absoluta: Implications 
for integrated pest management. J. Pest Sci., 92: 
1359-1370. https://doi.org/10.1007/s10340-
018-1066-x

Ishtiaq, M., M. Sadique, N. Faried, U. Naeem-
Ullah and M.A. Hamza. 2020. First record of 
tomato leafminer, Tuta absoluta (Meyrick 1917) 
(Lepidoptera: Gelechiidae) from southern 
part of Punjab, Pakistan. J. Anim. Plant Sci., 
30(6): 1604-1611. https://doi.org/10.36899/
JAPS.2020.6.0181

Kennedy, G.G. and M.B. Dimock. 1983. 
2-Tridecanone: A natural toxicant in a wild 
tomato responsible for insect resistance. In: 
Natural Products, Pergamon. p. 123-128. 
https://doi.org/10.1016/B978-0-08-029223-
6.50024-0

Khederi, S.J., M. Khanjani, M.A. Hosseini, 
G.L.D. Leite and M. Jafari. 2014. Role of 
different trichome style in the resistance 
of Lycopersicon hirsutum genotypes to Tuta 
absoluta (Meyrick) (Lepidoptera: Gelechiidae). 
Ecol. Montenegrina, 1(1): 55-63. https://doi.
org/10.37828/em.2014.1.8

Mohamed, A.G.H., A.E.M. Hassan and L.M. 
Abdalla. 2020. Tuta absoluta (Meyrick): 
Seasonal abundance and susceptibility of some 
tomato genotypes in Gezira State, Sudan. In: 
(eds. Niassy, S., Ekesi, S., Migiro, L., Otieno, 
W.), sustainable management of invasive pests 
in Africa. Sustainability in Plant and Crop 
Protection, Vol 14. Springer, Cham. https://doi.
org/10.1007/978-3-030-41083-4_3

Oliveira, C.M.D., V.C.D. Andrade Júnior, W.R. 
Maluf, I.P. Neiva and G.M. Maciel. 2012. 
Resistance of tomato strains to the moth 
Tuta absoluta imparted by allelochemicals 
and trichome density. Ciência Agrotecnol., 
36: 45-52. https://doi.org/10.1590/S1413-
70542012000100006

Oliveira, F.A., D.J.H. da Silva, G.L.D. Leite, G.N. 
Jham and M. Picanço. 2009. Resistance of 57 
greenhouse-grown accessions of Lycopersicon 

https://doi.org/10.1146/annurev-ento-031616-034933
https://doi.org/10.1146/annurev-ento-031616-034933
https://doi.org/10.1007/s10340-014-0618-y
https://doi.org/10.1007/s10340-014-0618-y
https://doi.org/10.1002/pca.2850
https://doi.org/10.1002/pca.2850
https://doi.org/10.1007/s11829-021-09873-x
https://doi.org/10.1007/s10340-010-0321-6
https://doi.org/10.1590/s0102-053620190106
https://doi.org/10.1590/s0102-053620190106
https://doi.org/10.53560/PPASB(60-2)758
https://doi.org/10.53560/PPASB(60-2)758
https://doi.org/10.1093/jee/tow275
https://doi.org/10.1093/jee/tow275
https://doi.org/10.1603/EC14059
https://doi.org/10.1007/s10340-018-1066-x
https://doi.org/10.1007/s10340-018-1066-x
https://doi.org/10.36899/JAPS.2020.6.0181
https://doi.org/10.36899/JAPS.2020.6.0181
https://doi.org/10.1016/B978-0-08-029223-6.50024-0
https://doi.org/10.1016/B978-0-08-029223-6.50024-0
https://doi.org/10.37828/em.2014.1.8
https://doi.org/10.37828/em.2014.1.8
https://doi.org/10.1007/978-3-030-41083-4_3
https://doi.org/10.1007/978-3-030-41083-4_3
https://doi.org/10.1590/S1413-70542012000100006
https://doi.org/10.1590/S1413-70542012000100006


Tuta absoluta infestation on tomato varieties

September 2023 | Volume 36 | Issue 3 | Page 296	

esculentum and three cultivars to Tuta absoluta 
(Meyrick) (Lepidoptera: Gelechiidae). 
Sci. Hortic. 119(2): 182-187. https://doi.
org/10.1016/j.scienta.2008.07.012

Pereira, G.V.N., W.R. Maluf, L.D. Gonçalves, 
I.R.D. Nascimento, L.A.A. Gomes and 
V. Licursi. 2008. Seleção para alto teor de 
acilaçúcares em genótipos de tomateiro e sua 
relação com a resistência ao ácaro vermelho 
(Tetranychus evansi) eàtraça (Tuta absoluta). 
Ciência e Agrotecnol., 32: 996-1004. https://
doi.org/10.1590/S1413-70542008000300045

Rakha, M., N. Zekeya, S. Sevgan, M. Musembi, 
S. Ramasamy and P. Hanson. 2017. Screening 
recently identified whitefly/spider mite-
resistant wild tomato accessions for resistance 
to Tuta absoluta. Plant Breed, 136(4): 562-568. 
https://doi.org/10.1111/pbr.12503

Rasheed, V.A., S.K. Rao, T.R. Babu, M.T. Krishna, 
B.B. Reddy and G.M. Naidu. 2018. Biology 
and morphometrics of tomato pinworm, Tuta 
absoluta (Meyrick) on tomato. Int. J. Curr. 
Microbiol. App. Sci. 7(11): 3191-3200. https://
doi.org/10.20546/ijcmas.2018.711.367

Resende, J.T.V.D., W.R. Maluf, M.D.G. Cardoso, 
M.V. Faria, L.D. Gonçalves and I.R.D. 
Nascimento. 2008. Resistance of tomato 
genotypes with high level of acylsugars to 
Tetranychus evansi Baker and Pritchard. Sci. 
Agric., 65: 31-35. https://doi.org/10.1590/
S0103-90162008000100005

Roditakis, E., E. Vasakis, M. Grispou, M. Stavrakaki, 
R. Nauen, M. Gravouil and A. Bassi. 2015. First 
report of Tuta absoluta resistance to diamide 
insecticides.  J. Pest Sci., 88(1): 9-16. https://
doi.org/10.1007/s10340-015-0643-5

Sadique, M., M. Ishtiaq, U. Naeem-Ullah and N. 
Faried. 2022. Spatio-temporal distribution of 
Tuta absoluta (Meyrick 1917) (Lepidoptera: 
Gelechiidae) from Pakistan. Int. J. Trop. Ins. Sci., 
42(4): 3023-3032. https://doi.org/10.1007/
s42690-022-00837-z

Sawadogo, M.W., R.A. Dabire, B.R Ahissou, 

S. Bonzi, I. Somda, S. Nacro, C. Martin, A. 
Legrève and F.J. Verheggen. 2022. Comparison 
of life-history traits and oviposition preferences 
of Tuta absoluta for 12 common tomato varieties 
in Burkina Faso. Physiol. Entomol., 47(1): 55-
61. https://doi.org/10.1111/phen.12373

Silva, G.A., M.C. Picanç, L. Bacci, A.L.B. Crespo, 
J.F. Rosado and R.N.C. Guedes. 2011. Control 
failure likelihood and spatial dependence of 
insecticide resistance in the tomato pinworm, 
Tuta absoluta. Pest Manage. Sci., 67(8): 913-
920. https://doi.org/10.1002/ps.2131

Siqueira, H.Á.A., R.N.C. Guedes and M.C. Picanço. 
2000. Insecticide resistance in populations 
of Tuta absoluta (Lepidoptera: Gelechiidae). 
Agric. For. Entomol., 2(2):147-153. https://
doi.org/10.1046/j.1461-9563.2000.00062.x

Sohrabi, F., H.R. Nooryazdan, B. Gharati and Z. 
Saeidi. 2017. Plant resistance to the moth Tuta 
absoluta (Meyrick) (Lepidoptera: Gelechiidae) 
in tomato cultivars. Neotrop. Entomol., 46: 
203-209. https://doi.org/10.1007/s13744-016-
0441-7

Uzun, F., A.K. Birgücü and I. Karaca. 2015. 
Determination of oviposition preference of 
Tuta absoluta to tomato, pepper and eggplant. 
As. J. Agric. Food Sci., 3(5): 569-578.

Verheggen, F. and R.B. Fontus. 2019. First record 
of Tuta absoluta in Haiti. Entomol. Gen., 
38(4): 349-353. https://doi.org/10.1127/
entomologia/2019/0778

Vitta, N., P. Estay and R.A.C. Alonso. 2016. 
Characterization of resistance expression in 
genotypes of Solanum Section Lycopersicon 
against Tuta absoluta (Lepidoptera: Gelechiidae). 
Cienc. Inv. Agr., 43(3): 366-373. https://doi.
org/10.4067/S0718-16202016000300003

Zekeya, N., M. Chacha, P.A. Ndakidemi, C. 
Materu, M. Chidege and E. Mbega. 2016. 
Tomato leafminer (Tuta absoluta Meyrick 
1917): A threat to tomato production in Africa. 
J. Agric. Ecol. Res. Int., 10(1): 1–10. https://doi.
org/10.9734/JAERI/2016/28886

https://doi.org/10.1016/j.scienta.2008.07.012
https://doi.org/10.1016/j.scienta.2008.07.012
https://doi.org/10.1590/S1413-70542008000300045
https://doi.org/10.1590/S1413-70542008000300045
https://doi.org/10.1111/pbr.12503
https://doi.org/10.20546/ijcmas.2018.711.367
https://doi.org/10.20546/ijcmas.2018.711.367
https://doi.org/10.1590/S0103-90162008000100005
https://doi.org/10.1590/S0103-90162008000100005
https://doi.org/10.1007/s10340-015-0643-5
https://doi.org/10.1007/s10340-015-0643-5
https://doi.org/10.1007/s42690-022-00837-z
https://doi.org/10.1007/s42690-022-00837-z
https://doi.org/10.1111/phen.12373
https://doi.org/10.1002/ps.2131
https://doi.org/10.1046/j.1461-9563.2000.00062.x
https://doi.org/10.1046/j.1461-9563.2000.00062.x
https://doi.org/10.1007/s13744-016-0441-7
https://doi.org/10.1007/s13744-016-0441-7
https://doi.org/10.1127/entomologia/2019/0778
https://doi.org/10.1127/entomologia/2019/0778
https://doi.org/10.4067/S0718-16202016000300003
https://doi.org/10.4067/S0718-16202016000300003
https://doi.org/10.9734/JAERI/2016/28886
https://doi.org/10.9734/JAERI/2016/28886

