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ARTICLE INFO ABSTRACT
Article History The tomato leaf miner (TLM), Tuta absoluta (Meyrick)

Received:24/8/2023  (Lepidoptera: Gelechiidae) is a destructive insect pest of tomatoes and other
Accepted:1/10 /2023 solanaceous plants in Egypt and other countries all over the world. To
Available:5/10/2023  monitor the preferred tomato cultivars for T. absoluta, some biological
aspects, non-choice bioassay and free-choice bioassay tests were studied on

Keywords: six common tomato cultivars. Our results found that the tomato-86 cultivar
Biological has a superior ability to delay the development rate of TLM, while the
parameters; non- tomato-GS cultivar accelerated the development rate. Also, results showed
choice bioassay; that T. absoluta larvae reared on the tomato-86 cultivar reduced the larval
free-choice weight, larval survival, male and female pupal weight, mean number of laid
bioassay. eggs/plant and oviposition preference%. Conversely, the tomato-GS

reported a highly significant increase in all non-choice and free-choice
bioassay parameters. So, the results indicated that tomato-86 was the least
preferred cultivar, while tomato-GS was the most preferred to T. absoluta.
Therefore, we recommend planting the tomato-86 cultivar that could be
used as a fundamental approach in integrated pest management (IPM)
programs against T. absoluta.

INTRODUCTION

Tomatoes (Lycopersicon esculentum Mill.) are one of the very important food
crops in the world (Portakaldali et al., 2013; Bawin et al., 2016, Ingegno et al., 2017,
Ingegno et al., 2017). Egypt has a suitable climate for cultivating tomato plants and the
total planted area is about 21600 feddan (=9000 ha), with annual tomato fruit production is
9204097 tons (Moussa et al., 2013). Egypt is ranking 5" position of 144 countries of
tomatoes producer worldwide, equivalent to 6.95% of tomatoes world production (WPTC
2011; Costa and Heuvelink 2018).

Tomato plants are infested with numerous insect pests. Among them, the
destructive Tuta absoluta (Meyrick) is one of the biggest threats to tomatoes worldwide
(Desneux et al., 2011; Biondi et al., 2018; Mansour et al., 2018; Cherif and Verheggen
2019; Verheggen and Fontus 2019; Sadique et al., 2022). In 2009, it was first detected in
tomatoes in Northwestern Egypt. After that, it spread quickly to lower and upper Egypt
(Moussa et al., 2013; Salama et al., 2015). T. absoluta larvae can attack tomato plants and
feed on all parts except the root. So, the direct damage to tomato plants causes severe
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losses if not controlled (Tropea Grazia et al., 2012; Soliman, 2015; Hassan, et al. 2017).

The present work aimed to investigate the life table parameters of T. absoluta on
six tested tomato cultivars. The obtained results were used to know some biological
aspects, non-choice bioassay test and free-choice bioassay test of T. absoluta on six
common tomato cultivars in Egypt. Keeping in view the above facts, the present study was
carried out to investigate the following points; the impact of the tested tomato cultivars on
some biological and infestation parameters of T. absoluta using certain non-choice and
free-choice bioassay tests. The present investigation aimed to determine the least preferred
tomato cultivars for T. absoluta, so the authors recommend cultivating it within IPM
programs against T. absoluta.

MATERIALS AND METHODS

Tested Cultivars:

Seeds of six commercially available tomato cultivars, Lycopersicon esculentum
Mill, namely: tomato-86, tomato-Fayarouz, tomato-Omniya, tomato-036, tomato-Alissa,
and tomato-GS, were obtained from El-Zahraa Farm, Sharkia Governorate. The tomato
seeds were treated with 1% sodium hypochloride solution for thirty minutes and then
planted in seedling trays containing peat moss under an agriculture greenhouse maintained
at 25+5°C and 12:12 L:D h photoperiod. After 30 days, all seedlings were transferred to
the Agriculture Faculty farm, Zagazig University and transplanted in the field after
preparing and designing all the cultivated area (2100 m?). All agricultural processes were
normally conducted under natural environmental conditions without using insecticide or
fertilizer. The experiment was repeated three times and designed according to a
randomized complete block design.
Tuta absoluta Rearing:

Field insect populations were obtained from tomato farms at Sharkia Governorate,
Egypt, as larval instars. T. absoluta larvae were reared under laboratory conditions
(26+3°C and 60+5% RH). The larvae were collected using a fine paintbrush and put
directly on fresh tomato branches in glass bottles filled with tap water. The procedure
continued until the larvae were pupated. Pupae were collected and put in plastic vials (2 cm
x 3 cm) separately; these vials were covered with punctured covers and placed into
wooden trays. Forty adults of both sexes (1:1 Q: &) were introduced in a glass chimney
cage supplied with a cotton swab soaked in a 10% sucrose solution and provided with fresh
branches for mating and egg deposition. The glass chimney cages were covered with
muslin cloth secured with bands. The tomato branches bearing eggs were taken out daily
and put in plastic jars (30 cm x10 cm). Then another fresh tomato branch was substituted.
This procedure continued until the male and female adults died. The newly hatched larvae
were transferred to fresh tomato branches. This rearing method for T. absoluta was thus
continued for two successive generations to obtain rearing and adapted individuals under
laboratory conditions. T. absoluta reared on each tomato cultivar was used for evaluating
some biological aspects, non-choice and free-choice bioassay tests on the tested tomato
cultivars.

Biological Aspects of Tuta absoluta:

Five pairs of newly emerged adults (within 24 hours) of T. absoluta were
introduced into glass chimney cages (one pair for each glass chimney cage) containing one
fresh branch/each of the tested tomato cultivars. In all treatments, newly emerged adults
(female and male) were paired in glass chimney cages with 10% sucrose solution in
impregnated cotton. The glass chimney cage was covered with black muslin cloth
tightened with a rubber band. Each chimney cage was placed on a 9 cm Petri dish with
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filter paper on the bottom. The chimney cages were inspected daily to count the laid egg
numbers/female. The tested branches bearing eggs were put in glass jars (50 ml) and then
substituted daily with fresh branches until the adults died. Hatchability percentage, male
longevity and female longevity (Pre-oviposition, oviposition, and post-oviposition
periods), sex ratio and mean generation period were calculated. These procedures were
carried out on all six tested cultivars and The experiment was repeated five times and
designed according to a completely randomized design.

Non-choice Bioassay Test:

Six different tomato cultivar plantings were put inside glass jars banded with
wilting cotton which were replicated three times and designed according to a completely
randomized design for a non-choice assay test. All plantings of the six tomato cultivars
were infected with 1% larval instar. Daily, the larvae were inspected until reaching the 4%
larval instar and weighted the live larvae/planting. After pupating, Ten pupae were
weighed of each tested cultivar. The tunnel area of the tomato cultivar leaves was also
measured by KOIZUMI PLACOM KP-90N digital Planimeter. The live larvae percentages
were calculated.

No.of the live larvae

Live larva% = - - x 100
Total No.of larvae/ six tomato cultivars

Free-choice Bioassay Test:

Six tomato cultivar plantings were put inside glass jars (500 mL capacity), covered
with a muslin cloth, tied with its bands, and kept at 26 £ 3°C and 60 + 5% RH. Three
replicates and designed according to a completely randomized design were used. Eight
pairs of T. absoluta adults were put inside the glass jars, then daily inspected the six
plantings of tomato cultivars, and counted the eggs laid by the tested insect. The plantings
were changed per two days until finishing the laid oviposition and counting the laid egg

numbers per cultivar. The Oviposition preference% was calculated as the following:
No.of laid eggs on the tested cultivar % 100

Oviposition preference% =
P P Total No.of laid eggs /six tomato cultivars

Statistical Analysis:

The obtained data was subjected to Analysis of Variance (ANOVA) techniques
and treatment means with significant differences were separated by Duncan multiple range
test (Duncan 1955) at 1% and 5% probability levels. The computer package software SPSS
14.00 (SPSS, Inc. Chicago, Il, USA) statistical was employed (Hendy 1969).

RESULTS

Biological Aspects of Tuta absoluta::

The incubation period varied highly significantly between the six tested tomato
cultivars(F= 5.16**; P<0.0024). The incubation period was the longest on the tomato-86
cultivar, followed by tomato-Fayrouz and tomato-Omniya (4.00£0.00, 3.80+0.17 and
3.80+£0.17 days, respectively) and the shortest period was observed on tomato-GS
(3.00£0.00 days) (Table 1).

Regarding hatchability, it was noticed that there were highly significant variations
in hatchability % on the different tested tomato cultivars(F= 4.66**; P<0.0041). It was
found that the highest hatchability% was recorded on the tomato-036 (94.50+0.75%),
while the lowest was recorded on the tomato-86 (85.50+2.33%) (Table 1). The larval
duration on tomato-86 (11.40+0.21 days) was longer than those on the other cultivars,
while the shortest was 5.20+£0.17 days on tomato-036 (Table 1). The pupal duration was
6.40£0.21, 6.20+0.33 and 6.00+0.00 days on tomato-GS, tomato-Omniya and tomato-036,
respectively, while the shortest duration was detected on both tomato-86 and tomato-
Fayrouz (5.20+0.17 and 5.20£0.17 days, respectively) Table (1).
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Table 1. Biological aspects of Tuta absoluta on the tested tomato cultivars under
laboratory conditions.

Tomato Incubation | Hatchability | Larval Pupal |Developmen| Pupation Adult Generation
cultivar period (%) duration duration | tal period (%0) emergence period
(day) (day) (day) (day) (%) (day)
Mean+SE
Tomato-86  |4.00£0.00%| 85.50+2.33¢ [11.40+0.212| 5.2040.17¢ | 20.00+0.40% | 61.10+2.81¢ | 83.5442.55¢|37.40+0.45
. + b
Tomato-Alissa |>*00-21"| 03 4121.04% | 6.80£0.33b | 5.4040.21%¢ [ 16.00£0.400 | 87.40+2.432 88 30+ 0.81%{ 32.4020.21¢
E;’;l:ff’z 38020171 g9 782143 | 6.80£0.17 | 5.20£0.17¢ |16.20% 0.33b] 90.33+2.03¢ [ 80.85+1.01¢ [31.2020 33
g‘;‘:ﬁ;‘; 3802017 95 100.80% | 6.2040.170 | 6.20£0.332 | 16.400.35" | 80.16+2.81° | 89.50+1.01° [ 34.800.33

Tomato-036 3.20+0.17¢| 94.50+0.75% | 5.20+0.17¢ | 6.00+0.002> | 14.40+0.21¢ | 92.45+2.492 [90.12+0.812% 30.20+0.52¢4
Tomato-GS 3.00+0.00¢| 92.10+0.83%" | 6.80+0.17% | 6.40+0.212 | 15.60+0.35% | 93.50+1.98¢|94.20+0.562|30.00+0.28¢
F- value 5.16%* 4.66%* 77.07%* 4.09%* 23.21%* 25.09%%* 10.88%* 48.89%*
P-Value 0.0024 0.0041 0.00000 0.0028 0.0000 0.0000 0.0000 0.0000

™ means with different letters within the same column are highly significant (P<0.01)

Respecting the mean developmental period, it was found that there were highly
significant variations in this period for tested tomato cultivars (F= 23.21**; P<0.0000).
The longest mean developmental period was observed on tomato-86 (20.00+0.40 days),
whereas the shortest was 15.60+0.35 and 14.40+0.21 days on tomato-GS and tomato-036
cultivars, respectively (Table 1). Pupation and adult emergence percentages showed highly
significant differences. The highest pupation percentage on the tomato-GS cultivar was
93.50+1.98%, and the lowest on tomato-86 was 61.10£2.81% (F= 25.09**; P<0.0000)
(Table 1). The adult emergence percentage showed the highest emergence percentage,
94.20£0.56%, on the tomato-GS cultivar. In contrast, the lowest was 80.85+1.01% and
83.54+2.55% on tomato-Fayrouz and tomato-86, respectively (F= 10.88**; P<0.0000)
(Table 1). The different tested tomato cultivars had highly significant differences in mean
generation period (F= 48.89**; P<0.0000). The longest mean generation period was
recorded for tomato-86 (37.40+0.45 days), while the tomato-GS cultivar recorded the
shortest one (30.00+0.28 days) (Table 1).

The tested cultivars' mean number of laid eggs/female was influenced by the
highest number on tomato-GS cultivar (179.60£3.30 eggs/female). In contrast, the lowest
value was recorded on tomato-86 (97.80+3.19 eggs/female). Highly significant variations
were found among them (F= 76.12**; P<0.0000) (Table 2). Variations in the pre-
oviposition period between the females resulted from larvae that reared on the six tested
cultivars, significantly varied between each other detected (F= 2.77*; P<0.0409). The
tomato-GS, tomato-036 and tomato-Alissa had the shortest pre-oviposition period
(2.80£0.17 days) on the three tomato cultivars, while the pre-oviposition period was the
longest on tomato-86 (3.60+0.21 days) Table 2. The oviposition period was the longest on
tomato-Omniya and tomato-Fayrouz (5.80+0.17 and 5.00+0.00 days, respectively); being
highly significantly different from all other cultivars (F=7.71**; P<0.0002) and the
shortest one was 4.20+0.17 days on tomato-86. The longest post-oviposition period was
8.60+0.21 days recorded on tomato-Alissa, whereas the shortest was 7.40+0.21 days on
tomato-036, with highly significant varied between the tested cultivars (F=3.97*%;
P<0.0091). The tested cultivars and total female longevity differed highly significantly
(F=5.89**; P<0.0011) and the longest was 17.40+0.21 days on tomato-Omniya, whereas
the shortest was 14.80+0.52 and 15.60+0.21 days on tomato-036 and tomato-86,
respectively (Table 2).
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laboratory conditions.

Tomato Laid eggs/female L N Sex ratio
cultivar (Mean+SE) Adult longevity (day) (Mean+SE) (as female)
Female Male %
Pre- Oviposition Post- Total (Mean+SE)
oviposition period oviposition
period

Tomato-86 97.80+3.19¢ 3.600.212 | 4.20+0.17¢ | 7.80+0.17b [ 15.60+0.21b¢ | 15.20+0.332| 52.27+3.30¢
Tomato-Alissa 117.60+1.934 | 2.80+0.17" | 4.80+0.17b | 8.60+0.212 | 16.20+0.17% | 14.20+0.17° | 64.55+1.74
Tomato-Fayrouz| 126.60+2.96°¢ |3.40+0.21% [ 5.00+£0.00 | 7.60£0.21%¢ [ 16.00=040"% [15.00+0.28* | 61.60+3.022
Tomato-Omniya| 128.40£2.27¢ |3.40+0.212"| 5.80+0.17= | 8.20+0.1720 | 17.40+0.212 |15.40+0.212| 65.26+2.682
Tomato-036 158.20+3.97° | 2.80+0.17" | 4.60+0.21% | 7.40+0.21° | 14.80+0.52¢ | 14.20+0.17% | 54.13+0.78b¢
Tomato-GS 179.60+3.30 | 2.80+0.17° | 4.80+0.17%¢ [ 8.20+0.172 [ 15.80+0.17b= | 15.20+0.172 | 54.60+1.87

F- value 76.12%* 2.77* 7.71%* 3.97** 5.89%** 4.04%* 4.58%*

P-value 0.0000 0.0409 0.0002 0.0091 0.0011 0.0084 0.0045

*&™ means with different letters within the same column are significant (P<0.05) and highly significant (P<0.01), respectively.

The male longevity resulting from larvae reared on the tested cultivars varied
significantly against tested tomato cultivars (F=4.04**; P<0.0084). The longest male
longevity was 15.40+0.21 days observed on tomato-Omniya cultivar, while the shortest
was 14.20+0.17 days on tomato-036 and tomato-Alissa (Table 2). There were highly
significant variations in the sex ratio (as female) of the moths resulting from larvae that
were reared on the tested tomato cultivars (F= 4.58**; P<0.0045). The highest sex ratio
was 65.26+2.68% for tomato-Omnyia, while the lowest was 52.27+3.30% for tomato-86
(Table 2).

Non-choice Bioassay Test:

There were highly significant differences between some infestation parameters with
TLM on the six tested cultivars under the non-choice bioassay test (Table 3). It was found
that the highest live larva weight was recorded on the tomato-GS cultivar (23.27+2.58 mg),
while the lowest one (1.28+0.62 mg) was recorded on the tomato-86 cultivar, being highly
significantly different (F= 25.45**; P<0.0000). The live larva percentage of T. absoluta
differed significantly on the tested tomato cultivars. The highest live larval percentage was
99.67+7.84, 99.67+6.33 and 99.67+5.55 % on the three tomato cultivars (tomato-GS,
tomato-036 and tomato-Omniya, respectively) and the lowest live larva percentage was
20.33+1.76% on the tomato-86 cultivars, being highly significantly different from all other
tested cultivars (F= 38.43**; P<0.0000) (Table 3).

Regarding pupa weight of the tested insect pest, there were highly significant
variations between the tested cultivars. The highest pupa weight, which resulted from
larvae fed on the tomato-GS cultivar, was 10.18+1.16 mg, whereas the lowest pupa weight
was 0.31+0.06 mg, which was recorded on tomato-86; being a highly significant difference
with all other tested cultivars (F= 27.29**; P<0.0000) (Table 3). There was a highly
significant difference between the tested tomato cultivars in the tunnel area/leaflet (mm?)
(F= 6.43**: P<0.0040). The highest tunnel area/leaflet was 8.21+1.14 mm? on the tomato-
GS cultivar and the lowest one (1.25+0.61 mm?) was recorded on the tomato-86 (Table 3).
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Table 3. Effect of the tested tomato cultivars on some infestation parameters of T. absoluta under
non-choice bioassay test.

Tomato cultivar Live larva Live larva (%) Pupa weight (mg) Tunnel
weight (mg) area/leaflet
Male | Female (mm?)
MeantSE
Tomato- 86 1.28+0.62¢ 20.33+1.764 0.31+0.06° 0.60+0.12¢ 1.25+0.61¢
Tomato- Alissa 5.700.89° 52.78+3.47° 1.91=0.57¢ 3.16£1.18 3.93+0.61%
Tomato- Fayrouz 17.09+1.70P 80.00+4.36° 8.01+0.58 8.00+1.15% 6.47+1.172b
Tomato- Omniya 18.43+1.60® 00.67+5.55¢ 6.18+0.500 0.40+1.23® 7.31=1.148
Tomato- 036 19.08+2.06% 99.67+6.332 0.07+1.122 7.99+1.15% 6.14+1.16%
Tomato- GS 23.27+2.58° 99.67+7.84° 10.18%1.162 11.79+1.11= 8.21x1.14
F-value 25.45%* 38.43%** 27.29%* 15.24%** 6.43%*
P-value 0.0000 0.0000 0.0000 0.0001 0.0040

™ means with different letters within the same column are highly significant (P<0.01)

Free-choice Bioassay Test:

The six different tomato cultivars highly significantly affected the mean number of
oviposited eggs number/plant by T. absoluta females. The most laid egg numbers by
females were on leaves/plant of the tomato-GS cultivar, followed by the tomato-036, the
tomato-Omniya, the tomato-Fayrouz, the tomato-Alissa and the tomato-86 (70.00+2.88,
53.33+4.40, 41.67+4.40, 35.00+4.04, 32.00+4.35 and 18.33+2.03 eggs/plant); being highly
significant varied in numbers between each other (F= 22.45**; P<0.0000). The oviposition
preference percentages of the six selected tomato cultivars descendingly as 29.59+1.58,
19.49+1.74, 15.52+1.14, 12.42+1.15, 11.63+0.66 and 7.22+0.60% for tomato-GS, tomato-
036, tomato-Omniya, tomato-Fayrouz, tomato-Alissa and tomato-86, respectively; being
highly significantly different between each other (F= 41.43**; P<0.0000) (Table 4).

Table 4. Laid eggs and oviposition preference% of T. absoluta on the tested tomato cultivars
under free-choice bioassay test.

Tomato cultivar laid Oviposition preference
| _eggs/plant (%)
(Mean+SE)
Tomato-86 18.33%2.034 7.22+0.60¢
Tomato-Alissa 32.00%4.35¢ 11.63%0.664
Tomato-Fayrouz 35.00+4.04¢ 12.42+1.154
Tomato-Omniya 41.67+4.40bc 15.52+1.14¢
Tomato-036 53.33+4.40b 19.49+1.74b
Tomato-GS 70.00=+2.882 29.59+1.582
F-value 22.45%#* 41.43%%*
P-value 0.0000 0.0000

™ means with different letters within the same column are highly significant (P<0.01)

DISCUSSION

The present results clarify the different impacts of the six commonly grown
tomato cultivars on the growth, mortality and Laid eggs of TLM, T. absoluta. The present
results agree with other findings on TLM (Pereyra and Sanchez 2006; Erdogan and
Babaroglu 2014; Gharekhani and Salek-Ebrahimi 2014; Khatami et al., 2022). All studies
revealed the profound effect of various cultivars of tomato on TLM performance. The
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various cultivars influenced the incubation period of tomato leaf miner. The present results
agree with (Ghaderi et al., 2017). Tomato cultivar Cal JN3 demonstrated that in
comparison to the other tested cultivars, larval and pupal stages of T. absoluta was the
shortest period, and exhibited that this cultivar contains the nutritional contents for larvae
requirement. The two tomato varieties, namely, Cobra 26 F1 and Kanon F1 cultivars, have
superior abilities to delay the development rate of TLM (Sawadogo et al., 2021). On the
other hand, the growth time of tomato leaf miner on the Urbana Y cultivar was the longest
compared with the other tested cultivars. T. absoluta adult longevity varied significantly
between the selected cultivars, with the shortest and longest adult longevity. Urbana Y
cultivar had low susceptibility to TLM, which might be attributed to tested tomato plants'
biochemical or physical properties. The mean fecundity of TLM ranged between 97.73 to
132.78 eggs/female on the tested Solanaceae plants (Pereyra and Sanchez 2006), while it
reached 141.16 eggs/female on the tested tomato plants (Erdogan and Babaroglu 2014).
While mean fecundity was recorded on different potato cultivars (25.5 and 50.6
eggs/female) Caparros Megido et al., 2013).

Our results indicated a highly significant difference in all non-choice bioassay test
parameters due to variations in the six tested tomato cultivars. T. absoluta larvae reared on
the least preferred cultivars in a non-choice bioassay test showed a reduction in the weight
of larvae, survival larvae and pupae Dos Santos et al., 2011; Mphahlele 2021). Conversely,
there was no influence in some non-choice bioassay test parameters (weight pupae) by the
kind of tomato line (Thomazini et al., 2001; Borgoni and Carvalho 2006).

In our investigation, the variations of the oviposition preference of the insect tested
on the different tested cultivars may be attributed to plant leaf chemicals variance (EI-
Sitiny 2022). Also, depending on oviposition preference, TLM females preferred more
oviposition on Carmen and Santa Clara tomato cultivars than on Aromata cultivars (Proffit
etal., 2011).

CONCLUSION

The obtained data might provide basic information for selecting the tomato
cultivars that were the least preferred host to TLM infestation, which can used for
implementing protection management strategies against T. absoluta by studying the life
table parameters on six commonly tested tomato cultivars in Egypt.

REFERENCES

Bawin T, Dujeu D, De Backer L, Francis F, Verheggen FJ (2016) Ability of Tuta absoluta
(Lepidoptera: Gelechiidae) to develop on alternative host plant species. The
Canadian Entomologist, 148:434- 442. https://doi:org./10.4039/tce.2015.59

Biondi A, Guedes RNC, Wan F, Desneux N (2018) Ecology, Worldwide Spread, and
Management of the Invasive South American Tomato Pinworm, Tuta absoluta:
Past, Present, and Future. Annual Review of Entomology, 63:239-258.
https://doi:org./10.1146/annurev-ento-031616-034933.

Borgoni PC, Carvalho GS (2006) Biologia de Tuta absoluta (Meyrick) (Lepidoptera:
Gelechiidae) em diferentes cultivares de Lycopersicon esculentum Mill. Bioikos
Campinas, 20:49-61.

Caparros Megido R, Haubruge E, Verheggen F (2013) Pheromone-based management
strategies to control the tomato leafminer, Tuta absoluta (Lepidoptera:
Gelechiidae). Biotechnology, Agronomy, Society and Environment, 17:475-482.

Cherif A, Verheggen F (2019) A review of Tuta absoluta (Lepidoptera: Gelechiidae) host
plants and their impact on management strategies. Biotechnology, Agronomy,
Society and Environment, 23:270-278. https://doi:org./10.25518/1780-4507.18211


https://doi:org./10.4039/tce.2015.59
https://doi:org./10.1146/annurev-ento-031616-034933
https://doi:org./10.25518/1780-4507.18211

8 Gamila Sh. Selem et al.

Costa JM, Heuvelink E (2018) The global tomato industry.In E. Heuvelink (Ed.),
Tomatoes (2" ed.). Crop production science in horticulture series, 27:1-26.

Desneux N, Luna MG, Guillemaud T, Urbaneja A (2011) The invasive South American
tomato pinworm, Tuta absoluta, continues to spread in Afro-Eurasia and beyond:
The new threat to tomato world production. Journal of Pest Science, 84:403-408.
https://doi:org./10.1007/s10340-011-0398-6

Dos Santos AC, Bueno RCO, De F, Vieira SS, Bueno ADe F (2011) Efficacy of
insecticides on Tuta absoluta (Meyrick) and other pests in pole tomato. BioAssay,
6:1-6.

Duncan DB (1955) Multiple range and multiple F tests. Biometrics, 11:1-42.

El-Sitiny M FA, Omar HM, El-Shehawi AM, Elseeny MM, El-Tahan AM, EIl-Saadony
MT, Selem G Sh (2022) Biochemical and molecular diagnosis of different tomato
cultivars susceptible and resistant to Tuta absoluta (Meyrick) infestation. Saudi
Journal of Biological Sciences, 29:2904-2910. https://doi.org/10.1016/j. sjbs.
2022.01.024

Erdogan P, Babaroglu NE (2014) Life table of the tomato leaf miner, Tuta absoluta
(Meyrick) (Lepidoptera: Gelechiidae). Journal of Agricultural Faculty of
Gaziosmanpasa Universty, 31:80-89. https://doi:org./10.13002/jafag723

Ghaderi S, Fathipour Y, Asgari S (2017) Susceptibility of seven selected tomato cultivars
to Tuta absoluta (Lepidoptera: Gelechiidae): implications for its management.
Journal of Economic Entomology, 110:421-429. https://doi:org./ 10.
1093/jee/tow275.

Gharekhani GH, Salek-Ebrahimi H (2014) Life table parameters of Tuta absoluta
(Lepidoptera: Gelechiidae) on different varieties of tomato. Journal of Economic
Entomology, 107:1765-1770. https://doi:org./10.1603/Ec14059

Hassan G, Hassan AE, Khorchid A (2017) Management control strategy of devastated
tomato borer, Tuta absoluta on tomato crop at EI-Behira Governorate,
Egypt. Egyptian Academic Journal of Biological Sciences. A, Entomology,
10(8):35-43. https://doi.org./10.21608/eajb.2017.11991

Hendy L (1969) Experimental Statistics. Dar El-Maaref in Egypt, 369 (in Arabic
Language).

Ingegno BL, Candian V, Psomadelis I, Bodino N, Tavella L (2017) The potential of host
plants for biological control of Tuta absoluta by the predator Dicyphus errans.
Bulletin of Entomological Research, 107:340-348. ,https://doi:org./10. 1017/
S0007485316001036.

Ingegno BL, Candian V, Tavella L (2017) Behavioural study on host plants shared by the
predator, Dicyphus errans and the prey Tuta absoluta. Acta Horticulturae,
1164:377-382. https://doi:org./10.17660/ActaHortic.2017.1164.48

Khatami L, Ghassemi-Kahrizeh A, Hosseinzadeh A, Aramideh Sh (2022) Biological
parameters of tomato leaf miner, Tuta absoluta (Meyrick) on different tomato
cultivars. Journal of Plant Pest Research, 11:15-29.

Mansour R, Brévault T, Chailleux A, Cherif A, Grissa-Lebdi K, Haddi K, Mohamed SA,
Nofemela RS, Oke A, Sylla S, Tonnang HEZ, Zappala L, Kenis M, Desneux N,
Biondi A (2018) Occurrence, biology, natural enemies and management of Tuta
absoluta in Africa. Entomologia Generalis, 38:83-112. https://doi:org./10. 1127/
entomologia/2018/0749

Moussa S, Sharma A, Baiomy F, EI-Adl FE (2013) The status of tomato leafminer, Tuta
absoluta (Meyrick) (Lepidoptera: Gelechiidae) in Egypt and potential effective
pesticides. Academic Journal of Entomology, 6:110-115. ,https://doi:org./10
5829/ idosi.aje.2013.6.3.75130


https://doi:org./10.1007/s10340-011-0398-6
https://doi.org/10.1016/j.%20sjbs.%202022.01.024
https://doi.org/10.1016/j.%20sjbs.%202022.01.024
https://doi:org./10.13002/jafag723
https://doi:org./%2010.%201093/jee/tow275
https://doi:org./%2010.%201093/jee/tow275
https://doi:org./10.1603/Ec14059
https://doi.org./10.21608/eajb.2017.11991
https://doi:org./10.%201017/%20S0007485316001036
https://doi:org./10.%201017/%20S0007485316001036
https://doi:org./10.17660/ActaHortic.2017.1164.48
https://doi:org./10.%201127/%20entomologia/2018/0749
https://doi:org./10.%201127/%20entomologia/2018/0749
https://doi:org./10%20.5829/%20idosi.aje.2013.6.3.75130
https://doi:org./10%20.5829/%20idosi.aje.2013.6.3.75130

Life Table Parameters of Tuta absoluta 9

Mphahlele RB (2021) Evaluation of tomato cultivars for resistance to Tuta absoluta
(Lepidoptera: Gelechiidae). M. Sc. Thesis, The Sector of Environmental Sciences
with Integrated Pest Management, North-West Univ. South Africa.

Pereyra, PC, Sanchez NE (2006) Effect of two solanaceous plants on developmental and
population parameters of the tomato leaf miner, Tuta absoluta (Meyrick)
(Lepidoptera: Gelechiidae). Neotropical Entomology, 35:671-676.
https://doi:org./10.1590/s1519-566x2006000500016.

Portakaldali M, Oztemiz S, Kitilk H (2013) A new host plant for Tuta absoluta (Meyrick)
(Lepidoptera: Gelechiidae) in Turkey. Journal of Entomological Science, 15:21-
24.[Googel Scholar]

Proffit M, Birgersson G, Bengtsson M, Witzgall P, Lima E (2011) Attraction and
oviposition of Tuta absoluta females in response to tomato leaf volatiles. Journal
of Chemical Ecology, 37:565-574. https://doi:org./10.1007/s10886-011-9961-0

Sadique M, Ishtiag M, Naeem-Ullah U, Faried N (2022) Spatio-temporal distribution of
Tuta absoluta (Meyrick 1917) (Lepidoptera: Gelechiidae) from Pakistan.
International Journal of Tropical Insect Science, 42:1-10. https://doi: org./
10.1007/s42690-022-00837-z

Salama HSAER, Ismail IAK, Fouda M, Ebadah I, Shehata I (2015) Some ecological and
behavioral aspects of the tomato leafminer, Tuta absoluta (Meyrick) (Lepidoptera:
Gelechiidae). Ecologia Balkanica, 7:35-44. https://b.bio.uni-plovdiv.bg/en/archi

Sawadogo MW, Dabire RA, Ahissou BR, Bonzi S, Somda I, Nacro S, Martin C, Legreve
A, Verheggen FJ (2021) Comparison of life-history traits and oviposition
preferences of Tuta absoluta for twelve common tomato varieties in Burkina
Faso. Physiological Entomology, 47:55-61. https://doi:org./10.1111/phen.12373

Soliman M (2015) Effect of two control tactics in the integrated pest management on the
population of Tuta absoluta (Meyrick) (Lepidoptera: Gelichiidae) in tomato
fields. Egyptian Academic Journal of Biological Sciences. A, Entomology, 8(2):
129-138. https://doi:org./10.21608/eajbsa.2015.12916

Thomazini APBW, Vendramim JD, Brunherotto R, Lopes MTR (2001) Efeito de
genotipos de tomateiro sobre a biologia e oviposicdo de Tuta absoluta (Meyrick)
(Lep.: Gelechiidae). Neotropical Entomology, 30:283-288. https://doi:org./
10.1590/s1519-566x2001000200012

Tropea Grazia G, Siscaro G, Biondi A, Zappala L (2012) Tuta absoluta, a South American
pest of tomato now in the EPPO region: Biology, distribution and damage. EPPO
Bulletin 42:205-210. https://doi:org./10.1111/epp.2556

Verheggen F, Fontus RB (2019) First record of Tuta absoluta (Meyrick) (Lepidoptera:
Gelechiidae) in Haiti. Entomologia Generalis, 38:349-353. https://doi: org./
10.1127/entomologia/2019/0778

World Processing Tomato Council (WPTC) (2011) Report of World Processing Tomato
Council., 10 pp.


https://doi:org./10.1590/s1519-566x2006000500016
https://doi:org./10.1007/s10886-011-9961-0
https://doi:%20org./%2010.1007/s42690-022-00837-z
https://doi:%20org./%2010.1007/s42690-022-00837-z
https://b.bio.uni-plovdiv.bg/en/archi
https://doi:org./10.1111/phen.12373
https://doi:org./10.21608/eajbsa.2015.12916
https://doi:org./%2010.1590/s1519-566x2001000200012
https://doi:org./%2010.1590/s1519-566x2001000200012
https://doi:org./10.1111/epp.2556
https://doi:%20org./%2010.1127/entomologia/2019/0778
https://doi:%20org./%2010.1127/entomologia/2019/0778

	9c44296f88f8263dcf4e62c752f299287aefa53329052b9665447cd0c770b64d.pdf
	9c44296f88f8263dcf4e62c752f299287aefa53329052b9665447cd0c770b64d.pdf

