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ABSTRACT 

Eman Mohamed Mohamed Abd El-maksoud: Ecological and biological 

aspects of the tomato leaf miner Tuta absoluta (Lepidoptera: 

Gelechiidae) on tomato plants. Unpublished M. Sc. Thesis, Department 

of Plant Protection, Faculty of Agriculture, Ain Shams University, 2016. 

The tomato leaf miner, Tuta absoluta (Meyrick) (Lepidoptera: Gelechiidae) 

became a serious pest to tomato cultivations in Egypt since 2009. It causes 

great damage in the crop. The present study was carried out to estimate some 

biological and ecological studies on this pest. T. absoluta reared on artificial 

diet on at four constant temperatures 20, 24, 28 and 32°C and 60-70 % RH. 

Data obtained indicated that incubation period were 6.8, 5.0, 4.0 & 3.5 days 

at 20, 24, 28 & 32°C, respectively. Percentages of hatchability were 72, 97, 

89 & 95% on the same degree of temperature, respectively. Zero of 

development for egg stage was 7.0°C, thermal units for the egg were 88.4, 

85.0, 84.0 & 87.5 DD's at 20, 24, 28 and 32°C, respectively. Durations of 

larval stage were 30.9, 21.9 & 15.7days at 20, 24 & 28°C, respectively. Zero 

of development was 10.0°C, while thermal of constant were 309.0, 306.6 & 

316.8 DD's at 20, 24 & 28°C, respectively. Percentages of mortality of larval 

stage were 52, 74, 74 & 100% at 20, 24, 28 and 32°C, respectively. For pupal 

stage, durations were 15.8, 9.5, 8.1days at 20, 24 & 28°C, respectively. Zero 

of development was 11.2°C, thermal constant were 138.6, 121.5 & 136.6 

DD's at 20, 24 & 28°C, respectively. Percentages of mortality were 10.0, 5.0 

& 1.0% at 20, 24 & 28°C, respectively. For adult, male longevity was 12.8, 

12.0 &7.0 days at 20, 24 & 28°C, respectively. Zero of development was 

9.8°C, thermal constant were 130.6, 144.8 & 134.7 DD's at 20, 24 & 28°C, 

respectively. Female longevity was 15.6, 11.8, 7.0 at 20, 24 & 28°C, 

respectively. Zero of development was 11.2°C, thermal constant were 137.3, 

151.0 & 137.8 DD's at 20, 24 & 28°C, respectively. The mean numbers of 

eggs laid by female were 57.8, 79.3 & 145.3eggs at 20, 24 & 28°C, 

respectively. Fertility of female was 72.0, 97.0 & 89.0% at 20, 24 & 28°C, 



 

respectively. Durations of generation were 56.1, 38.6 & 30.7 days at 20, 24 & 

28°C, respectively.  

The life table parameters, net reproduction rate (R◦), mean generation 

time (Gt), intrinsic rate of increase (rm), finite rate of increase (λ) and 

population double time (Dt) were: 2.85, 59.58, 0.02, 1.02 and 43.43 at 20 ºC; 

6.29, 41.37, 0.07, 1.07 and 12.41 at 24 ºC; 10.03, 33.92, 0.13, 1.14 and 6.68 

at 28 ºC; 3.15, 33.97, 0.04, 1.04 and 21.71 under laboratory conditions, 

respectively. 

According to susceptibility of eight tomato cultivars to the infestation 

degree by T. absoluta, the eight cultivars could be arranged as follows; Red 

sun, Hybrid Super strain B and Castle rock were the more susceptible 

cultivars followed by Riogrande, Baladi and Nemaguard with a moderate 

infestation. Finally the Super set and Hybrid Bito86 cultivars were 

considered the most resistible ones. 

The highest of Tuta absoluta mines occurred on the leaflets of Red 

sun was corresponding to the high level of N.P.K. On the other hand Hybrid 

Bito86 cultivar contained on the lowest infestation with corresponding to 

least values N.P.K. The same trend obtained for amino acid, total protein, 

total carbohydrate, α and β-esterases and peroxidase enzyme. The highest T. 

absoluta mines occurred on Red sun cultivars with corresponding to low 

level of total phenol while the highest content of phenol was found in Hybrid 

Bito86 cultivar. There are positive significant between the infestation by T. 

absoluta and density of non-glandular tricome/cm
2
 in the upper surface. 

When tomatoes plant treated by plant growth regulators induced it's 

resistance to infestation by T. absoluta. This treatments could be divided to 

into three groups; 1
st
 group: Benzyle adenin and Kinetin, 2

nd
 group: Salcylic 

acid, 3
rd

 group: Control.  



 

The normal distribution curve was used to determine the number of 

generation of T. absoluta, data obtained indicated that T. absoluta had 10.0 

generations in the field per the year (From May 2015 to May 2016). When 

using linear method to determine the number of generations for T. absoluta, it 

could be found that this pest had 10.0 generations per the year. When using 

thermal units to determine the number of generations for T. absoluta, results 

revealed that this pest had 14.0 generations. There are a difference between 

3
rd

 method (thermal units) and the other previous methods. This pest certainly 

enters aestivation from end of July to half of October (about72.0 days) and 

emphasize that 32°C is considered as a fetal degree temperature for the first 

instars larvae of T. absoluta. During this period, there are four predicted 

peaks. Therefore, the chemical control was not obligatory and natural 

enemies are enough. 

To find parasitoids and predators for biological control of this pest, 

samples of tomato leaves infested with T. absoluta were collected from 

Qualiobya and Giza Governorates. Three genera of hymenopterous 

parasitoids, Diglyphus sp. (Eulophidae), Elasmus spp. (Elasmidae) and 

Telenomus sp. (Scelionidae) are the first record in Egypt. The predatory bug, 

Nesidiocoris tenuis Reuter (Heteroptera: Miridae) was also recorded. T. 

absoluta showed two peaks of 30.3 and 25.0 leaf mines/10 leaflets on 7
th

 and 

28
th

 of May, 2013, respectively. N. tenuis also recorded two peaks of 58.8 

and 73.3 nymphs & adults/plant on the same previous dates, respectively. N. 

tenuis was mass reared to evaluate the predatory efficiency of nymph and 

adult stages on T. absoluta eggs. The nymph, adult male and female 

consumed 113.3, 81.5 and 125.3 eggs of Tuta absoluta, respectively. The 

4
th

nymphal instars devoured the highest number (30.6 eggs), while the 

1
st
nymphal instars ate the lowest (7eggs). Therefore, Nesidiocoris tenuis was 

highly effective in controlling T. absoluta eggs under laboratory conditions. 
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I- INTRODUCTION 

 

Tomato (Lycopersicon esculentum Mill.) is the most important export 

crop in Egypt. The total cultivated area in Egypt is about 599.651 feddans at 

2009 and the average production around 10,275,521 ton (Mukhtar et al., 

(2009). The tomato leaf miner Tuta absoluta (Meyrick) became a serious pest 

to tomato cultivations in Egypt since 2009, whereas it causes great damage to 

the crop. Egypt has an appropriate climate for tomato cultivation and the 

annual production of the crop is 9,204,097 tons of tomato fruits from about 

9,000 ha of the cultivated area (Moussa et al., 2013). So, it is considered as 

the fifth largest tomato producer in the world (WPTC, 2011).There is more 

than 700 varieties of tomatoes all over the world. These varieties could be 

distinguished from each other by the form of leaves, size and color of fruits 

(FAOSTAT, 2014).The exceptional speed and extent of T. absoluta invasion 

have called for studies documenting its biology and ecology, while indicating 

an urgent need for efficient and sustainable management methods ( Desneux 

et al., 2010). 

Without any control measure the potential damage may be 100%, 

especially at high population densities at the end of the growing season 

(Potting et al., 2009). 

Tricomes are hair-like appendages that develop from cells of the 

aerial epidermis are produced by most plant species (Werker, 2000). 

Tricome production is an important component of resistance against 

herbivorous insects (Traw and Dawson 2002), Also, one of the important 

defensive responses of plants against insect attack is the accumulation of 

oxidative enzymes such as peroxidase (POD), esterases (Rani and Jyothsna 

2010). In addition, biochemical contents as N, P, K, protein, carbohydrate, 

amino acids are one of the most parameters in the relationships between 

plants and herbivores.   

Natural enemies used successfully in biological control of Tuta 

absoluta such as parasitoids and predators. The parasitoids which recorded 

belong to different families as Eulophidae, Elasmidae, Scelionidae and 
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Tricogrammatidae. Mahdi et al., (2011) in Algeria, recorded predatory bugs, 

Nesidiocoris tenuis on Tuta absoluta. 

T. absoluta is generally controlled through an integrated pest 

management system. This concept of integrated pest management (IPM) 

implies using of present methods to control. Accurate prediction of insect 

development and emergence is essential for effective pest management. 

Monitoring based on degree-day accumulation is to be available tool for 

predicting population pest occurrence. The average method is the easiest for 

calculating the number of degree-day where Degree-days= {(max. temp. + 

min. temp.)/2}– base temp. 

Degree-days can be valuable tools for predicting insect development 

and timing pest management practices. The easiest way to construct a degree-

days model is to monitor a phonological event from one year to the next, and 

by noting on the total number of degree-days in addition. 

Therefore, it is found rather fruitful to study the following points: 

1- Bio-monitoring the changes in the developmental stage of T. 

absoluta under three constant temperatures and calculating the 

thermal units required for completing the different stages and also 

one generation to predict the number and duration of generations 

in the fields. 

2- Biological studies to determine life table "Parameters" 

3- Determine the susceptibility of eight tomato cultivars to T. 

absoluta infestation as evaluating the effects of the leaflet 

biochemical responses, defense mechanism and physical features 

to tomato cultivars after infestation, in addition studying the effect 

of plant growth regulators on induced resistance to T. absoluta.  

4- Determine the beginning and the last dates of appearance of each 

generation by using actual data figures of methods captured by 

pheromone traps, linear method and degree-days method. 
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5- Survey available parasitoids and predators in some governorates 

in Egypt associated with tomato leaf miner Tuta absoluta. As well 

as studying seasonal abundance of Nesidiocoris tenuis as predator. 

 

 

 

 





 

II-REVIEW OF LITERATURE

   
Taxonomic status and synonymy list of tomato leaf miner pest 

Tuta absoluta 

Order: Lepidoptera 

Super family:Gelechiidoidea 

Family: Gelechiidae 

Genus: Tuta  

Species:T.absoluta 

Synonymy list: 

1873 Gelechia operculella Zeller 

1874 Bryotropha solanella Boisd. 

1875 Lita solanella Boisd. 

1879 Gelechia tabacella Rag. 

1881 Parasia sedata Butler 

1885 Lita tabacella Rag. 

1898 Gelechia solanella Boisd. 

1902 Phthorimaea operculella Zeller 

1917 Phthorimaea absoluta Meyrick 

1962 Gnorimoschema absoluta Clarke 

1964 Scrobipalpula absoluta Povolny 

1987 Scrobipalpuloides absoluta Povolny 

1994 Tuta absoluta Povolny 

The scientific name of tomato leaf miner, Tuta absoluta changed 13 

times during 121 years i.e. from 1873 to 1994 and still fixed from 1994 until 

now. 

Host plants of Tuta absoluta 

T. absoluta has major host, minor host and wild host. The tomato 

(Lycopersicon esculentum) is the main host plant for T. absoluta (Desneux et 

al., 2010). It attacks other species of cultivated Solanaceae: potatoes(Solanum 

tuberosum), eggplants (Solanum melongena),pepinodulce (Solanum 

muricatum), peppers (Capsicumspp.) and wild Solanaceae such as 
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Lycopersicon hirsutum, Solanum  americanum,  Solanum elaeagnifolium, 

Solanum hirtum, Solanum lyratum, Solanum nigrum, Solanum puberulum, 

Physalis angulata, Datura stramonium, Datura ferox and Nicotiana glauca, 

etc. (EPPO, 2009). Since becomingestablished in Europe, Tuta absoluta has 

also occasionallybeen found on several species of plants, such as thesweet 

pepper(Solanum muricatum), tobacco (Nicotiana tabacum L.), 

bean(Phaseolus vulgarisL.), capegooseberry (Physalis peruviana L.), green 

beans (Physalis vulgaris), Lycium sp. and Malva sp.(Desneux et al., 2010). 

In Sub-Saharan Africa, it is possible that T. absoluta attacks not just the 

cultivated Solanaceae butalso local species of the genus Solanum, such as 

Africaneggplants (Solanum aethiopicum, Kumba and Gilo group, Solanum 

anguivi, Solanum americanum, Solanum macrocarpon, Solanum scabrumand 

Solanum villosum). 

 

Distribution of Tuta absoluta 

T. absoluta is native to South America, where it is considered one of 

the key pests of tomato. Following its first detection in Eastern Spain in late 

2006 (Urbaneja et al., 2007), the pest has spread into Europe, North Africa 

and the Middle East at exceptional speed (Table 1). The first report of the 

pest in Russia is noteworthy because of its potential spread into China 

(currently the world's leading tomato producer, followed by the 

USA(FAOSTAT, 2011). Additionally, some other records, such as that 

reporting one specimen of the pest being caught in a light trap in Denmark 

(near Copenhagen), which is not a tomato-growing area (Buhl et al., 2010), 

highlight the strict connection between this species' spread and human 

activities such as trading. 

 

 

 

http://onlinelibrary.wiley.com/doi/10.1111/epp.2556/full#epp2556-bib-0039
http://onlinelibrary.wiley.com/doi/10.1111/epp.2556/full#epp2556-tbl-0001
http://onlinelibrary.wiley.com/doi/10.1111/epp.2556/full#epp2556-bib-0017
http://onlinelibrary.wiley.com/doi/10.1111/epp.2556/full#epp2556-bib-0006
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Table (1): Tuta absoluta current distribution outside the area of origin (old 

world) 

Reference Year Country 

Urbaneja et al., (2007); 

EPPO (2009) 

2006 Spain 

EPPO (2009) 2008 Albania 

Guenaoui (2008) 2008 Algeria 

EPPO (2009) 2008 France (including 

Corsica) 

Viggiani et al., (2009); 

Tropea Garzia et al., 

(2009) 

2008 Italy (including Sicily 

and Sardinia) 

EPPO (2008) 2008 Morocco 

EPPO (2009) 2008 Tunisia 

EPPO (2010) 2009 Bulgaria 

EPPO (2011) 2009 Croatia 

EPPO (2010) 2009 Cyprus 

EPPO (2010) 2009 Germany 

Roditakis et al., (2010) 2009 Greece (including Crete) 

EPPO (2010); 

Seplyarsky et al., (2010) 

2009 Palestine 

EPPO (2011) 2009 Libya 

Ostraukas & Ivinskis 

(2010) 

2009 Lithuania 

EPPO (2009) 2009 Malta 

EPPO (2009) 2009 Portugal (including 

Azores) 

EPPO (2009) 2009 Switzerland 

EPPO (2009) 2009 The Netherlands 

EPPO (2009, 2010) 2009 United Kingdom 

http://onlinelibrary.wiley.com/doi/10.1111/epp.2556/full#epp2556-bib-0039
http://onlinelibrary.wiley.com/doi/10.1111/epp.2556/full#epp2556-bib-0012
http://onlinelibrary.wiley.com/doi/10.1111/epp.2556/full#epp2556-bib-0012
http://onlinelibrary.wiley.com/doi/10.1111/epp.2556/full#epp2556-bib-0020
http://onlinelibrary.wiley.com/doi/10.1111/epp.2556/full#epp2556-bib-0012
http://onlinelibrary.wiley.com/doi/10.1111/epp.2556/full#epp2556-bib-0043
http://onlinelibrary.wiley.com/doi/10.1111/epp.2556/full#epp2556-bib-0037
http://onlinelibrary.wiley.com/doi/10.1111/epp.2556/full#epp2556-bib-0011
http://onlinelibrary.wiley.com/doi/10.1111/epp.2556/full#epp2556-bib-0012
http://onlinelibrary.wiley.com/doi/10.1111/epp.2556/full#epp2556-bib-0013
http://onlinelibrary.wiley.com/doi/10.1111/epp.2556/full#epp2556-bib-0014
http://onlinelibrary.wiley.com/doi/10.1111/epp.2556/full#epp2556-bib-0013
http://onlinelibrary.wiley.com/doi/10.1111/epp.2556/full#epp2556-bib-0013
http://onlinelibrary.wiley.com/doi/10.1111/epp.2556/full#epp2556-bib-0031
http://onlinelibrary.wiley.com/doi/10.1111/epp.2556/full#epp2556-bib-0013
http://onlinelibrary.wiley.com/doi/10.1111/epp.2556/full#epp2556-bib-0033
http://onlinelibrary.wiley.com/doi/10.1111/epp.2556/full#epp2556-bib-0014
http://onlinelibrary.wiley.com/doi/10.1111/epp.2556/full#epp2556-bib-0028
http://onlinelibrary.wiley.com/doi/10.1111/epp.2556/full#epp2556-bib-0012
http://onlinelibrary.wiley.com/doi/10.1111/epp.2556/full#epp2556-bib-0012
http://onlinelibrary.wiley.com/doi/10.1111/epp.2556/full#epp2556-bib-0012
http://onlinelibrary.wiley.com/doi/10.1111/epp.2556/full#epp2556-bib-0012
http://onlinelibrary.wiley.com/doi/10.1111/epp.2556/full#epp2556-bib-0012
http://onlinelibrary.wiley.com/doi/10.1111/epp.2556/full#epp2556-bib-0013


7 

 

REVIEW OF LITERATURE 

 

Eman M. M. Abd-Elmakasoud, M.Sc. Fac. Agric., Ain Shams Univ. (2016) 

 
 

 

Reference Year Country 

[including Guernsey 

(2010)] 

Uric & Hrncic (2010) 2010 Bosnia 

EPPO (2011) 2010 Egypt 

EPPO (2010) 2010 Hungary 

Abdul Razzak et al., 

(2010) 

2010 Iraq 

EPPO (2010) 2010 Kosovo 

EPPO (2011) 2010 Kuwait 

Hrnčić & Radonjić (2011) 2010 Montenegro 

Keresi et al., (2010) 2010 Romania 

Izhevsky et al., (2011) 2010 Russia 

Altmani (2010); EPPO 

(2011) 

2010 Saudi Arabia 

EPPO (2010) 2010 Serbia 

EPPO (2011) 2010 Sudan 

Altmani (2010); EPPO 

(2011) 

2010 Syria 

Kılıç (2010) 2010 Turkey 

EPPO (2011) 2011 Bahrain 

Banamieri & Cheraghian 

(2011) 

2011 Iran 

EPPO (2011) 2011 Jordan 

EPPO (2011) 2011 Lebanon 

EPPO (2011) 2012 Qatar 

The tomato leaf miner, Tuta absoluta is cosmopolitan in distribution. 

It occurs in 38 countries throughout old world, in addition North and South 

America Table (1). 

 

http://onlinelibrary.wiley.com/doi/10.1111/epp.2556/full#epp2556-bib-0040
http://onlinelibrary.wiley.com/doi/10.1111/epp.2556/full#epp2556-bib-0014
http://onlinelibrary.wiley.com/doi/10.1111/epp.2556/full#epp2556-bib-0013
http://onlinelibrary.wiley.com/doi/10.1111/epp.2556/full#epp2556-bib-0001
http://onlinelibrary.wiley.com/doi/10.1111/epp.2556/full#epp2556-bib-0013
http://onlinelibrary.wiley.com/doi/10.1111/epp.2556/full#epp2556-bib-0014
http://onlinelibrary.wiley.com/doi/10.1111/epp.2556/full#epp2556-bib-0021
http://onlinelibrary.wiley.com/doi/10.1111/epp.2556/full#epp2556-bib-0023
http://onlinelibrary.wiley.com/doi/10.1111/epp.2556/full#epp2556-bib-0022
http://onlinelibrary.wiley.com/doi/10.1111/epp.2556/full#epp2556-bib-0002
http://onlinelibrary.wiley.com/doi/10.1111/epp.2556/full#epp2556-bib-0014
http://onlinelibrary.wiley.com/doi/10.1111/epp.2556/full#epp2556-bib-0013
http://onlinelibrary.wiley.com/doi/10.1111/epp.2556/full#epp2556-bib-0014
http://onlinelibrary.wiley.com/doi/10.1111/epp.2556/full#epp2556-bib-0002
http://onlinelibrary.wiley.com/doi/10.1111/epp.2556/full#epp2556-bib-0014
http://onlinelibrary.wiley.com/doi/10.1111/epp.2556/full#epp2556-bib-0024
http://onlinelibrary.wiley.com/doi/10.1111/epp.2556/full#epp2556-bib-0014
http://onlinelibrary.wiley.com/doi/10.1111/epp.2556/full#epp2556-bib-0003
http://onlinelibrary.wiley.com/doi/10.1111/epp.2556/full#epp2556-bib-0014
http://onlinelibrary.wiley.com/doi/10.1111/epp.2556/full#epp2556-bib-0014
http://onlinelibrary.wiley.com/doi/10.1111/epp.2556/full#epp2556-bib-0014
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Biological studies: 

1. The developmental parameters of tomato leaf miner pest Tuta 

absoluta as explained by thermal accumulated units 

Uchoˆa-Fernandes et al., (1995) in Brazil, found that a maximum 

life time fecundity of 260 eggs per female. 

Barrientos et al., (1998) recorded that the development of T. 

absoluta was 76.3 days at 14.0 degrees C, 39.8 days at 19.7 degrees C, and 

23.8 days at 27.1 degrees C. The lower threshold temperature from egg to 

adult was 8.14 ºC, for the egg stage averaged 6.9ºC, for larval development 

7.6 ºC and for pupae 9.2 ºC. The thermal constant for egg development was 

103.8 DD, for larval development 238.5 DD and for pupal development 

117.3 DD; all of these add 459.6 DD. This last amount of heat is close 

enough to that calculated directly for development from oviposition to adult 

emergence (453.6 DD).  

Mihsfeldt and Parra (1999) in Spain, used the artificial diet which 

contained a protein source, wheat germ, casein, yeast, soyabean and common 

bean for rearing T. absoluta. The most suitable diet for rearing T. absoluta 

was leaves of 'Santa Clara' tomato and, among the artificial diet, the best diet 

was the one including 'Branco' common bean plus tomato leaf powder. This 

last diet had a phagostimulant effect, low larval mortality and promoted 

higher total viability. The number of larval instars was constant and equal to 

4 for artificial diets as well as for tomato leaves, showing that the artificial 

diets are nutritionally suitable for rearing the insect. 

Estay, P. (2000) mentioned that adult lifespan ranges between 10 and 

15 days for females and6–7 days for males 

Torrest et al., (2001) reported that female fecundity ranged from 60 

to 120 eggs and female longevity from 10 and 22 days.  

Pires and Marques (2002) studied that the biology of the tomato 

pinworm (Tuta absoluta), reared on Lycopersicon esculentum cv. IPA5, 

under laboratory conditions at temperatures of 24.5&31.2 ºC and relative 
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humidity of 45-100%. The incubation, larval and pupal periods were; 

4.6±0.05, 11.9±0.15 and 6.5±0.33 days, respectively. The period from egg to 

adult emergence was 22.2±0.35 days.                                                                                                                          

Abolmaaty et al., (2010) in Egypt, recorded that population of the 

Tuta absoluta in Qena governorate gave the highest number of generation as 

compared to other locations (EL Beheira, Giza and Fayoum governorates) 

under current climate. 

Cherifet al., (2013) in Tunis, mentioned that when using pheromone 

water traps during the period January-May, three flight peaks of T. absoluta 

males were recorded in Takelsa greenhouses, with the highest trap counts 

recorded in spring. The use of insect-proof screens significantly prevented T. 

absoluta infestations on host plants. 

Cuthbertson et al., (2013) in UK, mentioned that the optimum 

temperature for T. absoluta development ranged from 19 to 23°C. At 19 °C, 

there was 52% survival of T. absoluta from egg to adult. As temperature 

increased (23°C and above) development time of the moth would appear to 

decrease. Population development ceases between 7 and 10°C. Only 17% of 

eggs hatched at 10°C but no larvae developed through to adult moths. No 

eggs hatched when maintained at 7 °C. Under laboratory conditions the total 

lifespan of the moth was longest (72 days) at 13 °C and shortest (35 days) at 

both 23 and 25 °C. Development from egg to adult took 58 days at 13 °C; 37 

days at 19 °C and 23 days at 25 °C. 

Erdogan and Babaroglu (2014) in Turkey, studied that development 

and survival of immature stages, adult longevity, fecundity and ovipositon 

period of T. absoluta under laboratory conditions. The results indicated that 

duration of larval period was 10.97 days. The period of pupae development 

was 9.53 days. Fecundity of T. absoluta was found 141.16eggs/female. Pre-

oviposition period was 1.28 days. Oviposition and post-oviposition periods 

were 7.88 and 5.52days respectively at a climate chamber at 25±1ºC, relative 

humidity 65±5% and under long daylight (16L:8D). 
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Krechemer and Foerster (2015) in Brazil, mentioned that Tuta 

absoluta required 416.7 degree-days to complete the cycle from egg to adult, 

and the lower temperature threshold was estimated to be 8.0°C. The upper 

temperature threshold estimated for the egg-adult cycle was 37.3°C. The pre-

oviposition period was longer at 10°C, but the oviposition period was similar 

at all the temperatures tested. Fecundity was highest at 20 and 25°C, with 

averages of 134.8 and 149.1 eggs per female, respectively. The highest 

percentages of fertile eggs were recorded at 15, 20 and 25°C. At 10 and 

30°C, only one egg clutch was laid by T. absoluta. No differences were 

recorded in the longevity of females and males of T. absoluta. 

Mohamedet al.,(2015)in Egypt, recorded the effects of temperature 

on the biological attributes of T. absolutaat five constant temperatures(15, 20, 

25, 30 and 35°C) combined with 60±10% R.H. Results indicated that T. 

absoluta failed to survive due to the high mortality in cohort reared at 35ºC. 

Total developmental time was negatively correlated to the increase of 

temperature; being longest (67.67 days) at 15°C and shortest (14.42 days) at 

35°C. Longevity of either males or females decreased as temperature 

increased. The daily average fecundity of females was 15.78, 18.19, 34.65 

and28.26 eggs at 15, 20, 25 and 30ºC, respectively. The mean total lifetime 

fecundity of T. absoluta females was 13.92, 211,244.17 and 177.83 eggs at 

15, 20, 25 and 30°C, respectively. Adult survival rates were declined 

gradually to reach0% after 11 days post emergence at 30ºC, 17 days at 25ºC, 

23 days at 20ºC, and 34 days at 15ºC. 

Özgökce et al., (2016) in Turkey, recorded that developmental 

threshold and thermal constant for total development of tomato leaf miner 

were estimated as 8.94°C and 419.46 degree-days respectively. Lower, 

optimum and upper temperature requests were estimated with different 

models and results obtained were in the range 8.9-12.5, 31.00-31.07 and 

35.9- 38.5, respectively. 
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2. Life Table parameters of Tuta absoluta 

Miranda et al., (1998) in Brazil, found that the total population 

mortality of tomato leaf miner was 92.3%. During the egg stage, the 

mortality was 58.7%, mainly due to egg non-viability. The mortality of the 

larval stage showed the highest apparent mortality (79.8%). The mortality at 

the pupal stage was low (0.6%) and was due to malformation. 

Pereyra and Sanchez (2006) studied the effect of tomato plants on 

larval developmental time, pupal weight and mean fecundity was estimated. 

Age-specific survivorship and fecundity life tables were studied in the 

laboratory to evaluate the following populational parameters: net 

reproductive rate (Ro), intrinsic rate of increase (r) and generation time (T). 

Mean population parameters were: Ro=48.92; T=27.98, r=0.14. 

Erdogan and Babaroglu (2014) in Turkey, found  that the intrinsic 

rate of increase (rm), finite population increase (λ), net reproductive rate (Ro) 

and mean generation time (To) of T. absoluta were 0.132 day -1 , 1.141day -1 

, 42.01 and 28.25 days respectively. The life  expectancy of a new born egg 

was 42.60 days. All of experiments were conducted in a climate chamber at 

25±1ºC,relative humidity 65±5% and under long daylight (16L:8D). 

Gharekhani and Salek-Ebrahimi (2014) in Iran, studied the life 

table parameters of Tuta absoluta  on cut leaves of three greenhouse cultivars 

of tomato including ‘Atabay’, ‘Cluse’, and ‘Perenses’. Data were analyzed 

based on the age-stage, two-sex life table analysis. Results showed 

differences in the duration of egg, larvae, pupae, and adults. Meanwhile, the 

life table parameters including intrinsic rate of increase (r), finite rate of 

increase (λ), net reproductive rate (R0), and gross reproductive rate (GRR) 

were categorized increasingly based on the feeding on Cluse, Atabay, and 

Perenses, respectively. The findings of the current study showed that the 

Cluse could be nominated as an unsuitable host for tomato leaf miner among 

cultivars because of its negative influences on the pest’s biological 

parameters. 
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Mohamed et al.,(2015)in Egypt, recorded that Life table analysis of 

the population of Tuta absoluta reared at 30°C had the highest intrinsic rate 

of increase (0.75), net reproductive rate (28.28), shortest population doubling 

time (0.93 days) and mean generation time (4.49 days), comparing to 

populations reared at 15, 20 and 25°C. Thereupon, the optimum temperature 

for population growth of T. absoluta ranged between 20 to 30°C. 

 

Ecological studies 

3. Susceptibility of certain tomato genotypes to the infestation degree by 

Tuta absoluta: 

3.1. Field experiment 

Leite et al., (1998)in Brazil, mentioned that increasing N and K 

fertilization increased the T. absoluta oviposition rate on Lycopersicon 

hirsutum. Reduced oviposition was observed on leaves in the apical and mid 

parts of 4-month-old L.hirsutum plants. The greatest amount of oviposition 

was recorded on leaves in the apical and mid parts of L. esculentum plants. 

No significant effects of the treatments on adult mortality were observed. 

Ecole et al.,(2000) in Brazil,recorded that Lycopersicon hirsutum f. 

typicum showed resistance to the tomato leaf miner in comparison with 

Lycopersicon esculentum, which was reflected by the smaller number of 

large mines/leaf and greater length of larval phase, mortality of larvae and 

number of small mines of T. absoluta.  

Perveen et al., (2001) reported that resistant and semi-resistant 

varieties of cotton attacked by insects possessed significantly greater 

phenolic content than susceptible varieties. 

Leite et al., (2004)in Brazil, found that no significant effect of the 

trichomes and crystalliferous idioblasts densities of leaves were noted on T. 

absoluta and Liriomyza spp. populations. Apparently, the terpenes affected 

oviposition of T. absoluta while leaf potassium affected Liriomyza spp. 

attack. 
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Oliveira et al., (2008) in Brazil, evaluated resistance to Tuta absoluta 

by antixenosis on 57 Lycopersicon esculentum and mentioned that the 

chemical causes of resistance, hexane extracts were analysed at day 90 by gas 

chromatography/mass spectrometry and the major peaks identified by a mass 

spectral database using similarity index. Nine hydrocarbons, viz., 

hexadecane, heptadecane, eicosane, tricosane, 2-methyltricosane, tetracosane, 

hexacosane, octacosane and triacontanewere identified in the hexane extracts 

in many samples. Tricosane, tetracosane and hexacosane presented 

significant correlations with the leavesmined. Only tricosane presented a 

negative correlation with the number of small mines (r= -0.28), total number 

of mines (r = -0.27) and hundred percentage of leaves mined (r=-0.22). 

However, tetracosane and hexacosane presented significant positive 

correlations (r=0.25 and 0.24, respectively) with the hundred percentage of 

leaves mined. 

Antônio et al., (2011) in Brazil, evaluated that the inheritance of 

resistance by antixenosis in tomatoplants (Lycopersicon esculentum) to Tuta 

absoluta. The inheritance of antixenosis resistance of genotype BGH-1497 is 

ruled by a gene of greater effect and polygenesin epistatic interactions, with a 

phenotypic proportion of 13:3 between susceptible and resistant genotypes, 

respectively. 

War et al., (2012)recorded that the three groundnut lines tested 

ICGV86699 (resistant for Spodoptera litura) showed greater elevation in 

peroxidase (POD) and polyphenol oxidase (PPO)  activities and in phenolic 

and hydrogen peroxidase H2O2 contents at different time intervals as 

compared to TMV2 (susceptible line). 

Glaset al., (2012) in Spain, recorded that trichome density and 

physiology to facilitate customization of essential oil production or to tune 

biocide activity to enhance crop protection. They provide an overview of the 

metabolic diversity found within plant glandular trichomes, with the 

http://www.ncbi.nlm.nih.gov/pubmed/?term=War%20AR%5Bauth%5D


14 

 

REVIEW OF LITERATURE 

 

Eman M. M. Abd-Elmakasoud, M.Sc. Fac. Agric., Ain Shams Univ. (2016) 

 
 

 

emphasis on those of the Solanaceae, and of the tools available to manipulate 

their activities for enhancing the plant’s resistance to pest. 

Assafet al., (2013) In Iraq, recorded that the average numbers of 

mines/ leaflet and larvae/ leaf during the study season were 1.36 and 0.42 

respectively. The results showed a significant difference in number of 

mines/leaflet and number of males/trap among the two locations 

(Summel&Zawita). A maximum number of males/ trap/ week were 56.66 

recorded on 10/9/2012 in Summel. 

Cherif et al., (2013)in Tunis, shown that the tomato cultivars Shams 

and Chebli were the least suitable under open-field conditions for egg-laying 

by Tuta absoluta, compared to the cultivar Ferrinz. The use of both insect-

proof screens and tomato cultivars with lower suitability for pest’segg-laying 

might be a promising prophylactic control tactic against T. absoluta. 

Han et al., (2014) in France, found that an excess of N had no effect 

on both leaf N content and leaf C/N ratio. Sub-optimal nitrogen supplies, 

water treatments and their interactions significantly reduced the leaf miner 

survival rate and slowed down its development. Together with the findings 

from three recent companion studies, they assumed that a combination of 

changes in nutritional value and chemical defence could explain these 

observed effects. Furthermore, their findings supported both the "Plant vigor 

hypothesis" and "the nitrogen limitation hypothesis". 

Salamaet al., (2015) in Egypt, mentioned that the larvae of T. 

absoluta are sensitive tolight and it prefers the dark zones. The larvae with its 

taste receptors are able to discriminate between host plants and other 

chemicals. For instance, it showed great sensitivity to various sugars in 

varying degrees.  

Helmi and Mohamed (2016) in Egypt, evaluated that effects of 

tomato leaf biochemical components and leaflet surface physical features on 

the susceptibility of five tomato cultivars. Results clearly indicated 

significant differences among the five tested tomato cultivars according to 
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their susceptibility to Aphis gossypii infestation. Photosynthetic pigments, 

biochemical components and antioxidant defense enzymes activity were 

negatively affected by infestation. Moreover, the density and length of leaflet 

non-glandular trichomes negatively effect on the population density of A. 

gossypii, while this was not the case with glandular trichomes. 

Abd-Allah(2016)in Egypt, recorded that the highest mean seasonal 

abundance of Aphids &Tetranychus urtica occurred on leaves of Bahi 

(cucumber cultivar) were associated with high levels of total protein, 

carbohydrate, lipid, reducing suger & total amino acids and associated with 

low levels of total phenols. 

 

3.2. Effect of plant growth regulator on sensitive cultivars to infestation 

by Tuta absoluta 

Popovaet al., (1997) in Bulgaria, evaluated the effect of salicylic acid 

(SA) on different physiological processes. The role of SA on plant growth 

and development, flowering, ion uptake, stomata regulation and 

photosynthesis is analysed. SA as a natural inducer of thermogenesis and 

disease resistance in plants is described. Besides the physiological functions 

of SA, the general properties, biosynthesis and metabolism of this plant 

growth regulator are discussed. 

Sakhabutdinova et al., (2003) in Russia, found that the salicylic acid 

(SA) treatment reduced the damaging action of salinity and water deficit on 

seedling growth and accelerated a restoration of growth processes.Thus 

protective SA action includes the development of anti-stress programs and 

acceleration of normalization of growth processes after removal stress 

factors. 

Javaheri et al., (2012)in Iran, recorded that application of salicylic 

acid affected tomato yield and quality characters of tomato fruits so that 

tomato plants treated with salicylic acid 10 -6 M significantly had higher fruit 

yield (3059.5 g per bush) compared to non-treated plants (2220 g/bush) due 
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to an increase in the number of bunch per bush. Results also indicated that 

application of salicylic acid significantly improved the fruit quality of 

tomato. Application of salicylic acid increased the amount of vitamin C, 

lycopene, diameter of fruit skin and also increased rate of pressure tolerance 

of fruits. Fruit of tomato plants treated with salicylic acid 10 -2 M 

significantly had higher vitamin C (32.5 mg/100 g of fruit fresh weight) 

compared to untreated plants (24 mg/100g fruit fresh weight).Salicylic acid 

concentration 10 -12 M also increased the diameter of fruit skin (0.54 mm) 

more than two fold compared to control (0.26 mm). Fruit Brix index of 

tomato plants treated with salicylic acid 10-12 M significantly increased (9.3) 

compared to non-treated plants (5.9). These results suggest that foliar 

application of salicylic acid may improve quantity and quality of tomato 

fruits. 

Pachecoet al., (2013) in Brazil, mentioned that the effects of Salicylic 

acid (SA) in marigold were evaluated by the following parameters: leaf gas 

exchange, number of leaves per plant, leaf dry mass, leaf area, chlorophyll 

content, number of inflorescences per plant, fresh and dry mass of 

inflorescences and total flavonoid content in inflorescences. Application of 

SA in this concentration range (0.0-1.00mM) resulted in linear increases on 

biomass accumulation, number of inflorescences and flavonoid content. Leaf 

gas exchange was not altered by SA application. These results showed that 

SA exogenous application before the reproductive stage resulted in higher 

biomass production of marigold plants and added significant value to the raw 

material by increasing total flavonoids content in the inflorescences. 

4. Seasonal abundance and generations in relation to phermone trap 

catches: 

Svatos et al., (1996) identified that Tuta absoluta in wind tunnel 

bioassays, a 10:1 mixture of synthetic (3E,8Z,11Z)-3,8,11-tetradecatrien-1-yl 

acetate and (3E,8Z)-3,8-tetradecadien-1-yl acetate was highly attractive to 

males of T. absoluta.  
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Vanderlei Carus Guedes et al., (1996) in Brazil, carried out an 

experiment in a plastic greenhouse during 1995 to evaluate the efficiency of 3 

pheromone traps in capturing the tomato pests Scrobipalpuloides absoluta [T. 

absoluta]. The "Santa Maria" trap caught 25% more males than the "Cica-R" 

trap. The "Embrapa" trap was relatively ineffective. 

Ferrara et al., (2001) in Brazil, found that the best trap, baited with 

100 micro g. of the synthetic sex pheromone caught on average 1200 males 

per trap per night, while those baited with virgin females caught only 201 

males. The male response to this pheromone is restricted to the same early 

morning time window during which female exhibit calling behaviour. 

Salas (2004) in Venezuela, recorded that water traps had a greater 

number of captures with differences at 0.05 compared to Delta sticky traps. 

Bavaresco et al., (2005) in Brazil, found that the monitoring process 

using sexual pheromone in delta traps was adequate to identify the time of 

tomato leafworm population increments, and has potential to be used to 

define thresholds for pest control. 

EPPO (2005) reported that Tuta absolutahas a high reproductive 

potential. Larvae do not enter a diapause as long as food is available, and 

there may be 10–12generations per year (5 in Argentina). The biological 

cycle is completed in 29–38 days depending on environmental conditions. 

Benvenga et al.,(2007) in Brazil, found that the relationship between 

tomato production and pest infestation on plants or pheromone traps was 

linear and negative. The adult occurrence on traps and plant infestation 

showed an influence on yield losses. The action level of T. absoluta with sex 

pheromone traps was 45±19.50 insect daily. 

de Oliveira et al., (2008)in Brazil, evaluated the use of light traps for 

capture of adult T. absoluta specimens. The treatments used were: (1) black 

lamp; (2) BLB lamp; (3) Grolux lamp; and (4) fluorescent daylight lamp. The 

results showed that the BLB and ultraviolet lamps were the most efficient 

treatments based on the number of adult leaf miners trapped. Therefore, both 
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can help to control the tomato leaf miner in integrated pest management 

programmes. 

Korycinska and Moran (2009) in UK, found that generations of 

Tuta absoluta overlap, and there may be over 10 generations in a year if 

conditions are favourable in Europe, although only 5 generations per year 

have been observed in Argentina. 

Abolmaaty et al., (2010) in Egypt, recorded that population of the T. 

absoluta in Qena governorate gave the highest number of generation as 

compared to other locations (EL Beheira, Giza and Fayoum governorates) 

under current climate. Generation numbers of T. absoluta under climate 

change conditions increased especially in Qena governorates. However, the 

expected generation numbers of the pest at 2050 and 2100 are be 12-14 and 

13-15 generations per year, respectively. 

Taha et al., (2014) in Egypt, recorded that attractiveness of the 

commercial sex pheromone formulations tested, except pheromone lure type 

Tuta san, remained highly attractive to male tomato borer for up to 4 weeks 

in tomato fields. The mean total number of males captured did not differ 

significantly among delta traps baited with: pheromone type, Tuta lure 

(292.33 average numbers of moths/ trap) baited with 0.5 mg of synthetic 

pheromone (E3.z8.z11 Tetradecatrieny acetate/ E3.z8. Tetradecatrieny 

acetate); pheromone type, Tutacap longlife (294.60 average numbers of 

moths/ trap) baited with 1.5 mg of synthetic pheromone ((E,Z,Z)- 3,8,11-

Tetradecatrieny acetate) and pheromone type, Tryferron (269.47 average 

numbers of moths/ trap) baited with 0.6 mg of synthetic pheromone 

(E3Z8Z11-14AC (3,8,11- Tertacatrien-1-ylacetate-(E,Z,Z)). Data showed 

that there was significant degradation of lure performance (attractiveness) 

over the period of the experiment. The Tuta 100N commercial sex 

pheromone lure was the best dispenser for catching the T. absoluta males for 

long times post pheromone application. The high biological activity of the 
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synthetic pheromone lures suggests that it could be useful for pest 

monitoring, in mating disruption and IPM of Tuta absoluta in tomato fields.    

 

5. Natural enemies associated with tomato leaf miner Tuta absoluta and 

Biological control: 

Arnoet al., (2009)in Spain, found that Macrolophus pygmaeus and 

Nesidiocoris tenuis may be important predators of T. absoluta eggs but not of 

larvae. 

Mollaet al., (2009) in Spain, found that both predators M. pygmaeus 

and N.tenuis preyed actively on T. absoluta eggs and all larval stages, 

although they preferred first-instars larvae.  

Urbaneja et al.,(2009) in Spain, examined prey suitability of T. 

absoluta eggs and larval instars under laboratory conditions to evaluate 

whether two indigenous predators, M. pygmaeus and N. tenuis, can adapt to 

this invasive pest. Both predators preyed actively on T. absoluta eggs and all 

larval stages. 

Arnó and Gabarra (2011)in Spain, identified Predatory bugs such as 

M. pygmaeus (commercially available as Macrolophus caliginosus) and N. 

tenuis as the most promising natural enemies of T. absoluta in Europe as they 

are large consumers of eggs of the pest. 

Boualem et al.,  (2011)  in Algeria, studied the life cycle and 

longevity of T. absoluta and the natural predator N. tenuis in Mostaganem 

area in natural conditions in the laboratory, under an average temperature of 

26±1.6 degrees C and 23.4±2 degrees C, relative humidity of 87±6.4% and 

75±3% and a photoperiod of 16/8. The results showed a development cycle 

of 21.1±0.4 and 29.4±2 days for T. absoluta this depending on temperature 

and a cycle of 17.1±0.5 days for the predatory bug, N. tenuis at 26±1,6 º C. 

Guenaoui etal., (2011) in Algeria, recorded some natural enemies on 

T. absoluta in the vicinity of Mostaganem, the mirid, N. tenuis, M. 
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caliginosus and Dicyphus tamaninii which had been evaluated in laboratory 

conditions. 

Guenaoui and Bensaad (2011)in France, found in the galleries 

young nymphs of the mirid Nesidiocoris tenuis preying Tuta absoluta inside 

the fruit. 

Lopez et al.,(2011) in Spain,reported thatDiglyphus isaeais an 

ectoparasite of leafminers. 

Mahdiet al., (2011) in Algeria,recorded that two species of predatory 

bugs,N. tenuis and Macrolophus caliginosusand a parasitoid wasp Diglyphus 

sp. as natural enemies of T.absoluta. Of the three native species, the predator 

N. tenuis was mass-reared in order to realize releases under greenhouses. 

Mollaet al., (2011) in Spain, mentioned that the predator N.tenuis can 

regulate T. absoluta populations, because it is able to prey efficiently on T. 

absoluta eggs.  

Abbes and Chermiti (2012)  in Tunis, Made many attempts to 

biologically control the tomato leafminer T. absoluta using the predator N. 

tenuis in nurseries, greenhouses and open field tomato crops. 

Al-Jboory et al., (2012) in Jordan, recorded three hemipterans: Orius 

albidipennis, Orius sp. (Anthocoridae) and N.tenuis (Miridae) as natural 

enemies of T. absoluta. 

Cabello et al., (2012)in Spain,recorded that predator, N. tenuis of T. 

absoluta, the mired,N. tenuis, but the young nymphs did not cause any 

mortality of the pest and tested the effectiveness of the predator N.tenuis 

(Reuter). This mirid species is commonly spread in Mediterranean 

greenhouse tomato crops for the control of the sweet potato whitefly, Bemisia 

tabaci (Gennadius). Tomato cultivars were also observed to influence the 

activity of natural enemies, mainly N. tenuis (whose average numbers ranged 

between 0.17±0.03 and 0.41±0.05 nymphs per leaf depending on the 

cultivar). This may be because of differences in plant nutrients in different 

cultivars, which may affect the feeding of omnivorous insects.  
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Calvoet al., (2012) suggested that release system developed for 

Nesidiocoris tenuis could provide a good control of Tuta absoluta in tomato.. 

El-Arnaouty and Kortam (2012)in Egypt, found that N. tenuis is a 

polyphagous predator widely distributed in the Mediterranean region, where 

it has been used as an augmentative biological control agent for several plant 

pests. N. tenuis was recorded for the first time in Egypt, associated with T. 

absoluta in aubergine and tomato plantations in Giza, Qaluobia and Fayoum 

Governorates.  

Giorginiet al., (2012)in Italy, found the species belong to 13 genera 

and 6 families (Ichneumonidae, Braconidae, Eulophidae, Elasmidae, 

Pteromalidae and Trichogrammatidae). In particular, the 16 identified species 

were: Diadegma ledicola Horstmann, Diadegma pulchripesKokujev), 

Agathis fuscipennis (Zetterstedt), Bracon hebetor (Say), Bracon osculator 

(Nees), Bracon (Habrobracon) nigricans Szepligeti, Chrysocharis pentheus 

(Walker), Diglyphus crassinervis Erdös, Necremnus artynes (Walker), 

Necremnus sp. Near artynes (Walker), Necremnus sp. near tidius (Walker), 

Neochrysocharis formosa (Westwood), Pnigalio soemius s.l. (Walker(, 

Pnigalio cristatus (Ratzeburg), Pnigalio incompletus (Boucek) and 

Halticoptera aenea (Walker). For 13 species, the findings represent the first 

host-parasitoid association report on T. absoluta. This survey suggests that 

indigenous natural enemies may have a potential role in reducing population 

of T. absoluta, and habitat management techniques should be considered in 

the development of integrated management strategy of the tomato borer in 

the Mediterranean area. 

Nanniniet al., (2012) in Italy, evaluated the efficacy of releasing two 

specimens of Macrolophus pygmaeus or N. tenuis per m2 for the control of 

tomato borer infestations. Both M. pygmaeus and N. tenuis failed to achieve 

the levels necessary for effective pest control.  



22 

 

REVIEW OF LITERATURE 

 

Eman M. M. Abd-Elmakasoud, M.Sc. Fac. Agric., Ain Shams Univ. (2016) 

 
 

 

Zappalaet al., (2012) in Italy, found species belong to 13 genera and 

6 families (Ichneumonidae, Braconidae, Eulophidae, Elasmidae, 

Pteromalidae and Trichogrammatidae) as natural enemies of Tuta absoluta. 

Al-Gerrawyet al., (2013) in Iraq, identified on Tuta absoluta: two 

egg parasitoids Trichogrammapintoi (Trchogrammatidae) and Telenomus sp. 

(Platygastridae). 

Biondi et al., (2013) in France, found three species of mirid predators 

[Marcrolophus pygmaeus (Rambur), Nesidiocoris tenuis (Reuter) and 

Dicyphus sp.] preying on eggs and young larvae of T. absoluta. 

Gabarra et al., (2013)in Brazil, found other 13 larval/pupal 

parasitoid species occasionally parasitizing T. absoluta. Six of those were 

first reported to be able to parasitize this lepidopteran pest in this paper. 

These species are. Elasmus phthorimaeae Ferriereand Diglyphus crassinervis 

Erdo¨s(Hymenoptera: Eulophidae),Dolichogenidea litae (Nixon) 

(Hymenoptera: Braconidae), Temelucha anatolica (Sedivy) and Zoophthorus 

macrops (Bordera & Horstmann) (Hymenoptera: Ichneumonidae) and 

Pteromalus semotus (Walker) (Hymenoptera: Pteromalidae).  

Oztemiz (2013) in Turkey, evaluated the population of tomato 

leafminer, T.absolutaand efficiency of natural enemies on tomato grown 

greenhouse, Tricogramma evanescensand N. tenuiswere used for biological 

control of the pest. Both the egg parasitoid and predatory bug were released 

alone and combined. The decrease of egg and larva numbers of T. absoluta 

were higher in plots released T. evanescens with N. tenuis together than each 

one released separately. However, the decrease of eggs was higher than 

larvae in plots released N. tenuis and T. evanescens alone. Population of T. 

absoluta and fruit numbers were influenced by the treatments. The number of 

fruit directly affected negatively by increasing the population density of Tuta 

absoluta. 

https://www.facebook.com/amer.algherawi?fref=ts
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Payer et al., (2015) in Spain, observed that females of Diglyphus 

isaea are able to predate larvae of T. absoluta but apparently they do not use 

this species as a host to parasitize. 

Sohrabi and Hosseini (2015) in Iran,identified the indigenous 

predators of the tomato leafminer, associated with tomato. A predator species 

from the family Miridae was found, reared, and identified as Nesidiocoris 

tenuis (Reuter 1895).This species is reported for the first time on tomato 

leafminer in Iran. Identification of important natural enemies provides a 

scientific basis for including these predators in the biological programs 

against this pest. 

Perdikiset al., (2016)in Greece, used sticky traps (yellow, blue and 

transparent) to attract the two major natural enemies of the leaf miners, 

Dacnusa sibirica Telenga (Hymenoptera: Braconidae) and D. isaea (Walker) 

(Hymenoptera: Eulophidae) was recorded. In addition, they studied their 

efficacy to capture the effective predator N. tenuis which in high population 

levels may cause damage on tomato crop. 

 

In other words, there are about 55 parasitoids belong to 7 families 

(Trichogrammatidae, Eulophidae, Braconidae, Ichneumonidae, Scelionidae, 

Chalcididae,Pteromalidae) and one order (Hymenoptera). As well as two 

predators belong to one family and order Heteroptera (Tables 2&3). 
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III- MATERIAL AND METHODS 

Biological studies 

1. The developmental parameters of tomato leaf miner pest Tuta

absoluta as explained by thermal accumulated units:  

1.1.Experimental design 

This work was carried out at the ecological studies laboratory under 

controlled conditions (temperature and relative humidity). Four incubators 

were used to provide constant temperatures of 20, 24, 28 and 32ºC. All stages 

(from egg to adult) were kept under the constant temperature and 60-70% 

R.H. to determine the developmental rate and all biological aspects of each 

stage. 

1.1.1. Egg stage 

Eggs were collected from the breeding cages. The collected eggs were 

transferred to glass vials (2.0×7.5 cm), subsequently the incubation took 

place under the required combination of temperature and relative humidity. 

Five replicates of 20eggs/glass were used for each of the situation to be 

tested. Observations were recorded daily to determine the hatchability, the 

incubation period and embryo developmental rates. 

1.1.2. Larval stage 

To study the larval development of T. absoluta, 100 newly hatched 

larvae were reared on artificial diet divided into five replicates, larvae were 

reared in 5 glass tube (7.5 × 2.5 cm) which covered with absorbent cotton to 

prevent insects escaping and to allow ventilation (20 larvae/replicate). Daily 

observations were recorded to count the pupated larvae and calculate the 

percentage of pupation. Larval developmental rate and duration was 

recorded. 
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1.1.3. Pupal stage 

New formed pupae were collected on the same day of pupation and 

placed individually, in a glass tube (2.0 × 7.5cm) five replicates were used 

(20 pupa/rep.) and plugged tightly with a piece of cotton, and observed daily 

till adult emergence. 

1.1.4. Adult stage 

Ten of newly emerged moths were sexed(female abdomen is width 

and male abdomen is narrow, Fig.1) and transferred on the same day of 

emergence to a glass mating-cage and also kept in the same conditions of 

temperature and %R.H. Five replicates were separated, each has 5 pairs of 

adult(5♀ + 5♂) glass cages were placed at the same tested temperature. Daily 

observations were recorded to calculate the adult longevity. Deposited eggs 

were collected from fresh leaflet and counted. Collected eggs were incubated 

at the same conditions in order to calculate the fecundity and fertility. 

Fig. (1): Tuta absoluta adult (♀ left + ♂ right) 
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1.2.Rearing technique  

The newly hatched larvae of Tuta absoluta were reared on artificial 

diet which mentioned by (Mihsfeldt and Parra, 1999)at three constant 

temperatures (20, 24 and 28ºC) and 60-70% R.H. 

Table (4): Artificial diet components of T. absoluta 

Ingredient amount 

White bean 75.0 g 

Wheat germ 60.0 g 

Soybean flour 30.0 g 

Casein 37.5 g 

Yeast 37.5 g 

Ascorbic acid 3.6 g 

Sorbic acid 1.8 g 

Methyl‐ p‐ hydroxybenzoate 3.0 g 

Tetracycline 113.0 mg 

Formadehyde 3.6 mL 

Vitaminic mixture 9.0 mL 

Agar 23.0 g 

* Add tomato leaves powder (5%) Modified from Greene et al., (1976).

1.3. Development of different stages at four constant temperatures for 

the tested insect Tuta absoluta:  

Effects of three different constant temperatures 20, 24 and 28ºC were 

tested on the different stages of insects. The fluctuations at each temperature 

were approximately ±1ºC. 

1.3.1. Linear regression method: 

The theoretical development threshold values were determined 

according to the following: 
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1- The points obtained when the time (t) in days is plotted against 

temperature (T) in degree centigrade so that the distribution of these 

points indicates the course of temperature time curve. The 

relationship is hyperbolic as commonly observed in many insect 

species (Bean, 1961 and Hafez, 1961). 

2- The point when the reciprocal for time (1/t) in days plotted against 

temperature (T) in degree centigrade, each of the reciprocals is 

multiplied by 100, so that the values on the ordinate (100/Y) represent 

the rate of average percentage development made by the stage per 

day, at the given temperature. Therefore, the distribution of the points 

indicates the course of temperature velocity curve, (Davidson, 1944). 

The values of the average percentage of development in one day 

which are presented within an effective normal zone of development 

are fitted to straight line by method of least square (Regression line). 

Theoretically, the point which the velocity line crosses the 

temperature axis is the threshold of development in degree centigrade 

(±ºC). 

      Thermal units required for complete development of each 

stage was determined according to the equation of thermal summation 

(Blunk, 1923&Kajanshikov, 1946). 

K= y (T - t0) 

Where y= Duration of a given developmental stage 

T= Prevailed temperature – K = Thermal units (degree-days) 

t0= Temperature threshold of development, in degree centigrade. 
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2. Life table parameters of Tuta absoluta

Life table was constructed according to (Birch, 1984) based on 

the data obtained from the effects of the three constant temperatures and 

under laboratory conditions as follows: 

1) Insect numbers in different developmental stages (x).

2) Age specific and survival rates (lx).

3) Age specific fecundity (mx) within a generation (No. of eggs/female).

4) Apparent mortality percentage (A.M. %).

     A.M. % = dx1 X 100, dx2 X 100, dx3X 100, ……….……etc.lx1 lx2lx3 

5) Real mortality percentage (R.M. %).

     R.M. % = dx1 X 100, dx2 X 100, dx3X 100,...……….etc.lx1 lx1lx1 

2.1. Construction of life table 

     Life table for age specific survival (lx), number of dead individual 

(dx) during the age interval (x), rate of mortality (qx) during the age class (x 

to x+1) and for age specific fecundity (mx) were estimated. Symbols, 

definitions and formulae used to calculate these parameters were summarized 

in Table (4). 
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Table (5): Definition and formulae of life table parameters 

Symbol Definition Formula 

X Age (in days) 

lx Age specific survival rates 

mx Female fecundity 

R◦ Net reproductive rate R◦= ∑ lx*mx 

Gt Generation time Gt = (∑ lx* mx*x) / 

Rₒ  

rm Intrinsic rate of increase rm = log e
Rₒ

 / Gt

λ Finite rates of increase λ = e
rm

Dt Population double time  Dt=(Log e
2
)/rm

Ecological studies 

3. Susceptibility of certain tomato genotypes to the infestation by

Tutaabsoluta 

3.1. Field experiment 

The experiment was carried out in the farm of Faculty of Agriculture 

at Shoubra Elkheima, Qualiobya Governorate. Seedlings obtained from a 

nursery in Dokki, Giza governorate. Six weeks after sowing date, seedlings 

of tomato cultivars were cultivated on 16
th

April during two successive

seasons 2012 & 2013 in pots in a randomized completed block design. This 

experiment contained eight tomato cultivars namely,Red sun, Hybrid Super 

strain, Castle rock ,Riogrande, Baladi,Nemaguard, Super set, Hybrid Bito 86. 

Each cultivar was replicated five times and each replicate contained eight 

pots (40 pots / cultivar) and each pot contains three seedlings i.e. the 

experiment contained on 320 pots. The experimental plot received the 
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normal agricultural practices of mechanical weed control, irrigation and 

fertilizers and was kept free from any pesticide applications.  

One  week  after cultivation, weekly randomized samples of 250 

leaflets (10 leaflets x 5 plants x 5 replicates) for each cultivar were taken 

early in the morning during 10 weeks. Leaflets were kept in tightly closed 

paper bags and transferred to the laboratory. The pest mine was detected and 

counted by aid of a stereomicroscope. The average mean of mines were 

estimated per 10 leaflets in each cultivars. Statistical analysis procedures 

included the simple correlation coefficient and the regression coefficient. All 

calculations were carried out using SAS program (1988). 

3.2. Effect of different leaf chemical components on rate infestation by 

Tutaabsoluta 

The aim of this study to determine certain phytochemical 

componentsin dry leaves of the same previously eight tomato cultivarsto 

explain relationship between infestation by T.absoluta and leaf components 

of the tested cultivars during the plant growth period. Leaf samples were 

collected during the vegetative stage.  

Plant sample preparation: 

The plant samples (weighing 0.1-0.4 g) were weighed and stored at -

20ºc, and then processed as described in Ni et al.,(2001). 

The analysis of leaf samples were conducted in Department of 

Physiological, Plant Protection Institute, Agricultural Research Center. 

Statistical analysis was conducted by using SAS Program (1988). F test 

used to evaluate the significant differences between treatments and mean 

separation was conducted using L.S.D. test to arrange the tested cultivars in 
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groups according to their susceptibility to the infestation of the studied pests. 

The simple correlation was also used. 

3.2.1. Nitrogen determination 

The nitrogen in protein is converted to ammonium sulphate by H2SO4 

during digestion. This salt, on steam-distillation, liberates ammonia which is 

collected in boric acid solution and titerated against standard acid. 

Sadasivam and Manickam(1991). 

Since 1 ml of 0.1N acid is equivalent to 1.4 mg N, calculation is made 

to arrive at nitrogen content of the sample. 

Procedure: 

a- Weight 100 mg of the sample and transfer to a 30 ml digestion flask. 

b- Add 1.9 g potassium sulphate and 80mg mercuric oxide and 2 ml 

conc. H2SO4 to the digestion flask. 

c- Add boiling chips and digest the sample till the solution becomes 

colorless. 

d- After cooling the digest, dilute it with a small quantity of distilled 

ammonia-free water and transfer to the distillation apparatus. 

e- Place a 100 ml conical flask containing 5 ml of boric acid solution 

with a few drops of mixed indicator. 

f- Add 10 ml of sodium hydroxide –sodium thiosulphate solution 

(Dissolve 600 g NaOH and 50 g Na2S2O3.5H2O in1L. distilled water) 

to the test solution in the apparatus. 

g- Distill and collect the ammonia on boric acid. 

h- Rinse the tip of the condenser, and titrate the solution against the 

standard acid until the first appearance of violet color. 
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i- Run a reagent blank with an equal volume of distillied water and 

substract the titration volume from that of sample titre volume. 

3.2.2. Inorganic Phosphorus (P) determination 

Inorganic phosphate (po4) was determined as described by Rockstein 

and Herron (1951).The phosphate ion was detected using acommercial kit 

of Quimicaclinicaapplicada S.A. (Spain). P reacts with molybdate to produce 

phosphor-molybdate, which is finally reduced to amolybdenum blue which is 

photometrically measured at 650 nm. Zero adjustment was against reagent 

blank, results obtained after comparison with a reference standard (conc. 4 

mg %). 

3.2.3. K
+
 determination

Ion measurements were made on a radiometer FLM3 flame 

photometer as described by Amin and El-Halafawy (2002).The standard 

solution contained sodium chloride (14±1.4 mmol/L) and potassium chloride 

(5±0.5mmol/L) stored at aroom temperature (25ºC). Zero adjustment was 

against blank prepared by adding 5 ml of concentrated lithium chloride 

(300±5mmol/L) to 500 ml of distilled water. 

3.2.4. Free amino acids determination 

Total amino acids were colorimetrically assayed by ninhydrin reagent 

according to the method described by Lee and Takabashi (1966).The 

reaction mixture consists of 1 ml sample and 1.9 ml ninhydrin-citrate buffer-

glycerol mixture that consists of 0.5 ml of 1% ninhydrin solution in 0.5 M 

citrate buffer (PH5.5); 0.2 ml of 0.5 M citrate buffer (PH5.5) and 1.2 ml 

glycerol. The mixture was heated in aboiling water bath 10 min and cooled in 
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a tap water bath. The developed color was read at 570 nm. The aminc acids 

were expressed as ug alanine per gm body weight. 

3.2.5. Total proteins 

Extraction was carried out with buffers used for enzyme 

assay.Weight of 500 mg of the plant sample was grounded well with a 

pestle and mortar in 5 ml of 0.01 Mg phosphate buffer (pH 7), then 

centrifuged and used the supernatant for protein estimation. Total proteins 

were determined by the method of Bradford (1976). 

Protein reagent was prepared by dissolving 100mg of Coomassie 

Brilliant blue G-250 in 50 ml 95% ethanol. To this solution 100 ml 85% 

(W/V) phosphoric acid were added. The resulting solution was diluted to a 

final volume of 1 liter. 

Sample solution (50µl) or for preparation ofstandard curve 50 µl of 

serial concentrations containing 10 to 100µg bovine serum albumin were 

pipetted into test tubes. The volume in the test tube was aoteprdjusted to 1 ml 

with phosphate buffer (0.1M, pH 6.6). Five millimeters of protein reagent 

were added to test tube and the contents were mixed either by inverion or 

vortexing. The absorbance at 595 nm was prepared from 1 ml of phosphate 

buffer and 5 ml protein. 

3.2.6. Determination of total carbohydrates 

Total carbohydrates were estimated in acid extract of plant seedlings 

by the phenol-sulphuric acid reaction of Dubois et al., (1956). 

Total carbohydrates were extracted from the plant and prepared for 

assay according to Crompton and Birt (1967).Weight of 100 mg of the 
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plant sample was added into a boiling tube then hydrolyzed by keeping it in a 

boiling water bath for three hours after adding 10 ml of 2.5 N HCL and 

cooling at room temperature. The samples were neutralized it with sodium 

carbonate until effervescence, Centrifuge and the supernatant were used for 

analysis. 

Seedlings (5-10 were homogenized in 0.3N HClO4 (5ml) at 0ºC for 1 

min. The homogenate was kept in ice for further 10 min. Insoluble matter eas 

removed by centrifugation for 3 min. at 2000 r.p.m. and washed twice in ice-

cold HClO4 (5ml) by redispertion and centrifugation. The three supernatant 

combined into acid extract. 

Hundred microliters of the acid extract were added into a colorimetric 

tube to 0.5 ml of phenol (20 percent w/v). Then 5 ml of concentrated sulfuric 

acid were added rapidly with shaking. 

The tubes were allowed to stand 10 min., then they were shaken and 

placed for 10-20min. in water bath at 25 to 30ºc before readings. 

Blanks were prepared by substituting distilled water for the sugar 

solution. The absorbance of characteristic yellow-orange color is measured at 

490 nm against blank. Total carbohydrate is expressed as: µg glucose/gm 

fresh weight. 

3.2.7. Determination of Phenols 

3.2.7.1. Extraction procedure 

Ten plant leaves from each replicate (3 replicates for each treatment) 

were washed with Δ H2O and placed in an oven to dry at 45ºC for 4 days. 

Then they were grounded in an electric grinder into fine powder. Extraction 
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was performed as described by Kâhkônenet al., (1999). Grounded plant 

seedlings (5gm) were extracted with 2×10 ml of 80% aqueous methanol 

using electric homogenizer for 5 min. Samples were centrifuged (10 min, 

3000 r.p.m) and combined extracts were poured into pre-weighed small 

conical flasks. Methanol was removed under reduced pressure. The solid 

residue (crude extract) was weight and dissolved in Δ H2O to a 5 ml volume. 

3.2.7.2. Quantification of total phenolics 

The amount of total phenolics in extracts was determined by Folin – 

Ciocateu method as modified by Singelton and Rossi (1965). 

TheFolin – Ciocateu reagent was prepared by adding 100 gm sodium 

tungstate, 25 gmphosphomolybdic acid, 100 ml HCL, and 50 ml 

orhphosphoric acid (85%) to 700 ml deionized water in conical flask. The 

flask was refluxed for 10 hours, cooled and then 150 gm lithium sulphate 

were added. Few drops of liquid bromine were added to make the solution 

yellow in color, then the final volume was completed by deionized water to 1 

litre. 

Two hundreds microliters of plant extracts were introduced into test 

tubes; 1 ml of Folin – Ciocateu reagent and 0.8 ml of sodium carbonate 

(7.5%) were added. The tubes were mixed and allowed to stand for 30 

minutes. Absorption at 760 nm was measured against blank containing 

everything except the sample. Gallic acid standered (5 gm) was used, and the 

total phenolic content was expressed as mg gallic acid per gm dry weight of 

the original sample (mg GA/g dw). 
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3.2.8. Nonspecific esterases 

Alpha esterases (α-esterases) and beta esterases (β-esterases) were 

determined according to Van Asperen (1962) using α-naphthyl acetate or β-

naphthyl acetate as substrate, respectively. 

The reaction mixture consisted of 5ml substrate solution (3× 10-4M 

α- or β- naphthyl acetate, 1% acetone and 0.1M phosphate buffer, pH 7) and 

20 µl of larval homogenate. 

The mixture was incubated for exactly 15 min at 27ºC, then 1 ml of 

diazoblue color reagent (prepared by mixing 2 parts of 1% diazoblue B and 5 

parts of 5% sodium lauryl sulphate ) was added. The developed color was 

read at 600 or 555 nm for α- and β- naphthol produced from hydrolysis of the 

substrate, respectively. 

α- and β- naphthol standard curves were prepared by dissolving 20 

mg α- and β- naphthol in 100 ml phosphate buffer, pH7 ( stock solution). Ten 

milliliters of stock solution were diluted up to 100 ml by the buffer. Aliquots 

of 0.1,0.2,0.4,0.8 and 1.6 ml of diluted solution ( equal to 2,4,8,16 and 32 µg 

naphthol) were pippeted into test tubes and completed to 5 ml by phosphate 

buffer. One milliliter of diazoblue reagent was added and the developed color 

was measured as mentioned before.   

3.2.9. Quantitative Determination of Peroxidase 

Peroxidase activity was determined according to Vetter(1958). To the 

sample (200µl), in which the color is to be formed, the following reagents are 

added: 
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1 ml of 1% o-phenylenediamine (in 95% ethyl alcohol; fresh every 4 

hours) and 1 ml of 0.3% hydrogen peroxide (in distilled water). The reaction 

is allowed to proceed for 5 minutes at which time it is stopped by adding 2 ml 

of saturated sodium bisulfite. The reagent blank for each sample is prepared 

by adding the dye, followed by the sulphite, and then the hydrogen peroxide. 

The enzyme is inhibited by the sulfite so that it is inactive when the hydrogen 

peroxide is added. 

The starch in the sample and the blank is flocculated by adding 25 ml 

of 95% ethyl alcohol. The starch suspention must be swirled continuously 

during addition of alcohol, so that good flocculation occurs. 

The samples are then centrifuged at approximately 3000 r.p.m. for 5 

minutes. 

The clear supernatant is decanted into a colorimeter tube and its 

absorbance recorded at 430 mµ. The colorimeter is set at 100% transmittance 

with the corresponding blank for each sample. 

The enzyme activity was expressed as the change in absorbancy at 

430m(ΔOD430)/minute/gm fresh weight. 

3.3. Preparation of tissue samples for scanning electron microscope 

examination 

The mean number and mean length of the photographed trichomes 

were examined by using Scanning Electron Microscope. Samples of leaves 

were immediately fixed in glutaraldehyde (2.5) for 24 hours at 4° C then 

washed several times in phosphate buffer (pH 6- 8), then fixed in osmium 

tetraoxide (1% OsO4) for one hour at room temperature (Millonig, 1961). 
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Sucrose was added to the washing and post fixation solutions to obtain the 

same osmolality as in the fixation solution. The samples were dehydrated 

with pathing through ascending concentrations of acetone, then dried until 

the critical point and, finally, the samples were divided into similar parts as 

regards surface area and sputter coated with gold. All observations, 

measurements and photographs were done through a Joel Scanning Electron 

Microscope (T.33A) at 30 Kv. linked with the SemAfore Software Program 

atthe Regional Center of Mycology and Biotechnology, Al-Azhar University, 

Cairo, Egypt.  

The mean number and mean length of the photographed trichomes 

were counted by Compueye and Leaf Area Symptoms Program which made 

by (Bakr,2005)in an area of (0.1 cm
2
= 1000 um

2
) for each tested cultivars.

3.4. Effect of the interaction between physical factors and cultivars on 

rate of infestation by Tuta absoluta 

The seasonal fluctuations of T. absoluta in relation to ecological 

properties involved certain weather factors i.e. the weekly mean of the 

weather factors, minimum temperature, maximum temperature and mean 

relative humidity (R.H.%) at the Central Laboratory for Agriculture Climate 

(CLAC), Agriculture Research Center, Dokki, Giza governorate were tested 

to clarify their effects on the population dynamics of T. absoluta throughout 

investigated period during 2013.   

3.5. Effect of three plant growth regulator on Tuta absoluta infestation 

The experiment was carried out in the farm of Faculty of Agriculture 

at Shoubra Elkheima,Qaliubya Governorate. Seedlings which obtained from 

nursery in Dokki, Giza governorate, were cultivated on 16
th

April, 2016 in
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pots in a randomized completed block design. This experiment contained 

three tomato cultivars namely, Hybrid Super Strain B, Baladi, and Castle 

rock. Each cultivar treated with three plant growth regulator namely, Salcylic 

acid (2g/liter water), Benzyle adenin(0.1g/100ml water) and Kinetin 

(0.1g/100ml water). In addition fourth group treated with water as control i.e. 

each cultivar had 12 pots (4 plant growth regulator × 3 cultivars × 

3replicates) each pot contained on three plants. In other words, all 

experiment contains on 36 pots. The experimental plot received the normal 

agricultural practices of mechanical weed control, irrigation and fertilizers 

and was kept free from any pesticide applications.  

Two week after cultivation, weekly randomized samples of 120 

leaflets (10 leaflets x 4treatments x 3cultivars) were taken early in the 

morning during three weeks. Leaflets were kept in tightly closed paper bags 

and transferred to the laboratory. The pest mine was detected and counted by 

aid of a stereomicroscope. To study the effect of plant growth regulators on 

host plant resistance to infestation by Tuta absoluta.The average mean of 

mines were estimated per 10 leaflets in each cultivars. Statistical analysis 

procedures included the simple correlation coefficient and the partial 

regression coefficient. All calculations were carried out using SAS program 

(1988). 

4. Seasonal abundance and generations in relation to pheromone trap

catches 

4.1. Experimental locality 

The present study was carried out at Bahada Village besides the 

Experimental station of the Faculty of Agriculture, Ain Shams University/ 

Shalakan/Qalyubiya ecosystem. Field trials were conducted throughout 
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growing season on tomato 2015/2016. An area of about one feddan was 

sown with tomato. Delta pheromone traps are nearly pyramids shaped (18cm 

high) and made of plastic paper with two triangular openings at the two 

opposite ends to permit the release of the pheromones odor and the entrance 

of attracted methods (Fig.2). The inside surface of the trap was covered with 

an adhesive substance. The pheromone dispenser was hooked inside the trap 

in the centre at the same level of the two opposite openings. The sex 

pheromone traps were baited with the synthetic pheromone of Tuta absoluta 

formulated in polyethylene vials. Pheromone capsules were changed every 

15 days. Two sex pheromone traps were used per feddan for T. absoluta, the 

sheets of moth were collected and recorded every week. 

Fig. (2): Phermone trap  

The pheromone which used obtained by Svatoset al., (1996) who 

indicated that 10:1 mixture of synthetic (3E,8Z,11Z)-3,8,11-tetradecatrien-1-

yl acetate and (3E,8Z)-3,8-tetradecadien-1-yl acetate was highly attractive to 

males of T. absoluta. Thus the chemical structure of the mixture was as 

follow in Fig.3: 
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Fig. (3): The two components of Tuta absoluta female sex pheromone: (a) 

(3E, 8Z, 11Z)-3,8,11-tetradecatrien-1-yl acetate or TDTA and (b) (3E, 8Z)-

3,8- tetradecadien-1-yl acetate or TDDA 

4.2.Predicting the changes in the population dynamics of Tuta absoluta 

based on accumulated heat units 

The role of temperature summations attempts to find an index for the 

heat energy required to complete a given stage or entire life cycle. So, 

temperature data could be transformed into heat units and serve as a useful 

tool for studying insect population dynamics and predicting the appearance 

of T. absoluta 

4.2.1. Heat unit accumulations 

This part of study was carried out to study the relationship between 

the thermal heat units expressed as day degrees(DD's) and the population 

dynamics of T.absoluta during season, 2015/2016. 

Daily maximum and minimum temperatures were obtained and 

recorded by the Central Laboratory for Agriculture Climate (CLAC), 

Agriculture Research Center, Dokki, Giza. Degree-days (DD's) were 

calculated from the daily maximum and minimum temperatures (°C) with 

developmental threshold value which has been estimated as previously 

discussed. Hereinafter, the following formula was used for computing the 

heat units (DD) according to Richmonet al., (1983): 
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H=∑Hi 

Where Hi= Number of heat units to emergence 

Hi= (max. + min.) /2-C                       if max.t.>C.<min.t. 

Hi= (max. - min.)
2
/2(max.-min.)         if max.t.>C.>min.t.

Hi=0 if max.t.<C.>min.t. 

C= Threshold temperature 

4.2.2. Using Degree-Days to predict pest activity 

4.2.2.1.The averaged method 

The averaged method is the easiest method for calculating the 

number of degree-days. Simply add the daily maximum temperatures and 

divide the sum by two to get the averaged temperature for the day. Then 

subtract the base temperature from the averaged temperature as the next 

formula: 

Degree-days={(max. temp.+min. temp.)/2}-base temp. 

If the maximum temperature for the day never rises above the base 

temperature, then no development occurs, and zero degree-days accumulate.  

5. Natural enemies associated with tomato leaf miner Tuta absoluta and

Biological control 

5.1. Survey of parasitoids and predators 

Samples of tomato leaves infested with T. absoluta were collected 

from fields at Qualiobya and Giza Governorates during 2012. Leaves were 
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placed in rearing boxes covered with muslin cloth and secured with rubber 

bands. Emerging parasitoids were collected and kept in ethanol 70%. 

Parasitoids were identified in Department of Entomology, Faculty of Science, 

Cairo University. However, predators associated with Tuta absoluta were 

easily recognized and identified. 

5.2. Seasonal abundance of Nesidiocoris tenuis associated with Tuta 

absoluta 

The experiment was carried out in the farm of Faculty of Agriculture at 

Shoubra Elkheima, Qualiubya Governorate. Seedlings of tomato cultivars 

were cultivated on 16
th

April, 2013 in pots in a randomized completed block

design. This experiment contained eight tomato cultivars namely, Hybrid 

Super Strain B, Super set, Hybrid Bito86, Nemaguard, Riogrande, Baladi, 

Red sun and Castle Rock. Each cultivar was replicated five times and each 

replicate contained eight pots (40pots/cultivar). The experimental plot 

received the normal agricultural practices of mechanical weed control, 

irrigation and fertilizers and was kept free from any pesticide applications.  

One  week  after cultivation, weekly randomized samples of 250 

leaflets (10 leaflets x 5 plants x 5 replicates) for each cultivar were taken 

early in the morning during 10 weeks. Leaflets were kept in tightly closed 

paper bags and transferred to the laboratory. The pest mine was detected and 

counted by aid of a stereomicroscope. The average mean of mines of Tuta 

absoluta and Nesidiocoris tenuis per 10 leaflets in each cultivars were 

estimated. Statistical analysis procedures included the simple correlation 

coefficient and the regression coefficient. All calculations were carried out 

using SAS program (1988). 
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5.3. Predatory efficiency of Nesidiocoris tenuis on Tuta absoluta eggs 

5.3.1. Prey culture: 

Tomato leaves infested with T. absoluta were collected from fields of 

Faculty of Agriculture, Ain Shams University at Shoubra Elkheima, 

Qualiobya Governorate. A laboratory stock of the prey was reared in wooden 

boxes measured (30×20 cm) with sides made of cloth screen, the top was 

made of glass to observe emerging insects as Fig. (3). Fresh tomato plants 

were transferred daily to boxes to allow T. absoluta laying its eggs on lower 

surfaces of leaves. 

5.3.2. Predator culture: 

The original culture of N. tenuis adults was collected from tomato 

fields infested with T .absoluta. N. tenuis adults were kept in rearing glass 

jars (20×10 cm) and daily provided with adequate numbers of T. absoluta 

eggs. Glass jars were then covered with muslin cloth tied with rubber bands 

to prevent insects from escaping and to allow ventilation. Small branches of 

tomato plants were provided daily as oviposition sites for the predator. 

Leaves bearing deposited eggs of N. tenuis were cut, transferred to clean jars 

and maintained until hatching under laboratory conditions. Newly hatched 

nymphs of N. tenuis were daily provided with adequate numbers of prey eggs 

until adult emergence. 

5.3.3. The experiment 

Twenty prey eggs were daily placed on a fresh leaf of tomato 

provided with a piece of absorbent cotton to avoid drying the eggs and were 

introduced into a glass tube(7×2.5cm) containing one nymph of N. tenuis. 
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Ten nymphs (replicates) of the predator were maintained to evaluate their 

predatory efficiency. Number of eggs consumed by Nesidiocoris tenuis 

nymph was recorded daily and replaced with other freshly deposited eggs. 

Durations of five nymphal instars of the predator were also estimated. This 

experiment was examined daily until adult emergence. The previous 

technique was also conducted on 10adults of N. tenuis until dead. 

.

Fig. (4): Rearing box 
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IV- RESULTS AND DISCUSSION 

Biological studies 

1. The developmental parameters of tomato leaf miner pest Tuta absoluta 

as explained by thermal accumulated units 

The study aimed to estimate the zero development temperature 

thresholds and the average of thermal units were required for completion of 

one generation of pests. These values were estimated through the laboratory 

work under constant conditions. The temperature is a limiting factor in 

development of the populations. Limitation of developmental requirements of 

this pest represents a trial to study the biological effects of constant 

temperatures on the developmental stages of T. absoluta. 

1.1. Egg stage 

1.1.1. Incubation period 

Data in Table (6) indicated that required time for completion the 

embryonic development (incubation period) which decreased as the 

temperatures increased. The mean of incubation periods were 6.8, 5.0, 4.0 

and 3.5 days at 20, 24, 28 and 32ºC. According to the analysis of variance it 

yielded significant "F" value in the incubation periods at the different 

treatments of 20, 24, 28 and 32ºC., whereas "F" value =96.8 sig. at 0.001 and 

L.S.D.=0.44day. The incubation period varied considerably to temperature. 

The longest mean incubation period i.e. 6.8 days was occurred at 20°C. On 

the contrary, the shortest i.e. 3.0 day was occurred at 32°C, while the other 

incubation periods come intermediate between them.  

These results were in harmony with the obtained by Pires and 

Marques (2002) who recorded that the incubation period of T. absoluta egg 

was 4.6±0.05 days at (24.5 -31.2ºC)&(45-100 R.H.%) and Erdogan and 

Babaroglu (2014) in Turkey, who found that incubation period of T. 

absoluta egg was 4.1 days at 25±1ºC and 65±5 R.H. % under long daylight 

(16L: 8D).                               
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Table (6): Mean incubation period (in days) of Tuta absoluta at four 

constant temperatures &60-70 % R.H. 

Stage 

 

 

 

 

Temp. 

 

 
Egg   

Incubation 

period(days) 

(mean ±s.e.)& 

Range 

Hatchability 

% 

Rate of 

development 

(1/t × 100) 

 

Thermal 

units 

DD's 

20 
6.8±0.18 d 

(7.4-6.4) 
72±0.39 c 14.7 88.4 

24 
5.0±0.0c 

(5.0-5.0) 
97±0.39 a 20.0 85.0 

28 
4.0±0.0b 

(4.0-4.0) 
89±0.38     b 25.0 84.0 

32 
3.5±0.0 a 

(3.0-3.4) 
95±0.32 a 28.57 87.5 

F. value 

L.S.D.(day) 

96.8 *** 

0.44 

36.8*** 

1.12 
  

 

1.1.2. Percentage of hatchability 

Table (6) and Fig.(5), demonstrated that the percentage of hatchability 

was 72%, 97%, 89% and 95% under 20, 24, 28 and 32ºC., respectively. 

Statistically, there are significant differences between the value of 

hatchability percent recorded at 20 and 24ºC, whereas there are no significant 

differences between the recorded values at 28 and 32ºC. It appears that 

favorable temperature for the egg hatching ranged from (24 to 

32ºC).Miranda et al., (1998) found that during the egg stage, the mortality 

was 58.7%, mainly due to egg non-viability. Cuthbertson et al., (2013) in 

UK, who mentioned that only 17% of T. absoluta eggs hatched at 10°C but 



55 

RESULT AND DISCUSSION 
 

Eman M. M. Abd-Elmakasoud, M.Sc. Fac. Agric., Ain Shams Univ. (2016) 

 
 

no larvae developed through to adult moths. No eggs hatched when 

maintained at 7°C. 

 

 

Fig. (5): Effect of four constant temperatures on the hatchability of T. 

absoluta eggs 

 

1.1.3. Zero of development for egg stage 

Data obtained for egg incubation period at the four constant 

temperatures 20, 24, 28 and 32°C were used to estimate zero of development 

for egg stage. Results obtained are graphically illustrated in Fig.6 and Table 5 

and showed that the value of zero development for egg stage was 7.0°C. 
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1.1.4. Rate of development and thermal units of egg stage 

Data tabulated in Table (6) showed that the effects of the three 

constant temperatures on the rate of egg development and thermal constant 

units (DD's) of egg incubation period of Tuta absoluta. 

These results revealed that both of rates of development and thermal 

constant units for egg stage were obviously affected by the prevailing 

temperatures. Rate of development was increased gradually as the 

temperature increased from 20 to 32°C. The rates of development were 14.7, 

20, 25 and 28.57 at 20, 24, 28 and 32˚C, respectively. Also, results revealed 

that thermal constant units required for development of egg stage of T. 

absoluta were greatly affected by prevailed temperature. The highest thermal 

units recorded was occurred at 20°C (88.4 DD's);while at 32°C (87.5DD's) & 

y = 1.1652x - 8.229 
R² = 0.9926 
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Fig. (6):   Effect of three constant temperature on mean 

durations of egg stage. 



57 

RESULT AND DISCUSSION 
 

Eman M. M. Abd-Elmakasoud, M.Sc. Fac. Agric., Ain Shams Univ. (2016) 

 
 

at 24°C (85.0DD's) but the lowest thermal units recorded was occurred at 

28°C being 84.0 DD's . 

From these results it could be stated that 32°C seemed to be the 

optimum temperature for egg stage. At this degree, there are the highest 

percentage of hatchability and shortest incubation period. 

As shown in Table (6) these results indicated that the rates of 

development were lower at 20ºC than the other degrees. The average of total 

thermal units were 86.2 DD's as determined by the thermal summation 

equation K= y (T- 7.0). 

Also the average of thermal units in degree-days required for the 

completion of development of incubation period for the pest. They were 88.4, 

85.0, 84.0 and 87.5 DDº at 20, 24, 28 and 32 ºC., respectively (Table 

5).Barrientos et al., (1998) mentioned that the lower threshold temperature 

for Tuta absoluta egg was 6.9ºC., while the thermal constant for the same   

stage was 103.8 DD. 

 

1.2. Larval stage 

1.2.1. Duration of larval stage 

Table (7) shown that the mean larval durations was recorded under 

three constant temperature only 20, 24 and 28 ºC, where it was 30.9, 21.9 and 

17.6 days respectively. Statistically, there are significant differences between 

values of the mean durations under the tested constant temperature. 

Obviously the developmental rates increased with the increasing of 

temperatures.Pires and Marques (2002) mentioned that the larval period of 

T. absoluta was 11.9±0.15 days at 24.5 -31.2ºC & 45-100 R.H. %. Erdogan 
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and Babaroglu (2014) mentioned that total period of larvae instars of Tuta 

absoluta was 10.97 days on25ºC. 

 

Table (7): Mean duration of Tuta absoluta larvae at three constant 

temperatures and 60-70 % R.H. 

Stage 

  

 

 

Temp. 

 

 

Larvae  

Larval duration(days) 

(mean ±s.e.)& Range 

Rate of 

development 

(1/t×100) 

Thermal units 

DD's 

20 30.9± 0.9a 

(28.3-34.3) 

3.2 309 

24 21.9±0.3b 

(21.0-22.6) 

4.6 306.6 

28 17.6±0.7c 

(15.7-19.7) 

5.7 316.8 

F value 

L.S.D.(day) 

83.29*** 

2.29 

  

 

1.2.2. Zero of development of larval stage: 

Data obtained from Table 6 duration of larval stage atthe three 

constant temperatures were used to estimate zero of development for the 

larval stage. Results obtained are graphically illustrated in Fig.(7) whereas, 

this value was 10°C. This result was disagree with Barrientos et al., (1998) 

found that the lower threshold temperature for larval development of T. 

absoluta was 7.6ºC.  
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1.2.3. Rate of development and thermal constant units for larval stage 

Results in Table (7) summarized the effect of the three constant 

temperatures on the rate of development and thermal constant units of larval 

duration of Tuta absoluta. 

These results revealed that both rate of development and thermal 

constant units for larval stage were obviously affected by prevailing 

temperatures. Rate of development larva was increased gradually as the 

temperature increased from 20 to 28°C. The lowest rate was occurred at 20°C 

(3.2) followed by 24°C (4.6); while the highest rate was occurred at 28°C 

(5.7). Also, results revealed that thermal constant units required for 

development of larval stage of T. absoluta were greatly affected by changes 

of prevailing temperature. The highest needed thermal unit was occurred at 
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Fig. (7): Effect of three constant temperature on mean 

durations of Tuta absoluta larval stage. 
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28°C being 316.8 DD's ; while the lowest thermal units needed was occurred 

at 24°C being 306.6 DD's. From these results it could be stated that 28˚C 

seemed to be the most favorable for rearing larval stage. This result was 

disagree with Barrientos et al., (1998)who found the thermal constant for the 

larval stage of Tuta absoluta was 238.5 DD. 

1.2.4. Percentage of mortality of larval stage 

Data in Table8& Fig. 8 showed the effect of the three tested 

temperatures on percentage of mortalities in the larval stage with results of 

statistical analysis. 

These results revealed that temperature had highly significant effect 

on the percentage of mortalities of larval stage. ("F" value = 770.7 sig. at 

0.001). The highest percentage of mortality was occurred at 32˚C.being 

100%,followed by those at 24 & 28˚C being 74 %. While the lowest 

percentage of mortality was occurred at 20˚C being 52 %. 

It's clear that 32˚C is a fetal high degree temperature to larval stage of 

T. absoluta especially for first instars whereas, all 1
st
 instars dead. 

Cuthbertson et al., (2013) in UK, recorded at 19°C survival of T. absoluta 

from egg to adult was 52%. Miranda et al., (1998) who found that the 

mortality of the larval stage of T. absoluta was 79.8%. 

From these results it could be stated that 20˚C seemed to be the most 

favorable temperature for survival % where the lowest percentage of 

mortality (52%) was occurred at 20˚C.  
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Table (8): Effect of four constant temperatures on survival and 

mortality percentage of larval stage of Tuta absoluta. 

Temp. (°C) Mortality of larval 

stage % 

Survival % 

20 52 c 48 a 

24 74 b 36b 

28 74 b 36 b 

32 100 a 0.0 c 

F. value 770.7***  

L.S.D. 2.3  

 

 

Fig. (8): Effect of four constant temperatures on survival and mortality 

percentage of larval stage of Tuta absoluta. 
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1.3. Pupal stage 

1.3.1. Duration of pupal stage 

Table (9) show that the pupal periods decreased as temperatures 

increased from 20 to 28 ºC. The average durations were 15.8, 9.5 and 8.1 

days at 20, 24 and 28 ºC., respectively. When the analysis of variance was 

worked out, it yielded significant differences "F" value=179.9 sig. at 0.001 

and L.S.D.=0.9 days. Pires and Marques (2002) recorded that the pupal 

period of Tuta absoluta was 6.5±0.33 days at 24.5 -31.2ºC & 45-100 R.H. %, 

and Erdogan and Babaroglu (2014) found that the period of pupae of T. 

absoluta development was 9.53 days on 25ºC 

 

Table (9): Mean duration of Tuta absoluta pupae under three constant 

temperatures and 60-70 % R.H. 

 

Stage 

  

 

 

Temp.(ᵒ C) 

 

 

Pupae  

Pupal duration(days) 

(mean ±s.e.) &Range 

Rate of 

development 

(1/t×100) 

Thermal units 

DD's 

20 15.8±0.3 a 

(15.0-17.0) 

6.3 138.6 

24 9.5±0.1  b 

(9.2-9.8) 

10.5 121.5 

28 8.1±0.4 c 

(7.7-9) 

12.3 136.6 

F value 

L.S.D.(day) 

179.9*** 

0.9 
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1.3.2. Zero of development of pupal stage  

Data obtained for mean duration of the pupal stage at three constant 

temperatures was used to estimate zero of development for pupal stage. 

Results obtained are graphically illustrated in Fig.9. The development zero 

for pupal stage was 11.2°C.Barrientoset al., (1998)found that the lower 

threshold temperature of Tuta absoluta pupae was 9.2ºC.  

1.3.3. Rate of development and thermal constant units for pupal stage 

Data in Table 9 summarized the effect of the three constant 

temperatures on the rate of development and thermal units of pupal durations 

of T. absoluta. 

These results revealed that both rate of development and thermal 

constant units for pupal stage were obviously affected by prevailing 

temperatures. Rate of development was increased gradually as the 
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Fig. (9): Effect of three constant temperature on mean 

durations of pupal stage. 
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temperature increased from 20 to 28°C. The lowest rate was occurred at 20°C 

(6.3) followed by 24°C (10.5); while the highest rate was occurred at 28°C 

(12.3). Also, results revealed that thermal constant units required for 

development of larval stage of Tuta absoluta were greatly affected by 

changes of prevailing temperature. The highest needed thermal unit was 

occurred at 20°C being 138.6 DD's ; followed by 28°C being 136.6DD's ; 

while the lowest thermal units needed was occurred at 24°C being 121.5 

DD's. Barrientos et al., (1998) found that the thermal constant for the pupal 

stage of T. absoluta was 117.3 DD. 

1.3.4. Percentage of mortality of pupal stage: 

Data in Table (10) & Fig. 10 showed the effect of the three tested 

temperatures on percentage of mortalities on the pupal stage with results of 

statistical analysis. 

These results revealed that temperature had highly significant effect 

on the percentage of mortalities of larval stage. ("F" value =91.5). The 

highest percentage of mortality was occurred at 20˚C being 10.0%,followed 

by those at 24˚C being 5.0 %. While the lowest percentage of mortality was 

occurred at 28˚C being 1.0 %. 

From these results it could be stated that 28˚C seemed to be the most 

favorable temperature where the lowest percentage of mortality was occurred 

throughout the larval stage and this result was disagree with Miranda et al., 

(1998) who found that the mortality of the pupal stage of T. absoluta was 

0.6%. 
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Table (10): Effect of three constant temperatures on mortality and 

survival percentage of pupal stage of Tuta absoluta 

Temp. (°C) Mortality of pupal% 

stage  

Survival % 

20 10.0 a 90 a 

24 5.0 b 95 b 

28 1.0 c 99 c 

F. value 91.5***  

L.S.D. 1.6  

 

 

Fig. (10): Effect of three constant temperatures on mortality and survival 

percentage of pupal stage of Tuta absoluta 
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1.4. Adult stage 

1.4.1. Pre-oviposition period 

Table (11) showed that, the pre-oviposition periods for the tomato 

leaf miner, Tuta absoluta under different constant temperatures. The time 

required for maturation of the ovaries and starting egg laying, decreased as 

the temperature increased, theses duration were recorded 2.6, 2.2 and 1.0days 

at 20, 24 and 28ºC., respectively. When data analysis statistically, there were 

significant differences between the value of pre-oviposition period at 20, 24 

and 28ºC. "F" value 6.9 sig. at 0.001 & L.S.D.=0.97 days. 

The threshold of development was indicated from the data in the same 

Table, that illustrated graphically by extrapolation Fig. (11), this value was 

15ºC, It's noticed that the rising of temperature hurling the rate of 

development of the female's ovaries of the pest insect. The average thermal 

units required for development of ovaries at 20, 24 and 28ºC.were 13.0, 19.8 

and 13.0 DD's as determined by thermal summation equation k=y (T- 15). 

Erdogan and Babaroglu (2014) found that pre-oviposition period of T. 

absoluta was 1.28 daysat 25±1ºC, relative humidity 65±5% and under long 

daylight (16L:8D). Krechemerand Foerster (2015) in Brazil, mentioned 

that the pre-oviposition period of T. absoluta was longer at 10°C. 
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Table (11): Mean duration, rate of development and thermal units 

required for Pre-oviposition period for Tuta absoluta at three 

constant temperatures and 60-70 % R.H. 
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Fig. (11): The regression line of the pre-oviposition period of  

Tuta absoluta at different constant temperatures. 

Stage  

 

 

Temp. 

Pre-ovipositionperiod 

Pre-oviposition 

duration(days) 

(mean ±s.e.)&Range 

Rate of development 

(1/t×100) 

Thermal units 

DD's 

20 2.6±0.5 a 

(1.0-3.0) 

38.4 13.0 

24 2.2±0.2  a 

(2.0-3.0) 

45.4 19.8 

28 1.0±0.0  b 

(1.0-1.0) 

100 13.0 

F value 

L.S.D. 

6.9*** 

0.97 
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1.4.2. Oviposition period 

Oviposition period found to be the longest period followed by pre-

oviposition period, while post-oviposition period was the shortest period. 

Results of statistical analysis in Table (12) showed that temperatures had 

highly significant effect on oviposition period of Tuta absoluta ("F"= 39.0 

sig. at 0.001&L.S.D.=0.94). Mean duration of oviposition period was 

decreased when temperature increased from 20 to 28°C. The longest mean 

duration was occurred at 20°C being 9.2 days, followed by those reared at 

24°C being 6.0 days. While, the shortest mean was 5.8 days occurred at 

28°C.The threshold of development was 6ºC as shown in Fig. 12. The 

average thermal units required for development of ovaries at 20, 24 and 

28ºC.were 128.8, 108.0 and 127.6 DD's. Results are closely related to 

Erdogan and Babaroglu (2014) who found that oviposition period of T. 

absoluta was 7.88 daysat 25±1ºC,relative humidity 65±5% and under long 

daylight (16L:8D), while Krechemerand Foerster (2015) in Brazil, 

mentioned that the oviposition period of T. absoluta was similar at all the 

temperatures tested. 
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1.4.3. Post-oviposition period 

Results of statistical analysis in Table (12) showed that temperature 

had highly significant effect on mean duration of post- oviposition period of 

Tuta absoluta ("F" = 10.8 sig. at 1%)).  Mean durations of this period were 

decreased as temperature increased from 20 to 28°C. The longest mean 

duration was occurred at 20°C being 3.4 days, followed by those reared at 

24°C being 2.6 days. While, the shortest mean was 1.4 days occurred for 

females reared at 28°C.The threshold of development was 15.2ºC (Fig.13). 

The average thermal units required for development of ovaries at 20, 24 and 

28ºC.were 16.3, 22.9 and 17.9 DD's. 

This result disagreed with Erdogan and Babaroglu (2014)who found 

that post-oviposition period of T. absoluta was 5.52daysat 25±1ºC,relative 

humidity 65±5% and under long daylight (16L:8D). 
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Fig. (12): Effect of three constant temperature on mean 

durations of T.absoluta oviposition period. 
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Fig. (13): Effect of three constant temperature on mean 

durations of post-oviposition period. 
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1.5. Longevity 

Longevity of male and female are represented by time elapsed 

between adults emergence from pupae until death. Data obtained about the 

effect of the three constant temperatures on longevity of both males and 

females of Tuta absoluta are given in Tables (13&14). Results of statistical 

analysis showed that the three constant temperatures had highly significant 

effects on means longevity of both sexes ("F" values 64.4 and 52.2 for male 

and female, respectively). 

1.5.1. Female longevity 

The female longevity was longer than means longevity of male at the 

three tested temperatures. These results showed that female means longevity 

was decreased as temperature increased. Means longevity were 15.6, 11.8 

and 8.2 days at 20, 24 and 28°C., respectively. 

The threshold of development was indicated by extrapolation Fig.(14) 

this value was 11.2 ºC.  

The average of thermal unit required for adult female were 137.3, 151 

and 137.8 degree-days at 20, 24 and 28ºC, which given by the equation: K= 

y(T- 11.2). This result similar to Estay (2000) who found that adult lifespan 

ranges of T. absoluta between 10 and 15 days for females, Torrest et al., 

(2001) which found that female longevity of T. absoluta was from 10 and 22 

days, but Krechemer and Foerster (2015) in Brazil, mentioned that there is 

no differences in the longevity of females and males of T. absoluta. 

Mohamed et al.,(2015)in Egypt, mentioned that longevity of either males or 

females of T. absoluta decreased as temperature increased. Adult survival 
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rates were declined gradually to reach0% after 11 days post emergence at 

30ºC, 17 days at 25ºC, 23 days at 20ºC, and 34 days at 15ºC. 

Table (13): Mean of female longevity of Tuta absoluta at three constant 

temperatures and 60-70 % R.H. 

Stage 

  

 

 

Temp. 

 

 

Female longevity  

Female longevity 

(mean±s.e.)& 

Range 

Rate of 

development 

(1/t*100) 

Thermal units 

DD's 

20 15.6±0.5  

(14.0-17.0) a 

6.4 137.3 

24 11.8±0.4  

(9.0-12.0) b 

8.5 151 

28 8.2±0.4  

(7.0-9.0) c 

12.2 137.8 

F. value  

L.S.D.(day) 

52.16*** 

1.5 
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Fig.(14): The regression line of  female longevity of Tuta absoluta 
at three constant temperatures. 
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1.5.2. Male longevity 

These results showed that male means longevity was decreased as 

temperature increased. Means longevity were 12.8, 10.2 and 7.4 days, at 20, 

24 and 28°C, respectively.  

The threshold of development was indicated by extrapolation figure 

(15) this value was 9.8ºC. The average of thermal unit needed for adult male 

were 130.6 , 144.8  and 134.7 degree-days at 20,  24 and  28ºC. Estay (2000) 

mentioned that adult lifespan of Tuta  absoluta ranges 6–7 days for males. 

Table (14): Mean of male longevity of Tuta absoluta at three constant 

temperatures and 60-70 % R.H. 

Stage 

  

 

Temp. 

 

 

Male longevity  

Male longevity 

(mean±s.e.)&Range 

Rate of 

development 

(1/t*100) 

Thermal units 

DD's 

20 12.8±0.4  

(12.0-16.0) a 

7.8 130.6 

24 10.2±0.4  

(12.0-14.0) b 

9.8 144.8 

28 7.4±0.3  

(7.0-11.0) c 

13.5 134.7 

F.value 

L.S.D.(day) 

64.4*** 

1.04 
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Table (15): Zero of development for different stages of Tuta absoluta 

which reared under three constant temperatures. 

 

 

 

1.6. Fecundity 

The reproductive potentiality is expressed as total numbers of 

deposited eggs per female during its longevity. Ten females from each tested 

temperature were observed to detect their fecundity. Data obtained of female 
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Fig. (15): The regression line of male longevity of 

T.absoluta at three constant temperatures. 

Stage Zero of development 

Egg 7.0 

Larvae 10 

Pupae 11.2 

Male 9.8 

Female 11.2 

Generation 10.5 
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fecundity of Tuta absoluta which reared at the three constant temperatures 

are given in Table (16)& Fig.(16). 

Results of statistical analysis revealed that temperature had highly 

significant effects on female fecundity ("F"= 83.03 sig. at 0.001& 

L.S.D.=17.3eggs). The highest mean fecundity was occurred at 28°C being 

145.3 eggs/ female, followed by those reared at 24°C being 79.3 eggs / 

female, while the lowest mean was occurred for those reared at 20°C being 

57.8 eggs / female. 

From the results it could be stated that temperature 28°C seemed to be 

the most favorable conditions for rearing T. absoluta under laboratory 

conditions.Torrest et al., (2001) reported that female fecundity of T. 

absoluta ranged from 60 to 120 eggs, Erdogan and Babaroglu (2014)found 

that fecundity of T. absoluta was found 141.16eggs/female in a climate 

chamber at 25±1ºC,relative humidity 65±5% and under long daylight 

(16L:8D) and Krechemer and Foerster (2015) in Brazil, mentioned that 

fecundity of T. absoluta was highest at 20 and 25°C, with averages of 134.8 

and 149.1 eggs / female, respectively.Mohamed et al.,(2015)in Egypt, 

recorded that the daily average fecundity of females was 15.78, 18.19, 34.65 

and28.26 eggs at 15, 20, 25 and 30ºC, respectively. The mean total lifetime 

fecundity of T. absoluta females was 13.92, 211,244.17 and 177.83 eggs at 

15, 20, 25 and 30°C, respectively. On the contrary, Uchoˆa-Fernandes et al., 

(1995) found that the most prolific oviposition period of T. absoluta is 7 days 

after first mating, and females lay 76% of their eggs at that time, with a 

maximum lifetime fecundity of 260 eggs/ female. 
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Table (16): Fecundity and fertility female of Tuta absoluta which reared 

on three constant temperatures 

Temp. (°C) Female fecundity 

(eggs/female +s.e.) 

%Egg 

hatchability  

%Mortality 

20 57.8±5.8 c 72.0±0.39 c 28.0 

24 79.3±5.8 b 97.0±0.39 a 3.0 

28 145.3±2.9 a 89.0±0.38 b 11.0 

F.value 83.2*** 42.5***  

L.S.D.(egg&%) 17.3 1.2  

 

 

Fig. (16): Average number of eggs laid/female of Tuta absoluta at three 

different constant temperatures. 
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1.7. Egg fertility 

Egg fertility is represented by percentage of egg hatchability of 

deposited eggs. Data in Table (16)& Fig.(17) showed percentages of 

hatchability of Tuta absoluta when reared under the three constant 

temperatures. Results of statistical analysis showed that temperatures had 

highly significant effects on percentage of egg fertility ("F" = 42.5). The 

highest mean of egg hatchability 97% was occurred at 24°C followed by 89% 

at 28°C, while the lowest was occurred at 20°C being 72%. So, 

28°C.considered as the optimum degree for laying eggs. 

 

Fig. (17): Effect of three constant temperatures on the hatchability of Tuta 

absoluta eggs 

1.8. Total generation duration 

Data tabulated in Table 17 indicated duration of generation of T. 

absoluta under three constant temperatures had highly significant of means 

0

20

40

60

80

100

120

20ᵒC 24ᵒC 28ᵒC 
Temperature  

P
er

ce
n

ta
g
e 

o
f 

h
a
tc

h
a
b

il
it

y
 

%
 



79 

RESULT AND DISCUSSION 
 

Eman M. M. Abd-Elmakasoud, M.Sc. Fac. Agric., Ain Shams Univ. (2016) 

 
 

generations duration (F=392.8 sig. at 0.001& L.S.D.=2.3 days) whereas the 

shortest duration of generation were achieved at 28°C being 30.7day; 

followed by 38.6 days at 24°C., while the lowest was occurred at 20°C.being 

56.1 days. 

Table (17): Effect of three constant temperatures on durations of 

generation of Tuta absoluta 

Mean  

duration 

of  

generation  

Mean  

duration of  

pre-

oviposition/ 

days &Range 

Mean  

duration 

of pupae 

/days 

&Range 

Mean  

 duration 

of 

larvae/days 

&Range 

Mean 

 incubation 

period/days 

&Range 

Temp. 

(°C) 

56.1 2.6±0.5   

(1.0-3.0) 

15.8±0.3   

(15.0-17.0) 

30.9± 0.9  

(28.3-34.3) 

6.8±0.18  

(7.4-6.4) 
20 

38.6 2.2±0.2   

(2.0-3.0)  

9.5±0.1   

(9.2-9.8)  

21.9±0.3 

(21.0-22.6) 

5.0±0.0  

(5.0-5.0) 
24 

30.7 1.0±0.0   

(1.0-1.0) 

8.1±0.4   

(7.7-9) 

17.6±0.7  

(15.7-19.7) 

4.0±0.0  

(4.0-4.0) 
30 

41.8 1.9 11.1 23.5 5.3 Average 

One the other hand, the threshold of development was indicated by 

Fig.18&Table 17 this value was 10.5 ºC. The thermal constant which 

required for completing the development of generations were 533.0, 521.1 

and 537.3 DD's at 20, 24 and 28°C., respectively in average about 530.4 DD's 

(Table18). 

These results are closely to Barrientos et al., (1998)who reported that 

the biological cycle of T. absoluta is completed in 76.3 days at 14ºC, 39.8 

days at 19.7ºC and 23.8 days at 27.1ºC.,while the thermal constant from 

oviposition to adult emergence was 459.5 DD's. Pires and Marques (2002) 

found that the period from egg to adult emergence of T. absoluta was 

22.2±0.35 days. Abolmaaty et al., (2010) in Egypt found that the first 
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generation of Tuta absoluta takes about 66 days.Cuthbertson et al.,(2013) in 

UK, mentioned that population development of T. absoluta ceases between 7 

and 10°C.under laboratory conditions the total lifespan of the moth was 

longest (72 days) at 13°C and shortest (35 days) at both 23 and 25°C. 

Development from egg to adult took 58 days at 13°C, 37 days at 19°C and 23 

days at 25°C.Mohamed et al.,(2015)in Egypt, mentioned that T. absoluta 

failed to survive due to the high mortality in cohort reared at 35ºC. Total 

developmental time was negatively correlated to the increase of temperature; 

being longest (67.67 days) at 15°C.Özgökce et al., (2016) in Turkey, 

recorded that developmental threshold and thermal constant for total 

development of T. absoluta were estimated as 8.94°C and 419.46 degree-

days respectively. Lower, optimum and upper temperature requests were 

estimated with different models and results obtained were in the range 8.9-

12.5, 31.00-31.07 and 35.9- 38.5°C, respectively. 
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Table (18): Mean of generation, rate of development and constant 

temperature of Tuta absoluta at three constant temperatures 

and 60-70 % R.H. 

Stage 

  

 

 

Temp. 

 

 

Generation  

Generation 

Period& Range 

Rate of 

development 

(1/t*100) 

Thermal units 

DD's 

20 56.1±1.6  

(52.2-59.3)a 

1.8 533 

24 38.6±0.3  

(37.7-39.7)b 

2.6 521.1 

28 30.7±0.4  

(29.6-32.0)c 

3.3 537.3 

F.value 

L.S.D.(day) 

392.8*** 

2.3 
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Fig. (18): The regression line of the generation period of T. 

absoluta  at constant temperatures. 
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2. Life Table parameters of Tuta absoluta 

Life Table analysis was carried out to investigate durations, survival 

ship and reproductive rate for different development stages of insect 

population (biotic potentiality). Also, was used to investigate the role of 

constant temperatures on insect population. 

2.1. Percentages of apparent and real mortality 

2.1.1. Percentage of apparent and real mortalities under constant 

temperature 

In this experiment, fixed numbers of T. absoluta eggs were incubated 

on three constant temperatures (20, 24 and 28°C) throughout one complete 

generation (100 eggs for each temperature). The life expectancy and actual 

population size, after excluding number of dead individuals from different 

developmental stage, were recorded throughout this generation. Percentages 

of apparent and real mortality were calculated. Results obtained are given in 

Table (19). 

These results revealed that both apparent and real mortalities differed 

from stage to another according the prevailing conditions. At the beginning 

of each experiment, 100 eggs were started for each tested temperature. At 

20°C, 10 adult were obtained at the end of generation. While at 24°C, 18 

adults were obtained. At 28°C, 14 adults were obtained i.e. the total 

population mortality of T. absoluta equal in average 86% and only 14% in 

average survival until adult stage. The same results obtained by Miranda et 

al., (1998) who recorded that the total population mortality of tomato leaf 

miner was 92.3%. 

Regarding the percentage of eggs mortalities (both apparent & real) at 

three tested temperatures, the highest percentage of mortalities were occurred 
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on 20°C being 28.0 %, followed 11.0 % at 28°C, while the lowest percentage 

was occurred at 24°C being 3.0 %.It seemed that 24°C seemed to be the most 

favorable temperature of incubation of egg stage Table (18). From these 

results the apparent & real mortalities at egg stage in average equal 14%. 

Miranda et al., (1998) recorded that during the egg stage of Tuta absoluta, 

the mortality was 58.7%. 

Regarding to the percentages of apparent mortalities and real 

mortalities of larval stage under the three tested temperatures were 

72.2%&52% at 20˚C, 76.3%&74% at 24˚C, and 83.1%&74%at 28˚C, 

respectively Table (19). 

From these results it could be stated larval stage was considered to be 

the critical stage. It showed the highest apparent and real mortalities 

(77.2%& 66.7% in averaged), the same results obtained by Miranda et al., 

(1998) who mentioned that larval stage of T. absoluta had the highest 

apparent mortality (79.8%). 

The apparent and real mortalities of the pupal stage under three tested 

temperatures were 50%&10% at 20˚C, 21.7%&5.0% at 24˚C, and 

6.7%&1.0%at 28˚C, respectively Table (19). 

In average, apparent & real mortalities equal 26.1% and 3%, 

respectively. Miranda et al., (1998) found that the mortality at the pupal 

stage was low (0.6%) and was due to malformation. 

From these results it could be stated 24˚C seemed to be the optimum 

temperature for rearing T. absoluta at this temperature the highest percentage 

of egg hatchability and the lowest percentages of mortalities of most different 

stages were occurred at this degree Table 16&19. 
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Table (19): Some life Table parameters of Tuta absoluta from egg stage 

to adult stage reared on three constant temperatures. 

Temp. °C 

 
Stages Number of 

individuals 

dead (dx) 

%  

Apparent 

mortality 

%  

Real 

mortality 

 

 

20°C 

Egg 28 28 28.00 

Larvae 52 72.2 52.0 

Pupae 10 50 10.0 

Total 90   

Adults(♀ + ♂) 10 ----   ----   

 

 

24°C 

Egg 3 3 3.0 

Larvae 74 76.3 74.0 

Pupae 5 21.7 5.0 

Total 82   

Adults (♀ + ♂) 18 ----   ----   

 

 

28°C 

Egg 11 11 11.0 

Larvae 74 83.1 74.0 

Pupae 1 6.7 1.0 

Total 86   

Adults (♀ + ♂) 14 ----   ----   
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2.1.2. Percentage of apparent and real mortalities under laboratory 

conditions 

This experiment carried out under laboratory conditions whereas, 

mean temperature was (24-28°C) and mean relative humidity was (50-60%) 

during period from April to May 2016 throughout one complete generation 

(300 eggs). The life expectancy and actual population size, after excluding 

number of dead individuals from different developmental stage, were 

recorded throughout this generation. Percentages of apparent and real 

mortalities were calculated. Results obtained are given in Table (20). 

These results revealed that both apparent and real mortalities differed 

from stage to another according the prevailing conditions. At the beginning 

of each experiment, 300 eggs were started under laboratory conditions, 22 

adults were obtained at the end of generation about 7.3% from the total of 

population of Tuta absoluta.  

Regarding the percentage of mortalities (both apparent & real) being 

(33.33&33.33) for egg stage, (86.5 & 57.7) for larval stage and (18.5 & 1.7) 

for pupal stage, respectively. 
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Table (20): Some life Table parameters of Tuta absoluta from egg stage 

to adult stage reared on tomato under Laboratory condition 

(24-28°C) and R.H.(50-60%). 

Temp. °C 

 
Stages Number of 

individuals 

dead (dx) 

%  

Apparent 

mortality 

%  

Real 

mortality 

 

Lab. 

Condition 

(24-28°C) 

Egg 100 33.3 33.3 

Larvae 173 86.5 57.7 

Pupae 5 18.5 1.7 

Total 278   

Adults (♀ + ♂) 22 7.3   7.33   

 

2.2. Survival and fecundity of adults: 

Data obtain from biological studies of T. absoluta were used to 

calculate survival of adult female, fecundity and life Table parameters, age 

specific survival rate (lx) and age specific fecundity (mx) at three constant 

temperature (20, 25 and 28°C) are given in Tables (20&21&22&23). The 

obtained results are summarized in Table (25). 

2.3. Net reproduction rate (R◦) 

Results in Table 25for net reproduction rate indicated that T. absoluta 

female can give the highest birth average being 10.03 at 28°C, followed by 

6.29 at 24°C.and 2.85 at 20°C while, the lowest birth average was being 3.15 

and 2.85under laboratory conditions and 20°C. 
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2.4. Mean generation time (Gt) 

Results in Table 25for generation time showed that the generation 

time of Tuta absoluta varied at the three tested temperatures and laboratory 

conditions. The shortest generation time was obtained at 28°C and laboratory 

conditions being 33.92 and 33.97days, respectively, followed by those at 

24°C being 41.37 days while the highest was being 59.58 days at 20°C. 

2.5. Intrinsic rate of increase (rm) 

The intrinsic rate of increase refers to the rate of daily population 

growth and is considered an important index of potential population 

performance. The calculated values of intrinsic rate of increase showed that 

these rates for T. absoluta adult were affected by the tested temperatures. The 

highest intrinsic rates individual / day were obtained at 28 °C being 

0.13individual/day, followed by those at 24°C and under laboratory 

conditions being (0.07&0.04 individual/day, respectively), while the lowest 

was being 0.02 individual/day at 20˚C. 

2.6.Finite rate of increase (λ) 

The Finite rate of increase (λ) or (e
rm

) considered the discrete version 

of (rm). The calculated values of finite rate of increase of T. absoluta 

followed the same trend which occurred for the intrinsic rate of increase. 

The highest values were 1.14female/day at 28°C, followed by those at 24°C 

and under laboratory conditions being (1.07&1.04 female/day, 

respectively).While the lowest value was (1.02female/day) at 20°C. 
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2.7. Population double time (Dt) 

Results in Table (25) showed that the population of Tuta absoluta 

reared at 20°C had longest double generation value (43.43days), followed by 

those at laboratory conditions being (21.71days); followed by those at 24°C 

being (12.41 days).While, the shortest double generation value was (6.68 

days) which occurred at 28˚C. 

From these results it could be concluded that 28˚C seemed to be the 

optimum degree for rearing T. absoluta on tomato. At this degree both female 

fecundity and net reproductive rate; intrinsic rate of increase and finite rate of 

increased recorded their maximum valuesand population doubling time 

recorded its minimum value. 

Pereyra and Sanchez (2006) found that net reproductive rate (Ro), 

intrinsic rate of increase (rm) and generation time (Tₒ ) of T. absoluta were: 

Ro=48.92; Tₒ =27.98, rm=0.14.Erdogan and Babaroglu (2014) in Turkey, 

found that, the intrinsic rate of increase (rm), finite population increase (λ), 

net reproductive rate (Ro) andmean generation time (Dt) of T. absoluta were 

0.13 day -1, 1.14day 
-1

, 42.01 and 28.25 days respectively. The life 

expectancy of a new born egg was 42.60 days at 25±1ºC,relative humidity 

65±5% and under long daylight (16L:8D).Mohamed et al.,(2015) in Egypt, 

recorded that life Table analysis of the population of T. absoluta reared at 

30°C had the highest intrinsic rate of increase (0.75), net reproductive rate 

(28.28), shortest population doubling time (0.93 days) and mean generation 

time (4.49 days), comparing to populations reared at 15, 20 and 25°C. 

Therefore, the optimum temperature for population growth of T. absoluta 

ranged between 20 to 30°C. 
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Table (21): Age specific of Tuta absoluta survivors (lx) and fecundity 

rates (mx) for adult female at constant temperature 20°C. 

Stages Age/days 

(x) 

No. 

observation. 

 

Survivors 

(lx) 

Fecundity         

(mx) 

lx*mx lx*mx*x 

Eggs 6.8 100 1.00    

Larvae 30.9 72 0.72    

Pupae 15.8 20 0.2    

Females 54.5 6 0.06 0.00 0.00 0.00 

 55.5 6 0.06 0.00 0.00 0.00 

 56.5 6 0.06 0.00 0.00 0.00 

 57.5 5 0.05 20.00 1.00 57.50 

 58.5 5 0.05 3.00 0.15 8.78 

 59.5 5 0.05 16.40 0.82 48.79 

 60.5 5 0.05 4.00 0.20 12.10 

 61.5 4 0.04 4.00 0.16 9.84 

 62.5 4 0.04 8.60 0.34 21.25 

 63.5 4 0.04 2.80 0.11 6.99 

 64.5 4 0.04 1.00 0.04 2.58 

 65.5 3 0.03 1.00 0.03 1.97 

 66.5 3 0.03 0.00 0.00 0.00 

 67.5 2 0.02 0.00 0.00 0.00 

 68.5 2 0.02 0.00 0.00 0.00 

 69.5 1 0.01 0.00 0.00 0.00 

 Total    2.85 169.8 
The net reproductive (R◦) = 2.85 

The generation time (Gt) = 59.58 

The intrinsic rate of increase (rm) = 0.02 

The finite rate of increase (λ) = 1.02 

The doubling time (Dt) = 43.43 
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Table (22): Age specific of Tuta absoluta survivors (lx) and fecundity 

rates (mx) for adult female at constant temperature 24°C. 

Stages Age/days 

(x) 

No. 

observation 

 

Survivors 

(lx) 

Fecundity 

(mx) 

lx*mx lx*mx*x 

Eggs 5 100 1.00    

Larvae 21.9 97 0.97    

Pupae 9.5 23 0.23    

Females 37.4 10 0.10 0.00 0.00 0.00 

 38.4 10 0.10 0.00 0.00 0.00 

 39.4 10 0.10 10.25 1.03 40.58 

 40.4 9 0.09 19.25 1.73 69.89 

 41.4 9 0.09 13.00 1.17 48.44 

 42.4 8 0.08 17.50 1.40 59.36 

 43.4 7 0.07 9.50 0.67 29.08 

 44.4 5 0.05 5.75 0.29 12.88 

 45.4 4 0.04 0.00 0.00 0.00 

 46.4 3 0.03 0.00 0.00 0.00 

 47.4 1 0.01 0.00 0.00 0.00 

 Total    6.29 260.23 

The net reproductive (R◦) = 6.92 

The generation time (Gt) = 41.37 

The intrinsic rate of increase (rm) = 0.07 

The finite rate of increase (λ) = 1.07 

The doubling time (Dt) = 12.41 
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Table (23): Age specific of Tuta absoluta survivors (lx) and fecundity 

rates (mx) for adult female at constant temperature 28°C. 

Stages Age/days 

(x) 

No. 

observation. 

 

Survivors 

(lx) 

Fecundity         

(mx) 

lx*mx lx*mx*x 

Eggs 4 100 1.00    

Larvae 17.6 89 0.80    

Pupae 8.1 15 0.15    

Females 30.7 8 0.08 0.00 0.00 0.00 

 31.7 8 0.08 19.75 1.58 50.09 

 32.7 8 0.08 37.75 3.02 98.75 

 33.7 8 0.08 16.75 1.34 45.16 

 34.7 7 0.07 20.75 1.45 50.32 

 35.7 7 0.07 17.00 1.19 42.48 

 36.7 5 0.05 24.25 1.21 44.41 

 37.7 3 0.03 8.00 0.24 9.05 

 38.7 1 0.01 0.00 0.00 0.00 

 39.7 0 0.00 0.00 0.00 0.00 

 Total    10.03 340.26 

The net reproductive (R◦) = 10.03 

The generation time (Gt) = 33.92 

The intrinsic rate of increase (rm) = 0.13 

The finite rate of increase (λ) = 1.14 

The doubling time (Dt) = 6.68 
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Table (24): Age specific of Tuta absoluta survivors (lx) and fecundity 

rates (mx) for adult female under laboratory conditions. 

Stages Age/days 

(x) 

No. 

observation. 

 

Survivors 

(lx) 

Fecundity         

(mx) 

lx*mx lx*mx*x 

Eggs 6 300 1.000    

Larvae 14 200 0.667    

Pupae 9 27 0.09    

Females 30 15 0.05 0.00 0.00 0.00 

 31 15 0.05 0.00 0.00 0.00 

 32 14 0.05 10.25 0.51 16.32 

 33 14 0.05 20.00 1.00 33.00 

 34 13 0.04 13.00 0.52 17.68 

 35 13 0.04 15.00 0.60 21.00 

 36 10 0.03 9.50 0.29 10.44 

 37 8 0.03 6.00 0.18 6.66 

 38 6 0.02 2.00 0.04 1.52 

 39 3 0.01 1.00 0.01 0.39 

 40 1 0.003 0.00 0.00 0.00 

 Total    3.15 107.01 

The net reproductive (R◦) = 3.15 

The generation time (Gt) = 33.97 

The intrinsic rate of increase (rm) = 0.04 

The finite rate of increase (λ) = 1.04 

The doubling time (Dt)=21.71 
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Table (25): Summary of life Table parameters for Tuta absoluta reared 

under three constant temperatures (20, 24 & 28) and under 

laboratory conditions. 

 

Temp. 

(°C) 

 

Net 

reproductive 

rate (R◦) 

 

Generation 

time/day 

(Gt; days) 

 

Intrinsic 

rate of 

increase 

(rm; day
-

1
) 

Finite 

rate of 

increase 

(λ; day
-1

) 

 

Population 

double 

time (Dt) 

20 2.85 59.58 0.02 1.02 43.43 

24 6.29 41.37 0.07 1.07 12.41 

28 10.03 33.92 0.13 1.14 6.68 

Lab. 

conditions 

3.15 33.97 0.04 1.04 21.71 

 

Ecological studies 

 3. Susceptibility of certain tomato genotypes to the infestation degree by 

Tuta absoluta 

3.1. Field experiment 

The average mean of mines were estimated for 10leaflets in each 

cultivars. 

At the first, general weekly mean number of T. absoluta leaf mines 

were higher during 2013 (239.5/80leaflets) than 2012 (201.3/80leaflets). 

Infestation rate by T. absoluta increased during 2013 with 17.6 in compare 

with 2012 Table 26 & Fig.19. 
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Table (26): Average mean number of Tuta absoluta mines/10 leaflets on 

eight tomato cultivars during two successive seasons 

2012&2013 

Level Average mean of T. 

absoluta mines 

Cultivars 

2013 2012 2013 2012 

a a 46.6 36.7 Red sun 

b a 37.0 32.6 Hybrid super strain B 

b b 35.0 23.1 Castle rock 

c b 25.3 25.4 Riogrande 

c c 27.0 21.1 Baladi 

c c 24.5 21.0 Nemaguard 

cd c 23.7 21.4 Super set 

d d 20.4 20.0 Hybrid bito86 

  239.5 201.3 Total 

 

Fig. (19): Total number of Tuta absoluta mines/80leaflets on tomato 

cultivars (irrespective of cultivars) during two successive seasons 

2012&2013 
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Data obtained and recorded in Table 27&28 and illustrated in 

Fig.20&21show the infestation rates by Tuta absoluta to eight tomato 

genotypes throughout 2012&2013 seasons.  

During first season 2012, eight tomato cultivars significantly could be 

divided into four groups (Fvalue=10.5 sig. at 0.001 and L.S.D. = 1.0 mine). 

First group more susceptible contains Red sun and Hybrid super strain B 

cultivars (36.7 & 32.6 mines/10leaflets, respectively). Second group 

(susceptible) include Riogrande and Castle rock cultivars (25.4 & 

23.1mines/10leaflets, respectively). While Super set and Baladi formed third 

group (resistance) whereas number of mines were 21.4&21.1 respectively. 

The fourth group (more resistant) includes Nemaguard and Hybrid bito86 

(21.0&20.0 mines/10leaflets, respectively). 

Second seasons, 2013 eight tomato cultivars, also significantly could 

be divided into four groups (F. value=39.9 sig. at 0.001 and L.S.D. = 0.8 

mine) as follows: first group (more susceptible) contains Red sun cultivar 

only (46.6 mines/10leaflets); followed by 2
nd

 group(susceptible) include 

Hybrid super strain B and Castle rock with mean of mine 37.0&35.0 

mines/10leaflets, respectively. According to 3
rd

 group (resistant) contains on 

Baladi, Riogrande and Nemaguard cultivars with mean mines 27.0 25.3 & 

24.5 &mines/10leaflets, respectively. The more resistance 4
th

 group include 

Super set and Hybrid bito86 (23.7&20.4mines/10leaflets, respectively). 

The results above are in agreement with those obtained by Ecole et 

al., (2000), Giustolin et al.,(2000), Oliveira et al., (2008), Antônio et al., 

(2011) and Cherifet al., (2013)who reported that there are significant 

differences of T. absoluta population density on different tomato cultivars 

and recommended the selection of resistant tomato cultivars as a very 
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important control element in depressing tomato leaf miner populations in any 

IPM program. 

Table (27):  Weekly average mean of Tuta absoluta mines on 10leaflets 

per each cultivar during the first season (2012) at Shoubra 

Elkheima, Qaliubya Governorate. 

Number/ 10 leaflets 

Hybrid 

Bito 86 

Super 

set 

Nema 

guard 

Baladi Riogrande Castle 

rock 

Hybrid 

super 

strain 

Red 

sun 

cultivars 

 

Inspection 

dates 

0 0 0 0 0 0 0 0 23/4/2012 

0 0 0 0 0 0 0 0 30/4/2012 

5.0 8.7 3.7 5.3 4.3 3.7 12.0 9.7 07/5/2012 

5.0 4 7.3 8.0 11.7 10.7 9.3 10.7 14/5/2012 

5.0 3.7 6.3 4.1 6.7 5.7 8.0 12.0 21/5/2012 

5.0 5 3.7 3.7 2.7 3.0 3.3 4.3 28/5/2012 

20 21.4 21.0 21.1 25.4 23.1 32.6 36.7 Total 

5.0 d 5.4 c 5.3 c 5.3 c 6.4 b 5.8 b 8.2 a 9.2 a Mean 

10.5*** sig. at 0.001 F value 

1.0 mine L.S.D. 
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Fig (20): Weekly average mean of Tuta  absoluta mines on 10 leaflets per 

each cultivar during the second season (2012) at Shoubra Elkheima, Qaliubya 

Governorate. 

Table (28): Weekly average mean of Tuta absoluta mines on eight 

cultivars during the second season (2013) at Shoubra 

Elkheima, Qaliubya Governorate.  

Number/ 10 leaflets 

Hybrid 

Bito 86 

Super 

set 

Nemaguard Baladi RIogrande Castle 

rock 

Hybrid 

super 

strain 

Red 

sun 

cultivars 

Inspection 

dates 

0 0 0 0 0 0 0 0 23/4/2013 

3.7 6.7 3.0 3.0 4.7 2.7 5.0 3.0 30/4/2013 

5.7 4.0 8.0 11.0 5.3 6.7 12.7 6.0 07/5/2013 

3.0 3.7 5.7 3.3 3.3 4.0 11.3 4.3 14/5/2013 

2.7 5.0 3.0 4.0 6.3 12.3 3.7 20.0 21/5/2013 

5.3 4.3 5.0 5.7 5.7 9.3 4.3 13.3 28/5/2013 

20.4 23.7 24.5 27.0 25.3 35.0 37.0 46.6 Total 

4.1 d 4.7 cd 4.9 c 5.4 c 5.1 c 7.0 b 7.4 b 9.3 a Mean 

39.9*** sig. at 0.001 F value 

0.8 mine L.S.D. 
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Fig. (21):  Weekly average mean of Tuta absoluta mines on 10leaflets per 

each cultivar during the second season (2013) at Shoubra 

Elkheima, Qaliubya Governorate. 

3.2. Effect of different leaf chemical components on rate infestation by 

Tuta absoluta 

3.2.1. N. P. K. 

Data obtained in Table (29) showed that mean T. absoluta leaf mines 

and the contents of N.P.K. component in leaves of eight tomato cultivars, in 

addition the correlation coefficient value between rate of infestation and the 

content of N.P.K. of eight tomato cultivars. The studied cultivars varied 

significantly in their content of N.P.K. whereas "F"value=43.1, 532.7 and 

29.2, respectively. The highest of T. absoluta mines occurred on the leaflets 

of Red sun cultivar (9.3mines/10leaflets) was corresponding to the high level 

of N.P.K. (10.9mg/gm dry weight, 1956.7mg/gm dry weight and 550.0 

uEq⁄gm dry weights, respectively). On the other hand Hybrid bito86 cultivar 
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contained on lowest infestation was (4.1mine/10leaflets) corresponding to 

least value of N.P.K. (6.8mg/gm dry weight, 696.0mg/gm dry weight and 

403.3uEq⁄gm dry weights, respectively)). The other cultivars come 

intermediate between them. 

Statistical analysis revealed that, there is significant positive between 

the mean of leaf mines of Tuta absoluta and the content of P.K. with "r 

value" of 0.74 & 0.81, respectively. While between N and infestation rate of 

T. absoluta was 0.57 (insignificant positive). 

These results are in accordance with Leite et al., (1998) who found 

that an increase in N and K fertilization increased the T. absoluta oviposition 

rate on Lycopersicon hirsutum. Also, Leiteet al., (2004) reported that leaf 

potassium affected Liriomyza spp. attacks.Han et al.,(2014) found that an 

excess of N had no effect on both leaf N content and leaf C/N ratio. Sub-

optimal nitrogen supplies, water treatments and their interactions 

significantly reduced the leaf miner survival rate and slowed down its 

development. 
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Table (29): Relationships between the content of N.P.K. phytochemical 

components in leaflets of eight tomato cultivars and mean 

number of Tuta absoluta leaf mines/ 10 leaflets during 

season, 2013. 

 

 

Cultivars 

Mean 

no. of T. 

absoluta  

leaf 

mines 

Phytochemical components mg/g dry wt. 

Nitrogen 

(mg⁄gm dry 

weight) 

Phosphore 

(mg⁄gm dry 

weight) 

Kalium(uE

q⁄gm dry 

weight)  

Red sun 9.3
a

 10.9
ab

 1956.7
a

 550
a

 

Hybrid super strain B 7.4 
b

 7.0
d

 781.00 
e

 433.0
bc

 

Castle rock 7.0
b

 11.5
a

 1317 
b

 436
b

 

Riogrande 5.1
c

 7.3 
d

 746 
ef

 382.3 
d

 

Baladi 5.4 
c

 10.1
bc

 1144.3
d

 389.3 
d

 

Nemaguard 4.9
cd

 9.2
c

 1254.7
c

 394.7 
d

 

Super set 4.7 
cd

 6.3
d

 668
g

 448.7 
b

 

Hybrid bito86 4.1
d

 6.8
d

 696
gf

 403.3 
cd

 

F. value 39.9*** 43.1*** 532.7*** 29.2*** 

L.S.D. 0.8 0.93 57.6 30.2 

Simple correlation (r)  0.57ns+ 0.74*+ 0.81*+ 

Regression coefficient 

(b) 

  0.002+ +0.026 

3.2.2. Amino acid and Total protein 

As shown in Table(30)the highest mean of T. absoluta mines 

occurred on Red sun cultivar (9.3mines/10leaflets) was associated with the 

highest amount of total free amino acids and total proteins(16.6ugalanine⁄gm 

dry weight&679.0mg/gm dry weight), respectively. On the contrary, Hybrid 

bito86 contained on lowest infestation 4.1 mines/10leaflets had the lowest 

content from total free amino acids and total proteins (4.2ugalanine⁄gm dry 

weight&41.6mg/gm dry weight, respectively). The rest of cultivars come 

intermediate between them.  
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Statistical analysis revealed that, there is insignificant positive 

correlation between infestation and free amino acid & total protein whereas 

r=+0.57 & +0.61, respectively. Marwa Abd-Allah(2016) recorded that the 

highest mean seasonal abundance of Aphids & Tetranychus urtica occurred 

on leaves of Bahi (cucumber cultivar) were associated with high levels of 

total protein, carbohydrate, lipid, reducing suger& total amino acids and 

associated with low levels of total phenols. 

Table (30): Relationships between the content of free amino acid and 

total protein components in leaflets of eight tomato cultivars 

and mean number of Tuta absoluta mines/10 leaflets during 

season, 2013. 

 

 

Cultivars 

Mean no. of 

T. absoluta  

leaf mines 

Phytochemical components mg/g dry wt. 

Free amino acid 

(ugalanine⁄gm dry weight) 

Total protein 

mg⁄gm dry weight) ) 

Red sun 9.3
a

 16.6 a 67.9 a 

Hybrid super strain B 7.4
b

 4.6 e 45.4 de 

Castle rock 7.0 
b

 5.8 d 69.8 a 

Riogrande 5.1
c

 5.0 de 46.9 d 

Baladi 5.4 
c

 13.4 b 61.8 b 

Nemaguard 4.9
cd

 7.7 c 57.2 c 

Super set 4.7
cd

 4.9 de 39.2 f 

Hybrid bito86 4.1
d

 4.2 e 41.6 ef 

F. value 39.9*** 149.3*** 72.9*** 

L.S.D. 0.8 1.1 4.2 

Simple correlation (r)  +0.57ns 0.61ns+ 
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3.2.3. Total phenol 

The studied cultivars varied significantly in their content of total 

phenol (Table 31). The highest Tuta absoluta leaf mines occurred on Red sun 

cultivar (9.3leaf mine/10leaflets) with corresponding to low level of total 

phenol 4626.3 ugGA⁄gm dry weights. While the highest content of phenol 

6228.0 ugGA⁄gm dry weight was found in Hybrid bito86 cultivar which 

infested with 4.1 leaf mines/10leaflets. 

 Statistical analysis indicated that, there is a significant negative 

correlation between infestation and amount of total phenol whereas r=-0.77 

& b=-0.002mine at 5%. 

These results are in accordance with MarwaAbd-Allah(2016) 

recorded that the highest mean seasonal abundance of Aphids &Tetranychus 

urtica occurred on leaves of Bahi (cucumber cultivar) were associated with 

high levels of total protein, carbohydrate, lipid, reducing suger& total amino 

acids and associated with low levels of total phenols. Helmi and Mohamed 

(2016) who found that total phenol content was significantly accumulated in 

the leaves of all tomato cultivars and the highest amount of phenol was found 

in the resistant. Perveen et al., (2001) reported that resistant and semi-

resistant varieties of cotton attacked by insects possessed significantly greater 

phenolic content than susceptible varieties. 
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Table (31): Effect of total phenol component in leaflets of eight tomato 

cultivars and mean number of Tuta absoluta leaf mines/10 

leaflets during season, 2013. 

Cultivars Mean no. of T. 

absoluta  leaf mines 

Total phenol 
(ugGA⁄gm dry weight) 

Red sun 9.3 
a

 4626.3 g 

Hybrid super strain B 7.4
b

 5613.0 c 

Castle rock 7.0
b

 4833.7 f 

Riogrande 5.1 
c

 5136.0 e 

Baladi 5.4
c

 5650.0 c 

Nemaguard 4.9 
cd

 5330.3 d 

Super set 4.7
cd

 5845.3 b 

Hybrid bito86 4.1
d

 6228.0 a 

F. value 39.9*** 98.4*** 

L.S.D. 0.8 160.9 

Simple correlation (r)  -0.77* 

Regression coefficient (b)  -0.002 

 

3.2.4. Total carbohydrate 

As shown in Table 32, the lowest content of total 

carbohydrate101.3mg⁄gm dry weights was occurred in Hybrid bito86 cultivar 

which contained on least infestation by T. absoluta (4.1 leaf 

mines/10leaflets). On the contrary Red sun cultivar contains on 125.3mg⁄gm 

dry weight and infested with 9.3 leaf mines/ 10leaflets. In general the 

correlation coefficient was insignificantly negative   -0.02. 

Salama et al., (2015) in Egypt, mentioned that the larvae with its 

taste receptors are able to discriminate between host plants and other 

chemicals. It showed great sensitivity to various sugars in varying degrees.  
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Table (32): Effect of total carbohydratecomponent in leaflets of eight 

tomato cultivars and mean numbers of Tuta absoluta leaf 

mines/10 leaflets during season, 2013. 

Cultivars Mean no. of T. 

absoluta  leaf mines 

Total carbohydrate 

(mg⁄gm dry weight) 

Red sun 9.3
a

 125.3
c

 

Hybrid super strain B 7.4
b

 107.0 
ef

 

Castle rock 7.0
b

 124.0 
c

 

Riogrande 5.1
c

 136.0
b

 

Baladi 5.4
c

 113.0
ed

 

Nemaguard 4.9
cd

 149.0 
a

 

Super set 4.7
cd

   120.3 
cd

 

Hybrid bito86 4.1
d

 101.3 
f

 

F. value 39.9*** 30.6*** 

L.S.D. 0.8 8.4 

Simple correlation (r)  -0.02ns 

3.2.5. α and β-esterases 

The obtained results in Table33 revealed that there are insignificant 

differences between the content α and β-esterases enzymes in tomato 

cultivars. The correlation coefficients were insignificant positive 0.11 and 

0.24 for α and β-esterases enzymes, respectively. 

3.2.6. Peroxidase 

Data obtained in Table33 revealed that there are significant 

differences between amounts of peroxidase enzyme in eight tomato cultivars. 

Red sun cultivar infested with the highest number of mines (9.3 leaf 

mines/10leaflets) contained on the highest amount of peroxidase enzyme 

61.5ΔO.D.405⁄min⁄gm dry weight. On the contrary, Hybrid bito86 cultivar 
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infested with (4.1leaf mines/10leaflets) contained on the least amount of 

peroxidase enzyme 13.9ΔO.D.405⁄min⁄gm dry weight. 

 The simple correlation was insignificant positive at 5% (+0.68). 

Waret al., (2012)recorded that the three groundnut lines tested ICGV86699 

(resistant for Spodoptera litura) showed greater elevation in peroxidase 

(POD) and polyphenol oxidase (PPO)  activities and in phenolic and 

hydrogen peroxidase H2O2 contents at different time intervals as compared 

to TMV2 (susceptible line). 

Table (33): Relationships between the content of Alpha, Beta esterases& 

peroxidase enzymes in leaflets of eight tomato cultivars 

and mean number of Tuta absoluta mines/10 leaflets 

during season, 2013. 

 

 

Cultivars 

Mean no. 

of T. 

absoluta  

leaf mines 

Antioxidant Enzymes mg/g dry wt. 

Alpha esterase 

(ug α-

naphthol⁄min⁄gm 

dry weight)- α 

Beta esterase 

(ug β-

naphthol⁄min⁄gm 

dry weight)-β 

Peroxidase 

(ΔO.D.405⁄min⁄gm 

dry weight) 

Red sun 9.3
a

 260.7 
c

 241.3
c

 61.5 
a

 

Hybrid super 

strain B 

7.4 
b

 227.0 
d

 192.0 
d

 18.3 
e

 

Castle rock 7.0
b

 423.7
a

 323.3
a

 32.4 
c

 

Riogrande 5.1
c

 209.7
d

 195.7 
d

 22.7
d

 

Baladi 5.4
c

 405.7
a

 283
b

 54.5 
b

 

Nemaguard 4.9
cd

 322.3
b

 289
b

 17.9
e

 

Super set 4.7
cd

 316
 b

 194.7 
d

 16.2
ef

 

Hybrid bito86 4.1
d

 214.3
d

 182
d

 13.9
f

 

F. value 39.9*** 109.7*** 25.3*** 277.2*** 

L.S.D. 0.8 24.1 32.5 3.3 

Simple 

correlation(r) 

 +0.2ns 0.24ns+ +0.68ns 

http://www.ncbi.nlm.nih.gov/pubmed/?term=War%20AR%5Bauth%5D
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Generally, it can be conducted that the most susceptible cultivars 

which presented with high number of Tuta absoluta leaf mines were 

correlated with high content of protein, carbohydrate, free amino acid and 

low level of phenol, while the most tolerant one were contained mid or low 

amount of theses component and high level of phenol. 

3.3. Effect of physical features of tomato leaflet surface 

Tomato plants are the most damaged by T. absoluta. The type, 

numbers and length of hairs on the leaflet may be considered as one the most 

important factors for host selection with the pest for egg deposition and 

developmental of the subsequent progeny. The present study was conducted 

in order to determine the influence trichomes of the population of T. 

absoluta.  

Two trichomes types were found in all tested tomato cultivars in both 

leaflet surfaces; the dominant types I was non-glandular while the second 

type II was a glandular one (Fig.22). These results are similar to Leite et al., 

(1998). 

 
Type I                                                 Type II                        

Fig. (22): Non-glandular(typeI) on the left and Glandular tricomes 

(typeII) on the right 
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Statistical analysis of the correlation between different tomato 

cultivars’ leaflet physical features and the population density of Tuta 

absoluta (Table 34)indicated that there are positive significant at 1% between 

T. absoluta mines and density of non-glandular trichomes/cm
2
 in the upper 

surface, whereas the simple correlation "r" was +0.84 sig. at 0.01 and linear 

regression "b" was +0.4mine, while there is insignificant correlation between 

T. absoluta mines and length/µm of non-glandular trichomes in the upper 

surface. There is no correlation between the population density of T. absoluta 

and density& length of non-glandular trichomes in the down surface. 

Table (34): Effect of different leaflet surface physical features of non 

glandular trichomes 250X of different tomato cultivars on T. 

absoluta infestation 

 

 
Cultivars 

 

Mean 

no. of T. 

absoluta  

leaf 

mines 

Non glandular trichomes 250X 

Upper Down 

Density 

cm
2
 

Length 

µm 

Density 

cm
2
 

Length 

µm 

Red sun 9.3
a

 29 170.5 67 183.2 

Hybrid super strain B 7.4 
b

 20 109.2 65 145.5 

Castle rock 7.0
b

 20 111.9 50 180 

Riogrande 5.1
c

 20 95.5 42 210.7 

Baladi 5.4 
c

 20 110.4 45 158.5 

Nemaguard 4.9
cd

 20 91.9 77 135.6 

Super set 4.7
cd

 19 98.7 67 129.8 

Hybrid bito86 4.1 
d

 15 144.5 38 168.9 

F. value 39.9***     

L.S.D. 0.8mine     

Simple correlation(r)  0.85**+ 0.55ns+ 0.33ns+ 0.24ns+ 

Regression coefficient 

(b) 
 0.4 + 

tricome 
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The density of glandular trichomes showed insignificant correlation 

between the population density of Tuta absoluta and density, length and 

width of glandular trichomes in the upper and down surface Table (35). 

Leite et al., (1999) found that the glandular trichome density in L. 

hirsutum increased with plant age leading to an increase in the levels of 

tridecan-2-one, which slows larval development. Leite et al., (2004) 

mentioned that no significant effect of the trichomes densities of leaves was 

noted on T. absoluta populations. Glas et al., (2012) in Spain, recorded that 

trichome density and physiology to facilitate customization of essential oil 

production or to tune biocide activity to enhance crop protection. They will 

provide an overview of the metabolic diversity found within plant glandular 

trichomes, with the emphasis on those of the Solanaceae, and of the tools 

available to manipulate theiractivities for enhancing the plant’s resistance to 

pest. Helmi and Mohamed (2016) in Egypt, evaluated effects of tomato 

leaflet surface physical features on the susceptibility of five tomato cultivars. 

The density and length of leaflet non-glandular trichomes had negatively 

effect on the population density of A. gossypii, while this was not the case 

with glandular trichomes. From these results, the susceptibility of tomato 

cultivars on the basis of these results in the integrated pest management 

programs. 

  



109 

RESULT AND DISCUSSION 
 

Eman M. M. Abd-Elmakasoud, M.Sc. Fac. Agric., Ain Shams Univ. (2016) 

 
 

Table (35): Effect of different leaflet surface physical features of 

glandular tricomes 250X of different tomato cultivars on 

Tuta absoluta infestation 

 

 
Cultivars 

 

Mean 

no. of T. 

absoluta 

 leaf 

mines 

Glandular trichomes 250X 

Upper Down 

Density 

cm
2

 

Length 

µm 

Width 

µm 

Density 

cm
2

 

Length 

µm 

Width 

µm 

Red sun 9.3 
a

 1 86 51 0 0 0 

Hybrid super 

strain B 

7.4 
b

 0 0 0 2 65 45 

Castle rock 7.0
b

 2 56.2 46.2 1 95 68 

Riogrande 5.1
c

 2 94 47 2 91.5 72 

Baladi 5.4 
c

 0 0 0 0 0 0 

Nemaguard 4.9 
cd

 4 85 60 0 0 0 

Super set 4.7 
cd

 4 105 68 2 106 78 

Hybrid bito86 4.1 
d

 5 91 65 0 0 0 

F. value 39.9***       

L.S.D. 0.8 mine       

Simple 

correlation(r) 
 0.65ns- 0.27ns- 0.30ns- 0.04ns- 0.05ns- -0.07ns 

 

3.4. Effect of the interaction between physical factors and tomato 

cultivars on infestation rate by Tuta absoluta 

This study involved the seasonal fluctuation of the investigated pest 

(T. absoluta) in relation to certain weekly main of the weather factors 

maximum, minimum temperature and mean relative humidity (R.H.%) 

obtained from the Central Laboratory for Agriculture Climate (CLAC), 

Agriculture Research Center, Dokki, Giza Governorate at the investigated 

seasons.  

Effect the main whether factor was tested to clarify their simultaneous 

effects on the population dynamics of T. absoluta infesting tomato cultivars 

during two successive seasons 2012&2013. Weekly counts of total numbers 

of T. absoluta mines were used as dependent factor "Y". While the 
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corresponding means of the selected factors were used as independent factors 

"X" i.e. maximum mean temperature x1; minimum mean temperature x2 and 

mean percentage of relative humidity x3.The effect of each factor separately 

was obtained by applying simple correlation formula (r) and (b). The 

combined effects of these factors were obtained by applying C. multipliers 

formula and expressed as percentage of explained variance (E.V.). 

At the first, it appears that mean temperature increase during season 

2013 than season 2012, whereas the mean during 2012 equal 20.5ᵒ C 

increased to 24.1ᵒ C during 2013 i.e. about 17.6% increasing rate. This 

increasing rate of temperature during 2013 caused increasing in rate of 

infestation by Tuta absoluta which formed two peaks during experimental 

period in most cultivars instead of one peak during 2012. One the contrary, 

relative humidity during 2012 was 63.0% decreased to 48.0% in 2013season 

i.e. about 23.9% (decreasing rate) Table 36& Fig.23. 

Table (36): Weakly mean temperature and relative humidity during 

experimental period in 2012 & 2013 seasons. 

Seasons  2012 2013 

 

Inspection 

dates 

Mean 

temperature (ᵒ C) 

Mean 

R.H.% 

Mean 

temperature (ᵒ C) 

Mean 

R.H.% 

23/4/2013 18.9 61.3 19.5 55.3 

30/4/2013 19.6 64.1 21.4 49.7 

07/5/2013 20.9 64.9 24.9 47.9 

14/5/2013 21.3 61.7 25.7 49.2 

21/5/2013 20.2 64.3 25.9 49.5 

28/5/2013 22.3 61.6 27.2 45.4 

Total 123.2 377.9 144.6 297.0 

Mean 20.5 62.98 24.1 49.5 
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Fig. (23): Mean temperature and relative humidity during 

2012&2013 seasons 

Statistical analysis for the effect of the three selected abiotic factors 

on the population of Tuta absoluta during two successive seasons at Qaliubya 

Governorate are shown in Tables 37&39.  

3.4.1. Red sun cultivar 

During the first season 2012, the population abundance of T. absoluta 

infesting Red sun cultivar of tomato plants showed one peak on the 21
th

 of 

May (Table 37 and Figure 24). The corresponding recorded number was 12 

leaf mines/10 leaflets. During the second season 2013, also one peak was 

recorded on May, 21
th

. The total recorded number of peak was 20.0leaf 

mines/10 leaflets (Table 37 and Figure 24).  

Statistical analysis of the effects of three selected physical factors on 

the population dynamics of T. absoluta during both seasons at Qalyiubya 

Governorate are shown in Tables (38&40). These results showed 
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insignificant positive effects to minimum, maximum temperature and relative 

humidity on the seasonal fluctuations of Tuta absoluta in the first season, 

whereas "r" values were 0.58, 0.39 and 0.34, respectively.  In the second 

season, the results revealed insignificant effects to the same three factors on 

the seasonal fluctuations of T. absoluta whereas, "r" values were 0.79, 0.66 

and -0.53, respectively. The percentages of explained variance (E.V.) for the 

tested factors during both seasons were 83.8% and 91.1% effects on the rate 

of infestation of T. absoluta. 

3.4.2. Hybrid Super strain B cultivar 

Hybrid Super strain cultivar was liable to infestation with T.  

absoluta (Table 37 and Figure 25).  

In the first season, the first appearance of T. absoluta was occurred at 

the beginning of season and the population fluctuated up to down. Only one 

peak was recorded at 7
th

 of May having 12.0leaf mines/10 leaflets. The 

second season 2013 two peaks were recorded on 7
th

 of May and 28
th

 being 

12.7 and 4.3leaf mines/10 leaflets, respectively (Table 39 and Figure 25). 

Statistical analysis of the effects of three selected physical factors on 

the population dynamics of T. absoluta during both seasons at Qaliubya 

Governorate are shown in Tables (38&40). These results showed 

insignificant positive effects to minimum temperature and maximum on the 

seasonal fluctuations of T. absoluta in both seasons, whereas "r" values were 

0.59 and 0.47, respectively during 2012 0.33 and 0.60, respectively during 

2013. While there are insignificant effects to relative humidity whereas, "r" 

values were 0.42 and -0.51, during 2012 and 2013, respectively. The 

percentages of explained variance (E.V.) for the tested factors during both 
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seasons were 85.5% and 87.1% effects on the rate of infestation of Tuta 

absoluta. 

3.4.3. Castle rock cultivar 

During season 2012, data in Table 37 and Figure 26, showed one peak 

of tomato leaf miner population on 14
th

 of May on Castle rock cultivar. The 

recorded numbers was 6.7 leaf mines/10 leaflets. During the second season 

2013, there are two peaks of tomato leaf miner numbers are recorded on 7
th

 

and 21
th

 of May. The numbers of insect were 6.7 and 12.3 leaf mines/10 

leaflets, respectively (Table 39 and Figure 26). 

Statistical analysis of the effects of three selected physical factors on 

the population dynamics of T. absoluta during both seasons at Qaliubya 

Governorate are shown in Tables (38&40). These results showed 

insignificant effects to minimum, maximum temperature and relative 

humidity on the seasonal fluctuations of T. absoluta in the first season, 

whereas "r" values were 0.56, 0.48 and -0.1, respectively. In the second 

season, there is a significant positive effect to minimum temperature whereas 

"r" value was 0.84, while the results revealed insignificant effects to 

maximum temperature and relative humidity whereas "r" values were 0.79 

and -0.67, respectively. The combined effect (E.V.) for the tested factors 

during 2012&2013 seasons were 87.8% and 90.7% effects on the rate of 

infestation of T. absoluta. 

3.4.4. Riogrande cultivar 

Data in Table 37 and Figure 27showed the same results as the above 

mentioned three studied cultivars. Only one peak of T. absoluta population 

was present in the first season 2012 on 14
th

 of May being 11.7leaf mines/10 

leaflets. During the following second season (2013),  also two peaks of Tuta 
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absoluta occurred on 7
th

 and 14
th

  of May with number of 5.3 and 6.3leaf 

mines/10 leaflets, respectively(Table 39 and Figure 27). 

Statistical analysis of the effects of three selected physical factors on 

the population dynamics of Tuta absoluta during both seasons at Qaliubya 

Governorate are shown in Tables (38&40). These results showed 

insignificant positive effects to minimum and maximum temperature on the 

seasonal fluctuations of T. absoluta in the first season, whereas "r" values 

were 0.53 and 0.43, respectively, while there are insignificant positive effects 

in the second season whereas, "r" values were 0.69 and 0.77, respectively. 

The results revealed insignificant negative effects to relative humidity on the 

seasonal fluctuations of T. absoluta during 2012 whereas "r" value was -0.05, 

while there is a significant negative effect during 2013whereas "r" value was 

-0.85. The percentages of explained variance (E.V.) for the tested factors 

during two successive seasons were 83.4% and 88.5% effects on the rate of 

infestation of T. absoluta. 

3.4.5. Baladi cultivar 

During season 2012, data in Table 37 and Figure 28, showed one peak 

of tomato leaf miner population on 14
th

 of May on Baladi cultivar. The 

recorded numbers was 8.0leaf mines/10 leaflets. During the second season 

2013, also two peaks of tomato leaf miner numbers were recorded on 7
th

 and 

28
th

 of May. The two peaks were 11.0 and 5.7 leaf mines/10 leaflets, 

respectively (Table 39 and Figure 28).  

Statistical analysis of the effects of three selected physical factors on 

the population dynamics of T. absoluta during both seasons are shown in 

Tables (38&40). These results showed insignificant positive effects to 

minimum and maximum temperature on the seasonal fluctuations of Tuta 
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absoluta in the first season, whereas "r" values were 0.73 and 0.69, 

respectively, while there are insignificant positive effects in the second 

season whereas "r" values were 0.39 and 0.67, respectively. The results 

revealed insignificant negative effects to relative humidity on the seasonal 

fluctuations of Tuta absoluta in both seasons whereas "r" values were 0.006 

and -0.69 during 2012 and 2013, respectively. The percentages of explained 

variance (E.V.) for the tested factors showed that those factors were 

responsible as a group for 85.7% and 90.5% effects on the rate of infestation 

of T. absoluta throughout both seasons, respectively.  

3.4.6. Nemaguard cultivar 

The activity of this insect on Nemaguard had the same trend in the 

two studied seasons (2012 and 2013). In the first season, one peak occurred 

in May, 14
th

 and recording 7.3 leaf mines/10 leaflets (Table 37 and 

Figure29). Again in the second season 2013, also two peaks were recorded. 

The highest peak of population was 8.0leaf mines/10 leaflets (7
th

 of May), 

while the other peak was recorded at 28
th

 of May (5.0leaf mines/10 leaflets) 

(Table 39 and Figure 29).  

Statistical analysis of the effects of three selected physical factors on 

the population densities of T. absoluta during both seasons are shown in 

Tables (38&40). These results showed insignificant positive effects to 

minimum and maximum temperature on the seasonal fluctuations of T. 

absoluta in the first season, whereas "r" values were 0.67and 0.52, 

respectively, while there are insignificant positive effects in the second 

season whereas "r" values were 0.54 and 0.79, respectively. The results 

revealed insignificant negative effects to relative humidity on the seasonal 

fluctuations of T. absoluta in both seasons whereas "r" values were 0.04 and -

0.77 during 2012 and 2013, respectively. The combined effect (E.V.) for 
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these factors were responsible as a group for 84.9% and 95.8% effects on the 

population densities of Tuta absoluta throughout both seasons, respectively. 

3.4.7. Super set cultivar 

Data in Table 37 and Figure 30showed the total numbers of T. 

absoluta / 10 leaves during the two seasons.  

In the first season 2012, the population fluctuated up and down. Two 

peaks in the population abundance were detected on 7
th

 and 28
th

 of May. The

corresponding recorded number of populations of that peaks were 8.7 and 

5.0leaf mines/10 leaflets, respectively. In the second season 2013, also two 

peaks were recorded on 30
th

 of April and 21
th

 of May (6.7 and 5.0leaf

mines/10 leaflets)(Table 39 and Figure 30). 

Statistical analysis of the effects of three selected physical factors on 

the population dynamics of T. absoluta during both seasons are shown in 

Tables (38&40). These results showed insignificant positive effects to 

minimum and maximum temperature on the seasonal fluctuations of T. 

absoluta in the first season, whereas "r" values were 0.75 and 0.72, 

respectively, while there are insignificant positive effects to minimum and 

maximum temperature in the second season whereas, "r" value was 0.33 and 

0.44,respectively. The results revealed insignificant effects to relative 

humidity on the seasonal fluctuations of T. absoluta in both seasons whereas 

"r" values were 0.36 and -0.66 during 2012 and 2013, respectively. The 

combined effect (E.V.) for the previous mentioned ecological factors showed 

that these factors were responsible as a group for 88.9% and 91.9% effects on 

the population densities of T. absoluta throughout both seasons, respectively.  
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At the first season 2012, in Table 37 and Figure 31, the population 

density on Hybrid Bito86 cultivar expressed by one peak (7
th

 of May) being

5.0leaf mines/10 leaflets. Again at the second season, 2013 only two peak 

were recorded being 5.7 and 5.3 leaf mines/10 leaflets on May, 7
th

 and 28
th

(Table39 and Figure 31). 

Statistical analysis of the effects of three selected physical factors on 

the population dynamics of Tuta absoluta during both seasons are shown in 

Tables (38&40). These results showed significant positive effects to 

minimum temperature in the first season, whereas "r" value was0.86, while 

there is insignificant positive effect to maximum temperature and relative 

humidity on the seasonal fluctuations of T. absoluta whereas "r" values were 

0.75and 0.14, respectively. In the second season, there are insignificant 

positive effects to minimum and maximum temperature on the seasonal 

fluctuations of T. absoluta whereas "r" values were 0.52 and 0.74, 

respectively, while there is significant negative effect to relative humidity on 

the seasonal fluctuations of T. absoluta whereas "r" values were -0.92. The 

combined effect (E.V.) for these factors were responsible as a group for 

92.7% and 90.3% effects on the population densities of T. absoluta 

throughout both seasons, respectively.  

3.4.8. Hybrid Bito86 cultivar 
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2012 

 

2013 

Fig.(24): Population fluctuations of Tuta absoluta leaf mines/10 leaflets 

occurred on tomato plants Red sun during two summer seasons 2012 

and 2013, at Shalakan, Qualiobya Governorate. 

0

10

20

30

40

50

60

70

0

2

4

6

8

10

12

14

W
e

e
kl

y 
m

e
an

 n
o

. o
f 

T.
a

b
so

lu
ta

 
le

af
 m

in
e

s/
1

0
le

af
le

ts
 

Inspection date 

T.absoluta mines Mean Temp. Mean R.H.%

M
e

an
 t

e
m

p
. &

 R
.H

.%
 

0

10

20

30

40

50

60

0

5

10

15

20

25

April,23th 30th May, 7th 14th 21th 28th June,4th

W
e

e
kl

y 
m

e
an

 n
o

. o
f 

T.
a

b
so

lu
ta

 
le

af
 m

in
e

s/
1

0
le

af
le

ts
 

Inspection dates 

T.absoluta mine MeanTemp. Mean R.H.%

M
e

an
 t

e
m

p
. &

 R
.H

.%
 

 



123 

RESULT AND DISCUSSION 
 

Eman M. M. Abd-Elmakasoud, M.Sc. Fac. Agric., Ain Shams Univ. (2016) 

 
 

 

2012 

 

2013 

Fig.(25):Population fluctuations of Tuta absoluta leaf mines/10 leaflets 

occurred on tomato plants Hybrid super strain B during two summer seasons 

2012 and 2013, at Shalakan, Qualiobya Governorate. 

0
10
20
30
40
50
60
70

0
2
4
6
8

10
12
14

W
e

e
kl

y 
m

e
an

 n
o
. o

f 
T.

a
b

so
lu

ta
 

le
af

 m
in

e
s/

1
0

le
af

le
ts

 

Inspection dates 

T.absoluta mines Mean Temp. Mean R.H.%

M
e

an
 t

e
m

p
. &

 R
.H

.%
 

 

0

10

20

30

40

50

60

0

2

4

6

8

10

12

14

W
e

e
kl

y 
m

e
an

 n
o

. o
f 

T.
a

b
so

lu
ta

 
le

af
 m

in
e

s/
1

0
le

af
le

ts
 

Inspection dates 

T.absoluta mines Mean Temp. Mean R.H.%

M
e

an
 t

e
m

p
. &

 R
.H

.%
 

 



124 

RESULT AND DISCUSSION 
 

Eman M. M. Abd-Elmakasoud, M.Sc. Fac. Agric., Ain Shams Univ. (2016) 

 
 

 

2012 

 

2013 

Fig.(26):Population fluctuations of Tuta absoluta leaf mines/10 leaflets 

occurred on tomato plants Castle rock during two summer seasons 2012 and 

2013, at Shalakan, Qualiobya Governorate. 
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2012 

 

2013 

Fig.(27):Population fluctuations of Tuta absoluta leaf mines/10 leaflets 

occurred on tomato plants Riogrande during two summer seasons 2012 and 

2013, at Shalakan, Qualiobya Governorate. 
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2012 

 

2013 

Fig.(28):Population fluctuations of Tuta absoluta leaf mines/10 leaflets 

occurred on tomato plants Baladi during two summer seasons 2012 and 2013, 

at Shalakan, Qualiobya Governorate. 
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2012 

 

2013 

Fig.(29):Population fluctuations of Tuta absoluta leaf mines/10 leaflets 

occurred on tomato plants Nemaguard during two summer seasons 2012 and 

2013, at Shalakan, Qualiobya Governorate. 
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2012 

 

2013 

Fig.(30):Population fluctuations of Tuta absoluta leaf mines/10 leaflets 

occurred on tomato plants Super set during two summer seasons 2012 and 

2013, at Shalakan, Qualiobya Governorate. 
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2012 

 

2013 

Fig.(31):Population fluctuations of Tuta absoluta leaf mines/10 leaflets 

occurred on tomato plants Hybrid Bito 86duringtwo summer seasons 2012 

and 2013, at Shalakan, Qualiobya Governorate. 
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3.5. The effect of three plant growth regulator on induced resistance to 

Tuta absoluta in certain tomato cultivars 

To evaluate effect of plant growth regulators namely; Benzyle adenin, 

Kinetin and Salicylic acid (main treatment) on induced resistance to T. 

absoluta in three tomato cultivars namely; Hybrid Super strain B, Baladi and 

Castle rock (susceptible cultivars) (sub treatment) during three weeks 

(sub.sub. treatment). Factorial experiment (split-split plot design) was carried 

out at Faculty Farm, Shoubra ElKheima, Qalyubia Governorate during 

growing season 2016. 

Tables 41, 42& Fig. 32 indicated that there are highly difference 

between control and plant growth regulator, whereas F value=44 sigat 0.001 

and L.S.D.=0.8 mine. These treatments (main treatment) significantly could 

be divided into three groups. 1
st
 group contains Benzyle adenin and Kinetin 

with averages 2.8 & 3.5 mines/pot. 2
nd

 group include Salcylic acid with 

4.4mines/pot. 3
rd

 one includes control treatment with 7.3mines/pot. The 

finding of the current study showed that the cultivars after applications of 

three plant growth regulators could be nominated as unsuitable hosts for 

tomato leaf miner. 

Moreover, these results may develop the findings and screening 

process of relatively resistant cultivars to be used management of T. absoluta. 

According to tomato cultivars (sub. treatment), data presented in 

Tables 41, 42& Fig. 33 showed that there are highly difference between 

tomato cultivars, whereas "F" value=13.6 sig. at 0.001 and L.S.D.=0.7mine. 

It clears that three tomato cultivars can be arranged follows; 1
st
 group 

contains, Castle rock 3.4mines/pot and 2
nd

 group include Baladi& Hybrid 

super strain B with 4.9 & 5.2 mine/pot. 
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According to date of inspection (sub. sub. treatment), there are a 

highly difference between three dates (Fig.34), whereas "F"value about 227.0 

sig. at 0.001and L.S.D.= 0.7mine. Dates could be significantly divided into 

three groups; 1
st
 one, third date 28

th
 April with 1.5 mines/pot. 2

nd
 group, 

second date 2
th

 April with 5.3 mines /pot.3
rd

 group, first date with 

8.7mines/pot. These results are in line with those obtained by Popova et al., 

(1997) in Bulgaria, who recorded that Salicylic acid as a natural inducer of 

thermogenesis and disease resistance in plants. Besides the physiological 

functions of Salicylic acid, the general properties, biosynthesis and 

metabolism of this plant growth regulator are discussed. Sakhabutdinova et 

al., (2003) in Russia, found that the salicylic acid (SA) treatment reduced the 

damaging action of salinity and water deficit on seedling growth and 

accelerated a restoration of growth processes.Javaheri et al., (2012) recorded 

that application of salicylic acid affected tomato yield and quality characters 

of tomato fruits so that tomato plants treated with salicylic acid 10 -6 M 

significantly had higher fruit yield (3059.5 g per bush) compared to non-

treated plants (2220 g/bush) due to an increase in the number of bunch per 

bush.Pacheco et al., (2013) in Brazil, mentioned that Salicylic acid 

exogenous application before the reproductive stage resulted in higher 

biomass production of marigold plants and added significant value to the raw 

material by increasing total flavonoids content in the inflorescences. 
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Table (42): Analysis of variance for the effect of plant growth regulators 

on induced resistance to Tuta absoluta in certain tomato 

cultivars 

L.S.D. F value MS SS d.f. Source of variance 

0.8 44.7*** 102.8 308.3 3 Plant growth regulator 

0.7 13.6*** 31.2 62.4 2 Cultivar 

0.7 227*** 521.3 1042.6 2 Time 

1.4 3.6** 8.3 49.9 6 Plant growth regulator 

* Cultivar 

1.4 7.4*** 16.9 101.4 6 Plant growth regulator 

* Time 

1.2 6.7*** 15.4 61.5 4 Cultivar* Time 

2.5 4.6*** 10.6 127.6 12 Plant growth regulator 

*Cultivar*Time 

  2.3 165.3 72 Error 

   1918.9 107 Total 

 

Plant growth 

regulators 

Benzyleadenin Kinetin Salcylic acid Control 

 

 2.8  3.5 4.4 7.3c 

L.S.D.=0.8mine a b c 

    

    

cultivars Hybrid super 

strain B 

Baladi Castle rock  

L.S.D.=0.7mine 5.2c 4.9b 3.4a  

     

     

Date 1
st
 (14/4) 2

nd
 (21/4) 3

rd
 (28/4) 

 

 

L.S.D.=0.7mine 

 

8.7c 5.3b 1.5a  
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Fig. (32): Effect of three plant growth regulator (Benzyle adenin, Kinetin and 

Salicylic acid) on Tuta absoluta infestation contracting to control 

 

Fig. (33): Effect of sensitive cultivars (Hybrid super strain, Baladi and Castle 

rock) on T. absoluta infestation 
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Fig. (34): Effect of inspection dates on Tuta absoluta infestation 

 

4. Seasonal abundance and generations in relation to phermone   trap 

catches 

4.1. Monitoring the changes in Tuta absoluta population activity based on 

adult occurrence expressed as actual data figures 

Monitoring the changes in the population dynamic of based on actual 

data figure of adults was carried out from May 2015 to May 2016. Moths 

were counted every week all over the year and the corresponding prevailing 

meteorological weather factors namely; Day maximum temperature(x1), 

minimum temperature(x2) and R.H.%(x3) were recorded.  

Data tabulated in Table43 indicated that the tomato leaf miner T. 

absoluta demonstrates 10 generations from May 2015 to May 2016. The 

appearance date of moths could be explained as follows: 
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The first generation (Table 43) occurred in tomato field during 2015 

from the beginning of June 2015 to last week of same month lasted for 4 

weeks. The maximum number of moths took place during 16
th

 June 

(200moths/week). The second generation appeared from the second week of 

July to last July (4 weeks), the maximum number of moths occurred on 7
th

 

July (250moths/week).There are no recorded any fluctuations in the period 

from 28
th

 July to 8
th

 October. The third generation started from early October 

to the end of October, the peak of this generation recorded on 20
th

 October 

(4weeks) (55moths/week). The fourth generation formed at the beginning of 

November to last week of same month, the peak of this generation recorded 

on 10
th

 November (4weeks)(35moths/week). The fifth generation was 

recorded at the beginning of December and lasted three weeks, the maximum 

number of moths occurred on 8
th

 December (4weeks) (27moths/week). The 

sixth generation began from last week of December till last week of January, 

the maximum number of moths took place during 19
th

 January (5weeks) 

(35moths/week). Seventh generation took place from the beginning of 

February to the first week of March, the peak of this generation recorded on 

16
th

 February (5weeks) (50moths/week). Eighth generation began from the 

second week of March till the last of the same month, the peak of this 

generation recorded on 22
th

 March (4weeks) (90moths/week). Ninth 

generation was appeared at the beginning of April and lasted three weeks, the 

maximum number of moths occurred on 19
th

 April (3weeks) 

(250moths/week). The tenth generation formed at the first week of May to 

the mid of the same month, the maximum number of moths occurred on 10
th

 

May (3weeks) (300moths/week).  
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In general, there are four generations more dangerous namely 

generation of April (250 moths), generation of May (300 moths), generation 

of June (200 moths) and generation of July (250 moths/week) during spring 

and early summer seasons. The rest of six generations were not dangerous, 

whereas the number of moths during the peak of theses generations ranging 

from 27 to 90 moths/week. Also there are aestivation period from August to 

half of October, whereas the number of moths ranging from 1 to 15 moths 

per week during this period Table42& Fig. 35. 

Table (43): Fluctuation of the population of Tuta absoluta moths all over 

the year and the corresponding average of main weather 

forecasting factors during 2015/2016. 

Mean 

R.H.%(x3) 

Min. 

temp.(x2) 

Max. temp. 

(x1) 

Mean no. of 

captured 

moths 

Date 

33 27 41 150 26/05/2015 

52 21 31 300 02/06/2015 

42 22 40 160 09/06/2015 

58 24 39 200 16/06/2015 

53 24 38 150 23/06/2015 

54 22 33 200 30/06/2015 

59 24 34 250 07/07/2015 

63 23 36 200 14/07/2015 

51 27 41 190 21/07/2015 

57 27 37 100 28/07/2015 

64 31 42 70 04/08/2015 

34 29 38 15 11/08/2015 

31 29 42 5 18/08/2015 

62 26 36 4 25/08/2015 

57 24 36 3 01/09/2015 

56 27 37 2 08/09/2015 

61 26 36 1 15/09/2015 

36 27 39 1 22/09/2015 

57 26 36 4 29/09/2015 
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Mean 

R.H.%(x3) 

Min. 

temp.(x2) 

Max. temp. 

(x1) 

Mean no. of 

captured 

moths 

Date 

62 24 32 6 06/10/2015 

62 23 36 10 13/10/2015 

68 25 36 55 20/10/2015 

76 21 29 20 27/10/2015 

66 19 29 25 03/11/2015 

70 17 27 35 10/11/2015 

79 18 25 20 17/11/2015 

65 17 27 30 24/11/2015 

54 16 25 20 01/12/2015 

65 12 21 27 08/12/2015 

71 13 30 10 15/12/2015 

71 12 21 44 22/12/2015 

53 12 21 33 29/12/2015 

34 14 22 22 05/01/2016 

73 13 22 21 12/01/2016 

48 11 22 35 19/01/2016 

73 9 18 5 26/01/2016 

72 13 25 25 02/02/2016 

54 12 24 15 09/02/2016 

41 18 32 50 16/02/2016 

56 16 29 35 23/02/2016 

39 19 33 45 01/03/2016 

50 18 32 60 08/03/2016 

42 19 32 40 15/03/2016 

49 22 32 90 22/03/2016 

50 16 30 70 29/03/2016 

45 27 41 25 05/04/2016 

58 22 35 100 12/04/2016 

59 22 36 250 19/04/2016 

32 23 42 150 26/04/2016 

41 23 37 200 03/05/2016 

50 30 44 300 10/05/2016 

50 29 44 250 17/05/2016 

47 21 38 200 24/05/2016 
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Statistical analysis for the effect of the three selected weather factors 

on the population dynamics of Tuta absoluta from May 2015 to May 2016 

were given in Table 44 and Figures 35&36. These results revealed that 

minimum temperature had highly significant positive effects on population 

density of T. absoluta whereas r=0.34 significant at 0.01. On the contrary, 

maximum temperature had very highly significant negative effect whereas "r" 

value equal -0.45 significant at 0.0006. While the mean percentage of relative 

humidity had insignificant negative on population dynamics of T. absoluta 

r=-0.23.   

Table (44): Simple correlation and multiple regression values of the 

three main weather factors on population density of Tuta 

absoluta and corresponding percentage of explained 

variance on tomato plants at Shalakan, Qalyubia 

Governorate during season 2015/2016 

Tested factors  

Minimum Temp. Maximum Temp. Mean R.H.%  

Simple 

correlation 

Multiple 

regression 

Simple 

correlation 

Multiple 

regression 

Simple 

correlation 

Multiple 

regression 

% 

r P b S.E. P r P b S.E. P r P b S.E. P E.V. 

0.34 0.01 -8.3 4.9 0.09 -0.46 0.0006 12.2 4.3 0.007 -0.23 0.09 0.22 1.0 0.8 22.3 

 

 

 

 

 



140 

RESULT AND DISCUSSION 

Eman M. M. Abd-Elmakasoud, M.Sc. Fac. Agric., Ain Shams Univ. (2016) 

Fig. (35): Seasonal fluctuation of Tuta absoluta from May 2015 to May 2016 

at Bahada village, Shalakan, Qualiubya Governorate. 

Outhers are controversial in opinion concerning the activity of T. 

absoluta during all year round and development stops between 6 and 9ᵒ C 

depending on the life stage. The biological cycle is completed in 29–38 days 

depending on environmental conditions. Results indicated that this species is 

not active all the year round, Barrientos et al., (1998) recorded that T. 

absoluta overwinter as eggs, pupae or adults. Ecole et al.,(2000) in Brazil, 

recorded that fourteen peaks were identified for T. absoluta under green 

house. EPPO, 2005 recorded that the number of generations per year can 

range from several up to 10-12. T. absoluta has been observed to have five 

generations per year in Argentina (Korycinska and Moran 2009). Assaf et 

al., (2013) In Iraq, reported that a maximum number of males/ trap/ week 

were 56.66 recorded on 10/9/2012 in Kurdistan. 
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4.2. Field generation of tomato leaf miner, Tuta absoluta depending on 

linear method: 

The mean number of T. absoluta was counted and recorded from May 

2015 to May 2016 to estimate the number and duration of pest generations. 

The method suggested by Audemard and Milaire (1975) and emended by 

Jacob (1977) was applied. Graphical representation of figures shows the 

number of generations for T. absoluta represented by regression lines. 

Results in Table (46) showed the generations of the pest and its 

duration during 2015/2016 tomato season. Data in Table (44) and Fig.(37) 

revealed that T. absoluta had 10 generations. The first generation formed 

over only 5 weeks from the beginning of June to last week of same month. 

The second generation took place between the first weeks of July to the last 

of the same month. The third generation began from the beginning of 

October to last week of this month. There are no recorded any fluctuations in 

the period from 28
th

 July to 8
th

 October, the pest enter in aestivation stage. 

The fourth generation began at the beginning of November to the third week 

in the same month. The fifth generation was recorded at the beginning of 

December and lasted three weeks. The sixth generation began from last week 

of December till last week of January. Seventh generation took place from 

the beginning of February to the first week of March. Eighth generation 

began from the second week of March till the last of the same month. Ninth 

generation was appeared at the beginning of April and lasted three weeks. 

The tenth generation formed at the first week of May to the mid of the same 

month.  
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Table (45): Accumulated days of sampling and number of Tuta absoluta 

moths during 2015/2016 season (Shalakan /Qalyubia) 

Date 
Accumulated 

days 

Actual 

number 

Accumulated 

number 

Accumulation number 

(%) 

26th May  0 150 150 3.489995 

2th June 7 300 450 10.469986 

9th 14 160 610 14.192648 

16th 21 200 810 18.845975 

23th 28 150 960 22.335970 

30th 35 200 1160 26.989207 

7th July 42 250 1410 32.805956 

14th 49 200 1610 37.459283 

21th 56 190 1800 41.879944 

28th 63 100 1900 44.206607 

4th August 70 70 1970 45.835272 

11th 77 15 1985 46.184272 

18th 84 5 1990 46.006049 

25th 91 4 1994 46.393671 

1stSeptembe

r  98 3 1997 46.463471 

8th  105 2 1999 46.510005 

15th 112 1 2000 46.533271 

22th 119 1 2001 46.55638 

29th 126 4 2005 46.649604 

6th October 133 6 2011 46.789204 

13th 140 10 2021 47.021871 

20th 147 55 2076 48.301535 

27th 154 20 2096 48.766868 

3rd 

November  161 25 2115 49.208934 

10th 168 35 2150 50.023267 

17th 175 20 2170 50.488599 
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Date 
Accumulated 

days 

Actual 

number 

Accumulated 

number 

Accumulation number 

(%) 

24th 182 30 2200 51.186598 

1stDecembe

r 189 20 2220 51.651931 

8th 196 27 2247 52.280130 

15th 203 10 2257 52.512797 

22th 210 44 2277 52.978129 

29th 217 33 2301 53.536529 

5th January 224 22 2332 54.257794 

12th 231 21 2353 54.746394 

19th 238 35 2388 55.560726 

26th 245 5 2393 55.677059 

2nd 

February 252 25 2418 56.258725 

9th 259 15 2433 56.607725 

16th 266 50 2483 57.771056 

23th 273 35 2518 58.694639 

1st March 280 45 2563 59.632387 

8th 287 60 2623 61.028385 

15th 294 40 2663 61.959051 

22th 301 90 2753 64.053048 

29th 308 70 2823 65.681712 

5th April 315 25 2848 66.402425 

12th 322 100 2948 68.590042 

19th 329 250 3198 74.406701 

26th 336 150 3348 77.896696 

3rd May 343 200 3548 82.550023 

10th 350 300 3848 89.530014 

17th 357 250 4098 95.34667 

24th 364 200 4298 100 
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Fig. (37): The sequence of generations of Tuta absoluta on tomato plants at 

Shalakan, Qalyubia Governorate during 2015. 
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Table (46): Number and duration of generations of Tuta absoluta moths 

on tomato plants at Shalakan, Qalyubia Governorate during 

2015 season (according linear method). 

Approximate 

duration 

Approximate date of occurrence No. of 

generation To From 

4weeks 30
th

 June 2
rd

 June 1
st
 

4weeks 28
th

 July 7
th

 July 2
nd

 

4weeks 27
th

 October 6
th

 October 3
rd

 

4weeks 24
th

November 3
rd

November 4
th

 

4weeks 22
th

 December 1
st
 December 5

th
 

5weeks 26
th

 January 29
th

 December 6
th

 

5weeks 1
st
 March 2

nd
 February 7

th
 

4weeks 29
th

 March 8
th

 March 8
th

 

3weeks 26
th

 April 12
th

 April 9
th

 

3weeks 17
th

 May 3
rd

 May 10
th

 

 

4.3. Predicted peak dates of Tuta absoluta according to accumulated 

thermal units (DD's) 

This study aimed to estimate the occurrence dates of generations with 

the corresponding thermal units and estimating the duration and calculated 

degree-days for predicting peaks to determine the best control methods.  

According to the laboratory study, the value of zero of developmental 

temperature threshold (t0) was 10.5°C., while the average thermal units 

required for one generation of T. absoluta was 530.5 DD's. 
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Data in Table (47) and Fig.(38) demonstrated the observed and 

predicted peaks of the generations. 

For 2015 tomato season, the first observed generation was occurred 

on 16
th

 June and the predicted peak was on 15
th

 June when the thermal 

accumulation reached 519DD's. The second observed generation was formed 

reiterated on 7
th

 July and the predicted peak was on 5
th

 July with thermal 

accumulation 537DD's. The third observed generation wasn't found and the 

predicted peak was on 26
th

 July with thermal accumulation 525DD's.The 

fourth observed generation wasn't found and the predicted peak was at 18
th

 

August when the thermal accumulation reached 544DD's. The fifth observed 

generation wasn't formed and the predicted peak was on 7
th

 September with 

thermal accumulation 548DD's. The sixth observed generation wasn't 

occurred and the predicted peak was on 27
th

 September with thermal 

accumulation 530DD's. The seventh observed generation was occurred on 

20
th

 October and the predicted peak was on 19
th

 October when the thermal 

accumulation reached 533DD's. The eighth observed generation was formed 

reiterated on 10
th

 November and the predicted peak was on 11
th

 November 

with thermal accumulation 523DD's. The ninth observed generation was 

occurred on 8
th

 December and the predicted peak was on 10
th

 December with 

thermal accumulation 537DD's. The tenth observed generation was occurred 

on 19
th

 January and the predicted peak was on 18
th

 January when the thermal 

accumulation reached 540DD's. The eleventh observed generation was 

formed reiterated on 16
th

 February and the predicted peak was on 14
th

 

February with thermal accumulation 528DD's. The twelveth observed 

generation was occurred on 22
th

 March and the predicted peak was on 19
th

 

March with thermal accumulation 537DD's.The thirteenth observed 

generation was occurred on 19
th

 April and the predicted peak was on 18
th
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April when the thermal accumulation reached 546DD's. The fourteenth 

observed generation was formed reiterated on 10
th

 May and the predicted 

peak was on 11
th

 May with thermal accumulation 550DD's.  

Number of predicted generation was agreement with Abolmaaty et 

al., (2010)in Egypt, recorded that generation numbers of Tuta absoluta under 

climate change conditions increased especially in Qena governorates. 

However, the expected generation numbers of the pest at 2050 and 2100 are 

be 12-14 and 13-15 generations per year, respectively. 

There is a difference between predicted peaks for T. absoluta which 

arrives to 14 generations and observed generation which equal 10 generations 

by the two previous methods. The period from end of July until half of 

October (72 days), there is no peak of T. absoluta was observed. The 

temperature arrive its peak all over the year during this period (Table 47). 

Also, data obtained from (Table6) it clear that all first instar larvae was dead 

at 32°C which is considered as the fatal high degree of temperature for this 

instars.  

The data obtained are in harmony with those reported by Mohamed 

et al.,(2015)in Egypt, who recorded that the optimum temperature for 

population growth of T. absoluta ranged between 20 to 30°Cand T. absoluta 

failed to survive due to the high mortality in cohort reared at 35ºC.  

So certainly, T. absoluta enter aestivation stage from 28
th

 July to 8
th

 

October (about 72days). Therefore, the chemical control for this pest was not 

obligatory and the natural enemies are enough during this period.  
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Table(47): Predicted dates of peak generations of Tuta absoluta 

according to accumulated thermal units(DD's) and 

monitoring of moths by pheromone traps during 2015/2016 

season (Shalakan, Qaliubya) 

 

Generation 

Date of peak dates Units of 

predicted peak Observed Predicted Deviation(d) 

1
st
 16-Jun 15-Jun -1 519 

2
nd

 07-Jul 05-Jul -2 537 

3
rd

 No 

observed 

generation 

 

26-Jul - 525 

4
th

 18-Aug - 544 

5
th

 07-Sep - 548 

6
th

 27-Sep - 530 

7
th

 20-Oct 19-Oct -1 533 

8
th

 10-Nov 11-Nov +1 523 

9
th

 08-Dec 10-Dec +2 537 

10
th

 19-Jan 18-Jan -1 540 

11
th

 16-Feb 14-Feb -2 528 

12
th

 22-Mar 19-Mar -3 537 

13
th

 19-Apr 18-Apr -1 546 

14
th

 10-May 11-May +1 550 
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5. Natural enemies associated with tomato leaf miner Tuta absoluta and 

Biological control 

5.1. Parasitoids  

Three different specimens of hymenopterous parasitoids were 

obtained from T. absoluta and identified to the genus level. Larval parasitoids 

of T. absoluta include Diglyphus sp.(Eulophidae) and Elasmus spp. 

(Elasmidae).The egg parasitoid is Telenomus sp. (Scelionidae). These 

parasitoids are the first record in Egypt. 

5.1.1.  Diglyphus sp.  

Diglyphus sp. is a larval ectoparasitoid of T. absoluta (Fig.39). This 

result agrees with that of Lopez et al., (2011) who reported that D.isaea is a 

larval ectoparasitoid of T. absoluta in Spain. Mahdi et al., (2011) recorded 

Diglyphus sp parasitizing T. absoluta in Algeria.Giorgini et al., (2012) and 

Zappala et al., (2012)found 16hymenopterous species including D. 

crassinervis belong to 13 genera and 6 families in Italy. Gabarra et al., 

(2013) found 13 larval-pupal parasitoid species including D. crassinervis 

occasionally parasitize T. absoluta in Spain. Perdikis et al., (2016) recorded 

D. isaea parasitizing T. absoluta in Greece. On the other hand, Payer et al., 

(2015) observed that females of D. isaea are able to predate T. absoluta 

larvae, but they apparently do not parasitize this species in Spain. 
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Fig. (39): Adult of Diglyphus sp. 

Description: Fore wing with sub margin al vein(SMV) with 3 or more setae 

dorsally.Postmarginal vein (PMV) present: at most 1.25 times longer than 

stigmal vein (STV), often equalor shorter. Scape usually slender,sometimes 

swollen and not exceeding apex of vertex. Funicle 2-segmented andclub 3-

segmented both in male and female. Fronto-facial suture (ffs) adjacent 

anterior ocellus and one transverse groove (gr) between eye margin and 

scrobal cavity placed about halfway between ocellus and torulus.Malar sulcus 

present and straight. Propleura separated posteriorly and not covering 

prosternum. Notauli either incomplete, or complete and curving to meet 

axilla. Scutellum with 2 pair of setae and with 1 pair of longitudinal 

grooves. Propodeum with or without median carina and always with 

outplicae. Petiole notdistinct. Coloration entirely or prevalently metallic 

(Reina and La Salle, 2003). 

 

5.1.2. Elasmus spp. 

There are two unidentified species of Elasmus (Fig.40). Elasmus sp. 

is a larval-pupal parasitoid of Tuta absoluta.Giorginiet al. (2012) and 

Zappala et al. (2012) found 16 hymenopterous species including Elasmus sp. 

belong to 13 genera and 6 families in Italy.Gabarraet al. (2013) found 13 

larval-pupal parasitoid species including E. phthorimaeae occasionally 

parasitize T. absoluta in Spain. 

http://www.ento.csiro.au/science/Liriomyza_ver3/key/Liriomyza_Parasitoids_Key/Media/Html/diglyphus.html
http://www.ento.csiro.au/science/Liriomyza_ver3/key/Liriomyza_Parasitoids_Key/Media/Html/diglyphus.html
http://www.ento.csiro.au/science/Liriomyza_ver3/key/Liriomyza_Parasitoids_Key/Media/Html/diglyphus.html
http://www.ento.csiro.au/science/Liriomyza_ver3/key/Liriomyza_Parasitoids_Key/Media/Html/diglyphus.html
http://www.ento.csiro.au/science/Liriomyza_ver3/key/Liriomyza_Parasitoids_Key/Media/Html/diglyphus.html
http://www.ento.csiro.au/science/Liriomyza_ver3/key/Liriomyza_Parasitoids_Key/Media/Html/diglyphus.html
http://www.ento.csiro.au/science/Liriomyza_ver3/key/Liriomyza_Parasitoids_Key/Media/Html/diglyphus.html
http://www.ento.csiro.au/science/Liriomyza_ver3/key/Liriomyza_Parasitoids_Key/Media/Html/diglyphus.html
http://www.ento.csiro.au/science/Liriomyza_ver3/key/Liriomyza_Parasitoids_Key/Media/Html/diglyphus.html
http://www.ento.csiro.au/science/Liriomyza_ver3/key/Liriomyza_Parasitoids_Key/Media/Html/diglyphus.html
http://www.ento.csiro.au/science/Liriomyza_ver3/key/Liriomyza_Parasitoids_Key/Media/Html/diglyphus.html
http://www.ento.csiro.au/science/Liriomyza_ver3/key/Liriomyza_Parasitoids_Key/Media/Html/diglyphus.html
http://www.ento.csiro.au/science/Liriomyza_ver3/key/Liriomyza_Parasitoids_Key/Media/Html/diglyphus.html
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Fig. (40): Adult of Elasmus spp. 

Description:Fore wing densely setose and wedge-shaped, with elongate 

marginal vein, short postmarginal, and slightly reduced stigmal vein. Female 

funicle 3-segmented with two anelli and 3-segmented clava; male funicle 4-

segmented, F1-F3 with branches, clava 2-segmented with pronounced apical 

sensilum. Mesosoma densely setose, metasomasubsessile and gaster 

triangular in cross.Metanotum projecting as flat, triangular, often translucent 

plate over propodeum. Dorsal metanotal lamella projecting posterior over 

propodeum with partial and complete lateroventral keels. Scutellum with 2 

pairs of long setae.Metacoxa greatly enlarged and flattened plate-like hind 

tibia with short bristles forming distinct diamond-shaped or undulating 

pattern (Yefremova and Strakhova, 2010). 

 

5.1.3.Telenomus sp. 

Telenomus sp. is an egg parasitoid of Tuta absoluta (Fig.41).Al-

Gerrawy et al. (2013) also recorded Telenomus sp. parasitizing T. absoluta 

eggs in Iraq. 

 

Species A Species B 

 

https://www.facebook.com/amer.algherawi?fref=ts
https://www.facebook.com/amer.algherawi?fref=ts
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Fig. (41): Adult of Telenomus sp. 

 

Description: Small wasp, almost always black or dark brown. Female 

antenna with 5-segmented club (when present), male antenna 12-

segmented.Frons smooth (Polaszek and Kimani, 1990). 

Predator 5.2. 

Nesidiocoris tenuis 

N. tenuis was the only predator species that was found in the survey 

(Fig.42). It is an important predator of T. absoluta eggs. In this context, N. 

tenuis was recorded associating with T. absoluta on tomato by several 

authors in different countries (Arno et al., 2009 in Spain;Cabello et al., 2012 

in Spain; Molla et al., 2009in Spain; Arno and Gabarra, 2011 in 

Spain;Guenaoui and  Bensaad, 2011 in France; Mahdi et al., 2011in 

Algeria; Molla et al., 2011 in Spain; El-Arnaouty and   Kortam, 2012 in 

Egypt; Biondi et al., 2013 in France; Sohrabi and  Hosseini, 2015 in Iran). 
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Fig. (42): Adult of Nesidiocoris tenuis 

Description:Body size 3–3.3 mm. Pale whitish green. Ocular index: 1.3–1.5. 

Left paramer very slender, strongly curved sickle shaped. Middle of the first 

segment, and base of the second segment of antenna-black.Adark ring at the 

apex of the 2nd antennal segment, 3rd and 4th segment - brown. At the rear 

edge of the corium there was a small dark brown spot and at the tip of the 

cuneus there was a small dark brown spot. Membrane – gray, veins – brown. 

Base of the tibia (knee) narrowly black (Hosseini, 2013). 

5.3. Seasonal abundance of Nesidiocoris tenuis associated with Tuta 

absoluta 

Data tabulated in Table (48) and Figure (43) revealed that T. absoluta 

appeared one week earlier than N. tenuis. The population of T. absoluta had 

two peaks of 30.3 and 25.0 leaf mines/10 leaflets on 7
th

 and 28
th

 of May, 

2013, respectively. N. tenuis similarly had two peaks of 58.8 and 73.3 

nymphs and adults/plant on the same previous dates, respectively. This 

predator was significantly and positively correlated with T. absoluta (r = 

+0.87 and b= 0.26). 
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Table (48): Seasonal abundance of Nesidiocoris tenuis associated with 

Tuta absoluta 

Inspection date 

 

Leaf mines ofT. 

absoluta/10leaflets 

N. tenuis(nymphs+ 

adults)/plant 

April,23th 0 0 

30
th

 10.8±0.2 0 

May, 7
th

 30.3±0.3 58.8±0.6 

14
th

 13±0.3 25.5±0.2 

21th 24.3±0.6 48.8±0.5 

28
th

 25±0.3 73.3±0.9 

Total 103.3 206.4 

Mean 17.2 34.4 

Correlation 

coefficient(r) 0.87*+  

Regression coefficient 

(b) 0.26+  

 

Fig. )43): Seasonal abundance of Nesidiocoris tenuis associated with Tuta 

absoluta 
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5.4. Predatory efficiency of Nesidiocoris tenuis on Tuta absoluta eggs 

Mean numbers of eggs consumed by nymph and adult stages of N. 

tenuis are shown in Table (49).The adult female consumed a higher number 

(125.3 eggs in 12.5 days) than the adult male (81.5 eggs in 7.5 days).The 

4
th

nymphal instars devoured the highest number (30.6 eggs in 2.4 days), 

while the 1
st
nymphal instars ate the lowest (7.0 eggs in 2.1 days).  

N. tenuis was highly effective in controlling T. absoluta eggs. Several 

authors reported that N. tenuis preyed actively on T. absoluta eggs and could 

regulate pest populations (Arno, et al., 2009; Molla et al., 2009; Arno and 

Gabarra, 2010; Molla et al., 2011; Biondi et al., 2013). 

Table (49): Predatory efficiency and durations of nymphal instars and 

adults of Nesidiocoris tenuis reared on Tuta absoluta eggs 

Adult Nymphal instar  

Predator 

stages 
Female Male 5th 4th 3rd 2nd 1st 

125.3±0.3 

 

81.5±1.2 

 

28.6±0.5 

 

30.6±0.6 

 

26.6±0.4 

 

20.5±0.5 

 

7±0.2 

 

No. of prey 

eggs 

consumed 

Mean ± s.e.)) 

12.3±0.4 

 

7.5±0.65 

 

3.3±0.05 2.4±0.06 2.2±0.04 2.2±0.04 2.1±0.03 Duration 

s.e.)±Mean) 
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IV-SUMMARY 

In Egypt, Tomato (Lycopersicon esculentum) is the most export 

vegetable crop. The cultivated area about 599651 feedans at 2009 and the 

average production about 10.275521 tons according to Mukhtar et al. (2009). 

The tomato leaf miner became a serious pest to tomato in Egypt since 2009. 

The present study was conducting during 2012&2013 seasons to study some 

biological and ecological aspects of the tomato leaf miner Tuta absoluta 

under Egyptian conditions. 

Results revealed that zero of developmental threshold, thermal units 

required for all stages of T. absoluta and life table parameters were 

calculated. 

The study included also, the susceptibility of the tomato cultivars for 

the infestation by T. absoluta, the relationship between the mean density and 

length of tricomes on both surface of leave of the studied cultivars and 

tomato leaf miners. Numbers of generations in the field were recorded to T. 

absoluta by using thermal units, linear method and normal distribution curve. 

In addition, natural enemies associated with T. absoluta and biological 

control was estimated. Results may be summarized as follows:  

The developmental parameters of tomato leaf miner pest Tuta absoluta 

as explained by thermal accumulated units:  

Egg stage 

Incubation period 

The incubation period decreased as the temperature increased. The 

longest mean incubation period i.e. 6.8 days was occurred at 20°C, on the 

contrary, the shortest i.e. 3.0 day was occurred at 32°C, while the other 

incubation periods come intermediate them.  
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Percentage of hatchability 

The percentage was calculate at four constant degrees, the percentage 

of hatchability were 72%,97%,89% and 95% under 20, 24, 28 and 32 ºC., 

respectively. It appears that favorable temperature for the egg hatching 

ranged from (24 to 32ºC). 

Zero of development for egg stage 

Data obtained for egg incubation period at the four constant 

temperatures 20, 24, 28 and 32°C were used to estimate zero of development 

for egg stage. Results showed that the value of zero development for egg 

stage was 7.0°C. 

Rate of development and thermal units of egg stage 

The results revealed that both of rates of development and thermal 

constant units for egg stage were obviously affected by the prevailing 

temperatures. Rate of development was increased gradually as the 

temperature increased from 20 to 32°C. The rates of development were 14.7, 

20, 25 and 28.57 at 20, 24, 28 and 32˚C, respectively. Also, results revealed 

that thermal constant units required for development of egg stage of Tuta 

absoluta were greatly affected by prevailed temperature. The highest thermal 

units recorded was occurred at 20°C (88.4 DD's); while at 32°C (87.5DD's); 

at 24°C (85.0DD's) but the lowest thermal units recorded was occurred at 

28°C being 84.0 DD's. 

From these results it could be stated that 32°C seemed to be the 

optimum temperature for egg stage. At this degree, there are the highest 

percentage of hatchability and shortest incubation period. 
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Larval stage 

Duration of larval stage 

The longest time required for completing larval stage was recorded at 

20ºC being to be 30.9 days while the shortest time required for this stage was 

recorded at 28ºC being to be 17.6 days. On the other hand, all larvae which 

reared under 32 ºC were dead.  

Zero of development of larval stage 

The duration of larval stage at the three constant temperatures were 

used to estimate zero of development for the larval stage whereas, this value 

was 10°C. 

Rate of development and thermal constant units for larval stage 

The results revealed that both rate of development and thermal 

constant units for larval stage were obviously affected by prevailing 

temperatures. Rate of development was increased gradually as the 

temperature increased from 20 to 28°C. The lowest rate was occurred at 20°C 

(3.2) followed by 24°C (4.6); while the highest rate was occurred at 28°C 

(5.7). Also, results revealed that thermal constant units required for 

development of larval stage of Tuta absoluta were greatly affected by 

changes of prevailing temperature. The highest needed thermal unit was 

occurred at 28°C being 316.8 DD's ; while the lowest thermal units needed 

was occurred at 24°C being 306.6 DD's. From these results it could be stated 

that 28˚C seemed to be the most favorable for rearing larval stage. 

Percentage of mortality of larval stage 
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The highest percentage of mortality was occurred at 32˚C.being 

100%, followed by those at 24 & 28˚C being 74 %. While the lowest 

percentage of mortality was occurred at 20˚C being 52 %. 

It's clear that 32˚C is a fetal high degree of temperature to larval stage 

of Tuta absoluta especially for first instars whereas, all 1
st
 instars dead. From 

these results it could be stated that 20˚C seemed to be the most favorable 

temperature for survival of larvae whereas the lowest percentage of mortality 

was occurred throughout the larval stage. 

Pupal stage 

Duration of pupal stage 

The pupal periods decreased as temperatures increased from 20 to 28 

ºC. The average durations were 15.8, 9.5 and 8.1 days at 20, 24 and 28 ºC., 

respectively. 

Zero of development of pupal stage  

Data obtained for mean duration of the pupal stage at three constant 

temperatures was used to estimate zero of development for pupal stage, 

whereas this value was 11.2°C. 

Rate of development and thermal constant units for pupal stage 

The results revealed that both rate of development and thermal 

constant units for pupal stage were obviously affected by prevailing 

temperatures. Rate of development was increased gradually as the 

temperature increased from 20 to 28°C. The lowest rate was occurred at 20°C 

(6.3) followed by 24°C (10.5); while the highest rate was occurred at 28°C 
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(12.3). Also, results revealed that thermal constant units required for 

development of larval stage of Tuta absoluta were greatly affected by 

changes of prevailing temperature. The highest needed thermal unit was 

occurred at 20°C being 138.6 DD's ; followed by 28°C being 136.6DD's ; 

while the lowest thermal units needed was occurred at 24°C being 121.5 

DD's. 

Percentage of mortality of pupal stage: 

The results revealed that temperature had highly significant effect on 

the percentage of mortalities of larval stage. The highest percentage of 

mortality was occurred at 20˚C being 10.0%, followed by those at 24˚C being 

5.0 %. While the lowest percentage of mortality was occurred at 28˚C being 

1.0 %. 

From these results it could be stated that 28˚C seemed to be the most 

favorable temperature for pupal stage whereas the lowest percentage of 

mortality was occurred throughout pupal stage. 

Adult stage 

Female duration 

Pre-oviposition period 

The time required for maturation of the ovaries and starting egg 

laying, decreased as the temperature increased, theses duration were recorded 

2.6, 2.2 and 1.0 days at 20, 24 and 28ºC., respectively.  

The threshold of development was 15.0ºC, It's noticed that the rising 

of temperature hurling the rate of development of the female's ovaries of this 
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pest insect. The average thermal units required for development of ovaries at 

20, 24 and 28ºC.were 13.0, 19.8 and 13.0 DD's. 

Oviposition period 

Oviposition period found to be the longest period followed by pre-

oviposition period while post-oviposition period was the shortest period. 

Mean duration of oviposition period was decreased when temperature 

increased from 20 to 28°C. The longest mean duration was occurred at 20°C 

being 9.2 days, followed by those reared at 24°C being 6.0 days. While, the 

shortest mean was 5.8 days occurred at 28°C. The threshold of development 

was 6ºC. The average thermal units required for development of ovaries at 

20, 24 and 28ºC.were 128.8, 108.0 and 127.6 DD's. 

Post-oviposition period 

Mean durations of this period were decreased as temperature 

increased from 20 to 28°C. The longest mean duration was occurred at 20°C 

being 3.4 days, followed by those reared at 24°C being 2.6 days. While, the 

shortest mean was 1.4 days occurred for females reared at 28°C. The 

threshold of development was 15.2ºC. The average thermal units required for 

development of ovaries at 20, 24 and 28ºC.were 16.3, 22.9 and 17.9 DD's. 

Female longevity 

The female longevity was longer than means longevity of male under 

the three tested temperatures. Means longevity were 15.6, 11.8 and 8.2 days, 

at 20, 24 and 28°C, respectively. The threshold of development was 11.2ºC. 

The average of thermal unit needed for adult female were 137.3 , 151.0  and 

137.8 degree-days at 20,  24 and  28ºC. 
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Male longevity 

The results showed that male means longevity was decreased as 

temperature increased. Means longevity were 12.8, 10.2 and 7.4 days, at 20, 

24 and 28°C, respectively. The threshold of development was 9.8ºC. The 

average of thermal unit needed for adult male were 130.6 , 144.8  and 134.7 

degree-days at 20,  24 and  28ºC. 

Fecundity 

The reproductive potentiality is expressed as total numbers of 

deposited eggs per female during its longevity. The highest mean fecundity 

was occurred at 28°C being 145.3 eggs/ female, followed by those reared at 

24°C being 79.3 eggs / female, while the lowest mean was occurred for those 

reared at 20°C.being 57.8 eggs / female. 

From the results it could be stated that temperature 28°C seemed to be 

the most favorable conditions for rearing Tuta absoluta under laboratory 

conditions.  

Egg fertility 

Egg fertility is represented by percentage of egg hatchability of 

deposited eggs. The highest mean of egg hatchability 97% was occurred at 

24°C followed by 89% at 28°C, while the lowest was occurred at 20°C being 

72%. So, 28°C.was considered as the optimum degree for laying eggs. 

Total generation duration 

The shortest duration of generation were achieved at 28°C being 

30.7day; followed by 38.6 days at 24°C., while the lowest was occurred at 
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20°C.being 56.1 days. In the other words, this pest can formed about 12 

generations per year at 28°C., 9-10 generations per year under 24°C. and 6-7 

generations at 20°C. 

One the other hand, the threshold of development was 10.5 ºC. The 

thermal constant which required for completing the development of 

generation were 533.0, 521.1 and 537.3 DD's at 20, 24 and 28°C., 

respectively in average about 530.4 DD's. 

Life table parameters of Tuta absoluta 

Percentage of apparent and real mortalities under constant temperature 

The results revealed that both apparent and real mortalities differed 

from stage to another according the prevailing conditions. At the beginning 

of each experiment, 100 eggs were started for each tested temperature. At 

20°C, 10 adult were obtained at the end of generation. While at 24°C, 18 

adults were obtained. At 28°C, 14 adults were obtained i.e. the total 

population mortality of Tuta absoluta equal in average 86% and only 14% in 

average survival until adult stage at 28°C.  

Regarding the percentage of eggs mortalities (both apparent & real) 

the three tested temperatures, the highest percentage of mortalities were 

occurred on 20°C being 28.0 %, followed 11.0 % at 28°C, while the lowest 

percentage was occurred at 24°C being 3.0 %. It seemed that 24°C seemed to 

be the most favorable temperature of incubation of egg stage. From these 

results the apparent & real mortalities at egg stage in average equal 14%. 

Regarding to the percentages of apparent mortalities and real 

mortalities of larval stage under the three tested temperatures were 
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72.2%&52% at 20˚C, 76.3%&74% at 24˚C, and 83.1%&74% at 28˚C, 

respectively. 

From these results it could be stated larval stage was considered to be 

the critical stage. It showed the highest apparent and real mortalities 

(77.2%& 66.7% in averaged). 

The apparent and real mortalities of the pupal stage at three tested 

temperatures were 50%&10% at 20˚C, 21.7%&5.0% at 24˚C, and 

6.7%&1.0% at 28˚C, respectively. 

In average, apparent & real mortalities equal 26.1% and 3%, 

respectively.  

From these results it could be stated 24˚C seemed to be the optimum 

temperature for rearing Tuta absoluta at this temperature the highest 

percentage of egg hatchability and the lowest percentages of mortalities of 

most different stages were occurred at this degree.  

Percentage of apparent and real mortalities under laboratory conditions 

(24-28°C & 40-50 R.H.%) 

The results revealed that both apparent and real mortalities differed 

from stage to another according the prevailing conditions. At the beginning 

of each experiment, 300 eggs were started under laboratory conditions, 22 

adults were obtained at the end of generation about 7.3% from the total of 

population of T. absoluta.  

Regarding the percentage of mortalities (both apparent & real) being 

(33.33&33.33) for egg stage, (86.5 & 57.7) for larval stage and (18.5 & 1.7) 

for pupal stage, respectively. 
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Survival and fecundity of adults 

Data obtain from biological studies of T. absoluta were used to 

calculate survival of adult female, fecundity and life table parameters, age 

specific survival rate (lx) and age specific fecundity (mx) at three constant 

temperature (20, 24 and 28°C). 

Net reproduction rate (R◦) 

The highest average birth of Tuta absoluta female was 10.03 at 28°C., 

followed by 6.29 at 24°C.and 2.85 at 20°C., on the other hand, the lowest 

birth average was 3.15 under laboratory conditions. 

Mean generation time (Gt) 

The shortest generation time was obtained at 28°C and lab., 

conditions were 33.92 and 33.97 days, followed by those at 24°C was 41.37 

days while the highest was 59.58 days at 20°C. 

Intrinsic rate of increase (rm) 

The highest intrinsic rates individual / day were obtained at 28 °C 

being 0.13individual/day, followed by those at 24°C and under laboratory 

conditions being (0.07&0.04 individual/day, respectively), while the lowest 

was being 0.02 individual/day at 20˚C. 

Finite rate of increase (λ) 

The highest values were 1.14female/day at 28°C, followed by those at 

24°C and under laboratory conditions being (1.07&1.04 female/day, 

respectively).While the lowest value was (1.02 female/day) at 20°C. 
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Population double time (Dt) 

The longest double generation value (43.43 days), followed by those 

at laboratory conditions being (21.71days); followed by those at 24°C being 

(12.41 days).While, the shortest double generation value was (6.68 days) 

which occurred at 28˚C. 

From these results it could be concluded that 28˚C seemed to be the 

optimum degree for rearing Tuta absoluta on tomato. At this degree both 

female fecundity and net reproductive rate; intrinsic rate of increase and finite 

rate of increased recorded their maximum values and population doubling 

time recorded its minimum value.  

Ecological studies 

Susceptibility of certain tomato genotypes to the infestation by Tuta 

absoluta 

At the first, general weekly mean number of T. absoluta leaf mines 

were higher during 2013 (239.5/80leaflets) than 2012 (201.3/80leaflets). 

Infestation rate increased during 2013 with 17.6% in comparing with 2012. 

According to susceptibility of eight cultivars to the infestation degree 

by T. absoluta, data obtained indicated that during 1
st
 season 2012, eight 

tomato cultivars significantly could be divided into four groups (Fvalue=10.5 

sig. at 1% and L.S.D.=0.1 mine). First group contains Red sun and Hybrid 

super strain B cultivars (36.7 & 32.6 mines/10leaflets, respectively). 2
nd

 

group include Riogrande and Castle rock cultivars (25.4 & 23.1 

mines/10leaflets, respectively). While Super set and Baladi formed 3
rd

 group 

whereas number of mines were 21.4&21.1 respectively. The 4
th

 group (more 
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resistant) includes Nemaguard and Hybrid bito 86 (21.0&20.0 

mines/10leaflets, respectively). 

2
nd

 seasons, 2013 eight tomato cultivars, also significantly could be 

divided into four groups as follows: 1
st
 group contains Red sun cultivar only 

(46.6 mines/10leaflets); followed by 2
nd

 group include Hybrid super strain B 

and Castle rock with mean of mine 37.0&35.0 mines/10leaflets, respectively. 

According to 3
rd

 group contains on Baladi, Riogrande and Nemaguard 

cultivars with mean mines 27.0 25.3 & 24.5 &mines/10leaflets, respectively. 

The more resistance 4
th

 group include Super set and Hybrid Bito86 

(23.7&20.4 mines/10leaflets, respectively). 

Effect of different leaf chemical components 

N. P. K. 

The highest of Tuta absoluta mines occurred on the leaflets of Red 

sun cultivar was corresponding to the high level of N.P.K. (10.9mg/gm dry 

weight &1956.7mg/gm dry weight & 550.0 uEq⁄gm dry weights, 

respectively). On the other hand Hybrid bito86 cultivar contained on lowest 

infestation (4.1mine/10leaflets) with corresponding to least value of N 

(6.8mg/gm dry weight). Also, Super set cultivar showed 4.7 mines/10leaflets 

had least amount of P (668.0mg/gm dry weight), while Riogrande cultivar 

infested with 5.1mines/10leaflets with corresponding to least amount of K 

(382.3 uEq⁄gm dry weights). 

Statistical analysis revealed that, there is significant positive between 

the mean of leaf mines of T. absoluta and the content of P.K. with "r value" 

of +0.74 & +0.81, respectively. While between N and infestation rate of 

T.absoluta was +0.57(insignificant). 
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Amino acid and Total protein 

the highest mean of T. absoluta mines occurred on Red sun cultivar 

(9.3mines/10leaflets) was associated with the highest amount of total free 

amino acids and total proteins(16.6 ug alanine⁄gm dry weight&679.0mg/gm 

dry weight), respectively. On the contrary, Hybrid bito86 contained on lowest 

infestation 4.1 mines/10leaflets had the lowest content from total free amino 

acids and total proteins (4.2 ug alanine⁄gm dry weight &41.6mg/gm dry 

weight, respectively). The rest of cultivars come intermediate between them.  

Statistical analysis revealed that, there is insignificant positive 

correlation between infestation and free amino acid & total protein whereas 

r=+0.57 & +0.61, respectively. 

Total phenol 

The highest Tuta absoluta mines occurred on Red sun cultivar 

(9.3leaf mine/10leaflets) with corresponding to low level of total phenol 

4626.3 ugGA⁄gm dry weights. While the highest content of phenol 6228.0 

ugGA⁄gm dry weight was found in Hybrid bito86 cultivar which infested 

with 4.1 leaf mines/10leaflets. 

 Statistical analysis indicated that, there is a significant negative 

correlation between infestation and amount of total phenol whereas r=-0.77 at 

5% & b=-0.002 at 5%. 

Total carbohydrate 

The lowest content of total carbohydrate 101.3 mg⁄gm dry weights 

was occurred in Hybrid bito86 cultivar which contained on least infestation 

by T. absoluta (4.1 leaf mines/10leaflets). On the contrary Red sun cultivar 
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contains on 125.3mg⁄gm dry weight and infested with 9.3 leaf mines/ 

10leaflets. In general the correlation coefficient was insignificantly -0.02.   

α and β-esterases enzymes 

There are an insignificant differences between the content α and β-

esterases enzymes in tomato cultivars. The correlation coefficients were 

insignificant positive 0.2 and 0.24 for α and β-esterases enzymes, 

respectively 

Peroxidase enzyme 

Red sun cultivar infested with the highest number of mines (9.3 leaf 

mines/10leaflets) contained on the highest amount of peroxidase enzyme 

61.5ΔO.D.405⁄min⁄gm dry weight. On the contrary, Hybrid bito86 cultivar 

infested with (4.1leaf mines/10leaflets) contained on the least amount of 

peroxidase enzyme 13.9ΔO.D.405⁄min⁄gm dry weight. 

 The correlation coefficient was insignificant positive +0.68. 

Generally, it can be conducted that the most susceptible cultivars 

which presented with high number of Tuta absoluta leaf mines were 

correlated with high content of protein, carbohydrate, free amino acid and 

low level of phenol, while the most tolerant one were contained mid or low 

amount of theses component and high level of phenol. 

Effect of physical features of tomato leaflet surface 

Two trichomes types were found in all tested tomato cultivars in both 

leaflet surfaces; the dominant types I was non-glandular while the second 

type II was a glandular one. 
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Statistical analysis of the correlation between different tomato 

cultivars’ leaflet physical features and T. absoluta mines indicated that there 

are positive significant at 1% between Tuta absoluta mines and density of 

non-glandular trichomes/cm
2
 in the upper surface (r=+0.85 & b=+0.4), while 

there is insignificant correlation between T. absoluta mines and length/µm of 

non-glandular trichomes in the upper surface. Also, there is no correlation 

between T. absoluta mines and density& length of non-glandular trichomes 

in the down surface. 

The density of glandular trichomes showed insignificant correlation 

between T. absoluta mines and all previous cases. 

Effect of the interaction between physical factors and tomato cultivars 

on infestation rate by Tuta absoluta 

Effect the main whether factor was tested to clarify their effects on 

the population dynamics of T. absoluta infesting tomato cultivars during two 

successive seasons 2012&2013. Weekly counts of total numbers of T. 

absoluta mines were used as dependent factor "Y". While the corresponding 

means of the main whether factors used as independent factors "X". The 

effect of each factor seperataly was obtained by applying C. multipliers 

formula and expressed as percentage of explained variance (E.V.).  

 Mean T. absoluta mines/10 leaflets for eight tomato cultivars were 

estimated during two successive seasons 2012&2013. Data obtained 

indicated that, 

Red sun cultivar  
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During the first season 2012, the population abundance of T. absoluta 

infesting Red sun cultivar of tomato plants showed one peak on the 21
th

 of 

May. The corresponding recorded number was 12 leaf mines/10 leaflets. 

During the second season 2013, also one peak was recorded on May, 21
th

. 

The total recorded number of peak was 20.0leaf mines/10 leaflets.  

The results showed insignificant positive effects to minimum, 

maximum temperature and relative humidity on the seasonal fluctuations of 

Tuta absoluta in the first season, whereas "r" values were 0.58, 0.39 and 0.34, 

respectively.  In the second season, the results revealed insignificant effects 

to the same three factors on the seasonal fluctuations of T. absoluta whereas, 

"r" values were 0.79, 0.66 and -0.53, respectively.  

Hybrid Super strain cultivar 

Hybrid Super strain cultivar was liable to infestation with T.  

absoluta. 

In the first season, the first appearance of T. absoluta was occurred at 

the beginning of season and the population fluctuated up to down. Only one 

peak was recorded at 7
th

 of May having 12.0leaf mines/10 leaflets. Again at 

the second season 2013 two peak was recorded on 7
th

 of May and 28
th

 being 

12.7 and 4.3leaf mines/10 leaflets, respectively. 

The results showed insignificant positive effects to minimum 

temperature and maximum on the seasonal fluctuations of T. absoluta in both 

seasons, whereas "r" values were 0.59 and 0.47, respectively during 2012 & 

0.33 and 0.60, respectively during 2013. While there are insignificant effects 

to relative humidity whereas, "r" values were 0.42 and -0.51, during 2012 and 

2013, respectively.  
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Castle rock cultivar 

During season 2012, data showed one peak of tomato leaf miner 

population on 14
th

 of May on Castle rock cultivar. The recorded numbers was 

6.7 leaf mines/10 leaflets. During the second season 2013, also two peaks of 

tomato leaf miner numbers were recorded on 7
th

 and 21
th

 of May. The 

numbers of insect were 6.7 and 12.3 leaf mines/10 leaflets, respectively.  

The results showed insignificant positive effects for three physical 

factors on seasonal fluctuations of Tuta absoluta. In the second season, there 

is a significant positive effect to minimum temperature whereas "r" value was 

0.84, while the results revealed insignificant effects to maximum temperature 

and relative humidity whereas "r" values were 0.79 and -0.67, respectively. 

Riogrande cultivar 

Data showed that only one peak of T. absoluta population was present 

in the first season 2012 on 14
th

 of May being 11.7leaf mines/10 leaflets. 

During the following second season (2013), but two peaks of T. absoluta 

occurred on 7
th

 and 14
th

 of May with number of 5.3 and 6.3leaf mines/10 

leaflets, respectively. 

There are insignificant positive effects to minimum and maximum 

temperature on the seasonal fluctuations of T. absoluta in both seasons. The 

results revealed insignificant negative effects to relative humidity on the 

seasonal fluctuations of T. absoluta during 2012 whereas "r" value was -0.05, 

while there is a significant negative effect during 2013 whereas "r" value was 

-0.85. 
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Baladi cultivar 

During season 2012, data showed one peak of tomato leaf miner 

population on 14
th

 of May on Baladi cultivar. The recorded numbers was 

8.0leaf mines/10 leaflets. During the second season 2013, also two peaks of 

tomato leaf miner numbers were recorded on 7
th

 and 28
th

 of May. The 

numbers of mines were 11.0 and 5.7 mines/10 leaflets, respectively.  

There are insignificant positive effects to three factors on the seasonal 

fluctuations of Tuta absoluta in both seasons.  

Nemaguard cultivar 

The activity of this insect on Nemaguard had the same trend in the 

two studied seasons (2012 and 2013). In the first season, one peak occurred 

in May, 14
th

 and recording 7.3 leaf mines/10 leaflets. In the second season 

2013, also two peaks were recorded. The highest peak of population was 

8.0leaf mines/10 leaflets (7
th

 of May), while the other peak was recorded at 

28
th

 of May (5.0leaf mines/10 leaflets).  

The results showed insignificant effects for the three factors 

tested on population density of T. absoluta during this period.  

Super set cultivar 

Data showed the total numbers of T. absoluta / 10 leaves during the 

two seasons.  

In the first season 2012, the population fluctuated up and down. Two 

peaks in the population abundance were detected on 7
th

 and 28
th

 of May. The 

corresponding recorded number of populations of that peaks were 8.7 and 
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5.0leaf mines/10 leaflets, respectively. In the second season 2013, also two 

peaks were recorded on 30
th

 of April and 21
th

 of May (6.7 and 5.0leaf 

mines/10 leaflets). 

The results showed insignificant effects for the three factors tested on 

population density of Tuta absoluta during this period.  

Hybrid Bito86 cultivar 

At the first season 2012, the population density on Hybrid Bito86 

cultivar expressed by one peak (7
th

 of May) being 5.0leaf mines/10 leaflets. 

In the second season, 2013 two peak were recorded being 5.7 and 5.3 leaf 

mines/10 leaflets on May, 7
th

 and 28
th

. 

The results showed significant positive effects to minimum 

temperature in the first season, whereas "r" value was 0.86, while there is 

insignificant positive effect to maximum temperature and relative humidity 

on the seasonal fluctuations of T. absoluta whereas "r" values were 0.75 and 

0.14, respectively. In the second season, there are insignificant positive 

effects to minimum and maximum temperature on the seasonal fluctuations 

of T. absoluta whereas "r" values were 0.52 and 0.74, respectively, while 

there is significant negative effect to relative humidity on the seasonal 

fluctuations of T. absoluta whereas "r" values were -0.92. 

The effect of three plant growth regulator on induced resistance to Tuta 

absoluta in certain tomato cultivars 

There are highly difference between tomato in control (untreated) and 

tomato treated with plant growth regulators, whereas F value=44 sig. at 0.001 

and L.S.D.=0.8 mine. These treatments (main treatment) significantly could 
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be divided into three groups. 1
st
 group contains Benzyle adenin and Kinetin 

with averages 2.8 & 3.5 mines/pot. 2
nd

 group include Salicylic acid with 

4.4mines/pot. 3
rd

 one includes control treatment with 7.3mines/pot. The 

finding of the study showed that the cultivars after applications of three plant 

growth regulators should be nominated as an unsuitable host for T. absoluta. 

Moreover these results may develop the findings and secreening process of 

relatively resistance cultivars to be used management of T. absoluta. 

According to tomato cultivars (sub. treatment), data presented in 

Tables 40, 41 & Fig. 26 showed that there are highly difference between 

tomato cultivars, whereas "F" value=13.6 sig. at 0.001 and L.S.D.=0.7mine. 

It clears that three tomato cultivars can be arranged follows; 1
st
 group 

contains, Castle rock 3.4mines/pot and 2
nd

 group include Baladi & Hybrid 

super strain B with 4.9 & 5.2 mine/pot. 

According to date of inspection (sub. sub. treatment), there are a 

highly difference between three dates, whereas "F"value about 227.0 sig. at 

0.001and L.S.D.=0.7mine. Dates could be significantly divided into three 

groups; 1
st
 one, third date 28

th
 April with 1.5 mines/pot. 2

nd
 group, second 

date 21
th

 April with 5.3 mines /pot. 3
rd

 group, first date with 8.7 mines/pot. 

Seasonal abundance and generations in relation to phermone   trap 

catches  

Monitoring the changes in Tuta absoluta population activity based on 

adult occurrence expressed as actual data figures 

Monitoring the changes in the population dynamic of based on actual 

data figure of adults was carried out during the season 2015. Moths were 

counted every week and according monthly figures were completed. The 
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corresponding prevailing meteorological weather factors namely; Day 

maximum temperature, minimum temperature, mean temperature and RH%.  

The tomato leaf miner T. absoluta demonstrates 10 generations during 

tomato season 2015. The appearance date of moths could be explained as 

follows: 

The first generation occurred in tomato field during 2015 from the 

beginning of June 2015 to last week of same month lasted for 5 weeks. The 

maximum number of moths took place during 16
th

 June (200moths/week). 

The second generation appeared from the second week of July to last July (4 

weeks), the maximum number of moths occurred on 7
th

 July 

(250moths/week). There are no recorded any fluctuations in the period from 

28
th

 July to 8
th

 October. The third generation started from early October to 

the end of October, the peak of this generation recorded on 20
th

 October 

(4weeks) (55moths/week). The fourth generation formed at the beginning of 

November to last week of same month, the peak of this generation recorded 

on 10
th

 November (4weeks)(35moths/week). The fifth generation was 

recorded at the beginning of December and lasted three weeks, the maximum 

number of moths occurred on 8
th

 December (4weeks) (27moths/week). The 

sixth generation began from last week of December till last week of January, 

the maximum number of moths took place during 19
th

 January (5weeks) 

(35moths/week). Seventh generation took place from the beginning of 

February to the first week of March, the peak of this generation recorded on 

16
th

 February (5weeks) (50moths/week). Eighth generation began from the 

second week of March till the last of the same month, the peak of this 

generation recorded on 22
th

 March (4weeks) (90moths/week). Ninth 

generation was appeared at the beginning of April and lasted three weeks, the 
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maximum number of moths occurred on 19
th

 April (3weeks) 

(250moths/week). The tenth generation formed at the first week of May to 

the mid of the same month, the maximum number of moths occurred on 10
th

 

May (3weeks) (300 moths/week). These results are agreement with the 

generations expected when using thermal units and linear regression.  

Field generation of tomato leaf miner, Tuta absoluta depending on linear 

method: 

This way was adopted to calculate number and duration of 

generations. When used this method T. absoluta formed Ten generations 

during season 2015. 

Predicted dates of peak generations of Tuta absoluta according to degree-

days  

This study aimed to estimate the occurrence dates of generations with 

the corresponding thermal units and estimating the duration and calculated 

degree-days for predicting peaks to determine the best control methods.  

According to the laboratory study, the value of zero of developmental 

temperature threshold (t0) was 10.5°C., while the average thermal units 

required for one generation of Tuta absoluta was 530.5 DD's. 

The observed generation was to 10 generations and predicted peaks of 

the generations were to be 14 generation. There are no recorded fluctuations 

in the date from 28
th

 July to 29
th

 September. There is a difference between 

predicted and observed peaks of T. absoluta. From biological studies in this. 

Thesis indicated that 32°C was the fetal high degree of temperature for larvae 

especially 1
st
 larvae. On the other hand, during period from 28

th
 July until 
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29
th

 September the temperature arrive to its peaks. Therefore, certainly T. 

absoluta enter aestivation stage for (72 days). 

Survey natural enemies associated with tomato leaf miner Tuta absoluta 

Parasitoids 

Three different specimens of hymenopterous parasitoids were 

obtained from T. absoluta and identified to genus level. Larval parasitoids of 

T. absoluta include Diglyphus sp. (Eulophidae) and Elasmus spp. (two 

species) (Elasmidae). The egg parasitoid includes Telenomus sp. 

(Scelionidae). These parasitoids are the first record in Egypt. 

Predator 

The predator bug, Nesidiocoris tenuis Reuter (Heteroptera: Miridae) 

was the only predator species that was recorded in Egypt. 

Seasonal abundance of Nesidiocoris tenuis associated with Tuta absoluta 

Data obtained revealed that T. absoluta appeared one week earlier 

than N. tenuis. The population of T. absoluta had two peaks of 30.3 and 25.0 

leaf mines/10 leaflets on 7th and 28th of May, 2013, respectively. N. tenuis 

similarly had two peaks of 58.8 and 73.3 nymphs and adults/plant on the 

same previous dates, respectively. This predator was positive significantly 

correlated with T. absoluta (r = +0.87 sig. at 5% and b= 0.26) nymph or 

adult. 

Predatory efficiency of Nesidiocoris tenuis on Tuta absoluta eggs 

The adult female of N. tenuis consumed a higher number (125.3 eggs 

in 12.5 days) than the adult male (81.5 eggs in 7.5 days).The 4
th

nymphal 
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instars devoured the highest number (30.6 eggs in 2.4 days), while the 

1
st
nymphal instars ate the lowest (7.0 eggs in 2.1 days). N. tenuis was highly

effective in controlling T. absoluta eggs. 
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