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Abstract: Herbivore-induced plant volatiles (plant synomones) play a very crucial role in the communication of plant-
insect relationships. The main objectives of the present study are to compare the attraction of solanaceous plant species, 
different tomato plant ages and infestation levels to tomato leaf miner (TLM) Tuta absoluta (Meyrick) (Lepidoptera; 
Gelechiidae) females. Results indicated that TLM females prefer tomato plants to other tested solanaceous species with 
attractiveness ratio of 83.3% compared to 76.6, 70 and 13.3% for potato, eggplant and pepper plants, respectively. 
Results also showed that the higher percentages of attraction were associated with the elder (45 days) tomato plants 
with an average of 76.67%. The attraction response of TLM females to tomato plants inside olfactometer was higher for 
newly infested tomato plants (NITP) than the older previously infested plants or host-plant-complex. The attractiveness 
to newly TLM-infested plants was recorded at 43.33%. The importance of these findings in T. absoluta management 
programs is discussed. 
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INTRODUCTION 

Plants mainly emit volatile organic compounds 
(VOCs) that insect herbivores exploit to recognize and 
efficiently locate their host plants for feeding, mating, 
egg-laying and aggregation of conspecifics (Metcalf 
and Metcalf, 1992; Jolivet, 1998; Bruce et al., 2005; 
Cardé and Willis, 2008; Proffit et al., 2011; Silva and 
Furlong, 2012). Under herbivore attack and depending 
upon the feeding type of the herbivore, different 
defense signaling pathways are activated resulting in 
the production of more specific volatile compounds 
(Walling, 2000). The induction of volatile emission is 
one of the most important and immediate responses of 
plants to herbivore attack (Mandour et al., 2011; War 
et al., 2011). 

Plant-induced response is commonly species-
specific according to the herbivore species, leading to a 
particular composition of herbivore-induced plant 
volatiles (HIPVs) (Stout et al., 1998; Dicke et al., 
2009; Zhang et al., 2009), which are also important 
signals when natural enemies search for their host/prey 
(Dicke et al., 1990; Turlings et al., 1990, 1991; Dicke 
and Hilker, 2003; Mandour et al., 2011). Plant volatile 
compounds influence host selection of herbivorous 
insects. HIPVs can also affect foraging behaviors of 
either conspecifics or heterospecifics. Thus, the 
olfactory response to such plant volatile compounds is 
a key component for the adaptation and persistence of 
insect pests, especially invasive alien species. 

Invasive species represent a potential threat to 
agroecosystems of the invaded area (Olson, 2006; 
Haack et al., 2010; Ragsdale et al., 2011). The invasive 
tomato leafminer (TLM), Tuta absoluta (Meyrick) 
(Lepidoptera: Gelechiidae), is one of such species. 
Since its detection in Egypt at the end of 2009, TLM 
has become a serious threat to most greenhouse and 
open-field tomato production areas (Mohammed, 2010; 
Caparros Megido et al., 2012). TLM might cause major 
crop yield and economic losses in tomatoes of up to 
80-100% if the pest is not managed properly (EPPO 
2005; Picanco et al., 2007; Desneux et al., 2010). T. 

absoluta is an oligophagous insect (Siqueira et al., 
2001). The main host of T. absoluta is tomato 
(Solanum lycopersicum L.; Solanaceae); however, 
other cultivated host plants, principally solanaceous 
species, may also be attacked. Unfortunately, there are 
few reports on the trophic relationship between T. 
absoluta and its potential host-plants. Host plant choice 
is important for the development of TLM with 
subsequently differences in the insect life history. The 
understanding of the host-plant range and the patterns 
of crop utilization, could allow predicting the possible 
expansion to other crops, resulting of great importance 
in the integrated pest management (Hill et al., 2004). 

Therefore, this research aimed to study the 
attraction response and host preference of TLM 
females to different solanaceous plants as well as the 
influence of plant age and infestation status of tomato 
plants on the olfactory response of TLM using a Y-tube 
olfactrometer. 

 
MATERIALS AND METHODS 

Rearing of T. absoluta 

Laboratory culture of T. absoluta was initially 
setup from the infested tomato plants collected from 
tomato fields around Ismailia city, Egypt. The infested 
leaves or fruits were kept in rearing cages (40 cm in 
width × 60 cm in length × 80 cm in height), and 
provided with fresh tomato plants to complete the 
development of TLM immature stages. Newly formed 
pupae were collected regularly and kept in 12 cm Petri 
dish until emergence. Emerged adults were collected 
by an aspirator and confined in an ovipositional cage 
(40 cm in width × 60 cm in length × 80 cm in height), 
which include a cotton piece moistened with 10% 
honey solution for moth feeding and intact tomato 
plants (20-30 cm height) for egg laying. Tomato plants 
harboring eggs of TLM were transferred daily to 
rearing cage and replaced by another fresh batch of 
tomato plants and so on until the death of all TLM 
adults. Rearing cages were kept at room temperature of 
25±2°C and 60±10% R.H. 
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Y-tube olfactometer 

A modified Y-tube olfactometer resembles to 

that of Y-tube classic style described earlier by 

Holtmann (1963), Sabelis and van de Baan (1983) was 

used. The modified Y-tube olfactometer was prepared 

entirely from approved glass and plastic materials 

fittings for easy disassembly for cleaning. The Y-tube 

device was designed with several accessories of inline 

odor source chamber with ¼” tube quick disconnect in 

the removable head (OSI), ¼” tube adaptor for use with 

direct air and large odor source chambers (OSE), 

specimen adaptor for inserting test subjects and air exit 

port (SA), and joint clips for securing an inner ground 

joint (Adaptors) to an outer ground joint (Y-Tube 

Body).All adaptors were locked in place with joint 

clips. 

The device pathway based on the air flows from 

its source (air pump) to an active charcoal flask to 

purify the air from any carrying odors. Air flow can 

also be measured by an air flowmeter to control the 

amount of air entering the odor source flask. Each odor 

source flask was connected to one arm of the dual 

choice olfactometer and the two arms were united in 

one arm ended with the insect release point. 

Experiments 

Olfactometer bioassay on TLM 

Series of experiments were conducted using the 

dual choice (Y-tube) olfactometer to evaluate the 

attraction response of T. absoluta adults to different 

treatments. The tested treatments were four 

solanaceous plant species (tomato, potato, eggplant and 

pepper), four tomato ages 8 days, 15 days, 30 days and 

45 days) and four status of infestations i.e. 1) intact 

plants (fresh and un-infested plants), 2) newly infested 

tomato plants (NITP) (infested plants with TLM eggs 

and neonates), 3) previously infested tomato plants 

(PITP) (infested plants washed by water after removing 

all TLM stages and its by-products) and 4) host-plant-

complex (HPC) (infested plants with TLM immatures 

and its by-products such as feces and exuviae). Odor 

source were initially tested separately with blank in the 

two arms of Y-tube olfactometer, and then each host 

plant treatment was tested with each other to evaluate 

the preference in attractiveness of TLM females. In all 

experiments, newly emerged T. absoluta females (6 

hours) were taken away from rearing cage directly after 

emergence using an aspirator and released into the 

releasing point inside the olfactometer. Depending on 

the attractiveness of the tested odor sources, females 

were moved to choose one direction of the two arms 

inside the olfactometer. Tested T. absoluta females 

were given 5 minutes to determine their choice, and 

females that didn't enter any arm after that time were 

removed from the tube and considered as no choice. 

Thirty females of T. absoluta were tested in each 

treatment for either solanaceous plant species or tested 

tomato plants age. The thirty replicates were performed 

in three successive days with ten individuals each time. 

Each female was used only once then discarded. Plants 

used as odor sources were replaced by another non 

tested one every 5 replicates. The odor sources were 

also relocated every 5 replicates in the Y-tube arms to 

avoid the impact of source position. Due to the 

nocturnal activity of the adults, all experiments were 

carried out between 8:00 P.M. and 2:00 A.M. The 

choice of adults and the time taken were recorded in 

each treatment. 

Statistical analysis: 

All data were analyzed using t-test on one-way 

ANOVA (SPSS Statistics). Probability levels lower 

than 0.05 were held to be significant. 

 

RESULTS 

Response of T. absoluta to solanaceous species in 

olfactometer 

Solanaceae species versus blank 

Tomato was the most attractive test plant to 

TLM females with an average of 83.33% compared to 

6.67% for the blank, while 6.67% of adults had no 

choice. Potato plants came in the second rank after 

tomato in its attractiveness to TLM females with an 

average of 76.67%. The attraction response for 

eggplant and pepper plants was 70 and 13.33%, 

respectively (Fig 1). 

Host preference within solanaceous plants 

The attraction response of TLM adults to 

tomato plants was higher than that of eggplant at 

53.33% and 30%, respectively. Attraction to tomato 

plants was also higher at 56.7 compared to 16.7% in 

potato plants. As for tomato vs. pepper plants, the 

percentages of attraction were 73.33 and 13.33%, 

respectively (Fig 2). 

Response of T. absoluta to different tomato plant ages 

Tomato age versus blank 

As shown in (Fig 3), there is a direct 

relationship between the attraction response of TLM 

females and the age of tomato plants. The higher 

percentages of attraction were always associated with 

the 30 and 45-day-old-tomato-plants with attraction 

averages of 83.33 and 83.33%, respectively. Data 

further proved that the respective percentages of the 

attraction response of TLM adults to 8 and 15-day-old-

plants were the lowest at 50 and 63.33%, respectively. 

There were significant differences in terms of 

percentage of attraction among all tested tomato ages 

(F= 3.333; P= 0.402). 
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Fig (1): Response of TLM females to four solanaceous plants in Y-tube olfactrometer bioassay 

- ns indicates no significant differences 
- Bars with astricks (*) indicates significant differences 
- Numbers over the bars indicate number of responsive individuals 

 
 

 
Fig (2): Response of TLM females to tomato plants versus eggplant, potato and pepper in Y-tube olfactrometer bioassay 

- ns indicates no significant differences 
- Bars with astricks (*) indicates significant differences 
- Numbers over the bars indicate number of responsive individuals 

 
 

** *** 

ns ** 

ns ** 

*** 



Abdelhady et al., 2020 62 
 

 
 

  
Fig (3): Response of TLM females to tomato plants at different ages in Y-tube olfactrometer bioassay 

- ns indicates no significant differences 
- Bars with astricks (*) indicates significant differences 
- Numbers over the bars indicate number of responsive individuals 

 
Host preference within tomato ages 

The highest percentages of TLM response were 
always associated with the elder tomato plants. The 
highest percentage of attraction was 76.67% when 45-
day-old tomato plants were tested versus 8-day-old 

plants (10%). Data also proved that the respective 
percentages of the attraction response of TLM adults to 
8 Day-old seedlings versus 15-day-old, 30-day-old and 
45-day-old plants were 26.67, 23.33 and 10%, 
respectively (Fig 4). 

 

 
 

  

  
 
 

 

 
 

Fig (4): Response of TLM females in dual choice of tomato seedlings at different ages in Y-tube olfactrometer bioassay 
- ns indicates no significant difference 
- Bars with astricks (*) indicates significant differences 
- Numbers over the bars indicate number of responsive individuals 

ns *** 

*** ** 

ns ** 

*** ** 

** ns 
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Response of females to TLM-infested plants 

Intact versus infested 

As presented in Fig (5), the un-infested TLM 
females prefer tomato plants to ensure their offspring. 
The attraction response of TLM adults to the intact 
plants was 83.33% compared to 10% for the blank and 
6.67% of the tested TLM females had no choice. Also 
the attractiveness percentages to the infested tomato 
plants were 30% compared to 23.33% and 46.67% for 
blank and no choice response, respectively (Fig 5).  

TLM adults preferred intact plants for laying 
their eggs compared to the infested tomato plants with 
the attraction response of 70% and 16.67% for the intact 
and infested tomato plants, respectively. 

Results further indicated that the tested 
treatments showed significant differences in the 
attraction response of TLM adults i.e., (F= 0.055; P= 
0.816) for intact plants vs. blank, (F= 0.178; P= 0.680) 
for infested plants vs. blank and (F=3.134; P= 0.089) for 
intact plants vs. infested plants. 

 

  

 
Fig (5): Effect of tomato infestation on the attraction response of TLM females in olfactrometer bioassay 

- ns indicates no significant differences 
- Bars with astricks (*) indicates significant differences 
- Numbers over the bars indicate number of responsive individuals 

 
Host preference within tomato infestation status  

The attraction response of TLM females to 
tomato plants inside olfactometer was higher for newly 
infested tomato plants than the older infested ones. The 

attractiveness to newly infested-plants was recorded at 
43.33% compared to 20% in blank arm. The TLM 
attraction was 53.33% for previously infested tomato 
plants (PITP) versus 16.67% in blank (Fig 6). 

 

  

 
Fig (6): Attraction response of TLM females to different status of tomato infestation in Y-tube olfactrometer bioassay 

NITP= Newly Infested Tomato Plant, PITP= Previously Infested Tomato Plant, HPC= Host Plant Complex 
- ns indicates no significant differences 
- Bars with astricks (*) indicates significant differences 
- Numbers over the bars indicate number of responsive individuals 

** ns 

*** 

** ** 

ns 
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Fig (7): Attraction response of TLM females to different status of infestation of tomato plants as dual choice in Y-tube 

olfactrometer bioassay 
NITP= Newly Infested Tomato Plant, PITP= Previously Infested Tomato Plant, HPC= Host Plant Complex 
- ns indicates no significant differences 
- Bars with astricks (*) indicates significant differences 
- Numbers over the bars indicate number of responsive individuals 
 
 

DISCUSSION 

Insect species must find certain host plant 
species to insure food, complete their development and 
maintain their survival and offspring. Plant volatiles are 
detected by highly sensitive olfactory receptor neurons 
(Bruce and Pickett, 2011). Odors from host plants play a 
vital role in the attraction of insect herbivores (Guerin 
and Visser, 1980), allowing herbivores locating a host 
plant from a distance (Bernays and Chapman, 1994). 
Volatile phytochemicals can serve as airborne 
semiochemicals that mediate plant-insect interactions 
(Beyaert and Hilker, 2014; Meiners, 2015), promoting 
or deterring herbivore females to locate their oviposition 
sites (Bruce et al., 2005; Bruce and Pickett, 2011; 
Bawin et al., 2014; Biasazin et al., 2014; Schäpers et 
al., 2015; Scheidler et al., 2015). 

In the present study using the dual choice (Y-
tube) olfactometer, results revealed that the attraction 
response of TLM females to plant odor was host-plant-
dependent. Pepper plants were not attractive to T. 
absoluta, unlike the other three solanaceous species of 
tomato, potato and eggplant. This can be explained by 
the fact that pepper plants may be actively avoided by 
females due to the presence of constituents that deter or 
prevent T. absoluta females from attracting to it. Results 
of Y-tube olfactometer confirmed the refrain of TLM 
females to lay eggs on pepper (unpublished data). 

Findings in this study regarding behavioral 
response of TLM on solanaceous plants are 
scientifically explained by results observed in 
olfactometer assay. Here, tomato was the most preferred 
plant by T. absoluta females, followed by potato and 
eggplant in olfactometer assay. These variations in the 
attractiveness response among the tested solanaceous 
plant species may be due to the ability of plants to 
produce plant volatiles with different compositions and 

quantities. These differences might explain the host 
searching behavior response exhibited by T. absoluta 
females during the behavioral assays. As T. absoluta 
females were more attracted to tomato plants compared 
to potato and eggplant plants. Such results were 
expected because tomato is considered to be the ideal 
host for T. absoluta development (Pereyra and Sanchez, 
2006; Miranda et al., 1998). These findings were in 
harmony with those obtained by Megido et al. (2014) 
who found that the host finding behavior of T. absoluta 
is mediated by solanaceous volatiles, and preferences 
might be explained by the high release of terpenes by 
plants. The results also partially support earlier studies 
(e.g. Reisenman et al., 2013; Jansen et al., 2009; Fraser 
et al., 2003). 

Age of tomato plants yielded different attraction 
responses of TLM in olfactometer assay. TLM response 
increased as tomato plants aged from 15 to 45 days. 
These results were expected as the composition of the 
volatiles emissions within a plant can largely differ 
among organs and may vary with the circadian rhythm, 
plant age and phenological state (Hare, 2010). In this 
regards, earlier studies proved that the volatile organic 
compounds emission rates may vary from leaf to leaf, 
plant to plant, season, age, and between community 
level, genotypes (Dicke, 1999; Paré and Tumlinson, 
1999; Holopainen and Gershenzon, 2010; Niinemets et 
al., 2010; Grote et al., 2013; Alves et al., 2014), the 
environmental conditions where the plant grows, as well 
as the number of herbivore species attacking it (Horas et 
al., 2014) and time after last herbivory (Mandour et al., 
2011). 

Also, TLM adults always prefer the non-infested 
tomato plants to ensure their offspring. The attraction 
response to tomato intact plants was higher than the 
attraction to the infested ones with an average of 

ns ** 

ns 
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83.33% compared to 70% in infested plants. Thus, TLM 
females discriminate the infested tomato plants from un-
infested plants (Proffit et al., 2011; De Backer et al., 
2014). This can be explained that TLM females are 
exposed to a variety of cues, including plant volatiles, 
contact chemicals, and visual signals, which help to 
determine the suitability of a host plant (Awmack and 
Leather, 2002). Proffit et al., (2011) found that the 
attraction and oviposition of female T. absoluta are 
mediated by the volatile signature of their host plant. 
Bawin et al. (2014) reported that oviposition behavior 
of TLM is dependent on the infestation status of host 
plant by conspecifics. They suggested that the 
preferences between conspecific-infested and non-
infested host seems to be controlled by a more complex 
mechanism than a simple intra-specific competition 
model, and other factors as insect parasitoids may have 
play a crucial role in foraging the leafminer oviposition 
behavior. They concluded that these results might 
provide useful information and perspectives for the 
development of further pest control strategies. 

 
CONCLUSION 

Clearly, plant species, plant age and infestation 
incidence are important factors that effectively influence 
the attraction response of TLM females. The attraction 
response of TLM adults to tomato plants was higher 
than the other three tested solanaceous species. 
Obviously, there was a direct relationship between the 
attraction response of TLM adults and the age of tomato 
plants and the higher percentages of attraction were 
always associated with the 30 and 45-day-old-tomato-
plants. Finally, TLM females prefer non-infested 
solanaceous plants to infested ones for its offspring 
survival 
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 الشم مقیاس جھاز داخل نباتات الباذنجانیة  عوائلإلى طم افار أوراق الطمحإناث ب اجذإنستجابة إ

  محمد علي عبد الھادي، عوض أحمد سرحان، محمد عبد النعیم عثمان، ناصر سعید مندور
  مصر - الإسماعیلیة  - جامعة قناة السویس - كلیة الزراعة - قسم وقایة النبات

 

. تلعب المركبات النباتیة المتطایرة المستحثة نتیجة للإصابة بالحشرات العاشبة دوراً ھاماً في علاقات التواصل بین النباتات والحشرات
فة الباذنجانیة، وأعمار نباتات الطماطم المختلمن نباتات العائلة أنواع أربعة تتمثل الأھداف الرئیسیة لھذه الدراسة في مقارنة قدرة جاذبیة و

، إما بشكل منفصل مع المعاملة الفارغة )olfactrometer(داخل جھاز قیاس الشم  ومستویات الإصابة للحشرات الكاملة لحفار أوراق الطماطم
)blank (حفار أوراق الطماطم تفضل  أشارت النتائج إلى أن إناث. أو مع أنواع نباتیة مختلفة وأعمار مختلفة لنباتات الطماطم ونسب الإصابة

٪ لنباتات البطاطس ١٣.٣و  ٧٠و  ٧٦.٦٪ مقارنة بـ ٨٣.٣نباتات الطماطم مقارنة بالأنواع الباذنجانیة الأخرى المختبرة بنسبة جاذبیة بلغت 
) یوم ٤٥(ر كما أظھرت النتائج أن المعدل الأعلى للجذب كان مرتبطاً دائماً بنباتات الطماطم الأكبر تقدماً في العم. والباذنجان والفلفل على التوالي

مقارنة  قیاس الشم أعلى لنباتات الطماطم المصابة حدیثاًجھاز حفار أوراق الطماطم داخل إناث  وكانت استجابة جاذبیة%. ٧٦.٦٧وبمتوسط قدره 
 .٪٤٣.٣٣حیث سجلت الجاذبیة للإصابة الجدیدة . في الإصابة بالنباتات الأقدم


