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A study of H. armigera fed on resistant cherry tomato line (18004) and susceptible bayberry tomato line (0010) showed 
that its biological parameters were significantly affected with resistant and susceptible tomato lines. Egg incubation period, 
larval duration, pupae duration, total duration, male adult longevity and female adult longevity were significantly longer on 
resistant line as compared to susceptible line. Whereas the oviposition rate, no. of eggs laid per day, % egg hatchability, 
% larval survival and pupal viability were high on susceptible tomato line. The study of biology and parasitic potential of T. 
chilonis showed it to be significantly effective against H. armigera with high % parasitism 65.08%, short duration (8.5 
days) from parasitism to adult emergence and 75% adult emergence. While the adult longevity of T. chilonis was 10.03 
days after emergence from H. armigera parasitized eggs. Therefore, it is recommended to grow the tomato line 18004 
along with the use of T. chilonis cards under field conditions for integrated pest management of H. armigera. 
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INTRODUCTION 

Tomato (Lycopersicon esculentum Miller) is one of the 
most economically important vegetable crop cultivated 
worldwide for its fruit and is significantly profitable and 
nutritive (Kevanay et al. 2008). Tomato yield is greatly 
affected by many factors such as diseases as well some 
insect pests which reduce the crop yield significantly. 
Among the pests attacking tomato, tomato fruit borer 
Helicoverpa armigera (Hübner) is the most destructive 
pest. Its larvae on initial stages feed on foliage, flowers 
and buds, while mature larval stages feed on the fruits. It 
causes severe economic losses as one caterpillar of H. 
armigera can damage up to 12 fruits (Hussain and Bilal, 
2007). In Pakistan, H. armigera has been found to affect 
the tomato crop yield up to 70% (Abbas et al. 2015). 
Globally, H. armigera causes an economic loss of about 
US $5 billion annually (Sharma, 2001). 

Due to emerging problems of high levels of resistance 

against insecticides, alternative methods have been 
considered among which host plant resistance and 
biological control are very important (Shanower et al. 
1997; Ali et al. 2023). Rapid development and mobility of 
H. armigera limits the effectiveness of many natural 
enemies (Fitt, 1989). Thus better biocontrol agents against 
Helicoverpa/Heliothis spp. are egg parasitoids such as 
Trichogramma (Hymenoptera: Trichogrammatidae) that 
have short generation time and can also be mass-
produced easily. These parasitoids have been 
successfully used as biological control agents against 
Heliothis/Helicoverpa spp. in cotton (King et al., 1986; 
Romeis & Shanower, 1996). Many countries of the world 
are working to control H. armigera by introducing natural 
enemies such as Trichogramma and Chrysoperla carnea. 
In Khyber Pakhtunkhwa, Inayatullah (2007) reported that 
yield loss of tomato due to H. armigera was decreased by 
introducing Trichogramma alone or in combination with C. 
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carnea. 
T. chilonis is a tiny wasp from the family 

Trichogrammatidae. It has a wide host range and attacks 
different stages of insect pests particularly Lepidopteron 
pests. Lepidopteron eggs and their larvae attacking the 
field crops, fruit crops and forests are parasitized by T. 
chilonis (Zucchi et al. 2010). The parasitized eggs turn 
black due to internal development of the parasitoid and 
adult wasp eventually emerge from these parasitized eggs 
(Bigler et al. 1997).  

In biological control programs, the Trichogramma 
species is the most commonly used egg parasitoids 
against the lepidopterous pests. Entomologists recognized 
the ability of the Trichogramma species as a biological 
control operator and began producing Trichogramma 
species on mass scale in the mid-1900s in pest control 
programmes. T. chilonis are well known to control H. 
armigera in tomato due to their efficiency and 
multiplication ability (Parra and Zucchi, 2004). Today, the 
Trichogramma species has become a common enemy of 
important insect pests of economically significant crops 
because they are easy to reproduce and attack many 
important insect pests (Ayvaz et al. 2008). 
 
MATERIALS AND METHODS 

Establishment of Stock Culture of H. armigera  
The larval rearing containers were kept under the 
laboratory conditions of (24±1 ˚C) and 60±5% relative 
humidity in Insectary at National Agricultural Research 
Centre, Islamabad. 
To maintain the stock culture of H. armigera, tomato 
plants were grown under glass house conditions. Infested 
tomatoes from NARC farm fields were shifted in glass 
houses as well as in plastic rearing containers. The H. 
armigera larvae were provided with fresh tomatoes after 5-
7 days to maintain the culture successfully. The infested 
tomatoes were kept in plastic rearing containers with wet 
sand for pupal formation until adult emergence. Upon 
adult emergence, the adults were shifted in rearing cages 
and provided with seedling and tomato fruit for egg laying. 
The adults were also provided with 10% honey solution as 
food. The eggs laid on the seedling inside the cage were 
collected daily and were kept for larval emergence. The 
process was continued throughout the experimental 
duration.  

Establishment of T. chilonis stock culture 
The stock culture of T. chilonis was maintained on 
Sitotroga cerealella eggs. In the adult rearing chamber, 
the grain moths of S. cerealella were reared. The trays 
(36x30x5cm) were filled with 5kg wheat grains and eggs 
of S. cerealella were released in these trays. The larvae 
were fed on wheat grains upon emergence and the adults 
emerged after 25-30 days. The adults were shifted directly 
into the lower end of chamber containing oviposition jar. 
The oviposition jars having sufficient number of adults 

were replaced daily with new jars. Plastic plates with 
starch were kept in oviposition jars for adult to lay eggs. 
Sieves (90 mesh size) were used for the collection of eggs 
from starch. A known number of eggs of S. cerealella 
were collected from the stock and were stuck with glue on 
ivory card. The cards were then placed in the transparent 
glass jars containing Trichogramma adults. The 
Trichogramma adults parasitized the eggs and the eggs 
turned black after parasitization. 

Experiment 1:- 

Developmental time, survival rate and reproductive 
potential of H. armigera under controlled conditions 

To check the biology and survival rate of H. armigera 
a total of 100 newly laid fresh eggs of H. armigera were 
collected from the stock culture. The eggs batches laid on 
infested leaves of cherry and bayberry tomato plants were 
kept in rearing jars (10×7) with five replicates having 20 
eggs in each jar under lab conditions of 26±1 C and R.H 
65%. The eggs were checked regularly for hatching. Upon 
hatching, the newly emerged larvae were provided with 
fresh Bayberry tomato fruits in rearing containers along 
with old infested tomatoes for efficient growth of larvae. 
After 5-7 days the total number of eggs hatched were 
calculated under binocular microscope. The process was 
continued till all the larvae entered into the pupal 
condition. For pupation the containers were provided with 
pet mass and sandy soil. The pupae were kept under the 
same laboratory conditions for adult emergence. The total 
no. of male and female adults emerged was counted and 
were kept in adult rearing cages for breeding. The data 
was collected by using Complete Block Design (CRD) with 
5 replications on the following parameters. 

Total No. of eggs and No. of eggs laid per female/day 
 To determine the total no. of eggs and no. of eggs 
laid/female, ten pairs of newly emerged adults were 
collected from the culture and were kept in 5 rearing jars 
(having 2 pair in each jar) containing 20 % honey solution 
provided as food. The males/female pairs were identified 
from morphological characters and were allowed for 
mating and egg laying. The deposited eggs were counted 
regularly till the whole life span of adults.  

Eggs incubation time and percent hatchability: 
 Total ten eggs were collected from the culture and 
were kept in Petri dishes under controlled conditions and 
till hatching the eggs incubation period was recorded in 
days. This procedure was replicated 5 times.   

Larval duration (days) and percent larval survival: 
 Ten newly emerged larvae were collected from 
the culture in 5 replications and were provided with fresh 
bayberry tomato fruits as food. The food was replaced on 
each alternative day till pupation. 
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Developmental time of pupae (days): 
 Ten pupae in five replications were collected from 
the same culture and were kept in same laboratory 
conditions. Pupae were observed daily to determine their 
developmental time till the emergence of adults. 

Duration from egg to adult emergence (days): 
 Total duration from eggs to adult emergence was 
counted by collecting freshly laid 50 eggs from the 
established culture and were monitored till hatching. Upon 
hatching the fresh tomato fruits were provided until larvae 
entered into pupation. The pupae were observed daily till 
the adult’s emergence. The total duration from eggs to 
adult emergence were recorded in days.  

Adult longevity (days): 
 Total 20 newly emerged adults were collected and 
20% of honey solution was provided as food on cotton 
swab. These adults were monitored daily till their death 
and the total longevity was recorded in days.  

Sex ratio (%): 
Sex ratio was calculated by using the following formula, 

Female (%) =
total no. of females 

total no. of females + total no. of males
× 100 

Statistical Analysis  
 Developmental duration for different stages was 
analyzed using ANOVA and the data was subjected to 
analysis of variance using Statistics 8.1 package. Means 
was compared using LSD test at 5% level of significance. 

Experiment 2:- 

Biological parameters and parasitic potential of T. 
chilonis against H. armigera  
 Total of 100 freshly laid eggs of H. armigera along 
with the leaf portion were collected from the stock culture. 
Ten eggs were placed in each of the ten glass tube (1inch 
diameter ×5inch length), separately. Ten Trichogramma 
females were provided to parasitize these H. armigera 
eggs for 24 hrs. After 24 hrs, Trichogramma females were 
removed and parasitized H. armigera eggs were kept 
under controlled conditions 24±10C, R.H 65±5, L:D 14:10. 
The treatment was replicated 10 times following 
completely Randomized Design (CRD). Data was 
recorded on the following parameters: 

Percent parasitism of H. armigera eggs: 
 Number of parasitized eggs was counted (eggs 
turned black) and % parasitism was calculated by the 
following formula;  

Percent  parasitisim =
 number of  parasitized eggs

total number of observed eggs
× 100 

Percent adult emergence:  
 Total Number of T. chilonis adults emerged from 
the parasitized eggs was counted and recorded. % adult 
emergence of T. chilonis was calculated by the following 
formula. 

Percent  emergence

=
 number of  eggs with emergence holes

total number of parasitized eggs
× 100 

Developmental time:  
 Development time of T. chilonis on H. armigera 
eggs was determined by counting the number of days 
from parasitism till emergence of adult wasps. 

Adult longevity (days): 
 Parasitoid longevity was determined by counting 
the number of days from adult wasps emergence till 
death. 

Statistical Analysis 
 The data was analyzed using ANOVA and was 
subjected to analysis of variance by using Statistics 8.1 
package. Means were compared using LSD test at 5% 
level of significance. 
 
RESULTS AND DISCUSSION 

The developmental time, survival rate and 
reproductive potential of H. armigera reared on resistant 
(18004) and susceptible (0010) tomato lines under 
controlled conditions revealed that the biology of H. 
armigera varied significantly on resistant and susceptible 
tomato lines. Egg incubation period, larval duration, pupae 
duration, total duration from egg to adult emergence, male 
adult longevity and female adult longevity were found to 
be shorter on susceptible line as compared to resistant 
line. Results showed egg incubation period as 2.80 and 
3.69 days, larval duration 19.40 and 22.34 days, pupal 
duration 7.90 and 10.0, total duration 31.08 and 36.17, 
male longevity 6.90 and 7.96 while female longevity was 
found to be 9.20 and 10.57 days in susceptible and 
resistant tomato lines respectively.  Whereas the 
oviposition rate, no. of eggs laid per day, % egg 
hatchability, percent larval survival and pupal viability were 
high on susceptible line as compared to resistant line.   
Susceptible lines showed oviposition rate as 273 days, no. 
of eggs laid/ day as 24.60, % egg hatchability 87.00%, % 
larval survival 90.00%  pupal viability 80.00 and sex ratio 
% 1.1, while resistant lines showed oviposition rate as 160 
days, no. of eggs laid/ day as 16.60, % egg hatchability 
73.60%, % larval survival 75.00%  pupal viability 74.00 
and sex ratio 1.09 (Table 1). 

 
 

Table 1: Developmental time, survival rate and reproductive potential of H. armigera reared on resistant 
and susceptible lines under controlled conditions 26±1 °C 

Developmental stage Tomato lines LSD 
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Resistant (18004) Susceptible (0010) 

Egg Incubation period (days) 3.69 a 2.80 b 0.2824 

Larva duration(days) 22.34 a 19.40 b 1.3543 

Pupae duration (days) 10 a 7.90 b 1.6306 

Total Development Time (days) 36.17 a 31.08 b 1.5605 

Adult male longevity 7.96 a 6.90 b 0.9961 

Female longevity 10.57 a 9.20 b 1.0875 

Oviposition rate 160 b 273 a 32.936 

No of eggs /day 16.60 b 24.60 a 1.6629 

% egg Hatchability 73.60 b 87.00 a 5.3388 

Percent Larval survival 75.00 b 90.00 a 5.2077 

Pupae viability 74.00 b 80.00 a 4.8918 

Sex ratio % 1:09 1:1  

Mean followed by different letters are significantly different @ P value = ≤0.05 
 

These findings are in line with those of Devi et al. 
(2019) who found out that the resistant chickpea 
genotypes affected the biological parameters of H. 
armigera and thus exhibited lower larval and pupal 
survival while higher larval, pupal duration and adult 
longevity against H. armigera. Srivastava and Srivastava 
(1990), who reported 77% H. armigera larval survival on 
resistant cultivar, while susceptible cultivar showed 90 % 
larval survival in chickpea. Ali et al. (2016) also reported 
73% H. armigera larval survival in resistant cultivar as 
compared to 93% in susceptible cultivar, similarly larval 
development period was also found to be shortest 16.41 
days on susceptible and longest 22.71 days on resistant 
cultivars. Naseri et al. (2009) also reported that the total 
development time of H. armigera larvae ranged from 
17.30-26.20 days on different soybean cultivars. 

In tomatoes, trichomes both non-glandular and 
glandular play a role in insect resistance (Firdaus et al. 
2013). Trichomes negatively affect the oviposition of 
insect pests. They not only cause antixenosis effect 
(reduced oviposition), but glandular trichomes also result 
in antibiosis due to the secretion of toxic substances 
(Rakha et al. 2017). 

Rath (1994) has also studied that the adult duration 
was less on resistant variety (HT 64) and more on 
susceptible variety (HS 173) which corroborate with 
present findings. The sex ratio (male: female) was also 
found to vary a little among the tomato lines though there 
was no significant difference but comparatively more no. 
of female adults emerged on susceptible genotypes than 
on other genotypes tested which may be attributable to 
preferred nutritional status of the high susceptible 
genotypes. Osiemo et al. (2012) also found out that the 
sex ratio was unaffected by increase in number of host 
eggs per patch in females. 

In the present research experiment, the effect of host 

insect H. armigera eggs on biological attributes and 
parasitism potential of T. chilonis showed significant 
results. It was found that parasitism rate of T. chilonis was 
65.08 with adult emergence of 75%. T. chilonis took 8.5 
days from the time of parasitism to adult emergence. 
While the adult longevity of T. chilonis was 10.03 days 
after emergence from H. armigera parasitized eggs (Table 
2). 
Table 2: Biological parameters and parasitic 
potential of T. chilonis against H. armigera  

Parameters Mean ± S.E 

% Parasitism 65.08±0.54 

% Adult emergence 75.00±1.12 

Duration from parasitism to adult 
emergence (days) 

8.5 ±0.25 

Adult Longevity 10.03±0.52 

 
These results are in line with (Khan et al. 2004) who 

reported highest parasitism (48.25%) with 5 parasitized 
eggs and thus recommended 3 pairs of T. chilonis for 50 
eggs of S. cerealella. Nisar et al. 2020 found out that the 
larval infestation of H. armigera varied according to the 
released level of the parasitoid. He observed reduction in 
pest infestation levels as well as minimum percent weight 
loss in fruits with higher yield in treatment T3 having 
highest no. of parasitized eggs (1200 parasitized eggs). 
The genetic variability of Trichogramma results in 
aggressive females with greater acceptance and ability of 
parasitism in postures with different physical barriers 
(Beserra and Parra, 2004). Zuim et al. (2017) proposed 
that T. pretiosum showed greatest performance on H. 
armigera eggs in between 20 and 25 eggs. They further 
revealed that Each T. pretiosum female was able to 
parasitize 70% of the pest eggs, highlighting the potential 
of this natural enemy for biological control of H. armigera. 
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Ballal and Singh (2003) who tested T. chilonis against H. 
armigera found egg 65% parasitism by T. chilonis. The 
slight difference in mean parasitism may be due to 
different strains, temperature, relative humidity and 
photoperiod. 

These results are also in accordance with those of 
Reddy and Manjunatha (2000) who also found significant 
results in order to control lepidopterous pests while using 
T. chilonis alone or in combination with some synthetic 
pesticides or plant extracts. Shah (2008) in his conducting 
field experiments also determined that Chrysoperla carnea 
and T. chilonis are the best bio-control agents against H. 
armigera in tomato crop. 

CONCLUSION 
The data concludes that H. armigera took more time 

to complete its development on resistant tomato lines, less 
no. of eggs were laid on resistant lines with lower larval 
survival rate while higher no. of eggs were laid on 
susceptible lines with higher chances of survival as well as 
its development also completed faster on susceptible 
lines. The study also established the effectiveness of T. 
chilonis suggesting its beneficial use in biological control 
programmes, due to its greater parasitism rate, faster 
development, higher longevity and significant control. 
Thus the present study suggests the use of resistant 
tomatao lines along with T. chilonis to control the H. 
armigera infestations in tomato. 
 
Supplementary materials 
The supplementary material / supporting for this article 
can be found online and downloaded at: 
https://www.isisn.org/article/10.3390/antiox12081524/s1,  
 
Funding statement  
This study was supported by the Insect Pest Management 
Program, Institute of Plant and Environmental Protection, 
National Agricultural Research Centre, Islamabad. 
 
Institutional Review Board Statement 
Not applicable. 
 
Informed Consent Statement 
Not applicable. 
 
Data Availability Statement 
All of the data is included in the article/Supplementary 
Material. 
 
Acknowledgments 
Authors are grateful to Biological Control Laboratory of 
IPMP, National Agricultural Research Centre, Islamabad 
for providing all the necessary material and insect culture 
to undertake the xepriments. 
 
AUTHOR CONTRIBUTIONS 
: Conceptualization, J.K. A.U. and J.R.; methodology, J.K. 

J.R. and Z.S.; software, J.K. M.A. and A.R.G.; validation, 
J.K. M.A. and A.U.; formal analysis, J.R., J.K. and Z.S.; 
investigation, J.R. and J.K.; resources, J.K. and M.A.; data 
curation, J.R.; writing—original draft preparation, J.R. and 
A.B.; writing—review and editing, A.B. and J.K.; 
visualization, J.K. A.R.G. and A.U.; supervision, J.K.; 
project administration, J.K.; funding acquisition, J.K. 

Copyrights: © 2023@ author (s).  
This is an open access article distributed under the terms 
of the Creative Commons Attribution License (CC BY 4.0), 
which permits unrestricted use, distribution, and 
reproduction in any medium, provided the original 
author(s) and source are credited and that the original 
publication in this journal is cited, in accordance with 
accepted academic practice. No use, distribution or 
reproduction is permitted which does not comply with 
these terms. 
Publisher’s note/Disclaimer  
All claims stated in this article are solely those of the 
authors and do not necessarily represent those of their 
affiliated organizations, or those of the publisher, the 
editors and the reviewers. Any product that may be 
evaluated in this article, or claim that may be made by its 
manufacturer, is not guaranteed or endorsed by the 
publisher. ISISnet remains neutral with regard to 
jurisdictional claims in published maps and institutional 
affiliations. ISISnet and/or the editor(s) disclaim 
responsibility for any injury to people or property resulting 
from any ideas, methods, instructions or products referred 
to in the content. 
Peer Review: ISISnet follows double blind peer review 
policy and thanks the anonymous reviewer(s) for their 
contribution to the peer review of this article. 

 
REFERENCES   
Abbas, G., N. Hassan, M. Farhan, I. Haq and H. Karar. 

2015. Effect of selected insecticides on Helicoverpa 
armigera Hübner (Lepidoptera: Noctuidae) on tomato 
(Lycopersicon esculentum Miller) and their 
successful management. Adv. In Entomol. 3: 16–23. 

Ali, R., H. Javed and A. Gulzar. 2016. Comparative 
development, survival and fecundity of Helicoverpa 
armigera (Hubner) (Lepidoptera: Noctuidae) on 
different chickpea cultivars. Pak. J. Zool. 48(1):249-
255. 

Ali, A., M. Rakha, F.A. Shaheen and R. Srinivasan. 2023. 
Resistance of certain wild tomato (Solanum spp.) 
accessions to Helicoverpa armigera (Hübner) 
(Lepidoptera: Noctuidae) based on choice and no-
choice bioassays. Florida Entomologist. 102(3): 544-
548. 

Ayvaz, A., K. Eyüp, S. Karabörklü and A.S. Tunçbilek. 
2008. Effects of cold storage, rearing temperature, 
parasitoid age and irradiation on the performance 
of Trichogramma evanescens. J. Stored. Prod. Res. 

https://creativecommons.org/licenses/by/4.0/


Rashid et al.                                             Biological parameters of H. armigera on Tomato Lines and efficacy of T. chilonis 

 

Bioscience Research, 2023 volume 20(4): 1105-1111                                                             1110 

 

44(3): 232-240. 
Ballal, C.R. and S.P. Singh. 2003. The Effectiveness of 

Trichogramma chilonis, Trichogramma pretiosum 
and Trichogramma brasiliense (Hymenoptera: 
Trichogrammatidae) as Parasitoids of Helicoverpa 
armigera (Lepidoptera: Noctuidae) on Sunflower 
(Helianthus annuus) and Redgram. Bio-control Sci. 
Technol. 13: 231-240. 

Beserra, E.B. and J.R.P. Parra. 2004. Biologia e 
parasitismo de Trichogramma atopovirilia Oatman 
&Platner e Trichogramma pretiosum Riley 
(Hymenoptera, Trichogrammatidae) emovos de 
Spodoptera frugiperda (Lepidoptera, Noctuidae). 
Revista Brasileira de Entomologia. 48(1): 119-126. 

Bigler, F., B.P. Suverkropp and F. Cerutti. 1997. Host 
searching by Trichogramma and its implications for 
quality control and release techniques. Westview 
Press, Boulder. 15: 240-253. 

Devi, N., S. Ravinder and S. Sarvjeet. 2019. Studies on 
biological parameters of gram pod borer, Helicoverpa 
armigera (Hübner) on interspecific chickpea 
genotypes. J. Entomol. Zool. Studies. 7(5): 184-187. 

Firdaus, S., A.W. Van Heusden, N. Hidayati, E.D.J. 
Supena, R. Mumm, R.C.H. de Vos R.G.F. Visser and 
B. Vosman. 2013. Identification and QTL mapping of 
whitefly resistance components in Solanum 
galapagense. Theor. Appl. Genet. 126(6): 1487–
1501. 

Fitt, G.P. 1989. The ecology of Heliothis species in 
relation to agro - ecosystems. Annual Review of 
Entomology 34: 17-52. 

Hussin, B. and S. Bilal. 2007. Efficacy of different 
insecticides on tomato fruit borer Helicoverpa 
armigera. J. Entomol. 4(1): 64-67. 

Inayatullah, M. 2007. Biological control of Tomato Fruit 
worm (Helicoverpaarmigera) using egg parasitoid 
TrichogrammaChilonis (Trichogrammatidae: 
Hymenoptera) and Chrysoperlacarnea (Chrysopidae: 
Neuroptera). First Ann. Tech. Rep. HEC Funded 
Project, 99 p. 

Kevany, B.M., M.G. Taylor and H.J. Klee. 2008. Fruit-
specific suppression of the ethylene receptor 
LeETR4 results in early-ripening tomato fruit. J. Plant 
Biotech. 6(3): 295-300. 

Khan, S.M.A., F.U. Farid and H. Badshah. 2004. Effect of 
Host density on parasitism efficacy of Trichogramma 
chinolis (Ishii). Asian J. Pl. Sci. 3(5): 647-650. 

King, E.G., L.F. Bouse, D.L. Bull, R.J. Coleman, W.A. 
Dickerson, W.J. Lewis, J.D. Lopez, R.K. Morrison 
and J.R. Phillips. 1986. Management of Heliothis 
spp. in cotton by augmentative releases of 
Trichogramma pretiosum Ril. J. Appl. Entomol. 101: 
2–10. 

Naseri, B., Y. Fathipour, S. Moharramipour and V. 
Hosseininaveh. 2009. Comparative life history and 
fecundity of Helicoverpa armigera (Lepidoptera: 
Noctuidae) on different soybean varieties. Entomol. 

Sci. 12:147-154. 
Nisar, N., S.F. Shah, J. Sarwar, F. Amin and I. Rasheed. 

2020. Impact of Trichogramma chilonis on Tomato 
fruit worm (Helicoverpa Armigera Hub.) in Tomato 
crop. Pure Appl. Biol. 9(1): 443-447. 

Osiemo, B.Z., L. Muthuri, R. Maranga and S. Srinivasan. 
2012. Effect of Host Egg Densities on Sex Ratio and 
Laboratory Performance of Trichogrammatoidea sp. 
nr. Lutea Girault (Trichogrammatidae: Hymenoptera) 
Collected from Plutella xylostella Linnaus in Kenya. 
Asian J.  Pl. Sci. Res. 2 (6): 675-679. 

Parra, J.R. and R.A. Zucchi. 2004. Trichogramma in 
Brazil: feasibility of use after twenty years of 
research. Neo. Ent. 33: 271-281. 

Rath, P.C. 1994 Some studies on tomato genotypes for 
resistance against fruit borer, Helicoverpaarmigera 
(Hubner). Ph. D. Thesis. Banaras Hindu University, 
Varanasi. 

Rakha, M., P. Hanson and S. Ramasamy. 2017. 
Identification of resistance to Bemisia tabaci Genn. in 
closely related wild relatives of cultivated tomato 
based on trichome type analysis and choice and no-
choice assays. Genet. Resour. Crop Evol. 64: 247–
260. 

Reddy, G.V.P. and M. Manjunatha. 2000. Laboratory and 
field studies on the integrated pest management of 
Helicoverpa armigera in cotton, based on 
performance trap catch threshold level. J. Appl. 
Entomol. 125(4-5): 212-216. 

Romeis, J. and T.G. Shanower. 1996. Arthropod natural 
enemies of Helicoverpa armigera (Hübner) 
(Lepidoptera: Noctuidae) in India. Biocont. Sci. 
Technol. 6: 481–508. 

Shah, R. 2008. Impact of the use of predators and 
parasitoids on population of tomato fruit worm 
(Helicoverpa armigera) Lepidoptera: Noctuidae at 
Dargai. M.Sc (Hons) Thesis. Agric. Univ. Peshawar, 
Pakistan. pp. 1-37. 

Shanower, T.G., T.G. Kelley and S.E. Cowgill. 1997. 
Development of effective and environmentally sound 
strategies to control Helicoverpa armigera in 
pigeonpea and chickpea production systems. In: R. 
K. Saini (ed), Tropical Entomology: Proceedings of 
the Third International Conference on Tropical 
Entomology, 1994, Nairobi, Kenya, ICIPE Science 
Press, pp. 255–276. 

Sharma HC. 2001. Cotton Bollworm/Legume Pod Borer, 
Helicoverpa armigera (Hübner) (Noctuidae: 
Lepidoptera): Biology and Management. Crop 
Protection Compendium, CAB International, 
Wallingford, United Kingdom. 

Srivastava, C.P. and R.P. Srivastava. 1990. Antibiosis in 
chickpea (Cicer arietinum L.) to gram pod borer 
Heliothis armigera (Hübner) (Noctuidae: Lepidoptera) 
in India. Entomon. 15: 89-93. 

Zucchi, R.A., R.B. Querino and R.C. Monteiro. 2010. 
Diversity and hosts of Trichogramma in the new 



Rashid et al.                                             Biological parameters of H. armigera on Tomato Lines and efficacy of T. chilonis 

 

Bioscience Research, 2023 volume 20(4): 1105-1111                                                             1111 

 

world, with emphasis in South America. Egg 
parasitoids in agro ecosystems with emphasis on 
Trichogramma. Springer. pp. 219-236. 

Zuim, V., H.D.S. Rodrigues, D. Pratissoli, J.B. Torres, 
D.F.M. Fragoso and R.C.O.D.F. Bueno. 2017. Age 
and density of eggs of Helicoverpa armmigera 
influence on Trichogramma pretiosum parasitism. 
Bio. Sci. 39(4): 513-520. 

 


