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Abstract: Tomatoes have become one of the most significant and profitable vegetable crops farmed for the fresh 
market and processing in tropical and subtropical parts of the globe and they are an important element of human 
nutrition. Tomatoes, like other vegetables, are more susceptible to insect pests and illnesses than other crops, owing 
to their sensitivity and softness. Insect pests are among the many causes that cause low tomato yields including the 
fruit borer, jassid, white fly, aphid and leaf miner. On the other hand, enough understanding about the seasonal abun-
dance of insect pests is required for the formulation and implementation of an appropriate, effective, and timely pest 
management approach. The current demand focuses not only on the use of various eco-friendly chemical groups, but 
also the employment of unique modes of action to provide sufficient control of insect pest populations. So, this work 
reviews and presents a pool of research on the seasonal succession and management of key insect pests of tomatoes.
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The tomato (Solanum esculentum Miller) crop is 
one of the most significant commercial vegetable 
crops farmed across the world, ranking third in terms 
of area and output among vegetables (Sharma 2004). 
It is regarded as a   significant commercial and die-
tary vegetable crop. It is high in vitamins A, B and C 
as well as potassium, iron, and phosphorus. It is also 
a  strong source of lycopene (Khanam et al. 2003). 
Because it is utilised in salads, various culinary prep-
arations, juices, or processed into purees, concen-
trates, condiments and sauces, it is widely employed 
in the Indian culinary culture (Razdan, Mattoo 
2007). The United States of America, Mexico, Spain, 
Brazil, China, Egypt, India, Iran, Italy, and Turkey 
are among the major tomato-growing countries. 
Over an area of 809 000 ha, India produces rough-
ly 19 697 (000’MT) of goods (Anonymous 2017). 

A   total production of 177 mil. tonnes of tomatoes 
was recorded in the year 2016 while India ranks sec-
ond with a  total production of 18.4 mil. tonnes. The 
area under tomato cultivation in India was estimated 
to be 789 000 ha in 2017–2018, with a   production 
and productivity of 19.7 million tonnes and 25.0  t/
ha, respectively (NHB  2018). West Bengal, Karna-
taka, Maharashtra, Uttar Pradesh, Haryana, Odisha, 
Andhra Pradesh, Madhya Pradesh, and Bihar are the 
top tomato-producing states. Tomatoes are grown 
in Haryana over an area of 29.03 thousand ha with a  
yield of 675.38 (000’MT) (Anonymous 2017). Over 
a  hundred species insect pests have been identified 
that affect tomato crops across the world. Insects 
not only degrade the quality and amount of food, but 
they also serve as disease vectors (Dharumarajan et 
al. 2009). The major insect pests of tomato crop in 
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India are the tomato fruit borer (Helicoverpa armig-
era), jassid (Amrasca biguttula biguttula), white fly 
(Bemisia tabaci), mite (Tetranychus urticae), aphid 
(Aphis gossypii), leaf miner (Liriomyza trifolii) and 
tobacco caterpillar (Spodoptera litura) (Lal et al. 
2008). In addition to providing hazards to humans, 
the soil and the environment, the use of conven-
tional pesticides has produced a dramatic fall in the 
population of natural enemies as well as increasing 
the threats, such as insecticide resistance, pest re-
vival, secondary pest breakout, and so on (Kumar, 
Sarada 2015). As a   result, the careful use of safer 
and more effective pesticides in the management of 
these pests that leave less residue and pose less of 
a hazard to the environment is required. To manage 
insect pests, new molecular structures with unique 
modes of action have recently been created. As a  re-
sult, in order to improve management, it is required 
to determine the efficacy of these sprayed pesticides. 
It is also possible to build forecasting modes for 
them with the assistance of their population dynam-
ics and their link to the weather conditions so that 
the management action can be made on time. The 
current review paper has been written with all these 
considerations in mind.

POPULATION DYNAMICS OF MAJOR 
INSECT PESTS INFESTING TOMATOES

Tomato fruit borer, H. armigera
For the timely prevention of sudden epidemic out-

breaks and for devising and applying appropriate pest 
management strategies, the constant monitoring of 
all the major pests in the field is required. The peak 
activity of the fruit borer varies in different areas, al-
though it normally occurs between March and June 
(Hath, Das 2004; Pathania et al. 2009; Kurl, Kumar 
2010; Safna et al. 2018b). H.  armigera was originally 
recorded on the 35th SMW (Standard Meteorological 
Week), according to Kamble et al. (2005). The larval 
population peaked on the 37th SMW, after which it 
began to decline until the 44th SMW, but according 
to Kurl, Kumar (2010), the larval population record-
ed on tomato crops in the second standard week of 
January and lasted until the 21st standard week, with 
a   peak larval population build-up seen in the 15th 
standard week. Chakraborty et al. (2012), from their 
trial, concluded that the infestation started from 
the 9th SMW to the 17th SMW and the highest oc-

currence of the insects at the fruiting stage, causing 
most of the fruit damage. Kumar et al. (2013) exam-
ined the highest moth population during blooming, 
resulting in 40–60% tomato fruit losses. The initial 
appearance occurred in the 9th standard meteoro-
logical week (SMW) period which was in March and 
the peak population occurred in the 16th SMW with 
a   max.–min. temperature (35.0 to 18.2  °C), morn-
ing-evening relative humidity (72 to 30%), rainfall, 
sunshine (10 hours/day) and wind (8.9 km/h), which 
was in April as per Bisht  (2014), while Meena and 
Bajwa (2014), from their research, revealed that the 
larval population peaked during the first week of 
February. According to Selvaraj and Bisht (2014), 
the pest first appeared in the 7th and 9th SMW, i.e., 
(February and March), and reached a  peak popula-
tion in the 16th and 15th SMW, i.e., (April) recording 
a  temperature of 35 to 18.2 °C, relative humidity of 
72 to 30%, the sunshine of 10 hours with no rain-
fall. The initial emergence of the tomato fruit borer 
(0.98 larvae/plant) was observed by Kumar and Kh-
aria (2015) during the 11th SMW, with the highest 
infestation (3.79 larvae/plant) occurring during the 
16th SMW. Faqiri and Kumar (2016) stated, from the 
trial, that the occurrence of the insect started from 
the first week of October until the middle of No-
vember. Mandloi et al. (2015), from the experiment, 
noted that the insects remain active from the 48th 
to 12th SW (November–March) with a  peak infesta-
tion occurring during the 12th SMW, and recorded 
a   max. (33.4  °C) and min. (16.2  °C) temperature, 
morning (77%) and evening (28%) relative humid-
ity, and no rainfall. In the Northern Plains of India, 
Singh and Gupta (2017), from their investigation, 
discovered that the first fruit infestation occurred 
in November, with a   downward tendency occur-
ring over the months of December and January. Ac-
cording to Chula et al. (2017), the fruit borer infec-
tion began in the 8th standard week (February third 
week) and peaked in the 13th standard week (48.14%) 
(March second week) when the temperature and 
relative humidity varies from 34.14–18.37  °C and 
91.14–44.14%, respectively, with 1.20  mm of rain-
fall and 10.32 hours of sunshine per day. However, 
Deb and Bharpoda (2017), from their experiment, 
recorded three peaks in the 47th SMW (3rd week of 
November), 50th SMW and 51st SMW (December). 
As per Singh and Gupta (2017), the fruit infestation 
initiation was noted during the time period of the 
46th–47th standard weeks and there was a   gradual 
increase reaching a  max. larval population of 11.93 
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and 14.78% fruit damage during the 10th and 11th 
SMW. Sapkal et al. (2018) recorded that the larval 
population of H. armigera began to grow during the 
35th SMW (0.5 larvae/plant), increased to 2.8 lar-
vae/plant in the 47th SMW, and peaked at 4.2 larvae 
per plant during the crop’s fruiting stage. Vikram et 
al. (2018) noted that first appearance of H. armig-
era started in the 8th standard meteorological week 
(third week of February) and reached its peak level 
(6.0 larvae per plant) in the 12th standard meteor-
ological week (third week of March) and recorded 
a temperature (34.31 to 16.45 °C), a  relative humid-
ity (87.57 to 45.71%) and no rainfall, but Harshita 
et al. (2018) recorded that the peak infestation was 
during March with a  larval population of 6.06 and 
6.30 larvae per plant. Safna et al. (2018 b) recorded 
the initiation of pests in the first week of January 
with a  peak larval population during the 11th SMW 
(March) with a  temperature from 32.02 to 14.91 °C, 
a   relative humidity of 68.28 (morning) and 66.29 
(evening). Bhanuparkash et al. (2019) found that 
the occurrence of H. armigera started from the 6th 
standard week (February) and reached peak level in 
the 12th standard week (March) with a  larval popu-
lation of 5.98 larvae per plant when the temperature 
ranges from 34.4 °C (max) to 16 °C (min) and a  rela-
tive humidity of 88% (morning) and 47% (evening), 
while Mondal et al. (2019) observed the tomato fruit 
borer population from the 7th standard week to the 
15th standard week having weather parameters, such 
as the temperature in the range of 36.07 to 18.11 °C, 
a  relative humidity of 49 % and no rainfall. Kachave 
et al. (2020) recorded the incidence occurence from 
the 32nd SMW with a  larval population of 0.5 larvae/
plant to the 47th SMW (1.5 larvae/ plant) and a  peak 
in the 41st SMW with a  max. number of 3.7 larvae/
plant with a   max. temperature of 36  °C, morning 
relative humidity of 64%, rainfall of 6.5  mm, and 
7.5  hours of sunshine per day, while Gandhi et al. 
(2020) noted the incidence of the fruit borer dur-
ing the 14th SMW (April) with a   total population 
of 0.21 larvae/plant and attained a   max. popula-
tion during the 18th SMW (April) when the max. 
(28.1  °C) and min. (15.4  °C) temperature, morning 
(51.6%) and evening (33.7%) relative humidity, and 
rainfall of 9.2 mm were recorded. Wade et al. (2020) 
first observed the larvae of the fruit borer in the to-
mato crop during the 5th SMW with the larval peak 
in the 13th SMW having a  43.13% fruit infestation. 
According to Singh et al. (2021), in 52th standard 
week, the initiation of the infestation was recorded 

and the highest fruit damage occurred during the 
14th standard week with a  mean larval population of 
2.88 larvae/plant having a   min–max. temperature, 
relative morning-evening humidity, and sunshine of 
36.70 to 16.70 °C, 69.20 to 34.70% and 10.2 hours per 
day, respectively.

Aphid, A. gossypii
Kumar (2008) found the aphid emergence in Janu-

ary, whereas Hath and Das (2004) and Chakraborty 
(2011) recorded the highest aphid population on to-
matoes in March. Chakraborty (2011) reported the 
incidence of the A. gossypii population on tomato 
crops started emerging at a   temperature (26.81–
13.34  °C), relative humidity (96.01–48.41%), with 
8.51 hours of sunshine and 1.42 mm of rainfall, last-
ing until the 11th SMW. The aphid population started 
to show after transplanting with 1.35 aphids/leaf and 
reached its max. level (7.31 aphids/leaf ) at the 11th 
SMW as per Chavan et al. (2013), whereas Shakeel 
et al. (2014) concluded that higher aphid population 
emerged during the third week of February when 
the max.–min. temperature (27.83–18.33  °C), rela-
tive morning-evening humidity (92.39–47.85%), and 
rainfall ranged from 0–63.4 mm. The aphid infesta-
tion documented by Mandloi et al. (2015) noted the 
incidence from October to March, with a  peak ac-
tivity in February and March with a  max. tempera-
ture of 31.60 °C, a  min. temperature of 14.70 °C, 84% 
morning and 39% evening relative humidity with no 
rainy days. According to Ghosh (2017), the aphid 
infestation was observed from the last week of July 
to the second week of August (18th to 22nd SMW), 
with a   population of 0.19 to 0.50  aphids per leaf. 
Deb and Bharpoda (2017) noticed the aphid popula-
tion from the 42nd SMW with the highest population 
in the 52nd SMW while Ghosh (2017) demonstrated 
a   high population (0.62–2.69  aphids/leaf ) during 
the 41st standard week (2nd week of October) to the 
51st  standard week (3rd  week of December) along 
with two more peaks in the 6th SMW (2nd week Feb-
ruary) to 17th SMW (4th week of April). According 
to Mondal et al. (2019), the aphid infestation started 
in the 2nd week of January along with a  peak popu-
lation of 9.58 aphids/leaf/plant during the 4th week 
of February having a   temperature in the range of 
30.17 to 18.14 °C, a  relative humidity of 73.71% and 
a  rainfall of 0.91 mm and disappeared from the field 
at the end of March. However, the results of Pavan 
et al. (2019) revealed that the aphid incidence com-
menced from the 48th  standard week with a   pop-
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ulation of 2.50  aphids/3 leaves followed by max. 
population during the 7th standard week having 
a   population of 12.19 aphids/3 leaves (top, middle 
and bottom leaves) and reported a  temperature of 
21.9 °C, relative humidity of 66.83%, and sunshine of 
5.6 hours per day. As per Wade et al. 2020, the pe-
riod of activity of A. gossypii was recorded from the 
2nd SMW (8th of January) to the 16th SMW (23rd of 
March) with a  peak population of 4.53 aphids/three 
leaves in the 7th SMW. The population of aphids was 
recorded from the 29th SMW to 47nd SMW, i.e., the 
18th of July to the 25th of November with a  peak in 
the 41st SMW with a  temperature range from 36.0 
to 17.2 °C, relative humidity of 64 to 16%, rainfall of 
6.5 mm and sunshine of 7.35 h/day having a  popula-
tion of 8 aphids/3 leaves, as per Kachave et al. (2020). 
However, Khokhar and Rolania (2021) stated, from 
their experiment, that the incidence of aphids start-
ed during the 9th SMW having a  peak population of 
22.65 aphids/three leaves/plant during the 12th SMW 
when the temperature was 30.93 °C (max.)–13.05 °C 
(min.), with a  relative humidity of 86 to 37.86%, no 
rainy days and sunshine of 7.95 hours per day.

Leaf miner, L. trifolii
The onset of the leaf minor differed with the re-

gion, with the peak activity generally occurring in 
February and March (Reddy, Kumar 2004; Khar-
puse 2005; Kumar 2008). Saradhi and Patnaik (2004) 
found that the L. trifolii incidence on tomatoes was 
highest between the second and third weeks of Feb-
ruary while a   higher occurrence of the leaf miner 
on tomatoes was recorded from late March to early 
May by Chaudhuri and Senapati (2004). According 
to Hemalatha and Maheswari (2004), leaf miners 
initially emerged on tomatoes in the first week of 
July (27th standard week), with peaks in the popula-
tion in the first weeks of October and January (40th 
and 1st  standard weeks). Reddy and Kumar (2005) 
investigated the seasonal abundance of L. trifolii on 
tomatoes and they found that the incidence of L. tri-
folii was highest in March–April, when the crop 
was in its vegetative and reproductive phases, while 
Chakraborty (2011) investigated the availability and 
the incidence of leaf miners and found that the infes-
tation began in the 46th SMW and peaked at the 8th 
SMW. Variya and Bhut (2014), on the other hand, re-
ported a  leaf miner peak infestation of 10.26 mines/
leaf in the third week of January. From the investiga-
tion of Sharma et al. (2014), it was concluded that 
the pest initially appeared in the 14th standard week 

(1.10 miners/plant). The population peaked during 
the 22nd standard week (7.80 miners/plant). The leaf 
miner incidence was also reported by Mandloi et al. 
(2015) from October to March, with the peak activ-
ity occurring around the 10th, 11th and 12th SMWs 
having a  temperature, relative humidity, and rainfall 
of 31.6- 14.7 °C, 84 to 39% and 2 mm, respectively. 
Selvaraj et al. (2016) investigated into the popula-
tion dynamics of the tomato leaf miner and found 
that the first signs of the pest appeared in the 8th and 
9th SMW, i.e., (February and March), and the popu-
lation peaked in the 14th and 17th SMW, i.e., (April). 
Throat et al. (2017) recorded that the leaf damage 
from the leaf miner peaked during the 11th  SMW 
with damage of 11.03%/plant whereas the minimum 
leaf damage was reported during the 1st SMW, i.e., 
0.03%/plant. A   correlation study shows that the 
population of the leaf miner positively correlated 
with the minimum temperature and sunshine hours 
and negatively correlated with the rest of the fac-
tors. However, according to Singh et al. (2018), the 
presence of the tomato leaf miner began on January 
16th, with 1.05 live miners per leaf. The pest’s activity 
peaked during the fruiting stage, with 31.25 mines 
per leaf. Wade et al. (2020) reported that L.  trifolii 
first appeared during the 2nd SMW on tomato plants 
and the max. leaf miner infestation was recorded 
in the 12th SMW. Khaliq and Shankar (2020), from 
their experiment, found that the pest incidence com-
menced from the 10th to 26th standard week and at-
tained the max. population during the 15th standard 
week and recorded a  temperature of 32.5–14.1 °C, 
relative humidity of 74–34.5%, rainfall of 1.9  mm, 
and sunshine of 8.45 hours per day, while Dibbad et 
al. (2020) noted the L. trifolii incidence started from 
the 5th SMW and reached the highest population of 
4.70 live mines/ leaf during the 16th SMW with an 
average temperature of 28.46 °C and average relative 
humidity of 70.84%. As per Ravipati et al. (2020), the 
incidence of leaf miners was first observed during 
the 44th standard week and attained a  peak during 
the 1st SMW and the correlation studies showed that 
the population of the leaf miner exhibited a  negative 
correlation with the temperature, evening relative 
humidity and rainfall.

Whitefly, B. tabaci
According to an experiment  performed by Sa-

rangdevot et al. (2010), the incidence of B.  tabaci 
was first noticed in the 14th standard meteorological 
week and peaked in the 22nd standard meteorologi-
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cal week. Jha and Kumar (2017) also investigated the 
population dynamics of the whitefly and found that 
the whitefly population counts began 30 days after 
transplanting. The max. population of the whitefly 
(42.4/three leaves) was reported on the 70th day af-
ter transplantation having a  temperature of 23.50–
10.40 °C, relative humidity of 95–74%, and sunshine 
of 3.30 hours per day. As per Sharma et al. (2017), the 
peak population of the whitefly on tomatoes was at-
tained during the 21st standard meteorological week 
and the correlation studies showed that the whitefly 
population was positively correlated with the tem-
perature and sunshine, while a  negative correlation 
was observed with the humidity and rainfall. Subba 
et al. (2017) concluded, from a   trail, that the peak 
level was found during the 11th to 18th standard week 
with the highest population of (0.47/leaf ) recorded at 
a  temperature of 28.80–27.42 °C, a  relative humidity 
of 92.46 to 75.59% and rainfall of 8.80 to 240.00 mm, 
whereas Deb and Bharpoda (2017) recorded that the 
incidence started from the 39th SMW (4th  week of 
September) and the population represented peaks 
during the 45th SMW (1st week of November) with 
a   population of 2.72 whiteflies/3 compound leaves 
and 48th SMW (4th week of November). Wade et al. 
(2020), from the research, revealed that the white-
fly was first noted during the 2nd SMW on tomatoes 
along with a  peak population level of 7.83 whiteflies 
per three leaves during the 16th SMW, while, accord-
ing to Kachave et al. (2020), the whitefly population 
commenced from the 31st SMW to the 47th SMW 
(30th of July to 22th of November) and recorded a   
maximum and minimum temperature of 34.4 and 
18.00 °C, morning and evening relative humidity of 
74% and 27%, 6 mm of rainfall and 7.4 hours of sun-
shine. Mondal et al. (2019), from their investigation, 
found that the incidence of whiteflies initiated in the 
first week of February with a  peak population during 
the 2nd week of March with 6.21 whiteflies/leaf/plant 
having a  temperature of 33.96 to 21.21 °C, a  relative 
humidity of 68.43% and a  rainfall of 0.10 mm.

EFFICACY OF NEW INSECTICIDES 
FOR MANAGEMENT OF KEY PESTS  
ON TOMATOES

H. armigera
The efficacy of several pesticide compounds, 

such as acephate, fenvalerate, permethrin deltame-

thrin, cypermethrin, and acephate, have previously 
been studied in several studies (Mehta et al. 2000). 
Murugaraj et al. (2006) discovered that emamec-
tin benzoate and emamectin are highly effective 
against the H.  armigera larval population with an 
increased yield. Spraying with indoxacarb pro-
duced considerable control of the fruit borer with 
minimal fruit loss, according to Shivalingaswamy et 
al. (2008), while Kuttalam et al. (2008) found that 
flubendiamide 480 SC at 48 g a.i./ha had consider-
able field effectiveness against H. armigera, reduc-
ing the larval population and fruit damage. As per 
Kumar and Shivaraju (2009), beta cyfluthrin 9% + 
imidacloprid 21% 300 OD at 18+42 g a.i./ha was the 
most potent in controlling the larval population of 
H.  armigera (75.95%), accompanied by monocro-
tophos 36 SL at 450 g a.i./ha, beta cyfluthrin 2.5 SC 
at 18 g a.i./ha. Ghosh et al. (2010) found that spi-
nosad 45% SC @ 73 and 84 g a.i./ha was effective 
against H.  armigera with the least amount of to-
mato fruit loss. Mandal (2012) found that a   novel 
insecticide, cyazypyr 10% OD (anthranilic diamide 
group) at 90 and 105 g a.i./ha, had great effective-
ness against H. armigera and increased the yield of 
the marketable fruits. Kumar (2013) investigated 
several pesticide treatments and discovered that 
profenophos 50  EC at 1  000  g a.i./ha, emamectin 
benzoate 5 SG at 22 g a.i./ha, and bifenthrin at 100 g 
a.i./ha decreased the fruit borer populations and re-
duced the fruit damage by a  factor of 100. Babu and 
Singh (2015) demonstrated the efficiency of chloran-
traniliprole 18.5 SC in the management of H. amig-
era when compared to other compounds. Mourya et 
al. (2015) found that spinosad and imidacloprid were 
the most and least effective insecticides against the 
tomato fruit borer, respectively. Among nine novel  
insecticides investigated by Abbas et al. (2015) treat-
ment with chlorantranliprole + thiamethoxam and 
spinetoram resulted in max. mortalitity of 89.36 and 
85.09%, respectively against H. armigera. According 
to Jat (2016), the novel insecticide propargite 50% + 
bifenthrin 5% SE at 621 + 62.1 a.i./ha was found to 
be the most effective against the fruit borer. Chlor-
antraniliprole + thiamethaxim and spintoram were 
found to have the highest percent mortality 89.36% 
and 85.09%, respectively. Patel et al. (2016) found 
that chlorantraniliprole 35  WG at 30  g  a.i./ha effi-
ciently reduced the larval population of H. armigera 
and caused the least amount of fruit damage when 
compared to conventional controls. Kooner et al. 
(2016) found that treatment with chlorantraniliprole 
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18.5 SC at 175  mL/ha resulted in the lowest fruit 
infestation and mean number of larvae per plant 
(0.25 larvae per plant and 14.17% fruit damage), fol-
lowed by treatment with chlorantraniliprole 18.5 SC 
at 150  mL/ha (0.28  larvae/ plant & 17.25% fruit 
damage). According to Faqiri and Kumar (2016), 
the lowest incidence of the fruit borer in different 
treatments was recorded with profenophos 50% EC, 
spinosad 45% SC, deltamethrin 2.8% EC, and chlo-
rantraniliprole 18.5% SC. Indoxacarb at 500 mL/ha 
and spinosad at 150 mL/ha were determined to be 
the most efficient insecticides for the treatment of 
H. armigera on tomatoes by Chandi and Suri (2016). 
The highest yield was recorded in chlorantranilipro-
le 18.5  SC at 175  mL/ha (978.5 q/ha) followed by 
830  q/ha in chlorantraniliprole at 150  mL/ha, 
according to Kooner et al. (2016). Mahla et al. 
(2017) found that using tetraniliprole SC 200 (w/v) 
at 300 mL/ha on a   treated plot resulted in a   sig-
nificant reduction in the insect population and little 
fruit loss. According to Singh et al. (2017), indox-
acarb 14.5  SC (0.01%) was the most effective and 
yielded the most fruit, followed by novaluron 10 EC 
(0.01%) and acephate 75 SP (0.037%). Rajmal et al. 
(2017), from the research, found that, between the 
different mixtures and individual chemicals, after 
the first spray, propargite + bifenthrin 50% + 5% SE 
with a  dose of 594 + 59.4 g a.i./ha was noted of hav-
ing the min. percent fruit damage (9.63%) and max. 
reduction in the fruit borer population (69.26%). Sat-
ish et al. (2018) discovered that consecutive sprays 
of chemicals of indoxacarb 14.5 SC with a   dose 
0.5 mL/L and fipronil 5 SC having a  dose of 1.0 mL/L 
were found to be highly efficient in decreasing the 
larval population of H. armigera. Sandeep and Aru-
nava (2018) among various treatments, viz, indoxac-
arb 14.5 SC (75 and 150 g a.i./ha), pyridalyl 10 EC (75 
and 150 g a.i./ha), chlorpyriphos 20 EC (350 g a.i./ha) 
and chlorfenapyr 10  SC (100 and 200  g a.i./ha), 
the min. larval population of H.  armigera of 
1.05 larvae/5 plants was noted in the treatment with 
pyridalyl at 150  g a.i./ha which reduced the dam-
age up to the extent of 84.19%. According to Safna 
et al. (2018a), chlorantraniliprole 18.5 SC at 0.005% 
was the best with the least amount of fruit infes-
tation (13.82%), followed by spinosad (17.39%), in-
doxacarb 14.5 SC at 0.012% (21.64%) and lambda 
cyhalothrin 5  EC 0.0025% (23.50%). Swodesh and 
Bhishma (2019) investigated several chemicals and 
discovered that flubendiamide 40SC at 0.21  mL/L 
and emamectin benzoate were both efficient against 

the tomato fruit borer. Kharia et al. (2019), among 
different tested chemicals, found that decamethrin, 
novaluron 10 EC, and spinosad 45 SC to be effec-
tive in spray planning against the tomato fruit borer. 
Rasheed et al. (2019), found that the lowest mean 
of the larval population trends in ascending order 
was observed in the experimental plots treated 
with spinetoram followed by emamectin benzoate, 
cypermethrin and emamectin. As per Hivare et al. 
(2019), treatment with chlorantraniliprole 18.5% SC 
recorded the minimum larval population of H.  ar-
migera, i.e., 0.59  larvae/plant followed by a   larval 
population of 0.73  larvae/plant in treatment with 
Indoxacarb 14.5% SC and flubendiamide 39.35% SC 
having a   larval population of 0.80 larvae/plant 
while Patel et al. (2019) observed that treatment 
with flubendiamide 20% WDG at 2.5 mL and chlo-
rantraniliprole 8.5% SC at 3.0 ml recorded the min. 
infestation of the fruit borer. According to Bhanu-
parkash et al. (2019), plots treated with spinosad 
45% SC exhibited a  minimum percent fruit infesta-
tion of 7.37%, indoxcarb 14.5%  SC and chlorpyri-
fos 20 EC had a  percent fruit infestation of 12.54% 
and 13.76%, respectively. Kumar et al. (2020), from 
their research, concluded that indoxacarb 14.5 SC 
recorded highest percent reduction in the fruit in-
festation to 85.04% over the control and was highly 
efficient in the management of H.  armigera fol-
lowed by fipronil 5 SC, which exhibited an 81.78% 
reduction in the fruit infestation over control, while 
Reddy et al. (2021) also found indoxacarb 14.5 SC 
(65.66%) very effective against H. armigera further 
followed by spinosad 45% SC with a   63.85%  fruit 
infestation reduction over the control.

Leaf miner	
Several pesticides had previously demonstrated 

effectiveness in controlling the leaf minor in tomato 
fields. Chaudhuri and Senapati (2001) found that 
avermectin at 0.01% a.i/ha. was the most effective 
against the tomato pest complex. Ramesh and Ukey 
(2007) found abamectin 0.002% to be the most ef-
fective (13.61 & 16.50%, respectively) at five and 
seven days after spraying (DAS) followed by cy-
permethrin 0.01%. However, diafenthiuron 0.05%, 
emamectin 0.025%, thiamethoxam 0.0125%, and 
spinosad 0.015% were found to be effective against 
L. trifolii by Variya and Patel (2012). Selvaraj (2013) 
found that 30 g a.i./ha of chlorantraniliprole 4.3% 
+ abamectin 1.7% SC reduced the population of 
the leaf miner. Profenophos 40% + cypermethrin 
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4% was determined to be the most efficient against 
L. trifolii on tomatoes by Deepak et al. (2013) among 
eight tested pesticides. Gosalwad et al. (2015) found 
imidacloprid 17.8 SL at 20 g a.i/ha to be the most 
effective against the leaf miner, followed by aceta-
miprid 20 SP at 15 g a.i/ha. Gosalwad et al. (2015) 
also found that spraying emamectin benzoate 5 SG 
at 9.5 g a.i./ha 65 days after transplanting had the 
best effectiveness against the leaf miner, followed 
by spinosad 45 SC at 75 g a.i./ha and chlorpyriphos 
20 EC at 525 g a.i./ha. Tarate et al. (2016) found that 
emamectin benzoate 5  SG at 9.5  g a.i/ha was the 
most effective against the tomato leaf miner fol-
lowed by spinosad 45 SC at 75 g a.i/ha and lambda 
cyhalothrin 5 EC at 50 g a.i./ha. Rajmal (2016) also 
compared the efficacy of different newer insecticide 
molecules for the management of the leaf miner and 
found that cyantraniliprole 10% OD at 105 g a.i./ha 
(3.83  live mines/plant) was superior to the rest of 
the treatments, followed by spinosad 45 SC at 56 g 
a.i. ha-1 (5.80 live mines/plant), imidacloprid 17.8 SL 
at 22.5 a.i./ha (6.88  live mines/plant). Selvraj et al. 
(2017) found the combination of insecticide chlor-
antraniliprole 4.3% + abamectin 1.7% SC was highly 
effective for the management against the incidence 
of L.  trifoli. In an effectiveness trial, Mohan and 
Anitha (2017) discovered that chlorantraniliprole 
18.5 SC 0.03% at a   10-day gap was the best ther-
apy for minimizing the leaf damage (percentage), 
numbers of mines/plant, and number of larvae per 
plant. Abamectin was the most successful therapy 
in suppressing the L. trifolii population, according 
to Rai et al. (2017) and Desai et al. (2018). Kotak et 
al. (2020) found that among the eight tested treat-
ments, chlorantraniliprole 18.5 SC, deltamethrin + 
triazophos 36  EC, emamectin benzoate 5  SG, thi-
odicarb 75  WP, diafenthiuron 50  WP dimethoate 
30  EC, and control profenofos + cypermethrin 
44 EC (0.044%) were more effective in controlling 
the leaf miner. According to Ravipati et al. (2021), 
diafenthiuron 50WP decreased it to 40.6%, while 
spinosad 45 SC was the most effective, reducing it 
by 58.76 and 54.38%, accordingly. Lalruatsangi et al. 
(2018) revealed, from the conducted field trails, that 
the cypermethrin (17.83%) recorded the lowest leaf 
infestation by the leaf miner, but Kotak et al. (2020) 
found that, for the management of the leaf miner, 
the treatment with profenofos + cypermethrin 
44  EC (0.044%) was highly efficient. Kousika and 
Kuttalam (2020) stated that tetraniliprole 200  SC 
with a  dose of 60 and 50 g a.i./ha were significantly 

effective in minimising the incidence of serpentine 
leaf miner while Ravipati et al. (2021), among vari-
ous tested insecticides for efficacy against L. trifo-
lii, the treatment with diafenthiuron 50 WP proved 
highly efficient by reducing damage up to 58.76% 
followed by spinosad 45  SC with the damage re-
duction of 54.38% over the control. Solanki et al. 
(2021), from the trail, concluded that there was 
a   93% reduction in the population of L. trifolii in 
the plot treated with chlorfenapyr 240  SC with a   
dose of 480 mL/ha as compared to the plots treat-
ed with cynantraniliprole 10.26% OD at 100 ml/ha 
and dimethoate 30% EC at 150 gm/ha exhibited an 
89.70% and 88.43% reduction, respectively. 

Whiteflies and aphids
Nicotinoid insecticides, such as thiamethoxam, 

imidacloprid, and dinotefuran, have been shown to 
be effective against phloem-feeding insects and can 
significantly lower whitefly populations in tomato 
plants (Ahmed et al. 2001). Dimethoate 30  EC 
(0.03%), imidacloprid 17.8 SL (0.005%), thiameth-
oxam 25  WG (0.025%), lambda-cyhalothrin 5  EC 
(0.005%), novaluron 10  EC (0.02%) and fenthion 
were also effective in controlling whiteflies on to-
matoes, according to several researchers (Gupta et 
al. 2007; Idris and Mandal 2014). It was also discov-
ered that imidacloprid functioned fast and greatly 
decreased whitefly populations in tomato fields 
(Thorat et al. 2020; Das, Islam 2014). According to 
Gosalwad et al. (2015), the most effective white-
fly control was induced by imidacloprid 17.8 SL at 
20 g a.i./ha, followed by acetamiprid 20 SP. Mandal 
(2012) also found that cyazypyr 10% OD (anthranil-
ic diamide group) was effective against A. gossypii 
and B. tabaci at 90 and 105 g a.i./ha. Imidacloprid 
17.8 SL + spinosad 45 SC was shown to be the most 
successful in managing tomato aphids with the 
most marketable fruit production and economic 
returns, according to Sandeep and Subash (2013). 
Mourya et al. (2015) investigated the efficacy of 
several pesticides, including imidacloprid, fipronil, 
profenofos, indoxacarb, novaluron, and spinosad, 
in suppressing the whitefly and leaf hopper in toma-
toes and discovered that imidacloprid and fipronil 
were the most effective. Sharma et al. (2017) found 
that seed treatment with imidacloprid followed by 
the soil application of carbofuran and imidacloprid 
spray was highly effective in descending order with 
treatments of imidacloprid (seed treatment) + imi-
dacloprid (spray) > imidacloprid (seed treatment) 
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+ thiamethoxam (spray) > imidacloprid (seed treat-
ment) + dimetheoate against the whitefly. According 
to Bambhaniya et al. (2018), three sprays of flonic-
amid at 0.015%, imidacloprid at 0.005%, clothiani-
din at 0.025%, and dimethoate at 0.03% were shown 
to be successful in regulating aphid populations in 
tomato fields. Sharma and Kumar (2020) found that 
thiamethoxam 25 WG at 0.008% and spiromesifen 
22.9  SC at 0.028% were both effective in lowering 
whitefly populations. In their trial, Mohamed et al. 
(2020) found that abamectin and acetampride were 
the most significant whitefly treatments in the 2019 
and 2020 seasons, respectively. Thorat et al. (2020) 
found out the lowest whitefly population in imida-
cloprid 17.8  SC at 0.005% (2.8 mL/10  L of water), 
which was followed by 2.22 adults/leaf in dimethoate 
30  EC at 0.03% (10 mL/10 L of water). Sharma and 
Kumar et al. (2020) concluded that thiamethoxam 
25  WG 0.008% remained the most effective treat-
ment against aphids followed by dimethoate 30 EC 
0.03%. Spiromesifen 22.9 SC 0.028% and indoxacarb 

14.5  SC 0.005% were ranked the third and fourth 
effective treatments, respectively. As per Pavan et 
al. (2019), imidacloprid 30.5 SC at 160 mL/ha and 
flonicamid 50  WG at 300  g/ha were found to be 
the most efficient insecticides exhibiting a   maxi-
mum population reduction of 88.73% and 88.71%, 
respectively, followed by treatment, with a   de-
scending order, of clothianidin 50 WDG at 500 g/ha  
> dimethoate 30 EC at 1 000 mL/ha > difenthiuron 
50 WP at 1 000 g/ha > dinotefuran 20 SG at 500 g/ha 
(76.14%) and spinosad 45  SC at 100  mL/ha, while 
Kotak et al. (2020) found dimethoate 30  EC to be 
a  promising insecticide for the management of the 
whitefly on tomatoes. Balikai (2020) noticed treat-
ments having two sprays of spiromesifen 240  SC 
with a   dose of 150, 120 and 90 g a.i./ha provided 
the highest protection of whiteflies over the control. 
There are a   number of insecticides and combina-
tion of insecticides that are recommended by the 
Central Insecticide Board & Registration Commit-
tee (Tables 1 and 2).

Table 1. List of insecticides recommended against major insect pests of the tomato (CIB&RC)

Insecticide Insecticide group Target insect Formulation Dose
(a.i./ha)

Water required 
(L/ha)

Carbofuran Carbamate whitefly 0.3% CG 1 200 500

Chlorantaniliprole Diamide fruit borer 18.50% SC 30 500

Cyantraniliprole Diamide leaf miner, aphid, 
whitefly, fruit borer 10.26% OD 90 500

Deltametri Synthetic pyrethroids fruit borer 11% EC 10–12.5 375–500

Diafenthiuron Thiourea whitefly 50% WP 300 500
Diamethoate OP aphid,whitefly 30% EC 300 500–1 000
Flubendiamide Diamide fruit borer 20% WG 50 500

Imidachloprid Neonicotinoid whitefly 17.80% SL 30–35 500

Indoxacarb Oxadiazine fruit borer 14.50% SC 60–75 300–600

Lambda cyhalothrin Synthetic pyrethroids fruit borer 5% EC 15 500

Malathion OP whitefly 50% EC 700 500–1 000

Novaluron Insect growth regulators fruit borer 10% EC 75 500–1 000

Oxydemeton methyl OP whitefly 25% EC 250 500–1 000

Phosalone OP fruit borer 35% EC 450 500–1 000

Quinalphos OP fruit borer 25% EC 250 500–1 000

Spiromesifen Titronic acid derivative whitefly 22.90% SC 150 500

Thiamethoxam Neonicotinoid aphid 25% WG 50 500

CG – encapsulated granules; SC – suspension concentrate; EC – emulsifiable concentrates; OD – oil dispersion; WP – 
wettable powder; SL – soluble liquid; WG – wettable granules; OP – organophosphate; CIB&RC – Central Insecticides 
Board & Registration Committee, India
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CONCLUSION

For the development of an efficient management 
plan to avoid massive production losses and crop 
damage caused by the insect pest complex of to-
matoes, it is necessary to understand the seasonal 
abundance of insect pests. The relevant literature 
mentioned studies and overviews presented in this 
study may assist the end users in the future in suc-
cessfully implementing chemical controls for the key 
insect pests of tomatoes.

REFERENCES

Abbas G., Hassan N., Farhan M., Haq I., Karar H. (2015): Effect 
of selected insecticides on Helicoverpa armigera Hubner 
(Lepidoptera: Noctuidae) on tomato (Lycopersicon esculen-
tum Miller) and their successful management. Advances in 
Entomology, 3: 16–23.

Ahmed N.E., Kanan H.O., Sugimoto Y., Ma Y.Q., Inanaga S. 
(2001): Effect of imidacloprid on incidence of tomato yellow leaf 
curl virus. Journal of Plant Diseases and Protection, 85: 84–87.

Anonymous (2017): Horticultural Statistics at a  Glance 2018. 
National Horticulture Board: 143.

Babu S.R., Singh V. (2015): Bioefficacy of newer insecticide 
molecules against tomato fruit borer, Helicoverpa armigera 
(Hübner). Vegetable Science, 42: 107–108.

Balikai R.A. (2020): Bio-efficacy of spiromesifen 20 EC against 
whitefly and mite in tomato (Lycopersicon esculentum). 
Farming and management, 5: 75–84.

Bambhaniya V.S., Khanpara A.V., Patel H.N. (2018): Bio-
Efficacy of insecticides against sucking pests; whitefly and 
aphid infesting tomato. Journal of Pharmacognosy and 
Phytochemistry, 7: 2051–2059.

Bhanuprakash S.V., Sharanappa, Kumar A. (2019): Seasonal 
incidence of tomato fruit borer and efficacy of chemical, 

bio insecticides and HaNPV against Helicoverpa armigera 
in tomato. Journal of Pharmacognosy and Phytochemistry, 
8: 2366–2369.

Bisht R.S. (2014): Seasonal incidence of Helicoverpa armigera 
(HUB.) on tomato at Pantnagar, Uttarakhand. International 
Journal of Basic and Applied Agricultural Research, 12: 351–355.

Chakraborty K., Revadi S., Chakravarthy A.K. (2012): Incidence 
and abundance of tomato fruit borer, Helicoverpa armigera 
(Hubner) in relation to the time of cultivation in the northern 
parts of West Bengal, India. Current Biotica, 5: 91–97.

Chakraborty K. (2011): Incidence of Aphid, Aphid gossypii 
Glover (Hemiptera:Aphidae) on tomato crop in the agro 
climatic conditions of the Northern part of West Bengal, 
India. World Journal of Zoology, 6: 187–191.

Chandi R.S., Suri K.S. (2016): Field efficacy of newer insec-
ticides against tomato fruit borer, Helicoverpa armigera 
(Hübner). Pesticide Research Journal, 28: 15–19.

Chaudhuri N., Senapati S.K. (2001): Evaluation of pesticides 
from different origin-synthetic and biological, against pest 
complex of tomato under terai region of West Bengal. 
Haryana Journal of Horticultural Sciences, 30: 274–277.

Chaudhuri N., Senapati S.K. (2004): Incidence and biology 
of leaf miner, (Burg.) on tomato as influenced by weather 
conditions. Annals of Protection Sciences, 12: 55–58.

Chavan S.M., Kumar S., Arve S.S. (2013): Population dynam-
ics and development of suitable pest management module 
against major insect pests of tomato (Solanum lycopersi-
cum). Journal of Applied Horticulture, 15: 150–155.

Chula M.P., Jat S.L., Kumarand A., Nitharwa R.S. (2017): Sea-
sonal incidence of tomato fruit borer, Helicoverpa armigera 
(Hubner) and their correlation with abiotic factors. Journal 
of Pharmacognosy and Phytochemistry, 6: 1445–1447.

Das G., Islam T. (2014): Relative efficacy of some newer insecti-
cides on the mortality of jassid and whitefly in brinjal. Inter-
national Journal of Research in Biological Sciences, 4: 89–93.

Deb S., Bharpoda T.M. (2017): Impact of meteorological factors 
on population of major insect pests in tomato, Lycopersicon 

Table 2. List of a combination of insecticides recommended against major insect pests of the tomato (CIB &RC)

Name of insecticides Target insect Dose 
(a.i./ha)

Water required  
(L/ha)

Flubendiamide 7.5% +Kresoxim methyl 37.5% SC fruit borer 667 500
Nvaluron 5.25% + indoxacarb 4.50% SC fruit borer 825–875 500
Propargite 50% + bifenthrin 5% SF whitefly and jassid 1 100–1 150 500

Thiamethoxam12.60% + lambdacyhalothrin 9.50% ZC whitefly  
and fruit borer 125 500

Chlorantraniliprole 8.80% + thiamethoxam 17.50% SC leaf miner, whitefly 
and fruit borer 500 (soil drenching) 50–100

CIB&RC – Central Insecticides Board & Registration Committee, India; SC – suspension concentrate; SF – soluble flow-
able; ZC – combined formulation of CS (capsule suspension) and SC (suspension concentrate)



21

Horticultural Science (Prague), 50, 2023 (1): 12–24	 Review

https://doi.org/10.17221/31/2022-HORTSCI

esculentum Mill. under middle Gujarat condition. Journal 
of Agrometeorology, 19: 251–254.

Deepak R., Singh A.K., Sushil S.N., Rai M.K., Gupta J.P., Tyagi M.P. 
(2013): Efficacy of insecticides against american serpentine 
leaf miner, Liriomyza trifolii (Burgess) on tomato Crop in 
N-W region of Uttar Pradesh, India. International Journal 
of Horticulture, 3: 19–21.

Desai N.R., Bhoge C.S., Pawar D.B., Bhoge R.S. (2018): Bioef-
ficacy of different insecticides against leaf minor (Liriomyza 
trifolii) on cucumber and their effect on natural enemies. 
International Journal of Current Microbiology and Applied 
Sciences, 6: 2392–2395.

Dharumarajan S., Dikshit A.K., Singh S.B. (2009): Persistence of 
combine-Mix (beta Cyfluthrin + imidacloprid) on tomato (Ly-
copersicon esculentum). Pesticide Research Journal, 21: 83–85.

Dibbad S.H., Hanumantharaya L., Hanumanthappa M., Srini-
vasa V., Kumari S. (2020): Studies on population dynamics 
of major insect pests of tomato. Journal of Entomology and 
Zoology Studies, 8: 1245–1248.

Faqiri M., Kumar D.A. (2016): Management of tomato fruit 
borer (Helicoverpa armigera (Hubner) by chemical insecti-
cides and neem products. International Journal of Multidis-
ciplinary Research and Development, 3: 82–85. 

Gandhi G., Sharma P.C., Negi N. (2020). Bioefficacy of differ-
ent organic/biopesticide treatments against tomato fruit 
borer (Helicoverpa armigera Hubner) under field conditions. 
Journal of Entomology and Zoology Studies, 8: 235–239.

Ghosh A., Chatterjee M., Roy A. (2010). Bio-efficacy of spino-
sad against tomato fruit borer (Helicoverpa armigera Hub.) 
(Lepidoptera: Noctuidae) and its natural enemies. Journal 
of Horticulture and Forestry, 2: 108–111.

Ghosh K.S. (2017): Seasonal incidence of aphid (Aphis gossypii 
Glov.) infesting tomato (Lycopersicon esculentus L.) and their 
management by using botanical pesticides. International Journal 
of Advances in Science Engineering and Technology, 5: 14–17.

Gosalwad S.S., Toprope V.N., Tikotkar A.B. (2015): Efficacy 
of insecticides against whitefly and leaf miner in tomato 
(Lycopersicon esculentum Mill). Bioinfolet, 12: 631– 634.

Gupta P.K., Ansari N.A., Tewari H.D., Tewari J.P. (2007): Effi-
cacy of different insecticides against whitefly (Bemisia tabaci 
Gen.) in tomato crop and control of Tomato Leaf Curl Virus. 
Pesticide Research Journal, 19: 218–219.

Harshita A.P., Saikia D.K., Deeve A., Bora L.C., Phukan S.N. 
(2018): Seasonal incidence of fruit borer, Helicoverpa armigera 
and its eco-friendly management in tomato, Solanum lycopersi-
cum. International Journal of Chemical Studies, 6: 1482–1485.

Hath T.K., Das B.R. (2004): Incidence of insect pests in late 
planted tomato under terai agroecology of West Bengal. 
Environmental Ecology, 22: 136–140.

Hemalatha B., Maheswari T.U. (2004): Biology and seasonal 
incidence of serpentine leaf miner, Liriomyza trifolii (Bur-

gess) on tomato in southern zone of Andhra Pradesh. Indian 
Journal of Entomology, 66: 107–110.

Hivare P.S., Deore B.V., Saindane Y.S., Deore S.B., Band S.S. 
(2019): Bioefficacy of selected insecticides against tomato 
fruit borer, Helicoverpa armigera (Hubner). International 
Journal of Chemical Studies, 7: 607–612.

Idris M., Mandal S. . (2014): Newer insecticides against white-
fly vector, Bemisia tabaci and Tomato Yellow Vein Mosaic 
Virus. International Journal of Plant Protection, 42: 97–98.

Jat R. (2016): Management of major insect pests of tomato 
(Lycopersicon esculentum Miller) with novel insecticides. 
[M.Sc. (Ag.) Thesis., Entomology and Agricultural Zoology], 
Institute of Agricultural Sciences, Banaras Hindu University.

Jha S.K., Kumar M. (2017): Effect of weather parameters on 
incidence of whitefly, Bemisia tabaci (Gennadius) on tomato. 
Journal of Entomology and Zoology Studies, 5: 304–306.

Kachave D.R., Sonkamble M.M., Patil S.K. (2020): Population 
dynamics of major insect pests infesting to tomato, Lyco-
persicon esculentum (Miller). Journal of Pharmacognosy 
and Phytochemistry, 9: 344–348.

Kamble S.K., Shetgar S.S., Bilapate G.G., Madansure A.N., 
Nalwandikar P.K. (2005): Population dynamics of Helicoverpa 
armigera (Hubner) on tomato and its relation with weather 
parameters. Indian Journal of Entomology, 67: 88–89.

Khaliq N., Shankar U. (2020): Population dynamics of tomato 
leaf miner, Liriomyza trifolii Burges on tomato, Solanum 
lycopersicum L. Journal of Entomology and Zoology Stud-
ies, 8: 1508–1511.

Khanam U.K.S., Hossain M., Ahmed N., Uddin M.M., Hossain 
M.S. (2003): Varietal screening of tomato to tomato fruit borer 
Helicoverpa armigera (Hub.) and associated tomato plant 
characters. Pakistan Journal of Biological Sciences, 6: 413–421.

Kharia P.M., Kumar R., Kumar V. (2019): Evaluation of differ-
ent management schedules against fruit borer, Helicoverpa 
armigera on tomato. International Journal Current Microbial 
Applied Sciences, 8: 477–484.

Kharpuse Y.K. (2004): Studies on seasonal incidence and role 
of botanical against major insect pests of tomato (Lycoper-
sicon esculentum M.). [M.Sc. (Ag.) (Ent.) Thesis.] J.N.K.V.V., 
Jabalpur (M.P.): 1–53.

Khokhar S., Rolania K. (2021): Population dynamics of aphid 
and coexisting predators in tomato agroecosystem. Journal 
of Agrometeorology, 23: 200–206.

Kooner R., Sharma S., Sandhu S.S., Arora R. (2016): Chlor-
antraniliprole to manage tomato fruit borer, Helicoverpa 
armigera (Hübner) (Lepidoptera:Noctuiidae) in Punjab. 
Pesticide Research Journal, 28: 188–193.

Kotak J.N., Acharya M.F., Rathod A.R., Shah K.D., Ghelani 
M.K. (2020): Bio-efficacy of different insecticides against 
leaf miner and whitefly on tomato. International Journal of 
Chemical Studies, 8: 9–15.



22

Review	 Horticultural Science (Prague), 50, 2023 (1): 12–24

https://doi.org/10.17221/31/2022-HORTSCI

Kousika J., Kuttalam S. (2020): Evaluation of tetraniliprole 
200 SC against american serpentine leaf miner Liriomyza 
trifolii (Burgess) and its impact on natural enemies in to-
mato. Pesticide Research Journal, 32: 165–171.

Kumar A., Shivaraju C. (2009): Bioefficacy of newer insecticide 
molecules against tomato fruit borer, Helicoverpa armigera 
(Hubner). Karnataka Journal Agriculture Sciences, 22: 588–590.

Kumar G.V.S., Sarada O. (2015): Field efficancy and econom-
ics of some new insecticide molecules against lepidopteran 
caterpillars in chickpea. Current Biotica, 9: 153–158.

Kumar K.L. (2008): Studies on insect pest complex of tomato 
Lycopersicon esculentum Mill and management of fruit 
borer, Helicoverpa armigera. Hub with chemicals. [M.Sc. 
(Ag). Thesis,]. JNKVV, Jabalpur (M.P.): 1–91. 

Kumar K.R. (2013): Bio-efficacy and residue Dynamics of 
insecticides against fruit borer (Helicoverpa armigera Hub.) 
in tomato (Lycopersicon esculentum Mill.). M.Sc. Agricul-
ture Entomology Thesis, submitted to Acharya N.G. Ranga 
Agricultural University. 

Kumar M., Sharma P.K., Sharma A.K. (2013): Studies on 
pheromone catches of Helicoverpa armigera hubner and 
relation of moth activity with larval infestation on tomato 
in Baghpat Uttar Pradesh. International Journal of Microbial 
Resource Technology, 2: 13–15.

Kumar R., Kharia P. (2015): Population dynamics and evalua-
tion of management schedules for fruit borer, Helicoverpa 
armigera (Hubner) and whitefly, Bemisia tabaci (Gennadius) 
on tomato. [M.sc. Thesis.] CCS HAU, Hisar: 17–29.

Kumar S., Umrao R.S., Kumar A., Patel V.K., Debnath R., 
Kumar A. (2020): Evaluation of the efficacy of insecticides and 
biopesticides against Helicoverpa armigera (Hubner) on to-
mato. Journal of Entomology and Zoology Studies, 8: 555–558.

Kurl S.P., Kumar A. (2010): Population dynamics of Helicoverpa 
armigera (Hubner) in relation to meteorological parameters. 
Journal of Experimental Zoology, 13: 129–132.

Kuttalam S., Kumar B., Kumaran N., Boomathi N. (2008): Evalua-
tion of bio-efficacy of flubendiamide 480 SC against fruit borer, 
Helicoverpa armigera Hub. in tomato. Pestology, 32: 13–16.

Lal K., Milati S.P., Singh K., Singh S.N. (2008): Bio-efficacy 
of betacyflurothrin, lamdacyhalothrin and imidacloprid 
against Earias vittella in okra. Annals of Plant Protection 
Sciences, 16: 21–24.

Lalruatsangi K., Tripura A., Chatterjee M.L., Patra S. (2018): 
Newer insecticides against major insect-pest of tomato in 
mid-hills of Meghalaya. Pesticides Research Journal, 30: 1–7. 

Mahla M.K., Lekha, Singh V., Swami H., Choudhary R.S. 
(2017): Efficacy of different insecticides against pest complex 
of tomato and effect on their natural enemies. Journal of 
Entomology and Zoology Studies, 5: 229–234.

Mandal S.K. (2012): Bio-efficacy of Cyazypyr 10% OD, a  new 
anthranilic diamide insecticide, against the insect pests of to-

mato and its impact on natural enemies and crop health. Acta 
Phytopathologica et Entomologica Hungarica, 47: 233–249.

Mandloi R., Pachori R., Sharma A.K., Thomas M., Thakur A.S. 
(2015): Impact of weather factors on the incidence of ma-
jor insect pests of tomato (Solanum lycopersicon L.). The 
Ecoscan, 7: 07–12.

Meena L.K., Bairwa B. (2014): Influence of abiotic and biotic 
factors on the incidence of major insect pests of tomato. The 
Ecoscan, 8: 309–313.

Mehta P.K., Vaidya D.N., Kashyap N.P. (2000): Management of 
fruit borer using insecticides and biopesticides. Himachal 
Journal Agriculture Research, 26: 50–53. 

Mohamed F.M., Zawrah, Masry A.T., Noha L., Saleh (2020): 
Efficacy of certain insecticides against whitefly Bemisia 
tabaci (Genn) infesting tomato plants and their associated 
predators. Plant Archives, 20: 2221–2228.

Mohan M., Anitha N. (2017): Management of american ser-
pentine leaf miner, Liriomyza trifolii (Burgess) on tomato. 
Pest Management in Horticultural Ecosystems, 23: 94–96.

Mondal B., Mondal P., Das A., Bhattyacharyya K. (2019): 
Seasonal incidence of different insect pests of tomato 
(Lycopersicon esculentum Mill.) and their correlation with 
abiotic factor in lateritic zone of West Bengal. Journal of 
Entomology and Zoology Studies, 7: 1426–1430.

Mourya S.D., Maurya K.K., Srivastava A.S. (2015): Efficacy of dif-
ferent novel insecticides against major insect pests of tomato 
crop. Ecology, Environment and Conservation, 21: 1263–1268.

Murugaraj P., Nachiappan R., Selvanarayanan V. (2006): Ef-
ficacy of emamectin benzoate against tomato fruit borer, 
Helicoverpa armigera (Hüb). Pestology, 30: 11–16.

NHB (2018): Indian Horticulture Data Base. National Horticulture 
Board, Ministry of Agriculture and Farmers Welfare, India: 490.

Patel R.D., Parmar V.R., Patel N.B. (2016): Bio-efficacy of chlo-
rantraniliprole 35 wg against Helicoverpa armigera (Hübner) 
Hardwick in Tomato. Trends in Biosciences, 9: 793–798. 

Patel S., Pandya H.V., Saxena S.P. (2019): Bio-efficacy of in-
secticides and neem products against Helicoverpa armigera 
(Hubner) on tomato. Journal of Entomology and Zoology 
Studies, 7: 1302–1305.

Pathania S.S., Verma A.K., Gupta P.R. (2009): Pheromone 
monitoring of Helicoverpa armigera (Hubner) and relation-
ship with abiotic factors and infestation on tomato. Indian 
Journal of Entomology, 71: 312–316.

Pavan T., Ghosh S.K., Nihal R., Sri N.R. (2019): Effect of abi-
otic factors on seasonal incidence and bio-efficacy of some 
newer insecticides against aphid (Aphis gossypii) in tomato. 
Journal of Entomology and Zoology Studies, 7: 513–516.

Rai D., Singh V., Singh V.N., Ramkewal (2017): Evaluation 
of different insecticides against American serpentine leaf 
miner, Liriomyza trifolii in tomato crop. Plant Archives, 
17: 295–298.



23

Horticultural Science (Prague), 50, 2023 (1): 12–24	 Review

https://doi.org/10.17221/31/2022-HORTSCI

Rajmal R., Raghuraman M., Mishra V.K. (2017): Bio- efficacy 
of some newer insecticides against Helicoverpa armigera on 
tomato. Plant Archives, 17: 691–696.

Rajmal R. (2016): Management of major insect pests of tomato 
(Lycopersicon esculentum Miller) with novel insecticides. 
M.Sc. (Ag.) Thesis, Entomology and Agricultural Zoology. 
Institute of Agricultural Sciences, Banaras Hindu University.

Ramesh R., Ukey S.P. (2007): Bio-efficacy of botanicals, micro-
bials and newer insecticides in the management of tomato 
leafminer, Liriomyza trifolii burgess. International Journal 
of Agricultural Science, 3: 154–156.

Rasheed I., Shah S.F., Sarwar J., Usman A., Shah M., Usman M., 
Amin F., Nisar N. (2019): Screening of different insecti-
cides against Helicoverpa armigera (Hubner) (Lepidoptera: 
Noctuidae) and its effect on yield of tomato crop. Pure and 
Applied Biology, 8: 496–502.

Ravipati N.S., Shukla A., Sahu B. (2020): Influence of weather 
parameters on the incidence of serpentine leaf miner, Liri-
omyza trifolii (Burgess) on tomato. International Journal of 
Current Microbiology and Applied Sciences, 9: 2260–2265.

Ravipati N.S., Shukla A., Sahu B. (2021): Management of 
American serpentine leaf miner Liriomyza trifolii (Burgess) 
on tomato. Indian Journal of Entomology, 83: 1–4.

Razdan M., Mattoo A.K. (2007): Genetic improvement of 
solanaceous crops. Science Publishers, New Hampshire, 
USA, 2: 4–6.

Reddy N.A., Kumar C.T.A. (2004): Insect pests of tomato, Lyco-
persicon esculentum Mill. in eastern dry zone of Karnataka. 
Insect Environment, 10: 40–42.

Reddy N.A., Kumar C.T.A. (2005): Influence of weather factors 
on abundance and management of serpentine leaf minor, 
Liriomyza trifolii (Burgess) on tomato. Annals of Plant 
Protection Science, 13: 315–318.

Reddy R.D., Kumar A., Sai K.P. (2021): Field efficacy of some 
insecticides against tomato fruit borer, Helicoverpa armig-
era (Hubner). Journal of Entomology and Zoology Studies,  
9: 1434–1436.

Safna M., Naik K.V., Desai V.S., Karmarkar M.S., Shinde B.D., 
Raut P.P. (2018a): Evaluation of the efficacy of some insecticides 
against fruit borer, Helicoverpa armigera (Hubner) infesting 
tomato. International Journal of Chemical Studies, 6: 1158–116.

Safna M., Naik K.V., Karmarkar M.S., Shinde B.D., Jalgaonkar 
V.N., Raut P. (2018b): Effect of weather parameters on 
seasonal abundance of fruit borer, Helicoverpa armigera 
(Hubner) infesting tomato. Journal of Entomology and 
Zoology Studies, 6: 399–401.

Sandeep K., Subash S. (2013): Field efficacy of some systemic 
insecticides and microbial pesticides (module) against 
aphid, Aphis gossypii (Glover) and fruit borer, Helicoverpa 
armigera (Hubner) on tomato in Punjab. Agriculture for 
Sustainable Development, 1: 1–6.

Sandeep P., Arunava S. (2018): Evaluation of insecticides 
against Helicoverpa armigera and Spodoptera litura in to-
mato. Indian Journal of Entomology, 80: 612–1616.

Sapkal S.D., Sonkamble M.M., Gaikwad B.B. (2018): Sea-
sonal incidence of tomato fruit borer, Helicoverpa armigera 
(Hubner) on tomato, Lycopersicon esculentum (Mill) under 
protected cultivation. Journal of Entomology and Zoology 
Studies, 6: 1911–1914.

Saradhi P., Patnaik N.C. (2004): Seasonal population fluctua-
tions of serpentine leaf miner, Liriomyza trifolii (Burgess) 
in different host plants. Journal of Applied Zoological Re-
searches, 15: 60–63.

Sarangdevot S.S., Kumar S., Naruka P.S., Pachauri C.P. (2010): 
Population dynamics of whitefly, Bemisia tabaci (Genn.) of 
tomato in relation to abiotic factors. Pestology, 34: 83–84.

Sathish B.N., Singh V.V., Kumar S. (2018): Efficacy of different 
chemical insecticides and bio-pesticides against tomato 
fruit borer Helicoverpa armigera (Hubner) on tomato crop. 
Bulletin of Environment, Pharmacology and Life Sciences, 
7: 107–110.

Selvaraj S. (2013): Bioefficacy of some newer insecticides 
against major insect pests of tomato and their ecology. [Ph.D. 
Thesis.] G.B. Pant University of Agriculture and Technology, 
Pantnagar: 263145 (Uttarakhand).

Selvaraj S., Bisht R. S. Ganeshamoorthi P. (2016): Seasonal 
Incidence of American serpentine leaf miner, Liriomyza 
trifolii (Burgess), on tomato at Pantnagar, Uttarakhand. In-
ternational Journal of Agriculture Sciences, 8: 1777–1779.

Selvaraj S., Bisht R., Srivastava P., Kushwaha K. (2017): Bioef-
ficacy of chlorantraniliprole 4.3% + abamectin 1.7% SC 
against Liriomyza trifolii (Burgess) in tomato. Journal of 
Entomology and Zoology Studies, 5: 1819–1822.

Selvraj S., Bisht R.S. (2014): Seasonal incidence of Helicoverpa ar-
migera on tomato at Pantnagar, Uttrakhand. International Jour-
nal of Basic and Applied Agriculture Research, 12: 351–355.

Shakeel M., Akram W., Hamza A., Ali M.W., Ali A. (2014): 
Population dynamics of aphid (Aphis gossypii G.) on tomato 
agro-ecosystem in Faisalabad region. International Journal 
of Research in Agricultural Sciences, 1: 2348–3997.

Sharma D., Maqbool A., Jamwal V. S., Srivastava K., Sharma 
A. (2017): Seasonal dynamics and management of whitefly 
(Bemesia tabaci Genn.) in tomato (Solanum esculentum 
Mill.). Brazilian Archives of Biology and Technology, 60: 1–7.

Sharma K.C. (2004): Inheritance of important characters in 
bacterial wilt resistant × susceptible tomato (Lycopersicon 
esculentum) crop. Annals of Agricultural Research New 
Series, 25: 403–405.

Sharma V.G., Kumar S. (2020): Bio-efficacy of different in-
secticides against whitefly (Bemisia Tabaci) on tomato, 
(Lycopersicon esculentum Mill). Journal of Entomology and 
Zoology Studies, 8: 464–469. 



24

Review	 Horticultural Science (Prague), 50, 2023 (1): 12–24

https://doi.org/10.17221/31/2022-HORTSCI

Sharma V.G., Kumar S. (2020): Bio-efficacy of different insecti-
cides against aphid (Aphis gossypii) on tomato, (Lycopersicon 
esculentum Mill). Journal of Entomology and Zoology Stud-
ies, 8: 1844–1848.

Shivalingaswamy T.M., Kumar A.S., Satpathy, Rai A.B. (2008): 
Efficacy of indoxacarb against tomato fruit borer, Helicov-
erpa armigera Hubner. Pestology, 32: 23–25.

Singh N., Dotasara S.K., Kherwa B., Singh S. (2017): Manage-
ment of tomato fruit borer by incorporating newer and 
biorational insecticides. Journal of Entomology and Zoology 
Studies, 5: 1403–1408. 

Singh N., Gupta, N. (2017): Effect of weather on fruit borer, 
Helicoverpa armigera (Hub) activity in tomato. Journal of 
Agriculture and Veterinary Sciences, 40: 414–417.

Singh S. (2017): Studies on insect pests of tomato with special 
reference to seasonal incidence and management of serpen-
tine leaf miner Liriomyza trifolii Burgess. [M.Sc. Thesis.] 
Indira Gandhi Krishi Vishwavidyalaya, Raipur.

Singh S.P., Dwivedi R.K., Kishor K. (2021): Population dynam-
ics of tomato fruit borer Helicoverpa armigera Hubner in 
relation to abiotic factors in central U.P. The Pharma Innova-
tion Journal, 10: 39–43.

Singh S., Awasthi A.K., Tomar R.K.S.,Verma S.K., Chaure N.K. 
(2018): Seasonal Incidence of serpentine leaf miner (Liri-
omyza trifolii Burgess) on Tomato at Bilaspur district of 
Chhattisgarh. Trends in Biosciences, 11: 28–30.

Solanki M., Yadav N.A., Shinde G.S., Sasane A.R. (2021): Com-
parative study of effect of insecticides chlorfenapyr 240 SC, 
Cyantraniliprole 10.26% OD and dimethoate 30%  EC on 
leaf minor of tomato in Malwa region of Madhya Pradesh. 
International Journal of Chemical Studies, 9: 653–655.

Subba B., Pal S., Mandal T., Ghosh S. (2017): Population 
dynamics of whitefly (Bemisia tabaci Genn.) infesting 

tomato (Lycopersicon esculentus L.) and their sustainable 
management using biopesticides. Journal of Entomology 
and Zoology Studies, 5: 879–883.

Swodesh R., Bhishma R.D. (2019): Integrated management of 
fruit borer (Helicoverpa armigera) of tomato in Nepal. Acta 
Scientific Agriculture, 3: 41–46. 

Tarate R. Mohite P., Dhumal S. (2016): Efficacy of new mol-
ecules of insecticides against leaf miner infesting tomato. 
Indian Journal of Applied Research, 6: 456–458.

Thorat S.S., Kumar S., Patel J.D. (2020): Bio efficacy of differ-
ent pesticides against whitefly (Bemisia tabaci Gennadius) 
in tomato. Journal of Entomology and Zoology Studies, 8: 
1428–1431.

Variya M.V., Bhut J.B. (2014): Effect of weather parameters on 
incidence of leaf miner (Lirimomyza trifolii Burgess) on to-
mato. International Journal of Plant Protection, 7: 196–200.

Variya M.V., Patel J.J. (2012): Evaluation of different insecticides 
against leaf miner (Liriomyza trifolii burgess) in tomato. 
AGRES-An International e-Journal, 1:453–462. 

Vikram K.A., Mehra K., Choudhary R. (2018): Effect of weather 
parameters on incidence of key pest, Helicoverpa armigera 
(Hubner) on tomato. Journal of Entomology and Zoology 
Studies, 6: 97–99.

Wade P.S., Wankhede S.M., Rahate S.S. (2020): Efficacy of 
different pesticides against major pests infesting tomato 
(Solanum lycopersicum L.). Journal of Pharmacognosy and 
Phytochemistry, 9: 545–548.

Received: February 28, 2022 
Accepted:  August 9, 2022 


