



Population dynamics of major insect-pests on different varieties of tomato, Solanum lycopersicum L.

ABSTRACT

  
 Population dynamics studies of major insect-pests on seven varieties (Hisar Arun, Hisar Lalit, Pusa Ruby, Pusa Rohini, Red Cherry, Sona Cherry and Kesar Cherry) of tomato under open field conditions were undertaken at CCS Haryana Agricultural University, KVK Jhajjar during the years 2019 and 2020. Bemisia tabaci commenced in 9th SMW with peak in 13th SMW and remained till 16th SMW on all the varieties except Punjab Red Cherry (up to 15th SMW). Amrasca devastans appeared in 8th and 7th SMW and attained peak during 14th and 13th SMW during 2019 and 2020, respectively. Helicoverpa armigera commenced in 10th SMW with attained peak in 16th during both the years. Varietal response showed that the variety, Hisar Arun was least preferred by the A. devastans and B. tabaci. However, variety Pusa Rohini was showed least preference against H. armigera. Leafhopper and fruit borer population exhibited significant positive correlation with maximum and minimum temperature whereas significant negative correlation with the relative humidity. 
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INTRODUCTION 
Tomato (Solanum lycopersicum L.) is one of the most important vegetable crop grown throughout the world. In India this crop ranks second in importance among different vegetable crops after potato (Solieman et al., 2013). It is a short duration and requires warm and cool climate with optimum temperature range of 21-24oC. Tomato is grown throughout the world including India, China, USA, Italy, Turkey, Mexico and Japan. In India this vegetable crop is mainly grown in states of Andhra Pradesh, Madhya Pradesh, Orissa, West Bengal, Karnataka, Bihar, Gujarat, Tamil Nadu, Uttar Pradesh, Haryana and Rajasthan. In India this crop occupies an area of about 0.8 million ha with production of 20.4 million tonnes (FAO, 2024). In Haryana it occupies an area of 29.40 thousand ha with production and productivity of 0.62 million tonnes and 21.32 tonnes per ha, respectively (Anonymous, 2014). Insect-pests attack is one of the most important factor limiting the production of this crop. Insect-pests viz. fruit borer (Helicoverpa armigera Hub.), whitefly (Bemisia tabaci Genn.), leafhopper (Amrasca devastans Ishida), thrips (Scirtothrips dorsalis Lind), serpentine leaf miner (Liriomyza trifolii Burgess) are highly destructive pest of this crop (Lal et al., 2008). About 40 to 50 per cent damage have been reported in tomato due to H. armigera (Pareek and Bhargava, 2003). Chemical pesticides are used by farmers in indiscriminate ways to control insect-pests in tomato that leads to causes toxic effect on the non-target organisms, problem of pesticide residue in foodstuff, environmental contamination and development of resistance to chemical insecticides. Population dynamics studies on tomato helps to develop a strategy for timely management of insect-pests in order to avoid insect damage and maximize yield. Keeping in view, the importance of the crop present studies were undertaken to study the population dynamics of important insect-pests viz. H. armigera, B. tabaci, L. trifolii and A. devastans on different varieties of tomato. 
MATERIALS AND METHODS 
The present study was carried out under open field conditions at farm area of CCS HAU Krishi Vigyan Kendra (KVK), Jhajjar. Geographically experimental site was situated between 28o22’:28o49’ North Latitudes, and 76o18’:76o59’ East Longitudes South-East of Haryana with average plain elevation is about 222 meters above mean sea level with annual rainfall about 532 mm, and mean maximum and minimum temperature of about 45oC (May and June) and 4oC (January), respectively. Seven tomato varieties (Hisar Arun, Hisar Lalit, Pusa Ruby, Pusa Rohini, Red Cherry, Sona Cherry and Kesar Cherry) were grown following recommended agronomic package of practices except insecticide application during the year 2019 (Transplanting : Jan.)  and 2020 (Transplanting : Jan.). Population of insect pests (H. armigera, A. devastans, L. trifolii, B. tabaci) and natural enemies (Coccinella spp., Chrysoperla spp. and Menochilus spp.) were recorded from five randomly selected and tagged plants per replication in each cultivar at weekly interval from plant establishment to harvesting. Population of sucking pests (B. tabaci, Amrasca devastans) were counted early in the morning on the three leaves each from top, middle and bottom of tagged plants, whereas leaf miner and fruit borer infestation were recorded by mined leaves and drop sheet method. Pest population were also correlated with weather parameters (temperature, humidity and rainfall) and morphological characteristics of varieties. The data collected were statistically analyzed using SPSS (Statistical Package for the Social Science).

RESULTS AND DISCUSSION 
The data presented in Table 1 to 3 predicts population dynamics of major insect-pests on different varieties of tomato initiating from 3rd standard meteorological week (SMW) i.e. 15th – 21st Jan., 2019 and 2020 (crop establishment stage) till 18th SMW i.e. 30th April – 06th May, 2019 and 2020 (crop maturity stage). Whitefly population commenced in 9th SMW and ranged from 0.33 (Hisar Arun : 2019) to 1.33 nymphs per three leaves (Punjab Kesar Cherry : 2020), attained peaks during 13th SMW on variety Punjab Kesar Cherry (7.27 and 7.20 nymphs and adults/3 leaves) during 2019 and 2020, respectively. whitefly remained on crop up to 16th SMW on all the varieties in 2019 except Punjab Red Cherry (up to 15th SMW), while in 2020 it remained on most of the varieties up to 15th SMW except Punjab Sona Cherry and Punjab Kesar Cherry (16th SMW). These findings are more or less in conformity with the findings of Sri et al. (2017) who recorded the whitefly population (48th SMW to 9th SMW) on tomato crop that attained peak in 8th SMW (4.60 whitefly/leaf). Mean value of sixteen observations of whitefly population (2019 and 2020), indicated the differential varietal response to whitefly infestation. Variety, Hisar Arun was identified as least preferred with population of 0.79 and 0.90 nymphs and adults per three leaves, whereas Punjab Kesar Cherry was found most preferred (1.46 and 1.66 nymphs and adults/3 leaves) followed by Punjab Sona Cherry (1.32 and 1.53 nymphs and adults/3 leaves) during 2019 and 2020, respectively. The higher to lower preference in relation to whitefly was as Punjab Kesar Cherry > Punjab Sona Cherry > Hisar Lalit > Punjab Red Cherry > Pusa Ruby > Pusa Rohini > Hisar Arun. 
Data presented in Table 2 predicts the appearance of leafhopper in the 8th SMW (0.73 to 1.42 nymphs and adults/3 leaves) and 7th SMW (0.33 to 0.93 nymphs and adults/3 leaves) that attained peak in 14th (9.60 leaf hopper/3 leaves) and 13th SMW (8.13 leaf hopper/3 leaves) on Punjab Red Cherry and remained on the crop 18th and 17th SMW coinciding with maturity of the crop during 2019 and 2020, respectively. The present findings are more or less in supported with Mandloi et al. (2015) who reported occurrence throughout the growing period with two distinct peaks during 9th and 11th SMW. Differential response of varieties to leafhopper infestation showed the highest preference for Punjab Red Cherry (3.54 and 2.43 nymphs and adults/3 leaves) while least preference for Hisar Arun (2.82 and 1.73, leafhopper/3 leaves) in 2019 and 2020 cropping years, respectively. Relative preference of leafhopper towards different varieties (higher to lower preference) was as Punjab Red Cherry > Punjab Kesar Cherry > Hisar Lalit > Punjab Sona Cherry > Pusa Ruby > Pusa Rohini > Hisar Arun. 
Larval population of fruit borer commenced in 10th SMW in both the years on Hisar Lalit, Pusa Ruby, Punjab Red Cherry and Hisar Arun (Table 3) that attained peak in 17th SMW and 16th SMW on Sona Cherry (5.53 larvae/plant) and Hisar Lalit (5.47 larvae/plant) during 2019 and 2020, respectively. With the progression of crop maturity till 18th SMW, the population of the pest went on decreasing in both the cropping years. The present findings are more or less in accordance to Parihar and Singh (1986), Singh and Balan (1986) and Kumar et al. (2006) who reported fruit borer on tomato from last week of March till last week of April. The different varieties of tomato exhibited varying response to the fruit borer incidence indicating the maximum (1.69 and 1.63 larvae/plant) and minimum number of fruit borer larvae (0.39 and 0.40 larvae/plant) on Hisar Lalit and Pusa Rohini variety in 2019 and 2020, respectively. In terms of relative preference, fruit borer infestation can be arranged from high to low as Hisar Lalit > Punjab Sona Cherry > Punjab Kesar Cherry > Hisar Arun > Punjab Red Cherry > Pusa Ruby > Pusa Rohini. 
Table-1:
Population dynamics of whitefly (Bemisia tabaci Genn.) on different varieties of tomato under   open field conditions 

	SMW
	No. of whitefly (nymphs & adults)/3 leaves

	
	Hisar Arun
	Hisar Lalit
	Pusa Ruby
	Pusa Rohini
	Pb. Red Cherry
	Pb. Sona  Cherry
	Pb. Kesar Cherry

	
	2019
	2020
	2019
	2020
	2019
	2020
	2019
	2020
	2019
	2020
	2019
	2020
	2019
	2020

	3
	0.00h
	0.00h
	0.00h
	0.00h
	0.00h
	0.00g
	0.00h
	0.00h
	0.00h
	0.00g
	0.00i
	0.00f
	0.00h
	0.00g

	4
	0.00h
	0.00h
	0.00h
	0.00h
	0.00h
	0.00g
	0.00h
	0.00h
	0.00h
	0.00g
	0.00i
	0.00f
	0.00h
	0.00g

	5
	0.00h
	0.00h
	0.00h
	0.00h
	0.00h
	0.00g
	0.00h
	0.00h
	0.00h
	0.00g
	0.00i
	0.00f
	0.00h
	0.00g

	6
	0.00h
	0.00h
	0.00h
	0.00h
	0.00h
	0.00g
	0.00h
	0.00h
	0.00h
	0.00g
	0.00i
	0.00f
	0.00h
	0.00g

	7
	0.00h
	0.00h
	0.00h
	0.00h
	0.00h
	0.00g
	0.00h
	0.00h
	0.00h
	0.00g
	0.00i
	0.00f
	0.00h
	0.00g

	8
	0.00h
	0.00h
	0.00h
	0.00h
	0.00h
	0.00g
	0.00h
	0.00h
	0.00h
	0.00g
	0.00i
	0.00f
	0.00h
	0.00g

	9
	0.33g
	0.40g
	0.67g
	0.87g
	0.53f
	0.73f
	0.73f
	0.74g
	0.74f
	0.80f
	0.87g
	1.00e
	1.00f
	1.33e

	10
	0.58f
	0.73f
	1.47e
	1.73e
	1.60e
	2.13d
	1.27e
	1.60e
	1.60e
	1.60e
	1.67e
	4.20c
	1.87e
	4.73c

	11
	1.87d
	1.80c
	3.62c
	4.80c
	3.47b
	4.00b
	3.27c
	4.40c
	2.94c
	4.07c
	3.00c
	6.82b
	3.60c
	7.20b

	12
	2.73b
	4.80a
	5.40a
	6.00a
	6.27a
	7.60a
	6.47a
	7.50a
	4.67b
	6.40b
	5.47b
	7.80a
	5.70b
	7.93a

	13
	3.67a
	3.60b
	4.80b
	5.60b
	3.20c
	3.40c
	6.00b
	7.00b
	5.92a
	7.20a
	6.27a
	1.80d
	7.27a
	2.73d

	14
	2.00c
	1.93c
	3.20d
	3.00d
	1.87d
	2.00d
	2.86d
	2.20d
	1.67d
	1.87d
	2.12d
	1.00e
	2.07d
	1.20e

	15
	1.13e
	1.13e
	1.27f
	1.47f
	0.54f
	1.16e
	0.67f
	1.13f
	0.53g
	0.93f
	0.93f
	1.13e
	1.07f
	0.80f

	16
	0.47f
	0.00h
	0.67g
	0.00h
	0.33g
	0.00g
	0.47g
	0.00h
	0.00h
	0.00g
	0.73h
	0.73f
	0.67g
	0.67g

	17
	0.00h
	0.00h
	0.00h
	0.00h
	0.00h
	0.00g
	0.00h
	0.00h
	0.00h
	0.00g
	0.00i
	0.00f
	0.00h
	0.00g

	18
	0.00h
	0.00h
	0.00h
	0.00h
	0.00h
	0.00g
	0.00h
	0.00h
	0.00h
	0.00h
	0.00i
	0.00f
	0.00h
	0.00g

	Mean
	0.79
	0.90
	1.31
	1.47
	1.11
	1.31
	1.35
	1.53
	1.13
	1.43
	1.32
	1.53
	1.46
	1.66

	SE (m)
	0.004
	0.012
	0.006
	0.018
	0.004
	0.011
	0.003
	0.022
	0.008
	0.025
	0.003
	0.027
	0.004
	0.025

	CD 

(at 5%)
	0.12
	0.18
	0.13
	0.22
	0.11
	0.17
	0.10
	0.25
	0.15
	0.26
	0.09
	0.27
	0.11
	0.26


*Means with the same letter are not significantly different
Table-2:
Population dynamics of leafhopper (Amrasca  devastans  Ishida) on different varieties of tomato under     open field conditions
	SMW
	No. of leafhopper (nymphs & adults)/3 leaves

	
	Hisar Arun
	Hisar Lalit
	Pusa Ruby
	Pusa Rohini
	Pb. Red Cherry
	Pb. Sona  Cherry
	Pb. Kesar Cherry

	
	2019
	2020
	2019
	2020
	2019
	2020
	2019
	2020
	2019
	2020
	2019
	2020
	2019
	2020

	3
	0.00i
	0.00i
	0.00k
	0.00h
	0.00g
	0.00h
	0.00j
	0.00h
	0.00k
	0.00h
	0.00j
	0.00h
	0.00j
	0.00i

	4
	0.00i
	0.00i
	0.00k
	0.00h
	0.00g
	0.00h
	0.00j
	0.00h
	0.00k
	0.00h
	0.00j
	0.00h
	0.00j
	0.00i

	5
	0.00i
	0.00i
	0.00k
	0.00h
	0.00g
	0.00h
	0.00j
	0.00h
	0.00k
	0.00h
	0.00j
	0.00h
	0.00j
	0.00i

	6
	0.00i
	0.00i
	0.00k
	0.00h
	0.00g
	0.00h
	0.00j
	0.00h
	0.00k
	0.00h
	0.00j
	0.00h
	0.00j
	0.00i

	7
	0.00i
	0.33h
	0.00k
	0.73g
	0.00g
	0.83g
	0.00j
	0.47g
	0.00k
	0.93g
	0.00j
	0.67g
	0.00j
	0.65h

	8
	0.00i
	0.73g
	0.00k
	1.20fg
	0.00g
	1.60f
	0.00j
	0.80g
	0.00k
	1.53f
	0.00j
	1.27f
	0.00j
	1.33g

	9
	0.73h
	1.27f
	0.93j
	1.53ef
	1.42f
	1.87f
	0.87i
	1.47f
	1.80j
	1.80f
	1.13j
	1.60ef
	1.33i
	1.74fg

	10
	2.40f
	1.80ef*
	3.18g
	1.87ef
	5.13c
	2.53e
	2.60g
	2.07e
	4.27fg
	2.33e
	3.60ef
	2.00e
	4.13g
	2.13ef

	11
	3.33e
	4.00c
	4.38f
	5.27c
	6.40ab
	4.20c
	3.27f
	4.40c
	4.00gh
	4.13d
	4.27gh
	3.60c
	4.47ef
	3.74cd

	12
	5.27c
	4.80b
	7.67c
	6.20b
	5.13c
	5.80a
	5.60c
	5.67b
	6.40c
	6.13b
	5.27c
	6.00b
	6.20c
	5.47b

	13
	6.27b
	6.47a
	8.40b
	8.00a
	6.27b
	6.07a
	7.27b
	6.47a
	8.13b
	8.13a
	7.00b
	8.07a
	6.87b
	6.93a

	14
	7.20a
	3.73c
	8.80a
	5.40c
	6.80a
	4.74b
	8.40a
	3.87d
	9.60a
	5.40c
	9.20a
	4.00c
	8.20a
	4.20c

	15
	6.00b
	3.00d
	7.07d
	3.47d
	5.07e
	3.34d
	5.13f
	3.47d
	4.53f
	4.07d
	5.73d
	3.33d
	6.13c
	3.27d

	16
	5.27c
	1.87e
	4.87e
	2.00e
	4.27d
	1.47f
	4.70e
	2.13e
	5.73d
	2.67e
	4.80e
	1.87e
	5.27d
	2.33e

	17
	3.73d
	1.47f
	3.20g
	1.67ef
	2.87e
	0.67g
	3.40f
	1.53f
	4.87e
	1.87f
	4.27f
	1.60ef
	4.67e
	2.07ef

	18
	3.27e
	0.00i
	2.60h
	0.00h
	1.60f
	0.00h
	2.80g
	0.00h
	3.53g
	0.00h
	3.60g
	0.00h
	4.20gf
	0.00i

	Mean
	2.82
	1.73
	3.32
	2.33
	3.00
	2.07
	2.87
	2.02
	3.54
	2.43
	3.20
	2.12
	3.4
	2.11

	SE (m)
	0.02
	0.05
	0.04
	0.19
	0.12
	0.06
	0.03
	0.086
	0.027
	0.073
	0.05
	0.70
	0.04
	0.12

	CD 

(at 5%)
	0.25
	0.38
	0.34
	0.73
	0.57
	0.41
	0.30
	0.49
	0.27
	0.45
	0.37
	0.44
	0.33
	0.59


*Means with the same letter are not significantly different
Table-3:
Population dynamics of fruit borer (Helicoverpa armigera Hub.) on different varieties of tomato under     open field conditions 

	SMW
	H. armigera larvae/plant

	
	Hisar Arun
	Hisar Lalit
	Pusa Ruby
	Pusa Rohini
	Pb. Red Cherry
	Pb. Sona  Cherry
	Pb. Kesar Cherry

	
	2019
	2020
	2019
	2020
	2019
	2020
	2019
	2020
	2019
	2020
	2019
	2020
	2019
	2020

	3
	0.00i
	0.00i
	0.00i
	0.00i
	0.00f
	0.00i
	0.00g
	0.00g
	0.00h
	0.00g
	0.00h
	0.00h
	0.00i
	0.00h

	4
	0.00i
	0.00i
	0.00i
	0.00i
	0.00f
	0.00f
	0.00g
	0.00g
	0.00h
	0.00g
	0.00h
	0.00h
	0.00i
	0.00h

	5
	0.00i
	0.00i
	0.00i
	0.00i
	0.00f
	0.00i
	0.00g
	0.00g
	0.00h
	0.00g
	0.00h
	0.00h
	0.00i
	0.00h

	6
	0.00i
	0.00i
	0.00i
	0.00i
	0.00f
	0.00i
	0.00g
	0.00g
	0.00h
	0.00g
	0.00h
	0.00h
	0.00i
	0.00h

	7
	0.00i
	0.00i
	0.00i
	0.00i
	0.00f
	0.00i
	0.00g
	0.00g
	0.00h
	0.00g
	0.00h
	0.00h
	0.00i
	0.00h

	8
	0.00i
	0.00i
	0.00i
	0.00i
	0.00f
	0.00i
	0.00g
	0.00g
	0.00h
	0.00g
	0.00h
	0.00h
	0.00i
	0.00h

	9
	0.00i
	0.00i
	0.00i
	0.00i
	0.00f
	0.00i
	0.00g
	0.00g
	0.00h
	0.00g
	0.00h
	0.00h
	0.00i
	0.00h

	10
	0.27g
	0.33h
	0.80h
	0.47h
	0.53e
	0.00i
	0.00g
	0.00g
	0.00h
	0.47f
	0.00h
	0.00h
	0.00i
	0.00h

	11
	0.60h
	0.67g
	1.13g
	0.80g
	0.67e
	0.53h
	0.27f
	0.47f
	0.60g
	0.67f
	0.73g
	0.73g
	0.87h
	0.53g

	12
	1.00f
	0.87f
	1.60f
	1.73f
	0.67e
	0.73g
	0.53e
	0.53e
	0.80gf
	0.93e
	1.53f
	1.20f
	1.14g
	0.87f

	13
	1.53e
	1.13e
	2.73e
	2.87e
	0.87d
	0.87f
	0.73d
	0.73d
	0.93f
	1.27d
	2.67e
	2.47d
	2.27f
	1.87e

	14
	2.33d
	1.67d
	3.07d
	3.27d
	1.67c
	0.93e
	0.87c
	0.87c
	1.20e
	2.07c
	3.13d
	3.07c
	2.67e
	2.67d

	15
	3.67b
	2.67b
	3.80c
	4.40b
	2.33b
	1.47c
	1.29b
	1.27b
	1.87d
	3.27b
	3.49c
	3.73b
	3.27c
	3.13c

	16
	4.04a
	3.27a
	5.40a
	5.47a
	2.87a
	2.73b
	2.04a
	2.07a
	2.73c
	4.93a
	4.47b
	4.73a
	3.73b
	4.67b

	17
	3.10c
	2.07c
	4.40b
	4.07c
	3.07a
	3.47a
	0.60e
	0.53e
	4.13a
	3.47b
	5.53a
	4.93a
	4.53a
	5.60a

	18
	0.00i
	0.93f
	4.20b
	2.93e
	1.93c
	1.13d
	0.00g
	0.00g
	3.05b
	2.13c
	3.20d
	1.73e
	3.11d
	0.53g

	Mean
	1.03
	0.85
	1.69
	1.63
	0.91
	0.74
	0.39
	0.40
	0.96
	1.20
	1.55
	1.41
	1.35
	1.24

	SE (m)
	0.01
	0.01
	0.02
	0.01
	0.02
	0.004
	0.002
	0.001
	0.01
	0.02
	0.01
	0.02
	0.009
	0.02

	CD 

(at 5%)
	0.18
	0.17
	0.26
	0.20
	0.25
	0.12
	0.06
	0.06
	0.16
	0.23
	0.19
	0.25
	0.16
	0.22


*Means with the same letter are not significantly different
Data presented in Table 4 predicted the correlation of weather parameter with insect-pests during 2019, 2020 and on mean basis of both the years. Whitefly population showed positive and significant correlation with maximum temperature and wind speed while negative significant correlation with mean relative humidity in the year 2019. Selvaraj and Ramesh (2012) also reported significant positive correlation of whitefly with maximum and minimum temperature, whereas significant negative correlation with evening relative humidity. Leafhopper population exhibited significantly positive correlation with maximum temperature and minimum temperature, in both the years. However, correlation was significant negative with relative humidity in year 2019. Fruit borer population showed significant positive correlation with maximum temperature in both the years. However, fruit borer exhibited significant positive and negative correlation with minimum temperature and relative humidity, respectively during summer 2019. The present findings are more or less in accordance with those of Sharma et al. (2013) and Sri et al. (2017) who reported significant positive correlation with the temperature (maximum and minimum) and negative significant correlation with relative humidity. Remaining parameter showed non significant positive and negative correlation with whitefly, leafhopper and fruit borer in 2020. On the basis of pooled mean of both the years, leafhopper, fruit borer exhibited significant positive correlation with maximum temperature, minimum temperature, while significant and negative correlation with relative humidity.
Table-4:
Correlation coefficients between weather parameters and population of major insect-pests on tomato under open field conditions 

	Weather Parameters
	Insect-pest 

	
	Whitefly
	Leafhopper
	Fruit borer

	
	2019
	2020
	Pooled
	2019
	2020
	Pooled
	2019
	2020
	Pooled

	Max. T. 
	0.52*
	0.29NS
	0.18NS
	0.74*
	0.54*
	0.60*
	0.82*
	0.61*
	0.64*

	Min. T.
	0.44
	0.38NS
	0.17NS
	0.70*
	0.57*
	0.55*
	0.55*
	0.17NS
	0.66*

	R.H. (%)
	-0.68*
	0.05NS
	-0.08NS
	-0.72*
	-0.26NS
	-0.54*
	-0.63*
	0.06NS
	-0.55*

	Wind speed (km/h)
	0.61*
	-0.03NS
	0.11NS
	0.35NS
	0.32NS
	0.29NS
	0.19NS
	0.20NS
	0.25NS

	Rainfall (mm)
	-0.40NS
	0.12NS
	0.05NS
	-0.24NS
	0.03NS
	-0.08NS
	-0.16NS
	-0.13NS
	-0.12NS


*Significant at 0.05 p level, n = 16
NS- Non significant
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