Evaluating the Bio-efficacy of cyantraniliprole–lufenuron against insect pests of tomato and its impact on natural enemies and crop health


Abstract
Tomato (Solanum lycopersicum L.) is an important vegetable crop, but its production is severely affected by insect pests such as fruit borer, leaf miners, and thrips. Overuse of conventional insecticides has led to resistance and negative impacts on beneficial insects. Therefore, evaluation of new insecticide combinations with different modes of action is essential for effective and sustainable pest management. Field experiments were conducted for two consecutive years at Uttar Banga Krishi Viswavidyalaya, West Bengal, India to evaluate the three doses of cyantraniliprole 20%+lufenuron 20% w/v SC (400 SC) and four standard checks for their bio-efficacy against fruit borer, leaf miner and thrips on tomato and safety to natural enemies’ population in tomato ecosystem. The experiment was laid in Randomized Block Design (RBD) in three replications with eight treatments. Two sprayings were done at ETL of the pests using manually operated knapsack sprayer fitted with hollow cone nozzle in the early morning hours. The observation on the pest population was recorded before application as well as on 1,3,7 and 10 days after spraying. Observations on the incidence of coccinellid predators were taken on before spray and 10th day after each application. Yield was recorded separately for each treatment during both the seasons. The results of the present investigations revealed that cyantraniliprole 20%+lufenuron 20% w/v SC (400 SC) @30+30 g a.i/ha was found to be the most effective treatment for management of insect-pests on tomato followed by the immediate lower dose (@25+25 g a.i/ha) of the same chemical. The yield increase was commensurated with the performance of various treatments in the trial. The maximum yield was recorded from the plots treated with cyantraniliprole 20%+lufenuron 20% w/v SC (400 SC) @ 30+30 g a.i./ha during both the seasons. This insecticide did not adversely affect the coccinellid populations as well as the crop health.
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1. Introduction:
Tomato, Solanum lycopersicum, is one of the most widely cultivated and economically important vegetable crops worldwide. It ranks third among vegetable crops in terms of global area under cultivation and total production (Bhavana and Nagar, 2019). Owing to its high nutritional value, widespread consumer acceptance, and versatility, tomato is cultivated extensively under diverse agroclimatic conditions across many regions of the world. Tomato fruits are consumed both in fresh form and as processed products, including sauces, juices, purees, ketchup, and dehydrated powders, thereby contributing significantly to the food processing industry. The crop is recognised as an important source of vitamins, minerals, antioxidants, and bioactive compounds, particularly lycopene, which has been associated with several health benefits. Consequently, tomato cultivation plays a substantial role in ensuring nutritional security as well as generating income and employment opportunities for farming communities. Despite its considerable economic and nutritional importance, tomato production is severely constrained by a range of biotic stresses, particularly insect pest infestations. Numerous insect pests attack the crop at different growth stages, resulting in significant reductions in both yield and fruit quality. These infestations not only diminish marketable produce but also increase production costs due to the need for intensive pest management practices. Therefore, effective and sustainable management of insect pests remains a major challenge in tomato cultivation and is essential for maintaining productivity and crop quality.
The yield and quality of tomato fruits are significantly affected by various insect pests infesting at different stages of crop growth. Some of the important insect-pests of tomato are tomato fruit borer, serpentine leaf miners, thrips, aphids and hadda beetle (Sam et al., 2014; Meena and Bairwa, 2014; Lal et al., 2008; Jones, 2003; De Barro, 1995). Tomato fruit borer, Helicoverpa armigera (Hubner) is known to cause serious damage to hundreds of economically important crops all over the world. Early instar larvae feed exclusively on foliage, flower buds and flowers, while the later instars of these insects bore into fruit and render them unmarketable (Meena and Raju, 2014). It causes significant yield loss (50-80%) (Tewari and Moorthy, 1984; Singh and Chahal, 1978; Tewari and Moorthy, 1984; Reddy and Zehrm, 2004). Leaf miner is another important pest of okra. It also infests vegetables, ornamentals, and their associated weeds all over the world (Abd-Rabou, 2006). Average one or more mines in each leaflet of tomato reduced fruit yield significantly (Wolfenbarger and Wolfenbarger, 1966). Excessive use of broad-spectrum insecticides to manage this pest resulted development of insecticide resistance and outbreaks of Liriomyza leafminers (Murphy and La Salle, 1999; Nadagouda et al., 2010). Thrips are also another important sucking pest which also act as the vectors of tospoviruses in most of the vegetable and pulse crops causing significant yield loss in South East Asian countries (Mound, 2001). 
Among the various strategies employed for the management of insect pests in tomato cultivation, chemical control remains one of the most widely adopted approaches owing to its rapid action, high efficacy, and adaptability under diverse agroecological conditions. A broad range of insecticides has been utilised for the effective suppression of tomato insect pests. However, the continuous and indiscriminate application of insecticides possessing similar modes of action has imposed substantial selection pressure on pest populations, thereby accelerating the development of insecticide resistance.
In addition to resistance development, excessive reliance on chemical pesticides has resulted in several ecological and agronomic concerns, including the destruction of natural enemies, resurgence of secondary pests, environmental contamination, and adverse effects on non-target organisms. Furthermore, the management of tomato insect pests is complicated by their high reproductive potential, rapid developmental cycle, polyphagous feeding behaviour, strong dispersal capacity, and remarkable ability to adapt to conventional insecticides. These biological characteristics make long-term control through a single chemical toxicant increasingly ineffective and unsustainable.
In this context, there is an urgent need to explore and develop newer and more effective insecticidal molecules, particularly combination products containing active ingredients with distinct and novel modes of action that can be integrated into integrated pest management (IPM) programmes. Such combination insecticides may provide broader-spectrum control, delay the onset of resistance, and reduce the frequency of pesticide applications. Considering these factors, the present investigation was undertaken to evaluate the efficacy of selected combination insecticide products for the management of the insect pest complex in tomato. The study also aimed to identify the most effective dose under field conditions. Evaluation of these products under practical cultivation conditions is essential to determine their effectiveness in reducing fruit damage, improving marketable yield, minimising the risk of pesticide resistance development, and promoting sustainable tomato production systems while enhancing farmer profitability.
2. Materials and methods:
A field experiment was conducted over two consecutive cropping seasons, from December 2020 to April 2021 and from December 2021 to April 2022, to evaluate the bio-efficacy of different doses of cyantraniliprole 20% + lufenuron 20% w/v SC (400 SC) against major insect pests of tomato, as well as their safety towards natural enemy populations. The study was carried out at Uttar Banga Krishi Viswavidyalaya. The experiment was laid out in a Randomised Block Design (RBD) with three replications and eight treatments. The treatments comprised cyantraniliprole 20% + lufenuron 20% w/v SC (400 SC) applied at three different doses, namely 20 + 20 g a.i./ha, 25 + 25 g a.i./ha, and 30 + 30 g a.i./ha. In addition, four standard insecticidal checks were included: cyantraniliprole 10% w/v OD at 90 g a.i./ha, lufenuron 5% w/v EC at 30 g a.i./ha, novaluron 5.25% + indoxacarb 4.5% SC at 45.94 + 39.38 g a.i./ha, and flubendiamide 39.35% w/w SC at 48 g a.i./ha, along with an untreated control. Tomato cultivar ‘Naveen’ was cultivated following recommended agronomic practices, excluding plant protection measures. The crop was planted at a spacing of 60 cm × 60 cm in plots measuring 50 m². Two foliar spray applications were carried out upon attainment of the economic threshold level (ETL) of the target pests. Spraying was performed during the early morning hours using a manually operated knapsack sprayer fitted with a hollow cone nozzle, maintaining a spray volume of 500 L/ha for each application. Insecticides representing different chemical groups were selected in order to assess their comparative effectiveness against the pest complex infesting tomato. Observations on the larval population of tomato fruit borer were recorded from ten randomly selected and tagged plants before insecticide application and subsequently at 1, 3, 7, and 10 days after each spray. The population of thrips was assessed by counting individuals present on three apical leaves from five randomly tagged plants per plot. Similarly, the number of active mines caused by Liriomyza trifolii was recorded from five moderately mature leaves per plant before spraying and at 1, 3, 7, and 10 days after treatment application.
3. Results and discussion:
3.1 Efficacy of tested insecticides against H. armigera:
The data on efficacy of cyantraniliprole 20%+lufenuron 20% w/v SC (400 SC) against pests of tomato have been presented in Table-1 and Table -2. The results indicated that a day before application of insecticides, the population of H. armigera was statistically non-significant indicating uniform distribution of H. armigera population on tomato. All the treatments showed significantly lower population of H. armigera than untreated control. 
The data recorded at 3 days after first spraying (DAS) (Table-1) indicated that all the insecticidal treatments recorded significantly lower larval population as compared to control (2.38 larvae/plant). Among the different insecticidal treatments, the lowest larval population (0.18 larva/plant) was recorded in the treatment with cyantraniliprole 20%+lufenuron 20% w/v SC (400 SC) @ 30+30 g a.i/ha which was at par with the immediate lower dose of the same chemical (@ 25+25 g a.i/ha) followed by flubendiamide 39.35% w/w SC which exhibited 0.48 larva/plant. The perusal of data recorded at 7 DAS revealed that treatment cyantraniliprole 20%+lufenuron 20% w/v SC (400 SC) @ 30+30 g a.i/ha maintains its superiority over other treatments by recording the lowest larval population (0.12 larva/plant) which was at par with 

  Table: 1 Effect of different insecticides against Helicoverpa armigera Hubn. during December, 2020-April, 2021.
	  
                                                                          Treatments 
	Dose
(g a.i. /ha)
	Number of larvae of H. armigera / plant

	
	
	
PTC
	First spray
	Second spray

	
	
	
	1 DAA
	3DAA
	7DAA
	10DAA
	%ROC
	PTC
	1DAA
	3DAA
	7DAA
	10DAA
	%ROC

	Cyantraniliprole 20%+Lufenuron 20% w/v SC (400 SC)
	20+20
	2.33
	0.55
(1.02)
	0.48
(0.99)
	0.41
(0.95)
	0.58
(1.04)
	78.44
	1.94
	0.49
(0.99)
	0.44
(0.97)
	0.51
(1.00)
	0.72
(1.10)
	82.44

	Cyantraniliprole 20%+Lufenuron 20% w/v SC (400 SC)
	25+25
	2.15
	0.58
(1.04)
	0.45
(0.97)
	0.33
(0.91)
	0.35
(0.92)
	86.99
	1.85
	0.42
(0.96)
	0.31
(0.90)
	0.27
(0.88)
	0.43
(0.96)
	89.51

	Cyantraniliprole 20%+Lufenuron 20% w/v SC (400 SC)
	30+30
	2.57
	0.26
(0.87)
	0.18
(0.82)
	0.12
(0.79)
	0.17
(0.82)
	93.68
	1.78
	0.19
(0.83)
	0.10
(0.77)
	0.09
(0.77)
	0.14
(0.80)
	96.59

	Cyantraniliprole 10% w/v OD
	90
	2.17
	0.68
(1.09)
	0.61
(1.05)
	0.54
(1.02)
	0.48
(0.99)
	82.16
	1.67
	0.42
(0.96)
	0.38
(0.94)
	0.42
(0.96)
	0.64
(1.07)
	84.39

	Lufenuron 5% w/v EC
	30
	2.20
	0.71
(1.10)
	0.68
(1.09)
	0.59
(1.04)
	0.53
(1.01)
	80.30
	1.98
	0.57
(1.03)
	0.48
(0.99)
	0.37
(0.93)
	0.72
(1.10)
	82.44

	Novaluron 5.25 + Indoxacarb 4.5 SC
	45.94+
39.38
	2.33
	0.48
(0.99)
	0.45
(0.97)
	0.38
(0.94)
	0.41
(0.95)
	84.76
	1.85
	0.34
(0.92)
	0.25
(0.87)
	0.33
(0.91)
	0.48
(0.99)
	88.29

	Flubendiamide 39.35% w/w SC 
	48
	2.20
	0.54
(1.02)
	0.48
(0.99)
	0.34
(0.92)
	0.36
(0.93)
	86.62
	1.73
	0.45
(0.97)
	0.38
(0.94)
	0.20
(0.84)
	0.28
(0.88)
	93.17

	Untreated control
	-
	2.33
	2.32
(1.68)
	2.38
(1.70)
	2.75
(1.80)
	2.69
(1.79)
	-
	2.12
	2.81
(1.82)
	3.23
(1.93)
	3.78
(2.07)
	4.10
(2.14)
	-

	S.Em(±)
	-
	0.07
	0.06
	0.05
	0.04
	-
	-
	0.06
	0.05
	0.02
	0.03
	-

	C.D.(P=.05)
	NS
	0.21
	0.18
	0.16
	0.11
	-
	-
	0.19
	0.16
	0.06
	0.10
	-


  N.B.      N.S. - Non significant; PTC: Pretreatment count; DAA: Days after application; Figures in parenthesis are square root transformed values.






 Table-2: Effect of different insecticides against tomato fruit borer, Helicoverpa armigera Hubn. during December, 2021-April, 2022.
	  
                                                                          Treatments 
	Dose
(g a.i. /ha)
	Number of larvae of H. armigera / plant

	
	
	
PTC
	First spray
	Second spray

	
	
	
	1 DAA
	3DAA
	7DAA
	10DAA             
	%ROC
	PTC
	1DAA
	3DAA
	7DAA
	10DAA
	%ROC

	Cyantraniliprole 20%+Lufenuron 20% w/v SC (400 SC)
	20+20
	2.13
	0.53
(1.01)
	0.42
(0.96)
	0.31
(0.90)
	0.58
(1.04)
	78.99
	1.98
	0.51
(1.00)
	0.34
(0.92)
	0.31
(0.90)
	0.64
(1.07)
	79.55

	Cyantraniliprole 20%+Lufenuron 20% w/v SC (400 SC)
	25+25
	1.93
	0.62
(1.06)
	0.46
(0.98)
	0.36
(0.93)
	0.39
(0.94)
	85.87
	1.87
	0.46
(0.98)
	0.35
(0.92)
	0.28
(0.88)
	0.38
(0.94)
	87.86

	Cyantraniliprole 20%+Lufenuron 20% w/v SC (400 SC)
	30+30
	2.27
	0.31
(0.90)
	0.21
(0.84)
	0.16
(0.81)
	0.21
(0.84)
	92.39
	1.69
	0.23
(0.85)
	0.18
(0.82)
	0.13
(0.79)
	0.14
(0.80)
	95.53

	Cyantraniliprole 10% w/v OD
	90
	2.20
	0.65
(1.07)
	0.50
(1.00)
	0.38
(0.94)
	0.51
(1.00)
	81.52
	1.83
	0.53
(1.01)
	0.40
(0.95)
	0.34
(0.92)
	0.55
(1.02)
	82.43

	Lufenuron 5% w/v EC
	30
	2.07
	0.63
(1.06)
	0.48
(0.99)
	0.41
(0.95)
	0.56
(1.03)
	79.71
	1.79
	0.57
(1.03)
	0.47
(0.98)
	0.38
(0.94)
	0.57
(1.03)
	81.79

	Novaluron 5.25 + Indoxacarb 4.5 SC
	45.94+
39.38
	1.89
	0.39
(0.94)
	0.37
(0.93)
	0.29
(0.89)
	0.49
(0.99)
	82.25
	1.65
	0.35
(0.92)
	0.31
(0.90)
	0.29
(0.89)
	0.38
(0.94)
	87.86

	Flubendiamide 39.35% w/w SC 
	48
	2.00
	0.58
(1.04)
	0.42
(0.96)
	0.34
(0.92)
	0.32
(0.91)
	88.41
	1.87
	0.43
(0.96)
	0.33
(0.91)
	0.25
(0.87)
	0.27
(0.88)
	91.37

	Untreated control
	-
	2.33
	2.24
(1.66)
	2.39
(1.70)
	2.58
(1.75)
	2.76
(1.81)
	-
	2.34
	2.77
(1.81)
	2.86
(1.83)
	2.93
(1.85)
	3.13
(1.91)
	-

	S.Em(±)
	-
	0.08
	0.06
	0.05
	0.02
	-
	-
	0.05
	0.04
	0.03
	0.02
	-

	C.D.(P=.05)
	NS
	0.25
	0.19
	0.14
	0.07
	-
	-
	0.15
	0.11
	0.09
	0.07
	-


   N.B.      N.S. - Non significant; PTC: Pretreatment count; DAA: Days after application; Figures in parenthesis are square root transformed values.
the immediate lower dose of the same chemical. The data on larval population recorded at 10 DAS indicated that the treatment of cyantraniliprole 20%+lufenuron 20% w/v SC (400 SC) @ 30+30 g a.i/ha was the most effective with the lowest larval population (0.17 larva/plant) followed by the same chemical @ 25+25 g a.i/ha (0.35 larva/plant) and these two treatments were at par with each other. 
Three days after second spraying, the lowest larval population of H. armigera (0.10 larva/plant) was recorded in cyantraniliprole 20%+lufenuron 20% w/v SC (400 SC) @ 30+30 g a.i/ha which was at par with the immediate lower dose of the same chemical (@ 25+25 g a.i/ha). Lufenuron 5% w/v EC exhibited highest larval population (0.48 larva/plant) of H. armigera. At 7 days and 10 days after second spraying, the treatment cyantraniliprole 20%+lufenuron 20% w/v SC (400 SC) @ 30+30 g a.i/ha maintained its superiority over the treatments by recording the minimum larval population. However, in untreated control significantly higher larval population (4.10 larva/plant) of H. armigera was observed. 
Similar trend of efficacy was also observed during the second season (Table -2). All the treatments were found to be significantly superior to control in reducing larval reduction. Cyantraniliprole 20%+lufenuron 20% w/v SC (400 SC) @ 30+30 g a.i/ha was found to be the most effective treatments in reducing the larval population at different days after first and second sprayings followed by the immediate lower dose of the same chemical and these two treatments were found statistically at par with each other. Next promising treatment was flubendiamide 39.35% w/w SC. Rest of the treatments found to be moderately effective against H. armigera.
There is no report on effectiveness of cyantraniliprole 20%+lufenuron 20% w/v SC (400 SC) against tomato pests in the literature implying the present finding a new report. The results of present investigation showed that flubendiamide 480 SC was a promising treatment for management of tomato fruit borer. The effectiveness of flubendiamide 480 SC against H. armigera was also reported by Ameta, 2013; Ambule et al., 2015; Sridhar et al., 2014; Verma et al., 2015 and Thiruveni and Karthik, 2017. In the field, the mortality of early instar larvae was more even in lower doses. This might be due to the fact that the matured larvae had more body weight or biomass and hence required higher dose of toxicant. 
3.2 Efficacy of tested insecticides against L. trifolii:
The effectiveness of selected treatments against leaf miner has been presented in Table 3 and Table-4. Three different doses of cyantraniliprole 20%+lufenuron 20% w/v SC (400 SC) (20+20, 25+25, 30+30 g a.i./ha) were tested along with the standard checks to evaluate their effectiveness against L. trifolii. The results indicated that all the experimental plots showed non-significant variation with respect to the mined leaves per plant before spraying. After two sprayings, all the treatments were significantly superior over control. During first season, the lowest incidence of L. trifolii was observed in the treatment cyantraniliprole 20%+lufenuron 20% w/v SC (400 SC) @30+30 g a.i./ha resulting only 65.21 and 71.44% reduction over control at10 days after first and second spraying, respectively. This was followed by immediate lower dose (@25+25 g a.i./ha) of the same chemical. Rest of the treatments viz., cyantraniliprole 10% w/v OD, lufenuron 5% w/v EC, novaluron 5.25 + indoxacarb 4.5 SC and 

  Table-3: Effect of different insecticides against Liriomyza trifolii on tomato during December, 2020-April, 2021.
	  
Treatments
	Dose
(g a.i. /ha)
	Number of leaf miner/5 compound leaves

	
	
	
PTC
	First spray
	Second spray

	
	
	
	1 DAA
	3DAA
	7DAA
	10DAA             
	%ROC
	PTC
	1DAA
	3DAA
	7DAA
	10DAA
	%ROC

	Cyantraniliprole 20%+Lufenuron 20% w/v SC (400 SC)
	20+20
	15.24
	12.87
(3.66)
	12.04
(3.54)
	8.83
(3.05)
	10.21
(3.27)
	54.98
	11.91
	11.32
(3.44)
	9.98
(3.24)
	8.98
(3.08)
	10.78
(3.36)
	58.51

	Cyantraniliprole 20%+Lufenuron 20% w/v SC (400 SC)
	25+25
	15.90
	12.58
(3.62)
	11.78
(3.50)
	6.87
(2.71)
	9.96
(3.23)
	56.08
	10.98
	10.87
(3.37)
	9.87
(3.22)
	7.97
(2.91)
	9.80
(3.21)
	62.28

	Cyantraniliprole 20%+Lufenuron 20% w/v SC (400 SC)
	30+30
	15.40
	11.28
(3.43)
	10.23
(3.28)
	5.65
(2.48)
	7.89
(2.90)
	65.21
	10.95
	9.76
(3.20)
	8.12
(2.94)
	6.43
(2.63)
	7.42
(2.81)
	71.44

	Cyantraniliprole 10% w/v OD
	90
	16.13
	12.67
(3.63)
	12.28
(3.57)
	7.54
(2.84)
	10.51
(3.32)
	53.66
	11.15
	10.98
(3.39)
	9.45
(3.15)
	9.38
(3.14)
	10.43
(3.31)
	59.85

	Lufenuron 5% w/v EC
	30
	15.35
	13.95
(3.80)
	12.14
(3.56)
	9.76
(3.20)
	14.34
(3.85)
	36.77
	11.24
	10.76
(3.36)
	10.62
(3.33)
	10.23
(3.28)
	14.98
(3.93)
	42.34

	Novaluron 5.25 + Indoxacarb 4.5 SC
	45.94+
39.38
	16.21
	13.76
(3.78)
	11.98
(3.53)
	8.98
(3.08)
	13.98
(3.81)
	38.36
	10.98
	10.65
(3.34)
	10.43
(3.31)
	10.05
(3.25)
	14.12
(3.82)
	45.65

	Flubendiamide 39.35% w/w SC 
	48
	15.87
	14.11
(3.82)
	12.65
(3.63)
	10.63
(3.34)
	14.76
(3.91)
	34.92
	11.24
	10.43
(3.31)
	10.12
(3.26)
	11.87
(3.52)
	15.21
(3.96)
	41.45

	Untreated control
	-
	15.98
	16.24
(4.09)
	19.53
(4.48)
	21.57
(4.70)
	22.68
(4.81)
	-
	23.21
	23.49
(4.90)
	24.76
(5.03)
	25.32
(5.08)
	25.98
(5.15)
	-

	S.Em(±)
	-
	0.39
	0.47
	0.38
	0.41
	-
	-
	0.34
	0.37
	0.44
	0.59
	-

	C.D.(P=.05)
	NS
	1.18
	1.42
	1.14
	1.24
	-
	-
	1.03
	1.12
	1.32
	1.76
	-


   N.B.      N.S. - Non significant; PTC: Pretreatment count; DAA: Days after application; Figures in parenthesis are square root transformed values.
  Table-4: Effect of different insecticides against Liriomyza trifolii on tomato during December, 2021-April, 2022.
	  
                                                                          Treatments 
	Dose
(g a.i. /ha)
	Number of leaf miner/5 compound leaves

	
	
	
PTC
	First spray
	Second spray

	
	
	
	1 DAA
	3DAA
	7DAA
	10DAA
	%ROC
	PTC
	1DAA
	3DAA
	7DAA
	10DAA
	%ROC

	Cyantraniliprole 20%+Lufenuron 20% w/v SC (400 SC)
	20+20
	25.24
	14.76
(3.91)
	13.62
(3.76)
	11.23
(3.42)
	13.32
(3.72)
	55.95
	18.57
	14.54
(3.88)
	13.28
(3.71)
	11.32
(3.44)
	13.43
(3.73)
	57.02

	Cyantraniliprole 20%+Lufenuron 20% w/v SC (400 SC)
	  25+25
	25.48
	14.32
(3.85)
	11.65
(3.49)
	9.78
(3.21)
	12.75
(3.64)
	57.84
	18.43
	13.24
(3.71)
	12.54
(3.61)
	10.35
(3.29)
	12.76
(3.64)
	59.17

	Cyantraniliprole 20%+Lufenuron 20% w/v SC (400 SC)
	30+30
	24.98
	12.54
(3.61)
	9.54
(3.17)
	7.98
(2.91)
	9.87
(3.22)
	67.36
	18.32
	10.32
(3.29)
	9.76
(3.20)
	8.13
(2.94)
	9.54
(3.17)
	69.47

	Cyantraniliprole 10% w/v OD
	    90
	24.92
	14.96
(3.93)
	13.87
(3.79)
	11.25
(3.43)
	13.76
(3.78)
	54.50
	18.12
	14.63
(3.89)
	13.57
(3.75)
	11.87
(3.52)
	13.64
(3.76)
	56.35

	Lufenuron 5% w/v EC
	   30
	25.22
	17.53
(4.25)
	15.32
(3.98)
	14.87
(3.92)
	18.87
(4.40)
	37.60
	18.98
	15.98
(4.06)
	15.87
(4.05)
	13.96
(3.80)
	17.45
(4.24)
	44.16

	Novaluron 5.25 + Indoxacarb 4.5 SC
	45.94+39.38
	24.87
	16.87
(4.17)
	14.23
(3.84)
	13.73
(3.77)
	18.23
(4.33)
	39.72
	18.96
	15.54
(4.00)
	15.32
(3.98)
	13.87
(3.79)
	17.12
(4.20)
	45.22

	Flubendiamide 39.35% w/w SC 
	    48
	25.13
	17.65
(4.26)
	15.43
(3.99)
	14.91
(3.93)
	19.12
(4.43)
	36.77
	19.06
	16.31
(4.10)
	15.94
(4.05)
	14.12
(3.82)
	17.86
(4.28)
	42.85

	Untreated control
	-
	25.41
	26.25
(5.17)
	28.29
(5.37)
	28.91
(5.42)
	30.24
(5.54)
	-
	23.89
	24.85
(5.03)
	25.69
(5.12)
	28.62
(5.40)
	31.25
(5.63)
	-

	S.Em(±)
	-
	0.56
	0.59
	0.51
	0.62
	-
	-
	0.58
	0.66
	0.48
	0.42
	-

	C.D.(P=.05)
	NS
	1.69
	1.76
	1.54
	1.86
	-
	-
	1.73
	1.98
	1.43
	1.26
	-


   N.B.      N.S. - Non significant; PTC: Pretreatment count; DAA: Days after application; Figures in parenthesis are square root transformed values.




flubendiamide 39.35% w/w SC showed less than 60% reduction of population over control at 10 days after application (DAA). However, in untreated control significantly higher incidence of L. trifolii was observed. During second season, the treatment of cyantraniliprole 20%+lufenuron 20% w/v SC (400 SC) @ 30+30 g a.i/ha maintained its superiority over other treatments by recording the lowest incidence of leaf miner after both first and second spray application. Combination product was found to be the most effective chemical for leaf miner suppression. Patra et al., 2016 also reported that chlorantraniliprole 10%+thiamethoxam 20% mixture @ 150 g a.i. ha-1 gave excellent control of the two sucking pests, viz. leaf miner (5.09 and 5.75%) and white fly (0.50 and 0.41 scale) as well as of Helicoverpa armigera (0.46 and 0.61 larvae plant-1) for both the seasons. Thus, the present findings are more or less in agreement with the results reported by earlier workers.
3.3 Efficacy of tested insecticides against T. tabaci:
The effect of insecticidal treatments on thrips population has been summarized in Table-5 and Table-6. The results indicated that all the experimental plots showed non-significant variation with respect to the thrips population before spraying. After two sprayings, all the treatments were significantly superior over control. During first season, the lowest thrips population was observed in the treatment cyantraniliprole 20%+lufenuron 20% w/v SC (400 SC) @30+30 g a.i./ha resulting only 75.49 and 83.68% reduction over control at 10 days after first and second spraying, respectively followed by immediate lower dose (@25+25 g a.i./ha) of the same chemical. Rest of the treatments viz., cyantraniliprole 10% w/v OD, lufenuron 5% w/v EC, novaluron 5.25 + indoxacarb 4.5 SC and flubendiamide 39.35% w/w SC were found not very effective for management of thrips on tomato. However, in untreated control significantly higher incidence of thrips population was observed. During second season, the treatment of cyantraniliprole 20%+lufenuron 20% w/v SC (400 SC) @ 30+30 g a.i/ha maintained its superiority over other treatments by recording the lowest incidence of thrips after both first and second spray application. The literature on the efficacy of the premix formulation cyantraniliprole + lufenuron (400 SC) on the tomato pests is very limited and is not always directly evaluated in tomato–pests’ trials, but its efficacy can be scientifically inferred and validated from tomato-specific and closely related studies on cyantraniliprole and combination insecticides.  In the present experiment, cyantraniliprole 10% w/v OD showed 70.78 and 71.79 per cent reduction of thrips population over control at 10 days after second spraying during first and second seasons, respectively. But according to Karthik et al., 2017, cyantraniliprole 10% w/v OD @90 g a.i/ha resulted 97.49 and 93.90 per cent reduction of thrips population in cotton. This variation in efficacy may be due to the different crop ecosystem or may be the different susceptibility status of the pest in different regions. Moreover, the effectiveness of cyantraniliprole 10% w/v OD for management of chilli thrips was also reported by Layek et al., 2024.
It was also noted that the mixed formulation of cyantraniliprole 20%+lufenuron 20% w/v SC (400 SC) was more effective as compared to the individual  formulation  of the insecticide.
   Table-5: Effect of different insecticides against Thrips tabaci Lind. on tomato during December, 2020-April, 2021.
	
Treatments
	Dose
(g a.i. /ha)
	Number of thrips population/3 leaves

	
	
	
PTC
	First spray
	Second spray

	
	
	
	1 DAA
	3DAA
	7DAA
	10DAA
	%ROC
	PTC
	1DAA
	3DAA
	7DAA
	10DAA
	%ROC

	Cyantraniliprole 20%+Lufenuron 20% w/v SC (400 SC)
	20+20
	4.33
	2.75
(1.80)
	2.08
(1.61)
	1.15
(1.28)
	1.84
(1.53)
	63.92
	2.61
	1.51
(1.42)
	1.25
(1.32)
	0.98
(1.22)
	1.65
(1.47)
	68.69

	Cyantraniliprole 20%+Lufenuron 20% w/v SC (400 SC)
	  25+25
	5.13
	2.53
(1.74)
	1.59
(1.45)
	1.09
(1.26)
	1.58
(1.44)
	69.02
	2.54
	1.35
(1.36)
	1.19
(1.30)
	0.85
(1.16)
	1.24
(1.32)
	76.47

	Cyantraniliprole 20%+Lufenuron 20% w/v SC (400 SC)
	30+30
	4.38
	2.12
(1.62)
	1.24
(1.32)
	0.95
(1.20)
	1.25
(1.32)
	75.49
	2.38
	1.12
(1.27)
	0.95
(1.20)
	0.67
(1.08)
	0.86
(1.17)
	83.68

	Cyantraniliprole 10% w/v OD
	    90
	4.51
	2.68
(1.78)
	1.95
(1.57)
	1.08
(1.26)
	1.75
(1.50)
	65.69
	2.46
	1.45
(1.40)
	1.18
(1.30)
	0.86
(1.17)
	1.54
(1.43)
	70.78

	Lufenuron 5% w/v EC
	   30
	4.48
	2.82
(1.82)
	2.10
(1.61)
	1.95
(1.57)
	2.64
(1.77)
	48.24
	2.87
	1.72
(1.49)
	1.46
(1.40)
	1.34
(1.36)
	2.48
(1.73)
	52.94

	Novaluron 5.25 + Indoxacarb 4.5 SC
	45.94+
39.38
	4.97
	2.78
(1.81)
	2.14
(1.62)
	1.82
(1.52)
	2.47
(1.72)
	51.57
	2.73
	1.68
(1.48)
	1.42
(1.39)
	1.15
(1.28)
	2.41
(1.71)
	54.27

	Flubendiamide 39.35% w/w SC 
	    48
	5.01
	2.94
(1.85)
	2.21
(1.65)
	1.98
(1.57)
	2.81
(1.82)
	44.90
	2.95
	1.78
(1.51)
	1.59
(1.45)
	1.48
(1.41)
	2.64
(1.77)
	49.91

	Untreated control
	-
	4.15
	4.38
(2.21)
	4.59
(2.26)
	4.92
(2.33)
	5.10
(2.37)
	-
	4.69
	4.72
(2.28)
	4.85
(2.31)
	4.98
(2.34)
	5.27
(2.40)
	-

	S.Em(±)
	-
	0.11
	0.28
	0.04
	0.10
	-
	-
	0.08
	0.06
	0.07
	0.10
	-

	C.D.(P=0.05)
	NS
	0.32
	0.85
	0.11
	0.29
	-
	NS
	0.25
	0.18
	0.21
	0.29
	-


    N.B. N.S. - Non significant; PTC: Pretreatment count; DAA: Days after application; Figures in parenthesis are square root transformed values.






Table-6: Effect of different insecticides against thrips, Thrips tabaci Lind. on tomato during December, 2021-April, 2022.
	  
                                                                          Treatments 
	Dose
(g a.i. /ha)
	Number of thrips population/3 leaves

	
	
	
PTC
	First spray
	Second spray

	
	
	
	1 DAA
	3DAA
	7DAA
	10DAA             
	%ROC
	PTC
	1DAA
	3DAA
	7DAA
	10DAA
	%ROC

	Cyantraniliprole 20%+Lufenuron 20% w/v SC (400 SC)
	20+20
	5.23
	3.08
(1.89)
	1.98
(1.57)
	1.51
(1.42)
	2.13
(1.62)
	67.58
	3.47
	1.69
(1.48)
	1.24
(1.32)
	1.08
(1.26)
	2.45
(1.72)
	69.14

	Cyantraniliprole 20%+Lufenuron 20% w/v SC (400 SC)
	25+25
	5.67
	2.98
(1.87)
	1.58
(1.44)
	1.21
(1.31)
	1.86
(1.54)
	71.69
	3.08
	1.56
(1.44)
	1.18
(1.30)
	0.97
(1.21)
	1.97
(1.57)
	75.19

	Cyantraniliprole 20%+Lufenuron 20% w/v SC (400 SC)
	30+30
	5.49
	2.34
(1.69)
	1.12
(1.27)
	0.85
(1.16)
	1.32
(1.35)
	79.91
	2.98
	1.24
(1.32)
	0.98
(1.22)
	0.74
(1.11)
	1.38
(1.37)
	82.62

	Cyantraniliprole 10% w/v OD
	90
	5.62
	3.01
(1.87)
	1.87
(1.54)
	1.42
(1.39)
	2.08
(1.61)
	68.34
	3.13
	1.68
(1.48)
	1.27
(1.33)
	1.24
(1.32)
	2.24
(1.66)
	71.79

	Lufenuron 5% w/v EC
	30
	5.54
	3.19
(1.92)
	2.57
(1.75)
	1.95
(1.57)
	3.43
(1.98)
	47.79
	3.83
	2.16
(1.63)
	1.65
(1.47)
	1.98
(1.57)
	3.65
(2.04)
	54.03

	Novaluron 5.25 + Indoxacarb 4.5 SC
	45.94+
39.38
	5.38
	3.10
(1.90)
	2.21
(1.65)
	1.62
(1.46)
	3.12
(1.90)
	52.51
	3.65
	2.04
(1.59)
	1.53
(1.42)
	1.95
(1.57)
	3.45
(1.99)
	56.55

	Flubendiamide 39.35% w/w SC 
	48
	5.93
	3.21
(1.93)
	2.64
(1.77)
	1.98
(1.57)
	3.64
(2.03)
	44.60
	3.96
	2.28
(1.67)
	1.84
(1.53)
	2.13
(1.62)
	3.87
(2.09)
	51.26

	Untreated control
	-
	5.84
	5.95
(2.54)
	6.15
(2.58)
	6.49
(2.64)
	6.57
(2.66)
	-
	6.04
	6.26
(2.60)
	6.64
(2.67)
	7.46
(2.82)
	7.94
(2.91)
	-

	S.Em(±)
	-
	0.09
	0.08
	0.06
	0.07
	-
	-
	0.08
	0.06
	0.07
	0.10
	-

	C.D.(P=.05)
	NS
	0.28
	0.24
	0.18
	0.21
	-
	NS
	0.25
	0.18
	0.21
	0.29
	-


    N.B. N.S. - Non significant; PTC: Pretreatment count; DAA: Days after application; Figures in parenthesis are square root transformed values.







3.4 Effect on natural enemies and crop health: 
The effect of insecticidal treatments on coccinellid predators have been summarized in Table-7. Coccinellid predators viz., Coccinella septempunctata L., C. transversalis Fabr. and Cheilomenes sexmaculata (Fabr.) were the dominant natural enemies in tomato ecosystem during the experiments. Hence, the effect of insecticidal treatments on coccinellid predators were studied. The results indicated that there was no significant impact of any of the insecticides treatments on coccinellid predators. The population of coccinellid predators at one day before spraying did not vary significantly during both the seasons registering uniform distribution in the experimental plots. During both the seasons, a general reduction in their number was observed in insecticide treated plots. The general reduction in coccinellid predatory population may be attributed to reduction of host density in the insecticide treated plots and resultant congregation of a greater number of predators in the untreated plots further reducing the host number in untreated control plots. Misra, 2011 reported safety of anthranillic diamide group of insecticide to coccinellid predators which corroborates with the present findings.
No phytotoxic symptom was observed in any of the treated plots with cyantraniliprole 20%+lufenuron 20% w/v SC (400 SC) @ 30+30 g a.i./ha and 60+60 g a.i./ha during both the seasons of experiment. Hence, it may be said that cyantraniliprole 20%+lufenuron 20% w/v SC at the tested doses is not harmful to crop health.
Table-7: Effect of different insecticides on some important natural enemies and yield of tomato during both the seasons of study.
	
Treatments
	
Dose
(g a.i. / ha)
	1st season
	2nd season
	Yield (t/ha)

	
	
	PTC
	Mean % reduction / increase (+)
	
	Mean % reduction / increase (+)
	1st season
	% increase
	2nd season
	% increase

	Cyantraniliprole 20%+Lufenuron 20% w/v SC (400 SC)
	20+20
	4.47
	11.13
(19.49)
	5.53
	10.90
(19.28)
	

20.47
	33.97
	

20.87
	40.82

	Cyantraniliprole 20%+Lufenuron 20% w/v SC (400 SC)
	25+25
	4.53
	11.78
(20.07)
	6.33
	12.95
(21.10)
	

22.87
	49.67
	

22.93
	54.72

	Cyantraniliprole 20%+Lufenuron 20% w/v SC (400 SC)
	30+30
	5.14
	13.28
(21.37)
	6.07
	14.38
(22.28)
	

23.47
	53.60
	

23.85
	60.93

	Cyantraniliprole 10% w/v OD
	90
	4.87
	15.42
(23.12)
	5.93
	15.01
(22.79)
	20.12
	31.68
	20.26
	36.71

	Lufenuron 5% w/v EC
	30
	5.32
	14.13
(22.08)
	6.87
	14.53
(22.41)
	20.24
	32.46
	20.31
	37.04

	Novaluron 5.25 + Indoxacarb 4.5 SC
	45.94+
39.38
	5.49
	17.56
(24.77)
	6.80
	18.17
(25.23)
	22.74
	48.82
	22.81
	53.91

	Flubendiamide 39.35% w/w SC
	48
	4.53
	12.42
(20.64)
	5.73
	13.43
(21.50)
	23.34
	52.75
	23.51
	58.64

	Untreated check
	-
	4.67
	+13.85
(0.00)
	6.33
	+16.24
(0.00)
	15.28
	33.97
	14.82
	40.82

	C.D.(P=0.05)
	-
	NS
	0.23
	NS
	0.32
	-
	-


N.B.:-Figures in parentheses are angular transformed value; PTC-Pre-treatment count.

3.5 Effect on yield of tomato: 
The data on yield of tomato fruits obtained in various insecticidal treatments are summarized in Table-7. The marketable fruit yield (tonnes/ha) recorded significantly high (Table -7) in all the insecticidal treatments during first season (20.12-23.47 tonnes/ha) and second season (20.26-23.85 tonnes/ha) compared to untreated control (15.28 and 14.82 tonnes/ha, respectively). Among the treatments, significantly highest marketable tomato fruit yield was recorded in the treatments of cyantraniliprole 20%+lufenuron 20% w/v SC (400 SC) @ 30+30 and 25+25 g a.i./ha during both the seasons. The greater fruit yield recorded in cyantraniliprole 20%+lufenuron 20% w/v SC treated plots in the present field evaluation trial may be attributed to the highest control of insect pests on tomato.
4. Conclusion:
It is concluded that, cyantraniliprole 20%+lufenuron 20% w/v SC (400 SC) @ 30+30 g a.i./ha was found to be the most effective treatment against fruit borer, leaf miner and thrips on tomato along with significant yield increase. This insecticide did not show any significant adverse effect on the coccinellid populations as well as on the crop health.
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