Management of leafhoppers with novel insecticide molecules in sesame (Sesamum indicum L.).

ABSTRACT
A field experiment was executed at dry land farm, S.V. Agricultural College, Tirupati during kharif, 2020-21 to estimate the efficacy of novel insecticides i.e., Thiacloprid, Thiamethoxam, Spinosad, Spiromesifen, Diafenthiuron, Dinotefuran, Flonicamid and Pymetrozine against sesame leafhoppers. Results indicated that pymetrozine was most efficient by showing highest per cent reduction in leafhopper population (90.73%) and was found significantly superior over other treatments, followed by dimethoate (79.42%) and thiamethoxam (78.80%) which were statistically at par with each other. Spinosad and spiromesifen recorded lowest per cent reduction over control when compared to other treatments and were least effective in managing leafhopper population.
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1. Introduction
	Insect pests and diseases in sesame were one among the reasons for poor yield especially the sucking insect pests that damage the crop in two different ways. Directly they suck the sap from the plant and make the plant lose its vigour and indirectly they acts as vectors for virus and phytoplasma transmission (Ahiwar et al., 2010). Chemical management method is still being adopted majorly for suppression of leafhoppers in India. So there is a need in search of newer molecules of insecticides that are safe to living beings and are highly effective against insects even at lower doses in order to substitute the older chemicals available in leafhopper management programmes. 
2.  Material and methods
	A field experiment was executed at dry land farm, S.V. Agricultural College, Tirupati during kharif, 2020-21 with “Gowri” sesame variety. The insecticides  tested were Thiacloprid 21.7 SC @ 0.25 ml l-1, Thiamethoxam 25 WG @ 0.2 g l-1, Spinosad 45 SC @ 0.3 ml l-1, Spiromesifen 240 SC @ 1.0 ml l-1, Diafenthiuron 50 WP @ 1.25 g l-1, Dinotefuran 20 SG @ 0.4 g l-1, Flonicamid 50 WG @ 0.3 g l-1, Pymetrozine 50 WG @ 0.6 g l-1 and Dimethoate 30 EC @ 2.0 ml l-1 in a randomized block design with ten treatments including control. The treatments were replicated thrice and experiment was conducted in a plot size of 5 m × 5 m (25 sq.m) The plots sprayed with water alone served as control. During the crop period, two foliar sprays were given at a time gap of 20 days in between the sprays. For recording data on leafhopper population, ten plants were selected randomly in each replication. The data was recorded from three leaves each from top, middle and bottom portions of the plant at one day before spray (pre-count) and three, seven, ten and fifteen days after each spray. The data on per cent reduction in leafhopper population was estimated by the following formula as given by Abbott (1925). 

	Population reduction over = control (%)
	Population in untreated check – Population in treatment
	X100

	
	Population in untreated check
	


The data on per cent reduction over control was subjected to angular transformation and analyzed by statistical analysis using Analysis of Variance (ANOVA).
3.  Results and discussion
3.1 First spray - kharif, 2020-21
Pre-treatment counts made one day prior to spray indicated that the mean leafhopper population in all the experimental plots was ranged from 3.28 to 4.63 leafhoppers which were found to be more or less uniform. The observations recorded at 3 DAT on mean leafhopper population was in the range of 0.12 to 1.53 in insecticide treated plots, when compared to 3.22 leafhoppers in control, indicating significant reduction of leafhopper population after the application of insecticidal treatments. The treatment pymetrozine @ 0.6 g l-1 at 3 DAT recorded highest per cent reduction of leafhopper population (96.44%) and found to be the most efficient and promising in reduction of leafhopper population and significantly superior over other treatments. Dimethoate @ 2.0 ml l-1 and thiamethoxam @ 0.2 g l-1 with 85.13 and 81.67 per cent reduction over control, respectively were observed as second best treatments next to pymetrozine and were found at par with each other. Dinotefuron @ 0.4 g l-1 (74.93%) and diafenthiuron @ 1.25 g l-1 (70.92%) were at par with each other. However, both the treatments were found at par with thiamethoxam @ 0.2 g l-1 and dimethoate @ 2.0 ml l-1. Spinosad @ 0.3 ml l-1 with 57.48 and spiromesifen @ 1.0 ml l-1 with 52.86 per cent reduction over control were observed to be least effective compared to all other treatments. 
	The observations made at seven days after insecticidal application indicated that all the treatments were effective and significantly superior to control with considerable reduction in leafhopper population. The highest per cent reduction over control was noticed in plots treated with pymetrozine @ 0.6 g l-1 with 94.93 per cent reduction over control and was found to be significantly superior over other treatments. The next treatments were dimethoate @ 2.0 ml l-1, dinotefuron @ 0.4 g l-1 and thiamethoxam @ 0.2 g l-1 with 86.60, 82.37 and 80.03 per cent reduction over control, respectively and all the treatments were found at par with each other. The next effective treatments in the descending order of efficacy were diafenthiuron @ 1.25 g l-1 and flonicamid @ 0.3 g l-1   with 74.60 and 72.33 per cent reduction over control, respectively and were found statistically at par with each other.
	The data collected on leafhopper population at ten days after application of treatments revealed that the plots treated with pymetrozine @ 0.6 g l-1 and thiamethoxam @ 0.2 g l-1 which recorded highest per cent reduction of leafhopper population over control with 90.36 and 82.43 per cent reduction, respectively were found to be the most effective and best treatments and were found to be at par with each other. The next effective treatments in decreasing order were dinotefuran @ 0.4   g l-1, dimethoate @ 2.0 ml l-1 and diafenthiuron @ 1.25 g l-1, with 78.10, 77.86 and 72.44 per cent reduction over control, respectively and were found significantly at par with other. Thiacloprid @ 0.25 ml l-1 and flonicamid @ 0.3 g l-1 with 69.70 and 64.62 per cent reduction over control were found at par with other. 
	The data recorded at fifteen days after treatment revealed that the highest per cent reduction over control was recorded in plots treated with pymetrozine @ 0.6 g l-1 (72.28), which was found significantly superior over other treatments. The next best treatments were thiamethoxam @ 0.2 g l-1 (61.13%) and dimethoate @ 2.0 ml l-1 (59.62%) were at par with each other, followed by dinotefuron @ 0.4 g l-1 (55.66%) and diafenthiuron @ 1.25 g l-1 (52.73) and were found at par with each other and with thiamethoxam and dimethoate. Flonicamid @ 0.3 g l-1 (45.47%) and thiacloprid @ 0.25 ml l-1 (48.29%) were at par with each other. Spinosad @ 0.3 ml l-1 and spiromesifen @ 1.0 ml l-1 at 7, 10 and 15  DAT recorded least per cent reduction in leafhopper population over control.
	The overall efficacy of insecticides after first application revealed that among the insecticidal treatments, the plots treated with pymetrozine @ 0.6 g l-1 recorded highest reduction of leafhopper population with 88.27 per cent reduction over control and was found as the best and effective treatment over other treatments. The next best treatments in the descending order of efficacy were dimethaote @ 2.0 ml l-1 and thiamethoxam @ 0.2 g l-1 with 77.00 and 76.32 per cent reduction over control, respectively and both the treatments were at par with each other, followed by dinotefuron @ 0.4 g l-1 (72.98%) and diafenthiuron @ 1.25 g l-1 (67.84%) which was statistically at par with each other. Dinotefuran was found at par with both thiamethoxam and dimethoate. Spinosad @ 0.3 ml l-1 and spiromesifen @ 1.0 ml l-1 recorded least per cent reduction over control i.e., 53.29 and 47.53 per cent, respectively. However, all the treatments were significantly superior over the control in reducing the leafhopper population.
3.2 Second spray - kharif, 2020-21
After the second spray also the same trend of effectiveness of the insecticidal treatment obtained in the first spray was recorded. The data on leafhopper population collected at three days after spraying showed that the plots treated with pymetrozine @ 0.6 g l-1 recorded highest reduction in leafhopper population with 97.69 per cent reduction over control, and was found to be significantly superior over other treatments. The next effective treatments in the descending order of efficacy were thiamethoxam @ 0.2 g l-1, dimethoate @ 2.0 ml l-1 and dinotefuran @ 0.4 g l-1 with 86.27, 83.07 and 74.30 per cent reduction over control, respectively and the treatments were statistically found at par with each other. However, dinotefuran @ 0.4 g l-1 and diafenthiuron @ 1.25 g l-1 were statistically at par with each other. 
	All the insecticidal treatments were found significantly superior in reducing the leafhopper population over control even after seven days after application. The highest per cent reduction over control was recorded in plots treated with pymetrozine @ 0.6 g l-1, dimethoate @ 2.0 ml l-1   and thiamethoxam @ 0.2 g l-1 with 93.13, 81.84 and 77.45 per cent reduction over control, respectively. Pymetrozine was noticed to be significantly superior over other treatments, while, dimethoate and thiamethoxam were at par with each other. The next effective treatments in the descending order of efficacy were dinotefuron @ 0.4 g l-1 (74.64%), diafenthiuron @ 1.25 g l-1 (70.88%), thiacloprid @ 0.25 ml l-1 (67.55%) and flonicamid @ 0.3 g l-1 (61.43%) and all the treatments were at par with each other.
	The post treatment data recorded at ten days after spraying revealed that the highest per cent reduction over control was recorded in plots treated with pymetrozine @ 0.6 g l-1 with 99.18 per cent reduction over control and was found significantly superior in comparison with other treatments. The next best treatments in the decreasing order of efficacy was dimethoate @ 2.0 ml l-1 , thiamethoxam @ 0.2 g l-1 and diafenthiuron @ 1.25 g l-1  with 90.57, 87.54 and 84.80 per cent reduction over control, respectively and were statistically at par with each other. The next effective treatment was dinotefuran @ 0.4 g l-1 with 81.57 per cent reduction over control and was statistically at par with thiamethoxam @ 0.4 g l-1 and diafenthiuron @ 1.25 g l-1. Thiacloprid @ 0.25 ml l-1   (77.59%) and flonicamid (71.85%) were found at par with other.
At 15 DAT, pymetrozine @ 0.6 g l-1 was found most effective in reducing the leafhopper population with 83.40 per cent reduction over control and significantly superior when compared to other treatments. The second best treatments were thiamethoxam @ 0.2 g l-1 and dimethoate @ 2.0 ml l-1 with 73.40 and 72.18 per cent reduction over control, respectively which was found to be at par with each other. The next effective treatment in the descending order of efficacy were dinotefuran @ 0.4 g l-1,  thiacloprid @ 0.25 ml l-1 and diafenthiuron @ 1.25 g l-1 with 69.64, 61.55 and 61.45 per cent reduction over control and were found statistically at par with each other. 
	The pooled efficacy of insecticides after second spray revealed that pymetrozine recorded highest per cent reduction of leafhopper population by showing 93.05 per cent reduction over control and was significantly superior when compared to other treatments. The treatments dimethoate and thiamethoxam were found to be second best effective treatments by recording 81.60 and 81.01 per cent reduction over control, respectively and at par with each other. The next effective treatments in the decreasing order of efficacy against leafhoppers were dinotefuran @ 0.4 g l-1, diafenthiuron @ 1.25 g l-1, thiacloprid @ 0.25 ml l-1 and flonicamid @ 0.3 g l-1 with 74.92, 71.68, 66.38 and 64.94 per cent reduction over control.  Dinotefuran and diafenthiuron were statistically at par with other, while flonicamid and thiacloprid were at par with each other. Similar trend was observed with spinosad @ 0.3 ml l-1 (55.68%) and spiromesifen @ 1.0 ml l-1 (50.63%) showing least effectiveness at 3, 7, 10 and 15 DAT.. 
3.3 Overall efficacy – kharif, 2020-21
	The overall efficacy of insecticidal treatments during second season revealed that the highest reduction of leafhopper population at 3, 7, 10 and 15 DAT was observed in experimental plots treated with pymetrozine followed by thiamethoxam. Results from the present study were in conformity with findings of Seni and Naik (2017) and Adhikari et al. (2019) who reported the superior efficacy of pymetrozine in effective management of planthoppers and green leafhoppers in paddy. The results were also in agreement with Reddy et al. (2019) who reported the superior effectiveness of pymetrozine in showing maximum per cent reduction of leafhopper population as Pymetrozine has systemic and translaminar action and extremely specific against sucking insect pests. It caused immediate and irretrievable cessation of feeding because of obstruction of stylet penetration, followed by starvation and insect death. 
Nemade et al. (2017) noticed that dimethoate at higher dose (3.0 ml per L of water) was superior in recording lowest leafhopper population in Bt cotton. Kharade et al. (2018) reported the efficacy of dimethoate next to imidacloprid in recording lowest jassid population (2.07 jassids/3 leaves) as against 9.67 jassids/3 leaves in control. The results obtained by Nalini and Kumar (2018) also showed the effectiveness of dimethote in reducing the leafhopper population in okra which supported the results from the present findings. Jadhav et al. (2017) and Prajapat et al. (2020) reported that spiromesifen did not show any significant reduction of leaf hopper population in okra which supports the findings of the present study.  Results were also found in accordance with Saritha et al. (2020) who reported the efficacy of diafenthiuron in management of sesame phyllody disease and Panday et al. (2018) whose findings proved the efficacy of Thiamethoxam in managing leafhopper population.
4.  Conclusion 
Although all the treatments with different insecticides showed their superior efficacy against leafhoppers in sesame when compared to control, pymetrozine @ 0.6 g l-1 and thiamethoxam @ 0.2 g l-1 were effective for the management of leafhoppers in sesame. Spinosad and spiromesifen did not show any spectacular effect in reducing leafhopper population when compared to other treatments.
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Table 1 Efficacy of different insecticides against sesame leafhoppers after first spray during kharif, 2020-21
	S.No
	Treatment
	Dose per liter

	PTC
	Per cent reduction of leafhopper population over control after I spray
	
Mean % reduction

	
	
	
	
	3 DAT
	7 DAT
	10 DAT
	15 DAT
	

	
	
	
	
	Mean 
	ROC 
(%) 
	Mean 
	ROC 
(%)
	Mean 
	ROC 
(%)
	
Mean 
	ROC 
(%)
	

	T1
	Thiacloprid 21.7 SC
	0.25 ml 
	4.07
	1.12
	65.23cd
(53.93)
	1.34
	67.54de
(55.39)
	1.29
	69.70cd
(56.97)
	2.04
	48.29cde
(44.04)
	62.88de
(52.51)

	T2
	Thiamethoxam                 25 WG
	0.2 g
	3.33
	0.58
	81.67b
(65.81)
	0.83
	80.03bc
(63.53)
	0.73
	82.43ab
(65.86)
	1.55
	61.13b
(51.47)
	76.32b
(60.93)

	T3
	Spinosad 45 SC
	0.3 ml
	3.28
	1.37
	57.48cd
(49.33)
	1.57
	55.80ef
(48.38)
	1.74
	59.01de
(50.30)
	2.34
	40.63ef
(39.56)
	53.29f
(46.91)

	T4
	Spiromesifen 240 SC
	1.0 ml
	3.67
	1.53
	52.86d
(46.69)
	1.95
	49.32f
(44.63)
	2.03
	51.92e
(46.13)
	2.52
	36.23f
(36.97)
	47.53g
(43.60)

	T5
	Diafenthiuron 50 WP
	1.25 g
	3.53
	0.95
	70.92bcd
(57.47)
	1.05
	74.60cd
(60.10)
	1.17
	72.44bcd
(58.42)
	1.87
	52.73bcd
(46.60)
	67.84cd
(55.48)

	T6
	Dinotefuran 20 SG
	0.4 g
	4.17
	0.80
	74.93bc
(60.15)
	0.73
	82.37bc
(65.42)
	0.93
	78.10bc
(62.16)
	1.76
	55.66bc
(48.28)
	72.98bc
(58.74)

	T7
	Flonicamid 50 WG
	0.3 g
	3.43
	1.19
	62.68cd
(52.64)
	1.17
	72.33cd
(58.36)
	1.50
	64.62cde
(53.55)
	2.17
	45.47def
(42.42)
	61.31e
(51.58)

	T8
	Pymetrozine 50 WG
	0.6 g
	3.85
	0.12
	96.44a
(81.37)
	0.2
	94.93a
(78.66)
	0.41
	90.36a
(72.03)
	1.10
	72.28a
(58.28)
	88.27a
(70.14)

	T9
	Dimethoate 30 EC
	2.0 ml
	3.57
	0.48
	85.13b
(67.71)
	0.57
	86.60b
(68.86)
	0.93
	77.86bc
(62.03)
	1.59
	59.62b
(50.60)
	77.00b
(61.42)

	T10
	Control
	--
	4.63
	3.22
	-
	4.19
	-
	4.24
	-
	3.97
	-
	-

	SEm±
	-
	-
	-
	3.07
	-
	2.65
	-
	2.89
	-
	1.92
	1.09

	CD (5%)
	-
	-
	-
	11.11
	-
	7.96
	-
	8.65
	-
	5.75
	3.26

	CV (%)
	-
	-
	-
	10.79
	-
	7.61
	-
	8.53
	-
	7.15
	3.38


*Figures in parentheses are angular transformed values;  PTC: Pre treatment count; DAT – Days After Treatment; ROC – Reduction over control
Numbers followed by same letter in each column are not significantly different

Table 2 Efficacy of different insecticides against sesame leafhoppers after second spray during kharif, 2020-21
	S.No
	Treatment
	Dose per liter

	PTC
	Per cent reduction of leafhopper population over control after I spray
	
Mean % reduction

	
	
	
	
	3 DAT
	7 DAT
	10 DAT
	15 DAT
	

	
	
	
	
	Mean 
	ROC 
(%)
	Mean 
	ROC 
(%)
	Mean 
	ROC 
(%)
	Mean 
	ROC 
(%)
	

	T1
	Thiacloprid 21.7 SC
	0.25 ml 
	3.05
	1.75
	60.05de
(50.83)
	1.16
	67.55bcde
(55.53)
	0.94
	77.59de
(61.81)
	1.87
	61.55cd
(51.73)
	66.38e
(54.60)

	T2
	Thiamethoxam          25 WG
	0.2 g
	2.63
	0.62
	86.27b
(68.98)
	0.83
	77.45bc
(61.78)
	0.52
	87.54bc
(69.73)
	1.27
	73.40b
(59.17)
	81.01bc
(64.23)

	T3
	Spinosad 45 SC
	0.3 ml
	2.87
	2.20
	49.21e
(44.58)
	1.59
	56.36de
(48.69)
	1.46
	65.24fg
(53.92)
	2.30
	52.56de
(46.49)
	55.68f
(48.28)

	T4
	Spiromesifen 240 SC
	1.0 ml
	2.42
	2.39
	45.42e
(42.39)
	1.73
	52.46e
(46.44)
	1.75
	58.31g
(49.82)
	2.53
	47.49e
(43.58)
	50.63f
(45.38)

	T5
	Diafenthiuron 50 WP
	1.25 g
	2.73
	1.28
	70.76cd
(57.34)
	1.05
	70.88bcde
(57.45)
	0.64
	84.80bcd
(67.30)
	1.85
	61.45cd
(51.73)
	71.68de
(57.94)

	T6
	Dinotefuran 20 SG
	0.4 g
	2.47
	1.11
	74.30bcd
(59.89)
	0.94
	74.64bcd
(60.15)
	0.77
	81.57cd
(67.30)
	1.46
	69.64bc
(56.63)
	74.92cd
(60.03)

	T7
	Flonicamid 50 WG
	0.3 g
	2.90
	1.44
	66.90d
(54.95)
	1.40
	61.43cde
(51.65)
	1.18
	71.85ef
(64.76)
	1.95
	59.75d
(50.65)
	64.94e
(53.72)

	T8
	Pymetrozine 50 WG
	0.6 g
	1.87
	0.10
	97.69a
(84.96)
	0.25
	93.13a
(78.58)
	0.03
	99.18a
(87.03)
	0.80
	83.40a
(66.19)
	93.05a
(75.19)

	T9
	Dimethoate 30 EC
	2.0 ml
	3.42
	0.73
	83.07bc
(65.83)
	0.65
	81.84b
(65.10)
	0.40
	90.57b
(72.46)
	1.35
	72.18b
(58.20)
	81.60b
(64.65)

	T10
	Control
	--
	4.87
	4.36
	-
	3.63
	-
	4.18
	-
	4.84
	-
	-

	SEm±
	-
	-
	-
	3.09
	-
	3.84
	-
	2.25
	-
	1.96
	1.43

	CD (5%)
	-
	-
	-
	9.25
	-
	11.51
	-
	6.76
	-
	5.87
	4.29

	CV (%)
	-
	-
	-
	9.08
	-
	11.39
	-
	6.01
	-
	6.30
	4.26


*Figures in parentheses are angular transformed values; PTC: Pre treatment count; DAT – Days After Treatment; ROC – Reduction over control
Numbers followed by same letter in each column are not significantly different  

Table 3 Cumulative efficacy of different insecticidal treatments against sesame leafhoppers during kharif, 2020-21
	S.No
	Treatment
	Dose per liter

	PTC
	Per cent reduction of leafhopper population over control after I spray
	
Mean % reduction

	
	
	
	
	3 DAT
	7 DAT
	10 DAT
	15 DAT
	

	
	
	
	
	Mean 
	ROC 
(%)
	Mean 
	ROC 
(%)
	Mean 
	ROC 
(%)
	
Mean 
	ROC 
(%)
	

	T1
	Thiacloprid 21.7 SC
	0.25 ml
	3.56
	1.43
	62.25de
(52.13)
	1.25
	67.56d
(55.45)
	1.12
	73.62de
(59.30)
	1.96
	55.65cd
(48.28)
	64.71d
(53.59)

	T2
	Thiamethoxam           25 WG
	0.2 g
	2.98
	0.60
	84.32b
(67.09)
	0.83
	78.86bc
(62.71)
	0.63
	85.06b
(67.44)
	1.41
	67.96b
(55.63)
	78.80b
(62.62)

	T3
	Spinosad 45 SC
	0.3 ml
	3.08
	1.79
	52.72ef
(46.59)
	1.71
	56.17e
(48.57)
	1.60
	62.06fg
(52.03)
	2.32
	47.31ef
(43.47)
	54.54e
(47.63)

	T4
	Spiromesifen 240 SC
	1.0 ml
	3.04
	1.96
	48.58f
(44.21)
	1.92
	50.91e
(45.54)
	1.89
	55.12g
(47.96)
	2.53
	42.63f
(40.78)
	49.18f
(44.55)

	T5
	Diafenthiuron 50 WP
	1.25 g
	3.13
	1.11
	70.83cd
(57.38)
	1.05
	72.87cd
(58.82)
	0.90
	78.57cd
(62.46)
	1.86
	57.82cd
(49.53)
	69.86c
(56.76)

	T6
	Dinotefuran 20 SG
	0.4 g
	3.32
	0.95
	74.57bc
(59.99)
	0.83
	78.84bc
(62.67)
	0.85
	79.85bcd
(63.37)
	1.61
	63.36bc
(52.80)
	73.97c
(59.36)

	T7
	Flonicamid 50 WG
	0.3 g
	3.17
	1.32
	65.11cde
(53.87)
	1.28
	67.23d
(55.12)
	1.34
	68.22ef
(55.73)
	2.06
	53.21de
(46.87)
	63.23d
(52.70)

	T8
	Pymetrozine 50 WG
	0.6 g
	2.86
	0.11
	97.16a
(82.70)
	0.23
	94.01a
(76.87)
	0.22
	94.75a
(76.80)
	0.95
	78.37a
(62.39)
	90.73a
(72.48)

	T9
	Dimethoate 30 EC
	2.0 ml
	3.49
	0.61
	83.94b
(66.53)
	0.61
	84.40b
(66.78)
	0.67
	84.18bc
(66.71)
	1.47
	66.61b
(54.74)
	79.42b
(63.08)

	T10
	Control
	-
	4.75
	3.79
	-
	3.91
	-
	4.21
	-
	4.40
	-
	-

	SEm±
	-
	-
	-
	2.54
	-
	1.99
	-
	1.57
	-
	1.57
	0.92

	CD (5%)
	-
	-
	-
	7.60
	-
	5.97
	-
	4.72
	-
	4.70
	2.76

	CV (%)
	-
	-
	-
	7.45
	-
	5.83
	-
	4.44
	-
	5.37
	2.79


*Figures in parentheses are angular transformed values; PTC: Pre treatment count; DAT – Days After Treatment; ROC – Reduction over control
Numbers followed by same letter in each column are not significantly different  
