Efficacy and economics of plant extract and chemicals insecticide, against mustard aphid, Lipaphis erysimi(Kalt)


ABSTRACT
The field experiment was conducted at Student Instructional Form (SIF), Chandra Sekhar Azad University of Agriculture & Technology Kanpur, during Rabi 2021-2022 on Indian mustard (Brassica juncea) variety Varuna. Among the eight treatments including control plot. The aphid population were found on top 10 cm apical twigs/plot ranges from 1.23 to 25.56 aphids/plant. The significantly lower population recorded from Thiamethoxam 25 WG @ 0.2g/lit providing 1.23 aphid top 10 cm central twig per plant compared to control and also the maximum yield was obtained with treatment Thiamethoxam 25 WG @0.2g/lit 18.73 q/ha and was found superior over rest of all other treatments whereas the maximum gain in net income of Rs. 54414/ha was found from Thiamethoxam 25 WG @ 0.2g/lit. Cost benefit ratio of the treatments showed that Thiamethoxam 25 WG @ 0.2g/lit ranked first indicating the maximum B: C Ratio (1: 40.63). 
Keywords: Mustard aphid, Chemical Insecticides, Botanicals and management.
 INTRODUCTION 
Mustard crops (Brassica spp.) are grown worldwide in both subtropical and temperate climates. In India, the rabi oilseed crops, rapeseed-mustard is the most important. India is one of the largest rapeseed-mustard growing countries in the world and rapeseed mustard is the second most important edible oilseed crop in India after groundnut in terms of area and production. In India, mustard is grown on 6.23 million hectares with a production of 9.34 million tonnes and productivity of 1499 kg/hectares Anonymous, (2019). Canada in particular expects a harvest of 16.90 million tons of mustard seeds in 2021 as compared to 18.6 million tonnes in 2020. In another report on Mustard seeds estimate production by USDA, the World Mustard seed production for 2021 22 is estimated to increase by 4% to 741 lakh tones (Anonymous, 2022).
In India, the states of Rajasthan, Madhya Pradesh, Uttar Pradesh, and Haryana. West Bengal and Assam accounted for 86.29 per cent of the country's rapeseed mustard growing area and 88.46 per cent of the country's production. Kanpur, Kanpur Dehat, Gonda, Saharanpur, Etah, Meerut, Faizabad, Etowah, Bulandshahar, Bachrach, Mirzapur. Sitapur Sultanpur, Mathura, Aligarh, etc. are the primary mustard-growing districts in Uttar Pradesh, and 38 insect pests are known to be connected with the rapeseed-mustard crop in India. The most devastating insect pest is the mustard aphid. Lipaphis erysimi Kalt. It not only lowers seed yields by up to 73.3 per cent, but it also lowers oil content by up to 66.9%.
Mustard aphid begins to appear around the end of December and continues to be active until the end of March. Cell sap is sucked by both nymphs and adults from many sections of the plant, including the flower, leaf, stem, twig, and pods. The pest is a colony resident with a high rate of reproduction. Aphids emerge on vegetative buds and then spread throughout the plant, devitalizing it. When the plant is heavily infested, it becomes stunted and dries out, resulting in no pod production.
Honeydew is secreted by aphids, which promotes the formation of a black fungus known as "Sooty Mold," which obstructs photosynthesis. Low temperatures of 8-18°C along with 60-80% relative humidity, gloomy, and light rainy weather conditions are ideal for insect reproduction. The mustard aphid alone causes about 9 to 96 per cent losses (Singh et al., 2004) per cent in oil content. The occurrence of this insect is very much influenced by environmental factors and Brassica spp. grown.


· MATERIALS AND METHODS:
The field experiment was conducted at Student Instructional Form (SIF), Chandra Shekhar Azad University of Agriculture & Technology Kanpur, during Rabi 2021-2022 on Indian mustard (Brassica juncea) variety Varuna. Eight treatments, one of which was the control plot, were assessed using a randomized block design and three replications. Two sprays were applied at intervals of fifteen days. The first was applied 78 days after the crop was sown, and the second was applied 90 days later. Application of chemical insecticides and Plant Extract namely, NSKE@ 5% Neem leaf extract@ 5% Neem oil 2%, Eucalyptus leaf extract 5%, Fennel leaf extract 5 % , Dimethoate 30 EC @ Iml/L, Thiamethoxam 25 WG @ 0.2 gm/lit were done using manully oprated knapsack sprayer having duromist nozzle. The number of aphids on the top 10 cm central twig of each plant was counted one day before spraying and 3, 7, 10, and 15 days after spraying. 
2.1. Determination of amount of insecticides
The formula below was used to calculate the necessary quantity of pesticides. The spray solution's volume was diluted by combining 100 to 600 liters of water per hectare. With the exception of control plots, each experiment plot received a separate application of the required amount of solution.

1.2. Economics of treatment:                                      
· Pest infestation (%)
· Pest intensity
· The mean original data of population was calculated as per centage reduction over control with following formula Abbot's formula 1925.

Where,
A= reduction percent in population over control.
 C= percent damage of control.
T= percent damage of treated plot.
The yield of mustard seed of each plot was weighed separately. Data were complied and analyzed statistically. Finally, Incremental Cost Benefit Ratio (ICBR) for each treatment was evaluated by dividing net profit by total cost of plant protection measure.
Incremental Cost: Benefit Ratio (ICBR) 

3. RESULT AND DISCUSSION:
	The field testing was to determine by the efficacy of chemical pesticides and plant extracts as treatments for mustard aphids during the rabi crop seasons. Eight treatments viz, NSKE @ 5%. Neem leaf extract @ 5%, Neem oil @ 2%, Eucalyptus leaf extract @ 5%, Fennel Seed extract @ 5%, Dimethoate 30 EC @ 1.0 ml/ lit, Thiamethoxam 25 WG @ 0.2 g/lit and untreated plot were examine against mustard aphid. For the application of treatment continuously monitored the population of mustard aphids when they reached ETL (20 aphids' top 10 cm central twig/plant). Pre-treatment observations were conducted of the population of mustard aphids one day before spraying, and post-treatment observations were made three, seven, ten, and fifteen days after spraying.
3.1 Effect of treatment on mustard aphid population after first spray:
Before the application of treatments, the mean population of mustard aphids was randomly observed to range from 48.50 to 63.07 aphids on the top 10 cm of the central twig/plant. All of the treatments were found to be effective in controlling the mustard aphid population over control, as evidenced by the fact that the population of mustard aphids decreased with the application of treatments such as plant extracts and chemical insecticides, while it increased in the untreated plot. The populations of mustard aphids observed three days after the first spraying showed that the treatments varied significantly from one another after treatment application. Thiamethoxam 25 WG 0.2 g/lit, recorded a lower population of mustard aphids (9.66 aphids’ top 10cm central twig/plant)  which was substantially different from the remaining 7 treatments. Based on these observations, Thiamethoxam 25 WG @ 0.2 g/lit was found as a most effective insecticide followed by Dimethoate 30 EC @ 1.0 ml/ lit (12.76 aphids top 10 cm central twigs/plant). Among 5 plant extracts, NSKE @ 5%, recorded lowest aphids population (25.43 aphids top 10cm central twig/ plant), which was found comparatively more effective than other plant extract in controlling to  mustard aphids population at 3 days after first spray.
	The effectiveness of the treatments was further compared at seven days after first spraying and it was found that all the treatments were superior over untreated control. The lowest mean population of mustard aphid was observed in Thiamethoxam 25 WG @ 0.2 g/lit (5.50 aphids top 10cm central twig/plant)  followed by Dimethoate 30 EC @ 1.0 ml/ lit (8.43 aphids top 10cm central twig/plant), which significantly differed from rest of Five plant extracts viz, NSKE @ 5%, Neem oil @ 2%, Neem leaf extract @ 5%, Eucalyptus leaf extract @ 5% and Fennel seed extract @ 5% (20.60, 29.60, 32.03, 41.56, and 45.36 aphids top 10 cm central twig/plant). The Neem leaf extract @ 5% and Neem oil @ 2% also found was at par at 7 days after first spray.
	The population of mustard aphids was also monitored ten days after the first spray, demonstrating the efficacy of treatments against the pest with a few variations: 6.73 and 4.36 aphids per 10 cm of central twig/plant were found to be at par with Thiamethoxam 25 WG @ 0.2 g/lit and Dimethoate 30 EC @ 1.0 ml/lit. Among plant extract, NSKE @ 5% was quite effective 18.33 aphids on the top 10 cm central twig/plant). Similarly, eucalyptus leaf extract at 5% produced significantly different results from neem oil at 2% and fennel seed extract at 5%, which were also found to be at par with neem leaf extract at 5% (42.56 and 26.66, 30.20 at par with 30.76 aphids top 10cm central twig/plant).	



The mustard aphid population was observed at 15 days following the initial spray, and it was discovered that there were notable differences between the treatments. Thiamethoxam 25 WG @ 0.2 g/lit had the considerably lowest population (3.73 aphids top 10 cm central twig/plant), and was found to be the most effective insecticide. Dimethoate 30 EC @ 1.0 ml/lit had the second-highest population (5.40 aphids top 10 cm central twigs/plant). NSKE @ 5% and Neem oil @ 2% were found to be at par with the other five plant extracts (4.11 and 4.78 aphids top 10cm central twig/plant). Neem leaf extract 5% When it came to managing mustard aphids, 26.56 was found to be at par with 5% eucalyptus leaf extract and 5% fennel seed extract (33.13 was found to be at par with 35.40 aphids on the top 10 cm central twig/plant).
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Table: 1: Effect of treatment against mustard aphid, Lipaphis erysimi (Kalt.) after first spray.

	T.No.
	Treatment

	Mean population of mustard aphid top10 cm central twig / plant

	
	
	Dose
	1DBS
	3DAS
	PROC
	7DAS
	PROC
	10DAS
	PROC
	15DAS
	PROC

	1
	NSKE
	5%
	55.30 (7.46)
	25.43
(5.09)
	78.54
	20.60
(4.59)
	85.63
	18.33
(4.33)
	87.65
	16.43
(4.11)
	88.97

	2
	Neem leaf extract
	5%

	63.07
(7.97)
	36.96
(6.12)
	68.52
	32.03
(5.70)
	77.66
	30.76
(5.59)
	79.28
	26.56
(5.20)
	82.69

	3
	Neem oil

	2%
	61.66
(7.88)
	33.36
(5.81)
	71.59
	29.60
(7.48)
	79.35
	26.66
(5.21)
	82.04
	22.43
(4.78)
	85.38

	4
	Eucalyptus leaf extract
	5%
	60.76
(7.82)
	48.72
(7.01)
	58.51
	41.56
(6.48)
	71.01
	42.56
(6.56)
	71.33
	33.13
(5.79)
	78.41

	5
	Fennel seed extract
	5%
	58.86
(7.68)
	49.05
(7.03)
	58.23
	45.36
(6.77)
	68.36
	30.20
(5.54)
	79.66
	35.43
(5.99)
	76.91

	6
	Dimethoate 30 EC
	1ml/lit

	50.60
(7.14)
	12.76
(3.64)
	89.10
	8.43
(2.98)
	94.12
	6.73
(2.68)
	95.73
	5.40
(2.42)
	96.48

	7
	Thiamethoxam 25 WG
	0.2 g/lit
	52.43
(7.27)
	9.66
(3.18)
	91.77
	5.50
(2.44)
	96.16
	4.36
(2.20)
	97.06
	3.73
(2.05)
	97.56

	8
	Control
	

	48.50
(7.00)
	117.66
(10.87)
	
	143.40
(11.99)
	
	148.48
(12.20)
	
	153.49
(12.40)
	

	           SE(m) ±
	
	
	0.270
	
	0.196
	
	0.201
	
	0.211
	

	          C.D at 5%
	
	N.S.
	0.827
	
	0.601
	
	0.615
	
	0.646
	



*Date of spraying: 08-02-2022
**Pre-treatment:1 Day before spray (DBS)
*** Post-treatment: days after spray (DAS)
****Figure within parentheses is square root ( X+.5)
*****PROC: Per cent over control










	
Effect of treatment against mustard aphid population after second spray:
The mustard aphid population measured one day prior to spraying revealed that there were notable differences across the treatments. The lower population found in Thiamethoxam25 WG @ 0.2 g/lit as most effective against mustard aphid providing 11.80 aphid top 10 cm central twig/ plant, which was at par with NSKE @ 5% providing 18.76 aphid per 10 cm central twig per plant followed by Neem oil @ 2% was at par with Neem leaf extract @ 5%  providing 28.50, and 38.60 aphid per 10 cm central twig per plant followed by Eucalyptus leaf extract @ 5% provide 43.40 aphid per 10 cm central twig per plant after first spray.
The observation was taken at three days after second spray. The spray of Thiamethoxam 25 WG @ 0.2 g/lit and Dimethoate 30 EC @ 1.0 ml/ lit was found highly significantly was at par  as most effective against mustard aphid providing 9.96 and 10.70 aphid top10 cm central twig / plant with higher reduction per cent viz, 94.26 and 93.06 over control. followed by NSKE @ 5% providing 16.36 aphid top10 cm central twig / plant with % control 90.22 ,followed by  Neem oil @ 2% and Neem leaf extract @ 5% were also found at par against mustard aphid giving (23.20 and 24.63 aphid top 10 cm central twig per plant)  with  reduction per cent viz, 86.14 and 85.28 over control followed by Eucalyptus leaf extract @ 5% and Fennel Seed extract @ 5%, were also found at par against mustard aphid giving(32.50 and 34.50 aphid top 10 cm central twig per plant) at 3 days after spray with reduction per cent viz, 80.58 and 79.39, respectively over control.
The observation recorded seven days after second spray that Thiamethoxam 25 WG @ 0.2 g/lit and Dimethoate 30 EC @ 1.0 ml/ lit found at par  as most effective against mustard aphid providing 4.86 and 6.33 aphid top10 cm central twig / plant followed by NSKE @ 5% 16.36 aphid top 10 cm central twig / plant. Eucalyptus leaf extract @ 5% and Fennel Seed extract @ 5%, were also found at par against mustard aphid giving 30.63 and 32.53 aphid top 10 cm central twig per plant 
The population of mustard aphids was recorded at ten days after second spray that Thiamethoxam 25 WG @ 0.2 g/lit and Dimethoate 30 EC @ 1.0 ml/ lit found highly significantly found at par as most effective against mustard aphid providing 3.16 and 4.36 aphid top10 cm central twig / plant with reduction per cent viz, 98.34 and 97.70 over control followed by NSKE @ 5% ,  Neem oil @ 2% and Neem leaf extract @ 5%  were also found at par against mustard aphid providing 11.63, 13.60 and 16.46 aphid top 10 cm central twig per plant. Eucalyptus leaf extract @ 5% and Fennel Seed extract @ 5%, were also found at par against mustard aphid giving 26.60 and 29.56 aphid top 10 cm central twig per plant with reduction per cent viz, 86.04 and 84.49 ,respectively over control.
The population of mustard aphids was recorded at fifteen days after second spray. The spray of  Thiamethoxam 25 WG @ 0.2 g/lit and Dimethoate 30 EC @ 1.0 ml/ lit was found highly  significantly found at par  as most effective against mustard aphid providing 1.23 and 2.33 aphid top10 cm central twig / plant followed by NSKE @ 5%, Neem oil @ 2%  and Neem leaf extract @ 5%  were also found at par against mustard aphid giving 9.60, 12.30, and 13.90 aphid top 10 cm central twig per plant.







 (
Table: 2. 
Effect of treatment against mustard aphid, 
Lipaphis erysimi
 (Kalt.) after second
 spray.
)

	S.N.
	Treatment

	                 Mean population of mustard aphid per 10 cm central twig per plant

	
	
	Dose
	1DBS

	3DAS
	PROC
	7DAS
	PROC

	10DAS
	PROC

	 15DAS
	  PROC

	1
	NSKE

	5%
	18.76
(4.38)
	16.36
(4.10)
	90.22
	14.70
(3.89)
	91.47
	11.63
(3.48)
	93.89

	9.60
(3.17)
	95.44

	2
	Neem leaf extract

	5%
	38.60
(6.25)
	24.63
(5.01)
	85.28
	21.66
(4.70)
	87.43
	16.46
(4.11)
	91.36

	13.90
(3.79)
	93.40


	3
	Neem oil

	2%
	28.50
(5.38)
	23.20
(4.86)
	86.14
	20.53
(4.58)
	88.09
	13.60
(3.75)
	92.86

	12.30
(3.57)
	94.16

	4
	Eucalyptus leaf extract

	5%
	43.40
(6.62)
	32.50
(5.74)
	80.58
	30.63
(5.57)
	82.23
	26.60
(5.20)
	86.04

	23.66
(4.91)
	88.77

	5
	Fennel seed extract

	5%
	36.46
(6.08)
	34.50
(5.91)
	79.39
	32.53
(5.74)
	81.13
	29.56
(5.48)
	84.49

	25.56
(5.10)
	87.87

	6
	Dimethoate 30 EC

	1ml/lit

	12.46
(3.60)
	10.70
(3.37)
	93.60
	6.33
(2.60)
	96.32
	4.36
(2.20)
	97.71
	2.33
(1.68)
	98.89

	7
	Thiamethoxam 25WG
	0.2 g/lit

	11.80
(3.50)
	9.60
(3.17)
	94.26
	4.86
(2.31)
	97.18
	3.16
(1.91)
	98.34
	1.23
(1.31)
	99.41

	8
	Control
	
	158.53
(12.61)
	167.43
(12.95)
	
	172.40
(13.14)
	
	190.63
(13.82)
	
	210.73
(14.53)
	

	
	SE(m) ±
	0.316
	0.154
	
	0.187
	
	0.228
	
	0.251
	

	
	C.D at 5%
	0.966
	0.470
	
	0.572
	
	0.698
	
	0.770
	


*Date of spraying: 26-02-2022
 **Pre-treatment:1 Day before spray (DBS)
 *** Post-treatment: days after spray (DAS 
****Figure within parentheses is square root ( X+.5)
 *****PROC: Per cent over control

3.3. Effect of treatment on seed yield: 
The effect of treatments against mustard aphid was determined on the basis of seed yield (Table 2), all the treatment was found superior over control on the basis of seed yield. Significantly higher seed yield 18.73 q/ha. was obtained with Thiamethoxam 25 WG @ 0.2 g/lit which was at par with Dimethoate 30 EC @ 1 ml/lit give 17.62 q/ha followed by NSKE @ 5 % after provide 16.83 q/ha and also at par with Neem leaf extract @ 5% give 15.08 q/ha followed by its second spray after15days. Eucalyptus leaf extract @5 % provide yield 11.91 q/ha followed by Fennel seed extract @ 5 %, 11.20 q/ha but significantly differ from remaining treatments
Economics of treatment:
The monitory gain from treatment was determined by calculating the difference of gross income of a treatment and gross income of control (Table 2). The highest net income found in Thiamethoxam 25 WG @ 0.2 g/lit , Rs 54414/ha followed by Dimethoate 30 EC @ 1 ml/lit and NSKE @ 5 % , Rs 48705/ha and 40714/ha . The lowest net income was obtained Fennel seed extract @ 5 % Rs 15160/ha.
3.3.1 Effect of treatment based on ICBR: 
Based on Incremental Cost Benefit Ratio as shown Table 3 to Thiamethoxam 25 WG @ 0.2 g/lit followed by its second spray after 15 days was found most economic as it gave the maximum benefit (40.63) which is very much compared to remaining treatment. The next effective treatment is Dimethoate 30 EC @ 1 ml/lit and NSKE @ 5 % (25.81 and 6.56) followed by its second spray after 15 days










         Table: 3. Economics of management of treatment against mustard aphid Lipaphis erysimi (Kalt).
	T. No.


	Treatment and dose

	Amount of insecticide on hectare basis
	Cost of insecticide (Rs/hac)
	Total expenditure (Rs/ha)
	Total yield (kg/ha)
	Gross income
(Rs.)

	Net return
Over
control
	Net income
(Rs./ha)
	ICBR

	1
	NSKE @ 5 %
	31.25 (kg)
	5000
	6204
	1683
	78259
	46918
	40714
	1:6.56

	2

	Neem leaf extract @ 5%
	31.25 kg
	4656
	5860
	1508
	70122
	38781
	32921
	1:5.61

	3

	Neem oil @ 2%
	12.25 lit
	5145
	6349
	1595
	74167
	42826
	36477
	1:5.74

	4


	Eucalyptus leaf extract @5 %
	31.25 kg
	2656
	3860
	1191
	54381
	23040
	19180
	1:4.96

	5

	Fennel seed extract @ 5 %
	31.25 kg
	4375
	5579
	1120
	5280
	20739
	15160
	1:2.71

	6

	Dimethoate 30 EC @ 1 ml/lit
	600 ml
	683
	1887
	1762
	81933
	50592
	48705
	1:25.81

	7


	Thiamethoxam 25 WG @ 0.2 g/lit
	120.00 (gram)
	135
	1339
	1873
	87094
	55753
	54414
	1:40.63

	8
	Control
	
	
	
	674
	31341
	
	
	


         
          *Spray volume 600 liters of water.  One labour charge (Rs.201 /hac+ sprayer charges Rs.100/hac)
          *Total expenditure includes cost of labour and cost of insecticide. Sale price of mustard @4650


CONCLUSION:

            Overall, the results of the current studies showed that a number of factors influenced the occurrence of insects, with temperature, relative humidity, rainfall, and sunshine hours being identified as the main weather-related factors. The incidence of mustard aphid was influenced by agronomic techniques, crop stages, variety varuna, and species rapeseed in addition to meteorological conditions. According to a test on the effectiveness of plant extracts and chemicals against mustard aphids, chemical insecticides like Dimethoate and Thiamethoxam were more effective against mustard aphids than plant extracts like NSKE, Neem oil, Eucalyptus leaf extract, Fennel seed extract, and Neem leaf extract.
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Fig 1. Population of aphid after first spray
1DBS	NSKE	Neem leaf extract	Neem oil	Eucalyptus leaf extract	Fennel seed extract	Dimethoate 30 EC	Thiamethoxam 25 WG	Control	55.3	63.07	61.660000000000011	60.760000000000012	58.86	50.6	52.43	48.5	3DAS	NSKE	Neem leaf extract	Neem oil	Eucalyptus leaf extract	Fennel seed extract	Dimethoate 30 EC	Thiamethoxam 25 WG	Control	25.43	36.96	33.36	48.720000000000013	49.05	12.76	9.66	117.66	7DAS	NSKE	Neem leaf extract	Neem oil	Eucalyptus leaf extract	Fennel seed extract	Dimethoate 30 EC	Thiamethoxam 25 WG	Control	20.6	32.03	29.6	41.56	45.36	8.43	5.5	143.4	10DAS	NSKE	Neem leaf extract	Neem oil	Eucalyptus leaf extract	Fennel seed extract	Dimethoate 30 EC	Thiamethoxam 25 WG	Control	18.329999999999988	30.759999999999987	26.66	42.56	30.2	6.73	4.3599999999999985	148.47999999999999	15DAS	NSKE	Neem leaf extract	Neem oil	Eucalyptus leaf extract	Fennel seed extract	Dimethoate 30 EC	Thiamethoxam 25 WG	Control	16.43	26.56	22.43	33.130000000000003	35.43	5.4	3.73	153.49	
Fig 2. population of aphid after second spray
1DBS	NSKE	Neem leaf extract	Neem oil	Eucalyptus leaf extract	Fennel seed extract	Dimethoate 30 EC	Thiamethoxam 25WG	Control	18.760000000000002	38.6	28.5	43.4	36.46	12.46	11.8	158.53	3DAS	NSKE	Neem leaf extract	Neem oil	Eucalyptus leaf extract	Fennel seed extract	Dimethoate 30 EC	Thiamethoxam 25WG	Control	16.36	24.630000000000031	23.2	32.5	34.5	10.7	9.6	167.43	7DAS	NSKE	Neem leaf extract	Neem oil	Eucalyptus leaf extract	Fennel seed extract	Dimethoate 30 EC	Thiamethoxam 25WG	Control	14.7	21.66	20.53	30.630000000000031	32.53	6.33	4.8599999999999985	172.4	10DAS	NSKE	Neem leaf extract	Neem oil	Eucalyptus leaf extract	Fennel seed extract	Dimethoate 30 EC	Thiamethoxam 25WG	Control	11.63	16.459999999999987	13.6	26.6	29.56	4.3599999999999985	3.16	190.63	15DAS	NSKE	Neem leaf extract	Neem oil	Eucalyptus leaf extract	Fennel seed extract	Dimethoate 30 EC	Thiamethoxam 25WG	Control	9.6	13.9	12.3	23.66	25.56	2.3299999999999987	1.23	210.73	