


DETERMINATION OF ECONOMIC INJURY LEVEL OF MUSTARD APHID Lipaphis erysimi (Kalt.) ON MUSTARD 

ABSTRACT
The present study was conducted during rabi, 2021-22 and 2022-23 at the Regional Agricultural Research Station, Polasa, Jagtial to determine the EIL of mustard aphid on mustard crop. The results related to the seed yield of mustard under differential load of aphids and the calculation of EIL showed that with increasing aphid infestation levels, the seed yield of mustard decreased gradually. The highest seed yield of 3.61 q/ha was obtained in the control treatment (no aphids were released) during 2021-22. Similarly highest seed yield of 3.88 quintals per hectare was obtained in the control treatment (no aphids were released) during 2022-23. The economic injury level of L. erysimi was worked out to be 42 and 38 aphids per 10 cm central apical shoot during 2021-22 and 2022-23, respectively. 
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INTRODUCTION
Mustard, Brassica juncea (L.) Czern and Coss is an important oilseed crop belonging to family Cruciferae (Syn. Brassicaceae). Indian mustard or brown mustard is natural amphidiploid and it is self-pollinated but a certain amount of pollination (2-15%) occurs due to insects and other factors (Vaughan, 1997). India holds a premier position in the rapeseed-mustard economy of the world i.e., second rank in area and third in production. Major rapeseed-mustard growing states in India are Rajasthan (47.26%), Haryana (11.73%), Madhya             Pradesh (10.82%) and Uttar Pradesh (9.73%). In Telangana, the area under mustard crop is 2000 ha with production and productivity of 1840 tonnes and 0.92 tonnes ha-1 respectively (INDIASTAT, 2023).
Insect pests are major biotic constraints that causes severe threat to mustard from germination to harvest and about 43 species of insect pests infest the rapeseed-mustard crop in India, out of which a dozen species is considered as major pests (Purwar et al., 2004). The aphid species, viz., Lipaphis erysimi (Kaltenbach), Brevicoryne brassicae (Linnaeus) and Myzus persicae (Sulzer) are the key pests (Sarangdevot et al., 2006) resulting in both qualitative and quantitative losses. Among these, mustard aphid, Lipaphis erysimi (Hemiptera: Aphididae) is predominant, capable of causing up to 96 per cent yield losses and 5-6 per cent reduction in oil content (Shylesha et al., 2006).  Heavy yield losses to rapeseed-mustard by L. erysimi have been reported in India. Various researchers reported reductions up to 91 percent in yield due to aphid infestation (Chauhan and Chauhan 2005, Bunker et al., 2006 and Kumar and Kular 2011). Integrated pest management (IPM) is a well-established strategy for managing agronomically important insect pests (Pedigo et al. 1986), and has been identified as the most cost-efficient tool to reduce aphid outbreaks. The economic injury level (EIL) and economic threshold (ET) are key IPM concepts (Johnson et al. 2009, Ragsdale et al. 2011). Therefore, the present investigation aimed to determine the economic injury levels of L. erysimi infesting mustard.
MATERIAL AND METHODS
A pot experiment was conducted during rabi, 2021-22 and 2022-23 to determine the Economic Injury Levels (EIL) of mustard aphid. The experiment was laid out in a Completely Randomized Design with eight treatments and three replications. Each replication consisted of five pots and a total of 15 pots were used per treatment. 
The pots were filled with sterilized soil to avoid soil-borne pathogens and sowing was carried out on 16th November during both seasons. Two to three mustard seeds were sown in each pot and were irrigated after sowing. When the crop was at 20-25 days of age, differential load of aphids (Table 1) were released separately on the central shoot of each plant using camel hair brush. Subsequent releases were done at 15 days interval to maintain a constant population till the maturity stage of the crop. Each pot was individually caged using mylar cage and covered with muslin cloth after releasing aphids to prevent escape. Observations on seed yield per plant were recorded. The obtained treatment yields in kilograms were converted to hectare yields in kilograms for comparison.
Table 1 Treatment details
	Treatment No.
	Pest density

	T1
	Control (No aphids released)

	T2
	20 aphids/plant 

	T3
	40 aphids/plant

	T4
	60 aphids/plant

	T5
	80 aphids/plant

	T6
	100 aphids/plant

	T7
	120 aphids/plant

	T8
	140 aphids/plant










Cost economics
The methodology proposed by Stone and Pedigo (1972) was followed to work out economic injury level after establishing the regression coefficient between the pest population and yield. For calculating the cost of the pest control, cost and quantity of the insecticide and labour cost was considered.
Yield-infestation relationship 
The relationship between pest density and grain yield was subjected to linear regression analysis using the equation 
Y = a + bx
Where,
Y = Yield
a = Constant (y intercept)
b = Regression coefficient
x = Number of aphids released per plant
EIL were worked out using the following method: 
 Economic Injury Level= Gain threshold / Regression co-efficient                

Gain threshold= Cost of protection measures (Rs/ha) / Market price of the produce (Rs/q)

          Regression co-efficient (b)=  (∑xy) – (∑x) (∑y)/N
               x2-(∑x)2/N
  	Where,
		    X = Number of aphids released per plant
		    Y = Yield (q/ha)
		    N = Number of observations

RESULTS AND DISCUSSION
Seed yield:
During rabi, 2021-22 the variation in seed yield was observed when aphids were released at different densities. The highest seed yield of 3.61 q/ha was obtained in control treatment (no aphids were released) which was found on par with the yield obtained in the treatment plants receiving 20 aphids per plant (3.33 q/ha) and 40 aphids per plant (3.15 q/ha) and differed significantly with other treatments (Table 2). In same manner, in 2022-23 the highest seed yield of 3.88 quintals per hectare was obtained in control treatment (no aphids were released) followed by treatment plants receiving 20 aphids per plant (3.64 q/ha), 40 aphids per plant (3.12 q/ha), 60 aphids per plant (2.45 q/ha) and 80 aphids per plant (1.58 q/ha) which differed significantly with each other. Nil yield was recorded when aphids were released at the rate of 140 aphids per plant in both the seasons (Table 4).
The pooled data showed a similar trend as that of Rabi, 2022-23, the highest seed yield of 3.74 quintals per hectare was obtained in control treatment (no aphids were released) followed by treatment plants receiving 20 aphids per plant (3.48 q/ha), 40 aphids per plant (3.13 q/ha), 60 aphids per plant (2.50 q/ha) and 80 aphids per plant (1.39 q/ha) which differed significantly with each other (Table 5).
Economic injury level (EIL):
During Rabi, 2021-22 total cost of plant protection per hectare per spray, i.e., cost of insecticide and labour charges were Rs. 2080/-. Three sprays were required to keep the crop free from the pest. Hence, the total cost of plant protection was 3 x 2080= Rs. 6240/- per hectare. Considering the market price of the produce as Rs. 5050/quintal. From the formula, gain threshold was 1.23. The regression co-efficient between the average number of aphids and seed yield was 0.029. Thus, the economic injury level of L. erysimi was worked out to be 42 aphids per 10 cm central apical shoot per plant (Table 2). Cost of plant protection measures remains same as that of rabi, 2021-22, i.e., Rs. 6240/- which includes cost of insecticides and labour wages per hectare. Hence, the gain threshold was 1.14. In a similar manner, the regression coefficient between average number of aphids and seed yield was 0.030 and gain threshold obtained is 1.14. Thus, the economic injury level of L. erysimi was worked out to be 38 aphids per top 10 cm central shoot per plant (Table 4).
The pooled EIL for two seasons (rabi 2021-22 and rabi, 2022-23) was calculated for mustard aphids, L. erysimi, using the cumulative regression coefficient and gain threshold for two seasons. Pooled cost of plant protection measures remains same as that of rabi, 2021-22 and 2022-23, i.e., Rs. 6240 which includes cost of insecticides and labour wages per hectare. The average market price of the produce, i.e., rabi, 2021-22 and 2022-23 is Rs. 5250/quintal and the gain threshold was 1.18. The regression coefficient between average number of aphids and seed yield -0.029 (Table 5).
Therefore, the cumulative Economic Injury Level obtained for the aphids on mustard rabi 2021-22 and rabi, 2022-23 was 41 aphids per 10 cm central apical shoot. Hence the crop needs protection against aphids before it reaches EIL to get maximum economic returns.
[bookmark: _GoBack]The current findings are in line with the findings of Kamath et al. (2001), who worked out the EIL by releasing differential loads of aphids per plant (20 to 120 aphids/plant) and found that the EIL of safflower aphid was 37 aphids per central apical shoot on variety A-1. Saunakiya and Tiwari (2014) found that the economic injury level of mustard aphid on Varuna, Rohini and Vardan was 28.33, 28.09 and 27.82 aphids per 10 cm central apical shoot per plant, respectively. Similar results were also recorded by Pathan and Rahman (2020) who found that the EILs of aphid, Aphis craccivora on cowpea were determined to be 20 and 21 nymphs per meter row during the 2010–2011 and 2011–2012 seasons, respectively. Anand et al. (2017) found that the economic injury level of safflower aphid was 66.44 aphids per 5 cm apical twig.






	S. No
	No. of aphids released per plant (x)
	Seed yield per plant (g/plant)
	Seed yield (q/ha)
(y)
	xy
	x2

	T1
	0
	3.25
	3.61e
	0
	0

	T2
	20
	3.00
	3.33e
	66.60
	400

	T3
	40
	2.84
	3.15e
	126
	1600

	T4
	60
	2.30
	2.55d
	153
	3600

	T5
	80
	1.08
	1.20c
	96
	6400

	T6
	100
	0.63
	  0.70bc
	70
	10000

	T7
	120
	0.29
	  0.32ab
	38.40
	14400

	T8
	140
	0.00
	 0.00a
	0
	19600

	Total
	560
	13.39
	14.86
	550
	56000

	C.D.
	0.49
	-
	-

	SE(m)
	0.16
	-
	-

	C.V.
	16.5
	-
	-


Table 2 Aphid population and seed yield as influenced by different treatments during rabi, 2021-22

Table 3 Cost of plant protection measures 
	Spray
	Insecticide
	Dosage/ha
	Cost of plant protection

	
	
	
	Cost of Insecticide
(Rs/ha)
	Labour wages 
(Rs/ha)
	Total cost of plant protection
(Rs/ha)

	I Spray
	
Dimethoate 30 EC
	
1000 ml
	1080/-
	1000/-
	2080/-

	II Spray
	
	
	1080/-
	1000/-
	2080/-

	III Spray
	
	
	1080/-
	1000/-
	2080/-

	Total
	3240/-
	3000/-
	6240/-











Table 4 Aphid population and seed yield as influenced by different treatments during rabi, 2022-23
	S. No
	No. of aphids released per plant (x)
	Seed yield per plant (g/plant)
	Seed yield (q/ha)
(y)
	xy
	x2

	T1
	0
	3.49
	3.88h
	0
	0

	T2
	20
	3.28
	3.64g
	72.80
	400

	T3
	40
	2.81
	3.12f
	124.80
	1600

	T4
	60
	2.21
	2.45e
	147
	3600

	T5
	80
	1.42
	1.58d
	126.40
	6400

	T6
	100
	0.96
	1.06c
	106
	10000

	T7
	120
	0.34
	0.37b
	44.40
	14400

	T8
	140
	0
	0.00a
	0
	19600

	Total
	560
	14.51
	16.10
	621.4
	56000

	C.D.
	0.11
	-
	-

	SE(m)
	0.03
	-
	-

	C.V.
	3.70
	-
	-



Table 5 Aphid population and seed yield as influenced by different treatments (pooled) during rabi, 2021-22 and 2022-23 pooled
	S. No
	No. of aphids released per plant (x)
	Seed yield per plant (g/plant)
	Seed yield (q/ha)
(y)
	xy
	x2

	T1
	0
	3.37
	3.74h
	0.00
	0

	T2
	20
	3.14
	3.48g
	69.60
	400

	T3
	40
	2.82
	3.13f
	125.20
	1600

	T4
	60
	2.25
	2.50e
	150
	3600

	T5
	80
	1.25
	1.39d
	111.20
	6400

	T6
	100
	0.79
	0.88c
	88
	10000

	T7
	120
	0.31
	0.34b
	40.80
	14400

	T8
	140
	0
	0.00a
	0.00
	19600

	Total
	560
	13.93
	15.46
	584.8
	56000

	C.D.
	0.12
	-
	-

	SE(m)
	0.03
	-
	-

	C.V.
	3.82
	-
	-


Conclusion: 
The results of current study concluded that the economic injury level for mustard aphid, Lipaphis erysimi was 42 and 38 aphids per 10 cm central apical shoot during rabi, 2021-22 and 2022-23, respectively. The cumulative economic injury level (EIL) of mustard aphid after two years of study was 41 aphids per 10 cm central apical shoot. 
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