Evaluation of bio-efficacy of biorational insecticides against Mustard Aphid [Lipaphis erysimi (Kaltenbach) (Hemiptera: Aphididae)] in Mustard (Brassica juncea) in the Kanpur region of Uttar Pradesh, India
 
ABSTRACT
This study evaluated the bio-efficacy of various biorational insecticides against the mustard aphid (Lipaphis erysimi) in mustard (Brassica juncea) over two Rabi seasons (2023-24 and 2024-25) at Kanpur, Uttar Pradesh. The experiment, conducted using a Randomized Block Design, tested treatments including Neem Seed Kernel Extract (NSKE @ 5%), Leccanium laccani (2g/litre), Beauveria bassiana (5g/litre), Lantana camara leaf extract (5%), Garlic extract (5%), Parthenium leaf extract (5%), and Eucalyptus leaf extract (5%), alongside a water spray as a control. Results indicated that NSKE (5%) was the most effective treatment, significantly reducing aphid populations and yielding the highest mustard yield (12.25 q/ha) and cost-benefit ratio (1:10.10) on a pooled basis. Leccanium laccani (2g/litre) and Beauveria bassiana (5g/litre) also showed high efficacy, performing comparably to each other and significantly better than the control and other botanical extracts. Treatments with Lantana camara leaf extract and Garlic extract demonstrated moderate effectiveness. Parthenium and Eucalyptus leaf extracts were the least effective among the tested biorationals, while the control showed the highest aphid infestation and lowest yield. The study concludes that NSKE, Leccanium laccani, and Beauveria bassiana are promising biorational options for sustainable management of mustard aphids.
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1. INTRODUCTION
Mustard (Brassica juncea) is a major winter (Rabi) season oilseed crop grown mainly in northern parts of India. Farmers generally start sowing during late October and continue until late November. The crop starts flowering in the months of December to January, and the harvesting season starts mainly from mid-February to April. Mustard seed is the third biggest source of vegetable oil in the world after soybean oil and palm oil. “Oil content in rapeseed and mustard varies from 33% to 46%, and average oil recovery is around 32% to 38%. After oil extraction, the remaining part of the seed is used to produce rapeseed/mustard cake, an important component of cattle and poultry feed” (Chauhan et al., 2023).
Indian mustard is grown over an area of 8.06 million hectares with a production of 11.75 million tonnes and productivity of 1524 kg/ha during 2021-22 (Directorate of Economics and Statistics, 2023). However, in Uttar Pradesh during the year 2021-2022, the area of rapeseed-mustard was 0.76 million hectares, and production was 1.03 million tonnes with low productivity of 1438 kg/ha as compared to Haryana, which had the highest productivity of 2028 kg/ha in a 0.71-million-hectare area with 1.37 million tonnes of production. In UP, Mathura district has the highest area, production, and productivity, which are 0.053 million hectares, 0.077 million tonnes, and 1453 kg/ha. In the world, during 2017-2018, rapeseed-mustard occupied almost 36.68 million ha of area, with a total production of 70.42 million tonnes and 1920 kg/ha productivity (ICAR-DRMR, Bharatpur, 2022). Broadly, seven species of Brassica spp. are grown in India. The most popular species grown in the Indian subcontinent are Brassica juncea, Brassica campestris and Brassica napus. Indian mustard (Brassica juncea) is highly valuable and has been cultivated for centuries as an oil plant. Rajasthan and Uttar Pradesh are the major mustard-producing states in the country. Together, they produce about 50% of the mustard. Being an important source of edible oil and feed meal to the country, rapeseed is undoubtedly the focus of the Indian oilseed industry. The oil is also used as hair oil and as a lubricant. The oil of cultivars bred for extra high erucic acid content is used for industrial purposes.
[bookmark: _GoBack]But “a wide gap exists between the potential yield and the yield realised at the farmer’s field, which is largely because of the number of biotic and abiotic stresses to which the rapeseed-mustard crop is exposed. It has been reported that 15 species of insect pests cause damage to mustard, viz., mustard aphid (Lipaphis erysimi Kalt), mustard sawfly (Athalia lugens proxima Klug.), painted bug (Bargrada cruciferum Kirk), leaf miner (Phytomga horticola Gour.), Bihar hairy caterpillar (Spilarctia (Spilosoma) oblique Walker), peach aphid (Myzus persicae Sulzer), cabbage aphid (Brevicorynae brassicae Linn.), cotton aphid (Aphis gossypii Walker), cabbage butterfly (Pieris brassicae Linn.), diamondback moth (Plutella xylostella Linn.), whitefly (Bemisia tabaci Genn.), cutworm (Agrotis segatum Dennis & Schiff) and stem fly (Melanagromyza cleome Spencer) are the pests of major importance” (Khan et al.,2019) Among them, the mustard aphid (Lipaphis erysimi Kalt), Aphididae: Homoptera, is one of the most destructive insects, causing a severe reduction in seed yield ranging from 15.0 to 73.3% (Bakhetia and Sekhon, 1989; Rohilla et al., 1990).
So, evaluating the bio-efficacy of biorational insecticides against mustard aphid (Lipaphis erysimi) will be helpful in developing sustainable pest management strategies. It will also allow for targeted and effective control measures, thereby reducing reliance on broad-spectrum pesticides and fostering ecological equilibrium.
Hence, the present study was hypothesized that biorational insecticides would exhibit significant bio-efficacy against Lipaphis erysimi (Kaltenbach) (Hemiptera: Aphididae) in mustard (Brassica juncea), while minimizing adverse effects on non-target organisms and maintaining ecological balance.
2. MATERIALS AND METHODS
An experiment was conducted at the Students’ Instructional Farm (SIF) of C.S.A. University of Agriculture and Technology, Kanpur, employing a Randomized Block Design with three replications. The Vaibhav variety of mustard was sown during the Rabi seasons of 2023-24 and 2024-25. All recommended agronomic practices were meticulously followed to ensure optimal crop growth and development.
Table 1 Layout Plan for the experiment
	Experimental design
	Random Block Design (RBD)

	No. of replication
	03

	No of Treatment
	08

	Plot size
	4m x 3m (12 m2)

	Field Border
	1 meter

	Irrigation Channel
	1 meter

	Spacing
	45 cm row to row and 15 cm plant to plant

	Plot to Plot distance
	0.5 meter

	Total no. of plots
	24




Table 2 Details of the treatments used for the management of mustard aphids
	S. No.
	Treatment
	Dose
	Concentration
	Source

	T1
	Beauveria bassiana
	5 gm/litre
	2×108 Spores/ml
	EBS

	T2
	NSKE
	50 ml/litre
	5%
	  Local resources

	T3
	Leccanium laccani
	5 gm/litre
	2×108 Spores/ml
	EBS

	T4
	Parthenium leaf extract
	50 ml/litre
	5%
	Local resources

	T5
	Eucalyptus leaf extract
	50 ml/litre
	5%
	Local resources

	T6
	Garlic extract
	50 ml/litre
	5%
	Local resources

	T7
	Lantana leaf extract
	50 ml/litre
	5%
	Local resources

	T8
	Control
	-
	-
	-



The first spray of treatments will be applied as and when infestation will reach ETL. The second spray of same treatments will be applied after 15 days of first spray by using knap sac sprayer. The observations will be recorded 1 day before spraying and 3,7 and 10 days after spraying (DAS).
2.1 Preparation of NSKE (Neem Seed Kernel Extract)
Neem Seed Kernel Extract (NSKE) was meticulously prepared for field application. Mature neem seeds were collected, thoroughly cleaned, and sun-dried to ensure optimal quality before being stored in a controlled laboratory environment. The dried seeds were then finely grinded into a powder using a mortar and pestle. To formulate a 50% NSKE solution, 250 grams of the ground neem seed powder was soaked in 500 millilitres of water for 24 hours to facilitate the extraction of active compounds. The mixture was subsequently centrifuged at 4000 rpm for 30 minutes to separate the supernatant, which was then filtered through muslin cloth to remove residual solids. The filtrate volume was adjusted to 500 millilitres by adding water, creating a standardized stock solution ready for use as a spray in field conditions.
2.2 Preparation of Parthenium leaf extract
Parthenium leaves were meticulously collected, thoroughly cleaned, and shade-dried to preserve their bioactive compounds before being stored under controlled laboratory conditions. The dried leaves were then pulverized into a fine powder using a pestle and mortar. To prepare a 50% Parthenium leaf extract, 250 g of the ground leaf powder was steeped in 500 ml of water for 24 hours to facilitate the release of active constituents. The resulting mixture was centrifuged at 4000 rpm for 30 minutes to separate the supernatant, which was subsequently filtered through muslin cloth to remove residual solids. The filtrate volume was adjusted to 500 ml with the addition of water, yielding a standardized stock solution ready for application in field experiments.
2.3 Preparation of Eucalyptus leaf extract
The leaves of various Eucalyptus species were meticulously collected, thoroughly cleaned, and shade-dried before being stored under controlled laboratory conditions. These dried leaves were then carefully crushed and grinded into a fine powder using a pestle and mortar. To prepare a 50% (w/v) Eucalyptus leaf extract, 250 grams of the ground leaf powder were soaked in 500 milliliters of water for a period of 24 hours. Subsequently, the mixture was centrifuged at 4000 revolutions per minute for 30 minutes and filtered through a muslin cloth to remove any solid particles. The resulting filtrate was then adjusted to a final volume of 500 milliliters by adding distilled water, thus creating a stock solution that was preserved for future use in field experiments.
2.4 Preparation of Garlic extract
Garlic was sourced from the local market and subsequently stored in the laboratory under controlled conditions. The garlic was then meticulously crushed using a pestle to obtain a homogeneous paste. To prepare a 50% garlic extract, 250 grams of this paste was immersed in 500 milliliters of water and allowed to soak for 24 hours, facilitating the extraction of active compounds. Following this period, the mixture was centrifuged at 4000 revolutions per minute for 30 minutes to effectively separate the solid residues from the liquid extract. The resulting supernatant was carefully filtered through a muslin cloth to ensure clarity and remove any remaining particulate matter. The volume of the filtered extract was then adjusted to 500 milliliters by adding water, creating a standardized stock solution of garlic extract, which was preserved for subsequent use in field experiments.
2.5 Preparation of Lantana camara leaf extract
The leaves of Lantana camara were collected, cleaned, and shade-dried before being stored in the laboratory. Subsequently, the dried leaves were crushed and grinded into a fine powder using a pestle and mortar. To prepare a 50% leaf extract, 250 grams of the powdered leaves were soaked in 500 ml of water for 24 hours. Following this, the mixture was centrifuged at 4000 rpm for 30 minutes and then filtered through a muslin cloth. The resulting filtrate was adjusted to a total volume of 500 ml by adding water and stored as a stock solution for use under field conditions.
2.6 Preparation of Spray Solution:
The biorational insecticidal spray solutions will be prepared by the following formula:

2.7 Application of treatments
The concentrated spray solution, comprising both botanical and chemical agents, was diluted with water to achieve a final spray volume of 600 liters per hectare. Subsequently, all treatments were applied using a knapsack sprayer.
2.8 Pre-treatment and post-treatment observations
The agricultural practice of diligently overseeing mustard crop development entailed systematic monitoring to meticulously document the prevalence of aphids, with a critical focus on the Economic Threshold Level (ETL), established at 50-60 aphids per 10 cm of the central twig per plant during the crop’s terminal growth phase. This ETL represents a pivotal indicator, delineating the juncture at which the aphid populace escalates to a density that jeopardizes the crop’s yield and integrity, thereby warranting immediate action. Upon detecting that the mustard aphid population had attained this predefined ETL, precisely calibrated treatments were expeditiously deployed to curb the infestation, ensuring the preservation of the crop’s vigor and productivity. This methodical strategy exemplifies a harmonious blend of vigilance and responsive pest management, optimizing agricultural outcomes while adhering to sustainable principles.
In order to assess the efficacy of a treatments against mustard aphids, a study was conducted wherein aphid populations were quantified on mustard plants at predetermined intervals relative to the treatment application. Specifically, aphid counts were performed on ten randomly selected plants 10 cm terminal twig within each experimental plot one day prior to treatment administration, as well as at 3, 7, and 10-days post-treatment. This rigorous sampling protocol ensured the collection of robust data, enabling a comprehensive analysis of the treatment's impact on aphid population dynamics over the specified time frame.
The mustard crop was harvested when the pods reached maturity and turned brown, signalling that the seeds were fully developed and ready for collection. The harvested mustard plants were then dried to reduce moisture, which facilitated the separation of the seeds from the pods. Threshing was carried out manually to extract the seeds, followed by a thorough cleaning process to remove any debris or impurities. The yield of mustard seeds from each plot was weighed individually to ensure precise measurement. The yield data was recorded for each plot in kilograms per plot and subsequently converted into quintals per hectare (q/ha) for standardized reporting and comparison across different plots.
2.9 Economics of different treatments
Increase in yield over untreated control was worked out by deducting the yield recorded in untreated control plot from the yield of the respective treated plots. The monetary value of increased yield was calculated in form of rupees using local market price of crop. Net return for each treatment was calculated by deducting the cost of treatment from the monetary value of increased yield. Incremental cost benefit ratio was calculated by using the formula:

In

3. RESULTS AND DISCUSSION
3.1 During Rabi season, 2023-24
According to Table 3, the mean data of both sprays showed that all the treatments were significantly effective than the control, the most effective treatment was T2- NSKE @ 5% showed significantly lower number of mustard aphids after both sprays where mean population was recorded 14.78 aphids/10cm central twig/plant and provided more protection to rapeseed mustard. The next treatments in order of superiority were T3- Leccanium laccani 2gm/litre (15.44 aphids/10cm central twig/plant), T1- Beauveria bassiana 5gm/litre (18.17 aphids/10cm central twig/plant), T7-Lantana camara Leaf Extract @ 5% (20.94 aphids/10cm central twig/plant), T6- Garlic Extract @ 5% (22.89 aphids/10cm central twig/plant), while the significantly higher population of aphids was found in the treatments T5- Eucalyptus Leaf Extract @ 5% (26.33 aphids/10cm central twig/plant) followed by T4- Parthenium Leaf Extract @ 5% (24.94 aphids/10cm central twig/plant). The highest population was found in treatment T8 i.e. control (water spray) with the mean population 72.22 aphid/10cm central twig/plant. However statistically, the treatment T3-Leccanium laccani 2gm/litre, T2-NSKE @ 5% and T1-Beauveria bassiana 5gm/litre were statistically similar to each other, but they differed significantly from T7-Lantana camara Leaf Extract @ 5%, T4-Parthenium Leaf Extract @ 5%, T5-Eucalyptus Leaf Extract @ 5% and T6-Garlic Extract @ 5%.
The mean data of both sprays evaluated the percent reduction over control of Aphids population. All the treatments considerably reduced aphid populations while the most effective treatment was T2-NSKE @ 5% with 79.53% followed by  T3-Leccanium laccani 2gm/litre with 78.62% and T1-Beauveria bassiana 5gm/litre with 74.84%, while the least effective treatments on the basis of reduction over control were T7-Lantana camara Leaf Extract @ 5% with 71.00% followed by T6-Garlic Extract @ 5% with 68.30%, T4-Parthenium Leaf Extract @ 5% with 65.46% and T5-Eucalyptus Leaf Extract @ 5% with 63.54%.
The significantly higher yield of Mustard was found in the treatment T2- NSKE @ 5% (11.50 q/ha) followed by treatment T3- Leccanium laccani 2gm/litre (10.67 q/ha), T1- Beauveria bassiana 5gm/litre (10.17 q/ha), T7-Lantana camara Leaf Extract @ 5% (9.92 q/ha) and T6- Garlic Extract @ 5% (9.67 q/ha), while the significantly lower yield  of Mustard was found in the treatments T4- Parthenium Leaf Extract @ 5% (9.33 q/ha) followed by T5- Eucalyptus Leaf Extract @ 5% (8.67 q/ha). The lowest yield was found in treatment T8 i.e. control (Water spray) with 7.17 q/ha. However statistically all the treatments, T3-Leccanium laccani 2gm/litre and T2- NSKE @ 5%, T1- Beauveria bassiana 5gm/litre, T7-Lantana camara Leaf Extract @ 5%, T6- Garlic Extract @ 5% and T4- Parthenium Leaf Extract @ 5% were at par with each other, except treatment T5-Eucalyptus Leaf Extract @ 5% during 2023-24.
3.2 During Rabi season, 2024-25
According to Table 4, the mean data of both sprays showed that all the treatments were significantly effective than the control, the most effective treatment was T2- NSKE @ 5% which showed significantly lower number of mustard aphid after both sprays where mean population was 14.78 aphids/10cm central twig/plant and provided more protection to rapeseed mustard. The next treatments in order of superiority were T3- Leccanium laccani 2gm/litre (16.83 aphids/10cm central twig/plant), T1- Beauveria bassiana 5gm/litre (19.06 aphids/10cm central twig/plant), T7-Lantana camara Leaf Extract @ 5% (20.94 aphids/10cm central twig/plant), T6- Garlic Extract @ 5% (22.61 aphids/10cm central twig/plant), while the significantly higher population of aphids was found in the treatments T5- Eucalyptus Leaf Extract @ 5% (26.11 aphids/10cm central twig/plant) followed by T4- Parthenium Leaf Extract @ 5% (24.22 aphids/10cm central twig/plant). The highest population was found in treatment T8 i.e. control (water spray) with the mean population 66.67 aphid/10cm central twig/plant. However statistically, the treatment T2- NSKE @ 5%, T3-Leccanium laccani 2gm/liter and T1- Beauveria bassiana 5gm/litre were at par with each other, but they differed significantly from rest of the treatments.
The mean data of second year spray evaluated the percent reduction over control of Aphids population for all the treatments, while the most effective treatment was T2-NSKE @ 5% with 77.83% reduction followed by  T3-Leccanium laccani 2gm/litre with 74.75% and T1-Beauveria bassiana 5gm/litre with 71.41%, while the least effective treatments on the basis of percent reduction over control T5-Eucalyptus Leaf Extract @ 5% with 60.83%, T4- Parthenium Leaf Extract @ 5% with 63.67%, T6-Garlic Extract @ 5% with 66.08% and T7-Lantana camara Leaf Extract @ 5% with 68.59%.
	During Rabi 2024-25, the significantly higher yield of Mustard was found in the treatment T2- NSKE @ 5% (12.25 q/ha) followed by treatment T3- Leccanium laccani 2gm/litre (11.17 q/ha), T1- Beauveria bassiana 5gm/litre (10.83 q/ha), T7-Lantana camara Leaf Extract @ 5% (10.17 q/ha) and T6- Garlic Extract @ 5% (9.92 q/ha), while the significantly lower yield  of Mustard was found in the treatments T4- Parthenium Leaf Extract @ 5% (9.83 q/ha) followed by T5- Eucalyptus Leaf Extract @ 5% (9.17 q/ha). The lowest yield was found in treatment T8 i.e. control (Water spray) with 8.00 q/ha. However statistically, the treatment T2-NSKE @ 5%, T3-Leccanium laccani 2gm/litre, T1-Beauveria bassiana 5gm/litre and T7-Lantana camara Leaf Extract @ 5% were statistically comparable to each other, but they differed significantly from T6-Garlic Extract @ 5%, T4-Parthenium Leaf Extract @ 5% and T5-Eucalyptus Leaf Extract @ 5%.
3.3 Pooled data 2023-24 & 2024-25
The mean data of both years showed that all the treatments were significantly more effective than the control, the most effective treatment was T2- NSKE @ 5% showed significantly lower number of mustard aphid, where mean population of both years is 15.28 aphids/10cm central twig/plant and provided more protection to rapeseed mustard. The next treatments in order of superiority were T3- Leccanium laccani 2gm/litre (16.47 aphids/10cm central twig/plant), T1- Beauveria bassiana 5gm/litre (19.08 aphids/10cm central twig/plant), T7-Lantana camara Leaf Extract @ 5% (21.69 aphids/10cm central twig/plant), T6- Garlic Extract @ 5% (23.19 aphids/10cm central twig/plant), while the significantly higher population of aphids was found in the treatments T5- Eucalyptus Leaf Extract @ 5% (26.78 aphids/10cm central twig/plant) followed by T4- Parthenium Leaf Extract @ 5% (24.94 aphids/10cm central twig/plant). The highest population was found in treatment T8 i.e. control (water spray) with the mean population of 61.11 aphid/10cm central twig/plant. However statistically, the treatment T2- NSKE @ 5%, T3-Leccanium laccani 2gm/liter and T1- Beauveria bassiana 5gm/litre were at par with each other, but they differed significantly from rest of the treatments.
The mean data of both year sprays evaluated the percent reduction over control of Aphids population. All the treatments considerably reduced Aphids populations, while the most effective treatment T2-NSKE @ 5% with 74.99% reduction followed by  T3-Leccanium laccani 2gm/litre with 73.04% and T1-Beauveria bassiana 5gm/litre with 68.77%, while the least effective treatments on the basis of reduction over control T5-Eucalyptus Leaf Extract @ 5% with 56.17%, T4- Parthenium Leaf Extract @ 5% with 59.18%, T6-Garlic Extract @ 5% with 62.05% and T7-Lantana camara Leaf Extract @ 5% with 64.50%.
	The pooled yield data revealed that all the treatments produced significantly higher yield over untreated check i.e. 7.58 q/ha. The significantly higher yield of Mustard was found in the treatment T2- NSKE @ 5% (12.25 q/ha) followed by treatment T3- Leccanium laccani 2gm/litre (10.92 q/ha), T1- Beauveria bassiana 5gm/litre (10.50 q/ha), T7-Lantana camara Leaf Extract @ 5% (10.04 q/ha) and T6- Garlic Extract @ 5% (9.79 q/ha), while the significantly lower yield  of Mustard was found in the treatments T4- Parthenium Leaf Extract @ 5% (9.58 q/ha) followed by T5- Eucalyptus Leaf Extract @ 5% (8.92 q/ha). The lowest yield was found in treatment T8 i.e. control (Water spray) with 7.58 q/ha. However statistically, the treatment T2-NSKE @ 5%, T3-Leccanium laccani 2gm/litre and T1-Beauveria bassiana 5gm/litre were statistically comparable to each other, but they differed significantly from T7-Lantana camara Leaf Extract @ 5%, T6-Garlic Extract @ 5%, T4-Parthenium Leaf Extract @ 5% and T5-Eucalyptus Leaf Extract @ 5%.
	The present findings are in accordance with the finding of Arvind et al. (2025) who reported the effectiveness of various bio-pesticides and plant-derived products in controlling infestation of aphid, Lipaphis erysimi Kalt. in mustard crop through two rounds of spraying. Treatments included Metarhizium anisopliae, Beauveria bassiana, Lecanicillium lecanii, Azadirachtin, NSKE (5.0%), neem oil (1.0%), karanj oil (1.0%), karanj seed extract (5.0%), and a standard check involving alternate spray of dimethoate (0.03%)/malathion (0.05%). Results indicated that among biorationals, azadirachtin, NSKE and neem oil were most effective. Though biorationals were relatively less efficacious than standard check, considering their safety to environment and residue free food production, these can be included in IPM of mustard. Pandey et al. (2023) also revealed that the plant treated with bio-pesticides registered a significant difference of mustard aphid, L. erysimi over the treatment of untreated control. Among them, the treatment of NSKE (5%), (5.73 aphid/5 plant) was found significantly more effective against the test pest as compared to other bio-pesticides. whereas Garlic extract (5%), were found moderately effective against mustard aphid, L. erysimi. The present findings are partial agreement with the finding of Manjushree et al. (2022) revealed the highest per cent reduction of aphid population was recorded in Lecanicillium lecanii 1 × 109 CFU @ 1 g/l (62.87%), followed by NSKE 5% (53.59%). Shinde et al. (2021) reported the efficacy of biopesticides against mustard aphid in mustard crop. The efficacy of bio pesticides viz., Beauveria bassiana, Verticillium lecanii, azadirachtin and a standard insecticide check, dimethoate was studied against mustard aphid, Lipaphis erysimi under field conditions. The present findings are in partial agreement with the findings of Pal et al. (2020) who reported the order of treatments as, T1: Azadirachtin @ 5ml/L followed by its second spray after 15 days, T2: Azadirachtin followed by Beauveria bassiana @ 2 g/L after 15 days, T3 : Beauveria bassiana followed by its second spray after 15 days, T4 : Azadirachtin followed by Verticillium leccani @ 2 g/L after 15 days, T5 : Verticillium leccani followed by its second spray after 15 days, T6 : Dimethoate 30 EC @ 1 ml/L followed by its second spray after 15 days and T7 : Control.
3.4 Effect of some biorational management options on yield of Rapeseed Mustard
	The pooled data given in Table 5 revealed that all the treatments produced higher and significantly more yield over untreated check i.e. 7.58 q/ha. The highest yield of Mustard was found in the treatment T2- NSKE @ 5% (12.25 q/ha) followed by treatment T3- Leccanium laccani 2gm/litre (10.92 q/ha), T1- Beauveria bassiana 5gm/litre (10.50 q/ha), T7-Lantana camara Leaf Extract @ 5% (10.04 q/ha) and T6- Garlic Extract @ 5% (9.79 q/ha), while the significantly lowest yield  of Mustard was found in the treatments T4- Parthenium Leaf Extract @ 5% (9.58 q/ha) followed by T5- Eucalyptus Leaf Extract @ 5% (8.92 q/ha). The lowest yield was found in treatment T8 i.e. control (water spray) with 7.58 q/ha. However statistically, the treatment T2-NSKE @ 5%, T3-Leccanium laccani 2gm/litre and T1-Beauveria bassiana 5gm/litre were statistically comparable to each other, but they differed significantly from T7-Lantana camara Leaf Extract @ 5%, T6-Garlic Extract @ 5%, T4-Parthenium Leaf Extract @ 5% and T5-Eucalyptus Leaf Extract @ 5%.
	The present findings are partially similar with the finding of Pal et al. (2020) who reported highest seed yield in Azadirachtin followed by Verticillium leccani after 15 days. Debbarma et al. (2017) reported the yield in the bio-rational treatments as spinosad 2.5 SC 24.77 t ha-1, myco-jaal 10 SC 23.70 t ha-1, malathion 50 EC 22.97 t ha-1, racer (Beauveria bassiana) 22.85 t ha-1, achook (Azadirachtin 1500 ppm) 22.73 t ha-1, lipel (Bacillus thuringiensis var. kurstaki) 22.60 t ha-1, shakti (Azadirachtin 300 ppm) 20.13 t ha-1, margosom (300 ppm) 20.10 t ha-1, multineem (Azadirachtin 1500 ppm) 20.03 t ha-1, Cow–urine + Melia azedarach19.97 t ha-1, pestoneem (Azadirachtin 1500 ppm) 19.90 t ha-1, pacer (Metarhizium anisopliae) 19.27 t ha-1 and untreated control 15.40 t ha-1respectively.
3.5 Incremental cost benefit ratio
3.5.1 During Rabi season, 2023-24
	The highest net return was observed from the treatment T2-NSKE @ 5% (Rs. 24483.33) and the minimum net return was observed in the treatment T5-Eucalyptus Leaf Extract @ 5% (Rs. 8475). The highest incremental cost benefit ratio of different treatments revealed that T2-NSKE @ 5% (1: 9.12) followed by treatment T7-Lantana camara Leaf Extract @ 5% (1:7.46), T3- Leccanium laccani 2gm/litre (1:7.05), T1- Beauveria bassiana 5gm/litre (1:5.89) and T4- Parthenium Leaf Extract @ 5% (1:5.87), while the lowest incremental cost benefit ratio was observed in the treatment T6- Garlic Extract @ 5% (1:2.05) and T5-Eucalyptus Leaf Extract @ 5% (1:4.07).

3.5.2 During Rabi season, 2024-25
The highest net return was observed from the treatment T2-NSKE @ 5% (Rs. 29750) and the minimum net return was observed in the treatment T5-Eucalyptus Leaf Extract @ 5% (Rs. 6941.70). The highest incremental cost benefit ratio of different treatments revealed that T2-NSKE @ 5% (1: 11.09) followed by treatment T3- Leccanium laccani 2gm/litre (1:6.72), T7-Lantana camara Leaf Extract @ 5% (1:6.19), T1- Beauveria bassiana 5gm/litre (1:5.86) and T4- Parthenium Leaf Extract @ 5% (1:5.23), while the lowest incremental cost benefit ratio was observed in the treatment T6- Garlic Extract @ 5% (1:1.65) and T5-Eucalyptus Leaf Extract @ 5% (1:3.33).
3.5.3 Pooled data 2023-24 & 2024-25
	The highest net return was observed from the treatment T2-NSKE @ 5% (Rs. 27116.70) and the minimum net return was observed in the treatment T5-Eucalyptus Leaf Extract @ 5% (Rs. 7708.35). The highest incremental cost benefit ratio of different treatments revealed that T2-NSKE @ 5% (1: 10.10) followed by treatment T3- Leccanium laccani 2gm/litre (1:6.88), T7-Lantana camara Leaf Extract @ 5% (1:6.82), T1- Beauveria bassiana 5gm/litre (1:5.87) and T4- Parthenium Leaf Extract @ 5% (1:5.55), while the lowest incremental cost benefit ratio was observed in the treatment T6- Garlic Extract @ 5% (1:1.85) and T5-Eucalyptus Leaf Extract @ 5% (1:3.70).
The present findings are partially similar with the finding of Kumar et al. (2020) who reported the highest BCR of NSKE 5 % (1:3.1). Pal et al. (2020) reported the highest BCR of Verticillium leccani after 15 days (1:12.5).










Table 3 Bio-efficacy of biorational insecticides against Mustard Aphids during 2023-24
	Bio-efficacy of several biorational insecticides against Mustard aphids during 2023-24

	SN
	Treatments
	Dose
	DBS
	3 DAS
	7 DAS
	10 DAS
	Mean
	DBS
	3 DAS
	7 DAS
	10 DAS
	Mean
	Pooled Mean
	ROC (%)

	T1
	Beauveria bassiana
	5 g/litre
	63.33
(7.99)
	22.33
(4.78)a
	15.33
(3.98)a
	19.67
(4.49)a
	19.11
(4.43)a
	45.00
(6.75)a
	20.67
(4.60)a
	13.33
(3.72)a
	17.67
(4.26)a
	17.22
(4.21)a
	18.17
(4.32)a
	74.84

	T2
	NSKE
	5%
	60.00
(7.78)
	18.33
(4.34)a
	11.00
(3.39)a
	18.00
(4.30)a
	16.33
(4.10)a
	48.67
(7.01)a
	17.00
(4.18)a
	9.67
(3.19)a
	13.00
(3.67)a
	13.22
(3.70)a
	14.78
(3.91)a
	79.53

	T3
	Leccanium laccani
	2g/litre
	65.00
(8.09)
	20.00
(4.53)a
	12.67
(3.63)a
	15.67
(4.02)a
	15.56
(4.01)a
	43.00
(6.60)a
	19.33
(4.45)a
	11.33
(3.44)a
	15.33
(3.98)a
	15.33
(3.98)a
	15.44
(3.99)a
	78.62

	T4
	Parthenium leaf extract
	5%
	66.67
(8.20)
	28.33
(5.37)b
	21.00
(4.64)b
	27.67
(5.31)b
	25.67
(5.12)b
	54.33
(7.40)a
	27.00
(5.24)b
	21.67
(4.71)b
	24.00
(4.95)b
	24.22
(4.97)b
	24.94
(5.04)b
	65.46

	T5
	Eucalyptus leaf extract
	5%
	64.33
(8.05)
	29.67
(5.49)b
	23.67
(4.92)b
	29.00
(5.43)b
	27.44
(5.29)b
	57.00
(7.58)a
	28.33
(5.37)b
	23.00
(4.85)b
	24.33
(4.98)b
	25.22
(5.07)b
	26.33
(5.18)b
	63.54

	T6
	Garlic extract
	5%
	63.00
(7.97)
	26.00
(5.15)b
	20.00
(4.53)b
	25.33
(5.08)b
	23.78
(4.93)b
	52.67
(7.29)a
	25.00
(5.05)a
	19.33
(4.45)b
	21.67
(4.71)b
	22.00
(4.74)b
	22.89
(4.84)b
	68.30

	T7
	Lantana leaf extract
	5%
	66.00
(8.15)
	25.33
(5.08)a
	18.33
(4.34)a
	23.67
(4.92)b
	22.44
(4.79)b
	51.00
(7.18)a
	23.33
(4.88)a
	16.00
(4.06)b
	19.00
(4.42)a
	19.44
(4.47)b
	20.94
(4.63)b
	71.00

	T8
	Control
	-
	65.67
(8.13)
	41.67
(6.49)
	56.67
(7.56)
	68.33
(8.30)
	55.56
(7.49)
	93.33
(9.69)
	76.67
(8.78)
	101.67
(10.11)
	88.33
(9.43)
	88.89
(9.45)
	72.22
(8.53)
	

	SEm±
	NS
	0.25
	0.28
	0.24
	0.21
	0.35
	0.33
	0.28
	0.26
	0.18
	0.15
	

	CD or LSD
	NS
	0.77
	0.84
	0.73
	0.64
	1.07
	1.00
	0.84
	0.80
	0.53
	0.45
	

	CV
	NS
	8.50
	10.50
	8.00
	7.30
	8.30
	10.70
	10.00
	9.10
	6.00
	5.10
	


*Figures in parentheses are √𝑥+0.5 transformed values, DBS- Days Before Spray, DAS- Days After Spray, NS- Non-Significant



Fig. 1 Bio-efficacy of biorational insecticides against Mustard Aphids during Rabi 2023-24










Fig. 2 Percent reduction over control by biorational insecticides against Mustard Aphids during Rabi 2023-24
Table 4 Bio-efficacy of biorational insecticides against Mustard Aphids during 2024-25
	Bio-efficacy of several biorational insecticides against Mustard aphids during 2024-25

	SN
	Treatments
	Dose
	DBS
	3 DAS
	7 DAS
	10 DAS
	Mean
	DBS
	3 DAS
	7 DAS
	10 DAS
	Mean
	Pooled Mean
	ROC (%)

	T1
	Beauveria bassiana
	5 g/litre
	66.67
(8.20)
	22.67
(4.81)a
	17.67
(4.26)a
	21.00
(4.64)a
	20.44
(4.58)a
	48.33
(6.99)a
	21.00
(4.64)a
	14.00
(3.81)a
	18.00
(4.30)a
	17.67
(4.26)a
	19.06
(4.42)b
	71.41

	T2
	NSKE
	5%
	64.33
(8.05)
	18.33
(4.34)a
	12.67
(3.63)a
	17.33
(4.22)a
	16.11
(4.08)a
	50.33
(7.13)a
	16.67
(4.14)a
	10.33
(3.29)a
	13.33
(3.72)a
	13.44
(3.73)a
	14.78
(3.91)a
	77.83

	T3
	Leccanium laccani
	2g/litre
	63.33
(7.99)
	20.00
(4.53)a
	15.33
(3.98)a
	18.67
(4.38)a
	18.00
(4.30)a
	43.67
(6.65)a
	19.00
(4.42)a
	12.33
(3.58)a
	15.67
(4.02)a
	15.67
(4.02)a
	16.83
(4.16)a
	74.75

	T4
	Parthenium leaf extract
	5%
	65.00
(8.09)
	26.67
(5.21)a
	23.33
(4.88)b
	26.67
(5.21)a
	25.56
(5.10)b
	55.67
(7.49)a
	25.67
(5.12)a
	19.00
(4.42)b
	24.00
(4.95)b
	22.89
(4.84)b
	24.22
(4.97)b
	63.67

	T5
	Eucalyptus leaf extract
	5%
	62.67
(7.95)
	28.00
(5.34)a
	24.67
(5.02)b
	28.33
(5.37)b
	27.00
(5.24)b
	58.33
(7.67)b
	27.33
(5.28)b
	22.67
(4.81)b
	25.67
(5.12)b
	25.22
(5.07)b
	26.11
(5.16)b
	60.83

	T6
	Garlic extract
	5%
	64.00
(8.03)
	25.00
(5.05)a
	21.67
(4.71)b
	24.67
(5.02)a
	23.78
(4.93)b
	54.33
(7.40)b
	23.67
(4.92)a
	17.67
(4.26)a
	23.00
(4.85)b
	21.44
(4.68)b
	22.61
(4.81)b
	66.08

	T7
	Lantana leaf extract
	5%
	62.67
(7.95)
	24.67
(5.02)a
	19.33
(4.45)a
	23.33
(4.88)a
	22.44
(4.79)b
	53.33
(7.34)b
	22.33
(4.78)a
	15.33
(3.98)a
	20.67
(4.60)a
	19.44
(4.47)b
	20.94
(4.63)b
	68.59

	T8
	Control
	-
	61.67
(7.88)
	45.00
(6.75)
	50.67
(7.15)
	60.00
(7.78)
	51.89
(7.24)
	90.00
(9.51)
	78.33
(8.88)
	83.00
(9.14)
	83.00
(9.14)
	81.44
(9.05)
	66.67
(8.20)
	

	SEm±
	NS
	0.42
	0.27
	0.33
	0.17
	0.30
	0.35
	0.34
	0.37
	0.22
	0.13
	

	CD or LSD
	NS
	1.28
	0.82
	1.00
	0.53
	0.92
	1.05
	1.02
	1.11
	0.66
	0.40
	

	CV
	NS
	14.30
	9.90
	11.1
	6.00
	7.00
	11.50
	12.60
	12.50
	7.50
	4.60
	


*Figures in parentheses are √𝑥+0.5 transformed values, DBS- Days before Spray, DAS- Days after Spray, NS- Non-Significant



Fig. 3 Bio-efficacy of biorational insecticides against Mustard Aphids during Rabi 2024-25


Fig. 4 Percent reduction over control by biorational insecticides against Mustard Aphids during Rabi 2024-25




Table 5 Pooled bio-efficacy of biorational insecticides against Mustard Aphids during 2023-24 & 2024-25
	Pooled bio-efficacy of several botanicals against Mustard Aphids during 2023-24 and 2024-25

	SN
	Treatments
	Dose
	DBS
	3 DAS
	7 DAS
	10 DAS
	Mean
	DBS
	3 DAS
	7 DAS
	10 DAS
	Mean
	Pooled Mean
	ROC (%)

	T1
	Beauveria bassiana
	5 g/litre
	65.00
(8.09)
	22.50
(4.80)a
	16.50
(4.12)b
	20.33
(4.56)a
	19.78
(4.50)b
	55.83
(7.51)a
	21.67
(4.71)a
	14.67
(3.89)a
	18.83
(4.40)a
	18.39
(4.35)b
	19.08
(4.43)a
	68.77

	T2
	NSKE
	5%
	62.17
(7.92)
	18.33
(4.34)a
	11.83
(3.51)a
	17.67
(4.26)a
	16.22
(4.09)a
	55.17
(7.46)a
	17.50
(4.24)a
	10.67
(3.34)a
	15.67
(4.02)a
	14.89
(3.92)a
	15.28
(3.97)a
	74.99

	T3
	Leccanium laccani
	2g/litre
	64.17
(8.04)
	20.00
(4.53)a
	14.00
(3.81)a
	17.17
(4.20)a
	16.78
(4.16)a
	54.33
(7.40)a
	19.50
(4.47)a
	12.50
(3.61)a
	15.67
(4.02)a
	15.61
(4.01)a
	16.47
(4.12)a
	73.04

	T4
	Parthenium leaf extract
	5%
	65.83
(8.14)
	27.50
(5.29)b
	22.17
(4.76)b
	27.17
(5.26)b
	25.61
(5.11)b
	61.17
(7.85)a
	27.00
(5.24)b
	20.00
(4.53)b
	25.83
(5.13)b
	24.28
(4.98)b
	24.94
(5.04)b
	59.18

	T5
	Eucalyptus leaf extract
	5%
	63.50
(8.00)
	28.83
(5.42)b
	24.17
(4.97)b
	28.67
(5.40)b
	27.22
(5.27)b
	61.33
(7.86)a
	28.50
(5.39)b
	23.17
(4.86)b
	27.33
(5.28)b
	26.33
(5.18)b
	26.78
(5.22)b
	56.17

	T6
	Garlic extract
	5%
	63.50
(8.00)
	25.50
(5.10)a
	20.83
(4.62)b
	25.00
(5.05)b
	23.78
(4.93)b
	58.67
(7.69)a
	24.83
(5.03)b
	18.83
(4.40)b
	24.17
(4.97)b
	22.61
(4.81)b
	23.19
(4.87)b
	62.05

	T7
	Lantana leaf extract
	5%
	64.33
(8.05)
	25.00
(5.05)a
	18.83
(4.40)b
	23.50
(4.90)a
	22.44
(4.79)b
	59.67
(7.76)a
	23.83
(4.93)b
	16.83
(4.16)b
	22.17
(4.76)b
	20.94
(4.63)b
	21.69
(4.71)b
	64.50

	T8
	Control
	-
	63.67
(8.01)
	43.33
(6.62)
	53.67
(7.36)
	64.17
(8.04)
	53.72
(7.36)
	77.83
(8.85)
	60.00
(7.78)
	69.83
(8.39)
	75.67
(8.73)
	68.50
(8.31)
	61.11
(7.85)
	

	SEm±
	NS
	0.20
	0.18
	0.23
	0.11
	0.26
	0.21
	0.23
	0.23
	0.14
	0.09
	

	CD or LSD
	NS
	0.62
	0.56
	0.71
	0.33
	0.79
	0.62
	0.69
	0.70
	0.42
	0.28
	

	CV
	NS
	6.90
	6.80
	7.80
	3.80
	5.80
	6.80
	8.50
	7.80
	4.80
	3.10
	


*Figures in parentheses are √𝑥+0.5 transformed values, DBS- Days Before Spray, DAS- Days After Spray, NS- Non-Significant




Fig. 5 Pooled bio-efficacy of biorational insecticides against Mustard Aphids during 2023-24 & 2024-25

Fig. 6 Pooled percent reduction over control by biorational insecticides against Mustard Aphids during Rabi 2023-24 and 2024-25


Table 6 Effect of Some biorational Management Options on Yield of Rapeseed Mustard
	Tr. No.
	Treatments
	Dose (%)
	Yield (q/ha)

	
	
	
	2023-24
	2024-25
	Pooled

	T1
	Beauveria bassiana
	5 g/litre
	10.17a
	10.83a
	10.50a

	T2
	NSKE
	0.05
	11.50a
	12.25a
	12.25a

	T3
	Leccanium laccani
	2g/litre
	10.67a
	11.17a
	10.92a

	T4
	Parthenium leaf extract
	0.05
	9.33a
	9.83b
	9.58b

	T5
	Eucalyptus leaf extract
	0.05
	8.67b
	9.17b
	8.92b

	T6
	Garlic extract
	0.05
	9.67a
	9.92b
	9.79b

	T7
	Lantana leaf extract
	0.05
	9.92a
	10.17a
	10.04b

	T8
	Control
	-
	7.17
	8.00
	7.58

	SEm±
	
	0.77
	0.71
	0.68

	CD or LSD
	
	2.34
	2.14
	2.07

	CV
	
	13.90
	11.90
	11.90











Table 7 Incremental Cost Benefit ratio of some selected compounds against Mustard Aphid during 2023-24
	S. No.
	Treatment
	Dose
	Quantity of compound (Kg/ha)
	
Cost of one spray
	
Labour charge
	Machine charge/spray
	No. of sprays
	Total cost of treatment
(Rs/ha)
	Grain Yield
(q/ha)
	
Saved Yield
(q/ha)
	
Value of Yield
(Rs/ha)
	
Net return
(Rs/ha)
	ICB Ratio

	T1
	Beauveria bassiana
	5 gm/litre
	3
	996
	341
	100
	2
	2874
	10.17
	3.00
	57441.67
	16950
	1:5.89

	T2
	NSKE
	50 ml/litre
	30
	900
	341
	100
	2
	2682
	11.50
	4.33
	64975.00
	24483.33
	1:9.12

	T3
	Leccanium laccani
	5 gm/litre
	1.2
	960
	341
	100
	2
	2802
	10.67
	3.50
	60266.67
	19775.67
	1:7.05

	T4
	Parthenium leaf extract
	50 ml/litre
	30
	600
	341
	100
	2
	2082
	9.33
	2.16
	52733.33
	12241.66
	1:5.87

	T5
	Eucalyptus leaf extract
	50 ml/litre
	30
	600
	341
	100
	2
	2082
	8.67
	1.50
	48966.67
	8475
	1:4.07

	T6
	Garlic extract
	50 ml/litre
	30
	3000
	341
	100
	2
	6882
	9.67
	2.50
	54616.67
	14125
	1:2.05

	T7
	Lantana leaf extract
	50 ml/litre
	30
	600
	341
	100
	2
	2082
	9.92
	2.75
	56029.17
	15537.50
	1:7.46

	T8
	Control
	-
	-
	-
	
	100
	2
	-
	7.17
	-
	40491.67
	-
	-




	



Table 8 Incremental Cost Benefit ratio of some selected compounds against Mustard Aphid during 2024-25
	S. No.
	Treatment
	Dose
	Quantity of compound (Kg/ha)
	
Cost of one spray
	
Labour charge
	Machine charge/spray
	No. of sprays
	Total cost of treatment
(Rs/ha)
	Grain Yield
(q/ha)
	
Saved Yield
(q/ha)
	
Value of Yield
(Rs/ha)
	
Net return
(Rs/ha)
	ICB Ratio

	T1
	Beauveria bassiana
	5 gm/litre
	3
	996
	341
	100
	2
	2874
	10.83
	2.83
	64458.33
	16858.30
	1:5.86

	T2
	NSKE
	50 ml/litre
	30
	900
	341
	100
	2
	2682
	13.00
	5.00
	77350.00
	29750.00
	1:11.09

	T3
	Leccanium laccani
	5 gm/litre
	1.2
	960
	341
	100
	2
	2802
	11.17
	3.17
	66441.67
	18841.70
	1:6.72

	T4
	Parthenium leaf extract
	50 ml/litre
	30
	600
	341
	100
	2
	2082
	9.83
	1.83
	58508.33
	10908.30
	1:5.23

	T5
	Eucalyptus leaf extract
	50 ml/litre
	30
	600
	341
	100
	2
	2082
	9.17
	1.17
	54541.67
	6941.70
	1:3.33

	T6
	Garlic extract
	50 ml/litre
	30
	3000
	341
	100
	2
	6882
	9.92
	1.92
	59004.17
	11404.20
	1:1.65

	T7
	Lantana leaf extract
	50 ml/litre
	30
	600
	341
	100
	2
	2082
	10.17
	2.17
	60491.67
	12891
	1:6.19

	T8
	Control
	-
	-
	-
	
	100
	2
	-
	8.00
	-
	47600
	-
	-








Table 9 Pooled Incremental Cost Benefit ratio of some selected compounds against Mustard Aphid during 2023-24 and 2024-25 
	S. No.
	Treatment
	Dose
	Quantity of compound (Kg/ha)
	
Cost of one spray
	
Labour charge
	Machine charge/spray
	No. of sprays
	Total cost of treatment
(Rs/ha)
	Grain Yield
(q/ha)
	
Saved Yield
(q/ha)
	
Value of Yield
(Rs/ha)
	
Net return
(Rs/ha)
	ICB Ratio

	T1
	Beauveria bassiana
	5 gm/litre
	3
	996
	341
	100
	2
	2874
	10.50
	2.91
	60950
	16904.20
	1:5.87

	T2
	NSKE
	50 ml/litre
	30
	900
	341
	100
	2
	2682
	12.25
	4.66
	71162.50
	27116.70
	1:10.10

	T3
	Leccanium laccani
	5 gm/litre
	1.2
	960
	341
	100
	2
	2802
	10.92
	3.33
	63354.20
	19308.70
	1:6.88

	T4
	Parthenium leaf extract
	50 ml/litre
	30
	600
	341
	100
	2
	2082
	9.58
	1.99
	55620.80
	11575
	1:5.55

	T5
	Eucalyptus leaf extract
	50 ml/litre
	30
	600
	341
	100
	2
	2082
	8.92
	1.33
	51754.20
	7708.35
	1:3.70

	T6
	Garlic extract
	50 ml/litre
	30
	3000
	341
	100
	2
	6882
	9.79
	2.21
	56810.40
	12764.60
	1:1.85

	T7
	Lantana leaf extract
	50 ml/litre
	30
	600
	341
	100
	2
	2082
	10.04
	2.46
	58260.40
	14214.30
	1:6.82

	T8
	Control
	-
	-
	-
	
	100
	2
	-
	7.58
	-
	44045.80
	-
	-






4. CONCLUSION
4.1 Evaluation of bio-efficacy of bio rational insecticides against mustard aphids
The study revealed that all treatments were significantly effective as compared to control in reducing mustard aphid populations, with the most effective being T2 (NSKE @ 5%), which recorded the lowest mean aphid population of 15.28 aphids per 10 cm central twig per plant in pooled mean of both the years. This was followed in effectiveness by T3 (Leccanium laccani @ 2g/litre) with 16.47 aphids, and T1 (Beauveria bassiana @ 5g/litre) with 19.08 aphids. Other treatments like T7 (Lantana camara Leaf Extract @ 5%) and T6 (Garlic Extract @ 5%) were moderately effective, recording 21.69 and 23.19 aphids respectively. In contrast, higher aphid populations were found in T5 (Eucalyptus Leaf Extract @ 5%) and T4 (Parthenium Leaf Extract @ 5%), with 26.78 and 24.94 aphids, respectively. The highest aphid population was observed in the control (T8 -water spray) at 61.11 aphids. Statistically, T2, T3, and T1 were at par with each other and significantly superior over rest of the treatments.
4.2 Effect of some biorational management options on yield of  Mustard
	All the treatments produced significantly higher yield over untreated check i.e. 7.58 q/ha in pooled yield of both years. Significantly higher yield of Mustard was found in the treatment T2- NSKE @ 5% (12.25 q/ha) followed by treatment T3- Leccanium laccani 2gm/litre (10.92 q/ha), T1- Beauveria bassiana 5gm/litre (10.50 q/ha), T7-Lantana camara Leaf Extract @ 5% (10.04 q/ha) and T6- Garlic Extract @ 5% (9.79 q/ha), while the significantly lower yield  of Mustard was found in the treatments T4- Parthenium Leaf Extract @ 5% (9.58 q/ha) followed by T5- Eucalyptus Leaf Extract @ 5% (8.92 q/ha). The lowest yield was found in treatment T8 i.e. control (water spray) with 7.58 q/ha. However statistically, the treatment T2-NSKE @ 5%, T3-Leccanium laccani 2gm/litre and T1-Beauveria bassiana 5gm/litre were statistically comparable to each other, but they differed significantly from T7-Lantana camara Leaf Extract @ 5%, T6-Garlic Extract @ 5%, T4-Parthenium Leaf Extract @ 5% and T5-Eucalyptus Leaf Extract @ 5%.

4.3 Incremental cost benefit ratio
	The highest net return was observed from the treatment T2-NSKE @ 5% (Rs. 27116.70) and the minimum net return was observed in the treatment T5-Eucalyptus Leaf Extract @ 5% (Rs. 7708.35). The highest incremental cost benefit ratio of different treatments revealed that T2-NSKE @ 5% (1: 10.10) followed by treatment T3- Leccanium laccani 2gm/litre (1:6.88), T7- Lantana camara Leaf Extract @ 5% (1:6.82 q/ha), T1- Beauveria bassiana 5gm/litre (1:5.87) and T4- Parthenium Leaf Extract @ 5% (1:5.55), while the lowest incremental cost benefit ratio was observed in the treatment T6- Garlic Extract @ 5% (1:1.85) and T5-Eucalyptus Leaf Extract @ 5% (1:3.70).
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T1	DBS	3DAS	7 DAS	10 DAS	Mean	DBS	3DAS	7 DAS	 10 DAS	Mean	First Spray	Second Spray	63.333333333333336	22.333333333333332	15.333333333333334	19.666666666666668	19.111111111111111	45	20.666666666666668	13.333333333333334	17.666666666666668	17.222222222222225	T2	DBS	3DAS	7 DAS	10 DAS	Mean	DBS	3DAS	7 DAS	 10 DAS	Mean	First Spray	Second Spray	60	18.333333333333332	11	18	16.333333333333332	48.666666666666664	17	9.6666666666666661	13	13.222222222222221	T3	DBS	3DAS	7 DAS	10 DAS	Mean	DBS	3DAS	7 DAS	 10 DAS	Mean	First Spray	Second Spray	65	20	12.666666666666666	15.666666666666666	15.555555555555555	43	19.333333333333332	11.333333333333334	15.333333333333334	15.333333333333334	T4	DBS	3DAS	7 DAS	10 DAS	Mean	DBS	3DAS	7 DAS	 10 DAS	Mean	First Spray	Second Spray	66.666666666666671	28.333333333333332	21	27.666666666666668	25.666666666666668	54.333333333333336	27	21.666666666666668	24	24.222222222222225	T5	DBS	3DAS	7 DAS	10 DAS	Mean	DBS	3DAS	7 DAS	 10 DAS	Mean	First Spray	Second Spray	64.333333333333329	29.666666666666668	23.666666666666668	29	27.444444444444446	57	28.333333333333332	23	23.666666666666668	25	T6	DBS	3DAS	7 DAS	10 DAS	Mean	DBS	3DAS	7 DAS	 10 DAS	Mean	First Spray	Second Spray	63	26	20	25.333333333333332	23.777777777777775	52.666666666666664	25	19.333333333333332	21.666666666666668	22	T7	DBS	3DAS	7 DAS	10 DAS	Mean	DBS	3DAS	7 DAS	 10 DAS	Mean	First Spray	Second Spray	66	25.333333333333332	18.333333333333332	23.666666666666668	22.444444444444443	51	23.333333333333332	16	19	19.444444444444443	T8	DBS	3DAS	7 DAS	10 DAS	Mean	DBS	3DAS	7 DAS	 10 DAS	Mean	First Spray	Second Spray	65.666666666666671	41.666666666666664	56.666666666666664	68.333333333333329	55.55555555555555	93.333333333333329	76.666666666666671	101.66666666666667	88.333333333333329	88.8888888888889	
Aphids population 10cm Length


ROC (%)	T1	T2	T3	T4	T5	T6	T7	T8	74.84	79.53	78.62	65.459999999999994	63.54	68.3	71	Treatments 

Aphids reduction (%) 


T1	DBS	3DAS	7 DAS	10 DAS	Mean	DBS	3 DAS	7 DAS	10 DAS	Mean	First spray	Second spray 	66.666666666666671	22.666666666666668	17.666666666666668	21	20.444444444444446	48.333333333333336	21	14	18	17.666666666666668	T2	DBS	3DAS	7 DAS	10 DAS	Mean	DBS	3 DAS	7 DAS	10 DAS	Mean	First spray	Second spray 	64.333333333333329	18.333333333333332	12.666666666666666	17.333333333333332	16.111111111111111	50.333333333333336	16.666666666666668	10.333333333333334	13.333333333333334	13.444444444444445	T3	DBS	3DAS	7 DAS	10 DAS	Mean	DBS	3 DAS	7 DAS	10 DAS	Mean	First spray	Second spray 	63.333333333333336	20	15.333333333333334	18.666666666666668	18	43.666666666666664	19	12.333333333333334	15.666666666666666	15.666666666666666	T4	DBS	3DAS	7 DAS	10 DAS	Mean	DBS	3 DAS	7 DAS	10 DAS	Mean	First spray	Second spray 	65	26.666666666666668	23.333333333333332	26.666666666666668	25.555555555555557	55.666666666666664	25.666666666666668	19	24	22.888888888888889	T5	DBS	3DAS	7 DAS	10 DAS	Mean	DBS	3 DAS	7 DAS	10 DAS	Mean	First spray	Second spray 	62.666666666666664	28	24.666666666666668	28.333333333333332	27	58.333333333333336	27.333333333333332	22.666666666666668	25.666666666666668	25.222222222222225	T6	DBS	3DAS	7 DAS	10 DAS	Mean	DBS	3 DAS	7 DAS	10 DAS	Mean	First spray	Second spray 	64	25	21.666666666666668	24.666666666666668	23.777777777777782	54.333333333333336	23.666666666666668	17.666666666666668	23	21.444444444444446	T7	DBS	3DAS	7 DAS	10 DAS	Mean	DBS	3 DAS	7 DAS	10 DAS	Mean	First spray	Second spray 	62.666666666666664	24.666666666666668	19.333333333333332	23.333333333333332	22.444444444444443	53.333333333333336	22.333333333333332	15.333333333333334	20.666666666666668	19.444444444444443	T8	DBS	3DAS	7 DAS	10 DAS	Mean	DBS	3 DAS	7 DAS	10 DAS	Mean	First spray	Second spray 	61.666666666666664	45	50.666666666666664	60	51.888888888888886	90	78.333333333333329	83	83	81.444444444444443	No. of Aphids/10 cm length


ROC (%)	T1	T2	T3	T4	T5	T6	T7	T8	71.41	77.83	74.75	63.67	60.83	66.08	68.59	
% Population reduction


T1	DBS	3DAS	7 DAS	10 DAS	Mean	DBS	3 DAS	7 DAS	10 DAS	Mean	First spray	Second spray 	65	22.5	16.5	20.333333333333336	19.777777777777779	55.833333333333336	21.666666666666664	14.666666666666668	18.833333333333336	18.388888888888889	T2	DBS	3DAS	7 DAS	10 DAS	Mean	DBS	3 DAS	7 DAS	10 DAS	Mean	First spray	Second spray 	62.166666666666664	18.333333333333332	11.833333333333332	17.666666666666664	16.222222222222221	55.166666666666671	17.5	10.666666666666668	15.666666666666668	14.888888888888889	T3	DBS	3DAS	7 DAS	10 DAS	Mean	DBS	3 DAS	7 DAS	10 DAS	Mean	First spray	Second spray 	64.166666666666671	20	14	17.166666666666668	16.777777777777779	54.333333333333329	19.5	12.5	15.666666666666666	15.611111111111111	T4	DBS	3DAS	7 DAS	10 DAS	Mean	DBS	3 DAS	7 DAS	10 DAS	Mean	First spray	Second spray 	65.833333333333343	27.5	22.166666666666664	27.166666666666668	25.611111111111114	61.166666666666671	27	20	25.833333333333336	24.277777777777779	T5	DBS	3DAS	7 DAS	10 DAS	Mean	DBS	3 DAS	7 DAS	10 DAS	Mean	First spray	Second spray 	63.5	28.833333333333336	24.166666666666668	28.666666666666664	27.222222222222221	61.333333333333329	28.5	23.166666666666668	27.333333333333336	26.333333333333336	T6	DBS	3DAS	7 DAS	10 DAS	Mean	DBS	3 DAS	7 DAS	10 DAS	Mean	First spray	Second spray 	63.5	25.5	20.833333333333336	25	23.777777777777779	58.666666666666671	24.833333333333336	18.833333333333336	24.166666666666664	22.611111111111111	T7	DBS	3DAS	7 DAS	10 DAS	Mean	DBS	3 DAS	7 DAS	10 DAS	Mean	First spray	Second spray 	64.333333333333329	25	18.833333333333332	23.5	22.444444444444443	59.666666666666671	23.833333333333332	16.833333333333332	22.166666666666668	20.944444444444443	T8	DBS	3DAS	7 DAS	10 DAS	Mean	DBS	3 DAS	7 DAS	10 DAS	Mean	First spray	Second spray 	63.666666666666671	43.333333333333329	53.666666666666664	64.166666666666657	53.722222222222214	77.833333333333343	60	69.833333333333329	75.666666666666657	68.5	


ROC (%)	T1	T2	T3	T4	T5	T6	T7	T8	68.77	74.989999999999995	73.040000000000006	59.18	56.17	62.05	64.5	Treatments 

% Population reduction


