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Efficacy of different management modules on mustard aphid, Lipaphis erysimi (Kaltenbach) suppression and their effect on natural enemy population in a cabbage ecosystem

ABSTRACT
Maximizing the crop yield while minimizing the environmental impacts requires the development of appropriate pest management approaches. In this context, a study conducted in the Instructional Farm of Uttar Banga Krishi Viswavidyalaya during the 2022-23 and 2023-24 rabi seasons provided valuable insights on the mustard aphid suppression under different management modules (i.e., biorational, chemical, and integrated management modules) in the cabbage ecosystem. The study suggests the implementation of the integrated pest management module (Module 3) using Imidacloprid 70% WS as seed treatment and neem cake as soil application can provide significantly (p<0.001) better aphid control at the initial phase. However, application of Buprofezin 25% SC and Fipronil 5% SC, as first and second spray, respectively, caused drastic reductions (p<0.001) in aphid population under the chemical management module (Module 2), with almost no aphid population at 63 days after transplanting (DAT) (i.e., 0.02±0.02 no. of aphids/leaf). Still, the mean aphid population was statistically at par under Modules 2 and Module 3, with a mean aphid population of 11.98±0.45 and 9.68±0.34 aphids/leaf, respectively. Furthermore, the chemical management module was recorded with the lowest population of Micraspis discolor (i.e., 0.23±0.02 per plant) and Coccinella transversalis (i.e., 0.16±0.02 per plant), which was significantly (p<0.001) lower than the integrated management module. In contrast, the biorational module (Module 1) was the safest for both natural enemies but possessed the lowest aphid control efficiency (i.e., mean population of 21.45±1.36 no. of aphids/leaf). These facts suggest that adopting an integrated management module over chemical and biorational management modules can provide better aphid suppression with less harmful effect on natural enemy populations.
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1. INTRODUCTION
Cabbage (Brassica oleracea var. capitata L.) is one of the popular cole crops produced and consumed throughout India, particularly during the rabi season. It is often used in various culinary applications, including boiling vegetables, salads, curries, and pickles. This crop is a good source of protein, carbohydrates, carotene, minerals like sodium, potassium, calcium, iron, and vitamins like thiamine, riboflavin, niacin, and vitamin C (Ogbede et al., 2015). Additionally, cabbage is also considered a potent food that can be incorporated as a functional element or nutritional therapy to prevent and treat type 2 diabetes mellitus and some forms of cancers like colorectal cancer (Uuh‐Narvaez and Segura‐Campos, 2021; Ağagündüz et al., 2022). That's why cabbage is a highly valued crop in India, with approximately 14% (189.2 million) undernourished population (Basheer et al., 2023). India is the second largest producer of cabbage after China, with a production volume of around 9.95 million metric tons in 2023, cultivated over 428 thousand hectares (Keelery, 2025). The major cabbage-producing states in India include West Bengal, Orissa, Madhya Pradesh, Bihar, Gujarat, Assam, Uttar Pradesh, and Chattisgarh (DesiKheti, 2025). 
From planting to harvest, cabbage crops face several biotic and abiotic stressors, significantly reducing their yield. Among various stressors, insect pests considerably affect the cabbage yield, lowering the produce's market value and occasionally leading to the collapse of entire crops. The major insect pests, which cause maximum yield losses in cabbage, include diamondback moth, cabbage butterfly, leaf webber, cabbage borer, cabbage semilooper, mustard aphid, cabbage aphid, etc. (Venkateswarlu et al., 2011). The extent of damage caused by these pests can reach 80‒100 percent in nurseries (Chari et al., 1994) and 10‒25 percent under field conditions (Rao and Sitaramaiah, 2001), if the conditions are favorable. Among different insect pests, the mustard aphid, Lipaphis erysimi (Kaltenbach), poses a significant threat to all the cabbage-growing regions of India, as it not only deteriorates the quality and vigour of the plant but also reduces the crop yield (Sahu, et al., 2020). That's why proper and timely management of these pests is paramount. Although numerous chemicals are available to control this notorious pest (Lal et al., 2002; Devee et al., 2011; Khan et al., 2012), overreliance and non-judicious application of these chemicals can lead to environmental hazards, health risks, and insect resistance and resurgence issues (Thakur et al., 2025). In addition, these chemical insecticides pose a significant threat to the natural enemies in the crop ecosystem (Bommarco et al., 2011; Sharma et al., 2022). Conversely, applying botanical pesticides and microbial agents is an environmentally safer option but possesses reduced control efficiency against insect pests compared to chemical insecticides (Dutta et al., 2016; Kaviya et al., 2025; Tamang et al., 2025).
[bookmark: _heading=h.6phtq9tjwt6d]That's why developing Integrated Pest Management (IPM) approaches is necessary to maximize crop yield while minimizing environmental and health impacts. In this context, implementing eco-friendly pest management strategies through combining biopesticides and chemical insecticides and the conservation of natural enemies to promote natural biological control offers more sustainable and effective management. Therefore, the present programme was designed to evaluate the field effectiveness of different management modules against mustard aphid, L. erysimi, to find out the most effective strategies against this pest. By analyzing the effectiveness of these modules, we aim to enhance crop yield and promote sustainable agricultural practices.
2. MATERIALS AND METHOD
2.1 Study area
The experiment was conducted in the Terai zone of West Bengal during the 2022-23 and 2023-24 rabi seasons (January to March) at the Instructional Farm of Uttar Banga Krishi Viswavidyalaya (UBKV), Pundibari, Cooch Behar, West Bengal, India. This region has a humid climate with a moderate temperature during the rabi season, which is suitable for cabbage cultivation.
2.2 Field study
For the field study, the Green Express variety of cabbage was used. Seedlings were transplanted in 6m2 plots with 80×80cm plant-to-plant and 75×75cm row-to-row spacing, having 12 plants per plot. Recommended agronomic practices were followed in the plots. The experiment was performed with three management modules (i.e., biorational, chemical, and integrated) and a control (Table 1). Each module has been assigned five plots (replication), and from each plot, five plants were randomly selected and tagged to record data on aphid and natural enemy populations. The aphid population was recorded by counting the number of individuals on two leaves from each plant using a hand tally meter and the data was expressed as number of aphids/leaf.
On the other hand, natural enemy population was recorded as the number of individuals per plant. As most of the natural enemies are highly mobile on plants, that’s why in order to avoid recounting, the encountered individuals were first captured gently, kept in a container for few minutes, and again released to the field after completion of data recording. Data was recorded at a weekly interval after transplanting, up to harvesting. Results were expressed from the pooled data of both seasons. The Trichoderma viride strain (UBT-18) and phosphate solubilizing bacteria strain (UBPS-9) were obtained from the Biological Control Laboratory of Uttar Banga Krishi Viswavidyalaya and the strength of the consortium was maintained as 1×109 CFU/g of talc. Rest of the chemical. Botanical and bio-pesticides of market standard were purchased and used in recommended doses.
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Table 1. Sequential implementation of strategies under different management modules adopted during the study
	Management module
	Seed dressing (before sowing in seedbed)
	Soil application (during land preparation before transplanting) 
	1st spray (21 DAT)
	2nd spray (35 DAT)

	Module 1 (Biorational management)
	Trichoderma viride (strain: UBT-18) and phosphate-solubilizing bacteria (strain: UBPS-9) consortium @ 5 g/kg of seed
	Neem cake @ 37.5 kg/ha
	Azadirachtin 0.03% @ 1.5 l/ha
	Beauveria bassiana @ 2.5 l/ha

	Module 2 (Chemical management)
	Imidacloprid 70% WS @ 3 g/kg of seed
	Chlorantraniliprole 0.4% GR @ 10kg/ha
	Buprofezin 25% SC @ 1 l/ha
	Fipronil 5% SC @ 1.5 l/ha

	Module 3 (Integrated management)
	Imidacloprid 70% WS @ 3 g/kg of seed
	Neem cake 37.5 kg/ha
	Buprofezin 25% SC @ 1 l/ha
	Beauveria bassiana @ 2.5 l/ha

	Module 4 (Control)
	―
	―
	―
	―


DAT: Days after transplanting, Application of insecticides, botanical, and biopesticide was carried after recording the data at 21 and 35 days of transplanting.

2.3 Statistical analysis
Data on aphid and natural enemy populations were normalized using square-root transformation ). Data on percentage aphid reduction over control were normalized using arcsine transformation (degree(asin())). One-way ANOVA was performed, followed by Tukey’s test at α=0.05 level to compare the means under different management modules. Statistical analyses were performed in SAS 9.2 statistical package.
3. RESULTS AND DISCUSSION
3.1 Impact of different management modules on mustard aphid population
Our data revealed some valuable insights regarding the efficacy of different management modules in regulating mustard aphid population in cabbage ecosystem. Different management models have shown a significant variation in their effectiveness against aphids. However, there was no significant (p=0.44) difference in aphid population at 7 days after transplanting (DAT) (Table 2). Later on, at 14 DAT and 21 DAT, the integrated management module (Module 3) performed significantly (p<0.001) better than other modules, with recorded aphid populations of 23.18±0.90 and 34.24±0.49 aphids/leaf, respectively. Here, the composition of the substances used in seed and soil treatments might have played a crucial role. In Module 3, the combined use of Imidacloprid 70% WS and neem cake as seed and soil treatment, respectively, provided the best result. Use of Imidacloprid 70% WS as a seed treatment agent possesses significant anti-aphid characteristics (Yildirim and Kesdek, 2009; Huang et al., 2015; Zhang et al., 2023). However, there is scant information about the seed treatment with Imidacloprid 70% WS in conjunction with soil application of neem cake. Neem cake, which is a potential antifeedant and growth deterrent against many insect pests (Saxena et al., 2018; Sharma and Kole, 2019), can reduce aphid population significantly when used as soil applicant (Moorthy et al., 2014; Sinha et al., 2018). In addition, neem cake also possesses the capacity for soil nutrient enrichment (Srinivasan et al., 2014; Sinha et al., 2018), making it a suitable and valuable tool for this dual-action job.
In the biorational module (Module 1), the combination of Trichoderma viride as seed treatment and neem cake as soil application also provided a satisfactory aphid regulation at initial observational days, which was at par with Module 3 at 21 DAT (i.e., 38.26±0.77 aphids/leaf). Although in comparison to Imidacloprid, seed treatment with T. viride usually has a very low efficacy against sucking pests (Chaudhari et al., 2021), however, in our study, we have recorded better performance of Module 1 than Module 2, which might be due to the joint action of T. viride and neem cake. In contrast, Imidacloprid 70% WS was also used for seed treatment in the chemical management module (Module 2), but the lower efficacy of this module at the initial phase (i.e., 32.92±1.47 and 47.28±1.39 aphids/leaf, respectively, at 14 DAT and 21 DAT) (Table 2) might be attributed to the ineffectiveness of Chlorantraniliprole granules on mustard aphids as soil applicant. Chlorantraniliprole acts by activating ryanodine receptors and is primarily effective against crop-feeding insects, specifically lepidopteran and coleopteran pests (Liu et al., 2017; Su et al., 2017). Previously, systemic soil application of Chlorantraniliprole granules to cabbage transplants has been reported to control foliar-feeding lepidopteran pests satisfactorily (Cameron et al., 2015). However, this compound possess a very low efficacy against sucking pests (Barrania and Abou-Taleb, 2014). Furthermore, as the time passed, the effectiveness of Imidacloprid also declined (Kodandaram et al., 2010), which, in combination with the inefficacy of Chlorantraniliprole, reduced the potentiality of Module 2 in L. erysimi management at the initial period.

Table 2. Impact of different management modules on aphid incidence at different observational timeframes from the pooled data of 2022-23 to 2023-24
	Modules
	Aphid incidence at different timeframes (nos. ± SEm)

	
	7 DAT
	14 DAT
	21 DAT
	28 DAT
	35 DAT
	42 DAT
	49 DAT
	56 DAT
	63 DAT
	Mean

	Module 1
	8.62±2.59 (2.86±0.49)A
	34.10±2.05 (5.87±0.19)B
	38.26±0.77 (6.22±0.07)C
	31.78±1.74 (5.67±0.17)B
	29.86±2.91 (5.48±0.29)B
	18.52±0.81 (4.36±0.11)B
	14.58±1.86 (3.85±0.26)B
	9.44±0.95 (3.13±0.17)B
	7.93±0.91 (2.88±0.17)B
	21.45±1.36 (4.67±0.16)B

	Module 2
	7.26±1.42 (2.73±0.29)A
	32.92±1.47 (5.77±0.14)B
	47.28±1.39 (6.91±0.11)B
	9.62±0.73 (3.17±0.13)C
	8.18±0.34 (2.94±0.06)C
	1.38±0.16 (1.36±0.07)D
	0.78±0.10 (1.13±0.05)C
	0.38±0.17 (0.92±0.09)D
	0.02±0.02 (0.72±0.01)D
	11.98±0.45 (3.53±0.07)C

	Module 3
	5.26±1.62 (2.25±0.42)A
	23.18±0.90 (4.86±0.11)C
	34.24±0.49 (5.89±0.05)C
	8.02±0.39 (2.92±0.07)C
	6.75±0.41 (2.69±0.09)C
	3.48±0.37 (1.98±0.11)C
	2.68±0.22 (1.78±0.07)C
	1.82±0.20 (1.52±0.07)C
	1.71±0.11 (1.48±0.04)C
	9.68±0.34 (3.19±0.06)C

	Module 4
	10.00±2.09 (3.17±0.34)A
	61.14±0.82 (7.85±0.06)A
	93.94±3.52 (9.71±0.20)A
	110.66±1.97 (10.54±0.10)A
	84.26±2.96 (9.20±0.18)A
	83.58±2.47 (9.16±0.15)A
	49.86±4.15 (7.07±0.33)A
	29.84±1.51 (5.50±0.15)A
	24.12±1.84 (4.95±0.20)A
	60.82±0.98 (7.83±0.07)A

	df
	16
	16
	16
	16
	16
	16
	16
	16
	16
	16

	F-value
	0.95
	88.23
	202.59
	798.87
	283.40
	1011.81
	153.22
	257.01
	193.73
	460.06

	Pr>F
	0.44
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001

	RMSE
	0.88
	0.30
	0.27
	0.28
	0.40
	0.25
	0.48
	0.29
	0.30
	0.22

	HSD (5%)
	1.59
	0.54
	0.49
	0.50
	0.73
	0.45
	0.87
	0.52
	0.54
	0.40


Values in the parentheses are square-root transformed values () ± SEm. Means suffixed with different letters are significantly different.

Table 3. Reduction in aphid population over control under different management modules at different observational timeframes from the pooled data of 2022-23 to 2023-24
	Modules
	Aphid population reduction over control (percentage reduction ± SEm)

	
	28 DAT
	35 DAT
	42 DAT
	49 DAT
	56 DAT
	63 DAT

	Module 1
	29.28±4.86 (32.35±3.51)B
	13.90±5.70 (19.74±5.33)B
	35.79±3.82 (36.62±2.55)B
	17.50±2.46 (24.38±2.31)B
	10.56±2.59 (18.22±2.83)B
	7.04±1.17 (15.16±1.41)B

	Module 2
	82.49±1.85 (65.41±1.58)A
	80.64±0.99 (63.93±0.79)A
	82.73±2.22 (65.68±1.94)A
	84.07±1.43 (66.58±1.29)A
	87.93±4.20 (71.14±4.17)A
	99.18±0.74 (87.66±2.34)A

	Module 3
	80.15±1.00 (63.58±0.81)A
	77.83±1.86 (62.01±1.45)A
	48.37±4.38 (44.01±2.86)B
	30.96±5.59 (33.46±3.81)B
	24.32±4.34 (29.06±3.35)B
	10.54±1.81 (18.60±1.94)B

	df
	12
	12
	12
	12
	12
	12

	F-value
	66.97
	60.169
	37.11
	68.74
	63.90
	446.29

	Pr>F
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001

	RMSE
	5.08
	7.20
	5.54
	5.99
	7.82
	4.33

	HSD (5%)
	8.57
	12.15
	9.35
	10.11
	13.19
	7.30


Values in the parentheses are angular transformed values (degree(asin())) ± SEm. Means suffixed with different letters are significantly different.

To tackle the population build-up of L. erysimi, the first insecticide application was done after 21 DAT. For Modules 2 and 3, the first spraying was done with Buprofezin 25% SC. Both modules have provided a significantly (p<0.001) greater reduction of aphid population over control at 28 DAT and 35 DAT (82.49±1.85% and 80.64±0.99% for Module 2, and 80.15±1.00% and 77.83±1.86% for Module 3 at 28 DAT and 35 DAT, respectively) (Table 3). Although the aphid population was at par for Modules 2 and 3 at 28 DAT and 35 DAT (Table 2), the population was relatively low for Module 3 due to the effect of neem cake at the initial phase of the treatment. In contrast to Buprofezin, use of Azadirachtin 0.03% as foliar application in Module 1 has provided very low population reduction (46.65±5.09% and 29.49±2.11% at 28 DAT and 35 DAT, respectively) (Table 3). Buprofezin, which acts by inhibiting chitin biosynthesis through contact activity (Ullah et al. 2019), has good efficacy against aphids in cruciferous crops (Bhede et al., 2019; Razaq et al., 2025). However, questions may arise regarding the selection of Buprofezin in the modules over any neonicotinoid insecticide with higher efficacy against aphids, attributable to Buprofezin’s comparatively greater host-specificity and safety towards pollinators and natural enemies than neonicotinoids (Sontakke et al., 2013). Although Azadirachtin is an environmentally safer option than Buprofezin, its ability to regulate aphid populations is significantly lower than Buprofezin, as proven by earlier research (Dutta et al., 2016). Although in contrast to our results, Khalifa and Bedair (2023) have reported statistically equivalent effects of both Buprofezin and Azadirachtin on Aphis gossypii Glover; however, the concentration of Azadirachtin (0.15%) used in their study was higher compared to the concentration used in our case.
After 35 DAT, when the second spraying was done, there was a sharp decline in L. erysimi population in Module 2, with a percentage reduction of 82.73±2.22%, significantly (p<0.001) greater than the 48.37±4.38% reduction in Module 3 at 42 DAT (Table 3). From 42 DAT onwards, the percentage reduction in aphid population in Module 2 was significantly (p<0.001) higher than in other modules until harvest, with population reduction reaching up to 99.18±0.74% in 63 DAT. Here, the control provided by Fipronil 5% SC was noteworthy. Fipronil is a broad-spectrum insecticide that is highly efficient against aphids (Bhede et al., 2019; Mir, 2021, Dwarka et al., 2024). However, the broader host range, high toxicity, and persistent nature (Bonmatin et al., 2015; Singh et al., 2021; Chen et al., 2021) make Fipronil an excellent concern for the environment and human health. On the other hand, using an environmentally safer option, like Beauveria bassiana for the second spray in Modules 1 and 3, didn't give satisfactory results compared to Module 2. Although formulations of B. bassiana have been proven effective against L. erysimi (Akmal et al., 2013; Ujjan and Shahzad, 2014; Thaochan et al., 2021; Dhillon et al., 2022), compared to Fipronil, its efficacy was less (Kaviya et al., 2025; Tamang et al., 2025). Furthermore, the viability of B. bassiana under extreme environments is also a concern, as at high temperature and moisture (as prevail in our study region), B. bassiana tends to degrade rapidly (Lingg and Donaldson, 1981; Hong et al., 2001). In addition, one point needs to be noted from Table 2: after the second spraying, the aphid population was significantly lower in Module 2 at 42, 56, and 63 DAT. Furthermore, there was almost no aphid population (i.e., 0.02±0.02 aphids/leaf) at 63 DAT in Module 2. Still, the mean population of aphids throughout the study period was statistically at par for Module 2 and Module 3, attributable to the greater reduction in aphid population at the initial phases of the treatment in Module 3. 
3.2 Impact of different management modules on natural enemy population in cabbage ecosystem
While choosing any pest management module, its effect on non-target beneficial organisms is of great concern. In our study, we have assessed the impact of different management modules on the population of two aphidophagous coccinellids, i.e., Micraspis discolor (Fabricius) and Coccinella transversalis Fabricius, encountered during the study. Among them, M. discolor appeared earlier (before 14 DAT) in the field than C. transversalis (after 14 DAT). After 21 DAT and 35 DAT, when the sprayings were done, there was an inevitable decline in the coccinellid population under all the management modules. Decline was more pronounced under Module 2 and Module 3 than Module 1. As noted in our study, M. discolor population varied significantly (p<0.001) among the modules from 28 DAT onwards (Table 4). Minimum M. discolor population was noted under the chemical management module (Module 2) (i.e., mean population of 0.23±0.02 per plant), which was significantly (p<0.001) lower than the integrated management module (Module 3) (i.e., mean population of 0.32±0.01 per plant). Still, the population in both modules was significantly lower than the control (i.e., mean population of 0.63±0.02 per plant). Furthermore, there was no evidence of M. discolor under Module 2 at 56 DAT and 63 DAT. The population pattern of C. transversalis under different management modules was almost similar to that of M. discolor. The mean population of C. transversalis was also recorded as lowest under Module 2 (i.e., 0.16±0.02 per plant) and quite higher under Module 3 (i.e., 0.24±0.01 per plant) (Table 5).
While in the first spraying (after 21 DAT), Buprofezin and Azadirachtin were used as foliar applications in Module 2, 3 and Module 1, respectively; the impact of the first spray on coccinellids was greater in Module 2 and Module 3. Being a botanical compound, Azadirachtin possesses minimal risk to coccinellid predators, and its higher safety compared to Buprofezin has already been established by earlier researchers (Dutta et al., 2016; Motaphale et al., 2017; Nidheesh et al., 2020). After the treatment with Fipronil in Module 2 and B. bassiana in Modules 1 and 3, there was a sharp decline in the coccinellid population in Module 2. It highlights the potential negative impact of Fipronil on the survival of predaceous coccinellids. Fipronil has already been designated as one of the toxic chemicals against coccinellids (Choudhary et al., 2022; Sharma et al., 2022). In contrast, B. bassiana has been documented as a much safer option for conservation of predaceous coccinellids (Sayed et al., 2021; Hasan et al., 2025). From this context, it is easy to say that adopting the biorational module can safeguard the coccinellid predators more efficiently than the chemical management module. Previously, Divekar et al., (2023) has also demonstrated no adverse effects of botanicals on predatory coccinellids and syrphids in a cabbage ecosystem, unlike the chemical insecticides.

Table 4. Micraspis discolor population under different management modules at different observational timeframes from the pooled data of 2022-23 to 2023-24
	Modules
	M. discolor population at different timeframes (nos. ± SEm)

	
	7 DAT
	14 DAT
	21 DAT
	28 DAT
	35 DAT
	42 DAT
	49 DAT
	56 DAT
	63 DAT
	Mean

	Module 1
	0.00 (0.71)
	0.12±0.03 (0.79±0.02)A
	0.72±0.05 (1.10±0.02)A
	0.56±0.06 (1.03±0.03)AB
	0.64±0.06 (1.07±0.03)AB
	0.48±0.06 (0.99±0.03)B
	0.68±0.07 (1.09±0.04)AB
	0.50±0.06 (1.00±0.03)B
	0.28±0.03 (0.88±0.02)B
	0.44±0.02 (0.97±0.02)B

	Module 2
	0.00 (0.71)
	0.38±0.12 (0.93±0.07)A
	0.60±0.06 (1.05±0.03)A
	0.25±0.06 (0.86±0.04)C
	0.38±0.07 (0.93±0.04)C
	0.12±0.03 (0.79±0.02)C
	0.30±0.08 (0.89±0.05)C
	0.00 (0.71±0.00)C
	0.00 (0.71±0.00)C
	0.23±0.04 (0.85±0.02)C

	Module 3
	0.00 (0.71)
	0.22±0.02 (0.85±0.01)A
	0.80±0.09 (1.13±0.05)A
	0.30±0.04 (0.89±0.02)BC
	0.48±0.07 (0.99±0.04)BC
	0.38±0.03 (0.94±0.02)B 
	0.48±0.05 (0.99±0.03)BC
	0.14±0.02 (0.80±0.02)C
	0.06±0.02 (0.75±0.01)C
	0.32±0.01 (0.90±0.01)C

	Module 4
	0.00 (0.71)
	0.20±0.10 (0.83±0.06)A
	0.81±0.05 (1.14±0.02)A
	0.84±0.11 (1.15±0.05)A
	0.82±0.03 (1.15±0.01)A
	0.72±0.04 (1.11±0.02)A
	0.94±0.06 (1.20±0.03)A
	0.82±0.07 (1.15±0.03)A
	0.52±0.05 (1.01±0.03)A
	0.63±0.02 (1.06±0.01)A

	df
	NA
	16
	16
	16
	16
	16
	16
	16
	16
	16

	F-value
	NA
	1.41
	1.63
	11.44
	8.50
	26.35
	12.68
	65.67
	50.78
	54.37

	Pr>F
	NA
	0.28
	0.22
	<0.001
	0.001
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001

	RMSE
	NA
	0.11
	0.08
	0.09
	0.07
	0.05
	0.08
	0.05
	0.04
	0.03

	HSD (5%)
	NA
	0.21
	0.14
	0.16
	0.13
	0.10
	0.15
	0.10
	0.08
	0.06


Values in the parentheses are square-root transformed values () ± SEm. Means suffixed with different letters are significantly different.
Table 5. Coccinella transversallis population under different management modules at different observational timeframes from the pooled data of 2022-23 to 2023-24
	Modules
	C. transversallis population at different timeframes (nos. ± SEm)

	
	7 DAT
	14 DAT
	21 DAT
	28 DAT
	35 DAT
	42 DAT
	49 DAT
	56 DAT
	63 DAT
	Mean

	Module 1
	0.00 (0.71)
	0.00 (0.71)
	0.36±0.09 (0.92±0.06)A
	0.28±0.07 (0.88±0.05)AB
	0.54±0.10 (1.01±006)A
	0.44±0.07 (0.97±0.04)A
	0.44±0.05 (0.97±0.03)B
	0.30±0.04 (0.89±0.02)AB
	0.16±0.04 (0.81±0.03)AB
	0.28±0.01 (0.88±0.01)B

	Module 2
	0.00 (0.71)
	0.00 (0.71)
	0.40±0.10 (0.94±0.06)A
	0.16±0.02 (0.81±0.02)B
	0.38±0.07 (0.93±0.04)A
	0.16±0.06 (0.81±0.04)B
	0.20±0.03 (0.84±0.02)C
	0.12±0.03 (0.79±0.02)C
	0.00 (0.71±0.00)C
	0.16±0.02 (0.81±0.02)C

	Module 3
	0.00 (0.71)
	0.00 (0.71)
	0.44±0.04 (0.97±0.02)A
	0.24±0.02 (0.86±0.01)AB
	0.42±0.04 (0.96±0.03)A
	0.36±0.07 (0.92±0.04)AB
	0.38±0.04 (0.94±0.03)B
	0.24±0.04 (0.86±0.02)BC
	0.06±0.02 (0.75±0.01)BC
	0.24±0.01 (0.86±0.01)BC

	Module 4
	0.00 (0.71)
	0.00 (0.71)
	0.60±0.08 (1.05±0.04)A
	0.44±0.07 (0.97±0.04)A
	0.68±0.08 (1.08±0.04)A
	0.60±0.06 (1.05±0.03)A
	0.66±0.05 (1.08±0.03)A
	0.48±0.05 (0.99±0.03)A
	0.24±0.04 (0.86±0.02)A
	0.41±0.02 (0.95±0.01)A

	df
	NA
	NA
	16
	16
	16
	16
	16
	16
	16
	16

	F-value
	NA
	NA
	1.28
	4.03
	2.17
	7.05
	15.30
	11.22
	13.47
	26.62

	Pr>F
	NA
	NA
	0.32
	0.03
	0.13
	0.003
	<0.001
	<0.001
	<0.001
	<0.001

	RMSE
	NA
	NA
	0.11
	0.07
	0.10
	0.08
	0.05
	0.05
	0.04
	0.03

	HSD (5%)
	NA
	NA
	0.20
	0.13
	0.18
	0.15
	0.10
	0.10
	0.08
	0.06


Values in the parentheses are square-root transformed values () ± SEm. Means suffixed with different letters are significantly different.
4. CONCLUSION
[bookmark: _heading=h.4fbzkjvckb6d]From our data, it was clear that in the control plots, the pest-defender ratio was much less than the usual fraction of 2:1, suggesting the requirement for implementing pest management modules. However, while choosing the module, its impact on the environment and beneficial organisms must also be taken care of. In this context, our study on the L. erysimi suppression under different management modules has generated valuable information on selecting the most appropriate management module against L. erysimi. In our study, the biorational module, or Module 1, was based entirely on natural substances for pest management and had minimum negative impact on the coccinellid population. However, this module has shown the poorest result on aphid suppression, which may not be acceptable from a pest management and yield perspective.
In contrast, the chemical management module (Module 2) and the integrated management module (Module 3) provided reasonable aphid control throughout the study period with a statistically at-par mean aphid population. However, the chemical management module has shown a greater negative impact on the coccinellid population. In this context, the integrated management module was more eco-friendly than Module 2, as it used neem cake and Beauveria bassiana in place of Chlorantraniliprole and Fipronil, respectively, and had a comparatively lower negative impact on coccinellids than Module 2. So, considering the above aspects, the adoption of an integrated management module instead of chemical and biorational management modules can provide a better suppression of insect pests with greater conservation of natural enemy populations in the crop ecosystem.
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