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Efficacy of Insecticides against Red Pumpkin Beetle (Aulacophora foveicollis) in Summer Squash at Gauradaha, Jhapa,Nepal
ABSTRACT
Red Pumpkin Beetle (RPB), (Aulacophora foveicollis), is a major destructive insect pest of summer squash, leading to severe vigor and yield loss. A field experiment was conducted in Gauradaha Agriculture Campus in 2024 to assess the comparative efficacy of various chemical insecticides for the management of RPB in Summer Squash The experiment was conducted on a Randomized Complete Block design (RCBD) with 3 replications and 7 treatments. The treatments subjected to the crop were Azadirachtin 300 ppm (3ml/L), Spinosad 45% SC (0.4 ml/L), Cypermethrin 10% EC (1.5 ml/L), Beauveria bassiana 1.15% WP (3 g/L), Malathion 50% EC (2 ml/L), Chlorantraniliprole 18.5% w/w (0.4 ml/L), and water (1.2 L/plot) as a control. The results showed significant differences among treatments in reducing RPB population after each spray (P<0.05). The cypermethrin led to lower RPB population with an average of 1.59, 1.59, and 1.44 after the first, second, and third spray, respectively. The highest Population Reduction Over Control (PROC) was also observed with cypermethrin in both the second and third spray applications, at 23.07% and 14.54%, respectively. Beauveria bassiana was the second most effective treatment in controlling the population of PROC of 12.55, 16.32, and 8.72 after the first, second, and third spray, respectively, along with the lowest average RPB count at first (1.51) and second spray (1.57). Spinosad followed them with PROC value 22.98%, 8.72%, 10.22% and average RPB count of 1.64, 1.66, and 1.62, respectively. Findings suggested a significant impact of insecticidal treatments on crop yield, where the highest yield was observed in Cypermethrin-treated plots (28.21 Mt/ha), followed by Spinosad (26.06 Mt/ha) and Beauveria bassiana (20.36 Mt/ha). The lowest yield was recorded in the untreated control (11.66 Mt/ha). Overall, the study suggests the use of cypermethrin, Spinosad, and Beauveria bassiana for managing RPB in Summer squash in the local context of Gauradaha.
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1. INTRODUCTION
Summer squash (Cucurbita pepo), sometimes known as zucchini, is a highly profitable vegetable crop farmed in tropical and subtropical locations worldwide (Stephens, 2003). It is native to Mexico and parts of the United States (Paris, 1996). This fast-growing, early-yielding cucurbit is grown all over Nepal and is especially recommended for the Terai and hilly areas of the country. Summer squash's nutritional content and bioactive compounds are well known for their health benefits (Bhattarai et al., 2024). In addition, summer squash fruit has moderate levels of mineral salts and is high in fiber and vitamins (Abdein, 2016). It is extensively grown for medicinal purposes due to its many pharmacological effects, which include antidiabetic, antihypertensive, antibacterial, antihypercholesterolemic, intestinal antiparasitic, antalgic, and anti-inflammatory properties (Bannayan et al., 2011). The production of summer squash is, however, greatly hindered by a variety of insect pests (Sarwar, 2022). According to Rahman and Uddin (2016), damage in the growing season from insects on squash can reach up to 80%. One of the impacts of this damage is farmers being discouraged from growing summer squash, due to which the current production of 15.59 Mt/ha is lower than the potential production of 40 Mt/ha (MOALD, 2022).
[bookmark: _Hlk221240095]Summer squash is susceptible to numerous insect pests, including whitefly, squash lady beetle, cucumber beetle, melon aphid, red pumpkin beetle, squash bug, and cucurbit fruit fly. These pests can significantly reduce the quality and productivity of the crop (Chowdhury et al., 2022). Among them, the red pumpkin beetle (Aulacophora foveicollis) is a serious insect pest of cucurbits and melons (Nath and Ray, 2012). This insect pest is widespread throughout Southeast Asia. According to Rashid et al. (2014), this pest preys on more than 81 plant species, such as watermelon, pumpkin, squash, cucumber, bottle gourd, sweet gourd, bitter gourd, snake gourd, wax gourd, and various fruit crops. The elytra of the Red Pumpkin Beetle (RPB) are 6-8 mm long and range in colour from yellowish-red to yellowish-brown. The females lay 150-300 yellowish-pink eggs in the soil, which take five to eight days to turn orange. Grubs pupate in the soil after maturing at 13-25 days, with prepupal and pupal periods of 2-5 and 7-17 respectively (Arivoli and Tennyson, 2020). The RPB, in both its larval and adult phases, causes severe damage to crops (Khan et al., 2015). According to Sharma et al. (2016), the polyphagous red pumpkin beetle damages crop in a number of ways, such as by making irregular holes in leaves, feeding on parts of leaves and fruits that come into contact with the soil, and boring into the roots and underground stem portion. The damage is most severe on cotyledons and immature leaves, but it can also affect blooms and adult leaves. The adult beetle eats leaves, flower buds, and flowers, while the larva eats roots and causes direct damage to newly emerging seedlings (Hasan et al., 2013). The insect population peaks in April and May, then decreases before increasing again in July and August (Pansara et al., 2022). 
There are different methods for the management of RPB in Summer squash, including physical, chemical, cultural, and biological methods. However, farmers in most regions rely on insecticidal application as the primary control measure of this pest despite their adverse effects (Diwakar et al., 1970). Commonly used chemical insecticides like cypermethrin, malathion, chlorantraniliprole, Spinosad, Larvin, Diazinon, Permethrin, Malathion, Carbaryl, etc. have shown high efficacy under field conditions (Ahmad et al., 2020). Farmers often use insecticides in a conventional manner and without following a specific dose. This haphazard use of chemicals, leading to pesticide residue concerns, has resulted in pest resurgence, resistance development, and harm to beneficial insects, and soil degradation too (Abang et al., 2013). The excessive use of these chemicals also increases production costs and leads to a serious impact on human and environmental health. Hence, insecticides that perform effectively at lower doses are necessary to control this pest. 
[bookmark: _Hlk221240248]This study aims to assess the comparative efficacy of various insecticides or the management of red pumpkin beetle (Aulacophora foveicollis) in summer squash. The rationale of this research lies in the increasing losses due to RPB, which severely affects the growth and yield of summer squash in Nepal. There is a clear gap due to a lack of specific insecticidal application practices for managing the RPB, such as awareness of the type, dose, and timing of application. This study hence fills this gap by generating region-specific data on the performance of various insecticides on RPB management in the local agroclimatic conditions of Gauradaha, Jhapa. The novelty lies in this comparative evaluation of multiple insecticides, focusing on RPB in Summer squash, being the first study of its kind in the area. Hence, our research is focused on efficacy of insecticides for RPB management. The findings can serve as a scientific reference for developing integrated pest management strategies for maximum yield and economic benefit to farmers.


2. MATERIALS AND METHODS
2.1 Site Selection and Research Duration
[bookmark: _Hlk221240228]The Experiment was conducted in Gauradaha Agriculture Campus, Gauradaha 2, Jhapa (Figure 3).  This municipality is located at 26.56° N latitude and 87.72° E longitude, with an elevation of 79 meters above sea level. Specifically, among the 9 wards of Gauradaha municipality, Ward Number 2 of Gauradaha has been selected. The soil type of this region is sandy loam (Bhattarai et al., 2017). The research duration was from 12th February to 18th April 2024.
2.2 Experimental Details 
[bookmark: _Hlk221240366]The experiment was conducted on a Randomized Complete Block design (RCBD), consisting of three replications and seven treatments in the field. The dimensions of each plot were 3m long and 2m wide. Six plants were planted in each plot. The experiment was laid out with individual plots of 6 m², maintaining 0.5 m spacing between adjacent plots and 1 m spacing between replications. The total area of the research field was 216m2. From each plot, without any random selection, all six plants were selected as samples.
2.3 Treatment Details
Seven treatments, including the control, have been employed in this research. Table 1 displays the list of treatments along with their notation, common name, formulation, trade name, and dosage.
2.4 Seedling Raising and Transplantation
The ANNA 202 variety of summer squash was used for this research. Seeds were sown in polybags (3×3×7 inch) using standard agronomic procedures. A small plastic tunnel (2 × 1 m), constructed using transparent plastic and bamboo sticks, was used to maintain favorable temperature and humidity conditions. In order to achieve the final tilth and uniform level, the field was prepared 15 days before transplantation with two deep ploughings using a power tiller. At last, seedlings that were 21 days old were planted in the field.
2.5 Intercultural Operations
Recommended dose of N: P: K @ 12:9:3 kg/ropani in the form of urea, DAP and MoP respectively was applied (Agriculture & Livestock Diary, 2023). Half a dose of urea and a full dose of FYM, DAP, and MOP were applied per plot during land preparation as a basal dose. Remaining doses of urea were applied in two split doses at 30 DAT and 60 DAT, respectively, as side dressing. Besides, initial moderate irrigation was done on a regular basis with a rose can till seedlings were established in the field. The subsequent irrigation was supplied at intervals of 6-7 days.
2.6 Insecticides Spraying
Insecticides were applied three times during the cropping season. Hand sprayers were used for uniform application of insecticides in each plot, minimizing insecticide drift. First spray was done 20 DAT, second and third spray were done at 7-day intervals.
2.7 RPB Identification
Specimens of the RPB were gathered and initially identified using morphological traits. Further, a taxonomist from the Entomology Laboratory of Gauradaha Agriculture Campus used morphological analysis and taxonomic keys to confirm the identification. This made sure the pest in this study was correctly identified.
2.8 Data Collection
Once the RPB population reached the Economic Threshold Level in the field, the number of RPB per plant was manually counted. The data collection was made for the insect population and the yield of summer squash. The insect population was manually counted by visual observation both before spraying and 2 days, 4 days, and 6 days after each insecticidal spraying.
2.9 PROC (Population Reduction Over Control) Calculation
The reduction in insect population relative to the untreated control was estimated using the modified Abbott’s equation proposed by Fleming and Retnakaran (1985). The PROC value was calculated using the following formula:
PROC (%) = [1 − (Ta × Cb) / (Tb × Ca)] × 100
Where:
PROC (%) = Percentage reduction in insect population over control
Ta = Insect population after treatment application
Tb = Insect population before treatment application
Ca = Insect population in the untreated control after treatment
Cb = Insect population in the untreated control before treatment
2.10 Square root transformation
 A square root transformation of skewed data was conducted to approximately conform to normality.
2.11 Statistical Analysis
The field data was first recorded in Microsoft Excel (2010) and then analyzed using R-Studio (4.4.1). The typical one-way ANOVA was used to determine the significance level. Duncan's Multiple Range Test (DMRT) was employed to determine whether there were statistically significant differences between the mean values at a 5% significance level.

3. RESULT 
3.1 Effect on population reduction of RPB in Summer squash
3.1.1 Reduction of RPB population after 1st spray
Table 2 displays the standard mean values of RPB population in summer squash before and after the first insecticidal spray in comparison to the control. There was no significant difference among the treatments before the first insecticidal spray. After the first spray, significant differences among the treatments were observed (P< 0.05) at all dates of data collection, i.e., 2 DAS, 4 DAS, and 6 DAS. At 2 DAS, the lowest RPB population was observed in cypermethrin (1.49), which was followed by Beauveria bassiana (1.55) and Azadirachtin (1.72). Chlorantraniliprole (1.72) and Malathion (1.66) gave statistically similar results. At 4 DAS, Beauveria bassiana witnessed the least RPB population (1.27), which was followed by Cypermethrin (1.34), malathion (1.55), Azadirachtin (1.61), and Spinosad (1.61), which were statistically similar to each other. At 6DAS, Spinosad (1.56) witnessed the least RPB population. This was followed by Azadirachtin (1.72), Chlorantraniliprole (1.72), Beauveria bassiana (1.72), and Malathion (1.72). At all stages, the highest RPB population was found in the control plots. On average, the greatest insecticidal efficacy was shown by Beauveria bassiana, Cypermethrin, and Spinosad, which led to the least average RPB population of 1.51, 1.59, and 1.62, respectively, after the first spray. The Population Reduction Over Control (PROC) at 2 DAS, 4 DAS, and 6 DAS was found to be highest on Spinosad (22.52%, 22.52%, 23.95%) with an average of 22.98%. 
3.1.2 Reduction of RPB population after 2nd spray
Table 3 displays the standard mean values of RPB population in summer squash before and after the second insecticidal spray in comparison to the control. There were significant differences among the population of RPB after the second insecticidal spray (P< 0.05). Data showed a significant decline in RPB over several treatments. At 2 DAS, cypermethrin (1.49) witnessed the least RPB population, which was followed by Beauveria bassiana (1.55), Spinosad (1.55), Malathion (1.66), and azadirachtin (1.72) and chlorantraniliprole (1.72). At 4 DAS, the mean standard of population decreased, with the lowest insect count recorded on cypermethrin (1.61), followed by Beauveria bassiana (1.61) and malathion (1.66). This was followed by Azadirachtin (1.72), chlorantraniliprole (1.72), and Spinosad (1.78). At 6 DAS, the lowest population was observed in Spinosad (1.42), followed by Beauveria bassiana (1.56), malathion (1.67), and cypermethrin (1.67). Azadirachtin (1.83) and chlorantraniliprole (1.83) followed this, giving statistically similar results. At all stages, the highest RPB population was found in the control plots. On average, the greatest insecticidal efficacy was shown by Beauveria bassiana, Spinosad, and Cypermethrin, which led to the least average RPB population of 1.57, 1.58, and 1.59, respectively. The Population Reduction Over Control (PROC) at 2 DAS, 4 DAS, and 6 DAS was found to be highest on cypermethrin (19.84%, 27.73%, 21.65%) with an average of 23.07%.
3.1.3 Reduction of RPB population after the 3rd spray
Table 4 displays the standard mean values of RPB population in summer squash before and after the second insecticidal spray in comparison to the control. There were significant differences among the population of RPB after the third insecticidal spray (P< 0.05). Data showed a significant decline in RPB over several treatments. At 2DAS, the least RPB was found to be produced by cypermethrin (1.49), followed by Spinosad (1.56), Beauveria Bassiana (1.56), and malathion (1.66). Azadirachtin (1.72) and chlorantraniliprole (1.72) followed this, giving statistically similar results. At 4 DAS, the mean standard of population decreased, and the lowest insect count was observed in Beauveria bassiana (1.27), followed by cypermethrin (1.34) and Malathion (1.55). Azadirachtin (1.61), Spinosad (1.61), and chlorantraniliprole (1.67) followed this. At 6DAS, the lowest RPB was observed in Beauveria Bassiana (1.5) and cypermethrin (1.5). This was followed by Spinosad (1.56), Malathion (1.67), Chlorantraniliprole (1.72), and Azadirachtin (1.72). At all stages, the highest RPB population was found in the control plots. On average, the greatest insecticidal efficacy was shown by cypermethrin, Beauveria bassiana, and Spinosad, which led to the least average RPB population of 1.44, 1.44, and 1.57, respectively. The Population Reduction Over Control (PROC) at 2 2 DAS, 4 DAS, and 6 DAS was found to be highest cypermethrin (12.38%, 19.46%, 11.79%), with an average of 14.54%. 
3.2 Effect on the yield of summer squash
Table 5 shows the effect of different insecticidal treatments on the yield of summer squash. The data reveled significant differences among the treatments based on yield (P< 0.05). The highest yield was observed with cypermethrin (28.21 Mt/ha), which was statistically similar to Spinosad (26.06 Mt/ha). It was followed by Beauveria bassiana (20.36 Mt/ha), which was at par with Azadirachtin (16.30 Mt/ha) and Chlorantraniliprole (19.49 Mt/ha). This was followed by Malathion, leading to a yield of 15.39 Mt/ha. The least yield was observed in the control plots, i.e., 11.66 Mt/ha. An increase in yield over control has been graphically illustrated in Figure 3. 

4. DISCUSSION
[bookmark: _Hlk221240980][bookmark: _Hlk221240942]Under this research, we treated summer squash with different insecticidal sprays to manage the RPB population in the field. The study showed that contact insecticide cypermethrin 10% E.C (1.5 ml/L) was found more effective in controlling the red pumpkin beetle population as compared to other treatments. The highest Population Reduction Over Control (PROC) against red pumpkin beetle was observed with cypermethrin in both the second and third spray with 23.07%, and 14.54%, respectively. In the first spray, PROC with cypermethrin was 14.54%. It also led to a lower population of beetles at all intervals, with an average of 1.59, 1.59, and 1.44 after the first, second, and third spray, respectively. Cypermethrin is a neurotoxin, under the class of pyrethroids, that affects an insect's central nervous system by binding to sodium channels in nerve cells. As these RPB are active feeders moving frequently on the plant surface, they get more exposed to this contact insecticide. This causes persistent depolarization and hyperactivity of the neurons (Richardson et al., 2019). This could explain its effectiveness in controlling RPB in summer squash. Similar findings were made by Tamang & Magar (2025), who found Chlorpyriphos 50% + Cypermethrin 5% EC at 1.0 mL/L to be most effective for managing RPB on Summer squash. Similarly, Ratnakar et al. (2016) also found the highest percentage of beetle mortality 24 hours after spraying (53.35%), 48 hours after spraying (65.03%), and 96 hours after spraying (72.66%) with the foliar spray of chlorpyriphos 50% + cypermethrin 5% EC, concluding it is best for controlling the red pumpkin beetle. Similar results were attained where carbaryl had the lowest mean population density of red pumpkin beetles per plant (0.12), followed by Cypermethrin at 0.52 per plant (Ullah et al., 2023). This consistency of sprays suggests that RPB populations in the study area have not yet developed high levels of resistance to pyrethroids, which can be consistently used for managing these pests in the region.
[bookmark: _Hlk221241041]Similarly, Beauveria bassiana was the second most effective treatment in controlling the population of PROC of 12.55, 16.32, and 8.72 after the first, second, and third spray, respectively. It also led to the lowest average RPB count at first and second spray with 1.51 and 1.57, respectively. It witnessed the second-lowest RPB count after the third spray with 1.44. These findings were consistent with Nainabasti et al. (2024). Keswani et al. (2013) argue that superior efficacy exists because of its mode of action, in which fungal spores infect and multiply inside the insect, resulting in high mortality rates. Fungal spores attach to the insect cuticle, penetrate the host tissues, colonize them, and ultimately cause death through mycosis (Ahmed et al., 2021). The effectiveness of Beauveria bassiana can also be associated with the favorable environmental conditions in Gauradaha during the experiment, where moderate humidity supported the fungal germination. Previous studies have also stated that Beauveria bassiana can suppress beetle populations effectively when applied under optimal field conditions. Thus, the persistent nature of Beauveria bassiana in the environment and its capacity to provide long-term pest suppression are demonstrated by the consistently low RPB count in all sprays (Iida et al., 2023). However, as the shelf life of Beauveria bassiana is lower, it can lead to a reduction in vitality up to 80% when exposed to temperatures above 40˚C (Neupane et al., 2025). 
[bookmark: _Hlk221241153][bookmark: _Hlk221241172]Spinosad performed well against red pumpkin beetle, having PROC value 22.98%, 8.72%, 10.22% after the first, second, and third spray, respectively. It is a mixture of two active components, 85 % spinosyn A and 15 % spinosyn D, which are inherently broad spectrum produced by the soil actinomycete Saccharopolyspora spinosa (Orr et al., 2009). It functions by stimulating neurons in the central nervous system, which results in tremors and involuntary muscle contractions (Salgado, 1998). Additionally, when applied to isolated ganglia at sub-micromolar concentrations, spinosyns can directly excite the central nervous system. This moderate level performance of Spinosad in controlling RPB is in accordance with the findings of Koirala et al. (2021). Malathion was also found to be moderately effective in RPB reduction, as it resulted in a greater average number of insects per plant, i.e., 1.64, 1.66, and 1.62 after the first, second, and third spray, respectively.  
Besides, first, second, and third sprays of Azadirachtin had the lowest PROC of 10.36%, 9.25%, and 9.57% of red pumpkin beetles, respectively, and were found to be less effective than the other treatments. Beetles' hormonal systems are disturbed by azadirachtin, which prevents them from growing and laying eggs. It was still more effective than the control, even though it was the least effective insecticide against RPB in Summer squash, similar to Parajuli et al. (2020). Azadirachtin (0.0006%) produced the lowest beetle population among botanicals, but chemical insecticides were more successful in lowering populations, according to research by Patel et al. (2021). Chlorantraniliprole, which acts by activating ryanodine receptors, causes muscle paralysis (Bentley et al., 2010). It is generally less toxic to beetles, despite being very effective against lepidopteran larvae (Moustafa et al., 2021; Lahm et al., 2009). The study's very limited decrease in RPB populations supports the findings of Jiang et al. (2012), who found that adult beetles were less susceptible to chlorantraniliprole.
The yield performance of summer squash further clearly aligned with the suppression of RPB by each treatment. The greatest yield was observed in cypermethrin (28.21 Mt/ha), followed by Spinosad (26.06 Mt/ha) and Beauveria bassiana (20.36 Mt/ha). The effective control of RPB population by these insecticides aided the crop to have healthy foliage, maintain photosynthetic activity, and support better fruit formation. In contrast, azadirachtin, chlorantraniliprole, and malathion led to poorer yields due to their limited effectiveness in controlling the RPB on Summer squash. The lowest yield on control plots confirmed that unmanaged RPB infestations severely reduced plant vigour and fruit production. These findings are consistent with the findings of Tamang & Magar (2025) and Kumar et al. (2024).
5. CONCLUSION
This study evaluated the efficacy of various insecticides against Red Pumpkin Beetle (Aulacophora foveicollis) in summer squash under the agroclimatic conditions of Gauradaha, Jhapa. The results demonstrated that effective suppression of RPB populations significantly enhanced crop yield. Among the treatments, cypermethrin consistently showed the highest efficacy, with the greatest population reduction over control (PROC) and yield. Beauveria bassiana and Spinosad were the next most effective treatments, indicating their potential as reliable alternative options. In contrast, malathion, azadirachtin, and chlorantraniliprole exhibited limited effectiveness, as reflected in their lower yield performance. The untreated control recorded the highest RPB population and the lowest yield. Overall, the findings recommend cypermethrin, Spinosad, and Beauveria bassiana as effective options for managing RPB in Summer squash under local conditions. However, the study was limited to a single location and season; therefore, future research should evaluate these treatments across diverse agroecological zones and cropping seasons, along with detailed economic and environmental assessments, to ensure their broader applicability and sustainability.
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Figure 1: Bar diagram showing the average population reduction over the control of the red pumpkin   beetle by different treatments











Figure 2: Graph representing the increase in yield over the control.
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Figure 3: Area of Field Experimentation










Table 1: Treatment Details
	S.N.
	Notation
	Treatment 
	Formulation
	Dose
	Trade Name

	1
	T1
	[bookmark: _Hlk178421343]Azadirachtin
	3000 ppm 
	[bookmark: _Hlk221240477]3ml/L 
	Multinumore

	2
	T2
	Spinosad 
	45% SC 
	0.4ml/L 
	Tracer

	3
	T3
	Cypermethrin 
	10% E.C  
	1.5ml/L 
	Cyper10

	4
	T4
	[bookmark: _Hlk178441382]Beauveria bassiana 
	1.15% W. P 
	3gm/L 
	Veria 

	5
	T5
	Malathion
	50% EC 
	2ml/L 
	Trasol 

	6
	T6
	Chlorantraniliprole 
	18.5% w/w 
	0.4ml/L 
	Allcora  

	7
	T7
	Control
	Water 
	1.2L/plot 
	-
















Table 2: Effect of different insecticide treatments against red pumpkin beetle (Aulacophora foveicollis) after 1st   insecticidal spray.
	[bookmark: _Hlk174556650]Treatment
	Insect Population
 (No. per plants)
	2DAS
	PROC
(%)
	4DAS
	PROC
(%)
	6DAS
	PROC
(%)
	Average of insect 
after spray
	Average of PROC
(%)

	Beauveria bassiana
	1.55b
(1.04)
	1.55b
(0.965)
	13.28
	1.27b
(1.72)
	15.64

	1.72b
(1.72)
	8.75
	1.51
(1.46)
	12.55

	Azadirachtin
	1.83b
(1.05)
	1.72b
(0.941)
	20.25
	1.61b
(1.83)
	15.02
	1.72ab
(1.78)
	13.64
	1.68
(1.51)
	10.36

	Spinosad

	1.72b
(1.12)
	1.55ab
(1.053)
	22.52

	1.61b
(1.83)
	22.52

	1.56ab
(1.78)
	23.90
	1.62
(1.55)
	22.98

	Cypermethrin

	1.66b
(1.12)
	1.49b
(0.938)
	12.61

	1.34b
(1.72)
	17.57

	1.96b
(1.61)
	4.39
	1.59
(1.42)
	11.52

	Malathion

	1.66b
(1.08)
	1.66ab
(1.000)
	13.03

	1.55b
(1.72)
	18.26

	1.72b
(1.72)
	11.48
	1.64
(1.48)
	14.25

	Chlorantraniliprole

	1.83b
(1.10)
	1.72ab
(1.026)
	12.84

	1.67b
(1.89)
	12.37

	1.72b
(1.72)
	13.64
	1.70
(1.54)
	12.79

	Control

	2.216a
(1.12)
	2.27a
(1.178)
	
	2.221a
(2.22)
	
	2.05a
(2.055)
	
	2.18
(1.81)
	

	F- Test
	Ns
	*
	
	**
	
	**
	
	**
	

	MSD (0.05)
	0.349
	0.406
	
	0.331
	
	0.284
	
	0.340
	

	CV (%)
	6
	7.60
	
	6.27
	
	5.62
	
	6.49
	

	SEM ±
	0.00083
	0.00096
	
	0.00078
	
	0.00067

	
	0.00081
	

	CV: Coefficient of variation, DAS: Days after spray, PROC: Population reduction over control, ***: Significant at 0.1% level of significance, **: Significant at 1% level of significance, *: Significant at 5% level of significance; Ns: not significant, MSD: Mean squared deviation and SEM: Standard Error of Mean. The figures in parentheses are square root transformations. 








Table 3: Effect of different insecticide treatments against red pumpkin beetle (Aulacophora foveicollis) after 2nd   insecticidal sprays.
	Treatment
	Insect Population 
(No. per plants)
	2DAS
	PROC
(%)
	4DAS
	PROC
(%)
	6DAS
	PROC
(%)
	Average of insect 
after spray
	Average of PROC
(%)

	Beauveria Bassiana
	1.72b
(1.72)
	1.55b
(1.61)
	14.71
	1.61b
(1.61)
	17.64
	1.56b
(1.56)
	16.63
	1.57
(1.59)
	16.32

	Azadirachtin
	1.72ab
(1.78)
	1.72b
(1.72)
	14.16
	1.72b
(1.72)
	12.02
	1.83b
(1.83)
	1.57
	1.75
(1.75)
	9.25

	Spinosad
	1.56ab
(1.78)
	1.55b
(1.67)
	10.21
	1.78b
(1.78)
	0.17
	1.42b
(1.72)
	15.79
	1.58
(1.72)
	8.72

	Cypermethrin
	1.96b
(1.61)
	1.49b
(1.61)
	19.84
	1.61b
(1.61)
	27.73
	1.67b
(1.67)
	21.65
	1.59
(1.63)
	23.07

	Malathion
	1.72b
(1.72)
	1.66b
(1.72)
	8.66
	1.66b
(1.67)
	15.09
	1.67b
(1.67)
	10.72
	1.66
(1.68)
	11.49

	Chlorantraniliprole
	1.72b
(1.72)
	1.72b
(1.72)
	14.16
	1.72b
(1.72)
	12.02
	1.83b
(1.83)
	1.57
	1.75
(1.75)
	9.25

	Control
	2.05a
(2.055)
	2.27a
(2.11)
	
	2.33a
(2.33)
	
	2.21a
(2.16)
	
	2.27
(2.2)
	

	F- Test
	**
	***
	
	***
	
	***
	
	***
	

	MSD (0.05)
	0.284
	0.247
	
	0.314
	
	0.297
	
	0.275
	

	CV (%)
	5.62
	4.95
	
	6.19
	
	5.84
	
	5.66
	

	SEM ±
	0.00067
	0.00058
	
	0.00074
	
	0.00070
	
	0.00068
	

	CV: Coefficient of variation, DAS: Days after spray, PROC: Population reduction over control, ***: Significant at 0.1% level of significance, **: Significant at 1% level of significance, MSD: Mean squared deviation and SEM: Standard Error of Mean. The figures in parentheses are square root transformations. 








Table 4: Effect of different insecticide treatments against red pumpkin beetle (Aulacophora foveicollis) after 3rd insecticidal sprays.



	Treatment
	Insect Population
(No. per plants)
	2DAS
	PROC
(%)
	4DAS
	PROC
(%)
	6DAS
	PROC
(%)
	Average of insect 
after spray
	Average of PROC
(%)

	Beauveria bassiana 
	1.56b
(1.56)
	1.56b
(1.61)      
	2.38
	1.27b
(1.5)     
	18.25
	1.5b
(1.61)      
	5.53
	1.44
(1.57)
	8.72

	Azadirachtin
	1.83b
(1.83)
	1.72b
(1.72)     
	8.25
	1.61b
(1.61)            
	12.22
	1.72b
(1.72)      
	8.25
	1.68
(1.68)
	9.57

	Spinosad
	1.42b
(1.72)
	1.56b
(1.56)      
	12.03
	1.61b
(1.61)         
	6.61
	1.56b
(1.56)      
	12.03
	1.57
(1.57)
	10.22

	Cypermethrin 

	1.67b
(1.67)
	1.49b
(1.5)      
	12.38
	1.34b
(1.61)    
	19.46
	1.5b
(1.5)      
	11.79
	1.44
(1.53)
	14.54

	Malathion

	1.67b
(1.67)
	1.66b
(1.67)     
	2.38
	1.55b
(1.72)        
	6.84
	1.67b
(1.67)      
	2.38
	1.62
(1.68)
	3.86

	Chlorantraniliprole
	1.83b
(1.83)
	1.72b
(1.72)     
	8.25
	1.67b
(1.67)         
	8.95
	1.72b
(1.72)      
	8.25
	1.70
(1.70)
	8.48

	Control 
	2.21a
(2.16)
	2.28a
(1.28)      
	
	2.22a      
(2.11)                 
	
	2.27a
(2.27)      
	
	2.25
(1.88)
	

	F- Test
	***
	***
	
	***
	
	***
	
	***
	

	MSD (0.05)
	0.297
	0.404
	
	0.281
	
	0.247
	
	0.310
	

	CV (%)
	5.84
	8.22
	
	5.82
	
	5.02
	
	6.35
	

	SEM±
	0.00070
	0.00096
	
	0.00066
	
	0.00058
	
	0.00074
	

	CV: Coefficient of variation, DAS: Days after spray, PROC: Population reduction over control, ***: Significant at 0.1% level of significance, MSD: Mean squared deviation and SEM: Standard Error of Mean. The figures in parentheses are square root transformations. 





Table 5: Effect of different insecticide treatments on the yield of Summer Squash  
	Treatment 
	Yield (kg/plant)
	Yield (Kg/plot)
	Yield (Mt/ha)

	Beauveria bassiana
	2.03b
	12.21b
	20.36b

	Azadirachtin
	1.63bc
	9.78bc
	16.30bc

	Spinosad
	2.60a
	15.63a
	26.06a

	Cypermethrin
	2.82a
	16.92a
	28.21a

	Malathion
	1.53cd
	9.23cd
	15.39cd

	Chlorantraniliprole
	1.94bc
	11.69bc
	19.49bc

	Control
	1.167d
	7d
	11.66d

	F Test
	***
	***
	***

	MSD (0.05)
	4.163
	2.49
	4.163

	CV (%)
	7.41
	7.41
	7.41

	SEM ±
	0.0009
	0.0059
	0.0099


CV: Coefficient of variation, DAS: Days after spray, PROC: Population reduction over control, ***: Significant at 0.1% level of significance, MSD: Mean squared deviation and SEM: Standard Error of Mean.

PROC 1st spray	Beauveria bassiana	Azadirachtin	Spinosad	Cypermethrin	Malathion	Chlorantraniliprole	12.55473476997239	16.304196522518961	17.982494689811801	22.523474694206399	14.259323958104453	12.950574607921432	PROC 2nd spray	Beauveria bassiana	Azadirachtin	Spinosad	Cypermethrin	Malathion	Chlorantraniliprole	16.63	1.5746998572748083	15.793066740720196	21.650519413541613	10.718033750314849	1.5746998572748083	PROC 3rd spray	Beauveria bassiana	Azadirachtin	Spinosad	Cypermethrin	Malathion	Chlorantraniliprole	8.7185836251433138	9.5711674424472175	10.220329202780603	14.541052459166734	3.8648070833098509	8.4807316371805559	Treatment


Population Reduction Over Control (PROC)





Beauveria bassiana	Azadirachtin	Spinosad	Cypermethrin	Malathion	Chlorantraniliprole	73.950299914310193	39.674378748928859	122.79348757497858	141.64524421593831	31.105398457583544	66.23821765209938	Treatments


Increase in Yield over control
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