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Abstract
The cultivation of Cucurbits such aslike Pumpkin, Cucumber, etc arepre-dominantly cultivatedgrown in various regions of Uttarakhand. However, the injudicious and frequent application of harmful pesticides and paucity of farmers’ perceptions ofn pesticide usage pose a serious threat to the well-being of human beings. The present investigation was conducted in theimportant Cucurbit growing of Kumaon region of Uttarakhand to gather information on pesticide usage patterns, awareness of farmers on infestation of various insect pests, and adoption of various management tactics in different cucurbit-growing areas of Kumaon. The survey was conducted withon50 farmers ion different regions of five5 districtsviz.,Almora, Champawat, Nainital, Pithoragarh, and Udhamsingh Nagar. The investigation revealed that a large numberof farmers usedwere using synthetic pesticides to manage different insect pests in cCucurbits. The survey also revealed that farmers have limited knowledge ofn beneficial insects, pesticide registration procedures, etc. The study highlights the importance of awareness programmes and conduction of training programmes for proper diesseimination of information related to pesticide usage and promotion ofe sustainable production of cCucurbits. Thise study encompasses the need forof further field trial-s based research on pesticide persistence and its effect on the environmental conditions.	Comment by Paperpal: It looks like the abstract is not structured. It is recommended that the abstract follows a structured format to help readers quickly understand the study.
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Introduction 
The Cucurbitaceae family encompasses a substantial and varied collection of vegetables that are, widely grown in tropical and subtropical climates, both in India and worldwide. Their considerable nutritional valuecontent and antioxidant capacity have historically positioned them asone of the important vegetable crops. OwingDue to its excellentgreat properties, it has been used in traditional medicine and culinary practices since time immemorial(Mukherjee, 2022).Cucurbits,As the second-largest vegetable family, cucurbits are a notable source of vitamins, minerals, and various bioactive compounds. This diverse plant family includes a broad spectrum of species, such as cCucumber (Cucumis sativa), mMelon (Cucumis melo), wWatermelon (Citrullus lanatus), bBitter gourd (Momordica charantia), bBottle gourd (Lagenariasineria), rRidge gourd (Luffa acutangula), and various pumpkin species (Cucurbita spp.). The utility of cucurbits is multifaceted, extending from culinary consumption to ornamental applications, and even used in cosmetic products (Dhiman et al., 2009) (Dhaliwal, 2017).
The pProduction ofcucurbitsisare largely delineated by a number of factors viz., abiotic and biotic  factors. One of the biotic factors responsible for low crop production is the attack of different pests at different developmental stages of the crop. Pests such as the Pumpkin beetle (Aulacohoraspp),fFruit fly (Bactroceracucurbitae), sStem gall fly (Neolasioptera falcata), sStem borer or clear winged moth (Melittiaeurytion), sSnake gourd semilooper (Plusiapeponis), Pumpkin caterpillar (Diaphaniaindica), bBottle gourd plume moth (Sphenarchescaffer), and lLeaf miner (Liriomyzatrifoli), etc. In order Tto protect the crops and increase their productivity of the crop, large amounts of harmful synthetic pesticidesare applied at an alarming rate (Sruthy et al., 2024). The aApplication of pesticides at such a breathtaking pace ḥasposesd a serious threat toonthe environment and well-being of human beings.
In 2023-24, Uttarakhand utilized 147.08 metric tonne of pesticide to manage the insect pests in various agro-eocsystem(DPPQS, 2025).Farmers often use pesticides at rates higher than recommended to control the infestation of insect pests despite being highstrict regulations laid by agencies such as the EPA, WHO, and Central Insecticide Board and Registration Committee (CIBRC), and Food Safety and Standard Authority of India (FSSAI) (Gagandeep et al., 2016). Mostly small and marginal farmers use synthetic pesticides as a quick solution for the management of insect pests; however, but residues of such chemicals enter the environment through a number of channels and pose a serious threat to the health and well-being of human beings (Ongley et al., 1996). The application of harmful pesticides hasve aggravated the issues such as pesticide resistance, secondary pest outbreaks, and pest resurgence, andtherebythus disruptings the ecosystem.  
Considering the harmful effects of synthetic pesticides, mearge data areis available on pesticide usage patternsand farmers’ perceptions ofn pesticide applications in Uttarakhand. Therefore, theSo present studyinvestigation was undertaken to assess various aspects of pesticide usage patterns, farmers’ awareness ofabout pest management strategies, and the adoption of various methods and techniques for effective Integrated Pest Management programmes. Farmers’ age, educational level, experience had positive effects on safe use of pesticides in vegetable cultivation. Under such condition, there  need of extension agents in establishing rapport with farmers on regular basis can help in enhancing knowledge level about safe use of pesticides among vegetable growers (Kumari, Panda & Paswan 2024) and use of advanced ICT tools could also helped in pest management(Panda,2020).

Materials and Methods
Site of Study:  The study was conducted in major cucurbits growing areas inofthe Kumaon region of Uttarakhand viz., Almora (29° 35′N and 79°39′),Champawat (29°20′N and 80°05′E), Nainital 29°22′N and 79°27′E), Pithoragarh (29°34′N and 80°13′E), and Udhamsingh Nagar(28°57′N and 79°30′E). The survey was organized during thecropping season ofKharif and Rabi season in 2024-25. The study area was selected foronthe production of cucurbits and theinlevel of willingness of farmers’ willingness to participate in the surveyprogramme. Many economically cultivated cucurbits in the given regions were pPumpkins, cCucumbers, bBottlegourds, sSpongegourds, and sponge gourdsetc.






Table 1: Details of different districts surveyed in Kumaun region of Uttarakhand
	S.No.
	District
	Block
	Number of Farmer

	1
	Almora
	Syalde
	50


	
	
	Syalde
	

	
	
	
	

	2
	Champawat
	Lohaghat
	50

	3
	Nainitaal
	Bhimtal
	50

	
	
	Dhari
	

	4
	Pithoragarh
	Pithoragarh
	50

	5
	Udhamsinghnagar
	Rudrapur
	50



	
	
	Baazpur
	

	
	
	Kashipur
	

	
	
	Sitarganj
	

	
	
	Khatima
	

	
	
	Jaspur
	

	
	
	Gadarpur
	

	
                                                     Total
	

	
	250



[image: ]Figure 1: Map showing different locations visited during the survey in 2024-25. 


 Data Collection:
Fifty50 small and marginal farmers in different villages inof each block were interviewed randomly in five5 districts of the Kumaon region. Descriptive and Statistical data were collected from farmers during one-on-one interactions and on-spot observation of Cucurbit fields. The questionnaire was structured based on the basis of available literature and the current scenario of farmers’’ sociosocioeconomic status. The queries were put into close-ended questions either in a single choice or in a multiple choice set-up. Data on various aspects of pesticides use patterns, such asi.e type, frequency, and dose, etcandon farmers’ perspectives on issues related to pest management strategiesy. 
Data Analysis:
The data were analyzsedusingby descriptive statistics (frequency distribution, percentage, mean, and standard deviation) using Microsoft Excel.
Result and Discussion
Socio-economic factors of the farmers
Socio-economic factors of cucurbit-growing farmers in the Kumaon region of Uttarakhand, with emphasis on Age, Educational status, source of income, cCucurbit growing experience, and aArea under cucurbit cultivation, are summarized inTable 2.
From the survey, the cucurbit-growing farmers were grouped into three classes of age   groups:i.e< 30 years, 30-60 years and > 60 years. In all the districts where the survey was conducted, the majority of the farmers belonged to the age group of 30-60 years. wereThe is followed by < 30 years and > 60 years, respectively. These findings are in line with Rubesh et al., 2023. Thise investigation suggests that younger generationsare more involved in other carrier options rather than ion aAgriculture.  Middle-aged farmers, mostly in the age group of 30-60 years compelled their childrenkids to study and pursue other carerier options. 
	Education plays an important role in society’sthe overall development of the society. Education broadens the horizons of farmers and enlightens them with new high-end technologies, which can open new avenues in the field of aAgriculture. Out Oof the five districts in the Kumaun region of Uttarakhand, farmers in all the districts have obtained their formal education. Out Oof all the districts, the farmers of UdhamsinghNnagar were more educated, with 94% of farmers havinge obtained formal education. These findings are in accordance with Nyakundi et al., 2012 in which 50% of farmers have obtained secondary education. 
	ManyA large number of farmers cultivate cucurbits in the vast area of Uttarakhand. ApproximatelyAbout 98% of farmers of Pithoragarh, followed by Nainital (94%), Almora (90%), and Udshamsinghnagar (20%), have less than 2 acres of land for cultivating cucurbits. HoweverWhereas, a large number of farmers inofUdhamsinghnagar (80%), followed by Champawat (10%), Almora (8%), and a large number of farmers of Pithoragarh cultivate cucurbits.Different species of cucurbits have beenare grown by farmers in the Kumaon region forfrom a very long time. 96% of farmers inof Almora hadve more than 10 years of experience in cucurbit cultivation, followed by Champawat (94%), Pithoragarh (94%), Nainital (92%), and UdhamsinghNnagar (88%), as shown in Table 2.
Table2: General Information of farmers in major districts of Uttrakhand cultivating cucurbits
	Particulars
	Almora
	Champawat
	Nainitaal
	Pithoragarh
	Udhamsinghnagar

	
	Frequency
	Percentage
	Frequency
	Percentage
	Frequency
	Percentage
	Frequency
	Percentage
	Frequency
	Percentage

	1. Age (years)

	Upto 30 years
	20
	40
	16
	32
	27
	54
	40
	20
	16
	40

	30-60 years
	20
	40
	25
	50
	17
	34
	40
	22
	64
	44

	More than 60 years
	10
	20
	09
	18
	06
	12
	20
	08
	20
	16

	1. Educational Status

	Formal Education
	40
	80
	37
	74
	43
	86
	45
	90
	47
	94

	Informal Education
	10
	20
	13
	26
	07
	14
	05
	10
	03
	06

	2. Source of Income

	Only Agriculture
	34
	68
	23
	46
	15
	30
	28
	56
	48
	96

	Divesrified Source
	16
	32
	27
	54
	35
	70
	22
	44
	02
	04

	3. Cucurbit growing Experience

	Less than 10 years
	02
	04
	03
	06
	04
	08
	03
	06
	06
	12

	More than 10 years
	48
	96
	47
	94
	46
	92
	47
	94
	44
	88

	4. Area under cultivation (Acre)

	Less than 2
	46
	92
	45
	90
	47
	94
	49
	98
	10
	20

	More than 2
	04
	08
	05
	10
	03
	06
	01
	02
	40
	80


N = 50


Farmers’ knowledge about pest management practices in Cucurbits
In all the surveyed districts of the Kumaun region, it was observed, there was incidence of various insect pests associated with cucurbits were observed. The farmers’ perceptions ofn various pest-related issues were examined, and their knowledge about various aspects of beneficial insects and pests waswere studied in the surveyed area. A large number of farmers onfUdhamsinghnagar (74%) hadve knowledge about beneficial insects, followed by Nainital (68%), Almora (62%), Champawat (44%), and Pithoragarh (28%) (, respectively Table 3. The farmers onfUdhamsinghnagar weremore awaredofabout the importance and role of beneficial insects and biocontrol agents in managing the incidence of various insect pests. The Ffarmers in the Kumaun region useds various methods, such as cultural methods, utilization of resistant varieties, spraying of botanicals, and chemicals to effectively manage  and control the incidence of various insect pests in cCucurbits. Among all the methods, the farmers of all the surveyed areas used synthetic chemicals as one of anthe important tool for managing various insect pests of cucurbits. Among the various districts, the farmers of Udhamsinghnagar(76%) usedthe maximum amount of synthetic chemicals to manage different insect pests, followed by Nainital (54%), and Champawat (48%). A mMinimum amount of synthetic chemicals wasare used by farmers of Pithoragarh farmers (28%). In Pithoragarh, farmers mostly relied on bBotanicals (46%), followed by chemicals (28%), and cultural methods (26%) to manage insect pests. 
Resistant varieties usedas method to manage insect pests were used the least in all the surveyed areas of the Kumaun region of Uttarakhand. Most farmers inofthe Kumaun region used cultural methods or synthetic chemicals to manage different insect pests in cCucurbits(Table 3). In the major araeas of Kumaun, the incidence of red pumpkin beetleswais comparatively highermorethanasthatcomparedofto other insect pests(Fig 1). The maximum incidence of red pumpkin beetles was observed in Udhamsinghnagar (80%), followed by nNainital (76%), cChampawat (72%), pPithoragarh (64%), and aAlmora (54%), respectively (Table 3).mMaximum damage toof red pumpkin beetles was observed in the cucurbit fields of Udhamsinghnagar, followed by Champawat, Nainital, Pithoragarh, and Almora(Table 3).These results are in accordance with Pareek et al., 1986 and;Ghule et al., 2014 who re[reported that red pumpkin beetlesareis one ofathe major pest of cucumber. 



(A)                                                                   (B)



                                                                     (C)
Fig 2: Graph demonstrating (A) Incidence of pest attack in cucurbits (B) Age of farmer involved in cultivation of cucurbits (C) Different strategies adopted by different farmers in pest management


Table 3: Farmers Perception on adoption of pest management strategies in Cucurbits
	Particulars
	Almora
	Champawat
	Nainital
	Pithoragarh
	Udhamsinghnagar

	1. Knowledge about beneficial insects

	Yes
	62
	44
	68
	28
	74

	No
	38
	56
	32
	72
	26

	2. Pest Management Practices

	Cultural Practices
	44
	30
	22
	26
	12

	Resistant varities
	02
	08
	06
	00
	02

	Botanicals
	18
	14
	18
	46
	10

	Chemicals
	36
	48
	54
	28
	76

	3. Insect Pest Problems

	Red Pumpkin Beetle
	54
	72
	76
	64
	80

	Others
	46
	28
	24
	36
	20

	4. Damage %
	
	
	
	
	

	Red Pumpkin Beetle
	49
	65
	60
	54
	82

	Others
	51
	35
	40
	46
	18


                      N=50
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Picture 1-Photographs showing one: to one interaction with different cucurbit-growing farmers in the Kumaun region of Uttarakhand.

Farmers’ knowledge about pesticide application practices in cucurbit growing areas in Kumaun region.

It was observed that the farmers of the Kuman region in Uttarakhand hadve knowledge about pesticide application and safety measures to be followed during pesticide application. Farmers relyied largely on different pesticides to properly manage the occurrence of various insect pests in cucurbits. MostMajority of farmers adopted a waiting period of less thandayfive5 days. Among all the districts surveyed, the farmers of UdhamsinghNnagar (90%) followed a waiting period of less thandayfive5 days, followed by Champwat (80%) and Nainital( 64%). A mMaximum waiting period of more than 15 days waswere followed by Pithoragarhthe farmers of Pithoragarh (32%).  Most of the farmers in theKumaun region sprayed more than three3 sprays in one cropping season to avert the attack of various insect pests.  ApproximatelyAbout 98% of the farmers onfUdhamsingnagar sprayed their cropsfor more than three3 sprays, followed by Champawat (80%), Nainital (72%), and Almora (60%). The farmers of Pithoragarh mostly sprayed their crop 2-3 times during a cropping season, and the lowest percentage of farmers waswere reported in Pithoragarh, who sprayed their crops more than three3 times in one cropping season. To obtain maximum efficacy against different insect pests, Mmost of the farmers mixed one or two classes of pesticides to obtain maximum efficacy against different insect pests. ApproximatelyAbout 92%  of cucurbit farmers inofUdhamsinghnagarmioxed different chemicals, followed by Champawat (60%), Nainital (50%), Almora (50%), and Pithoragarh (40%). These results are in line with the findings of Saini et al. (, 2008), who reported that farmers have little knowledge about the waiting period and usually mix two orand three different chemicals for effective control against different insects.
The cucurbit-growing farmers mostly took information related to cropping patteren, cropping system, pesticide application, pesticide application method, etc. from different sources viz., such as uUniversity scientists, Agriculture Department personnel, pPesticide shop retailers, and fFellow farmers. The farmers of Udhamsinghnagar (84%) and Champawat (44%) receivedtook advice on pesticide-related issues from uUniversity experts, whereas, the farmers of other districts receivedtook advice from aAgriculturale department personnel. The Ppesticides were applied mostly with the help of a knacksack sprayer. ApproximatelyAbout 100% of farmers ofin Udhamsinghnagar used knacksack sprayers to spraytheir crops and control the incidence of various insect pests in Udhamsinghnagar, followed by Champawat and Nainital. However, some farmers also relyied on hand sprayers as one of anthe important method of pesticide application. The results are in accordance with Brar et al. (, 2018), whereinwhothey reported that farmers obtain their pesticide-related information from a number of sources and mostly relyied on personnel from the aAgriculture departmentdepartmemt personnel. 
From the survey conducted in the different regions of Kumaun, it is quite evident that the farmers mostly relied on synthetic chemicals and extensively used chemicals such as Imidacloprid, Chlorpyrifos, Cypermethrin, etc to manage various insect pests in various crops of the Cucurbitaceae family. The Ffarmers mostly mixed two or three classes of synthetic chemicals and sprayed their crops more than three times during thea cropping season to obtain maximizeumthe effectiveness of synthetic chemicals. The results demonstrate that more awareness programmes should be conducted to educate farmers about the safety measures to be followed during pesticide application to maintainkeep their health as well as the environment in good condition. More awareness programmeson pesticide hazards, disposal of pesticide cans, and promotion ofn adoption of alternative pest management strategies,  such as bBiointensive iIntegrated pPest mManagement and hHabitat manipulation strategies, could play important roles in reducing the adverse impacts of synthetic chemicals and could minimize the dependency of farmers on synthetic chemicals for pest management.

Table 4: Frequently used Pesticide in Cucurbit crops in Kumaun region of Uttarakhand
	Sl. No.
	Pesticide
	Trade name
	Class of Pesticide
	Colour on the Label
	Toxicity Class
	Used against

	1
	Imidaclorprid
	Confidor
	Neonicotinoid
	[image: ]
	II
	Sucking insects

	2
	Chlorpyrifos
	Terminator
	Organophosphate
	
	II
	Soil dwelling insects

	3
	Cypermethrin
	Cymbush
	Synthetic Pyrethoids
	
	II
	Borers and Foliage feeders

	4
	Phorate
	Thimet
	Organophosphate
	
	Ia
	Soil dwelling insects

	5
	Dimethoate
	Rogour
	Organophosphate
	
	II
	Sucking insects

	6
	Bifenthrin
	Marker
	Synthetic Pyrethoids
	
	II
	Wide use

	7
	Carbofuran
	Furadon
	Carbamates
	
	Ib
	Soil dwelling insects

	8
	Malathion
	Cythion
	Organophosphate
	
	III
	Sucking insects

	9
	Chlorantraniliprole
	Coragen
	Anthranilic diamide
	
	-
	Borers

	10
	Organic
	-
	-
	-
	-
	Wide use





Table 5: Farmers Perception on pesticide application practices  in Cucurbits

	Particulars
	Almora
    (%)
	Champawat
      (%)
	Nainital
     (%)
	Pithoragarh
          (%)
	Udhamsinghnagar (%)

	1. Waiting Period 

	Less than 5 days
	54
	80
	64
	40
	90

	5-10 days
	22
	08
	12
	08
	08

	10-15 days 
	12
	08
	14
	20
	02

	More than 15 days
	12
	04
	10
	32
	00

	2. No. of sprays per cropping season

	1-2 sprays
	12
	04
	08
	28
	00

	2-3 sprays
	28
	16
	20
	56
	02

	More than 3 days
	60
	80
	72
	16
	98

	3. Plant protection advice

	University expert
	10
	44
	12
	12
	84

	 Dpt. Personnel
	42
	30
	40
	38
	06

	Pesticide shop
	24
	18
	32
	30
	10

	Fellow farmers
	24
	08
	16
	20
	00

	4. Mixing of synthetic chemicals

	Yes
	50
	60
	54
	40
	92

	No
	50
	40
	46
	60
	08

	5. Type of sprayer used by farmers

	Knapsack sprayer
	44
	66
	52
	24
	100

	Hand sprayer
	56
	34
	48
	76
	00


N=50


Add conclusion and recommendation of the study 
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Age of Farmer

<	30	30-60	>	60	36.4	46.4	17.2	
Pest Management Practices
Cultural method	Resistant varieties	Botanicals	Synthetic chemicals	27	4.5	15	53.5	Insect Pest Problems
RED PUMPKIN BEETLE	OTHERS	69.2	30.8	
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