


Technological Gaps and Training Needs of Spice Growers in Kalimpong District, West Bengal

Abstract

The current study was undertaken in Kalimpong district of West Bengal to analyze the socio-economic profile of spice growers, understand their knowledge level, recognize technological gaps, and determine urgent training needs focusing specifically on large cardamom, turmeric and ginger. Spices have a crucial role in augmenting farm income and livelihood security of small and marginal farmers in the hill and terai regions of India. Despite the propitious agro-ecological conditions, productivity of major spice crops remains underperforming due to low uptake of recommended production technologies. A multistage sampling design was adopted, and data were collected from randomly selected 200 spice growers, through a semi-structured interview schedule. Acute technological gaps were recorded in seed treatment and chemical weed control (96%), succeeded by fertilizer application and insect pest management (90%). The results highlighted adequate knowledge regarding planting and harvesting practices, while significant gaps were observed in seed treatment, irrigation systems, fertilizer management, and scientific curing. Insect pest management and disease management emerged as the most crucial training areas. The findings underscore the need for location-specific, demand-driven and focused, extension interventions to bridge technological gaps and promote sustainable spice cultivation in the hill ecosystem of West Bengal.
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Introduction
Globally, India is considered as the largest producer, consumer, and exporter of spices. Its wide range of agro-climatic conditions support the cultivation of various spice crops. It is an integral component of Indian agriculture, cuisine, traditional medicine and trade. It contributes substantially to employment generation, farm income, and export earnings. Historically, it has played a crucial role in intercultural sharing and in shaping trade relations. In the present-day era, they continue to hold strategic and economic importance in the agricultural sector. 
In West Bengal, spice cultivation is predominantly clustered in the northern hill zone and Terai region, where crops like large cardamom, turmeric, ginger, and chilli act as important livelihood avenues for small and marginal farmers. Kalimpong district, distinguished by hilly terrain and livelihood-based farming systems, has traditionally been an important spice-growing region. However, in the current era, the area and production of spices have shown a negative growth despite propitious ecological conditions. This decline may be associated to low uptake of improved production technologies, insufficient training opportunities and inadequate extension support for farmers.
Technological gap remains a significant hurdle in enhancing agricultural productivity. Diagnosing such gaps and understanding farmers’ training needs are essential for conceptualizing effective extension interventions. Against this background, the present study was undertaken to assess the knowledge level, technological gap, and training needs of spice growers in Kalimpong district of West Bengal.
Technological gaps and training needs of spice growers remain under-represented in extension research. The present study contributes empirical evidence on such technological gaps and training needs of spice growers in hill and terai ecosystems. The result yields a micro-level understanding of critical knowledge and adoption gap in prominent spice crops. It also supports evidence-based extension planning. The results are useful for researchers, policymakers, and extension agencies in designing location-specific and demand-driven capacity building programmes. The study also provides a benchmark for future longitudinal and comparative research on technology adoption in spice-based cultivation.
Research Methodology
The study adopted an ex post facto research design, which means variables were not manipulated by the researcher and are examined in their natural setting. This design was considered suitable for examining the existing level of technological gap and training needs among spice growers in the study area. A multistage sampling technique was adopted for this study. Kalimpong district of West Bengal, located in the northern hill zone of the state was selected purposively as it represents a dominant spice-growing belt in West Bengal. The district has a favourable climate for cultivation of major spices such as large cardamom, ginger, and turmeric, which constitute a significant part of farm households’ livelihood portfolios. The area was selected purposively because of high concentration of spice growers, economic importance of spice crops in farming systems, and prevalence of noticeable productivity gaps, making it suitable for an empirical investigation on knowledge levels, technological gaps, and training needs. Among the range of crops cultivated in the region, large cardamom, ginger, and turmeric were selected as the focus of the investigation due to their predominance in acreage, income contribution, and cultural significance in hill agriculture. They provide regular cash flow, have assured marketability, and have witnessed increasing policy emphasis in recent years.
Three blocks—Kalimpong-I, Pedong, and Gorubathan—were selected purposively based on official statistics, field intelligence, and the existence of a sizable grower population. From each selected block, a set of villages with a strong spice cultivation base was identified with the consultation of extension personnel, block agricultural officers, and Panchayat functionaries. From the selected villages, respondents were chosen randomly from verified spice grower lists. Only farmers with a minimum of five (05) years of continuous experience in spice cultivation were considered eligible. This ensured that respondents possessed adequate practical familiarity and decision-making responsibility related to cultivation. A total sample of 200 spice growers was selected for the study.
A pilot field visit was undertaken in selected villages to understand local conditions, terminologies, production constraints, and farmers’ perceptions before developing the main data collection tool. Insights from the pilot study led to the development of the semi-structured interview schedule. The interview schedule was constructed ensuring language comprehensibility, contextual relevance, and alignment with the study objectives. The provisional schedule was pre-tested on a group of spice growers (excluded in the final sample) with similar backgrounds. Based on the appraisal, required modifications were made relating to clarity, avoidance of ambiguity, clarity, avoidance of ambiguity, and cultural appropriateness. After revision, the final interview schedule was administered. 
Primary data were collected using the personal interview method employing the semi- structured and finalized interview schedule. Interviews were conducted in the local language understandable to respondents, while responses were carefully recorded in English for uniformity and analytical convenience. Besides, maintaining the academic rigor of data recording, this method ensured trust, clarity and comfort in communication. The study was conducted following standard ethical guidelines for social science research. The purpose of the study was explained to all respondents, and their verbal consent was obtained before data collection. Participation was completely optional, and respondents were free to opt out at any time. Data were used solely for the purpose of research. Confidentiality and anonymity of individual responses were ensured.
Personal, Socio-economic, Socio-communicational and Socio-psychological Variables namely age, gender, family size, educational level, landholding, income, extension contact, mass media exposure, modernity, risk orientation, and scientific orientation were studied to document the distribution pattern of the population. These variables were assumed to have explanatory influence on knowledge and adoption behaviours.
Knowledge Level of Farmers was defined as the degree of correct awareness about scientific production practices across land preparation, planting, manuring, irrigation, plant protection, harvesting, and post-harvest operations. Measurement followed a three-point continuum: No Knowledge = 0, Partial Knowledge = 1 and Full Knowledge = 2. Crop-wise knowledge was consolidated. Mean scores and weighted means were calculated.
Attitude towards Spice Cultivation was measured using a structured scale. The scale consists of positive and negative statements scored on a five-point Likert continuum. Accordingly, overall attitude index values were computed.
Technological Gap expressed as the deviation between recommended practices and what actually followed by the farmers. Scoring pattern adopted was Not Adopted = 0, Partially Adopted = 1 and Fully Adopted = 2. The Gap percent was computed as:

The Training Need Assessment measured through farmers’ felt need intensity over identified domains, using a five-point scale: Very Less Needed (1), Less Needed (2), Moderately Needed (3) Strongly Needed (4), Very Strongly Needed (5). Ranks were used for prioritization on the basis of Weighted scores.
After field survey and data completion, responses were vetted, edited, coded, and sorted for logical consistency. The coded data were tabulated systematically. Analysis was done using suitable descriptive and inferential statistics like Frequency, percentage, Mean, standard deviation, Weighted Mean Score (WMS), Rank order analysis and Gap index analysis. Software such as MS Excel and SPSS were used for tabulation, computation, and graphical representation.
Results and Discussion
Socio-economic Profile of Spice Growers
The socio-economic characteristics of the spice growers, including age, gender, landholding size, and economic category, were analyzed to understand the background conditions influencing adoption behaviour. To avoid repetition and improve clarity, these variables are integrated as a clustered profile.
Table 1. Socio-economic profile of spice growers 					 	n=200
	Sl. No.
	Categories
	Frequency
	Percent (%)
	SD
	Mean

	
Age

	Young (<35)
	12
	6
	13.27
	53.63

	
	Middle (35-55)
	109
	54.5
	
	

	
	Old (>55)
	79
	39.5
	
	

	Gender


	Male
	162
	81
	0.39
	1.19

	
	Female
	38
	19
	
	

	
	Others
	0
	0
	
	

	Type
of farmer



	Marginal (>1 acre)
	85
	42.5
	1.3
	1.9

	
	Small (1-2 acre)
	54
	27
	
	

	
	Semi-Medium (2-4 acre)
	51
	25.5
	
	

	
	Medium (4-10 acre)
	10
	5
	
	

	Economic Category
	APL
	64
	32
	0.46
	1.6

	
	BPL
	136
	68
	
	



The data show that a majority of spice growers (54.50%) belonged to the middle age group (35–55 years), succeeded by older farmers (>55 years), however, youth participation (<35 years) stayed nominal. The trend underscores the progressive attrition of rural youth from agriculture. Which indicates long-term concerns for sustainable spice cultivation in hill region. Further, gender-wise profile revealed limited participation of women despite their significant role in agricultural operations indicating a predominance of male growers (81.00%) in spice cultivation. A substantial proportion of growers were found to belong to the Below Poverty Line (BPL) category, representing the vulnerability of spice-based livelihoods.Regarding, landholding, majority of the respondents were marginal and small farmers. 
The results emphasize targeted extension strategies focusing on youth engagement and prioritize the need for gender inclusion and capacity building of small and marginal farmers. 

Knowledge Level of Spice Growers
Table 2. Distribution of respondents according to knowledge level			n=200
	Sl. No.
	Statements
	Categories
	Frequency (%)
	TWS
	WMS
	Rank

	
	
	
	FK
	PK
	NK
	
	
	

	1
	Do you know the variety/varieties of spices
recommended for your area?
	Agricultural
Production
	176 
(88)
	1 
(0.5)
	23 
(11.5)
	353
	1.76
	IX

	2
	Do you know the most suitable time/month for
plantation?
	
	200
(100)
	0
(0)
	0
(0)
	400
	2.00
	I

	3
	Do you know the proper method of sowing?
	
	170
(85)
	27
(13.5)
	3
(1.5)
	367
	1.83
	VIII

	4
	Do you know the optimum
temperature and rainfall during the growing of the
spices?
	
	128
(64)
	69
(34.5)
	3
(1.5)
	325
	1.62
	XI

	
	
	
	
	
	
	
	
	

	5
	Do you know the recommended bed size/pit size for the spice crop?
	
	94
(47)
	62
(31)
	44
(22)
	250
	1.25
	XVI

	6
	Do you know the quantity of farm yard manure to be
incorporated during planting? (per plant)
	
	96
(48)
	101
(50.5)
	3
(1.5)
	293
	1.46
	XIII

	7
	Do you know the recommended spacing for planting the spice crop?
	
	95
(47.5)
	101
(50.5)
	4
(2)
	291
	1.40
	XIV

	8
	Do you know the total recommended fertilizer dozes for improved cultivation of spice crops?
	
	2
(1)
	1
(0.5)
	197
(98.5)
	5
	0.02
	XXIV

	9
	Do you know which crops are grown for providing shades for the spice crops
under study?
	
	77
(38.5)
	26
(13)
	97
(48.5)
	180
	0.9
	XIX

	10
	Do you know the recommended time period for irrigation?
	
	81
(40.5)
	66
(33)
	53
(26.5)
	228
	1.14
	XVIII

	11
	Do you know the recommended irrigation system for large cardamom /turmeric/ginger large commercial plantation?
	
	11
(5.5)
	120
(60)
	69
(34.5)
	142
	0.71
	XXII

	12
	Do you know about weeding schedule?
	
	179
(89.5)
	20
(10)
	1
(0.5)
	378
	1.89
	VII

	13
	Do you know what kind of material is used for mulching?
	
	198
(99)
	2
(1)
	0
(0)
	398
	1.99
	III

	14
	Do you know the method of seed treatment?
	Plant Protection
	4
(2)
	28
(14)
	168
(84)
	36
	0.18
	XXIII

	15
	Are you aware about the important pests?
	
	84
(42)
	66
(33)
	50
(25)
	234
	1.17
	XVII

	16
	Do you know about the symptoms of the pest attack?
	
	172
(86)
	2
(1)
	26
(13)
	346
	1.73
	X

	17
	Are you aware about the important diseases?
	
	137
(68.5)
	46
(23)
	17
(8.5)
	320
	1.6
	XII

	18
	Do you know about the symptoms of the important diseases?
	
	196
(98)
	4
(2)
	0
(0)
	396
	1.98
	V

	19
	Do you know in which month harvesting has to be done?
	Harvesting and Processing
	200
(100)
	0
(0)
	0
(0)
	400
	2.00
	I

	20
	Do you know the indication for harvesting?
	
	197
(98.5)
	3
(1.5)
	0
(0)
	397
	1.98
	V

	21
	Do you know the optimum temperature during curing process?
	Post-Harvest and Processing
	4
(3.36)
	100
(84.03)
	15
(12.6)
	108
	0.90
	XIX

	22
	Do you know about scientific curing (improved bhatti) method and follow the same?
	
	35
(29.5)
	18
(15.1)
	66
(55.4)
	88
	0.73
	XXI

	23
	Do you know the proper method of storing the harvested crop?
	
	82
(41)
	117
(58.5)
	1
(0.5)
	281
	1.40
	XIV

	24
	Do you know the current price at which the spice crops are sold in the market?
	
	198
(99)
	2
(1)
	0
(0)
	398
	1.99
	III

	TWS=Total Weighted Score, WMS=Weighted Mean Score, FK=Full Knowledge, PK=Partial knowledge, NK=No Knowledge
	



Growers possessed adequate knowledge regarding basic practices such as time of planting, mulching materials, identification of disease symptoms and harvesting period. These practices are largely experiential and are learned through traditional knowledge systems and long-term engagement with spice cultivation. The analysis of knowledge level among spice growers yielded a mixed pattern.
Considerable knowledge gaps were observed in technically complex practices, which require formal technical guidance and regular interaction with extension personnel like seed treatment, irrigation systems, recommended fertilizer doses and scientific curing methods. The lack of knowledge in these areas reveals insufficient extension outreach and inadequate exposure to improved production technologies. Similar type of results has been reported in earlier studies on spice cultivation, farmers have exhibited higher association with traditional practices compared to scientific recommendations.
Technological Gap in Spice Cultivation
Table 3. Distribution of respondents according to technological gap			n=200
	                                     Technological Gap (%) among Spice Growers in the Study Area

	Sl. No.
	Technology
	Technology Gap (%)

	1
	Improved Varieties
	12

	2
	Time of Sowing
	0

	3
	Sowing Method
	15

	4
	Seed Treatment
	96

	5
	Crop Geometry
	52

	6
	Seed Rate
	66

	7
	Recommended doses of fertilizer
	90

	8
	Chemical weed control
	96

	9
	Irrigation Management
	60

	10
	Insect Pest Management
	90

	11
	Disease Management
	84

	12
	Value Addition
	82



Acute technological gaps have been observed in seed treatment and chemical weed control, succeeded by fertilizer application, insect pest management, and disease management. This has indicated wide disparities between recommended practices and their actual adoption by spice growers of the study area. The results reveals a strong faith on traditional practices and little adoption of modern crop management techniques. Various factors may contribute to the existence of these gaps like high cost of technologies, lack of confidence in new practices, limited access to quality inputs and insufficient technical support. In hill farming, impediments like difficult terrain, fragmented landholdings, and limited access to market further restrict the adoption of improved and modern technologies. Thus, mitigating these gaps in the study area is necessary for reducing crop losses, enhancing productivity, and ensuring sustainability in spice cultivation.
Training Needs of Spice Growers
Table 4. Distribution of respondents according to training need				N=200
	Sl.
No.
	Area of training
	Frequency
	TWS
	WMS
	Rank

	
	
	VSN
	SN
	MN
	VLN
	LN
	
	
	

	1.
	Land Preparation
	3
	6
	31
	101
	59
	351
	1.75
	VIII

	2.
	Production Technique
	5
	7
	35
	101
	52
	363
	1.81
	VII

	3.
	Insect and
Pest Management
	120
	53
	8
	0
	19
	874
	4.37
	II

	4.
	Disease Management
	120
	60
	5
	0
	15
	885
	4.42
	I

	5.
	Irrigation Management
	107
	31
	28
	3
	31
	808
	4.04
	III

	6.
	Operation	of Equipment
	3
	6
	13
	89
	89
	345
	1.72
	IX

	7.
	Harvesting and Processing
	17
	23
	21
	58
	81
	460
	2.3
	VI

	8.
	Value Addition
	38
	47
	35
	40
	40
	603
	3.01
	IV

	9.
	Storage
	31
	50
	36
	60
	23
	569
	2.85
	V

	VSN=Very Seriously Needed, SN=Seriously Needed,	MN=Medium Needed, VLN=Very Less Needed, LN=Less Needed, TWS=Total Weighted Score, WMS=Weighted Mean Score



Training needs related to land preparation, operation of equipment and production techniques were comparatively lower. This indicates that growers are relatively confident in regular farm operations. The training needs assessment demonstrated that spice growers perceived disease management and insect pest management as the most crucial areas requiring urgent priority. These areas have shown the highest weighted mean scores, suggesting growers’ recognition of the economic losses caused due to pests and diseases. Besides, irrigation management and value addition were also found to be important training areas. This reflects the need for efficient resource utilization and income diversification. The findings emphasize the importance of need-based, participatory training programs focusing on field-level learning, problem-solving approaches, and practical demonstrations.
Conclusion
The study infers that spice cultivation in Kalimpong district is mostly carried out by middle-aged and older male farmers from small and marginal landholding categories, with little participation of youth and women. Significant knowledge gaps and technological gaps were noticed in critical areas like weed control, fertilizer management, seed treatment, and plant protection practices. These gaps focus access to scientific information and weaknesses in extension outreach.
The pronounced training needs in pest and disease management further underscore the urgency for location-specific, focused capacity-building interventions. Promoting skill-oriented training programmes, strengthening extension services and improving access to quality inputs can significantly contribute to sustainable livelihood development and enhance adoption of improved spice production technologies
In addition, the study reveals that farmers’ high awareness of certain traditional practices does not necessarily render to adoption of scientific technologies, indicating a critical “knowledge–practice gap” in spice cultivation. This gap stresses the need to move beyond information dissemination towards experiential learning approaches such as hands-on capacity building, demonstrations and farmer field schools. The strong confluence between high technological gaps and high perceived training needs further validates the internal uniformity of the findings and underlines the relevance of farmer-expressed priorities in conceptualizing extension programmes.
The study also highlights the importance of strengthening institutional linkages between farmers, research organizations, input suppliers and extension agencies to ensure timely access to plant protection chemicals, advisory services and quality planting material. Considering the ecological sensitivity of hill and terai ecosystems, advocating integrated and environmentally valid management practices will be vital for sustaining spice-based livelihoods. Altogether, the findings provide an factual foundation for reorienting extension strategies towards technology-responsive, more inclusive and participatory approaches in hill agriculture.
Recommendations
The study endorses implementation of tailored extension programmes to engage rural youth through entrepreneurship promotion, skill development and integration of digital advisory services. Gender-sensitive interventions should be prioritized to enhance women’s participation in spice cultivation. Urgency should be given to hands-on training in seed treatment, fertilizer application, pest and disease management, and sustainable weed management practices. Market linkages and strengthening input delivery systems will reinforce the adoption of improved spice production technologies.
Beyond these considerations, mobile advisory units and establishment of regular village-level training calendars is recommended to ensure sustained technical support of spice growers. Collaboration between line departments, Krishi Vigyan Kendras (KVKs), non-governmental organizations and farmer producer organizations (FPOs) can enhance outreach and resource sharing. Lead farmer models and promotion of demonstration plots may help in technology diffusion and accelerating peer learning.
Digital extension tools such as WhatsApp groups, mobile-based advisories, and interactive voice response systems may be integrated with standard extension methods to optimize timely access to information. Support for grading, post-harvest processing, packaging, and collective marketing should be strengthened to improve value recognition by farmers. Future research may focus on longitudinal analysis of adoption behaviour, impact assessment of training interventions, and comparative studies over different hill regions to produce broader policy-relevant findings.
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