


MARKETING EFFICIENCY AND PRICE DYNAMICS OF OFF-SEASON CABBAGE IN MANIPUR: A BERNOULLI–BINOMIAL APPROACH



ABSTRACT
Vegetable cultivation enhances livelihood and nutritional security, particularly in hilly regions where landholdings are small and market access remains constrained. Cabbage is an important commercial vegetable crop cultivated extensively in Senapati district of Manipur due to favorable agro-climatic conditions. However, inefficiencies in marketing channels often reduce producer’s share in consumer’s rupee. The present study was conducted during 2022–23 in Senapati district of Manipur to analyze the marketable surplus, price spread, marketing costs, margins, and efficiency of cabbage marketing. Primary data was collected from cabbage growers and market intermediaries using a structured schedule. Marketable surplus was estimated using standard surplus concepts, while marketing costs, margins, and price spread were analyzed across identified marketing channels. Marketing efficiency was measured using efficiency indices. The results revealed that a substantial proportion of cabbage production entered the market, indicating its commercial orientation in the study area. Price spread analysis showed that the producer’s share in the consumer’s rupee varied significantly across channels, with longer channels resulting in higher marketing costs and margins. Marketing and utilization patterns of off-season cabbage were analyzed using a Bernoulli–Binomial probabilistic framework, conceptualizing each unit of produce as a binary outcome of sale or retention/spoilage. The approach enabled quantification of marketing efficiency, spoilage risk, and channel-wise allocation in an unregulated, perishable commodity market. The findings of the study provide insights for policymakers to design efficient marketing strategies in hill economies.
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India has consolidated its position as the second largest producer of vegetables globally, underscoring the expanding role of horticulture in agricultural transformation. Vegetable production increased significantly from 188.28 million tonnes in 2019–20 to 196.27 million tonnes in 2020–21, recording a growth rate of 4.24 per cent. This growth has been primarily propelled by enhanced production of major vegetables such as potato, onion, brinjal and cabbage. Off-season vegetable cultivation is defined as the production of vegetables beyond their conventional growing periods when market supply is constrained and prices are comparatively higher and has emerged as a strategic intervention to augment farm income and stabilize market availability (Deshmukh et al. 2019). Cabbage (Brassica oleraceae Linn.), a member of the Brassicaceae family belonging to the Capitata group, occupies a prominent position among vegetable crops owing to its nutritional, medicinal and economic significance. In 2021, India produced approximately 9.59 million metric tonnes of cabbage over an area of nearly 404 thousand hectares, reflecting its importance in the national vegetable basket. In the North Eastern Region, Manipur has emerged as a notable cabbage-producing state, with substantial area allocation during 2020–21 (GoM, 2021a). Temporal variations in the value of cabbage output at both current and constant prices in Manipur and India indicate the dynamic interplay of production levels, price fluctuations and market forces (GoI, 2018a). The agro-climatic diversity of the state is shaped by its undulating terrain and altitudinal variations, provides favourable conditions for horticultural development. Senapati district, situated in the temperate sub-alpine zone, is particularly endowed with altitude-induced microclimatic advantages conducive to cabbage cultivation. Cabbage is cultivated across all districts of Manipur, with Senapati emerging as one of the important producing districts. Although productivity levels in the state remain below the national average, cabbage continues to be a commercially significant crop (GoI, 2018b). 
MATERIALS AND METHODS
The study was conducted in Manipur during the agricultural year 2022–23, in Senapati district of Manipur, adopting a multi-stage purposive sampling design to analyse the production and marketing dynamics of off-season cabbage cultivation. At the first stage, Senapati district was purposively selected owing to its comparative advantage in off-season cabbage production. In the second stage, Mao-Maram and Paomata blocks were deliberately chosen based on the concentration and intensity of off-season cabbage growers. Subsequently, two villages from each block—Makuilongdi and Punanamei from Mao-Maram, and Laii and Tungjoy from Paomata—were selected to represent the prevailing production practices and resource-use patterns in the district. To examine the marketing structure and price formation mechanisms, the study further incorporated market intermediaries through purposive selection. A total of fourteen intermediaries were identified from two major markets servicing the study area. Of these, eight intermediaries, comprising wholesalers and village-level traders, were selected from Senapati bazar, while six intermediaries, including wholesalers and retailers, were drawn from Kangpokpi bazar. This ensured adequate representation of different functional agents involved in the cabbage value chain.


Marketing of cabbage:

The marketable surplus and marketed surplus, marketing efficiency were calculated under various channels of disposal of the off-season cabbage.
Marketing cost: The total cost incurred on marketing of cabbage by the producer-seller, and of the various intermediaries involve was computed as:

where,
 = total cost of marketing
 = cost paid by the producer in the marketing of the produce
 = cost incurred by the íth middlemen
Marketing margin: The marketing margin of middlemen was calculated using the formula
  
where,
  = absolute marketing margin of  middlemen
 = Selling price per unit
  = purchase price per unit
 = cost incurred on marketing per unit
Price spread: Price spread refers to the difference between the price paid by the consumer and the price received by the producer.
Producer’s share in consumer’s rupee: The Producer’s share in the consumer’s rupee was calculated using the formula:
 
where,
 = Producer’s share in consumer rupee.
 = Price received by the farmer per unit of output
 = Retail price per unit of output
Marketing efficiency of the marketing channels: The marketing efficiency of various marketing channels in the study area was computed by using the formula (Acharya and Agarwal 2007).   
  
where,
  = Net price received by the farmer
  = Marketing cost
 = Marketing margins
Bernoulli–Binomial Analytical Framework
The marketing and utilization of off-season cabbage were analysed using a Bernoulli–Binomial framework, treating each unit of produce as an independent Bernoulli trial with binary outcomes. A unit was defined as a success if marketed and a failure if retained or spoiled; spoilage and marketing channel choice were similarly modelled as binary events. Probabilities of success () were estimated from observed proportions, and aggregation across units yielded binomial distributions. 
Expected values were computed using:

Variances were computed using


where,
 = total production or marketed quantity 
 = the probability of success. 
This framework enabled assessment of marketing efficiency, spoilage risk, and channel dominance in a perishable, unregulated market context.





[bookmark: _GoBack]RESULTS AND DISCUSSION
Producer’s surplus of Off-season Cabbage
Marketable and marketed surplus are critical indicators of commercialization and market participation in vegetable production systems. Given the perishable nature of off-season cabbage, farmers allocate a portion of total output for household consumption, social obligations such as gifts, in-kind payments, and other non-market uses, with the remaining quantity constituting marketable surplus. The quantity of produce retained by respondents in the study area averaged 119.87 kg across all farm categories. Retention was highest among small farms (168.25 kg) and lowest among marginal farms (89.62 kg). Given the perishable nature of horticultural crops, post-harvest spoilage was observed across all farm sizes. Spoilage losses accounted for 0.76% in small farms, 0.51% in marginal farms, and 0.71% at the aggregate level. This was followed by home consumption, which constituted 0.55% of total output in small farms, 0.46% in marginal farms, and 0.55% overall. Other forms of retention, including gifts in kind and miscellaneous uses, represented a relatively smaller share, amounting to 0.25% in small farms, 0.22% in marginal farms, and 0.26% across all farms. This suggests that although small farms produce and market larger quantities, they also experience relatively higher losses, possibly due to greater handling volumes and limited post-harvest infrastructure.
	Table 1- Producer’s surplus and utilization of off-season cabbage from Senapati

	S No
	Particulars
	Small 
in kg
	Marginal in kg
	Overall
 in kg

	1
	Total production
	10695.39
(100)
	7150.55
(100)
	7830.91
(100)

	2
	Retained for
	
	
	

	a)
	Home Consumption
	59.08
(0.55)
	33.54
(0.46)
	43.44
(0.55)

	b)
	Gift and others
	27.79
(0.25)
	16.37
(0.22)
	20.79
(0.26)

	c)
	Spoilage
	81.38
(0.76)
	39.35
(0.55)
	55.64
(0.71)

	
	Total (a to c)
	168.25
(1.57)
	89.62
(1.25)
	119.87
(0.71)

	
	Marketable surplus
	10527.14

	7060.93

	7711.04


	
	Marketed surplus
	10527.14
	7060.93
	7711.04


Note: Figure in parentheses denotes the percentage to the respective total 
The study revealed that the marketable and marketed surplus of off-season cabbage were identical across all farm categories, indicating complete disposal of the available produce. The marketable (and marketed) surplus was 10,527.14 kg for small farms, 7,060.93 kg for marginal farms, and 7,711.04 kg at the overall level. This complete conversion of marketable surplus into marketed surplus reflects the highly perishable nature of horticultural crops, which necessitates immediate sale to avoid post-harvest losses. The findings therefore confirm the theoretical expectation in agricultural marketing that, for perishable commodities, producers tend to market the entire surplus available for sale.
Marketing Channels of Off-season Cabbage in Senapati 
The marketing system of off-season cabbage involves a network of activities, agents, and channels that facilitate the movement of produce from farms to consumers. An analysis of this system is essential for understanding marketing efficiency, cost structures, and the distribution of returns among stakeholders. Farmers performed key marketing functions beginning with harvesting, usually one day prior to sale, during which damaged and pest-infested heads were removed. The produce was temporarily assembled at the household level and informally graded based on size, weight, shape, and colour, as standardized grading practices were absent. Packaging was done using bamboo baskets, bags, and plastic containers, with careful arrangement to reduce transit damage, indicating farmers’ efforts to maintain quality despite infrastructural constraints. Transportation played a crucial role in creating time and place utility, with produce moved from roadheads to wholesale markets using buses, autorickshaws, jeeps, and trolleys depending on distance and volume.
The study identified three major marketing channels, 
Channel-I: Producer            Village level trader          Wholesaler       Retailer     Consumer  
Channel-II: Producer           Wholesaler           Retailer             Consumer  
Channel-III: Producer           Consumer  
A majority of off-season cabbage produce (57.67%) was marketed through Channel-I (Producer → Village-level Trader → Wholesaler → Retailer → Consumer). This was followed by Channel-II (Producer → Wholesaler → Retailer → Consumer), which accounted for 27.90% of total disposal, while Channel-III (Producer → Consumer) constituted the remaining 14.43%. The results indicate that Channel-I was the most prominent marketing channel for off-season cabbage in Senapati district of Manipur, underscoring the predominance of intermediary-driven marketing systems in the region.




Table 2- Disposal pattern through different marketing channels
	Marketing channel
	Quantity (in %)

	Channel-I
	57.67%

	Channel-II
	27.90%

	Channel-III
	14.43%

	Total
	100%


Marketing Functionaries and Disposal Pattern
The marketing of off-season cabbage involved multiple functionaries performing specialized roles. Village-level traders (VLTs) emerged as the most dominant agents, serving as the first point of sale and handling the largest share of produce across all farm categories. VLTs managed 4,864.41 kg from small farms, 4,118.69 kg from marginal farms, and 4,373.95 kg overall. Their prominence reflects farmers’ reliance on immediate liquidity and reduced marketing risk. Wholesalers engaged in Channel-I and Channel-II, handled 2,609.09 kg (small farms), 1,552.12 kg (marginal farms) and 2,073.05 kg (overall), bearing risks associated with price fluctuations and perishability. Retailers, involved primarily in Channel-III, facilitated direct sales to consumers, handling relatively smaller quantities. 
	Table 3- Disposal pattern of off-season cabbage through various agencies by different Categories of sample farms

	S No
	Particulars
	Small  
(in kg)
	Marginal
(in kg)
	Overall
(in kg)

	1
	Village level trader (VLT)
	4864.414
	4118.685
	4373.953

	2
	Wholesaler
	2609.087
	1552.122
	2073.051

	3
	Consumers
	1261.306
	1413.274
	1276.734


Price Spread of Off-season Cabbage through Different Marketing Channels in Senapati Market
Marketing efficiency was assessed using price spread, marketing cost, marketing margin and producer’s share in the consumer rupee. Channel-I incurred the highest marketing cost (₹4.50/kg) and largest price spread (₹20/kg) due to the presence of multiple intermediaries. In contrast, Channel-III recorded the lowest marketing cost (₹1.925/kg) and negligible marketing margin, as it operated without intermediaries. The producer’s share in the consumer rupee increased sharply from 60 per cent in Channel-I to 95.71 per cent in Channel-III, indicating superior performance of shorter marketing channels. Marketing efficiency calculated using Acharya’s approach revealed that Channel-III was the most efficient (22.316), followed by Channel-II (3) and Channel-I (1.5). The results clearly demonstrate that channels with fewer intermediaries enhance producer returns by reducing marketing costs and price spreads.
	Table 4- Price spread of off-season cabbage in Senapati market through different market channels

	S No
	Particulars
	Channel I (in ₹/kg)
	Channel II (in ₹/kg)
	Channel III (in ₹/kg) 

	1
	Net price received by farmer
	30
	36
	43

	2
	Cost incurred by producer
	
	
	

	
	a) Assembling
	-
	-
	1.50

	
	b) Transportation
	-
	-
	1.425

	
	Total (a+b)
	-
	-
	-

	
	Producer’s sale price
	30
	-
	-

	
	Village level trader’s price
	-
	-
	-

	3
	Cost incurred by village level trader
	
	-
	-

	
	a) Transportation
	2.80
	-
	-

	
	b) Loading and unloading 
	0.50
	-
	-

	
	c) Grading 
	-
	-
	-

	
	d) Weighing
	-
	-
	-

	
	e) Market fees
	-
	-
	-

	
	Total (a to e)
	3.30
	-
	-

	
	Village level trader margin
	8.50
	-
	-

	
	Local trade price
	41.8
	-
	-

	4
	Cost incurred by wholesaler
	
	
	-

	
	a) transportation
	0.45
	1.75
	-

	
	b) loading and unloading
	0.25
	1.25
	-

	
	c) grading
	-
	-
	-

	
	d)Commission
	-
	-
	-

	
	Total (a to d)
	0.7
	3.00
	-

	
	Wholesaler’s margin
	4.0
	4.50
	-

	
	Wholesaler price
	46.5
	44.50
	-

	5
	Cost incurred by retailer
	
	
	-

	
	a) transportation
	0.25
	0.25
	-

	
	b) loading and unloading
	0.25
	0.40
	-

	
	c) grading
	-
	-
	-

	
	d) commission
	-
	-
	-

	
	 Total (a to d) 
	0.5
	0.75
	-

	
	Retailer’s margin
	3.0
	3.25
	-

	6
	Price paid by the consumer
	50
	48
	45

	7
	Price spread
	20
	12
	1.93

	8
	Marketing Efficiency
	1.5
	3
	22.316

	9
	Producer’s share in Consumer’s rupee 
	60%
	75%
	95.711%



The price spread analysis of off-season cabbage in the Senapati market reveals significant variations across the three identified marketing channels, reflecting differences in cost components, intermediary involvement, and overall marketing efficiency. It is important to note that the markets in Senapati district are largely unregulated in nature; consequently, no standardized grading practices, regulated market fees, or commission charges were observed across any of the channels, which influenced the structure of marketing costs and margins. In Channel-I (Producer → Village-level Trader → Wholesaler → Retailer → Consumer), the net price received by farmers was ₹30 per kg, the lowest among the three channels. Farmers in this channel did not incur explicit assembling or transportation costs, as the produce was sold at the village level. Village-level traders incurred a total marketing cost of ₹3.30 per kg, primarily on transportation (₹2.80) and loading and unloading (₹0.50), while no grading, commission, or market fee charges were incurred due to the unregulated nature of the market. The village-level traders realized a margin of ₹8.50 per kg, resulting in a local trade price of ₹41.80 per kg. Wholesalers further incurred costs amounting to ₹0.70 per kg, mainly for transportation and handling, and earned a margin of ₹4.00 per kg, increasing the price to ₹46.50 per kg. Retailers incurred an additional cost of ₹0.50 per kg and earned a margin of ₹3.00 per kg, leading to a consumer price of ₹50 per kg. As a result, the price spread in Channel-I was ₹20 per kg, with a producer’s share of 60 per cent in the consumer’s rupee and a marketing efficiency index of 1.50, indicating relatively low efficiency due to the involvement of multiple intermediaries. In Channel-II (Producer → Wholesaler → Retailer → Consumer), the elimination of village-level traders resulted in an improvement in farmers’ returns, with the net price received increasing to ₹36 per kg. Wholesalers incurred marketing costs of ₹3.00 per kg, largely due to transportation and loading and unloading expenses, while no grading or commission charges were observed owing to the absence of regulated market operations. The wholesaler’s margin was ₹4.50 per kg, resulting in a wholesaler price of ₹44.50 per kg. Retailers incurred marketing costs of ₹0.75 per kg and earned a margin of ₹3.25 per kg, leading to a consumer price of ₹48 per kg. The price spread declined to ₹12 per kg, while the producer’s share in the consumer’s rupee increased to 75 per cent. Correspondingly, the marketing efficiency index improved to 3.00, indicating greater efficiency relative to Channel-I. In Channel-III (Producer → Consumer), farmers sold cabbage directly to consumers, receiving a net price of ₹43 per kg, the highest among all channels. Producers incurred minimal marketing costs of ₹2.93 per kg, comprising assembling (₹1.50) and transportation (₹1.425). As this channel involved direct transactions in unregulated markets, no grading, commission, or intermediary-related charges were incurred. The consumer price stood at ₹45 per kg, resulting in a very narrow price spread of ₹1.93 per kg. Consequently, the producer’s share in the consumer’s rupee was exceptionally high at 95.71 per cent, and the marketing efficiency index peaked at 22.316, indicating a highly efficient marketing system due to the complete absence of intermediaries. Overall, the findings clearly indicate that price spread declines and marketing efficiency improves with a reduction in the number of intermediaries, particularly in the context of unregulated markets such as those in Senapati district, where the absence of grading, commission, and regulated market fees significantly shapes marketing costs and margins. While direct marketing (Channel-III) offers the highest returns to producers, its limited adoption suggests constraints related to scale of operation, market access, and transaction capacity at the farm level.
Bernoulli-Binomial Framework for Off-Season Cabbage Marketing in Senapati
To interpret marketing and utilization patterns of off-season cabbage in Senapati, a Bernoulli-Binomial framework was applied. Each cabbage lot was treated as a binary trial—success if it was sold, assigned to a channel, or remained unspoiled, and failure otherwise. Aggregating these trials across farms produced a binomial distribution, which enabled quantification of expected marketed quantities, channel preferences, and spoilage, along with their variability. This probabilistic approach explained why nearly all marketable produce was sold, why certain channels dominated, and why spoilage remained minimal, reflecting the perishable nature and the efficiency of the local marketing system for the crop.
1. Defining Bernoulli Trials for Cabbage Marketing
To analyze the marketing and utilization patterns of off-season cabbage, each unit of produce was conceptualized as undergoing Bernoulli trials, representing binary outcomes of success or failure. Three dimensions were considered. First, sale versus retention/spoilage, where a lot was treated as a success if sold in the market and a failure if retained, used at home, given as gifts, or spoiled. Second, spoilage, where a lot was considered a success if it remained unspoiled and a failure if it was spoiled during storage or handling. Third, channel selection, where a lot was classified as a success if it passed through a particular marketing channel (I, II, or III) and a failure if it did not. Aggregating these binary outcomes across farms produced binomial distributions, which enabled the calculation of expected marketed quantities, channel preferences, and spoilage, providing a probabilistic understanding of farmer behaviour in unregulated, perishable commodity markets.
2. Calculating Probabilities of Success and Failure
To quantify the outcomes of marketing and utilization, probabilities of success and failure were calculated for sale, spoilage, and retention using farm-level data. The probability of sale for each farm category was determined as:

For small, marginal, and overall farms, (Small: 10,527.14/10,527.14; Marginal: 7,060.93/7,060.93; Overall: 7,711.04/7,711.04), indicating that all marketable cabbage was sold. This underscored the highly perishable nature of off-season cabbage and the tendency of producers to market nearly all available produce.
The probability of spoilage was calculated as:

Spoilage was minimal across farm types (Small: 0.00761, Marginal: 0.00550, Overall: 0.00710), corresponding to high probabilities of remaining unspoiled (Small: 0.99239, Marginal: 0.99450, Overall: 0.99290). These results confirmed that the vast majority of cabbage reached the market, consistent with the rapid disposal patterns typical of perishable crops.
Retention probabilities, including home consumption, gifts, and spoilage, were calculated as:

The probability of a cabbage lot being marketed exceeded 98% across all farm categories (Small: 0.9843, Marginal: 0.9875, Overall: 0.9847), reinforcing the conceptualization of each unit as a Bernoulli trial, with success representing marketing and failure representing retention or spoilage. These probabilities provided the foundation for expected value and variance calculations, enabling a probabilistic quantification of the efficiency, predictability, and reliability of cabbage marketing in the study area.
3. Expected values and variance (Binomial interpretation)
The key formula used to calculate expected values and variance is :

Where:
total production
probability of success
Expected marketed quantity
Small farms:        kg
Marginal farms:  kg
Overall:                kg
 Matches exactly with marketed surplus.
Variance of marketed quantity
Small farms: kg²
Marginal farms:    kg²
Overall:      kg²
Very small variance confirms that almost all production is sold, consistent with Bernoulli/binomial expectations.
Expected spoilage quantity
Small farms:        kg
Marginal farms: kg
Overall:                kg
Variance of spoilage:
Small farms:           kg²
Marginal farms:     kg²
Overall: kg²
Confirms very low spoilage, matching observed data.





Table 5 - Marketing, Utilization, and Bernoulli-Binomial Analysis of Off-Season Cabbage in Senapati
	Category
	Total Production (kg)
	Marketable Surplus (kg)
	Marketed Surplus (kg)
	Retained/ (kg) 
	Probability of Sale (p)
	E[X] (kg)
	Var[X]

	Small
	10,695.39
	10,527.14
	10,527.14
	168.25
	0.9843
	10,527.14
	165.3

	Marginal
	7,150.55
	7,060.93
	7,060.93
	89.62
	0.9875
	7,060.93
	88.2

	Overall
	7,830.91
	7,711.04
	7,711.04
	119.87
	0.9847
	7,711.04
	117.9


The marketing and utilization of off-season cabbage in Senapati district demonstrated a highly efficient and predictable pattern when interpreted through a Bernoulli-Binomial framework, treating each cabbage head as an independent trial with binary outcomes (success = marketed, failure = retained/spoiled). Total production in small, marginal, and overall farms was 10,695.39 kg, 7,150.55 kg, and 7,830.91 kg, respectively, with minimal quantities retained for home use, gifts, or spoilage (168.25 kg, 89.62 kg, and 119.87 kg). Consequently, the marketed surplus closely matched the marketable surplus (10,527.14 kg, 7,060.93 kg, and 7,711.04 kg), indicating near-complete market disposal. From a Bernoulli perspective, the probability of sale was 0.9843 (small), 0.9875 (marginal), and 0.9847 (overall), confirming that almost all produce reached the market. Spoilage probabilities were negligible (0.0055–0.0076), corresponding to over 99% probability of remaining unspoiled, while retention probabilities were similarly low. The expected marketed quantities () precisely matched observed marketed surplus, and the variances () were minimal (165.3, 88.2, and 117.9 kg² for small, marginal, and overall farms), reflecting the high reliability and predictability of marketing outcomes.




Table 6 - Bernoulli-Binomial Analysis of Off-Season Cabbage Marketing Channels in Senapati
	Channel
	Fraction of Total Sale (%)
	Probability (p)
	E[X] (kg)
	Variance (kg²)
	Observed Quantity (kg)

	I
	57.67
	0.5767
	4,446.5
	1,882.8
	4,373.95

	II
	27.90
	0.2790
	2,152.8
	1,550.3
	2,073.05

	III
	14.43
	0.1443
	1,112.4
	950.4
	1,276.73


The allocation of off-season cabbage across marketing channels in Senapati district was analyzed using a Bernoulli-Binomial framework, treating each cabbage head as an independent trial. Success was defined as a unit being routed through a specific channel, and failure as not being routed through it. Channel I, passing from producer → village-level trader → wholesaler → retailer → consumer, dominated with 57.67% of total sales (p = 0.5767). The expected marketed quantity under the binomial model was 4,446.5 kg with a variance of 1,882.8 kg², closely matching the observed 4,373.95 kg, confirming the predictable dominance of intermediary-led marketing. Channel II, bypassing village-level traders, accounted for 27.90% of sales (p = 0.2790), with an expected quantity of 2,152.8 kg and variance 1,550.3 kg², approximating the observed 2,073.05 kg, reflecting a smaller yet consistent intermediary-light route. Channel III, representing direct producer-to-consumer sales, constituted 14.43% of sales (p = 0.1443). The expected quantity was 1,112.4 kg with variance 950.4 kg², compared to an observed 1,276.73 kg, indicating occasional deviations due to local demand or opportunistic sales, yet remaining within the predictable binomial range.
The findings of this study on marketed and marketable surplus of off‑season cabbage are consistent with established evidence in Indian vegetable marketing literature. A study in the Kashmir Valley found that marketed surplus of selected vegetables averaged over 92 % of total production, and that production volume and net price positively influenced marketed surplus, while spoilage and consumption had negative effects — paralleling the observed high marketable and marketed surplus in Senapati district and the negative impact of handling losses (Baba et.al. 2010). Similarly, marketing efficiency analyses across vegetable crops in other Indian contexts demonstrate that producer share in consumer rupee decreases as the number of intermediaries increases, and direct channels (short chains) yield higher returns to farmers. In the Kashmir case, producers received relatively higher prices in channels involving direct sale to consumers or retailers, and producer share was inversely related to intermediaries — reinforcing the present observation that Channel‑III (few intermediaries) had the highest producer share (95.71 %) and highest efficiency (Ahmad et al. 2017). Furthermore, investigations into marketing efficiency in Rajasthan found that marketing efficiency indices varied substantially across channels, with channels involving fewer intermediaries generally performing better and delivering greater producer returns, similar to the relative efficiencies observed in this study (Chand et al. 2020).
In conclusion, the marketing analysis conducted in Senapati District reveals significant insights into the dynamics of off-season cabbage production and distribution. The study identified that village-level traders played a crucial role in the marketing chain and particularly in the channels with fewer intermediaries, they showed enhanced efficiency and increased the producer's share in consumer spending. The findings indicated that Channel-III, which facilitates direct sales from producers to consumers, emerged as the most efficient channel, characterized by minimal marketing costs and price spreads. This underscores the importance of reducing intermediaries to maximize benefits for farmers. Overall, the research highlights the need for targeted strategies to improve market access and efficiency, ultimately supporting the livelihoods of farmers in this hilly region and promoting a more sustainable agricultural marketing system. The study highlights gaps in understanding the impact of direct marketing, digital platforms, and farmers’ perceptions on off-season cabbage marketing in hilly regions. Future research should explore qualitative insights, alternative marketing strategies, and cross-regional comparisons to inform policy. To enhance efficiency, direct marketing initiatives, farmers’ markets, and cooperatives can increase producer share. Training in grading, packaging, and leveraging digital platforms can improve quality, market access, and prices. Infrastructure development, including transport and storage, remains essential to support sustainable and profitable marketing systems. Given the relatively higher input–output ratios of horticultural crops and their positive environmental externalities, cabbage cultivation presents substantial scope for enhancing farm profitability and promoting sustainable agricultural development (Chadha and Pareek 1993).
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