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ABSTRACT 

	Background: Vegetable cultivation plays a significant role in livelihood improvement and nutritional security, particularly in hill regions where land resources are limited and market access is often constrained. Off-season cabbage cultivation in Senapati district of Manipur has gained importance due to favorable agro-climatic conditions and higher market demand, making it a key commercial vegetable in the region.
Aims: The study was undertaken to analyze marketable surplus, marketing channels, price spread, marketing costs and margins, and marketing efficiency of off-season cabbage in Senapati district of Manipur.
Study Design: The study followed a descriptive research design based on primary survey data using simple random sampling with proportional allocation.
Place and Duration of Study: The study was conducted in Mao-Maram and Paomata blocks of Senapati district, Manipur. Four villages namely Makuilongdi, Punanamei, Laii, and Tungjoy were selected. A total of 80 off-season cabbage growers were surveyed during the year 2022–23.
Methodology: Primary data were collected from cabbage growers and market intermediaries using a structured interview schedule. Marketable surplus was estimated using standard surplus concepts. Marketing costs, margins, and price spread were analyzed across different identified marketing channels. Marketing efficiency was measured using standard efficiency indices to compare performance across channels. In addition, marketing and utilization patterns of off-season cabbage were analyzed using a Bernoulli–Binomial probabilistic framework, treating each unit of produce as a binary outcome of sale or retention/spoilage, enabling assessment of channel-wise marketing efficiency and risk in perishable commodity distribution.
Results: The results revealed that a substantial proportion of cabbage production entered the market, indicating strong commercial orientation in the study area. Price spread analysis showed variation in producer’s share in the consumer’s rupee across different marketing channels. Longer marketing channels were associated with higher marketing costs and increased intermediary margins, thereby reducing the producer’s share. The Bernoulli–Binomial framework indicated variability in realization of marketable output, highlighting inefficiencies and risk in perishable vegetable marketing systems.
Concluding Remarks:
The study indicates that improving marketing efficiency through shorter supply chains, better market integration, and reduced intermediary costs can enhance producer’s share in the consumer’s rupee. Strengthening market infrastructure and promoting efficient marketing channels can significantly improve returns to cabbage growers in hill regions.
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1. INTRODUCTION 

India has consolidated its position as the second largest producer of vegetables globally, reflecting the increasing contribution of horticulture to agricultural growth, nutritional security, and income diversification. Vegetable production rose from 188.28 million tonnes in 2019–20 to 196.27 million tonnes in 2020–21, registering a growth of 4.24 per cent. This expansion has largely been driven by increased production of major vegetables such as potato, onion, brinjal, and cabbage.

Off-season vegetable cultivation refers to the production of vegetables during non-traditional growing periods when market supply is limited and prices are relatively higher. It has emerged as a strategic approach to enhance farm income, reduce seasonal price volatility, and improve market availability of perishable commodities (Deshmukh et al., 2019). Recent empirical evidence further suggests that off-season production systems significantly improve price realization and marketing efficiency due to temporal arbitrage in vegetable markets 
Most horticultural crops have input-output ratios that are significantly higher than those of field crops, and they also have the added benefit of helping the environment (Chadha and Pareek, 1993).
Cabbage (Brassica oleracea var. capitata), belonging to the Brassicaceae family, is one of the most widely cultivated leafy vegetables due to its nutritional value, economic importance, and consumer demand. Globally, cabbage remains a key component of vegetable consumption systems. In India, production reached approximately 9.59 million metric tonnes over an area of about 404 thousand hectares in 2021, highlighting its strong commercial significance (GoI, 2021).

In recent years, cabbage cultivation has expanded significantly in the North Eastern Region, particularly in Manipur, where agro-climatic conditions are highly favourable for off-season vegetable production. The state has recorded increasing area allocation under cabbage cultivation during 2020–21 (GoM, 2021a). Studies indicate that horticultural expansion in hill states is strongly influenced by altitude-specific microclimates and growing urban demand for off-season vegetables. 

Senapati district, located in the temperate sub-alpine zone of Manipur, provides suitable agro-ecological conditions for cabbage cultivation. Despite favourable production conditions, cabbage productivity in the state remains below the national average, although it continues to be a commercially important crop due to its off-season price advantage and market demand (GoI, 2018b).

However, recent literature on horticultural marketing systems highlights that perishable vegetable crops are highly vulnerable to inefficiencies in supply chains, including multiple intermediaries, high transaction costs, and weak market integration (Verma et al., 2022; Singh & Meena, 2021). These inefficiencies often lead to a low producer’s share in the consumer’s rupee and significant price spread between farm gate and retail markets. Poor marketing efficiency and inadequate infrastructure were noted to be the main important factors of net price received by the farmer. (Kaul et al.,1997).  Studies in hill agriculture systems further emphasize that fragmented markets and poor infrastructure intensify marketing losses in perishable crops.

Although cabbage is cultivated across all districts of Manipur, Senapati remains one of the key producing districts due to its climatic suitability. Yet, systematic empirical studies focusing on marketing structure, price spread, and efficiency of off-season cabbage in this region remain limited. Understanding these aspects is essential for improving market performance, reducing inefficiencies, and enhancing farmer income in hill-based vegetable systems.



2. material and methods 

The present study was conducted in Manipur, a north-eastern state of India located between 92°58′23.422″–94°43′35.553″ E longitude and 23°49′45.530″–25°42′1.456″ N latitude. The state is characterized by a unique physiography comprising a central oval-shaped valley surrounded by hill ranges, which significantly influences its agro-climatic conditions and cropping systems. It shares an international border of about 352 km with Myanmar and is bounded by Nagaland in the north, Assam in the west, and Mizoram in the south and south-west. The total geographical area is about 22,327 sq. km, of which nearly 90 per cent is hilly terrain and only 10 per cent is valley region. The climate ranges from tropical to sub-tropical, with an average annual rainfall of about 1137.1 mm, supporting diverse agricultural and horticultural crops such as rice, maize, cabbage, cauliflower, potato, pulses, and various fruits.
Administratively, Manipur is divided into nine districts, comprising four valley districts (Imphal East, Imphal West, Bishnupur, and Thoubal) and five hill districts (Senapati, Tamenglong, Churachandpur, Chandel, and Ukhrul). The hill districts, due to their cooler climate and favourable agro-ecological conditions, are particularly suitable for off-season vegetable cultivation, including cabbage.

Senapati district was purposively selected for the study due to its prominence in off-season cabbage production and relatively larger cultivated area under the crop. The district comprises several blocks, namely Mao-Maram, Paomata, Purul, Willong, Chilivai-Phaibung, Song-Song, and Lairouching. Among these, Mao-Maram and Paomata blocks were purposively selected based on higher concentration of off-season cabbage cultivation.
In the next stage, four villages—Makuilongdi and Punanamei from Mao-Maram block, and Laii and Tungjoy from Paomata block—were selected based on the availability of a substantial number of cabbage growers, as identified through records of the Krishi Vigyan Kendra (KVK), Hengbung, Senapati. From each village, a list of cabbage growers was prepared, and respondents were selected using simple random sampling with proportional allocation. A total of 80 farmers were included in the study to ensure adequate representation across villages.
This multi-stage sampling design ensured systematic coverage of the study area and provided a reliable basis for capturing field-level realities of off-season cabbage cultivation in the hill regions of Manipur.

2.1 ANALYTICAL TOOLS

2.1.1 Marketing of Cabbage 

The marketable surplus, marketed surplus, and marketing efficiency of off-season cabbage were estimated under different marketing channels adopted in the study area. The estimation of marketing cost, marketing margin, price spread, producer’s share in consumer’s rupee, and marketing efficiency follows standard procedures widely used in agricultural marketing studies (Acharya & Agarwal, 2007). The concepts of price spread and marketing margins are based on classical agricultural marketing frameworks (Shepherd, 1965).

2.1.1.1Marketing Cost

The total marketing cost represents the aggregate expenditure incurred by the producer-seller and all intermediaries involved in the movement of cabbage from farm to consumer. It was estimated as:

where,
= Total marketing cost
= Cost incurred by the producer in marketing the produce
= Cost incurred by the i-th intermediary

2.1.1.2 Marketing Margin

Marketing margin of intermediaries was calculated as:

where,
= Absolute marketing margin of i-th intermediary
= Selling price per unit
= Purchase price per unit
= Marketing cost incurred per unit

2.1.1.3 Price Spread

Price spread refers to the difference between the price paid by the consumer and the price received by the producer, indicating the share absorbed by intermediaries in the marketing system.

2.1.1.4 Producer’s Share in Consumer’s Rupee

The producer’s share in the consumer’s rupee was computed as:

where,
= Producer’s share in consumer’s rupee
= Price received by farmer per unit
= Retail price per unit

2.1.1.5 Marketing Efficiency

Marketing efficiency of different channels was estimated using Acharya and Agarwal (2007) approach:

where,
= Net price received by farmer
= Total marketing cost
= Total marketing margin

2.2 Bernoulli–Binomial Analytical Framework

The use of Bernoulli trials and the binomial distribution for modeling binary outcomes is well established in probability theory and widely applied in empirical research involving success–failure processes (Vellaisamy & Punnen 2001). Marketing and utilization patterns of off-season cabbage were further analysed using a Bernoulli–Binomial framework. Each unit of produce was treated as an independent Bernoulli trial with binary outcomes—marketed (success) or retained/spoiled (failure). Similarly, spoilage occurrence and channel selection were modelled as binary events.
The probability of success () was estimated from observed proportions, and aggregate outcomes followed a binomial distribution:

where,
= total quantity of production/marketed output
= probability of success
This framework facilitated the quantification of marketing efficiency, spoilage risk, and channel dominance in a perishable and imperfect market system.
 

3. result and discussion

3.1 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.

3.2 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, 
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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%



3.3 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



3.4 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.

3.5 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


Table 5- Stochastic Estimates of Marketed Surplus and Spoilage Behaviour across Farm Categories

	Farm Category
	Variable Type
	Expected Value (kg)
	Variance (kg²)
	Interpretation

	Small Farms
	Marketed quantity
	10527.14
	165.3
	High marketed surplus with very low dispersion, indicating near-certain sale of output

	Marginal Farms
	Marketed quantity
	7060.93
	88.2
	Almost complete marketed output with minimal variability

	Overall
	Marketed quantity
	7711.04
	117.9
	Strong market participation with negligible uncertainty

	Small Farms
	Spoilage quantity
	81.38
	80.7
	Very low spoilage, indicating efficient post-harvest handling

	Marginal Farms
	Spoilage quantity
	39.35
	39.1
	Minimal losses with low variability

	Overall
	Spoilage quantity
	55.64
	55.1
	Negligible wastage confirming efficient supply chain behavior







Table 6 - 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 (p)
	E[X] (kg)
	Var[X]

	Small
	10695.39
	10527.14
	10527.14
	168.25
	0.9843
	10527.14
	165.3

	Marginal
	7150.55
	7060.93
	7060.93
	89.62
	0.9875
	7060.93
	88.2

	Overall
	7830.91
	7711.04
	7711.04
	119.87
	0.9847
	7711.04
	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 7 - 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
	4446.5
	1882.8
	4373.95

	II
	27.90
	0.2790
	2152.8
	1550.3
	2073.05

	III
	14.43
	0.1443
	1112.4
	950.4
	1276.73




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 dominance of intermediary-led marketing channels and the limited participation of farmers in direct marketing observed in the present study are consistent with findings reported by Ayalew and Girma (2025), who identified weak market linkages, price fluctuations, and low bargaining power of producers as key constraints in cabbage marketing systems. Their study further highlights that despite the profitability of cabbage production, marketing inefficiencies and dependence on intermediaries continue to shape farmers’ market participation decisions.

The results indicate that Channel I dominates the marketing system, accounting for the highest share of marketed surplus. This predominance of multi-intermediary channels reflects the continued reliance on traditional supply chains, where produce passes through several agents before reaching consumers. Similar findings have been reported in vegetable value chain studies in India, which highlight that the majority of produce flows through intermediary-led channels due to established networks and limited direct market access (Shruti et al., 2019). 

The observed low variance in marketed surplus across farm categories suggests that marketed output behaves as a structured stochastic outcome rather than a highly volatile random process, where variability is systematically constrained by underlying production risk mechanisms. In agricultural production systems, such variance patterns are commonly explained through stochastic production frameworks where output risk is explicitly modeled as a function of input use and production conditions, rather than being purely random noise.
This aligns with the theoretical proposition that production variability is jointly determined by mean-output effects and risk effects embedded in the production technology, which provides a formal explanation for the observed stability in your results (Just et al., 1978).

The high marketed surplus with extremely low variability across farm sizes—can be theoretically interpreted as evidence of strong post-production disposal certainty in perishable agricultural systems, where marketed output becomes a near-deterministic outcome of production due to limited storage and immediate sale pressure. Recent empirical studies on vegetable supply chains show that in perishable crop systems, marketing decisions are highly constrained by shelf-life and logistical limitations, leading to consistently high marketed surplus ratios with minimal dispersion across farm categories.
This aligns with evidence that vegetable markets operate under time-sensitive disposal conditions, where sales are structurally determined rather than strategically optimized, reinforcing the stability observed in your variance estimates (Xia et ak.,2024).

The near-zero dispersion in marketed surplus across farm sizes reflects structural constraints rather than behavioral randomness. Smallholder agricultural systems, particularly in perishable commodities, operate under strong institutional and physical constraints such as lack of storage, urgent liquidity needs, and weak marketing infrastructure. These constraints reduce inter-farm variation in marketing decisions, leading to highly uniform marketed surplus outcomes (Barrett,2008).

The near-complete stability of marketed surplus across farm categories indicates that marketing behaviour is strongly production-constrained rather than demand-driven. In perishable crop systems, marketed output is largely determined by immediate post-harvest disposal requirements rather than farmer discretion. This reduces variability in marketed surplus and makes it closely aligned with production levels (Key et al.,2000).

The study reveals that marketing efficiency is highest in channels with fewer intermediaries, indicating that reduced layers in the marketing chain improve price realization for producers and lower transaction costs; similar patterns of higher efficiency in shorter supply chains have been empirically documented in agricultural markets (Birthal et al.,2015).

The relatively low share of Channel III (direct marketing) highlights the underdevelopment of producer-to-consumer linkages in the study area. This aligns with findings from studies on Indian vegetable retail systems, which report that direct marketing remains minimal and that the sector is highly fragmented and dominated by traditional intermediaries (Paulrajan  & Jacob 2010).

Further, the close correspondence between observed and expected values across all channels suggests that the distribution of marketed surplus follows a stable and structured pattern rather than random allocation. Such stability reflects the influence of entrenched supply chain arrangements, where farmers consistently choose familiar and reliable channels. Similar patterns of channel dependence and structured marketing behavior have been observed in studies examining vegetable marketing efficiency and supply chains in India (Chand et al., 2020). 

The study shows that marketing efficiency is higher in channels with fewer intermediaries, indicating that shorter marketing chains reduce costs and improve the share of producers in the consumer’s rupee, a pattern consistently observed in agricultural marketing systems (Acharya & Agarwal, 2011).

The widening price spread identified in the study reflects the accumulation of marketing margins across intermediaries, suggesting inefficiencies in the marketing system that reduce the net returns accruing to producers (Tomek & Robinson, 2003).

4. Conclusion

The study of off-season cabbage marketing in Senapati district reveals a highly commercialized and structurally constrained vegetable economy, where marketed surplus closely matches marketable surplus across all farm categories (small: 10,527.14 kg; marginal: 7,060.93 kg; overall: 7,711.04 kg). The very low level of retention (1.25–1.57%) and minimal spoilage (0.51–0.76%) indicate that nearly the entire production is directed toward the market, primarily due to perishability and lack of storage infrastructure.

The application of the Bernoulli–Binomial framework provides a key analytical insight into this behaviour. Treating each unit of output as a binary trial (marketed vs not marketed), the estimated probabilities of sale remained extremely high across all farm categories (p ≈ 0.98), with very low variance values. This confirms that marketed surplus behaves as a near-deterministic outcome rather than a highly stochastic process, as farmers face strong institutional and physical constraints that force immediate disposal of produce. Similarly, channel allocation probabilities show structured rather than random behaviour, with Channel-I dominating at 57.67%, followed by Channel-II (27.90%) and Channel-III (14.43%), reflecting consistent routing patterns across farms.

The marketing structure is predominantly intermediary-driven, where village-level traders play a central role in aggregation and market access. However, price spread analysis reveals a clear efficiency gradient across channels. Channel-I records the highest price spread (₹20/kg) and lowest producer share (60%), while Channel-III achieves the lowest price spread (₹1.93/kg), highest producer share (95.71%), and highest marketing efficiency (22.316). This clearly demonstrates that reducing intermediaries improves price transmission and farmer welfare.

Overall, the findings highlight that off-season cabbage marketing in Senapati is governed by a combination of structural constraints and probabilistic regularity. While marketing outcomes appear stochastic at the micro level, the Bernoulli–Binomial interpretation shows that they are statistically stable and predictable due to strong perishability-driven constraints. Strengthening direct marketing systems and reducing dependence on intermediaries would therefore be essential to improve efficiency and enhance producer returns in perishable vegetable value chains.


5. RECOMMENDATION

The findings of the study indicate clear areas where targeted policy interventions can significantly improve the efficiency and equity of the off-season cabbage marketing system in Senapati district. The very high marketed surplus coupled with minimal retention and spoilage reflects a strongly commercialization-driven system; however, this does not automatically translate into optimal farmer welfare due to structural inefficiencies in marketing channels. In this context, strengthening direct marketing systems such as Channel-III is essential, as it offers the highest producer share (95.71%) and lowest price spread (₹1.93/kg), yet remains underutilized due to scale and access constraints. Development of farmer-to-consumer platforms, rural periodic markets, and digital marketing linkages can help expand such efficient channels.

The dominance of Channel-I (57.67%) highlights the continued dependence on village-level traders, which, although functionally important for aggregation and quick disposal, leads to higher price spread (₹20/kg) and lower producer share (60%). Therefore, the formation and strengthening of Farmer Producer Organizations (FPOs) can play a critical role in reducing dependence on intermediaries and improving collective bargaining power. In addition, improvements in rural infrastructure such as cold storage facilities, pack houses, and low-cost transportation systems are necessary to reduce marketing constraints associated with perishable commodities.

Furthermore, the study underscores the importance of improving market transparency and reducing transaction costs through better price dissemination systems, standardized grading practices, and strengthened market information networks. Capacity-building initiatives focusing on post-harvest handling, grading, and market awareness should also be prioritized to enhance farmers’ ability to engage more effectively in alternative marketing channels. Overall, policy efforts should focus on reducing structural bottlenecks in the value chain, promoting institutional support systems, and enabling a gradual shift towards more efficient and farmer-friendly marketing structures.

6. LIMITATIONS 

Despite providing useful insights into the marketing structure of off-season cabbage, the study has certain limitations that should be considered while interpreting the results. First, the analysis is based on primary cross-sectional data, which captures marketing behaviour for a specific season only. Since vegetable prices, arrivals, and marketing channels fluctuate across seasons and years, the findings may not fully represent long-term marketing patterns.

Second, the study is confined to selected blocks of Senapati district, and therefore the results may not be directly generalisable to other regions with different levels of infrastructure, market access, or institutional development. Variations in road connectivity, market distance, and trader networks can significantly alter marketing efficiency in other contexts.

Third, the estimation of marketed surplus, retention, and spoilage is based on farmers’ recall and reporting, which may involve minor measurement or recall errors, particularly in differentiating between home consumption, gifts, and losses.

Finally, while the Bernoulli–Binomial framework provides a simplified probabilistic interpretation of marketing behaviour, it abstracts from complex real-world decision-making factors such as price expectations, risk preferences, and liquidity constraints. Therefore, it should be interpreted as an analytical approximation rather than an exact behavioural representation.
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