


A Complete Analysis of Durum Wheat Value Chain in the Central Zone of India
Original Research Article
ABSTRACT
The study analysed wheat (Triticum durum) value chains in Madhya Pradesh, situated in the Central Zone of India. Conducted in 2023, it employed multistage random sampling to obtain data from 100 respondents, comprising 60 farmers and 40 stakeholders engaged in wheat value chains. The assessment covered the entire pathway from farm to consumer, focusing on cost of cultivation, gross returns, marketing margins, value addition, and marketing efficiency. The results indicated that the average cost of cultivation was ₹35,665 per acre, while the average gross return amounted to ₹43,802 per acre. Small farmers reported the highest cost as well as gross returns. The mean return on investment (ROI) for wheat cultivation was estimated at 0.35. Three distinct value chains were identified in the study area. Among them, the chain where farmers sold directly to millers, bypassing local traders and brokers, was the most efficient (0.849). This chain also ensured the highest price realization for farmers (₹2,350/q), compared with ₹1,870/q and ₹2,060/q in the first and second chains, respectively, which involved more intermediaries. The findings highlight the efficiency gains from reducing intermediaries and provide empirical evidence to support future research on value chain optimization in other crops.
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1.	INTRODUCTION
Food security exists when every individual consistently has access to ample, safe, and nutritious food needed to sustain an active and healthy lifestyle (FAO, 1996). Moreover, the rapid population growth which is expected to reach 9.7 billion by 2025 (UN-DESA, 2017), meaning there will be a task to feed four-thirds of the current population. In this regard, wheat plays a major role, supplying about 51% of the total carbohydrates and contributing nearly 21% of the total calorie intake. (Khalid et al., 2023). Worldwide, it serves as the leading source of plant-based protein in the human diet, with an average protein content of about 13 percent (Sissons et al., 2021), primarily in the form of gluten, which makes up 75–80 percent of the total protein. Consumed as a whole grain, wheat also offers essential nutrients and dietary fibre (Islam et al., 2019). Wheat (Triticum aestivum L.) is a major cereal crop cultivated globally and serves as a staple food for nearly 2.5 billion people (Tesfaye et al. 2024; Ramadas et al., 2020). Reflecting this global trend, wheat continues to be a principal staple and food grain crop in India, where in 2023–24 it was cultivated over approximately 31.833 million hectares, yielding about 113.92 million tonnes. The major wheat growing states in India are Uttar Pradesh, Madhya Pradesh, Punjab, Haryana, Rajasthan and Bihar. These states are distributed across six agroclimatic wheat growing zones namely Northern Hills Zone (NHZ), North Western Plain Zone (NWPZ), North Eastern Plain Zone (NEPZ), Central Zone (CZ), Peninsular Zone (PZ) and Southern Hills Zone (SHZ) (Singh et al., 2023). Among these zones, North Western Plain Zone ranks apex in wheat production, contributing 41.73% of the total sown area and 55.82% of the national output (Jana et al., 2025a). The Central Zone follows in significance contributing 23.15% of the cultivated wheat area and 20.37% of the national wheat production. This zone encompasses states like Madhya Pradesh, Chhattisgarh, Gujarat, Uttar Pradesh and Rajasthan, is characterized by semi-arid to sub-humid subtropical climate (Yadav and Singh, 2023), which is highly conducive for wheat cultivation during post monsoon rabi season. Triticum durum variety of wheat is highly suited, spreading over 6.8 million ha of area under Central Zone. Durum wheat is well noted for its high vitreousness and strong gluten content (Saini et al., 2023), generally milled into semolina, pasta, noodles and vermicelli, setting it apart from the extensively grown Triticum aestivum, prevailing in North Western Plain Zone of India. Understanding how raw wheat is transformed into diverse products and ultimately delivered to consumers requires an understanding of the value chain.
A value chain describes the entire range of activities needed to move a product or service from its initial idea through the stages of production, combining physical transformation and support services, to delivery to final consumers and ultimate disposal after use (Kaplinksy and Morris, 2000). Within this broader framework, the agricultural value chain refers to the sequence of activities and actors involved in supplying inputs, producing farm products, and ultimately delivering them to consumers through stages such as processing, packaging, and distribution (Truelove et al., 2023). This process involves a wide range of actors, contributing both directly and indirectly at different points in the chain (Udhayan et al. 2023). The primary actors in the agricultural value chain include farmers, brokers, millers, wholesalers, and retailers (Pumihic, 2023), while the secondary actors comprise government agencies and NGOs. Together, these agents contribute to streamlining the system and ensuring its smooth functioning. But there exist several bottlenecks in the value chain of wheat in the Central Zone of India which results in inefficiencies across the chain.
The bottleneck in the chain includes fragmented intermediation, high marketing and logistic costs, low farmer share in consumer price, infrastructural gaps in storage and regulatory frictions (Jana et al., 2025b). These issues not only worsen the already precarious socio-economic conditions of farmers but also force consumers to pay the inflated prices. Despite the magnitude of these issues, most existing research remains narrowly focused on the costs of wheat cultivation and the estimation of net returns, offering only a partial understanding of the system. Far fewer studies have undertaken a comprehensive analysis of the entire value chain, leaving critical gaps in knowledge that hinder effective interventions and policy formulation.
The present study sheds light on the overall analysis of the wheat (Triticum durum) value chain in Madhya Pradesh, a state situated in the Central Zone of India. It examines cultivation costs, net returns from farming, marketing margins of various agents, the value added at different stages, and the efficiency of wheat value chains in the region, thereby providing insights into the distribution of profits among the actors involved from farm to fork. 
2. 	MATERIALS AND METHODS
2.1 	Locale of the study
Central Zone (CZ), a wheat growing zone comprising of states like Madhya Pradesh, Chhattisgarh, Gujarat, Kota and Udaipur divisions of Rajasthan and Jhansi division of Uttar Pradesh is a crucial region for India’s wheat production. The Central Zone accounts for nearly 6.8 million hectares under wheat cultivation, making it the second-largest wheat-producing region in the country after the North Western Plain Zone. Madhya Pradesh, a major part of the Central Zone, accounts for about 21% of India’s total wheat production, making it the second-largest wheat-producing state after Uttar Pradesh. Therefore, Madhya Pradesh was selected as the study area, since an assessment of the wheat value chain in the state is expected to offer a representative understanding of the crop’s value chain dynamics within the Central Zone. A multistage random sampling technique was employed to select Dewas district, followed by the selection of two villages, namely Mendi Dhakar and Sarola, from Madhya Pradesh.
2.2 	Sampling and data collection
For each selected village, a sampling frame was prepared, from which 30 farmers were randomly selected. Furthermore, four traders, four brokers, four millers, four wholesalers, and four retailers were included from each village. Accordingly, the final sample comprised of 100 respondents from the study area for the current analysis. Primary data were obtained using personal interviews during 2023.
2.3 	Data analysis
Michael Porter (1985) in his book ‘Competitive Advantage: Creating and Sustaining Superior Performance’ introduced the concept of a value chain to capture the entire sequence of activities involved in delivering a product or service—from its initial idea and production stages, through distribution to the consumer, and ultimately to its disposal after use.
The value chain analysis was conducted through a systematic evaluation of the cost of cultivation, examination of value addition at successive stages, estimation of stakeholders’ marketing margins, assessment of the efficiency of different marketing channels, and determination of the farmer’s share in the consumer’s price across the identified wheat value chains in the study area.
The cost of cultivation was estimated using the Commission for Agricultural Costs and Prices (CACP) methodology of cost computations. Cost A1 comprised expenses on hired labour, hired and owned tractor use, manures, seeds, fertilizers, pesticides, interest on working capital, depreciation on farm implements (calculated by the straight-line method), land revenue, and other miscellaneous charges. Cost A2 was obtained by adding the rent paid for leased-in land to Cost A1. Cost B1 included Cost A2 along with interest on fixed capital, while Cost B2 further incorporated the imputed rental value of owned land. Cost C1 was derived by adding the imputed value of family labour to Cost B1, and Cost C2 by adding the same to Cost B2. Finally, Cost D was computed as Cost C2 plus management cost, accounted as 10 percent of Cost C2. In the process, the rate of interest on working capital was standardized at 7 percent and on fixed capital at 12 percent.
Marketing margins were estimated following Acharya’s formula, which provides a systematic approach to quantify the difference between the price paid by the consumer and the net price received by the producer after accounting for marketing costs and margins at successive stages of the value chain.
Marketing margin = Selling price – (Purchase price + Marketing cost)
Value addition by different stakeholders was assessed as the incremental change imparted to the product at successive stages to enhance its market price. It was computed using the following formula
Value addition (VA) =  ×100
In the context of a value chain, marketing efficiency denotes the ability of each stakeholder to transfer the product from producer to consumer at the minimum possible cost without compromising quality. To quantify this, marketing efficiency was computed using Acharya’s (2003) formula, expressed as:
Marketing efficiency (ME) = 

3. 	RESULTS AND DISCUSSION
3.1 	Cost of cultivation of wheat in the Central Zone 
The cost of cultivation of wheat (Triticum durum L.) was estimated using the standard methodology prescribed by the Commission for Agricultural Costs and Prices (CACP), with separate computations for marginal, small, and medium farm categories, and results reported in Rupees per acre.
Table 1: Cost structure of wheat cultivation in the Central Zone of India
	Particulars
	Cost of wheat cultivation in the Central Zone (in Rupees/acre).

	
	Marginal farmer
	Small
farmer
	Medium farmer
	Average

	Cost A1

	Hired labour
	8570.00
	9910.27
	11271.71
	9917.32

	Seed
	1210.00
	1528.88
	1645.71
	1461.53

	Cost of fertilizers
	3372.85
	4370.55
	4736.57
	4159.99

	Weedicides and Pesticides
	826.42
	902.77
	938.71
	889.31

	Revenue of land
	0.0
	30.00
	30.00
	20.00

	Cost of irrigation
	3950.00
	3290.83
	3149.14
	3463.32

	Depreciation
	1035.71
	1291.11
	1559.42
	1295.41

	Overall working capital
	18964.99
	21324.43
	23331.27
	21206.90

	Working capital’s interest @7%
	1327.54
	1492.71
	1633.18
	1484.48

	Sub total
	20292.54
	22817.14
	24964.46
	22691.38

	Cost A2

	Cost A1
	20292.54
	22817.14
	24964.46
	22691.38

	Rental value of leased land
	0.00
	0.00
	0.00
	0.00

	Sub total
	20292.54
	22817.14
	24964.46
	22691.38

	Cost B1

	Cost A2
	20292.54
	22817.14
	24964.46
	22691.38

	Fixed capital’s interest @12%
	1068.57
	1333.88
	1620.00
	1340.81

	Sub total
	21361.11
	24151.02
	26584.46
	24032.19

	Cost B2

	Cost B1
	21361.11
	24151.02
	26584.46
	24032.19

	Rental value of owned land
	6000.00
	6000.0
	6000.00
	6000.00

	Sub total
	27361.11
	30151.02
	32584.46
	30032.19

	Cost C1

	Cost B1
	21361.11
	24151.02
	26584.46
	24032.19

	Estimated cost of family labour
	3217.14
	2448.88
	1505.71
	2390.57

	Sub total
	24578.25
	26599.90
	28090.17
	26422.77

	Cost C2

	Cost B2
	27361.11
	30151.02
	32584.46
	30032.19

	Estimated cost of family labour
	3217.14
	2448.88
	1505.71
	2390.57

	Sub total
	30578.25
	32599.90
	34090.17
	32422.76

	Cost D

	Cost C2
	30578.25
	32599.90
	34090.17
	32422.76

	Management value
	3057.82
	3259.99
	3409.01
	3242.27

	Sub total
	33636.075
	35859.89
	37499.18
	35665.03


The data represents cost of wheat cultivation in the Central Zone (Table 1) revealing systematic variations across marginal, small, and medium farmers, while the averages provide a consolidated picture of the region. 
Hired labour costs were found to be comparatively higher for medium farmers (₹11,271/acre) as compared to marginal farmers (₹8,570/acre). This trend was explained by the relatively greater use of paid labour among medium farmers, while marginal farmers offset this requirement with family labour. The imputed family labour cost itself reaffirmed this pattern, being highest for marginal farmers at ₹3,217/acre and lowest for medium farmers at ₹1,505/acre. The expenditure on inputs such as seed and fertilizers also displayed a scale-oriented increase, with fertilizer costs intensifying from ₹3,372/acre for marginal holders to ₹4,736/acre for medium farmers. Pesticide and weedicide costs, however, remained relatively stable across farm categories, suggesting standardized application practices. One contrast appeared in irrigation, where marginal farmers recorded the highest expenses (₹3,950/acre) compared to medium farmers (₹3,149/acre). This gap was attributed to the higher per unit costs that smaller farms faced when accessing irrigation resources.
When viewed in terms of aggregated expenditure, the progression from Cost A1 to Cost D highlighted how each successive imputation deepened the actual estimation of production expenditure. On this basis, wheat cultivation required ₹33,636/acre for marginal farmers, ₹35,860/acre for small farmers, and ₹37,499/acre for medium farmers, with the overall average placed at ₹35,665/acre. This result indicated that wheat production in the Central Zone cost approximately ₹35,000 on an acre basis, though the burden distribution varied by farm size. While medium farmers incurred a larger per acre monetary expense due to heavy reliance on hired resources, marginal farmers bore a significant portion of the cost in the form of their own family labour.
3.2 	Returns from wheat cultivation in Central Zone
The results on the economic returns of wheat cultivation (Table 2) highlighted important differences in yield performance, profitability, and efficiency across the three farm categories in the Central Zone.
Table 2: Economic returns from wheat in the Central Zone of India
	Particulars
	Returns from wheat in the Central Zone (Rupees/acre).

	
	Marginal farmer
	Small farmer
	Medium farmer
	Average

	Yield (quintal/acre)
	21.80
	23.00
	24.00
	22.93

	Price (rupees/quintal)
	1910.00
	1910.00
	1910.00
	1910.00

	Gross return (in Rupees)
	41638.00
	45580.00
	45840.00
	43802.66

	Net income over cost A1
	21345.46
	21112.86
	20875.54
	21111.28

	Net income over cost B2
	14276.89
	13778.98
	13255.54
	13770.47

	Net income over cost C2
	11059.75
	11330.10
	11749.83
	11379.89

	Net income over cost D
	8001.92
	8070.00
	8340.81
	8137.61

	Input-output ratio
	1:1.36
	1:1.347
	1:1.44
	1:1.35

	Return on investment
	0.36
	0.347
	0.344
	0.35


The yield of wheat in the study area showed a positive gradient with farm size, rising from 21.8 quintals per acre among marginal farmers to 24 quintals per acre among medium farmers, with an overall average of 22.93 quintals per acre. At a uniform farm harvest price of ₹1,910 per quintal, gross returns were highest for medium farmers (₹45,840 per acre) and lowest for marginal farmers (₹41,638 per acre).
The measure of net income over different cost concepts further illustrated the impact of farm size on economic viability. Over Cost A1, which represented paid-out costs, all farm categories generated sizeable margins, ranging between ₹20,875 and ₹21,345 per acre. However, once imputed costs such as land rental value, family labour, and managerial charges were accounted for, net profitability declined considerably. Over Cost B2, which included land rental value, net income fell to ₹13,255–14,276 per acre. Further inclusion of family labour in Cost C2 reduced profits to ₹11,059–11,749 per acre, while consideration of managerial charges (Cost D) lowered it further to approximately ₹8,000–8,340 per acre.
Efficiency measures strengthened this interpretation. The input–output ratio remained above unity across all farm categories, ranging from 1:1.347 for small farms to 1:1.44 for medium farms, indicating that the value of output exceeded the value of inputs used. Medium farmers recorded the highest efficiency, reflecting the combined effect of better yields and larger operational scale. Across categories, the return on investment (ROI) remained broadly similar, averaging 0.35, implying that for every rupee invested in wheat cultivation, the region yielded a profit of about 35 paise when all expenses were considered.
Overall, the findings suggested that wheat cultivation in the Central Zone was a profitable enterprise, but the extent of profitability varied with farm size. Marginal farmers understated profitability when measured only against paid-out costs because their reliance on family labour masked the opportunity costs involved. By contrast, medium farmers exhibited superior returns in terms of efficiency and gross margins, driven by higher yields which offset their greater cash
outlays. These results affirmed that economies of scale played a modest but significant role in enhancing net returns in the study area.
3.2 	Value chains of wheat in Central Zone
To illustrate the flow and stakeholders involved in value chain of wheat in Madhya Pradesh, a detailed value chain map (Figure 1) is presented below. This map visually highlights the intermediaries and the direct linkages thereby emphasizing the nature of these chains.
Figure 1: value chain map of wheat in Central Zone of India
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Furthermore, value chain analysis of wheat presented in the following table (Table 3) reveals distinct characteristics and efficiencies across the three value chains of wheat in the Central Zone of India, reflecting diverse marketing and processing routes typical in real-life agricultural markets.
Table 3: Economic assessment of wheat value chains in Central Zone (Rupees/quintal)
	Particulars
	Value chain 1
	Value chain 2
	Value chain 3

	A. Farmer

	Net price received by farmer
	1870.00
	2060.00
	2350.00

	Transportation cost
	0.00
	55.00
	0.00

	Packaging cost
	0.00
	27.50
	0.00

	Loading/Unloading cost
	0.00
	10.00
	0.00

	Cleaning
	0.00
	7.50
	0.00

	Commission charge
	0.00
	0.00
	0.00

	Mandi tax
	0.00
	0.00
	0.00

	Farmers selling price
	1870.00
	2160.00
	2350.00

	Net marketing cost
	0.00
	100.00
	0.00

	B. Local Trader

	Purchasing price of local trader
	2100.00
	0.00
	0.00

	Labour cost
	4.50
	0.00
	0.00

	Packaging cost
	20.30
	0.00
	0.00

	Transportation cost
	29.80
	0.00
	0.00

	Commission cost
	77.70
	0.00
	0.00

	Market fee 
	21.30
	0.00
	0.00

	Miscellaneous cost
	6.50
	0.00
	0.00

	Total marketing cost
	160.10
	0.00
	0.00

	Selling price
	2200.00
	0.00
	0.00

	Marketing margin
	169.90
	0.00
	0.00

	Degree of value addition (%)
	9.08
	0.00
	0.00

	C. Brokers

	Acquiring price
	2200.00
	2160.00
	0.00

	Marketing fee given
	0.00
	0.00
	0.00

	Labour cost
	0.00
	0.00
	0.00

	Brokerage charge received
	77.70
	75.50
	0.00

	Selling price
	2200.00
	2160.00
	0.00

	Margin earned
	77.70
	75.50
	0.00

	Total marketing cost
	0.00
	0.00
	0.00

	Degree of value addition (%)
	3.55
	3.49
	0.00

	D. Miller

	Purchase price
	2200.00
	2160.00
	2350.00

	Brokerage price
	77.70
	75.50
	0.00

	Market fee
	35.80
	35.80
	0.00

	Packaging cost
	30.20
	30.20
	30.20

	Stitching cost
	4.75
	4.75
	4.75

	Loading/unloading
	7.40
	7.40
	7.40

	Transportation cost
	21.30
	21.30
	21.30

	Milling cost of Semolina
	333.48
	333.48
	333.48

	Milling cost of Pasta
	353.52
	353.52
	353.52

	Milling cost of Vermicelli
	362.56
	362.56
	362.56

	Milling cost of Macaroni
	354.30
	354.30
	354.30

	Net marketing cost of Semolina
	510.63
	508.43
	397.13

	Net marketing cost of Pasta
	530.45
	528.47
	417.17

	Net marketing cost of Vermicelli
	539.71
	537.51
	426.21

	Net marketing cost of Macaroni
	531.45
	529.25
	417.95

	Average marketing cost
	528.06
	525.91
	414.61

	Production of Semolina from 1q of wheat (in Kg)
	61.80
	61.80
	61.80

	Wheat bran (Kg)
	20.50
	20.50
	20.50

	Production of Pasta from 1q of wheat (in Kg)
	45.60
	45.60
	45.60

	Wheat bran (Kg)
	16.60
	16.60
	16.60

	Production of Vermicelli from 1q of wheat (in Kg)
	44.56
	44.56
	44.56

	Wheat bran (in Kg)
	17.48
	17.48
	17.48

	Production of Macaroni from 1q of wheat (in Kg)
	44.80
	44.80
	44.80

	Wheat bran (Kg)
	13.96
	13.96
	13.96

	Revenue generated from Semolina
	3164.16
	3164.16
	3164.16

	Revenue generated from Pasta 
	4003.68
	4003.68
	4003.68

	Revenue generated from Vermicelli
	3845.52
	3845.52
	3845.52

	Revenue generated from Macaroni
	3915.52
	3915.52
	3915.52

	Revenue generated from Semolina bran
	287.00
	287.00
	287.00

	Revenue generated from Pasta bran
	232.40
	232.40
	232.40

	Revenue generated from Vermicelli bran
	244.72
	244.72
	244.72

	Revenue generated from Macaroni bran
	195.44
	195.44
	195.44

	Gross revenue from Semolina
	3451.16
	3451.16
	3451.16

	Gross revenue from Pasta
	4236.08
	4236.08
	4236.08

	Gross revenue from Vermicelli
	4090.24
	4090.24
	4090.24

	Gross revenue from Macaroni
	4110.96
	4110.96
	4110.96

	Net margin from Semolina
	740.53
	782.73
	704.30

	Net margin from Pasta
	1505.63
	1547.61
	1468.91

	Net margin from Vermicelli
	1350.53
	1392.73
	1314.03

	Net margin from Macaroni
	1379.51
	1421.71
	1342.71

	Average marketing margin
	1244.05
	1286.19
	1207.42

	Degree of value addition (%)
	56.54
	59.54
	51.37

	E. Wholesaler

	Purchasing price of Semolina
	5120.00
	5120.00
	5120.00

	Purchasing price of Pasta
	8780.00
	8780.00
	8780.00

	Purchasing price of Vermicelli
	8630.00
	8630.00
	8630.00

	Purchasing price of Macaroni
	8740.00
	8740.00
	8740.00

	Transportation cost
	52.10
	52.10
	52.10

	Packaging cost
	35.50
	35.50
	35.50

	Labour cost
	7.50
	7.50
	7.50

	Total marketing cost
	95.10
	95.10
	95.10

	Selling price of Semolina
	5640.00
	5640.00
	5640.00

	Selling price of Pasta
	9315.30
	9315.30
	9315.30

	Selling price of Vermicelli
	9115.70
	9115.70
	9115.70

	Selling price of Macaroni
	9220.50
	9220.50
	9220.50

	Marketing margin of Semolina
	424.90
	424.90
	424.90

	Marketing margin of Pasta
	440.20
	440.20
	440.20

	Marketing margin of Vermicelli
	390.60
	390.60
	390.60

	Marketing margin of Macaroni
	385.40
	385.40
	385.40

	Average marketing margin
	410.27
	410.27
	410.27

	Degree of value addition (%)
	5.24
	5.24
	5.24

	F. Retailer

	Purchase price of Semolina
	5640.00
	5640.00
	5640.00

	Purchase price of Pasta
	9315.30
	9315.30
	9315.30

	Purchase price of Vermicelli
	9115.70
	9115.70
	9115.70

	Purchase price of Macaroni
	9220.50
	9220.50
	9220.50

	Transportation cost
	25.30
	25.30
	25.30

	Labour cost
	7.50
	7.50
	7.50

	Net marketing cost
	32.80
	32.80
	32.80

	Selling price of Semolina
	6210.50
	6210.50
	6210.50

	Selling price of Pasta
	10010.56
	10010.56
	10010.56

	Selling price of Vermicelli
	9841.33
	9841.33
	9841.33

	Selling price of Macaroni
	9780.25
	9780.25
	9780.25

	Marketing margin of Semolina
	537.70
	537.70
	537.70

	Marketing margin Pasta
	662.46
	662.46
	662.46

	Marketing margin of Vermicelli
	692.83
	692.83
	692.83

	Marketing margin of Macaroni
	527.20
	527.20
	527.20

	Average market margin
	605.04
	605.04
	605.04

	Degree of value addition (%)
	7.2
	7.2
	7.2

	G. Summary

	Total marketing cost by all stakeholders
	815.96
	735.81
	542.51

	Net marketing for all stakeholders
	2137.27
	2377.01
	2222.74

	Price received by farmers
	1870.00
	2060.00
	2350.00

	Marketing efficiency
(Using Acharya’s formula)
	0.63
	0.658
	0.849



Value Chain 1 involved farmers selling their produce primarily through local traders. Farmers received a net price of ₹1,870 per quintal without incurring marketing costs like transportation or packaging. The local trader bore this cost i.e., total marketing cost of ₹160.10. This trader then sold the wheat to a broker at ₹2,200, earning a marketing margin of ₹169.90 with a value addition of 9.08 percent. Brokers added value primarily through brokerage charges with a modest margin (₹77.70) and value addition of 3.55 percent. The milling segment incurred substantial costs averaging ₹528.06, reflecting milling complexity and product diversification into semolina, pasta, macaroni, and vermicelli. Millers achieve a high degree of value addition (56.54 percent), reinforcing their key role in transforming raw wheat into value-added products. Wholesalers and retailers contributed smaller margins and costs but were essential for distribution. The marketing efficiency of this chain was moderate (0.63), pointing to losses in cost recovery and inefficiencies common in traditional marketing systems where numerous intermediaries reduced farmer share. Such a system is often observed in rural grain markets, where farmers have limited options and rely heavily on intermediaries.
Value Chain 2 was characterized by farmers incurring transportation, packaging, and other marketing costs totalling ₹100 before selling at ₹2,160 per quintal. The absence of local traders indicated a more direct route to brokers, reducing intermediate costs. Brokers retained a similar role with marginally lower brokerage charges and value addition compared to Chain 1. Millers showed slightly higher efficiency than in Chain 1, demonstrated by a marginally increased value addition (59.54%) and slightly lower milling costs, indicating better process management or scale economies. The average marketing cost remained close to Chain 1, and wholesalers and retailers maintained stable cost and margin contributions. The overall marketing efficiency (0.658) improved compared to Chain 1, likely reflecting reduced farmer dependency on intermediaries and the benefits of closer market access or better infrastructure. This scenario aligns with mid-sized farmer or cooperative marketing systems where farmers bear some costs but gain better pricing power and market transparency.
Value Chain 3 exhibited the highest net price to farmers (₹2,350 per quintal) and the greatest marketing efficiency (0.849), reflecting a market arrangement with minimal post-farm marketing costs and fewer intermediaries. Notably, this chain lacked the involvement of local traders and brokers, offering a more streamlined supply channel, through direct contracts or organized procurement mechanisms typical of industrial or institutional buyers. Milling costs were significantly lower (₹414.61), and value addition, while still robust at 51.37%, was slightly lower than Chains 1 and 2, possibly due to optimized operations or economies of scale. Wholesaler and retailer margins and costs were stable but constituted a larger share of the total costs, consistent with longer retail chains or branded product distribution. The high marketing efficiency reflected better price realization for farmers and cost-effective marketing, which is often observed in well-organized value chains facilitated by technology, improved infrastructure, or policy interventions supporting direct farmer-market linkages.
Comparing the three chains, it was evident that reduced intermediary involvement correlated with higher net prices received by farmers and improved marketing efficiency. While Chain 1 demonstrated, fragmented markets with multiple intermediaries diluting farmer share, Chain 2 showed intermediate structures blending farmer costs with fewer middlemen. Chain 3 represented an advanced marketing model emphasizing streamlined processes, better price realization, and efficient cost structures. From a policy perspective, these findings underscored the importance of strengthening farmer cooperatives, improving market infrastructure, and promoting direct procurement strategies to enhance farmer incomes and overall value chain performance.
4. 	CONCLUSION
The analysis of wheat cultivation in the Central Zone highlighted significant variations in cost and returns across farm sizes and marketing channels. The average cost of cultivation of wheat was ₹35,665 per acre. Marginal farmers relied heavily on family labour (₹3,217/acre), while medium farmers faced higher cash costs but benefited from economies of scale. Net income over comprehensive costs (Cost D) varied from ₹8,002 to ₹8,341 per acre. Value chain analysis in the study area revealed three marketing channels with differing efficiencies; Value Chain 1, involving several intermediaries, provided the lowest net price to farmers (₹1,870/quintal) and marketing efficiency of 0.63. Value Chain 2 showed improvements with fewer intermediaries, delivering ₹2,060 per quintal and efficiency of 0.658. The most efficient, Value Chain 3, featured direct procurement by millers and minimal intermediaries, offering farmers ₹2,350 per quintal and marketing efficiency of 0.849, alongside lower milling costs and strong value addition (51.37%). The findings underscore the importance of reducing intermediaries, enhancing direct market linkages, and supporting smallholders with better inputs, credit access, and infrastructure to improve profitability and sustainability in wheat production.
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