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Cumin production in Rajasthan with special reference to Barmer district: Growth analysis and economic performance


ABSTRACT
The principal purpose of this study was to examine the growth rate, economic analysis and constraints faced by farmers in cumin production in Barmer districts of Rajasthan. This study was based both primary and secondary data. The primary data were collected by using prepared questionnaire for agriculture year 2024-25 and secondary time series data were considered for a study period of 1994-95 to 2023-24. The data was analysed using the exponential growth model, cost concepts and Garret’s techniques to fulfil the objectives of the study. The findings of study indicated that highest positive and significant growth rates  was observed in the production of cumin in Barmers (8.90%) followed by Rajasthan (8.65%) during period-II (2009-10 to 2023-24). In case of economic analysis, the total cost of cumin production was increased with the augmenting farm size. Under cumin cultivation, the net income, family labour income, farm business income and farm investment income is also found positive association with the increasing farm size. A return to investment ratio of cumin cultivation was also positively associated with increasing size of farm. The return on investment of every rupee was higher than ₹2.37 in all category of farm size. Irregular power supply for electricity is the leading constrains of farmers in cumin cultivation. 
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Introduction
Our country is the largest producer, consumer and exporter of seed spices in the entire world. These spices are produced in low volume but having high economical value in foreign exchange. The winter season with low rainfall area of the country is more suitable for their cultivation. Total 63 spices cultivate in India and out of which 20 spices are being classified as seed spices. About 90 to 95 per cent production of seed spices is consumed in India and remaining 5 to 10 per cent is exported to the rest of world.  India is most popular for spices in the world; therefore, it is also known as “Land of Spices”. The major seed spices cultivate in India are cumin, fenugreek, coriander, fennel and ajwain because they are being cultivated in considerable area. Among all condiments, cumin (Cuminum cyminum L.) is more important seed spice crop. It belongs to Apiaceae family. India is largest producer and exporter of cumin seeds in the world. India produces 70% cumin of the world and consumes about 63% of it. Similar to food grain and oilseeds crops, the cumin crop is also more sensitive to the international demand and supply. As a condiment cumin is one of the important ingredients of kitchen and human diet throughout the World. The aromatic flavour presence in cumin seed is due to appearance of Aldehyde or cuminal. It also adds flavour to soups, sausages, pickles and other frying foods. It is essential ingredient for making curry powders and mixed spices. Apart from kitchen, It also not free from medicinal properties to cure various diseases like digestive, carminative, uterine and nerve stimulant, astringent and anti-inflammatory (Ranjeetha et al. 2022). The meal of green cumin is also rich in carbohydrate (26%), protein (18.7%) and oil (10%) alongwith tinny part of calcium, phosphorus and amino acids (Baghizadeh et al., 2013). During 2023-24, the area and production of cumin in India was 11.87 lakh hectare and 8.6 lakh tone respectively. 
In India, cumin is mostly cultivated in Rajasthan, Gujarat, Madhya Pradesh and Utter Pradesh states as a winter (Rabi) season crop. About 99 per cent area and production of cumin is contributed by two states namely Rajasthan and Gujarat only. Among all seed spices of Rajasthan, cumin occupies first position according to cultivated area. Rajasthan contributes about 80 per cent area and production of the country. The total area and production of cumin in Rajasthan was 6.59 lakh hectares and 3.00 lakh tonnes, respectively, in the year 2022-23 (DES, Government of India, 2022-23). The soil, weather and climate conditions of Jodhpur, Barmer, Jalore, Jaisalmer, Nagaur, Pali, Ajmer, Sirohi, Bhilwara and Tonk districts are found more suitable for cumin cultivation than other part of Rajasthan. In terms of area and production of cumin, Jodhpur district occupied first position in Rajasthan. In the Jodhpur district, area and production of cumin were having 1.93 lakh hectares and1.19 lakh tonnes, respectively, in 2022-23. (DES, GoR, 2022-23).
Cumin is a short duration crop which gives more returns to the farmers. The high cash value and better returns might attract to every farmer for its cultivation. But it is high risky crop because violent fluctuations in climatic conditions attack to insect-pests and diseases like wilt, blight and frost causing wide variation in income of cumin growing farmers. Because of the high risk of crop failure, average farmers cannot take the risk of its cultivation. Subsequently, because of poor market structure and low quantity of cumin surplus; farmers are not getting better remunerative prices. 
There are many agriculture researchers conducted studies on various aspects of production and marketing of spices in different part of the country, which were particularly related to black pepper, turmeric, garlic, cardamom, coriander, funnel, and fenugreek in state as Kerala, Maharashtra, Andhra Pradesh, Gujarat and Rajasthan, however the study on production and marketing of cumin in Rajasthan is limited. In this context, the present study is designed to examine the growth rate analysis of area, production and productivity of cumin, cost concept analysis and constraint faced by farmers in production of cumin in Rajasthan with special reference to Barmer district. This study might be helpful for cumin growers in decide optimum line for disposing off their farm produce and getting good return. In view of many policy changes at international, national or even state level, this study could be very important to examine the influence of cumin production and marketing in favour of Rajasthan.
Material and methods
The cumin crop is mostly grown in Jodhpur, Barmer, Jalore, Jaisalmer and Nagour districts of Rajasthan since weather and soil conditions of these districts are found suitable for cumin cultivation. For the present study, Barmer district of Rajasthan was selected because research scholar is more acquainted with the area and convenient to collect reliable data for the study. Apart from this, Barmer district was also occupied second position in area and production of cumin in Rajasthan. A multi-stage sampling technique was used to investigate the pre-decided research objectives. The entire procedure of sampling design was presented below in flow chart-1.

Figure-1: Flow chart of sampling procedure

There are eighteen tehsils in the Barmer district of Rajasthan. Among these, two tehsils viz., Shiv and Sedwa were selected purposively on the basis of highest area and production of cumin in 2022-23. About 38 per cent area and 48 percent production of cumin of Barmer district was contributed by these two tehsils in 2022-23. In the next stage of sampling, two villages from each selected tehsils were selected randomly. Junejo ki Basti and Suwala villages from Shiv tehsil while Chichariyasar and Sonari villages from Sedwa tehsil were selected. Finally, thirty cumin growers from each village were selected randomly. Based on size of land holding, farmers were classified into small, medium and large category farmers. Both primary and secondary data were collected, compiled and used for statistical and economic analysis of the study. The primary data were collected through pre-designed questionnaires for the Agriculture Year: 2024-25. The data was collected by personal interview with respondents 120 cumin growers. Secondary data regarding area, production and productivity of cumin for Barmer district and Rajasthan state as whole were collected from published various issues of the Directorate of Economics and Statistics and Directorate of Agriculture, Pant Krishi Bhawan, Government of Rajasthan. The time series data on area, production and yield were collected for a period of thirty years from 1994-95 to 2023-24.To draw a meaningful interpretation of data, the study period was divided into three periods such as period-I: 1994-95 to 2008-09, period-II: 2009-10 to 2023-24 and overall period: 1994-95 to 2023-24.
Analytical tools: After data collection, the data were compiled, tabulated and analysed according to the objectives and selected categories of farmers. There were used following statistical tools to achieve the objectives of present study.
Growth rate analysis: Following exponential growth model was used to examine the growth rate for area, production and productivity of cumin. It is expressed as follow:

Where;
Y = dependent variable (area, production or yield) 
a = intercept
b = regression coefficient 
t = time variable
u = error term 
The above mentioned equation is expressed in logarithmic form as follow -

The compound growth rate (r) is computed by using following relationship: 

Cost of cultivation: To work out the cost of cultivation of cumin, following cost concept was used:
Cost A1: It is computed by summing up of following 10 items: 
(1) value of hired human labour (2) Value of owned and hired animal labour (3) Value of owned and hired machine labour (4) Value of seeds (both owned and purchased) (5) Value of manures, fertilizers insecticides and pesticides  (6) Irrigation charges (7) Depreciation (8) Land revenue (9) Interest on working capital (10) Miscellaneous expenses.
Cost A2: Cost A1 + rent paid for leased-in land (if any)
Cost B1: Cost A1 + interest on fixed capital assets (excluding land)
Cost B2: Cost B1 + rental value of owned land + rent paid for leased-inland
Cost C1: Cost B1 + imputed value of family labour
Cost C2: Cost B2 + imputed value of family labour
Cost C3: Cost C2 + 10 percent of cost C2 (as management cost)
Cost of production was worked out with the help of following formula:


Income Measures: Following income measures were used to study the profitability of cumin crop. 
(1) 
Where;
Qm =Quantity of main product (in Quintal)
Pm = Price of main product (in Rs/Quintal)
Qb = Quantity of by-product (in Quintal)
Pb = Price of by-product (in Rs/Quintal)
Note: Cumin’s by-product does not have market value, therefore gross income is expressed as follow:
Gross income = Qm x Pm

(2) Net income = Gross Income - Total Cost
Total cost i.e. Cost C2 (or summation of variable cost and fixed costs)
(3) Farm Business Income (FBI) = Gross income - Cost A2
(4) Family Labour Income (F.L.I.) = Gross income - Cost B2
Constraints rank analysis: Garrett’s ranking technique was used to organize constraints faced by respondents in production of cumin in Barmer district (Garrett and Woodworth, 1969). Garrett’s formula for assessing and ranking constraints is given as follows:

Where;
Rij = Rank given for ith factor by jth individual and 
Nj  = Number of factors ranked by jth individual
Results and discussion
The compound annual growth rate of area, production and productivity of cumin in Barmer district is presented in table-1. It could be seen from the table that area, production and productivity of cumin were non-significantly augmented at the rate of 2.7, 4.3 and 1.61 per cent per annum, respectively during period-I (1994-95 to 2008-09). During period-II (2009-10 to 2023-24), an affirmative and significant growth rate was observed in area (5.6%), production (8.9%) and productivity (3.14%) of cumin in Rajasthan. Bairwa, et al. (2022) reported similar findings for growth rate in area and production of fennel crop in Rajasthan for a period of 1991-92 to 2019-20.
Table 1 Growth rate in area, production and productivity of cumin in Barmer district
	Study periods
	Area
	Production
	Yield

	
	CAGR (%)
	P- value
	CAGR (%)
	P- value
	CAGR (%)
	P- value

	Period-I
(1994-95 to 2008-09)
	2.7NS
(0.018)
	0.15
	4.3NS
(0.051)
	0.41
	1.61NS
(0.039)
	0.69

	Period-II
(2009-10 to 2023-24)
	5.6***
(0.010)
	0.00
	8.9***
(0.017)
	0.00
	3.14***
(0.012)
	0.01

	Overall period
(1994-95 to 2023-24)
	5.5*** 
(0.005)
	0.00
	6.5***
(0.013)
	0.00
	0.9NS (0.010)
	0.36


Source: Author’s own computation based on collected secondary time series data
Note: - Figure in parentheses is standard error of exponential model
***Significant at 1% level,**Significant at 5% level of significance and NSnon-significance
In case of overall period, the area and production of cumin were increased at 5.5 and 6.5 per cent per annum respectively. In the meantime, cumin productivity was observed positive but non-significant at 0.9 per cent per annum in the district. Post period-I phase reflects a shift towards commercial cumin cultivation, supported by better technology, improved market conditions and higher profitability. Similarly finding, Mhaskey, et al. (2021) reported in their study that production performance of seed spices in Rajasthan was positive and significant over the year.
Cumin crop is principally found suitable for soil and climate conditions of Jodhpur, Barmer, Bikaner and Jaisalmer districts of Rajasthan. The compound annual growth rate in area, production and productivity of cumin in Rajasthan is depicted in table-2. During period-I, the area under cumin was found to be augmented non-significantly at 1.30 percent annually. In the meantime, growth rate in production and productivity of cumin was -0.49 and -1.78 percent per annum, respectively. The negative growth rate in production and productivity of cumin might be due to increased attack of wilt and blight diseases and pests particularly aphid. Similar findings were also reported by Bairwa, et al. (2020) in their study that area and production of taramira observed negative and non-significant growth rate during 1990-91 to 2019-20 in Rajasthan. During period-II, the affirmative and significant growth rate was recorded in all three aspects viz., production (8.65%), area (6.07%) and productivity (2.42%) of cumin in Rajasthan state. In the same way, Bairwa, et al., (2022) reported positive and highly significant growth rate in area, production and productivity of chickpea in India during 1998-99 to 2017-18.
Table 2 Growth rate in area, production and productivity of cumin crop in Rajasthan
	Study periods
	Area
	Production
	Yield

	
	CAGR (%)
	P-value
	CAGR (%)
	P-value
	CAGR (%)
	P-value

	Period-I 
(1994-95 to 2008-09)
	1.3NS
(0.019)
	0.51
	-0.49NS
(0.028)
	0.87
	-1.78NS
(0.018)
	0.35

	Period-II 
(2009-10 to 2023-24
	6.07***
(0.012)
	0.00
	8.65***
(0.018)
	0.00
	2.42**
(0.010)
	0.03

	Overall period 
(1994-95 to 2023-24)
	6.18*** (0.006)
	0.00
	7.78***
(0.010)
	0.00
	1.51***
(0.006)
	0.01


Source: Author’s own computation based on secondary time series data
Note: - Figure in parentheses is standard error of exponential model
***Significant at 1% level, **Significant at 5% level of significance and NSnon-significance
In overall study period, the area, production and productivity of cumin was also observed a positive and significant annual growth rate in Rajasthan. The area, production and productivity were increased at compound annual growth rate of 6.18, 7.78 and 1.51 per cent, respectively in the state. Bairwa et al. (2020)a reported a positive and significant growth rate in area, production and productivity of chickpea in India during 1998-99 to 2017-18. In the same way, Bairwa, et al. (2020)b also observed an affirmative and highly significant growth rate in area and production of cumin in Rajasthan state during 1991-92 to 2018-19. In contrast, Bairwa, et al. (2020)c reported in their study that area and production of taramira were recorded negative and non-significant growth rate during 1990-91 to 2019-20 in Rajasthan.
The growth analysis of cumin in Rajasthan over the past three decades highlights a distinct shift in trend post-2009, with substantial increases in both area and production. The findings emphasize that growth in cumin production has been predominantly area led, while improvements in productivity have been modest and less consistent. Moving forward, policy focus should aim at enhancing productivity through research and extension efforts, better irrigation facilities and input efficiency.
Cost of cultivation: Here presented a detailed examination of the item-wise and farmers’ group-wise cost and return of cumin cultivation in Barmer district of Rajasthan. It provided a comparative evaluation of the different cost items incurred by different classes of farmers. All this information was discussed separately under different segment. The input used by different categories of farmers presented in table-3. It was observed from the table that use of human labour showed an inverse relationship with farm size. Small farmers utilized family labour (23.50 man-days/ha) in large quantity than medium (17.50 man-days/ha) and large farmers (11 man-days/ha). The overall average use of family labour was 17.33 man-days/ha in the study area. In contrast, the dependence on hired human labour showed positive association with increasing farm size. Small, medium and large category farmers were engaged 8 man-days, 12 man-days and 17 man-days per hectare respectively. The overall average dependency on hired human labour was 12.33 man-days/ha. These findings indicated that small farmers rely predominantly on family labour, while large farmers depend more on hired labour for timely execution of farm operations.
Machine labour use showed an opposite trend between owned and hired machine. The number of hours of owned machinery use was lowest for small farmers 3 hours/ha, moderate for medium farmers 5 hours/ha and highest for large farmers 6 hours/ha. In the study area, the average use of owned machine labour was 4.67 hours/ha in cumin cultivation. However, the dependence on hired machinery was greater among small farmers (6.50 hours/ha), followed by medium farmers (4 hours/ha) and least among large farmers (2.50) hours/ha. In case of hired machinery, average use was 4.33 hours/ha in the present study. It could be seen from the findings that mechanization ownership was higher among large farmers and the greater reliance of small farmers on rented equipment.
Seed rate per hectare was found to be slightly higher in field of small farmer (14.00 kg/ha) followed by medium farmer (13.07 kg/ha)and large farmer(12.57 kg/ha). The average seed rate of cumin was 13.12 kg/ha in the study area. The higher seed rate among small farmers could be attributed to closer spacing or over-sowing practices to ensure adequate plant population.
The seed rate was found to be higher on small farms as compared to medium and large farms. It could be due to lack of technical knowledge, use of own farm seed and higher risk of precipitation among small farmers.
Fertilizer application also declined with an increase in farm size. Nitrogen application in the form of urea was 59.71, 58.56 and 55.95 kg per hectare for small, medium and large category farmers respectively. The average use of urea in cumin crop was recorded at 58.27 kg/ha in the study area. Phosphorus application (in the form of DAP) was highest among small farmers 45 kg/ha followed by medium farmers (40 kg/ha) and large farmers (36.43 kg/ha). In the entire study area, DAP fertilizer was applied at 40.08 kg/ha in cumin crop. Potassium application as MOP was comparatively low across all categories, with small, medium and large farmers applying 14.59 kg/ha, 13.49 kg/ha and 13.00 kg/ha, respectively while the overall average being at 13.56 kg/ha.
Table-3 Utilization pattern of physical farm input in cumin cultivation in study area 
(Quantity/hectare)
	S. No.
	Particulars
	Small farmer
	Medium farmer
	Large farmer
	Overall
	₹/unit

	
	
	
	
	
	
	

	1
	Human labour (Man-days/ha)

	a.
	Family labour
	23.50
	17.50
	11.00
	17.33
	375.00

	b.
	Hired labour
	8.00
	12.00
	17.00
	12.33
	440.00

	2
	Machine labour(hours/ha)

	a.
	Owned
	3.00
	5.00
	6.00
	4.67
	400.00

	b.
	Hired
	6.50
	4.00
	2.50
	4.33
	600.00

	3
	Seed (kg/ha)
	14.00
	13.00
	12.50
	13.17
	375.00

	4
	Fertilizer (kg/ha)

	a.
	Nitrogen (Urea)
	59.71
	58.56
	55.95
	58.27
	7.50

	b.
	Phosphorus (DAP)
	45.00
	40.00
	36.43
	40.08
	31.00

	c.
	Potassium (MOP)
	14.59
	13.49
	13.00
	13.56
	13.50

	5
	FYM (Tonnes/ha)
	9.00
	7.63
	7.48
	7.80
	316.58

	6
	Plant protection chemicals (No. of sprays/ha)
	4.00
	3.55
	3.48
	3.60
	650.00

	7
	Irrigation (No./ha)
	6.00
	5.55
	5.00
	5.52
	540.00

	8
	Yield (Quintal /ha)
	4.53
	5.46
	6.02
	5.43
	23000



Like chemical fertilizers, the application of farm yard manure (FYM) also followed a similar trend. Small, medium and large size farmers were applied FYM at rate of 9, 7.63 and 7.48 tonnes per hectare respectively. An average use of FYM in cumin crop was 7.80 tonnes/ha in the present study area. The greater quantity use of FYM by small farmers might be due to excess availability of FYM from their own domestic livestock and the preference for maintaining soil fertility through organic means. Plant protection measures were also found to be more frequent in small farms. The number of sprays per hectare was 4.00 for small farmers, 3.55 for medium farmers, and 3.48 for large farmers, with an overall average of 3.60 sprays/ha. The cost per spray was estimated at ₹650.
A similar trend was noted in irrigation practices, with small farmers applying 6.00 irrigations/ha, medium farmers 5.55 irrigations/ha, and large farmers 5.00 irrigations/ha, averaging 5.52 irrigations/ha at a cost of ₹540 per irrigation.
In terms of productivity, cumin exhibited a positive association with the farm size. Large farmers recorded highest yield at 6.02 quintals/ha followed by medium farmers 5.46 quintals/ha and small farmers 4.53 quintals/ha. The overall average yield was 5.43 quintals/ha, with the market price considered at ₹23,000 per quintal for economic evaluation.
Overall, the analysis indicates that small farmers tend to use a higher quantity of labour, manure, and plant protection chemicals while large farmers achieved higher yield through better mechanization, timely operations, and more efficient resource management. Medium farmers remain intermediate in most respects, showing balanced characteristics of both small and large-scale farming practices.
Cost of Cultivation: A comparative analysis of various cost concepts associated with cumin cultivation across different farm size categories namely small, medium and large farmers and their overall average was presented in table 4. These cost concepts are standard economic measures in farm budgeting. This analysis helps in understanding not only the cash expenses but also the imputed costs like value of family labour, rental value of owned land and managerial costs.
Table 4 Cost of cultivation of cumin for different category farmers in study area
(₹/ha)
	Costs
	Small farmer
	Medium Farmer
	Large farmer
	Overall Average cost

	Cost A1
	26512.04
	26696.83
	28390.36
	27929.66

	Cost A2
	26512.04
	26696.83
	28390.36
	27929.66

	Cost B1
	27003.64
	27590.85
	29424.22
	28791.14

	Cost B2
	35003.64
	35590.85
	37424.22
	36791.14

	Cost C1
	35827.17
	34153.35
	33549.22
	34289.89

	Cost C2
	43827.17
	42153.35
	41549.22
	42289.89

	Cost C3
	48209.89
	46368.69
	45704.14
	46518.88



It could be observed from the findings that highest cost A1 was found for large farmers (₹28,390.36/ha) followed by medium farmers (₹26,696.83/ha) and small category farmers (₹26,512.04/ha). The overall average cost A1 in the study area was ₹27,929.66 per hectare. The slightly higher value of cost A1 for large farmers might be due to more dependency on use of mechanization and purchased inputs.
Cost A2 is Cost A1 plus rent paid for leased in land. In the present study, values of Cost A1 and Cost A2 are the same for all farmer categories because none of the farmers were cultivating cumin crop on leased land.
Cost B1 for small, medium and large farmers was ₹27,003.64, ₹27,590.85 and ₹29,424.22 per hectare respectively in the study area. The overall average cost B1 was ₹28,791.14 per hectare. This indicated that large category farmers generally have more investment in farm assets. The cost B2 for small, medium and large size land holding farmers was recorded at ₹35,003.64, ₹35,590.85 and ₹37,424.22 per hectare respectively. The study area’s overall average cost B1 stood at ₹36,791.14 per hectare since the rental value of land depends on local land prices and the difference among farm categories is small.
Cost C1 was observed at ₹35,827.17 per hectare for small farmers, followed by ₹34,153.35/ha for medium farmers and ₹33,549.22 per hectare for large farmers. The decreasing trend with enhancing farm size indicated that small farmers depend more on family labour, while large farmers use relatively more hired labour.
Cost C2 for small, medium and large category farmers was ₹43,827.17, ₹42,153.35 and ₹41,549.22  per hectare in the study area. In the study area, the overall average cost C2 was ₹42,289.89 per hectare. Finally, highest Cost C3 was recorded for small farmers (₹48,209.89/ha) followed by medium farmers (₹46,368.69/ha) and large farmers (₹45,704.14/ha).  The study area’s overall average value of cost C3 stood at ₹46,518.88 per hectare for cumin cultivation. Srivastava, et al. (2015) reported similar findings in their study on economics of production and resource use efficiency of soybean production in India.
From the above analysis, it could be concluded that actual cash expenses were made by large category farmers in the study area but total economic cost per hectare (including imputed costs) was highest for small category farmers. This finding is important for understanding the cost structure and profitability differences among various farm sizes in cumin cultivation.
Profitability analysis: It represents a comparative economic viability of cumin cultivation in study area across different farm sizes in terms of gross income, net income, farm business income, family labour income, cost of production and returns per rupee investment. The returns obtained from cumin cultivation are presented in table 5. It could be observed from the table that highest gross income was obtained by large farmers ₹1,38,547.62//ha, followed by medium farmers ₹1,25,658.54/ha and small farmers ₹1,04,176.47/ha. The overall average gross income was ₹1,24,870.83/ha. The higher gross income of large farmers may be due to better access to resources, improved farming techniques and higher productivity.
Table 5 Incomes of cumin cultivation by different category farmers in study area
(₹/ha)
	Incomes measures
	Small farmer
	Medium Farmer
	Large Farmer
	Overall

	Gross income
	104176.47
	125658.54
	138547.62
	124870.83

	Net income
	60349.30
	83505.19
	96998.40
	82580.94

	Farm business income
	77664.43
	98961.71
	110157.26
	96941.17

	Family labour income
	69172.83
	90067.69
	101123.40
	88079.69

	Returns per rupee investment (C2)
	2.38
	2.98
	3.33
	2.95



The highest net income was found out for large category farmers (₹96,998.40/ha) followed by medium farmers ₹83,505.19//ha and small farmers ₹60,349.30///ha. The study area’s overall average net income was observed at ₹82,580.94 per hectare. Similarly, farm business income was found to be ₹1,10,157.26 for large farmers, ₹98,961.71 for medium farmers and ₹77,664.43 for small farmers, with an overall average of ₹96,941.17 per hectare.
The highest family labour income was found for large size land holding farmers (₹1,01,123.40/ha) followed by medium farmers (₹90,067.69/ha) and small farmers (₹69,172.83//ha). The overall average was ₹88,079.69 per hectare. This shows that family labour generates higher monetary returns in larger farms.
The returns per rupee invested were 3.33 for large farmers, 2.98 for medium farmers and 2.38 for small farmers, with an overall average of 2.95. This means that for every ₹1 invested in cumin cultivation, large farmers earned ₹3.33, medium farmers ₹2.98 and small farmers ₹2.38. This clearly indicates that large farms achieve better profitability and resource use efficiency compared to small and medium farms.
It could be summarized from the findings that cumin cultivation showed a positive relationship between farm size and income levels in the study area. Larger farms benefit from economies of scale, better use of technology and higher productivity, which lead to higher profits and better returns on investment.
Cost of production: The cost of production for cumin cultivation was calculated separately for small, medium and large farmers and the results are presented in table 6. It was revealed from the results that production cost was decreased with the increasing size of land holding which indicated the advantage of economies of scale in cumin production. The highest per quintal production cost A1 was reported for small farmers ₹5,852.55 followed by medium farmers (₹4,889.53) and lowest for large farmers (₹4,716.01). The overall average production Cost A1 and A2 was ₹5,143.58 for one quintal production of cumin.  Here again, the highest cost B1 was observed for small farmers ₹5,961.07, while medium and large farmers incurred ₹5,053.27 and ₹4,887.74 respectively. The overall average for Cost B1 was ₹5,302.23 per quintal.  Cost B2 reflecting the opportunity cost of land use. The cost B2 of small, medium and large category farmers was ₹7,727.07, ₹6,518.47 and ₹6,216.65 per quintal respectively, in the study area. The overall average cost B2 was found at ₹6,775.53 for one quintal production of cumin. 
Table 6 Cost of production of the cumin at different category farmers in study area
(₹/Quintal)
	Cost
	Small
	Medium
	Large
	Overall

	Cost A1
	5852.55
	4889.53
	4716.01
	5143.58

	Cost A2
	5852.55
	4889.53
	4716.01
	5143.58

	Cost B1
	5961.01
	5053.27
	4887.74
	5302.23

	Cost B2
	7727.07
	6518.47
	6216.65
	6775.53

	Cost C1
	7908.87
	6255.19
	5573.96
	6314.90

	Cost C2
	9674.87
	7720.39
	6901.86
	7788.19

	Cost C3
	10642.36
	8492.43
	7592.05
	8567.01



Cost C1 of small farmers was recorded at ₹7,908.87 for one quintal output of cumin followed by medium farmers (₹6,255.19/quintal) and large farmers (₹5,572.96/quintal).
For one quintal cumin production, the cost C2 was ₹9,674.87 for small farmers, ₹7,720.39 for medium farmers and ₹6,901.86 for large farmers. Cost C3 was found to be ₹10,642.36 for small farmers, followed by ₹8,492.43 for medium farmers and ₹7,592.05 for large farmers, with an overall average of ₹8,567.01 for one quintal cumin output. It could be seen from the above conclusion that cost of production decreases with the increase in farm size at all cost levels (A1 to C3).
Constraints ranking analysis: The major constraints faced by cumin growers are presented in table 7. It is revealed from the table that irregular power supply for electricity (72.67%) was foremost constraint faced by cumin growers in the study area. It affected to timely irrigation operation in cumin crop and other farm activities, leading to stress on the crop, particularly during critical growth stages. The incidence of diseases and insect-pests ranked second (72.25%), indicating that pest and disease infestation remains a major challenge in cumin cultivation. Farmers reported problems like blight, wilt, aphids and thrips, which not only reduce yield but also increase production costs due to more frequent use of plant protection chemicals in the standing cumin crop.
Table 7 Constraints faced by farmers in production of cumin crop 
	S. No.
	Constraints
	Garrett’s (%)
	Rank

	1
	Irregular power supply for electricity
	72.67
	I

	2
	Incidence of diseases and insect-pests
	72.25
	II

	3
	High cost of human labour during cultivation of cumin
	68.21
	III

	4
	Lack of knowledge about application of plant protection chemicals
	45.46
	VI

	5
	Inadequate knowledge of recommended package of practices
	39.63
	VII

	6
	Damage of crop due to grazing by stray animal
	28.25
	VIII

	7
	Less awareness of crop insurance schemes
	22
	IX


Thereafter, high cost of human labour in cumin during cultivation (68.21%), lack of knowledge about the application of plant protection chemicals (45.46%), Inadequate knowledge of the recommended package of practices (39.63%) and Damage of crop due to grazing by stray animals (28.25%) was ranked sixth. Farmers reported that inadequate fencing and free movement of stray animals like goats, cattle and camels more damage to crop, especially at the early stage of growth. The least severe but still notable constraint was less awareness of crop insurance schemes (22.00%), which ranked seventh. Many farmers were not aware of crop insurance schemes or procedures for availing its benefits, leave them vulnerable to production and market risks. It could be conclude from the findings that cumin growers face irregular electricity supply, pest and disease problems and high human labour costs emerging as the most critical issues. Addressing these constraints through better infrastructure, technical training and policy support could significantly improve cumin productivity and profitability in the study area. Jaitawat, et al. (2007) constraints in adoption of improved fennel cultivation technology.
Conclusions
The output of the study clearly indicated that area, production and productivity of cumin was reported positive and significant growth rate during entire study period (1994-95 to 2023-24) and period-II (2009-10 to 2023-24). The total cost of cultivation was directly associated with increasing farm size. Large size farmers were mostly dependent on hired labour and purchased inputs than small and medium category farmers. Like cost concept, various type of farm incomes were also worked out for cumin cultivation those showed a positive relationship with increasing farm size. The returns to investment ratio for small, medium and large farmers were ₹2.38, ₹2.98 and ₹3.33 respectively for cumin cultivation. It indicates that return to every rupee of investment in cumin cultivation augmented with the expanded farm size. In the study area, irregular power supply for electricity, incidence of diseases and insect-pests and high cost of human labour during cultivation of cumin are major constraints in cumin farming. These constraints could be addressed through better infrastructure, technical training and policy support which will help to improve cumin productivity and profitability in the study area.  
HIGHLIGHTS: 
· In the study area, maximum positive growth rate was observed for production of cumin in period-II.
· The highest cost of cultivation was expenses by large size farmers in cumin production.
· Irregular power supply for irrigation was prime constraints of the study area. 
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