Comparative Analysis of Rice Production under Various Irrigation Conditions in the Gangrel Dam Command Area of Chhattisgarh, India
Abstract
This study undertakes a comparative analysis of rice production under various irrigation conditions in the Gangrel dam command area of Chhattisgarh. Data were collected from 192 rice farmers using a percentage random sampling and analysed using appropriate statistical tools. The results indicate that the highest cost was found under assured irrigation followed by protective irrigation and lowest under rainfed farming which was Rs. 81492.51/ha, Rs. 73,605.54/ha and Rs. 70,181.10/ha respectively. The gross returns from cultivation, as determined by total output, was Rs. 1,87,699.41/ha, Rs. 1,83,251.60/ha and Rs. 1,64,522.50/ha under assured, protective irrigation and rainfed farming respectively. The net returns obtained under assured, protective irrigation and rainfed farming was Rs. 106206.75/ha, Rs. 109646/ha, and Rs. 94341.44/ha respectively. The input - output ratio varied under different irrigation conditions with protective irrigation at 2.48, followed rainfed farming at 2.34 and lowest in assured irrigation at 2.30 rupees. Protective irrigation yields a greater input-output ratio. The Cobb-Douglas production function was used to estimate resource use efficiency by analysing the marginal value product (MVP) of all irrigation conditions, under assured irrigation, manure, insecticide, and irrigation was underutilized and can boost productivity, while seed, fertilizer, labour, and machine power were overused and inefficient. In protective irrigation, fertilizer, manure, and insecticide was efficient, whereas seed, labour, and machinery show overused. In rainfed farming, insecticide, manure, and fertilizer remain productive, but seed, labour, and machine power are again inefficient and overutilized.
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Introduction 
India is the world’s second-largest producer of rice, with the Kharif season accounting for 84% of the country total rice production. The Rabi season accounts for 9% of the country's total rice production. The Kharif season saw a significant increase in rice cultivation, with the area sown increasing from 38,919 thousand hectares in 2019 to 41,195.80 thousand hectares in 2023. The country agricultural production capacity has shown consistent growth over the past decades, with major rice growing states including West Bengal, Uttar Pradesh, Andhra Pradesh, Tamil Nadu, Bihar, Chhattisgarh, and Odisha. India has emerged as the world's largest rice exporter in the last decade, with rice production surged by 40% since 2010. India exports more than 4 million tons of basmati to various markets, including Iran, Iraq, Yemen, Saudi Arabia, the United Arab Emirates, and the United States. However, weather conditions in these markets could influence trade prices. India is responsible for about 40% of the global rice trade, with banned items amounting to 15%. The decision to ban rice exports has implications for the food security of 1.4 billion people. India's rice exports need to be viewed in a proper historical and setting to ensure the food security of its 1.4 billion people. (CMIE, as on 29 September 2023)
Chhattisgarh, India's 26th state, covers 138 Lakh ha. and has a rich bio-diverse area with 63.4 Lakh ha. under forest cover. With a population of 2.55 Crore, 70% are engaged in agriculture, with 37.46 Lakh farm families. Major Kharif crops include Paddy, Soybean, Urd & Arhar, and Rabi crops Chickpea, wheat and Lathyrus. Chhattisgarh is working on increasing double cropped areas, diversifying cropping patterns, and improving income from Agro-based small-scale enterprises (Directorate of Agriculture and Farmer Welfare Govt. of Chhattisgarh).
In the kharif marketing season 2024-25, Chhattisgarh missed its target for paddy procurement but set a new record. Over 14.9 million tonnes of paddy were purchased at the minimum support price (MSP) from farmers until January 31, 2025. The state is paying Rs 3,100 for a quintal of paddy, with farmers receiving Rs 800 as input subsidy. Agricultural production in Chhattisgarh reached 9,810 tonne in 2023, an increase from the previous number of 8,020 tonne for 2022. Rice cultivation in the state is significant, with a total production of 11,224,482 tonnes. The average yield stands at 2.59 tonnes per hectare, which is considered moderate. However, there is room for improvement in productivity through better farming practices, improved seed varieties, efficient water management, and adoption of modern agricultural technologies. Chhattisgarh plays a crucial role in the national rice supply, and improvements in its agricultural performance could positively influence food security and rural livelihoods in the region (Directorate of economics and statistics Govt. of India).
Objective 
· To assess the profitability of rice production under assured, protective irrigation and rainfed farming in the Gangrel dam command area.
· To evaluate the resource use efficiency of rice cultivation under assured, protective irrigation and rainfed farming in the Gangrel dam command area.
· To explore the problems faced by farmers and suggest appropriate policy strategies for improving assured, protective, and rainfed farming under the Gangrel dam command area.
Materials and methods
The study was carried out during 2024–25 in the Gangrel Dam command area, located in Dhamtari district of Chhattisgarh, which was purposively selected due to the dam’s significance in regional irrigation. The dam has supply water under four water management divisions under the dam—two in Rudri (Dhamtari), one in Raipur, and one in Balodabazar—were included in the study. From each division, two villages were purposively selected, resulting in a total of eight villages: Khirgitola, Vishrampur, Gatapur, Chhatti, Nimora, Karmadi, Bagbuda, and Chherkapur. A total of 192 rice farmers were selected and were distributed across the divisions using percentage-based random sampling. Primary data were collected through a well-structured schedule and questionnaire, while secondary data were sourced from various government departments, including agriculture, land records, economics and statistics, and water resources department. The study provided insights into irrigation practices, resource management, and farmer participation in the Gangrel Dam command area. 
Analysis 
The following tools and techniques were employed and an analysis has been carried out in using system fit, probability packages, and MS Excel sheet for the study by using simple arithmetic averages and percentages
Cost of cultivation - for estimation of costs and return of different crops the standard cost concept given by the commission on agricultural cost and price (CACP).
Cost A1= All actual expenses in cash and kind incurred in production.
· Value of hired and permanent human labour.
· Value of bullock labour (owned & hired).
· Value of machine labour (owned &hired).
· Value of seed (owned & purchased).
· Value of manure, fertilizer and pesticide.
· Irrigation charges, land revenue and depreciation farm implements.
· Interest on working capital.
· Miscellaneous charges.
	Cost A2
	=
	Cost A1 + rent paid for leased in land.

	Cost B1
	=
	A1 + Interest on value of owned capital (excluding land).

	Cost B2
	=
	B1 + Rental value of owned land & rent paid for leased land

	Cost C1
	=
	Cost B1+ Imputed value of family labour.

	Cost C2
	=
	Cost B2+Imputed value of family labour.

	Revised C2
	=
	C2 +Additional value of human labour based on use of higher wage rate, i,e. statutory wage rate or actual market rate (as derived from cost study data)

	Cost C3
	=
	includes managerial cost (Revised C2 + 10% of Revised C2)

	Cost A2 + FL
	=
	: A2 + imputed value of family labour


Farm efficiency Measures
	Gross Income
	=
	Value of total output

	Net income
	=
	Gross income – Cost C

	Farm business income
	=
	Gross income – Cost A1 or Cost A2

	Family labour income
	=
	Gross Income - Cost B2

	Farm investment Income
	=
	Farm business income - Imputed value of the Family Labour

	Input-output ratio
	=
	Total output/total input

	Cost of production (Rs. / qt.)
	=
	Total Cost / yield


Resource use efficiency of different rice:
For the study of objective to estimate by Cobb-Douglas production function and appropriate model and technique will be use.
Cobb-Douglas production function:
lnYi = β0+ β1 ln X1+ β2 ln X2 + β3 ln X3+ β4 ln X4 + β5 ln X5 + β6 ln X6 + β7 ln X7 + (vi – ui)
Where,
The subscript ‘i’, denotes the ith farmer in the sample, and, Yi = Output of rice (Rs./ha), β0, … , β7 = Parameters to be estimated, X1 = Quantity of seed (Rs./ha), X2 = Human labour (human Rs./ha), X3 = Machine labour (Rs./ha), X4 = Irrigation (Rs./ha), X5 = Quantity of fertilizers (Rs./ha), X6 = Quantity of manure (Rs./ha), X7 = Plant protection chemicals (Rs./ha), vi – ui = Random error-term, and n = Number of farms growing crops.
Both dependent and explanatory variables were transformed to natural logarithm. The above equation was transformed to linear form for ease in computation. The level of resource use efficiency was calculated using following formula: r =MVP/MFC Where, r = Efficiency ratio MVP = Marginal Value Product; which is the value of incremental unit of output resulting from the additional unit of inputs. MFC = Marginal Factor Cost which is equal to one since both dependent and explanatory variables are converted to monetary value; and is defined as the increase in the cost of inputs due to purchase of additional unit of inputs. Now,
MVP = bi*Ȳi/X̄i
Where, bi = Estimated regression coefficient of input Xi, Ȳi = geometric mean value of output, X̄I = geometric mean value of ith resource use
Decision rule: r= 1; Efficient use of resource r>1; Underused of the resource use, r<1; over use of resources.
Finally, the relative percentage change in MVP was calculated using following way: D= (1-MFC/MVP) × 100 Or, D= (1-1/r) × 100
Constraint of faced by the farmers:
The objective of the study was calculated by using Garret’s ranking technique, Garret’s ranking technique
Percent position = 100 (Rij – 0.5)/ Nj)
Where,
· Rij = Rank given for ith constraint by jth respondents
· Nj = Number of constraints ranked by jth respondents
Results and discussion
 An overview of the socioeconomic standing of selected rice farmers, land holdings, cropping methods, irrigation, and family size was provided by the results. It also looked at the cost and returns, resource use efficiency, and major obstacles.



Table 1: Overview of sample farmer’s profile
	 
	 
	Farm size

	S. No.
	Particulars
	Marginal
	Small
	Medium
	Large
	Overall

	1.
	Number of households
	60
	51
	45
	36
	192

	2.
	Family size (Average)
	7.11
	7.00
	7.31
	8.05
	7.30

	3.
	Households’ literacy rate (%)
	64.16
	63.02
	59.87
	67.24
	63.50

	4.
	Average land holding (ha.)
	0.80
	1.63
	3.27
	6.48
	3.05

	5.
	Area under irrigated (ha.)
	0.62
	1.11
	2.24
	4.57
	2.13

	6.
	Tube well irrigated area (ha.)
	0.35
	0.49
	0.95
	2.12
	0.97

	
	
	(43.75)
	(30.06)
	(29.05)
	(32.71)
	(32.04)

	7.
	Canal irrigated area (ha.)
	0.27
	0.62
	1.29
	2.45
	1.15

	
	
	(33.75)
	(38.03)
	(39.44)
	(37.80)
	(37.95)

	8.
	Rainfed agriculture area (ha.)
	0.18
	0.52
	1.03
	1.91
	0.91

	
	
	(22.50)
	(31.90)
	(31.49)
	(29.47)
	(29.83)

	9.
	Gross cropped area 
	1.17
	2.48
	5.55
	11.51
	5.18

	10.
	Net cultivated area
	0.80
	1.63
	3.27
	6.48
	3.05

	11.
	Cropping intensity (%)
	146.25
	152.14
	169.72
	177.62
	169.91



Cost of cultivation of rice
A number of factors affected the cost of cultivation rice, which include manpower, land size, agricultural methods, location, and inputs including seeds, fertiliser, pesticides, and irrigation. An overview of rice farming expenses per hectare as stated below;
Input material uses for rice cultivation
The input material utilisation for rice cultivation under different irrigation conditions like assured, protective irrigation and rainfed farming was shown in table 2, In terms of material input costs, the maximum seed consumption occurs under assured irrigation 99.22 kg/ha, followed by protected irrigation 96.73 kg/ha and rainfed farming 95.99 kg/ha. A similar pattern can be seen in the use of manure FYM, which was used most in assured irrigation 14.74 tons/ha, followed by protected irrigation 13.58 tons/ha and least in rainfed farming 11.77 kg/ha.
The maximum use of fertilizer was highest in assured irrigated area followed by protective irrigation and rainfed farming which was 544.86 kg/ha, 532.20 kg/ha and 502.77 kg/ha respectively. Under protective irrigation, the greatest rates of insecticide and pesticide application was 1.10 lit./ha followed by assured irrigation 1.05 lit./ha, and rainfed farming 1.04 lit./ha respectively. The amount of human labour, protective irrigation highest labour demand followed by rainfed farming and assured irrigation which was 65.28, 60.35 and 55.57 days/ha respectively. 
With 5.25 hrs/ha under rainfed farming, 5.19 hrs/ha under protected irrigation and 5.15 hrs/ha under assured irrigation, machine power consumption was almost constant across irrigation types. Nevertheless, some farmers choose to use combine harvesters, which might change the amount of power needed by the machines. 
Table 2: Input material used for rice cultivation (Kg/ha.)
	S. No.
	Particulars
	Assured irrigation
	Protective irrigation
	Rainfed farming

	
	
	Overall
	Overall
	Overall

	A.
	Variable Cost

	1
	Material input Cost

	a)
	Seed
	99.21
	96.73
	95.99

	b)
	Manure FYM/Compost (ton/ha.)
	14.74
	13.57
	11.77

	c)
	Fertilizer

	i
	Urea
	180.86
	178.32
	168.40

	ii
	DAP
	109.93
	108.82
	101.80

	iii
	Potash
	66.91
	64.39
	60.26

	iv
	Single super phosphate
	124.52
	120.91
	118.51

	v
	Other
	62.62
	59.74
	53.79

	
	Sub-total
	544.86
	532.20
	502.77

	d)
	Insecticide and herbicide (lit./ha)
	1.05
	1.10
	1.04

	2
	Human Labour (day/ha)

	i
	Owned labours
	28.87
	32.04
	31.37

	ii
	Hired labours
	26.69
	33.53
	28.98

	
	Sub-total 
	55.57
	65.28
	60.35

	3
	Machine power used

	i
	Machine power used (hrs/ha)
	5.15
	5.19
	5.25


Note: for harvesting of crops, some farmers use combine harvesters
Cost incurred for rice cultivation in the Gangrel dam command area
The table 3, shows the cost of cultivation of rice under assured, protective irrigation, and rainfed farming, distinct cost structures across different irrigation practices. The total cost of cultivation was highest under assured irrigated area at Rs. 81,492.51/ha, followed by protected irrigation at Rs. 73,605.54/ha and the lowest under rainfed farming at Rs. 70,181.10/ha, indicating that higher irrigation availability leads to higher investment.
Variable costs, which included material inputs, labour, and machinery expenses, account for a significant portion of the total cost. Seed costs show a decreasing trend from assured, protected irrigation and rainfed farming which was 5.14%, 5.53% and 5.74%. of total cost of cultivation.  The cost of manure FYM follows a similar trend, being highest in assured irrigation which was 2.17%, decreasing to 2.21% under protective irrigation, and further dropping to 2.01% under rainfed farming of total cost of cultivation.
Fertilizer expenses, which included urea, DAP, potash, and single super phosphate, was highest in assured irrigated area followed by protected irrigation and rainfed farming which was 10.87%, 11.71% and 1.53% of total cost of cultivation. The cost of insecticides and pesticides was also highest in assured irrigation at 2.75%, followed by protective irrigation at 2.92% and rainfed farming at 2.88% of total cost.
Irrigation charges represent a major differentiating factor. In assured irrigated area, farmers incur the highest irrigation costs at Rs. 5,030.52/ha, whereas in protected irrigation, it was significantly lower at Rs. 244.53/ha and in rainfed farming, there are no irrigation costs. Labour costs showed variations based on the types of irrigation conditions. Protective irrigation was the highest labour costs followed by rainfed farming and assured irrigation which was 18.06%, 18.25% and 15.63% of total cost respectively. Machine power expenses, including bullock and machinery charges, was highest under assured irrigation at Rs. 8,579.12/ha, with protective irrigation at Rs. 7,236.62/ha and rainfed farming at Rs. 7,187.06/ha. The total operational cost, which consists of variable costs, was highest under assured irrigation at Rs. 46,684.65/ha, followed by protective irrigation at Rs. 40,309.40/ha and rainfed farming at Rs. 38,556.40/ha.
Fixed costs also vary across various irrigation conditions. Depreciation costs were highest in protective irrigation at Rs. 932.50/ha, followed by assured irrigation at Rs. 857.91/ha and rainfed farming at Rs. 718.70/ha. The rental value of owned land was highest in assured irrigation followed by protective irrigation at Rs. 29,325.20/ha and lowest in rainfed farming at Rs. 28,019.50/ha which was presented 37.77%, 39.85%, and 39.92% out of total cost respectively. Interest on fixed capital follows the same trend, being highest in assured irrigation 3.89%, protected irrigation 4.12% and rainfed farming 4.09% of total cost.

Table 3: Input material cost for rice cultivation (Rs/ha.)
	S. No.
	Particulars
	Assured irrigation
	Protective irrigation
	Rainfed farming

	
	
	Overall
	Overall
	Overall

	
	Material input Cost

	A.
	Variable Cost

	a)
	Seed
	4189.59
(5.14)
	4073.50
(5.53)
	4032.14
(5.74)

	b)
	Manure FYM/Compost
	1769.18
(2.17)
	1629.69
(2.21)
	1413.30
(2.01)

	C)
	Fertilizer 

	i
	Urea
	965.52
(1.19)
	952.23
(1.29)
	899.25
(1.28)

	ii
	DAP
	3188.18
(3.92)
	3155.11
(4.29)
	2952.25
(4.21)

	iii
	Potash
	1873.54
(2.29)
	1803.15
(2.44)
	1687.47
(2.40)

	iv
	Single super phosphate & EFFCO
	2823
(3.47)
	2715.66
(3.69)
	2550.49
(3.64)

	 
	Sub-total
	8850.25
(10.87)
	8626.16
(11.71)
	8089.46
(11.53)

	d)
	Insecticide and pesticide
	2245.10
(2.75)
	2152.38
(2.92)
	2025.01
(2.88)

	e)
	Irrigation Charge
	5030.52
(6.17)
	244.53
(0.33)
	0
(0.00)

	2
	Human Labour

	i
	Owned labours
	6556.42
(8.05)
	6607.85
(8.97)
	6720.05
(9.58)

	ii
	Hired labours
	6174.98
(7.58)
	6685.68
(9.08)
	6086.28
(8.67)

	 
	Sub-total
	12731.41
(15.63)
	13293.54
(18.06)
	12806.30
(18.25)

	3
	Machine power used 

	 
	Bullock charge
	1493.90
(1.83)
	1502.60
(2.05)
	1520.12
(2.16)

	i
	Machine power used Charge
	8579.12
(10.52)
	7236.62
(9.84)
	7187.06
(10.25)

	4
	Interest on working Capital (IOWC)
	1795.56
(2.20)
	1550.36
(2.11)
	1482.94
(2.11)

	 
	Total Operational cost
	46684.65
(57.28)
	40309.40
(54.76)
	38556.40
(54.93)

	B.
	Fixed Cost 

	i
	Depreciation
	857.91
(1.05)
	932.50
(1.26)
	718.70
(1.02)

	ii
	Land Revenue
	11.55
(0.01)
	11.51
(0.01)
	11.52
(0.01)

	iii
	Rental Value of Owned Land
	30774.05
(37.77)
	29325.20
(39.85)
	28019.50
(39.92)

	iv
	Interest on Fixed Capital (IOFC)
	3164.35
(3.89)
	3026.92
(4.12)
	2874.98
(4.09)

	 
	Total Fixed Cost
	34807.86
(42.72)
	33296.14
(45.24)
	31624.70
(45.07)

	 
	Total Cost
	81492.51
(100)
	73605.54
(100)
	70181.10
(100)



Cost concept in rice production
The cost of cultivation of rice under assured irrigation, protective irrigation, and rainfed farming, based on various cost concepts was shown in table 4, Cost A1, which incorporates costs like all actual expenses in case and kind incurred in production was Rs. 47,554.11/ha, Rs. 41,253.42/ha and Rs. 39,286.58/ha under assured, protective irrigation and rainfed farming respectively. Cost A2, which adds the rental value of owned land to Cost A1, rises to assured, protective irrigation and rainfed farming, which was Rs. 51115.00/ha, Rs. 46098.21/ha and Rs. 43593.24/ha respectively.
Cost B1 was Rs. 50,718.46/ha under assured irrigation, Rs. 44,280.34/ha under protected irrigation, and Rs. 42,161.55/ha under rainfed farming. This cost comprises Cost A1 plus interest on value of owned capital. Including Cost B1 and the rental value of owned land, Cost B2 increases dramatically to Rs. 81,492.50/ha for assured irrigation, Rs. 73,605.54/ha for protected irrigation, and Rs. 70,181.08/ha for rainfed farming. Cost C1 was Rs. 57,274.88/ha for assured irrigation, Rs. 50,888.19/ha for protected irrigation, and Rs. 48,881.60/ha for rainfed farming. Cost C2, which includes family labour expenses and Cost B2, was Rs. 76,901.13/ha for rainfed farming, Rs. 88,048.92/ha for assured irrigation, and Rs. 80,213.39/ha under protective irrigation.
The greatest of all cost was cost C3, which comprises cost C2 plus 10% of cost C2 for management costs. Rainfed farming costs Rs. 84,591.24/ha, protected irrigation costs Rs. 88,234.73/ha, and assured irrigation costs Rs. 96,853.82/ha. Additionally, Cost A2 + FL, which was Cost A2 plus the estimated cost of family labour, was Rs. 50,313.28/ha for rainfed farming, Rs. 52,706.06/ha for protected irrigation, and Rs. 57,671.42/ha for assured irrigation.
Table 4: Cost of cultivation in terms of cost concepts (Rs/ha).
	Particulars
	Assured irrigation
	Protective irrigation
	Rainfed farming

	
	Overall
	Overall
	Overall

	Cost A1
	47554.11
	41253.42
	39286.58

	Cost A2
	51115.00
	46098.21
	43593.24

	Cost B1
	50718.46
	44280.34
	42161.55

	Cost B2
	81492.50
	73605.54
	70181.08

	Cost C1
	57274.88
	50888.19
	48881.60

	Cost C2
	88048.92
	80213.39
	76901.13

	Cost C3
	96853.82
	88234.73
	84591.24

	Cost A2 + FL
	57671.42
	52706.06
	50313.28



Returns from rice cultivation 

The returns from rice cultivation in rupees per hectare under assured irrigation, protected irrigation, and rainfed farming was presented in table 5, key financial and production metrics including cultivation costs, production costs, sales, income, and profitability are all included. The highest cost was found under assured irrigation followed by protective irrigation and lowest under rainfed farming. Accordingly, the overall yield per hectare varies under from rainfed farming 50.90 quintals, protected irrigation 59.93 quintals, and assured irrigation was 61.61 quintals.
A substantial amount of the produce was sold at the Minimum Support Price (MSP) plus bonus of Rs. 3,100 per quintal, with 52.20 quintals sold under each of the irrigated conditions. The remaining quantity was sold on the open market an average price Rs. 2,698.14 per quintal, which was equivalent to 9.41, 7.73, and 0.95 quintals under assured, protective and rainfed farming respectively. The gross returns from cultivation, as determined by total sales, was Rs. 1,87,699.41/ha under assured irrigation, Rs. 1,83,251.60/ha under protective irrigation, and Rs. 1,64,522.50/ha under rainfed farming. The net returns, which was obtained by deducting the cost of cultivation from gross returns, under assured, protective irrigation and rainfed farming was Rs. 106206.75/ha, Rs. 109646/ha, and Rs. 94341.44/ha respectively. With assured, protected irrigation, and rainfed farming, the farm business income was Rs. 1,40,145.30/ha, Rs. 1,41,998.20/ha, and Rs. 1,25,235.90/ha, respectively. This amount represents the difference between gross returns and variable expenses. Family labour income was Rs. 1,06,206.90/ha for assured irrigation, Rs. 1,09,646.00/ha for protected irrigation, and Rs. 94,341.44/ha for rainfed farming. That was the net revenue after fixed expenses are subtracted. For assured irrigation, protected irrigation, and rainfed farming, the corresponding farm investment income was Rs. 1,33,588.88/ha, Rs. 1,35,390.30/ha, and Rs. 1,18,515.90/ha respectively. Farm investment income was the amount of money earned after all expenditures, except managerial expenses.
The cost of production per quintal was Rs. 939.75 under assured irrigation, Rs. 883.04 under protected irrigation, and Rs. 993.96 under rainfed farming. The input - output ratio varied under different irrigation conditions like assured, protective irrigation and rainfed farming which was 2.30, 2.48 and 2.34 respectively. Protective irrigation greater input-output ratio points to a more effective return on investment.
Table 5: Returns over different irrigation sources (Rs/ha.)
	Particulars
	Assured irrigation
	Protective irrigation
	Rainfed farming

	 
	Overall
	Overall
	Overall

	Cost of cultivation
	81492.66
	73605.54
	70181.09

	Production (q/ha)
	61.61
	59.93
	50.90

	Quantity selling by MSP
	52.20
	52.20
	52.20

	Price MSP + Bonus (Rs. /q)
	3100
	3100
	3100

	Quantity sells in market (q)
	9.41
	7.73
	0.95

	Average market price (Rs/q)
	2698.14
	2698.14
	2698.14

	Gross returns
	187699.41
	183251.60
	164522.50

	Net Returns
	106206.75
	109646
	94341.44

	Farm business income
	140145.30
	141998.20
	125235.90

	Family labour income
	106206.90
	109646
	94341.44

	Farm investment income
	133588.88
	135390.30
	118515.90

	Cost A2 + FL (Rs. /q)
	939.75
	883.04
	993.96

	input- output ratio
	2.30
	2.48
	2.34




Figure 1: Returns over different irrigation source




Resource use efficiency of rice 
The table 6, present the Cobb-Douglas production function analysis of rice production across different irrigation situations; assured irrigation, protective irrigation, and rainfed farming reveals significant insights into the resource use efficiency of various inputs.
Across all irrigation condition, the models fit well statistically, as indicated by high R-squared values of 0.80 in assured and rainfed farming, and 0.82 in protective irrigation. This means that approximately 80 to 82 percent of the variation in rice output was explained by the input variables included in the model, that suggested a strong explanatory power of the regression. In terms of the intercept, all irrigation conditions report highly significant and positive constant terms. This implies that even at minimal or zero levels of input use, there was a positive base level of rice output, possibly reflecting natural productivity or fixed factors such as land quality.
Looking at individual inputs, seed use shows negative coefficients in all irrigation condition and it was statistically non-significant, indicating that seed input does not contribute positively to rice yield and may be used inefficiently. The most negative effect was seen in assured irrigation with a coefficient of -0.17, which was close to being statistically significant. This result could imply over-seeding or suboptimal seed management practices. Labour input appears to have no meaningful effect on rice output across all irrigation systems. Its coefficients are near zero and statistically insignificant. This suggests that additional labour does not increase productivity, perhaps due to the already sufficient labour force or inefficient labour allocation.
Machine power shows small positive coefficients in each system but remains statistically insignificant throughout. Although mechanization was expected to enhance efficiency, the data suggests that its current level of use does not significantly impact rice yield, which may be due to uniformity of access or underutilization. Manure use, on the other hand, consistently shows a positive and statistically significant impact across all irrigation conditions. It has the strongest influence in assured irrigation with a coefficient of 0.15, followed by 0.07 in rainfed and 0.06 in protective irrigation. This demonstrates that organic inputs are efficiently used and significantly improve rice production, especially when water availability was stable.
Fertilizer usage shows a mixed pattern. In assured irrigation, the fertilizer coefficient was negative and non-significant, implying possible over-application or nutrient imbalance. However, in protective and rainfed systems, fertilizer use was highly significant and positively correlated with yield, with coefficients of 0.54 and 0.32 respectively. This indicates that fertilizer was more efficiently used in these systems where nutrient management plays a more critical role due to limited water availability. Insecticide use has a significant and positive effect on rice output in assured and rainfed systems, with the highest coefficient in rainfed agriculture at 0.26. In protective irrigation, however, its impact was negligible and statistically insignificant. The stronger impact in rainfed areas may be due to greater vulnerability to pest attacks under dry conditions, making chemical protection more critical to yield preservation. Irrigation as an input was included only for assured irrigation and, while its coefficient was positive at 0.09, it was not statistically significant. This suggests that once a baseline of irrigation was ensured, additional irrigation has a limited marginal effect on yield, possibly due to saturation or uniform access.

Table 6: Resource use efficiency of rice by using cobb- Douglas production function
	Particulars
	Assured irrigation
	Protective irrigation
	Rainfed farming

	
	Coefficients
	Standard Error
	P-value
	Coefficients
	Standard Error
	P-value
	Coefficients
	Standard Error
	P-value

	Intercept
	10.76
	0.862669
	8.24E-18
	7.01
	0.720188
	9.57E-14
	6.93
	0.811852
	8.51E-12

	Seed
	-0.17NS
	0.092912
	0.057939
	-0.08NS
	0.075448
	0.24281
	-0.05NS
	0.087637
	0.52658

	Labour
	0.00NS
	0.008818
	0.936397
	-0.00NS
	0.012215
	0.730683
	0.00NS
	0.012593
	0.703434

	Machine power
	0.03NS
	0.019182
	0.118117
	0.01NS
	0.017698
	0.545812
	0.01NS
	0.018709
	0.480094

	Manure
	0.15***
	0.020625
	5.17E-10
	0.06***
	0.019111
	0.001153
	0.07***
	0.022445
	0.001707

	Fertilizer
	-0.05NS
	0.094199
	0.568387
	0.54***
	0.079846
	5.22E-09
	0.32***
	0.064954
	6.7E-06

	Insecticide
	0.17***
	0.04854
	0.00079
	0.03NS
	0.063982
	0.578229
	0.26***
	0.085798
	0.003593

	Irrigation
	0.09NS
	0.063097
	0.153353
	-
	-
	-
	-
	-
	-

	R square
	0.80
	0.82
	0.80



***1%  level of significance and ** 5% level of significance and NS = Not Significant
[bookmark: _Hlk204616860]The table 7, present the resource use efficiency of rice cultivation under assured irrigation, protective irrigation, and rainfed farming, based on the Marginal Value Product (MVP), Marginal Factor Cost (MFC), Efficiency Ratio (R), D-value (percentage deviation from optimal use), and the final efficiency remark (P for Positive, N for Negative).
[bookmark: _Hlk204617581]Under assured irrigation, inputs like manure, insecticide, and irrigation have R values 50.25, 14.39 and 3.597 respectively, significantly greater than one and positive D-values was 98.01, 98.01 and 72.20 respectively, indicating that these inputs are underutilised and can be increased to raise productivity. On the contrary, seed and fertilizer have negative MVPs and R-values was -8.19 and -1.17 far below one, with high D-values was112.20 and 184.97, suggested that overutilized and inefficient. Labour and machine power also show low or negative efficiency, with R-values of 0 or below and negative or unrealistic D-values, reflecting ineffective use.
In the protective irrigation system, fertilizer, manure was highly efficient and underutilised inputs with R value was found 10.33 and 20.26respectively, as reflected in their high MVPs and D-values 90.31 and 95.06 around. Insecticide also shows positive efficiency, though less than the others. Meanwhile, seed, labour, and machine power remain inefficient with R-values below one and large D-values, indicating overuse.
[bookmark: _Hlk204617183]For rainfed farming, insecticide, manure and fertilizer was again highly productive and underutilized inputs. These resources significantly improve yield and have positive MVPs with R value 20.34, 25.23 and 6.36 respectively, and low D-values was 95.08, 96.03 and 84.28. In contrast, seed again appears inefficient, with high overuse, and labour and machine power show marginal or negative efficiency, suggesting their use could be better optimized or even reduced. 
Table 7: Indicated the resource use efficiency of rice 
	Particulars
	Assured irrigation
	Protective Irrigation
	Rainfed agriculture

	
	MVP
	MFC
	R
	D- value
	Remark
	MVP
	MFC
	R
	D- value
	Remark
	MVP
	MFC
	R
	D- value
	Remark

	 Seed 
	-8.19
	1
	-8.19
	112.20
	N
	-3.48
	1
	-3.48
	128.65
	N
	-2.28
	1
	-2.28
	143.72
	N

	 Labour 
	0.00
	1
	0.00
	-10823.40
	N
	-0.05
	1
	-0.05
	1962.91
	N
	0.06
	1
	0.06
	-1482.78
	N

	machine power
	0.68
	1
	0.68
	-45.90
	N
	0.24
	1
	0.24
	-316.62
	N
	0.29
	1
	0.29
	-234.70
	N

	 Manure
	50.25
	1
	50.25
	98.01
	P
	20.26
	1
	20.26
	95.06
	P
	25.23
	1
	25.23
	96.03
	P

	 Fertilizer
	-1.17
	1
	-1.17
	184.97
	N
	10.33
	1
	10.33
	90.31
	P
	6.36
	1
	6.36
	84.28
	P

	 Insecticide
	14.39
	1
	14.39
	93.05
	P
	2.64
	1
	2.64
	62.25
	P
	20.34
	1
	20.34
	95.08
	P

	 Irrigation
	3.59
	1
	3.597
	72.20
	P
	
	
	
	
	
	
	
	
	
	



Note:  P indicated the underutilized and N indicate overutilized of resources. 
MVP = marginal value product, MFC = marginal fixed cost, R = MVP/MFC and NS = Not - significant 
*** 1% significance level, **5% significance level
[bookmark: _Hlk204617873]The major constraints faced by respondents during rice production, based on responses from 192 rice farmers. By using garret ranking techniques, each constraint was evaluated based on the total score, average score per, and assign rice farmers and assigned rank. The most pressing issue was the non-availability of canal water in tail end area during the Rabi season, which holds the highest average score of 69.84 and was ranked first. The second major constraint was the small size and fragmentation of cultivated land, with an average score of 59.93. Ranked third was the destruction caused by pests and diseases, averaging 49.60, The fourth constraint, with an average of 47.33, was the inadequate and inefficient utilization of resources, indicating poor resource management or a lack of training in optimal input application. The fifth-ranked issue was unpredictable weather patterns, averaging 46.53. Seasonal unavailability of labour was ranked sixth, with an average score of 43.57, indicating that during peak periods, especially sowing or harvesting, labour shortages disrupt farm operations. The seventh constraint, timely unavailability of inputs (like seeds, fertilizers), averages 43.21, reflecting delays in supply chains or access, which may reduce input efficiency or lower yields. Lastly, the shortage of critical resources like money and equipment was ranked eighth with an average score of 39.95, though still important. 
Table 8: Major constraints faced by the rice farmers during the time of crop production 
	S. No.
	Particulars
	Respondents
	Total
	Average
	Rank

	1.
	Shortage of useful resources like Money, equipment
	192
	7671
	39.95
	VIII

	2.
	Timely unavailability of input
	192
	8298
	43.21
	VII

	3.
	Unpredictable weather patterns
	192
	8934
	46.53
	V

	4.
	Destruction due to pests and diseases
	192
	9525
	49.60
	III

	5.
	Canals water not available for tail end area in rabi season
	192
	13410
	69.84
	I

	6.
	Small and fragmentation of cultivated land
	192
	11507
	59.93
	II

	7.
	Inadequacy of proper utilization of resources
	192
	9088
	47.33
	IV

	8.
	Seasonable unavailability of labour
	192
	8367
	43.57
	VI





Conclusion 
The study revealed that the cost of rice cultivation was highest under assured irrigation at ₹74,872.13/ha, followed by protective irrigation at ₹67,291.40/ha, and lowest under rainfed farming at ₹64,135.07/ha. Gross returns were ₹1,87,699.41/ha under assured irrigation, ₹1,83,251.60/ha under protective irrigation, and ₹1,64,522.50/ha under rainfed conditions. Net returns were highest in protective irrigation at ₹1,15,960.20/ha, followed by assured irrigation at ₹1,12,827.28/ha, and rainfed farming at ₹1,00,387.50/ha. The input-output ratio was 2.71 under protective irrigation, 2.57 under rainfed, and lowest at 2.50 in assured irrigation. Resource use efficiency based on the Cobb-Douglas production function indicated that under assured irrigation, manure, insecticide, and irrigation were underutilized, while seed, fertilizer, labour, and machine power were overused. In protective irrigation, fertilizer, manure, and insecticide were efficiently used, whereas seed, labour, and machinery were overutilized. Similarly, in rainfed farming, insecticide, manure, and fertilizer were productive inputs, while seed, labour, and machinery remained inefficient and overused.
Recommendations
· [bookmark: _Hlk204618935][bookmark: _GoBack]It is imperative that the initiatives enhance the efficiency of canal water distribution system and undertakes timely maintenance of related infrastructure to prevent water losses in rainy season and provide year-round irrigation.
· [bookmark: _Hlk204619105]At present farmers faced several problems related to traditional irrigation method field to field water supply they effect crop production, soil fertility and enhance soil erosion. so, initiatives should be implementing effective irrigation policy like Katta system, underground water supply pipeline.
· Constructing more check dams and anicuts along rivers should be prioritized to enhance groundwater recharge and ensure sustainable water management. Integrated water resource management also calls for linking all dams and expanding command areas.
· Crop damage from stray animals is a key concern in Raipur and Balodabazar-Bhatapara regions, requiring strong policy steps like fencing aid and better Gothan scheme at the ground level 
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