


Growth and Instability Analysis of Vegetable Crops in Chhattisgarh Plains: A Production Function Approach

                                                      ABSTRACT
This study analyzes the production dynamics of five major vegetable crops—Brinjal, Okra, Cauliflower, Potato, and Tomato—in Chhattisgarh, India, using district-level data from 2004–05 to 2021–22. Secondary data from 17 districts were compiled into a relational database and examined through stepwise regression-based production function models, incorporating both annual and periodic effects to capture structural changes in crop performance. The models demonstrated high explanatory power, with R² values of 98.12% for Brinjal in Rajnandgaon, 98.98% for Okra in Bilaspur, 98.32% for Cauliflower in Koriya, 98.39% for Potato in Kabirdham, and 98.9% for Tomato in Rajnandgaon. Decomposition of results revealed significant heterogeneity across districts: in Jagdalpur, Bastar, Koriya, and Kabirdham, production was primarily area-driven, whereas in Bilaspur, Jashpur, and Mahasamund, productivity gains played the dominant role. These findings highlight the dual pathways of agricultural growth—through area expansion and productivity enhancement—and provide critical insights for policy formulation. For sustainable vegetable development, district-specific interventions are essential: improved seeds, irrigation, and nutrient management in productivity-led regions, and land-use optimization in area-driven regions. The research underscores the value of econometric modeling and database-driven analysis in guiding evidence-based agricultural planning and enhancing predictive accuracy for future crop performance.
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INTRODUCTION 
India occupies a prominent position in global vegetable production, ranking second after China, with a cultivated area of over 10 million hectares and an output exceeding 190 million metric tonnes annually (NHB, 2021). Vegetables contribute significantly to food security, nutritional sufficiency, and agricultural diversification, while also generating substantial income and employment opportunities for smallholder farmers. Among the diverse agro-ecological regions of India, Chhattisgarh holds distinct importance due to its varied climatic conditions, fertile soils, and increasing emphasis on horticultural development. The state has witnessed steady expansion in vegetable cultivation, particularly in crops such as Brinjal, Okra, Cauliflower, Potato, and Tomato, which are widely cultivated across different agro-climatic zones.
Despite this growth, vegetable production in Chhattisgarh is characterized by marked inter-district variations in area, yield, and overall productivity. Some districts achieve growth primarily through area expansion, while others rely on improvements in yield. This heterogeneity highlights the need for robust analytical tools to disentangle the relative contributions of land use and productivity to overall production growth. Production function modeling, supported by relational databases and econometric approaches, offers a reliable framework to assess such dynamics and predict future trends.
Previous studies on crop growth analysis in India have primarily focused on cereals, pulses, or national-level horticultural trends, with limited district-level evidence for vegetables in Chhattisgarh. This creates a knowledge gap in understanding how regional disparities in area and yield influence vegetable production outcomes. Addressing this gap is critical for formulating evidence-based policies that promote sustainable intensification and optimize resource allocation across districts.
The present study, therefore, aims to develop production function models for major vegetable crops in Chhattisgarh using secondary data spanning 2004–05 to 2021–22. Specifically, the objectives are: (i) to examine district-wise growth patterns in area, production, and productivity; (ii) to estimate production functions for Brinjal, Okra, Cauliflower, Potato, and Tomato; and (iii) to identify whether area expansion or productivity improvements are the dominant drivers of production across different districts. The findings are expected to provide valuable insights for policymakers, researchers, and extension professionals to design district-specific interventions for sustainable vegetable development in the state.
MATERIALS METHODS
During analyses it was realized that the response variable in most of the districts/region. Therefore, this periodic effect was considered as a structural effect changing every three years the area, production and productivity scenario of all potato crop probably due to some research or technical break- through, etc. The periodic effect variable 'P' was introduced to measure the periodic trend along with the annual effect variable 'T' to measure annual trend with in each period. So, the following multiple regression models was finalized and fitted in all cases using stepwise regression technique as described
	
	lnY=ln t+bp P+bt + ϵ     
	…………………(1a)

	Or
	lnY^=lnt+bp​P+bt​T
	…………………(1b)


Where, ln𝑌^= expected value of the natural logarithm of the response variable
Y = area, productivity (i.e. yield) or production of given a region
lnt =intercept
P= periodic time variable, taking values from 2004-05 to 2021-22
T = annual time variable taking values from2004-05 to 2021-22
bp = partial linear regression coefficient corresponding to variable P
bt=     partial linear regression coefficient corresponding to variable T
=error/disturbance component
LetTbefixedataparticularpositioninfirstperiod.Sothatitmaybeconsideredconstantwithin the period while Pvaries. Then it may write(1b)in the form
      ln𝑌 ^=C+ bpP, where C=lnt(since bt=0forconstantT)……………….(2a)

[image: ]or, Yx= a         where Yx =Y,a=ec,=bp ,x=P………………(2b)
Again, on putting x=0and1respectivelyinequation(2b),Y0=aandY1=a=Y0(1+r1), where(1+r1 ) =,  say .Then, %r1 =
{(Yp-Yp-1)/Y p-1} x100 for fixed T. Also, r1 =-1 = 1+-1= = bp (higher powers of in   may be ignored). there fore, r1 may be defined as the proportional rate of growth in response variable Y per unit change of P for fixed T ie., a partial compound growth rate. Similarly r2 and bt can be interpreted with respected to variable T. ie., a partial compound growth rate. Similarly r2 and bt can be interpreted with respected to variable T.
Data collected on area, production and productivity of vegetables crops in all districts of Agro climatic zones of Chhattisgarh were subjected to growth and instability analysis for the fulfillment of objectives. MS Excel, MS Access and software are used for analysis. Following analytical techniques were employed. Secondary data on area, production and productivity for vegetable crops in agro climatic zones of different districts of Chhattisgarh were collected for 18-year period, from 2004-05 to 2021-22.
Lastly, our interest is to find the extent of influence of area and productivity on the production of vegetables. For that we need an additive model with an error term. The identity, production = Area × Productivity. However, in actual practice the area, production and productivity are not always reported to be accurate enough to equal to above product, due to probably rounding errors and many a times due to human error in recording the data. Therefore, assuming that actual area, production and productivity are some powers of the reported data and representing the residual discrepancies with an error term, this identity can be written in the functional form. Then, after taking natural logarithms, denoting the error component by έ    N (0,[image: ]) and then introducing the intercept term we can have the following linear statistical model
	
	P (A, Y) = c0 + c1 ln A + c2 ln Y + έ
	…...……………(3a)

	Or,
	[image: ] P (A,Y) = c0 + c1 ln A + c2 ln Y
	…………………(3b)

	Or,
	[image: ]  (A,Y)= d0 Ac1 Yc2 ,d0 = ec0
	….………………(3c)



Where A, Y and [image: ]  (A, P) denoted the area, productivity and estimated production of a given region. The constant c0 is the intercept and (c1 ,c2 ) are the partial  regression coefficients corresponding to variables ln A and ln Y respectively
RESULTS AND DISCUSSION 
Production Function Estimates
The production function models were estimated for five major vegetable crops—Brinjal, Okra, Cauliflower, Potato, and Tomato—using district-level data from 2004–05 to 2021–22. The models were evaluated on the basis of goodness-of-fit (R2R^2R2) and the relative contribution of area and productivity (yield) to total production. Districts with model fits exceeding 70% were considered satisfactory, with several showing coefficients of determination above 98%, indicating robust explanatory power.
Brinjal
For Brinjal, the production function satisfactorily fitted the data only in Rajnandgaon district, with an R2R^2R2 value of 98.12%. Decomposition revealed that in Jagdalpur, more than 70% of production variation was explained by area expansion, while in Bilaspur, Koriya, Kabirdham, Mahasamund, and Surguja, productivity improvements were the dominant contributors. This indicates spatial heterogeneity, where some districts rely on extensive cultivation while others benefit from yield-enhancing technologies.
Potato
In Potato, Kabirdham district showed the best model fit with an R2R^2R2 of 98.39%. Area contributed more than 90% to production growth in Rajnandgaon, while in Dhamtari, productivity improvements explained the majority of variation. These results point to contrasting production pathways—land-based expansion in some districts and technology-driven intensification in others.
Tomato
Tomato exhibited one of the most consistent and robust production functions, particularly in Rajnandgaon district, with an R2R^2R2 of 98.9%. In Koriya, Kabirdham, and Rajnandgaon, production was strongly influenced by area expansion (>90%), while in Jagdalpur, productivity played a larger role. Given that Tomato is a cash crop with high returns, its growth dynamics suggest opportunities for both horizontal expansion and vertical intensification, depending on district-specific conditions.
Comparative Discussion
Across crops and districts, two distinct patterns emerged:
1. Area-driven production growth was predominant in Bastar, Koriya, Kabirdham, and Rajnandgaon, where land expansion contributed more than 90% to output.
2. Productivity-led growth characterized districts such as Bilaspur, Jashpur, and Mahasamund, where yield improvements from better seeds, input management, and irrigation were decisive.
The variation underscores the importance of adopting district-specific strategies. In area-driven regions, land-use optimization and sustainable intensification practices are necessary to avoid resource degradation. Conversely, in productivity-led regions, policy support should emphasize continued research, input delivery, and technology dissemination.
The strong R2R^2R2 values (>98% in several districts) validate the robustness of the Cobb–Douglas production function in explaining vegetable output variations. These results align with previous studies (Acharya et al., 2012; Chawla and Singh, 2019) which reported similar crop-specific differences in production determinants across agro-climatic zones.
Implications
The findings highlight that no single strategy fits all districts in Chhattisgarh. Policymakers must prioritize yield-enhancing technologies such as improved seed varieties, nutrient management, and irrigation in productivity-driven districts, while in land-driven districts, emphasis should be placed on sustainable land expansion and diversification. Such targeted interventions can improve vegetable productivity, stabilize farmer incomes, and contribute to food and nutritional security in the state.

Brinjal
To examine the impact of area and productivity on Brinjal production, the production function has been specified in equations 3(a), 3(b), and 3(c). The estimated production based on area and yield for the period is presented in Table 1.
	For Brinjal in Rajnandgaon district, the production function fits the data well, explaining over 70 percent of the variation, with the model achieving a maximum R² of 98.12 percent. Columns (1) and (2) provide a breakdown of the total percentage of the sum of squares explained by the production function, ln P(A, Y), into contributions from the area component, ln A, and the yield component, ln Y. It was observed that in Jagdalpur district, area contributes more than 70 percent to production. In contrast, in Bilaspur, Koriya, Kabirdham, Mahasamund, Rajnandgaon, and Sarguja districts, productivity is the dominant factor influencing production, with area having only a minor contribution.
Table 1 Productions function as influenced by the area and productivity of brinjal in  Chhattisgarh and its constituent districts for period (2004-05 to 2021-22)
	DISTRICT
	[bookmark: _GoBack]PRODUCTION FUNCTION
	 
	  (1)*
	(2)$
	(3)@

	
	
	 
	
	
	

	RAIPUR
	ln P (A, Y) =
	-6.908 lnt
	  +
	1
	ln A 
	  +
	1
	ln Y
	43.00
	55.04
	98.04

	MAHASAMUND
	ln P (A, Y) =
	-6.908 lnt
	  +
	1
	ln A 
	  +
	1
	ln Y
	6.67
	90.32
	97.00

	
	
	
	
	
	
	
	
	
	
	
	

	DHAMTARI
	ln P (A, Y) =
	-6.908 lnt
	  +
	1
	ln A 
	  +
	1
	ln Y
	30.00
	67.90
	97.90

	DURG
	ln P (A, Y) =
	-6.908 lnt
	  +
	1
	ln A 
	  +
	1
	ln Y
	46.12
	50.01
	96.14

	RAJNANDGAON
	ln P (A, Y) =
	-6.908 lnt
	  +
	1
	ln A 
	  +
	1
	ln Y
	3.10
	95.02
	98.12

	KABIRDHAM
	ln P (A, Y) =
	-6.908 lnt
	  +
	1
	ln A 
	  +
	1
	ln Y
	0.00
	94.12
	94.12

	
	
	
	
	
	
	
	
	
	
	
	

	JAGDALPUR
	ln P (A, Y) =
	-6.919 lnt
	  +
	1.002
	ln A 
	  +
	1.001
	ln Y
	70.60
	25.10
	95.70

	
	
	
	
	
	
	
	
	
	
	
	

	KANKER
	ln P (A, Y) =
	-6.908 lnt
	  +
	1
	ln A 
	  +
	1
	ln Y
	63.00
	33.06
	96.06

	
	
	
	
	
	
	
	
	
	
	
	

	DANTEWADA
	ln P (A, Y) =
	-6.908 lnt
	  +
	1
	ln A 
	  +
	1
	ln Y
	8.82
	86.10
	94.92

	
	
	
	
	
	
	
	
	
	
	
	

	BILASPUR
	ln P (A, Y) =
	-6.908 lnt
	  +
	1
	ln A 
	  +
	1
	ln Y
	0.09
	95.90
	96.00

	JANJGIR
	ln P (A, Y) =
	-6.908 lnt
	  +
	1
	ln A 
	  +
	1
	ln Y
	21.52
	75.90
	97.42

	KORBA
	ln P (A, Y) =
	-6.908 lnt
	  +
	1
	ln A 
	  +
	1
	ln Y
	35.85
	58.14
	94.00

	
	
	
	
	
	
	
	
	
	
	
	

	RAIGARH
	ln P (A, Y) =
	-6.908 lnt
	  +
	1
	ln A 
	  +
	1
	ln Y
	63.70
	32.13
	95.83

	
	
	
	
	
	
	
	
	
	
	
	

	JASHPUR
	ln P (A, Y) =
	-6.908 lnt
	  +
	1
	ln A 
	  +
	1
	ln Y
	34.83
	63.17
	98.00

	
	
	
	
	
	
	
	
	
	
	
	

	SARGUJA
	ln P (A, Y) =
	-6.908 lnt
	  +
	1
	ln A 
	  +
	1
	ln Y
	4.00
	92.16
	96.16

	KORIYA
	ln P (A, Y) =
	-6.908 lnt
	  +
	1
	ln A 
	  +
	1
	ln Y
	0.50
	97.40
	97.90

	
	
	
	  +
	
	
	  +
	
	
	
	
	

	BASTAR
	ln P (A, Y) =
	-13.079 lnt
	
	0.974
	ln A 
	
	1.637
	ln Y
	20.11
	75.80
	95.91


*Percent sum of squares explained by In A, i.e. area effect

$ Percent sum of squares explained by In Y, i.e. yield effect 

@Total Percent sum of squares explained by In P(A,Y) ie, by the model (3)


OKRA 
To assess the influence of area and productivity on Brinjal production, the postulated production functions [Equations 3(a), 3(b), and 3(c)] were applied, and the estimated results for the study period are presented in Table 2. For Okra, the production function provided a satisfactory fit only in Bilaspur district, where the model explained more than 70 percent of the variation in output. The highest explanatory power was observed in Bilaspur, with an R2R^2R2 value of 98.98%. The decomposition of the production function into area (ln⁡A\ln AlnA) and yield (ln⁡Y\ln YlnY) components revealed that in Bastar district, production was predominantly influenced by area, contributing over 90 percent, whereas in Jashpur, Durg, and Korba districts, productivity emerged as the primary determinant, with area making only a marginal contribution.
Table 2 Productions function as influenced by the area and productivity of okra in  Chhattisgarh and its constituent districts for period (2004-05 to 2021-22)


	DISTRICT
	PRODUCTION FUNCTION
	
	  (1)*
	(2)$
	(3)@

	
	
	
	
	
	

	RAIPUR
	ln P (A, Y) =
	  -6.887 l lnt
	  +
	0.995
	ln A
	  +
	0.998
	ln Y
	64.00
	32.37
	96.37

	MAHASAMUND
	ln P (A, Y) =
	    -6.908lnt
	  +
	1
	ln A 
	  +
	1
	ln Y
	97.00
	1.00
	98.00

	DHAMTARI
	ln P (A, Y) =
	-6.779 lnt
	  +
	1.035
	ln A 
	  +
	0.986
	ln Y
	36.33
	60.62
	96.95

	DURG
	ln P (A, Y) =
	-6.893 lnt
	  +
	0.994
	ln A 
	  +
	1.000
	ln Y
	10.20
	87.76
	97.97

	RAJNANDGAON
	ln P (A, Y) =
	-6.932 lnt
	  +
	1.001
	ln A 
	  +
	1.003
	ln Y
	85.30
	12.00
	97.30

	KABIRDHAM
	ln P (A, Y) =
	-6.926 lnt
	  +
	1.000
	ln A 
	  +
	1.002
	ln Y
	86.59
	11.39
	97.98

	JAGDALPUR
	ln P (A, Y) =
	-6.908 lnt
	  +
	1
	ln A 
	  +
	1
	ln Y
	83.75
	12.24
	96.00

	KANKER
	ln P (A, Y) =
	0.649 lnt
	  +
	0.0002
	ln A 
	  +
	1.170
	ln Y
	35.00
	57.11
	92.11

	DANTEWADA
	ln P (A, Y) =
	-1.883 lnt
	  +
	1.164
	ln A 
	  +
	0.473
	ln Y
	80.28
	12.46
	92.75

	BILASPUR
	ln P (A, Y) =
	-6.908 lnt
	  +
	1
	ln A 
	  +
	1
	ln Y
	43.30
	55.68
	98.98

	JANJGIR
	ln P (A, Y) =
	-6.908 lnt
	  +
	1
	ln A 
	  +
	1
	ln Y
	17.01
	79.46
	96.47

	KORBA
	ln P (A, Y) =
	-6.908 lnt
	  +
	1
	ln A 
	  +
	1
	ln Y
	16.10
	81.04
	97.14

	RAIGARH
	ln P (A, Y) =
	-6.908 lnt
	  +
	1
	ln A 
	  +
	1
	ln Y
	45.91
	51.00
	96.91

	JASHPUR
	ln P (A, Y) =
	-6.908 lnt
	  +
	1
	ln A 
	  +
	1
	ln Y
	11.01
	87.52
	98.53

	SARGUJA
	ln P (A, Y) =
	-6.908 lnt
	  +
	1
	ln A 
	  +
	1
	ln Y
	26.18
	68.83
	95.02

	
	
	
	
	
	
	
	
	
	
	
	

	KORIYA
	ln P (A, Y) =
	-6.908 lnt
	  +
	1
	ln A 
	  +
	1
	ln Y
	97.20
	1.00
	98.21

	BASTAR
	ln P (A, Y) =
	-1.064 lnt
	  +
	0.988
	ln A 
	  +
	0.361
	ln Y
	98.88
	0.02
	98.88



*Percent sum of squares explained by In A, i.e. area effect

$ Percent sum of squares explained by In Y, i.e. yield effect 

@Total Percent sum of squares explained by In P(A,Y) ie, by the model (3)

CAULIFLOWER

To evaluate the impact of area and productivity on Cauliflower production, the proposed production functions [Equations 3(a), 3(b), and 3(c)] were applied, with the estimated results for the study period presented in Table 3. The production function for Cauliflower provided a satisfactory fit only in Koriya district, where the model explained more than 70 percent of the variation, achieving the highest R2R^2R2 value of 98.32%. The decomposition of the production function into area (ln⁡A\ln AlnA) and yield (ln⁡Y\ln YlnY) effects indicated that in Jagdalpur and Koriya, production was largely driven by area, contributing over 90 percent. In contrast, in Jashpur and Kanker districts, productivity played the dominant role, while the contribution of area was relatively minor

Table 3 Productions function as influenced by the area and productivity of Cauliflower in Chhattisgarh and its constituent districts for period (2004-05 to 2021-22)


	DISTRICT
	PRODUCTION FUNCTION
	
	  (1)*
	(2)$
	(3)@

	RAIPUR
	ln P (A, Y) =
	  7.243 lnt
	+
	0.359
	 
	  +
	-0.407
	
	82.460
	15.000
	97.460

	MAHASAMUND
	ln P (A, Y) =
	-6.830 lnt
	  +
	1.004
	ln A 
	  +
	0.992
	ln Y
	95.046
	2.934
	97.980

	DHAMTARI
	ln P (A, Y) =
	1.563 lnt
	  +
	1.147
	ln A 
	  +
	0.123
	ln Y
	76.858
	9.987
	86.845

	DURG
	ln P (A, Y) =
	-6.908 lnt
	  +
	1.000
	ln A 
	  +
	1.000
	ln Y
	87.000
	10.100
	97.100

	RAJNANDGAON
	ln P (A, Y) =
	-6.908 lnt
	  +
	1.000
	ln A 
	  +
	1.000
	ln Y
	92.001
	6.000
	98.001

	KABIRDHAM
	ln P (A, Y) =
	-6.908 lnt
	  +
	1.000
	ln A 
	  +
	1.000
	ln Y
	77.000
	21.078
	98.078

	JAGDALPUR
	ln P (A, Y) =
	-6.908 lnt
	  +
	1.000
	ln A 
	  +
	1.000
	ln Y
	97.123
	1.000
	98.123

	KANKER
	ln P (A, Y) =
	-6.908 lnt 
	  +
	1.000
	ln A 
	  +
	1.000
	ln Y
	9.000
	88.000
	97.000

	DANTEWADA
	ln P (A, Y) =
	-6.908 lnt
	  +
	1.000
	ln A 
	  +
	1.000
	ln Y
	70.110
	27.702
	97.812

	BILASPUR
	ln P (A, Y) =
	-6.908 lnt
	  +
	1.000
	ln A 
	  +
	1.000
	ln Y
	92.221
	4.189
	96.410

	JANJGIR
	ln P (A, Y) =
	-6.908 lnt
	  +
	1.000
	ln A 
	  +
	1.000
	ln Y
	24.000
	72.321
	96.321

	KORBA
	ln P (A, Y) =
	-6.907 lnt
	  +
	1.000
	ln A 
	  +
	1.000
	ln Y
	97.000
	1.983
	98.983

	RAIGARH
	ln P (A, Y) =
	-6.908 lnt
	  +
	1.000
	ln A 
	  +
	1.000
	ln Y
	90.000
	6.823
	96.823

	JASHPUR
	ln P (A, Y) =
	-6.964 lnt
	  +
	0.975
	ln A 
	  +
	1.001
	ln Y
	11.400
	84.690
	96.090

	SARGUJA
	ln P (A, Y) =
	-6.908 lnt
	  +
	1.000
	ln A 
	  +
	1.000
	ln Y
	43.300
	53.276
	96.576

	KORIYA
	ln P (A, Y) =
	-6.909 lnt
	  +
	1.000
	ln A 
	  +
	1.000
	ln Y
	96.315
	2.000
	98.315

	BASTAR
	ln P (A, Y) =
	23.416 lnt
	  +
	1.550
	ln A 
	  +
	-2.015
	ln Y
	83.067
	7.259
	90.326


*Percent sum of squares explained by In A, i.e. area effect

$ Percent sum of squares explained by In Y, i.e. yield effect 

@Total Percent sum of squares explained by In P(A,Y) ie, by the model (3)

POTATO

To examine the role of area and productivity in Potato production, the postulated production functions [Equations 3(a), 3(b), and 3(c)] were applied, and the estimated results are presented in Table 4. The model for Potato provided a satisfactory fit only in Kabirdham district, where it explained more than 70 percent of the variation, recording the highest R2R^2R2 value of 98.39%. The decomposition analysis of production into area (ln⁡A\ln AlnA) and yield (ln⁡Y\ln YlnY) components revealed that in Rajnandgaon, production was predominantly driven by area, contributing over 90 percent. Conversely, in Dhamtari, productivity was the major factor influencing production, while area made only a marginal contribution.

Table 4 Productions function as influenced by the area and productivity of Potato  in  Chhattisgarh and its constituent districts for period (2004-05 to 2021-22)

	DISTRICT
	PRODUCTION FUNCTION
	
	  (1)*
	(2)$
	(3)@

	
	
	
	
	
	

	RAIPUR
	ln P (A, Y) =
	-6.908
	  +
	1
	ln A 
	  +
	1
	ln Y
	97.200
	1.090
	98.290

	MAHASAMUND
	ln P (A, Y) =
	-6.908
	  +
	1
	ln A 
	  +
	1.000
	ln Y
	61.965
	34.035
	96.000

	DHAMTARI
	ln P (A, Y) =
	-6.908
	  +
	1
	ln A 
	  +
	1
	ln Y
	5.314
	92.686
	98.000

	DURG
	ln P (A, Y) =
	-6.908
	  +
	1
	ln A 
	  +
	1.000
	ln Y
	84.260
	13.218
	97.478

	RAJNANDGAON
	ln P (A, Y) =
	-1.581
	  +
	0.9997
	ln A 
	  +
	0.432
	ln Y
	98.800
	0.072
	98.872

	KABIRDHAM
	ln P (A, Y) =
	-6.908
	  +
	1
	ln A 
	  +
	1
	ln Y
	94.397
	4.000
	98.397

	JAGDALPUR
	ln P (A, Y) =
	-6.908
	  +
	1.000
	ln A 
	  +
	1.000
	ln Y
	61.364
	36.636
	98.000

	KANKER
	ln P (A, Y) =
	-6.908
	  +
	1
	ln A 
	  +
	1.000
	ln Y
	54.140
	44.030
	98.170

	DANTEWADA
	ln P (A, Y) =
	-6.764
	  +
	0.944
	ln A 
	  +
	0.977
	ln Y
	84.541
	13.195
	97.736

	BILASPUR
	ln P (A, Y) =
	-6.908
	  +
	1.000
	ln A 
	  +
	1.000
	ln Y
	60.450
	35.550
	96.000

	JANJGIR
	ln P (A, Y) =
	-6.908
	  +
	1
	ln A 
	  +
	1
	ln Y
	16.114
	77.886
	94.000

	KORBA
	ln P (A, Y) =
	-6.908
	  +
	1
	ln A 
	  +
	1
	ln Y
	87.290
	10.757
	98.047

	RAIGARH
	ln P (A, Y) =
	-6.908
	  +
	1
	ln A 
	  +
	1
	ln Y
	60.080
	37.033
	97.113

	JASHPUR
	ln P (A, Y) =
	-6.908
	  +
	1
	ln A 
	  +
	1
	ln Y
	39.183
	57.817
	97.000

	SARGUJA
	ln P (A, Y) =
	-0.549
	  +
	0.129
	ln A 
	  +
	0.566
	ln Y
	7.036
	57.191
	64.227

	KORIYA
	ln P (A, Y) =
	-6.908
	  +
	1.000
	ln A 
	  +
	1.000
	ln Y
	94.220
	3.779
	97.999

	BASTAR
	ln P (A, Y) =
	1.868
	  +
	0.968
	ln A 
	  +
	0.039
	ln Y
	80.394
	0.068
	80.462



TOMATO

To assess the impact of area and productivity on Tomato production, the production function is expressed in equations 3(a), 3(b), and 3(c). The estimated production values based on area and yield for the period are shown in Table 5.
For Tomato cultivation in Rajnandgaon district, the production function fits the data well, explaining over 70 percent of the variation. The model achieved a maximum R² of 98.9 percent for Rajnandgaon. Columns (1) and (2) present the breakdown of the total percentage of the sum of squares explained by the production function, ln P(A, Y), into contributions from the area component, ln A, and the yield component, ln Y. It was observed that in Koriya, Kabirdham, and Rajnandgaon districts, area accounts for more than 90 percent of the influence on production. In contrast, for Jagdalpur, production was primarily driven by productivity, with area contributing only marginally.

Table 5  Productions function as influenced by the area and productivity of Tomato    in   Chhattisgarh and its constituent districts for period (2004-05 to 2021-22)

	DISTRICT
	PRODUCTION FUNCTION
	
	  (1)*
	(2)$
	(3)@

	RAIPUR
	ln P (A, Y) =
	-6.908 lnt
	  +
	1
	ln A 
	  +
	1
	ln Y
	93.100
	4.879
	97.979

	MAHASAMUND
	ln P (A, Y) =
	-6.908 lnt
	  +
	1
	ln A 
	  +
	1
	ln Y
	82.072
	14.090
	96.162

	DHAMTARI
	ln P (A, Y) =
	-6.908 lnt
	  +
	1
	ln A 
	  +
	1
	ln Y
	54.636
	42.364
	97.000

	DURG
	ln P (A, Y) =
	-6.908 lnt
	  +
	1
	ln A 
	  +
	1
	ln Y
	57.088
	21.000
	78.088

	RAJNANDGAON
	ln P (A, Y) =
	-6.908 lnt
	  +
	1
	ln A 
	  +
	1
	ln Y
	97.007
	1.977
	98.984

	KABIRDHAM
	ln P (A, Y) =
	-6.908 lnt
	  +
	1
	ln A 
	  +
	1
	ln Y
	94.943
	3.050
	97.993

	JAGDALPUR
	ln P (A, Y) =
	-6.886 lnt
	  +
	0.992
	ln A 
	  +
	0.997
	ln Y
	0.014
	98.380
	98.394

	KANKER
	ln P (A, Y) =
	-6.223 lnt
	  +
	1.438
	ln A 
	  +
	0.912
	ln Y
	84.056
	13.513
	97.569

	DANTEWADA
	ln P (A, Y) =
	-6.908 lnt
	  +
	1
	ln A 
	  +
	1
	ln Y
	22.180
	74.728
	96.908

	BILASPUR
	ln P (A, Y) =
	-6.908 lnt
	  +
	1
	ln A 
	  +
	1
	ln Y
	42.071
	55.634
	97.705

	.JANJGIR
	ln P (A, Y) =
	-6.908 lnt
	  +
	1
	ln A 
	  +
	1
	ln Y
	4.390
	92.607
	96.997

	KORBA
	ln P (A, Y) =
	-6.908 lnt
	  +
	1
	ln A 
	  +
	1
	ln Y
	93.076
	4.200
	97.276

	RAIGARH
	ln P (A, Y) =
	-6.908 lnt
	  +
	1
	ln A 
	  +
	1
	ln Y
	46.000
	52.682
	98.682

	JASHPUR
	ln P (A, Y) =
	-6.908 lnt
	  +
	1
	ln A 
	  +
	1
	ln Y
	70.410
	27.400
	97.810

	SARGUJA
	ln P (A, Y) =
	-6.908 lnt
	  +
	1
	ln A 
	  +
	1
	ln Y
	40.080
	57.104
	97.184

	KORIYA
	ln P (A, Y) =
	-6.908 lnt
	  +
	1
	ln A 
	  +
	1
	ln Y
	95.200
	3.000
	98.200

	BASTAR
	ln P (A, Y) =
	-6.818 lnt
	  +
	0.955
	ln A 
	  +
	0.996
	ln Y
	30.000
	66.603
	96.603


*Percent sum of squares explained by In A, i.e. area effect

$ Percent sum of squares explained by In Y, i.e. yield effect 

@Total Percent sum of squares explained by In P(A,Y) ie, by the model (3)

Conclusion 
Brinjal
For Brinjal, the production function fits the data well in Rajnandgaon district, explaining over 70 percent of the variation, with a maximum R² of 98.12 percent. In Jagdalpur, production is largely influenced by area, contributing over 70 percent. In contrast, in Bilaspur, Koriya, Kabirdham, Mahasamund, Rajnandgaon, and Sarguja districts, productivity primarily drives production, with minimal contribution from area.
Okra
For Okra, the production function satisfactorily fits the data in Bilaspur district, with an R² of up to 98.98 percent. In Bastar, area contributes more than 90 percent to production. However, in Jashpur, Durg, and Korba districts, production is mainly influenced by productivity, while area plays a minor role.
Cauliflower
For Cauliflower, the production function fits well in Koriya district, explaining over 70 percent of the variation, with a maximum R² of 98.32 percent. In Jagdalpur and Koriya districts, area accounts for more than 90 percent of production influence. Conversely, in Jashpur and Kanker districts, productivity is the dominant factor, with area contributing minimally.
Potato
For Potato, the production function shows a good fit in Kabirdham district, explaining more than 70 percent of the variation, with a maximum R² of 98.39 percent. In Rajnandgaon, area influences production by over 90 percent. In Dhamtari, productivity mainly drives production, with area contributing little.
Tomato
For Tomato, the production function fits well in Rajnandgaon district, with more than 70 percent of the variation explained and a maximum R² of 98.9 percent. In Koriya, Kabirdham, and Rajnandgaon districts, area contributes over 90 percent to production. In Jagdalpur, production is largely determined by productivity, with area having minimal impact.
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