


Dynamics of Groundnut Production in Madhya Pradesh: Evidence from Time Series Analysis

Abstract
The present study examines the trends in area, production, and productivity of groundnut cultivation in Madhya Pradesh over the period 2012–13 to 2024–25. Using time-series data and statistical tools such as absolute change, relative change, coefficient of variation (CV), simple growth rate (SGR), compound growth rate (CGR), and linear trend analysis, the research evaluates the growth performance and variability in groundnut farming. The findings reveal a substantial increase in cultivated area and total production, with area expanding by 111.63 percent and production rising by 133.73 percent during the study period. Productivity also recorded a moderate improvement of 10.38 percent. Although fluctuations were observed due to climatic and other external factors, the overall trend remains positive. Growth rate analysis confirms sustained expansion in both area and output, while productivity shows steady but comparatively modest improvement. The study highlights the importance of technological advancement, improved agronomic practices, and policy support in strengthening groundnut cultivation and ensuring long-term stability in production.
Keywords: Cultivation, Production and Productivity, Growth Rate Analysis, Trend Analysis.
1. Introduction
Agriculture plays a vital role in the Indian economy, contributing significantly to food security, employment generation, and rural livelihoods. Among oilseed crops, groundnut occupies an important position due to its dual purpose as an oilseed and food crop. It serves as a major source of edible oil and protein and contributes substantially to farm income. In recent years, the dynamics of groundnut cultivation have been influenced by factors such as changing climatic conditions, technological interventions, market incentives, and government policies.	Comment by Reviewer: Reference	Comment by Reviewer: Reference(source)	Comment by Reviewer: Reference (source)
Madhya Pradesh, one of the leading agricultural states in India, has witnessed notable changes in cropping patterns and oilseed production over the years. While soybean dominates the oilseed economy of the state, groundnut continues to play a significant role in diversified farming systems. Understanding the trends in area, production, and productivity of groundnut is essential for assessing its performance and identifying opportunities for further growth.	Comment by Reviewer: 	Comment by Reviewer: Reference(source)
This study aims to analyze the long-term trends in groundnut cultivation in Madhya Pradesh from 2012–13 to 2024–25. By applying statistical measures such as growth rates, variability analysis, and trend equations, the research seeks to evaluate the magnitude of change, stability, and sustainability in groundnut production. The findings are expected to provide insights for policymakers, researchers, and farmers to strengthen productivity and reduce production instability.
2. RESEARCH METHODOLOGY
2.1 Sampling Design
Samples were selected by using a multi-stage sampling technique for the selection of districts, blocks, villages, (respondents) and groundnut growers.
2.2 Selection of the Study Area
Madhya Pradesh, located in central India, is a leading agricultural state known for its substantial contribution to the nation’s oilseed production, especially groundnut. For this study, Sagar district was deliberately selected due to its high density of oilseed farmers and its economic importance in the region. Out of the district’s eleven administrative blocks, Khimlasa and Khurai were chosen based on their balanced distribution of groundnut producers across various farm sizes. From these two blocks, a total of ten villages—Dhanora, Nardha, Ghorat, Talapar, Tewra, Bhugawli, Basari, Halau, Madana, and Pathariya—were randomly selected. These villages represent approximately 5% of the total villages in the blocks and form the basis of the study’s sample area.
2.3 Data Collection
For this study, primary data was obtained from a randomly selected sample of 158 groundnut farmers in Sagar district, Madhya Pradesh, during the 2023–2024 agricultural season. The data collection involved structured personal interviews designed to align with the study’s key research objectives. Information gathered included details on cropping patterns, land use, area dedicated to soybean cultivation, production figures, and post-harvest losses. Additionally, secondary data and regional agricultural statistics were sourced from the Madhya Pradesh Agriculture Department and the District Statistical Office to corroborate and enhance the primary data




	District
	Blocks
	Villages
	Marginal
	Small
	Medium
	Large
	Total

	Sagar
	Khurai
	Dhanora
	6(10.9)
	5(10.4)
	4(10.8)
	2(11.1)
	17(10.8)

	
	
	Nardha
	5(9.1)
	4(8.3)
	3(8.1)
	2(11.1)
	14(8.9)

	
	
	Ghorat
	7(12.7)
	6(12.5)
	5(13.5)
	1(5.6)
	19(12.0)

	
	
	Talapar
	6(10.9)
	5(10.4)
	3(8.1)
	3(16.7)
	17(10.8)

	
	
	Tewra
	6(10.9)
	5(10.4)
	4(10.8)
	2(11.1)
	17(10.8)

	
	Khimlasa
	Bhugawali
	7(12.7)
	6(12.5)
	5(13.5)
	2(11.1)
	20(12.7)

	
	
	Basari
	6(10.9)
	5(10.4)
	4(10.8)
	1(5.6)
	16(10.1)

	
	
	Halau
	5(9.1)
	4(8.3)
	3(8.1)
	2(11.1)
	14(8.9)

	
	
	Madana
	6(10.9)
	5(10.4)
	3(8.1)
	2(11.1)
	16(10.1)

	
	
	Pathariya
	7(12.7)
	5(10.4)
	4(10.8)
	2(11.1)
	18(11.4)

	Total no of farmers in different categories
	55(100)
	48(100)
	37(100)
	18(100)
	158(100)


                                                   Table 1. Sampling framework	Comment by Reviewer: The table title should be on the table not under
	Comment by Reviewer: The tagle was not sourced
Table 1 presents the sampling framework, where a total of 158 farmers were selected from 1,580 respondents across 10 different villages in Sagar district
3. Analytical Tools used
The following mathematical and statistical tools have been employed in the Research work to analyse the various aspects of the study in order to fulfil the objective:

3.1 Percentage:

Here,
P = Percentage value
X = number of farmers falling into the specific category to be measured
Y = Total number of farmers

3.2 Arithmetic Mean:

Here,
X = arithmetic mean
Σ Xi = Sum of observations
N = total number of observations

3.3 Absolute Change:
Absolute change explains the overall variation in components with respect to base year. This can be worked out using the average of Base Year and Current Year of the given period. 


Current year: Mean value of final three years was considered as current year 
Base year: Mean value of initial three years was considered as base year 

3.4 Relative Change:
The comparative change amongst the components might not be explained using the absolute change hence, relative change was worked out using following formula. 



3.5 Coefficient of Variation (%):
Coefficient of variation is the percentage variation around the mean. It was used to analyse the variability in area, production and productivity of groundnut  in Madhya Pradesh. 






3.6 Linear Trend:



Here,
Y = Dependent variable
a = Intercept
b = Regression Coefficient             x = Independent variable

3.7 Simple Growth Rate (SGR):



3.8 Compound Growth Rate (CGR):
It is usually estimated by fitting a semi-log trend equation of the form:
lnY =a+bt 
Here, 
Y = time series data of area, production and yield of main crops
 t = trend term 
 a = constant coefficient

4. Result 
4.1 Trends in Area, Production, and Productivity of Groundnut
Table 4.14 (a) presents the trend in area, production, and productivity of groundnut over the period from 2012–13 to 2024–25. The data indicate a substantial expansion in the area under groundnut cultivation during the study period. The cultivated area increased markedly from 206 thousand hectares in 2012–13 to 480 thousand hectares in 2024–25, reflecting growing interest among farmers and possibly favorable market and policy support conditions.
A corresponding upward trend is also observed in total production. Groundnut output rose from 312 thousand tonnes in 2012–13 to 825 thousand tonnes in 2024–25. This significant growth in production can be attributed not only to the expansion of cultivated area but also to improvements in yield levels.
Productivity of groundnut showed a positive progression over the years, ultimately reaching 1,718.75 kg per hectare in 2024–25. The increase in yield suggests the adoption of improved varieties, better agronomic practices, enhanced input use, and supportive climatic conditions during the study period. Overall, the combined effect of increased area and improved productivity has led to a notable rise in groundnut production over the years.
  Table 4.14 (a) Annual Data on Area, Production, and Productivity of Groundnut Crop
	Year
	Area
('000 ha)
	Production
('000 Ton)
	Productivity
(kg/ha)

	2012-13
	206
	312
	1514.56

	2013-14
	207
	324
	1565.22

	2014-15
	231
	370
	1601.73

	2015-16
	236
	332
	1406.78

	2016-17
	255
	378
	1482.35

	2017-18
	224
	349
	1558.04

	2018-19
	223
	412
	1847.53

	2019-20
	221
	351
	1588.24

	2020-21
	293
	523
	1784.98

	2021-22
	390
	667
	1710.26

	2022-23
	422
	730
	1729.86

	2023-24
	462
	795
	1720.78

	2024-25
	480
	825
	1718.75


Source: https://desagri.gov.in/
Analysis Based on Table 4.14 (b) and Fig. 4.14 (b)
Table 4.14 (b) and Fig. 4.14 (b) reveal the overall growth performance of groundnut in terms of area, production, and productivity during the period 2012–13 to 2024–25. Over the entire study period, the area under groundnut cultivation registered a substantial increase of 111.63 percent. Similarly, production exhibited a notable rise of 133.73 percent, while productivity improved by 10.38 percent.
In absolute terms, the annual increase was estimated at 23.17 thousand hectares in area and 44.89 thousand tonnes in production, along with an average yearly gain of 22.31 kg per hectare in productivity. Despite this overall upward trend, the data indicate considerable year-to-year variations. The coefficient of variation shows fluctuations of 34.84 percent in area, 39.60 percent in production, and 7.91 percent in productivity, suggesting relatively higher instability in area and production compared to yield levels.
Furthermore, both simple and compound growth rates were found to be positive and moderately significant throughout the study period. The simple and compound growth rates for area were 10.23 percent and 7 percent, respectively. For production, these rates were 12.64 percent and 8 percent, while productivity recorded growth rates of 1.03 percent (simple) and 5 percent (compound). Overall, the findings indicate consistent expansion in area and production, accompanied by moderate improvement in productivity.
Detailed Assessment of Area, Production, and Productivity of Groundnut Crop: Base Year, Current Year, Absolute and Percentage Change, Coefficient of Variation, Simple Growth Rate (SGR), and Compound Growth Rate (CGR)	Comment by Reviewer: Table not properly labelled
Table 4.14 (b)
	
	AREA ('000 ha)
	PRODUCTION ('000 Ton)
	PRODUCTIVITY
(kg/ha)

	BASE YEAR
	215
	335
	1561

	CURRENT YEAR
	455
	783
	1723

	Absolute Change
	240
	448
	162

	Relative Change (%)
	111.63
	133.73
	10.38

	Coefficient of variation (%)
	34.84
	39.6
	7.91

	SGR (%)
	10.23
	12.64
	1.03

	CGR (%)
	7
	8
	5



Analysis of Trends in Area, Production, and Productivity of Groundnut Crop
Table 4.14 (b) provides a detailed examination of the changes in area, production, and productivity of groundnut between the base year and the current year. The analysis is supported by statistical measures such as absolute change, relative change, coefficient of variation (CV), simple growth rate (SGR), and compound growth rate (CGR), which together offer a comprehensive understanding of growth performance and stability over the study period.
The results indicate a significant expansion in groundnut cultivation. In absolute terms, the area under the crop increased by 240,000 hectares, while total production rose by 448,000 tonnes. Productivity also recorded a positive gain of 162 kg per hectare, reflecting improvements in yield performance. When assessed in relative terms, the area showed an increase of 111.63 percent over the base year, production rose by 133.73 percent, and productivity improved by 10.38 percent. These substantial gains suggest greater adoption of improved cultivation practices, enhanced seed quality, and better crop management techniques.
The coefficient of variation reveals the degree of instability during the period under review. The area exhibited a CV of 34.84 percent, indicating moderate fluctuations, whereas production showed relatively higher variability at 39.60 percent, likely influenced by climatic uncertainties, pest and disease incidence, and market dynamics. In contrast, productivity remained comparatively stable, with a CV of 7.91 percent, suggesting consistent yield performance despite variations in area and output.
Growth rate analysis further confirms the positive trend. The simple growth rate (SGR), which measures annual linear growth, was 10.23 percent for area, 12.64 percent for production, and 1.03 percent for productivity, indicating a steady upward movement across all parameters. Likewise, the compound growth rate (CGR), reflecting compounded annual growth, was estimated at 8 percent for both area and production, and 5 percent for productivity. These figures demonstrate sustained and progressive growth in groundnut cultivation over the years.
Overall, the findings point to a favorable growth trajectory in groundnut farming, largely driven by expansion in cultivated area and improvements in production practices. However, the relatively modest increase in productivity highlights the scope for further enhancement through efficient resource utilization, technological advancement, and strengthened extension support. Addressing production variability through improved irrigation facilities, climate-resilient varieties, and better market infrastructure will be essential to ensure long-term stability and sustainability. Continuous policy support and farmer-oriented interventions will play a vital role in maintaining and accelerating the growth momentum in groundnut cultivation.
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Fig. 4.14 (b): Trends in area, production & productivity of groundnut for overall period in Madhya Pradesh
The graphical presentation depicts the pattern of change in area, production, and productivity of groundnut cultivation in Madhya Pradesh during the period 2012–13 to 2024–25. The three variables—area (green line), production (yellow line), and productivity (blue line)—are shown along with their respective linear trend lines, which help in understanding the overall direction and rate of growth over time.
The area under groundnut cultivation demonstrates a gradual upward movement, though interspersed with year-to-year fluctuations. In certain years, a temporary decline is observed; however, the general trajectory remains positive. The linear trend equation (y = 23.176x + 133.92) indicates a consistent annual increase in cultivated area, suggesting moderate but steady expansion of groundnut farming in the state.
Production exhibits comparatively greater variability over the study period. A noticeable dip is observed around 2019–20, followed by a significant recovery in subsequent years. Despite these fluctuations, the overall trend remains strongly positive. The trend equation (y = 44.89x + 175.62) shows that production has been increasing at a faster rate than the area under cultivation. This implies that factors beyond area expansion—such as improved crop management practices, adoption of high-yielding varieties, better irrigation facilities, and favourable climatic conditions—have contributed substantially to output growth.
Productivity, represented by the blue line, also shows fluctuations during the period. A sharp decline around 2014–15 may be attributed to adverse climatic conditions, moisture stress, pest incidence, or other agronomic challenges. However, productivity recovered in the following years and reached a peak around 2020–21, after which minor variations continued. The linear trend equation (y = 22.315x + 1476.8) confirms a steady annual increase in yield levels. In the standard linear form y = mx + c, the slope (m) represents the annual rate of change; thus, productivity has been rising by approximately 22.315 kg per hectare per year, reflecting gradual improvements in efficiency.
Overall, the graphical analysis indicates that although short-term fluctuations are evident, the long-term trend for all three parameters is positive. The fact that production is increasing at a higher rate than area suggests that productivity gains are playing a crucial role in boosting total output. This points toward the adoption of improved technologies, better agronomic practices, and enhanced resource management by farmers.
In conclusion, the long-term trend highlights encouraging prospects for groundnut cultivation in Madhya Pradesh. Continued technological advancement, effective extension services, favourable climatic conditions, and supportive government policies are likely to sustain and further strengthen growth in area, production, and productivity in the coming years, thereby enhancing farm income and overall agricultural development in the state.

Conclusion
The analysis of area, production, and productivity trends of groundnut in Madhya Pradesh over the study period reveals a clear and encouraging growth pattern. Both area and production have expanded significantly, indicating increasing farmer interest and favorable production conditions. The substantial rise in production compared to area suggests that improvements in yield and adoption of better farming practices have played a crucial role in enhancing overall output.
Although fluctuations were observed in certain years—mainly due to climatic variations and other external factors—the long-term trend remains positive. The coefficient of variation indicates moderate instability in area and production, while productivity has remained relatively stable. Growth rate analysis further confirms consistent expansion, with positive simple and compound growth rates across all parameters.
However, the comparatively modest increase in productivity highlights the need for continued focus on technological innovation, efficient resource management, improved irrigation facilities, and climate-resilient crop varieties. Strengthening extension services and ensuring timely access to quality inputs and market support will be essential for sustaining growth.
Overall, the study concludes that groundnut cultivation in Madhya Pradesh is on a progressive path. With sustained policy support, improved agricultural practices, and effective risk management strategies, the state has strong potential to further enhance productivity, stabilize production, and improve the economic well-being of farmers in the coming years.	Comment by Reviewer: The findings from this research were not compared with previous findings
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