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                                                            Abstract
Agriculture remains a cornerstone of India's economy, with oilseeds such as soybean playing a crucial role in sustaining livelihoods and contributing to the country's agricultural output. This research paper investigates the trends in area, production, and productivity of the soybean crop in Sagar District, Madhya Pradesh, over a period from 2012 to 2024. The study explores the dynamics of soybean cultivation, focusing on key factors such as climatic conditions, agricultural practices, government policies, and market influences. Using various statistical tools like simple and compound growth rates, coefficient of variation, and linear trends, the study highlights a steady increase in the area under soybean cultivation, accompanied by fluctuations in production and productivity due to weather conditions and other external factors. Despite these fluctuations, the findings suggest a positive long-term trend in soybean farming in the region. The paper provides valuable insights into the growth patterns of soybean cultivation, offering recommendations for improving productivity and sustainability. These recommendations aim to help policymakers, farmers, and agricultural stakeholders navigate the challenges and leverage opportunities for enhancing soybean farming in Sagar District, ultimately contributing to the economic prosperity of Madhya Pradesh.
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Introduction 
Agriculture remains a cornerstone of India's economy, providing employment to nearly half of the country's workforce and contributing significantly to its GDP (Government of India, 2023). In states like Madhya Pradesh, often referred to as the “Soy State” of India, a substantial proportion of the population relies on agriculture for their livelihood. Among the wide array of agricultural commodities cultivated in the region, soybean has emerged as one of the most important crops, particularly in districts like Sagar (Agarwal et al., 2013). . As a leading oilseed crop, soybean holds immense agronomic and economic value due to its multifaceted uses—as a source of edible oil, protein-rich animal feed, and nutritional food products. Its role in both domestic consumption and export markets underscores its growing strategic importance (ICAR-IISR, 2022; Ministry of Agriculture and Farmers Welfare, 2023).
Over the past few decades, the cultivation of soybean in Madhya Pradesh has witnessed rapid expansion, attributed to favorable agro-climatic conditions, improved seed varieties, and evolving farming practices. Sagar District, situated in the central part of the state, exemplifies this growth trajectory. The region’s black cotton soil and monsoon-dependent rainfall patterns make it particularly suitable for soybean cultivation. Consequently, the trends in area under cultivation, production levels, and productivity rates have seen notable shifts influenced by various factors including technological advancements, policy interventions, changing climatic conditions, and global demand for oilseeds (Sharma et al., 2021; Ramesh & Singh, 2020).
Understanding these trends is vital for evaluating the long-term viability of soybean farming in Sagar District. It also aids in identifying key challenges faced by cultivators, such as yield stagnation, pest infestations, and post-harvest losses, which can hinder growth despite rising demand. Analyzing these factors offers valuable insights that can inform policy decisions, extension strategies, and investment planning aimed at enhancing agricultural sustainability and farmer welfare.
This research paper aims to examine the temporal trends in area, production, and productivity of soybean in Sagar District, Madhya Pradesh. Through a systematic analysis of available data and literature, the study seeks to uncover patterns and determinants that influence soybean cultivation in the region. The findings are expected to contribute to evidence-based policy recommendations and support strategic initiatives that can drive the sustainable growth of soybean farming, ultimately benefiting local farming communities and strengthening the broader agricultural economy.

1.1 Research Objective 
i) To analyse area of production, productivity and production growth of Soybean crop in study area.
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 soybean 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 soybean. 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 soybean 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 soybean 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
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 soybean  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



                                       RESULTS & DISCUSSION
4. LINEAR TRENDS: 
4.1 Trends in area, production and productivity of soybean:
It can be seen from table 2  that during the period of 2012 – 2024, area of soybean cultivation has increased from 5310 thousand hectares in 2012 – 13 to 5890 thousand hectares in 2024-25, production of soybean has increased 6570 thousand tonnes in 2024 – 25. This is turn caused increase in productivity of the crop.
Year-wise Data of Area, Production, and Productivity of Soybean Crop
Table 2 Year-wise Data of Area, Production, and Productivity of Soybean Crop

	Year
	Area 
('000 ha)
	Production 
('000 Ton)
	Productivity
(kg/ha)

	2012-13
	5310
	5903
	1111.68

	2013-14
	5654
	5242
	927.13

	2014-15
	5578
	6353
	1138.94

	2015-16
	5906
	4908
	831.02

	2016-17
	5401
	6649
	1231.07

	2017-18
	5010
	5900
	1177.64

	2018-19
	5409
	5818
	1075.61

	2019-20
	5195
	5562
	1070.64

	2020-21
	5854
	5660
	966.86

	2021-22
	5960
	6200
	1040.27

	2022-23
	5995
	6320
	1054.21

	2023-24
	5842
	6500
	1112.63

	2024-25
	5890
	6570
	1115.45


Source: https://desagri.gov.in/    
From Table 2 and Fig 1, it can be analysed that during the overall period of 2012 – 2024, there has been an increase in area by 7.16 %, in production by 10.8 % and in productivity by 3.31 % with a measure of 40.33 thousand hectare, 64.39 thousand tonnes & 3.31 kg/ha per year respectively. There have been fluctuations of 5.77 % in area, 8.88 % in production and 10.02 % in productivity. The simple and compound growth rates are positive and significant at 0.84 % and 0.9 % for area, 0.87 % and 0.7 % for production, 0.02 % and 0.01 % for productivity.
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The photographs above were taken during my visit to the Soybean Research Institute, ICAR–Indore, for the purpose of data collection.
5.Comprehensive Analysis of Area, Production, and Productivity of Soybean Crop: Base Year, Current Year, Absolute Change, Relative Change, Coefficient of Variation, SGR, and CGR
Table 3 Comprehensive Analysis of Area, Production, and Productivity of Soybean Crop
	
	AREA 
('000 ha)
	PRODUCTION 
('000 Ton)
	PRODUCTIVITY (kg/ha)

	BASE YEAR
	5514
	5833
	1059

	CURRENT YEAR
	5909
	6463
	1094

	Absolute Change
	395
	630
	35

	Relative Change (%)
	7.16
	10.80
	3.31

	Coefficient of variation (%)
	5.77
	8.88
	10.02

	SGR (%)
	0.84
	0.87
	0.02

	CGR (%)
	0.9
	0.7
	0.01



Table 3 presents a comprehensive analysis of area, production, and productivity between the base year and the current year using various statistical tools such as absolute change, relative change, coefficient of variation (CV), simple growth rate (SGR), and compound growth rate (CGR). The absolute change reflects a notable increase of 395,000 hectares in area, 630,000 tons in production, and 35 kg/ha in productivity, indicating positive growth over the period. The relative change further illustrates a percentage increase of 7.16% in area, 10.80% in production, and 3.31% in productivity, signifying an encouraging upward trend. The coefficient of variation, which measures variability in these parameters, shows moderate variation with values of 5.77% for area, 8.88% for production, and 10.02% for productivity, suggesting consistent performance with manageable fluctuations.

The simple growth rate (SGR), representing the annual growth rate based on a linear trend, shows a steady increase of 0.84% in area, 0.87% in production, and a minimal 0.02% in productivity annually. Meanwhile, the compound growth rate (CGR), which indicates the annual compounded growth, shows an overall increase of 0.9% for area, 0.7% for production, and 0.01% for productivity. This consistent yet modest growth suggests gradual improvements over time. These findings collectively highlight steady progress in agricultural performance, driven by technological advancements, better farming practices, and policy support. Although the growth rates appear moderate, they reflect sustainable development in agricultural productivity, indicating the potential for long-term growth and stability in the sector.




Trends in area, production & productivity of soybean for overall period in Madhya Pradesh
      Fig. 1: Trends in area, production & productivity of soybean for overall period in Madhya Pradesh
Trends in Area, Production, and Productivity of Soybean in Madhya Pradesh

Figure 1. illustrates the trends in the area, production, and productivity of soybean in Madhya Pradesh from 2012-13 to 2024-25. The graphical analysis provides a clear picture of how these three parameters have evolved over time, revealing significant fluctuations and long-term trends. Understanding these trends is crucial for assessing the performance of soybean cultivation in the region, identifying underlying factors driving the changes, and formulating strategies to promote sustainable growth.
Trend in Area
The area under soybean cultivation exhibits a fluctuating but generally increasing trend during the study period. The linear trendline equation indicates a steady rise in the area allocated for soybean farming. The initial years saw consistent growth as soybean gained popularity due to its profitability and adaptability to the region’s climatic conditions. However, the trend was not uniform, with intermittent declines observed in some years. These fluctuations can be attributed to several factors, such as erratic monsoon patterns, changes in farmers' preferences for alternative crops, and variations in market prices. In years with favourable weather and higher market demand, the area under soybean cultivation expanded significantly. Conversely, during years of low rainfall, farmers either reduced the area or shifted to less water-intensive crops, resulting in a temporary decline in soybean acreage.
Despite these ups and downs, the overall trend suggests that soybean remains an important crop in Madhya Pradesh, occupying a substantial portion of the total cultivated area. The rising trend in the area indicates farmers’ continued interest in soybean, driven by technological advancements, government support schemes, and improved access to seeds and fertilizers
Trend in Production
The production of soybean in Madhya Pradesh follows a more volatile trend compared to the area. The linear trendline equation suggests an overall increase in production over the study period, despite the high degree of variability from year to year. This variability reflects the sensitivity of soybean production to both biotic (pests and diseases) and abiotic (weather and soil conditions) factors.
During years with favourable rainfall and optimal growing conditions, production peaked significantly, reflecting the crop's high yield potential. However, periods of drought, untimely rainfall, or other adverse weather conditions led to sharp declines in production. Additionally, pest infestations and disease outbreaks in some years further contributed to the observed variations.
The variability in production highlights the importance of adopting climate-resilient practices and enhancing the availability of improved crop varieties to mitigate risks. It also underscores the need for better water management strategies and timely intervention through crop insurance and support mechanisms to safeguard farmers' incomes during adverse years.
Trend in Productivity
The productivity of soybean, or yield per hectare, shows a relatively stable pattern compared to area and production. The linear trendline reflects a gradual but consistent improvement in productivity over the study period. This steady increase in yield indicates ongoing advancements in agricultural practices, including the adoption of high-yielding seed varieties, better crop management techniques, and improved soil fertility management.
Unlike area and production, productivity did not exhibit extreme fluctuations, suggesting that farmers have increasingly focused on optimizing yields rather than just expanding the cultivated area. Even during years of reduced production, the decline in productivity was less pronounced, reflecting efforts to stabilize yields through adaptive practices. The slow but consistent growth in productivity also signifies the positive impact of research and extension services, which have played a vital role in disseminating knowledge about modern agricultural practices and technologies.
However, while the trend is encouraging, the relatively modest rate of improvement in productivity suggests that there is still significant scope for further enhancement. Addressing constraints such as limited irrigation facilities, inadequate pest management, and poor soil health will be critical for achieving higher productivity levels in the future.
Overall Trend Analysis
The overall trend analysis of area, production, and productivity of soybean in Madhya Pradesh reveals a pattern of moderate growth with periodic fluctuations. While the area and production showed more variability due to external factors like climate and market conditions, productivity remained relatively stable and improved gradually over time.
These findings highlight the dynamic nature of soybean cultivation in Madhya Pradesh, reflecting both opportunities and challenges. The positive growth trends underscore the potential for further expansion and development of the soybean sector. However, the observed fluctuations indicate the need for policy interventions to reduce variability and enhance resilience.
Efforts should focus on stabilizing production by promoting climate-resilient technologies, strengthening irrigation infrastructure, and improving access to quality inputs. Additionally, enhancing market linkages, providing price support during periods of low market demand, and encouraging diversification of income sources for farmers can help reduce risks.
By addressing these challenges, it is possible to achieve sustained growth in soybean cultivation, ensuring its continued contribution to the agricultural economy of Madhya Pradesh and improving the livelihoods of soybean farmers in the region.
Conclusion:
This study on the trends of soybean cultivation in Sagar District, Madhya Pradesh, presents a detailed analysis of the area's growth, production patterns, and productivity shifts from 2012 to 2024. Over the years, soybean cultivation has experienced fluctuations in production and productivity, primarily influenced by climatic variables, technological advancements, and market conditions. However, the overall trend indicates a consistent increase in the area under cultivation and a moderate rise in production, with a gradual improvement in productivity. The analysis of growth rates and variability suggests that while soybean farming in the region has seen positive developments, challenges remain, particularly in terms of climate resilience and production stability.
For continued growth and sustainability, it is crucial to focus on enhancing irrigation infrastructure, promoting climate-resilient agricultural practices, and improving access to quality inputs and market support. Addressing these challenges will ensure that soybean cultivation in Sagar District can thrive in the long term, contributing to both the local economy and India's broader agricultural sector. The insights and recommendations presented in this paper can guide policymakers, agricultural researchers, and farmers in enhancing productivity, stabilizing production, and fostering sustainable growth in soybean farming, ensuring the continued importance of this vital crop in Madhya Pradesh’s agricultural landscape.
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