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Original Research Article
Analysis of Growth and Instability in Area, Production, Productivity of Soybean in Maharashtra and India
Abstract

This paper analyzes the growth and instability in terms of area, production and productivity of soybean crop in India and Maharashtra. The present study used the secondary data for the year 1998-99 to 2022-23 which is collected from secondary source. The growth was examined by compound annual growth rate and instability analysis done by Cuddy Della Valle instability index. The compound growth rate of area and production of soybean were found to be positive and productivity found positive for India and negative for Maharashtra. In concern to the instability was found to be low in case of area under soybean as compared to production and productivity over the study period for both India and Maharashtra. Production and productivity was highly unstable in Maharashtra as compare to India.  
Keyword: Soybean, area, production, productivity, compound growth rate, instability
1.1 Introduction 

Agriculture is a fundamental pillar of India's economy, providing employment to over half of the labor force and contributing nearly 17% to the Gross Domestic Product (GDP). Oilseed crops play a crucial role in Indian agriculture by contributing to edible oil production, industrial raw materials, and export earnings. Among the various oilseed crops, soybean has emerged as one of the most important due to its high yield potential, short duration and wide adaptability to diverse agro-climatic conditions (Darshan et al,. 2024). Soybean is cultivated both as an oilseed and a pulse crop, making it unique among oilseed crops. Soybean is often referred to as the ‘golden bean of the 21st century’ because of its rapid expansion and global economic importance. It occupies a dominant position among oilseed crops worldwide, contributing nearly 25 percent of total vegetable oil production (Pathrikar et al., 2022) and serving as a major source of plant-based protein. In India, soybean is one of the fastest growing crops and has replaced traditional crops such as maize, cotton, and pulses in several regions. However, despite increased area and production, India continues to face a significant gap between domestic oilseed production and consumption, leading to dependence on imports. Nutritionally, soybean is highly valued for its high-quality protein content (38–45%) and oil content (approximately 20%). It is an economical source of protein and is widely used for human food, animal feed and industrial applications. In addition, soybean contains several health-promoting phytochemicals and the functional properties of soy protein have enabled the development of new food products, enhancing its importance in sustainable agriculture and food systems. 

The average area under soybean in the world was 121.53 million ha, yield was 2.76 t per ha and production 334.89 million t. (Dragan Terzic et al., 2018). Brazil is the leading country in soybean production (162 million m t) followed by United States, Argentina, China and India (12 million m t) (Soystats, 2024). 
India is ranks 5th in the world in soybean production. Soybean was cultivated in 13.08 million hectares in India with a production of 14.98 million tonnes and productivity of 1145 kg/ha during 2023-24 (Agricultural statistics at a glance, 2023). The major soybean growing states in the country were Maharashtra, Madhya Pradesh, Rajasthan, Karnataka and Gujarat during 2022-23. Madhya Pradesh was the leading state in terms of area of soybean while, Maharashtra was the leading state in terms of production and productivity of soybean (Agricultural statistics at a glance, 2023). A huge fluctuation in soybean prices is the major problems of soybean cultivators (S. Santhosh Kumar et al., 2024). The present study thus aimed to examine the growth and instability of area, production and productivity of soybean in India and Maharashtra. 
1.2. Objective of the study

The major objective of the paper is to study the growth and instability in area, production and productivity of soybean.
2. Materials and Methods

Data source

The present study is based on secondary data for the last 25 years, i. e., from 1098-99 to 2022-23. The time series data on area, production and productivity of soybean in India and Maharashtra were collected from the website of Directorate of Economics and Statistics Department of Agriculture and Farmers Welfare, Ministry of Agriculture and Farmers Welfare, Govt. of India 
" 

 (https://data.desagri.gov.in/website/crops-apy-report-web) 


 Methodology 
To examine the growth performance and instability of area, production and productivity of soybean various statistical measures such as mean, standard deviation, correlation coefficient and coefficient of variation were worked out.

Compound Growth Rate Analysis

In this study the Compound growth rate of area, production and productivity of soybean crops were measured by exponential model which is used in recent years by a number of researchers as a measure of growth rate in time series data (Wani and Kapate, 2020) (Priyanka Parmar and Ganga Devi, 2021). It describes the trends in variables over time. Compound growth rate was calculated for area, production and productivity of soybean in Maharashtra and India. It was estimated with the help of the following exponential function. 
Y= a bt ………… (equation-1) 

Where, 

Y= area/production/productivity 

a = constant 

b= regression co-efficient 

t= time variable 

Thus, natural log on both the sides of equation-1 was taken to convert it in to linear form. 

Log Y = log a + t log b ….….. (equation-2) and 

CGR (%) was worked out using following formula: 

CGR (%) = (antilog of b-1) x 100
Measure of Instability 
The simple co-efficient of variation (CV) often contains the trend component and thus over estimates the level of instability in time series data (Gtujar). To overcome this problem, in the present study the instability in area, production and productivity soybean crops were measured in relative terms by the Cuddy-Della Valle index which is used by a number of researchers as a measure of variability in time series data (Wani, 2021).

The equation to measure instability is as follows: 

CDVI = CV * [image: image2.png]



Where, 

CDVI =Cuddy-Della Valle Instability index (%) 

CV = Co-efficient of variation (%) [CV= (standard deviation /mean) x 100] 

Adj.R2 = Adjusted coefficient of determination from a time trend regression. 

The low value of this index indicates the low instability and vice-versa. The extent of instability was categorized into three group’s i.e. low instability – below 15 percent, moderate instability – 15 to 30 percent and high instability more than 30 percent (Tambe et al., 2021).
3. Results and Discussion 

The results of the study was presented and discussed in two sections i.e. compound growth rate and Instability. 

3.1 Annual compound growth rate 

The time series data on area, production and productivity of soybean in India and Maharashtra were computed and presented in Table 1 and trend line also shown in Fig. 1 and 2 for India and Maharashtra respectively. 
Table 1. Growth of area, production and productivity of Soybean in India and Maharashtra during the period (1998-99 – 2022-23)
	Particulars
	Base year (1998-99)
	Current year (2022-23)
	Absolute change
	Relative Change
	Compound growth rate (% )


	Area

 million ha
	India
	6.49
	13.08
	6.59
	1.02
	3.38

	
	Maharashtra
	1.06
	4.92
	3.86
	3.66
	6.53

	Production million tonnes
	India
	7.14
	14.98
	7.84
	1.10
	3.65

	
	Maharashtra
	1.47
	6.70
	5.23
	3.55
	5.99

	Yield Tonnes/Ha
	India
	1.10
	1.15
	0.05
	0.04
	0.26

	
	Maharashtra
	1.39
	1.36
	0.03
	-0.02
	-0.51


Source: 1. https://data.desagri.gov.in/website/crops-apy-report-web

2.Compiled by author

Table 1 presents the growth in area, production, and productivity of soybean in India and Maharashtra over the period from 1998–99 to 2022–23. The data clearly indicate a significant expansion in soybean cultivation, particularly in terms of area and production, with notable differences between the national and state-level trends.

At the national level, the area under soybean cultivation increased from 6.49 million hectares in 1998–99 to 13.08 million hectares in 2022–23, showing an absolute increase of 6.59 million hectares. This represents a relative change of 1.02 times and a compound annual growth rate (CAGR) of 3.38 percent, reflecting steady expansion of soybean area in India. In Maharashtra, the growth in area was much more pronounced, increasing from 1.06 million hectares to 4.92 million hectares during the same period. The absolute increase of 3.86 million hectares and a high CAGR of 6.53 percent indicate rapid adoption of soybean cultivation in the state.

A similar trend is observed in soybean production. At the all-India level, production increased from 7.14 million tonnes to 14.98 million tonnes, registering an absolute increase of 7.84 million tonnes and a CAGR of 3.65 percent. Maharashtra recorded a sharper rise in production, from 1.47 million tonnes to 6.70 million tonnes, with an absolute increase of 5.23 million tonnes and a CAGR of 5.99 percent. This highlights Maharashtra’s growing contribution to national soybean output.

In contrast, productivity growth has remained relatively stagnant. At the national level, yield marginally increased from 1.10 tonnes per hectare to 1.15 tonnes per hectare, with a low CAGR of 0.26 percent. In Maharashtra, yield slightly declined from 1.39 tonnes per hectare to 1.36 tonnes per hectare, reflected in a negative CAGR of –0.51 percent. This suggests that the increase in soybean production has largely been driven by expansion in area rather than improvements in yield.

Overall, the table indicates that while soybean cultivation has expanded substantially, particularly in Maharashtra, there is a need to focus on productivity-enhancing technologies to ensure sustainable growth in the future.

Fig. 1. Growth of area, production and productivity of soybean in India
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Fig. 2. Growth of area, production and productivity of soybean in Maharashtra
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The production of soybean in Maharashtra was found to be increased by 5.23 million tonnes in the current year (6.70 million tonnes) over the base year (1.47 million tonnes) with the compound growth rate per year 5.99 percent. However, in India, the production of soybean was found to be increased by 7.84 million tonnes in the current year (14.98 million tonnes) over the base year (7.14 million tonnes) and showed an increase in production with annual compound growth rate of 3.65 percent. 
The productivity of soybean slightly decreased by -0.03 tonne/ha in Maharashtra over last twenty five years with marginal decreased at the rate of -0.51 per cent per annum. However, In India productivity of soybean was slightly increased by 0.04 tonne/ha with the annual compound growth rate of 0.26 percent. 
The result of growth rate of soybean productivity in India as well as in Maharashtra is far behind in world (Santosh Kumar et al., 2019). It indicates requirement for improvements in the yield of soybean by use of advance technology and by use of advances verity of seeds. Many studies (Jadeja R.M. and Vekariya S.B., 2022) revealed that soybean crop has shown upward growth in area and production while par acre yield remain low. 
3.2 Instability analysis 

Instability in area, production and productivity of soybean crop for Maharashtra and India were measured by applying Cuddy-Della Valle instability index for periods of twenty five years and results are presented in Table-2. 

Table 2. Instability in area, production and productivity of soybean in India and Maharashtra
	Particulars
	India
	Maharashtra

	
	Area
	Production
	Productivity
	Area
	Production
	Productivity

	STDV
	2.30
	2.94
	0.16
	1.18
	1.64
	0.31

	Mean
	9.50
	10.09
	1.06
	2.89
	3.28
	1.16

	CV (%)
	24.17
	29.09
	14.98
	40.74
	50.00
	26.51

	CDVI(%)
	7.24
	16.98
	15.19
	13.42
	29.51
	26.90


Source: Compiled by author
Table 2 presents the extent of instability in area, production, and productivity of soybean in India and Maharashtra using standard deviation (SD), coefficient of variation (CV), and Cuddy–Della Valle Instability Index (CDVI). These indicators help in understanding the variability and risk associated with soybean cultivation over time.

At the all-India level, soybean area shows moderate instability, with a CV of 24.17 percent and a CDVI of 7.24 percent. This indicates that although the area under soybean has expanded over the years, fluctuations in area have been relatively controlled. Production, however, exhibits higher instability, as reflected by a CV of 29.09 percent and a CDVI of 16.98 percent. This suggests that variations in production are influenced not only by changes in area but also by factors such as weather conditions and yield fluctuations. Productivity at the national level shows comparatively lower variability, with a CV of 14.98 percent and a CDVI of 15.19 percent, indicating relatively stable yield performance over the study period.

In contrast, Maharashtra displays significantly higher instability across all parameters. The area under soybean in Maharashtra records a high CV of 40.74 percent and a CDVI of 13.42 percent, reflecting considerable fluctuations in the area cultivated. This may be attributed to farmers’ crop choice decisions, rainfall variability, and market conditions. Soybean production in Maharashtra shows the highest level of instability, with a CV of 50.00 percent and a CDVI of 29.51 percent, indicating substantial year-to-year variation largely driven by climatic uncertainties and yield instability. Productivity in Maharashtra also exhibits notable variability, as shown by a CV of 26.51 percent and a CDVI of 26.90 percent, suggesting inconsistent yield performance over time.

It shows that soybean cultivation in Maharashtra is more unstable compared to the national average, particularly in terms of production and productivity. The higher instability highlights the vulnerability of soybean farming in the state to climatic and other external factors. These findings emphasize the need for improved agronomic practices, climate-resilient varieties, and better risk management strategies to stabilize soybean production and productivity, especially in Maharashtra.

4. Conclusion 

The present study was carried out with a view to examine growth rate and instability of soybean in India and Maharashtra. The results clearly show that soybean has expanded significantly over the study period, particularly in terms of area and production. At the national level, both area and production of soybean recorded steady positive growth, while Maharashtra experienced much faster expansion, indicating its emerging importance as a major soybean-producing state. However, this growth has largely been driven by an increase in cultivated area rather than improvements in productivity. Despite substantial gains in area and output, productivity growth has remained marginal at the all-India level and has even declined slightly in Maharashtra. This suggests that technological progress and yield-enhancing interventions have not kept pace with the expansion of soybean cultivation. The stagnation or decline in yield raises concerns about the long-term sustainability of production growth. The instability analysis further reveals that soybean cultivation is subject to considerable variability, especially in Maharashtra. The high coefficients of variation and Cuddy–Della Valle instability indices indicate that soybean production in the state is more vulnerable to fluctuations caused by rainfall variability, climatic stress, and market uncertainties. The findings suggest that future growth in soybean production cannot rely solely on area expansion. There is a strong need to focus on improving productivity and reducing instability through the adoption of improved varieties, better crop management practices, climate-resilient technologies, and effective risk mitigation measures. Strengthening extension services and policy support will be crucial for ensuring stable and sustainable soybean production in both India and Maharashtra.
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