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ABSTRACT
The present study analyzes the trade performance of soybean in India over a 30-year period (1993–2022) using Compound Annual Growth Rate (CAGR), Coefficient of Variation (CV), and Cuddy-Della Valle Instability Index (CDVI) for area, production, productivity, imports and exports. Results revealed that soybean area expanded remarkably by 205.88 per cent, from 4.25 to 13.00 million hectares and production increased by 200.95 per cent, from 4.00 to 12.04 million tonnes, with corresponding CAGR of 4.01 per cent and 3.94 per cent, respectively. However, productivity growth was negligible (-0.07 per cent), indicating yield stagnation. Imports of soybean rose sharply from 0.08 thousand tonnes in 2000 to 614.92 thousand tonnes in 2021 before declining to 489.58 thousand tonnes in 2022, exhibiting a very high CAGR (90.70 per cent), variability (194.19 per cent CV), and instability (85.87 per cent CDVI). Exports increased from 0.07 thousand tonnes in 1995 to 54.39 thousand tonnes in 2022, with a CAGR of 19.60 per cent but also demonstrated extremely high variability (122.31 per cent CV) and instability (85.49 per cent CDVI). The findings indicate that India’s soybean growth has been area-driven rather than yield-driven, with trade performance marked by rapid growth but also substantial fluctuations and instability.
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INTRODUCTION
The cultivation and utilization of oilseeds date back to ancient times, with references to rapeseed and sesame in Sanskrit writings around 2000 BC. Oilseeds are nutritionally rich, providing protein, fiber, vitamins, minerals, and essential fatty acids, and are widely used in food processing, animal feed, and industrial applications.
India is a major global contributor, producing about 10 per cent of the world’s oilseeds. In 2023, the country cultivated 40.79 million hectares of oilseeds, producing 42.89 million tonnes with a productivity of 1.05 tonnes per hectare, meeting most of its domestic consumption.
Soybean (Glycine max), an important legume crop, is mainly grown in Madhya Pradesh, Maharashtra, Rajasthan, Gujarat, and Karnataka, which together account for over 90 per cent of national output. India ranks fourth in global soybean area (12.8 million ha) and produced about 12 million tonnes in 2023. Despite exporting 0.2–0.3 million tonnes annually (₹1,500–2,000 crores), the country imports 3–4 million tonnes (₹12,000–15,000 crores) to meet rising demand.
Soybean productivity remains low due to climatic and agronomic challenges, but initiatives such as NMOOP, RKVY, and PM-KISAN aim to boost output. Often called the “Meat of the Earth,” soybean holds strategic importance for India’s food and nutritional security. Therefore the 
study was done with the objectives to examine the growth and instability in area, production and productivity and to analyze the growth and instability in import and exports of soybean in India.
MATERIAL AND METHODS
Source of Data
The current research is based on an analysis of secondary data obtained from official websites. The data set covers 30 years from 1993 to 2022 and includes information on the area, production and productivity of oilseeds in both global and Indian contexts. Data was sourced from reputable entities including the Directorate General of Commercial Intelligence and Statistics (DGCI&S), the Foreign Agricultural Service (FAS) of the United States Department of Agriculture (USDA), the Directorate of Economics and Statistics and the Ministry of Agriculture and Farmers Welfare.
Statistical Tools and Methods
1. Analysis of Growth Rates and Instability
1.a Percentage Change Over the Base Year 
The change over the base year in per cent was used as a measure of annual fluctuations under the area, production, productivity, exports and imports of soybean.
The per cent change over the previous year for tth year was calculated as, 

1.b Compound Growth Rates 
The compound growth rates were used to find out growth if any, in area, production, productivity, exports and imports of soybean.  It was obtained by fitting the exponential type of equation,

Where,
Y= Dependent variable i.e., export/imports in terms of quantity and value of selected commodities. 
a= Intercept, 
b = Regression co-efficient, 
t = Time variable. 
The adequacy of the model for the respective series was measured in terms of the coefficient of determination (r2). The compound growth rates (CGR) were obtained using the equation's logarithmic form. 

The compound growth rate (CGR) in per cent = 
The compound growth rates were tested for their significance by using the student’s test.

1.c Coefficient of Variability 
The coefficient of variation around the mean was utilised to measure instability in the area, production, productivity, exports and imports of soybean. The Coefficient of Variation (CV) was calculated by using the formula, 

The coefficient of variation around the trend instead of the coefficient of variation around the mean was used as an index of instability. The formula suggested by Cuddy and Dell (1978) to compute the degree of variation around the trend is, 

i.e., the Coefficient of variation around the mean was multiplied by the square root of the difference between unity and coefficient of determination (r2) of the trend equation    Y= a + bt.
The Coefficient of Variation (CV) classification outlined by Harka et al. (2021) is:  
a. CV is less than 20: less variation
b. CV is between 20 to 30: moderate variation
c. CV is greater than 30: high variation
d. CV is greater than 50: very high variation
1.d Cuddy-Della Valle Index 
The Cuddy -Della Valle index attempts to de-trend CV by using the coefficient of determination. The Cuddy-Della Valle index employs de-trending to refine its variability calculations. To remove unwanted influences on result. De-trending effectively eliminates linear or non-linear trends, seasonal patterns and long-term cycles that can skew variability measures. By stripping away these trends, the index provides a clearer picture of underlying variability, allowing for more accurate assessments of volatility and more reliable comparisons across datasets.

Where, 
	C.V. = Coefficient of variation in per cent   = Coefficient of determination from time trend regression adjusted by the number of degrees of freedom. 
The Cuddy-Della Valle index classification, used in the Agricultural Situation in India (2020), is outlined below to aid in the interpretation of analysis results.
a. CDVI is less than 15: low instability
b. CDVI is between 15 to 30: medium instability
c. CDVI is greater than 30: high instability
RESULT AND DISCUSSION
Area, Production and Productivity of Soybean in India
According to Table 1, India's soybean industry experienced remarkable growth and transformation between 1993 and 2022. The area under cultivation expanded substantially, from 4250 thousand hectares to 13000 thousand hectares, representing a 205.88 per cent increase over the period. So also, few unusual declines in area were observed in 2014, 2017, and 2021. Soybean production also experienced significant growth, increasing from 4000 thousand metric tonnes to 12038 thousand metric tonnes, representing a 200.95 per cent increase over the period. Productivity, measured in kilograms per hectare, improved over time, rising from 941.18 kg/ha to 926 kg/ha. The highest productivity was recorded in 2011, with 1181.13 kg/ha. 
Various factors influenced soybean production, including the introduction of genetically modified soybean in 2001, which led to increased area and production. Drought conditions in Madhya Pradesh and Maharashtra in 2004 resulted in decreased production and productivity. Excessive rainfall in 2013, late monsoon and drought conditions in 2014, and unusual weather conditions and biotic stress in 2015 contributed to decreased production. Similar findings were found by Sharma & Patel (2017). Research suggests that soybean production increased mainly due to area expansion, rather than productivity factors. Productivity has been stagnant for the last decade, as reported by various studies, including those by Agrawal and Singh (2014), Dupare et al. (2014), Bharadi and Kurubetta (2018), Pathrikar et al. (2021), and Tambe et al. (2021).
[bookmark: _Hlk175226096]Table 1	Area, Production and Productivity of Soybean in India
	Year
	Area 
(000’ ha)
	Per cent change 
	Production
(000’ MT)
	Per cent change 
	Productivity
(Kg/ha)
	Per cent change 

	1993
	4250.00
	-
	4000.00
	-
	941.18
	-

	1994
	4025.00
	-5.29
	3236.00
	-19.10
	803.98
	-14.58

	1995
	4817.00
	13.34
	4476.00
	11.90
	929.21
	-1.27

	1996
	5000.00
	17.65
	4100.00
	2.50
	820.00
	-12.88

	1997
	5600.00
	31.76
	5350.00
	33.75
	955.36
	1.51

	1998
	6350.00
	49.41
	6000.00
	50.00
	944.88
	0.39

	1999
	5645.00
	32.82
	5200.00
	30.00
	921.17
	-2.13

	2000
	5800.00
	36.47
	5250.00
	31.25
	905.17
	-3.83

	2001
	6000.00
	41.18
	5400.00
	35.00
	900.00
	-4.38

	2002
	5670.00
	33.41
	4000.00
	0.00
	705.47
	-25.04

	2003
	6450.00
	51.76
	6800.00
	70.00
	1054.26
	12.02

	2004
	7990.00
	88.00
	5850.00
	46.25
	732.17
	-22.21

	2005
	7708.00
	81.36
	7388.00
	84.70
	958.48
	1.84

	2006
	8329.00
	95.98
	7150.00
	78.75
	858.45
	-8.79

	2007
	8882.00
	108.99
	9473.00
	136.83
	1066.54
	13.32

	2008
	9511.00
	123.79
	9308.00
	132.70
	978.66
	3.98

	2009
	9735.00
	129.06
	9700.00
	142.50
	996.40
	5.87

	2010
	9601.00
	125.91
	10130.00
	153.25
	1055.10
	12.10

	2011
	10109.00
	137.86
	11940.00
	198.50
	1181.13
	25.49

	2012
	10841.00
	155.08
	12186.00
	204.65
	1124.07
	19.43

	2013
	11716.00
	175.67
	9477.00
	136.93
	808.89
	-14.06

	2014
	10911.00
	156.73
	8711.00
	117.78
	798.37
	-15.17

	2015
	11605.00
	173.06
	6929.00
	73.23
	597.07
	-36.56

	2016
	11183.00
	163.13
	10992.00
	174.80
	982.92
	4.44

	2017
	10329.00
	143.04
	8350.00
	108.75
	808.40
	-14.11

	2018
	11131.00
	161.91
	10930.00
	173.25
	981.94
	4.33

	2019
	12193.00
	186.89
	9300.00
	132.50
	762.73
	-18.96

	2020
	12918.00
	203.95
	10456.00
	161.40
	809.41
	-14.00

	2021
	12147.00
	185.81
	11889.00
	197.23
	978.76
	3.99

	2022
	13000.00
	205.88
	12038.00
	200.95
	926.00
	-1.61


Source: DGCI&S, E&S Division, USDA
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The data in Table 2, clearly illustrated that the compound annual growth rate for the area and production of soybean stood at an impressive 4.01 per cent and 3.94 per cent, with a significance level of one per cent. This indicated a noteworthy average annual expansion of the area and production by 4 per cent. The productivity of soybean in India was non-significant throughout the period, increasing negatively by 0.07 per cent, indicated the stagnation in yield per hectare. The production increase is attributed to area expansion only.
The Cuddy Della Valle instability index revealed a medium instability of soybean production which stood at 17.36 per cent, indicating relatively stable trends. Area instability was even lower, at 8.67 per cent. Productivity instability was measured at 14.13 per cent. It indicated that the intra year variation was less in area compare to production and productivity. 
The analysis reveals that the growth in soybean production was primarily due to area expansion, while productivity declined during the period. 
Table 2	Growth and Instability in Area, Production and Productivity of Soybean in India 
	Particulars
	Area
	Production
	Productivity

	CAGR
	4.01 ***
	3.94 ***
	-0.07 

	CV
	32.78
	35.57
	14.13

	CDVI
	8.67
	17.36
	14.12


[bookmark: _Hlk175482110]*** Significant at 1 per cent level of significance
Import of Soybean
India's soybean imports exhibited substantial fluctuations from 2000 to 2022, as shown in Table 3.  The initial imports were negligible, recording 0.08 thousand metric tonnes. Over the base year 2000, imports grew by 51.98 per cent in 2001, reaching 0.11 thousand metric tonnes. However, this upward trend was short-lived, as imports drastically declined by 99.67 per cent in 2002, to a mere 250 kilograms. This negligible import level persisted until 2006. 
A turning point occurred in 2006, marking the beginning of a gradual increase. By 2012, imports had risen by 1016.40 per cent over the base year, reaching 0.84 thousand metric tonnes.    The subsequent years saw remarkable increases in imports. The analysis of soybean imports trends revealed a significant increase in imports from 2014 onwards.
This significant fluctuation in imports was primarily attributed to decreased productivity, resulting in stagnation in production, and consequently, imports surged to meet domestic demand. A similar result was found by Persaud (2019). 
Table 3	Import of Soybean 
	Year
	Import Quantity
(000’ MT)
	Per Cent Change

	2000
	0.08
	-

	2001
	0.11
	51.98

	2002
	250.00 #
	-99.67

	2003
	3652.00 #
	-95.13

	2004
	138.00 #
	-99.82

	2005
	1491.00 #
	-98.01

	2006
	0.02
	-70.45

	2007
	0.03
	-57.98

	2008
	0.05
	-37.97

	2009
	0.06
	-16.87

	2010
	4580.00 #
	-93.89

	2011
	0.12
	61.31

	2012
	0.84
	1016.40

	2013
	0.52
	586.99

	2014
	3.88
	5066.79

	2015
	13.38
	17738.79

	2016
	63.62
	84720.49

	2017
	77.75
	103556.23

	2018
	214.56
	285943.01

	2019
	229.48
	305831.29

	2020
	505.22
	673449.84

	2021
	614.92
	819698.96

	2022
	489.58
	652588.34


                 Source: DGCI&S, Indiastat, USDA
Note- The pound # in the table indicates that the figures are in kilograms.
Growth and Instability in the Import of Soybean
[bookmark: _Hlk175483214]This study analyzed India's soybean imports from 2000 to 2022 and found a remarkable CAGR of 90.70 per cent, which was statistically significant at a one per cent level, as presented in Table 4. Over the 23 years, India's soybean imports exhibited extraordinary growth, accompanied by substantial volatility and instability. Specifically, the CV was 194.19 per cent, indicating significant year-to-year fluctuations, while the CDVI value of 85.87 per cent confirmed a high level of intra-year instability. These findings indicated that India's soybean import market was highly unpredictable during that period, posing challenges for stakeholders to forecast future trends.
The findings suggest that India's soybean imports have experienced remarkable growth, accompanied by significant fluctuations. The rapid growth in soybean imports may be attributed to increasing domestic demand for consumption and simultaneously stagnation in production level.  The substantial instability in imports could be due to factors like global price volatility, trade policies, or supply chain disruptions. 
Table 4	Growth and Instability in the Import of Soybean  
	Particulars
	Import

	CAGR
	90.70 ***

	CV
	194.19

	CDVI
	85.87


*** Significant at 1 per cent level of significance
Export of Soybean
Table 5, provided an extensive analysis of India's soybean exports over 28 years, showcasing significant growth and variability. From an initial 0.07 thousand metric tonnes in 1995, exports surged to 54.39 thousand metric tonnes by 2022.Export volumes fluctuated substantially, with the lowest recorded level at 0.07 thousand metric tonnes in 1995 and the highest at 292.49 thousand metric tonnes in 2017. The export of soybeans exhibited fluctuating growth over the years. In 2000, exports rose to 43.38 thousand metric tonnes from 1.73 thousand metric tonnes in 1999.  
[bookmark: _Hlk183876906][bookmark: _Hlk182928852]As the AFTA and China-India Trade Agreement (2010) sparked a seven-year surge in India's soybean exports to China (2010 to 2017-18). Nevertheless, exports slowed considerably thereafter. India's soybean exports traditionally went to the US, Canada, and Belgium. However, after the ASEAN Free Trade Area agreement, China became the primary buyer from 2010 to 2017. In 2017, China shifted to the US and Brazil due to competitive pricing, leading to a decline in India's soybean exports. Similar outcomes were reported by Singh et al. (2022).
Table 5 	Export of Soybean  
	Year
	Export Quantity (000’ MT)
	Per Cent Change

	1995
	0.07
	-

	1996
	1.30
	1898.28

	1997
	11.47
	17544.62

	1998
	1.33
	1941.25

	1999
	1.73
	2557.91

	2000
	43.38
	66644.62

	2001
	32.50
	49894.77

	2002
	0.97
	1393.26

	2003
	17.91
	27457.38

	2004
	226.51
	348376.92

	2005
	7.46
	11373.91

	2006
	5.29
	8039.65

	2007
	2.65
	3976.12

	2008
	19.17
	29399.38

	2009
	50.33
	77327.23

	2010
	17.32
	26548.92

	2011
	30.56
	46909.85

	2012
	46.25
	71055.08

	2013
	109.60
	168509.23

	2014
	204.37
	314307.69

	2015
	212.02
	326076.92

	2016
	149.83
	230410.77

	2017
	292.49
	449886.15

	2018
	209.85
	322740.00

	2019
	103.73
	159481.54

	2020
	72.02
	110700.77

	2021
	24.48
	37558.31

	2022
	54.39
	83582.00


   			Source: DGCI&S, Indiastat, USDA
Growth and Instability in the Export of Soybean  
Table 6, showed that India's soybean exports grew at a significant annual growth rate of 19.60 per cent from 1995 to 2022. This growth rate was statistically significant at a one per cent level, indicating strong growth in exports.
The coefficient of variation for exports was exceptionally high at 122.31 per cent, revealing a very high degree of variability in the export. Additionally, the Cuddy Della Valle instability index stood at 85.49 per cent, indicating a high level of instability in the export figures. These findings highlighted the effectiveness of the CDVI in capturing fluctuations in agricultural production and exports by utilizing the coefficient of determination to detrend the coefficient of variation. The study revealed that India's soybean exports exhibited remarkable growth, marked by substantial fluctuations, primarily due to the surplus production and Asian Free Trade Area agreement. The evidence accepted the alternative hypothesis, confirming that there was a fluctuation in the export of soybean.
Table 6	Growth and Instability in the Export of Soybean  
	Particulars
	Export

	CAGR
	19.60 ***

	CV
	122.31

	CDVI
	85.49


*** Significant at 1 per cent level of significance
CONCLUSION
	The above results depicted that increased production of soybean was mainly due to area expansion rather than the productivity improvement, while import was surged mainly during last few years resulted by decline in productivity and export were showed upward trend during 2010-2017 due to increase in production and AFTA. Import of soybean was increased due to decline in productivity and it results in decline in production it fails to meet the domestic demand and hence India need to focus on productivity improvement. 
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