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Growth Performance and Instability Analysis of Sugarcane Cultivation in Selected District of Maharashtra

Abstract 

The present study analyzes the growth rate in area, production, and productivity of sugarcane crops and measures the variability of sugarcane crop at the district levels in Maharashtra. The data obtained from secondary sources for the period of 20 years beginning from 2002-03 to 2021-22 and analyzed by using statistical techniques, such as mean, standard deviation, Co-efficient of variation, CAGR (Compound Annual Growth Rate), and the Cuddy Della Valle Index. Out of 36 districts of Maharashtra, 19 major sugarcane-growing districts have been selected on the basis of percentage of area under cultivation and production of sugarcane. The CAGR results revealed that area, production, and productivity had shown significantly positive except in the Nashik and Dhule districts in the third period. The highest growth rate for the area (6.57) recorded in Jalna,  production (8.14) was recorded in Ahilyanagar and yield (2.40) was observed in Dhule district. Sugarcane cultivation mostly depends on the availability of irrigation and support price, so Yavatmal districts showed high instability in area (38.40%) and production (43.42%). However, the yield of sugarcane remained stable during the period of investigation. It suggests that use of improved technology such as drip irrigation, intercropping, balanced use of nutrients, and also support prices, farmer training, and government policy is needed for improvement of productivity and profitability of sugarcane crops in Maharashtra.
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1. Introduction

Sugarcane is one of the most important cash crops in India and plays a vital role in the socio-economic upliftment of rural areas (Nida & Fazlur, 2020). Sugarcane is the perennial crop grown under specific environmental conditions, it require temperature ranges from 19-210C to 27-380C, rainfall between 100 to 150 cm, and fertile, well-drained soils (Arun & Premkumar, 2022). It requires around 25 to 30 irrigation cycles throughout its growing season. These favorable conditions are widespread in many parts of India, making it possible to cultivate sugarcane across the country. In India, sugarcane is grown in two distinct agro-climatic zones, first is the tropical and second is sub-tropical zone (Krishnamoorthy, 2017).
India ranks second in sugarcane production after Brazil, with 60.61 lakh hectares area under cultivation, producing 550 metric tonne at productivity of 84 tonne per hectare (Maurya et al., 2020). Around 1.43% of India’s rural population is involved in sugarcane farming (Kumar et al., 2016), contributing about 1.1% to the national GDP (Solomon, 2016). The Indian sugar industry is the second-largest agro-based sector after textiles and has made significant contributions to employment generation and the India’s economic progress (Upreti & Singh, 2017). Sugarcane is a versatile crop that not only supports sugar production but also the manufacture of products like Khandsari and Jaggery. Furthermore, it generates numerous by-products such as molasses, bagasse, press mud, bioethanol and other bio-based materials. 
Maharashtra is the second-largest sugarcane producing state in India. The area under sugarcane cultivation and production has steadily increased during recent years. However, productivity has not raised significantly (Adhale et al., 2019). In Maharashtra total of 208 sugar factories were in operation, 104 on the cooperative and 104 on the private. Daily crushing capacity of these factories is 951150 (TCD). During the season 2023-24 these factories have crushed 1076.18 lakh MT of sugarcane and produced 1101.7 lakh quintals of sugar (Sugar Commissionerate, Maharashtra State, 2024-25). The present study initiates and analyzes the growth rates in area, production and productivity of sugarcane of Maharashtra state at the district levels covering period from 2002-03 to 2021-22. 
Objectives

The objective of the study is to examine the district wise growth rate and instability of area, production and yield of sugarcane in Maharashtra state. 
2. Materials and Methods
 Data source
The present study is based on secondary data for the last 20 years, i.e., from 2002-03 to 2021-22. There are thirty-six districts in Maharashtra; out of these, 19 major sugarcane producing district were selected for the present study. The district-wise time series data on area, production, and yield of sugarcane was collected from the website of the 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 facilitate proper understanding of growth rate and instability in the area, production and productivity of sugarcane, and the overall period of 20 years, i.e., from 2002-03 to 2021-22, were divided into two sub periods and one overall period: sub period – I:  2002-03 to 2011-12, sub period -II: 2012-13 to 2021-22, and sub period - III: 2002-03 to 2021-22. The data were analyzed by applying statistical techniques such as mean, standard deviation, coefficient of variation, and exponential regression equation.  

Compound Annual Growth Rate (CAGR)
The compound annual growth rate of area, production, and productivity was estimated by using an exponential function.  The function was applied in many other studies for the computation of CAGR (Wani & Kaspate, 2020). The equation to compute CAGR is

Yt = abteu                                           ----- (equation -1)

Where,

Yt = area/ production productivity

t = time period (in years)

a = Intercept value (value of y when t = 0)

b = (1 + r), ‘r’ being the growth rate

eu = Error term

After log transformation of equation (1);

Log Yt = Log a + t* Log b
and Compound Annual Growth Rate (CAGR) is given by:

CAGR (%) = {Antilog (Log b) – 1} * 100

Where,

b = antilog of slope of area/ production/ productivity

The regression coefficient was tested for significance by using the student’s t-test. However, the performance of agriculture is affected by climatic factors, so the growth rate has been calculated based on three years moving average data (Singh I.J et al., 1997)

Instability index
The simple coefficient of variation does not explain the variation of time series data properly (Wani, 2021). Therefore, as against that, the Cuddy Della Valle index (Jambhulkar et al., 2024) has been used for estimating the magnitude of instability. The equation to estimate the instability index is as follows:

CDVI = CV * [image: image2.png]



Where,

CDVI = Cuddy-Della Valle Instability Index (percent)

CV = Coefficient of variation (percent) [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.

3. Results and Discussion 
The area (thousand hectares), production (lakh tons) and yield (t/ha) of sugarcane in Maharashtra from 2002-03 to 2021-22 is depicted in Fig. 1. The sugarcane area is increased by 152 percent, sugarcane production is increased by 155 percent and sugarcane yield is increased by 1.0 percent during the last twenty four years. The area under sugarcane and production of sugarcane is increased, but per hector yield of sugarcane is almost similar. 
Fig.1. Area (thousand hectares), production (lakh tons) and yield (t/ha) of sugarcane in Maharashtra (2002-03 to 2021-22)
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Compound Annual Growth Rate

The district-wise growth rate of area, production and yield of sugarcane in Maharashtra has been showed in table 1. 

Table 1. District-wise compound annual growth rate of area, production and yield of sugarcane in Maharashtra 

	District
	Period-I
	Period-II
	Period-III

	
	A
	P
	Y
	A
	P
	Y
	A
	P
	Y

	Ahilyanagar
	15.93**
	21.08**
	4.86
	1.95
	4.80
	2.60
	5.69**
	8.14
	2.36

	Beed
	11.41**
	13.96*
	2.55
	2.93
	6.20
	3.45
	2.00
	0.39
	-1.57

	Chhatrapati Sambhajinagar
	10.83**
	15.34**
	3.85*
	7.78**
	7.40*
	0.00
	3.94**
	2.92
	-0.85

	Dharashiv
	17.06**
	22.26**
	5.18*
	3.52
	9.08
	5.53
	5.96**
	5.23*
	-0.68

	Dhule
	2.40
	5.08
	2.81**
	-9.15*
	-6.90**
	1.86
	-3.50*
	-1.01
	2.40

	Hingoli
	-6.25
	-8.05
	-1.15
	5.85
	8.31
	1.72
	0.44
	-0.40
	-0.65

	Jalgaon
	-2.97
	0.20
	3.34**
	2.16
	2.10
	1.20
	3.57
	-1.98**
	1.99

	Jalna
	9.42*
	10.91*
	1.67
	11.46
	13.19
	1.14
	6.57
	5.34**
	-1.17

	Kolhapur
	5.40**
	7.69
	2.20**
	1.73**
	0.68
	-1.70*
	3.35
	4.51
	1.12**

	Latur
	7.97*
	11.11**
	2.92**
	1.67
	5.84
	3.67
	2.63*
	3.24*
	0.60

	Nanded
	3.68
	3.34
	-0.44
	9.10
	9.59*
	0.06
	3.16**
	2.80*
	-0.16

	Nandurbar
	10.44*
	13.28*
	2.80
	8.97
	7.22
	-1.49
	5.62**
	6.45
	0.93*

	Nashik
	6.06
	8.87
	2.93*
	-2.44
	-0.66
	1.96**
	-2.70*
	-0.62
	2.37

	Parbhani
	2.15
	4.98*
	2.85**
	5.12*
	7.29
	2.03
	6.10
	4.93**
	-0.76

	Pune
	14.43
	17.46
	2.27
	-0.32
	-0.10
	0.01
	6.00
	7.54
	1.51

	Sangli
	8.30**
	10.55**
	2.15**
	6.03
	5.33
	-0.74*
	5.40
	6.67
	1.34

	Satara
	9.77
	11.51
	1.69**
	6.51**
	7.93
	1.29**
	5.59
	7.40
	1.79

	Solapur
	15.43
	19.47**
	3.59**
	3.01
	5.39
	2.44**
	5.83
	7.05
	1.25**

	Yavatmal
	-2.43
	-1.35
	1.04
	5.71
	5.95
	0.00
	3.98**
	4.15
	0.20


Source: 1. Directorate of Economics and Statistics Department of Agriculture and Farmers Welfare, Ministry of Agriculture and Farmers Welfare, Govt. of India 
   2. Compiled by author 

(Note: * and ** significant 5 and 1 percent, respectively)
During the period I (2002-03 to 2012-13), the highest growth rate for area, production and yield was observed in Dharashiv district. The lowest growth rate for area (-6.25), production (-8.05) and yield (-1.15) was observed in Hingoli district. The growth rate of yield except Hingoli and Nanded rest of the district was observed positive. 
During period II (2012-13 to 2021-22), highest growth rate for area (12.46) and production (13.19) was recorded in Jalna district, but it was not significant at both level. However, highest growth rate for yield (5.53) was observed in Dharashiv district, it was also not significant. The significant negative growth rate for area (-9.15) and production (-6.90) was found in Dhule district and for yield (-1.70) was found in Kolhapur district. 
During overall period III (2002-03 to 2021-22), the highest growth rate for the area (6.57) recorded in Jalna district and production (8.14) was recorded in Ahilyanagar district and highest growth rate for yield (2.40) was observed in Dhule district. The significant negative growth rate for area (-2.70) was found in Nashik district and production (-1.98) recorded in Jalgaon district. However, lowest yield (-1.57) was recorded in Beed district.
The reasons for fluctuating growth rate in sugarcane area, production and productivity over time may be attributed due to erratic nature of rainfall, inadequate irrigation facilities and low crushing capacity of sugar factories.  Similar results were found in another study (Rout et al., 2016). 
Instability in area, production and productivity of sugarcane 
The instability will determine whether the growth performance for the variable under study was stable or unstable over time. However, instability is one of the major bottlenecks to affecting the cropping pattern, selection of crops for cultivation and consistent growth (Ansari & Ansari, 2022). The instability in the area, production and productivity of sugarcane in selected district of Maharashtra for all three periods is worked out and presented in Table 2. 
Table 2. District-wise instability (percent) of area, production and yield of sugarcane in Maharashtra 
	District
	Period -I
	Period -II
	Period - III

	
	A
	P
	Y
	A
	P
	Y
	A
	P
	Y

	Ahilyanagar
	20.40
	21.17
	5.49
	16.86
	22.33
	13.87
	22.45
	26.01
	10.90

	Beed
	21.70
	31.06
	13.65
	27.74
	49.73
	20.41
	29.25
	49.16
	21.86

	Chhatrapati Sambhajinagar
	23.30
	27.79
	11.07
	15.23
	27.36
	11.17
	25.13
	37.42
	15.62

	Dharashiv
	28.60
	32.73
	13.14
	36.32
	51.92
	19.76
	34.40
	48.74
	24.94

	Dhule
	33.68
	27.80
	5.17
	17.02
	11.76
	6.24
	31.62
	28.24
	5.35

	Hingoli
	23.31
	23.46
	9.57
	26.92
	51.75
	25.93
	30.27
	45.83
	18.43

	Jalgaon
	20.40
	22.08
	5.08
	12.24
	11.50
	5.08
	17.21
	18.12
	5.64

	Jalna
	22.96
	28.61
	9.26
	5.25
	16.23
	15.03
	21.33
	32.56
	14.41

	Kolhapur
	6.92
	9.48
	2.78
	4.12
	6.51
	3.30
	7.09
	11.43
	5.94

	Latur
	25.19
	24.34
	6.96
	17.12
	35.20
	17.48
	21.63
	32.10
	15.40

	Nanded
	27.63
	28.66
	8.23
	7.82
	28.10
	20.47
	23.42
	32.68
	14.70

	Nandurbar
	36.49
	35.49
	3.26
	5.77
	8.53
	7.64
	26.12
	24.77
	8.59

	Nashik
	27.95
	33.82
	8.65
	22.07
	21.61
	2.79
	33.29
	36.89
	6.17

	Parbhani
	13.33
	17.16
	7.03
	17.57
	41.64
	19.10
	17.70
	34.31
	16.68

	Pune
	13.37
	14.71
	2.43
	9.29
	11.94
	3.23
	18.69
	21.33
	4.75

	Sangli
	10.66
	13.74
	4.59
	3.88
	5.54
	3.02
	9.69
	11.75
	5.96

	Satara
	10.63
	12.51
	3.47
	8.80
	8.55
	2.98
	12.59
	12.84
	3.24

	Solapur
	17.63
	19.22
	4.93
	21.47
	28.01
	5.47
	22.87
	28.02
	7.84

	Yavatmal
	38.40
	43.42
	3.98
	23.27
	24.30
	13.58
	31.35
	32.81
	9.72


Source: 1. Directorate of Economics and Statistics Department of Agriculture and Farmers Welfare, Ministry of Agriculture and Farmers Welfare, Govt. of India 
   2. Compiled by author 

During period I (2002-03 to 2012-13), the highest instability for the area (38.40 %), production (43.42%) observed in Yavatmal district and yield (13.65%) was found in Beed district. However, the lowest instability for the area (6.92%) production (9.48%) and yield (2.78%) was recorded in Kolhapur district.

During period II (2002-03 to 2021-22), the highest instability for the area (36.32%) and production (51.92%) recorded in Dharashiv district, while yield (25.93%) was observed in Hingoli district. However, the lowest instability for area (3.88%) and production (5.54%) was recorded in Sangali district, while lowest variability for yield (2.98%) was observed Satara districts.


During the overall period III (2002-03 to 2021-22) instability analysis reveals that sugarcane cultivated area (34.40%) and yield (24.94%) was highly unstable recorded Dharashiv district, while highly unstable production (49.16%) observed in Beed district. The lowest instability for area (7.09%) and production (11.43%) was recorded in Kolhapur district, while lowest instability for yield (3.24%) was found in Satara district. The district having low instability in yield it may be due to timely availability of inputs which includes irrigation, high yielding varieties and farmer’s awareness on proper use of inputs required for sustainable production (Raju & Kiran Kumar, 2019).
4. Conclusions 

The growth rate of area and production of sugarcane for most of the district were observed to be positive and significant. However, productivity of sugarcane remains stable during the study period. It indicates that the production of sugarcane was increased by only area expansion not due the productivity improvement. During the second period except Solapur and Yavatmal district rest of the district recorded area under sugarcane was decrease. Instability of area, production and productivity of sugarcane was more stable during period II as compare to period I. The Instability result shows that districts have larger area under sugarcane cultivation having high instability in production. 
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