



An assessment of structural change in sugarcane cropping pattern in Karnataka: Evidence from Markov chain analysis 
ABSTRACT 
Aims: The present study was undertaken in Kalaburagi with the overall objective of determining the structural change in sugarcane cropping pattern in Kalyana-Karnataka region. 
Study Design: The study was conducted in Kalaburagi district of Karnataka state especially focused to Kalyan Karnataka region. The area of ten major crops of the Kalaburgi district were taken in to consideration such as Jawar, Wheat, Redgram, Chickpea (Gram), Groundnut, Sunflower, Banana, Onion and Others crops for study. 
Material and Methods: The 20 years secondary data of sugarcane were collected from 2000-01 to 2021-22 to fulfill the objectives of the study.  The required data were collected from different sources such as District Statistical Officer, DES, Bangalore, DAC, Indiastat.com, etc. The study used CAGR, CV, Markov chain analysis, Moving Average Methods and descriptive analysis to fulfil the objectives of the study.   
Results: The results of the transition probability matrix (TPM) showed that sugarcane has retained 40 percent of its area over the study period and it has gained 38 percent of area from Jowar and 21 percent of area from Bengalgram in the Kalaburagi district. The study showed that the sugarcane productions were largely contributed from Afzalpur taluq in the Kalaburagi district followed by Jewargi and Aland during the period. 
Conclusion: The study concluded that sugarcane crop has emerged as alternative crop in the irrigation belt of the Kalaburagi and it has high potentiality for improving socio-economic conditions of the farmers in the region.
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1. INTRODUCTION
Karnataka is the third largest producer of sugarcane in India. It was largely grown in traditional area such as Mandya, Mysore, Chamrajnagar, Belgaum, Bijapur, Bidar and Bagalkot districts in the state (Sundara & Subramanian, 1990).  The area under sugarcane crop was tremendously increased in non traditional areas such as Kalburagi due to irrigation facilities created through Bheema lift irrigation projects and increased number of sugarcane factories in and around the Kalaburagi district (Cherubin et al., 2017; Bernardo et al., 2019). Similarly, whereas the area under crops such as jawar, chickpea, redgram, groundnut, sunflower, safflower, cereals, pulses, minor millets etc were decreased over the period of time since 2000-01 (Vuyyuru et al., 2020). So, it is necessary to study the dynamics of changes in the sugarcane cropping pattern in the district (da Luz et al., 2022).  
Hence, based on the above background, the present study was undertaken with the overall objective of assessing dynamics of change in the cropping pattern in Kalaburagi. The results of this study would help in suggesting suitable policy options and regional level planning.
2. MATERIAL AND METHODS
The primary and secondary data were used to fulfil the objectives of the study. The 20 years secondary data relating to area, production and yield of sugarcane, jawar, wheat, redgram, chickpea, groundnut, sunflower, cotton banana, onion and other crops were collected from various secondary sources such as District Statistical Officer, DES, Bangalore, DAC, Indiastat.com, etc.  The data were collected for the period 2000-01 to 2021-22.  The collected data were used for the analysing the dynamics of sugarcane cropping in the study area.

The study were used all possible tools for analysis to get meaningful results. The collected data were analysed by using CAGR, CV, Moving Average Methods, Simple tabular analysis with percentages etc to fulfil the objectives of the study. CAGR analysis was carried out to determine the growth rate in the area, production and productivity of sugarcane in the Karnataka. Similarly, Coefficient of Variation (CV) was used to estimate the fluctuation area, production and productivity of sugarcane in the study area (Jainuddin S M., et al., 2019).  
2.1 Markov chain analysis

The structural change in sugarcane cropping pattern was examined by using the Markov chain analysis (Ha Trinh Thi Viet et al., 2017). The estimation of the transitional probability matrix (P) was central to this analysis. The element Pij of the matrix indicated the probability that the retention of area would switch from the ith crop to jth crop over a study period. The diagonal elements Pij indicated the probability that the area share of a crop would be retained in the successive time periods. Presently, area of ten major crops of the Kalaburgi district were taken in to consideration such as Jawar, Wheat, Redgram, Chickpea (Gram), Groundnut, Sunflower, Banana, Onion and Others crops. The average area to a particular crop were considered to be a random variable that depended only on its previous area to that crop and which was denoted algebraically by Eq. (1):

[image: image1.png]Eje=tigme iy T e,





where,
Ejt =  jth crop area during the year t.

Eit-1 = ith crop area during the period t-1.

Pij = Probability that the area will shift from ith crop to jth crop.

ejt = The error term which is statistically independent of Eit-1.

t = Number of years considered for the analysis

r = Number of crops
The transitional probabilities Pij which can be arranged in a (c * r) matrix have the following properties.
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O ≤ Pij ≤1

Thus, the expected shares of each crop area during period‘t’ were taken by multiplying to crop area in the previous period (t-1) with the transitional probability matrix.

3. RESULT AND DISCUSSION
3.1 Area, Production and Yield of Sugarcane in Karnataka
The study showed (table 1) that, out of the total area and production in the state, 44.13 percent of cropped area and 45.98 percent of production were noticed in Belagavi district alone followed by Bagalkote, Vijayapura, Mandya and Kalaburagi during the period. The study showed that these top five districts in Karnataka state together have more than 85 percent of area under sugarcane crop and contributed 86.19 percent of sugarcane production in the state during the study period. 

Table 1: Area and production of sugarcane in Karnataka (2019-20 to 2021-22) 

	Districts
	Area
(Lakh hectar’s)
	Production
(Lakh tonnes)
	Percentage change to total (%)

	
	
	
	Area
	Production

	Belagavi
	401.76
	213.88
	44.13
	45.98

	Bagalkote
	182.69
	75.32
	20.07
	16.19

	Vijayapura
	98.60
	44.76
	10.83
	9.62

	Mandya
	59.16
	43.60
	6.50
	9.37

	Kalaburagi
	39.89
	23.30
	4.38
	5.01

	Other Districts of state
	128.30
	64.25
	14.09
	13.81

	Total
	910.41
	465.12
	100.00
	100.00


Data Source: District at Glance, 2017-18 to 2021-22

3.2 Area, Production and Yield of Sugarcane in Kalyan-Karnataka region
The study showed that the area under (Table 2) sugarcane crop in Kalyan-Karnataka region was around 79.063 thousand hectares during 2019-20 to 2021-22. Out of the total area under sugarcane, 4.38 percent of area was contributed by Kalaburgi district alone in the region followed by Bidar (2.34 %) and Bellari (1.45%) during same period.  The sugarcane production was highest in the Kalaburagi (23.30 lakh tonnes) followed by Bidar district in the Kalyan-Karnataka region.  The Kalyan-Karnataka region was having 9.51 percent of area under sugarcane crop (79.06 thousand hectare) and contributed about 8.58 percent of sugarcane production (39.93 lakhs tonnes) in the state during the study period.
Table 2: Area and production of sugarcane in Kalyan-Karnataka region (2019-2022)
	Districts 
	Area 
	Production (Lakh tonns) 
	Percentage change to total (%)

	
	
	
	Area 
	Production 

	Kalaburagi 
	39891 
	23.30 
	4.38 
	5.01 

	Bidar 
	21277 
	7.21 
	2.34 
	1.55 

	Bellari 
	13158 
	6.67 
	1.45 
	1.43 

	Koppal 
	2733 
	1.51 
	0.30 
	0.32 

	Raichur 
	1017 
	0.63 
	0.11 
	0.14 

	Yadgir 
	987 
	0.61 
	0.11 
	0.13 

	Kalyan-Karnataka 
	79063 
	39.93 
	9.51 
	8.58 

	Other Districts 
	831342 
	425.19 
	90.49 
	91.42 

	Total 
	910405 
	465.12 
	100.00 
	100 


Data Source: District at Glance, 2019 to 2022

3.3 Area, Production and Yield of Sugarcane in study area
The study showed that significantly positive growth (Table 3) in area, production and productivity of sugarcane at the rate of 1.11 percent, 1.08 percent and 1.01 percent respectively during the period. The study showed that stability in the productivity of sugarcane crop in the study area but moderate level of instability was observed in sugarcane area and higher level of instability was seen in sugarcane production in the study area.
The study showed that the area under sugarcane crop increased (Table 3) tremendously (79.95 %) from 9673 ha to 48236 ha during 2000-01 to 2021-22. It might be due to increased area under irrigation in Kalaburagi district because of implementation of lift irrigation projects in the study area. Subsequently, sugarcane production also significantly increased (84.30 %) from 6.80 lakh tonnes to 43.32 lakh tonnes during the same period. Similar trend was observed in yield of the sugarcane in the study area.
Table 3 CAGR and Instability of sugarcane area, production and Productivity in 
             Kalaburagi District (2000-01 to 2021-22)
	Particulars
	2000-01
	2021-22
	CAGR (%)
	CV (%)
	Percentage Change

	Area (ha)
	9673
	48236
	1.11
	64.75
	79.95

	Production 

(lakh tonnes)
	6.80
	43.32
	1.08
	97.58
	84.30

	Yield* (tonnes/ha)
	74
	96
	1.01
	24.58
	22.92


Data Source: District at Glance, 2017-18

3.4. Taluk-wise  in area, production and yield of sugarcane  in study area
The total area under sugarcane crop in Kalaburagi (Table 4) was around 38798 hectares during the period 2016-17. Out of the total area under crop, 52.48 percent of cropped area is found in Afzalpur taluq alone followed by Jevargi (23.21 %) and Aland (17.54 %). The study showed that the tremendously increased area under sugarcane crop in Chitapur (62.46 %) over 2011-12 but contribution in overall sugarcane area were meagre (0.86 %) during same period.  The study indicated that the sugarcane production were largely come from Afzalpur taluq in the Kalaburagi district followed by Jewargi and Aland it may  be due to highest coverage of area under sugarcane crop.

Table 4 Taluq-wise percentage change in sugarcane area (2011-12 to 2016-17)
	Taluq 
	2011-12 
	2016-17 
	Percentage Change (%)

	Afzalpur 
	10351 (39.94) 
	20361 (52.48) 
	49.16 

	Aland 
	7784 (30.03) 
	6807 (17.54) 
	-14.35 

	Chincholi 
	2255 (8.70) 
	778 (2.01) 
	-189.85 

	Chittapur 
	125 (0.48) 
	333 (0.86) 
	62.46 

	Kalaburagi 
	768 (2.96) 
	1430 (3.69) 
	46.29 

	Jevargi 
	4588 (17.70) 
	9004 (23.21) 
	49.04 

	Sedam 
	46 (0.18) 
	85 (0.22) 
	45.88 

	Total 
	25917 
	38798 
	33.20 


Figures in the parenthesis indicates the percentage to total

Data: District at Glance, 2017-18

3.5. Trends in area, production and yield of sugarcane in study area
The study showed that the area under sugarcane crop was increased (Fig 1) tremendously from 2011-12 onwards due to expansion of area under irrigation because of implementation of Bheema lift irrigation and other minor irrigation projects in the study area. The increasing trend in area continuous up to 2014-15 and thereafter fluctuations was observed in the sugarcane area due to uncertainty in the weather conditions in the study area. Similar trend was noticed in production of the sugarcane during the same period. The yield of the sugarcane (Fig 2) was showed a cyclical pattern of trend with low instability.
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Fig 1 Trends in area and production of sugarcane in Kalaburagi district (2000-2022)
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Fig 2 Trends in yield of the sugarcane in Kalaburagi district (2000-2022)

3.6. Transition probability matrix for major crops

The results of the transition probability matrix for major crops in Kalaburagi district for the period of 2011-12 to 2020-21 are presented in the Table 5. The major crops such as Jawar, Wheat, Redgram, Gram/Bengalgram, Groundnut, Sunflower, Cotton Sugarcane, Banana, Onion and Other crops are considered for the study. The study revealed that begalgram has retained its 52 percent of its area over study period and lost about 48 percent of area to other crops in Kalaburagi district. Sunflower has retained 86 percent of its area over study period and lost about 12 percent of area to sugarcane and meanwhile it gained from wheat (1 %). Cotton has gained 97 percent of its area from redgram and it is able to retain only 3 percent of its previous year’s area. Onion has gained 100 percent of its area from redgram. Banana has retained 23 percent of its previous year’s area and lost about 77 percent to other crops. The study revealed that the sugarcane has retained 40 percent of its area over the study period and it has gained 38 percent from Jowar and 21 percent from Bengalgram. 

Table 5 TPM Structural change in cropping pattern in Kalaburagi districts
	Crops
	Jawar
	Wheat
	Redgram
	Gram
	Groundnut
	Sunflower
	Cotton
	Sugarcane
	Banana
	Onion
	Other Crops

	Jawar
	0.79
	0.00
	0.00
	0.21
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Wheat
	1.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Redgram
	0.00
	0.00
	0.77
	0.00
	0.00
	0.01
	0.14
	0.00
	0.00
	0.00
	0.08

	Gram
	0.00
	0.00
	0.00
	0.52
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.48

	Groundnut
	1.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Sunflower
	0.00
	0.01
	0.00
	0.00
	0.00
	0.86
	0.00
	0.12
	0.00
	0.00
	0.00

	Cotton
	0.00
	0.00
	0.97
	0.00
	0.00
	0.00
	0.03
	0.00
	0.00
	0.00
	0.00

	Sugarcane
	0.38
	0.00
	0.00
	0.21
	0.00
	0.00
	0.00
	0.40
	0.00
	0.00
	0.00

	Banana
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.23
	0.00
	0.77

	Onion
	0.00
	0.00
	1.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Other Crops
	0.00
	0.09
	0.48
	0.09
	0.04
	0.00
	0.09
	0.17
	0.01
	0.02
	0.00


4. CONCLUSION AND POLICY SUGGESTIONS
The study revealed that annual growth rate in sugarcane area was significantly more with higher instability in the study area.  The study showed that, the Kalyan-Karnataka region was having 9.51 % of area under sugarcane and contributed about more than 8 % of sugarcane production in the state.  The study indicated that the sugarcane productions were largely contributed from Afzalpur taluq in the Kalaburagi district followed by Jewargi and Aland during the period. It might be due to highest coverage of area under crop.  The results of the transition probability matrix showed that Sugarcane has retained 40 % of its area over the study period and it has gained 38 % of area from Jowar and 21 % of area from Bengalgram in the study area. So, the study concluded that sugarcane crop has emerged as alternative crop in the irrigation belt of the study area and it has high potentiality for improving socio-economic conditions of the farmers in the region. 
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