Status of Tapioca in Meghalaya State: An analysis of trend, instability and decomposition of area, production and productivity
ABSTRACT
Tapioca is an important tuber crop with various positive attributes such as drought tolerance, adaptability, potential staple crop and industrial applications. It plays a significant role in the socio-economic livelihood, food and nutritional security in the state of Meghalaya. The state holds a prominent position the production chart of the crop in India. The key focus of this study is to assess the growth, instability and decomposition analysis of tapioca during the last three decades. In the present study, year span from 2006 to 2023 is study which was divided into two periods: 2006-07 to 2012-13 and 2013-14 to 2022-23. There is a gradual increase in the performance of tapioca in terms of area and production. According to the decomposition analysis, yield factor is vital for the production of tapioca in Meghalaya over the years, having larger influence than those of area effect and interaction effect. The dynamics of production, area of production and yield of the crop plays important role in the planning and implementation of policies and programmes, ensuring necessary amendments.
INTRODUCTION
Tapioca (Manihot esculenta), also known as Cassava, is an important tuber crop belonging to the family Euphorbiaceae. Owing to drought tolerance, wide flexibility to adverse soil, nutrient and management conditions, it is a very important tropical tuber crop and known as poor man’s crop (Sakthivel & Srikanth, 2020). Its high carbohydrate content makes tapioca an important staple food for more than 500 million people in the world (Blagbrough et al., 2010). Tapioca provides rich sources of energy, vitamins, fiber and minerals (Zekarias et al., 2019). All parts of the plant are used for food, feed, and fuel. It has been an integral part of local diets and traditional culinary. The tuber is used as flour, dried chips, etc., and various recipes are prepared using the boiled tubers as a popular breakfast dish at home. It is rapidly becoming a major industrial crop due to the application of its flour and starch. 
India is one of the major tapioca producers, yielding 694100 tonnes in an area of 183000 hectares. Tamil Nadu is the largest producer of tapioca among the states of India with 3893240 tonnes (NHB, 2021). Other major tapioca producing states are Kerela, Andhra Pradesh, Nagaland, Meghalaya, Assam, etc. In Meghalaya, both sweet and bitter types of tapioca are grown by tribal people (Talang et al., 2022). Meghalaya produces 35979 tonnes of tapioca from an area of 5463 hectares of land (Directorate of Agriculture, Meghalaya, 2023). Tapioca is cultivated in various production systems, including Jhum (traditional shifting cultivation), individual holdings, and homesteads. Small farmers dominate Tapioca cultivation, with a higher number of women farmers than men. Tapioca plays a significant role in food security and serves as a major ingredient in animal feed management in Meghalaya. Consumption of Tapioca as a cereal substitute is high in Meghalaya. Moreover, it has been an important crop in terms of socio-economic upliftment and livelihood earning of the farmers. 
With its significant presence and importance in the state, it is imperative to examine the production performance of the crop. Growth, instability and decomposition are important indicators of measuring production performance. Examining production performance provides an overview which helps to develop a plan for minimum risks and further improvement in the crop production.
METHODOLOGY
For the study, time series data on area, production, and productivity of tapioca were considered for the years from 2006-07 to 2022-23. The published secondary data were collected from the website of Department of Economics and Statistics and Directorate of Horticulture, Government of Meghalaya. Due to difference in the number of districts during the period studied, the study period has been split into two phases; 2006-07 to 2012-13 and 2013-14 to 2022-23, to normalize the study. Compound growth rate, an instability analysis and a decomposition model were used to analyze the tapioca production, area, and productivity.
Growth rate
Growth rate was estimated using Compound growth rate (CGR) and it was calculated as:

where,
Yt = area/production/Productivity (Dependent Variable) in the time period t. 
a = intercept 
bt = regression Coefficient (1 + r)
t = years which takes value 1, 2, … …, n 
ut = error term for the year t 
Taking logarithm to the both sides to transform the equation into log linear form for estimation: 

The compound growth rate (r) of area, production and productivity in percentage was computed by using the function: 

Instability Analysis
The instability analysis was determined using Cuddy-Della Valle Index (CDVI). It was calculated as:

Where, CV=coefficient of variation
		R2= coefficient of determination
Decomposition Analysis
The change in production was taken as the effect of three factors such as area factor, yield factor and interaction factor.

where,
ΔP= change in production
ΔY= change in yield
ΔA= change in area
A0 = area in the base year
Y0=yield in the base year

RESULTS AND DISCUSSION
Current Status and Growth rate
The area, production and yield trends of tapioca showed that there was a noticeable increase annually over the years of study (table 1). There was an increase in production from 20870 tonnes from area of 3996 ha in 2006-07 to 35979 tonnes from 5463 ha in 2022-23. The yield of tapioca in the state was 6.59 MT/ha in 2022-23. There is opportunity to double the yield through production interventions (Kharlyndoh et al., 2018). Tapioca is the second most widely cultivated root tuber crop in Meghalaya, following potatoes. It is mostly cultivated in the East Garo district, followed by West Garo, North Garo, West Khasi, and so on, with the production in the districts following the same order. The East and West Jaintia districts had the least area under tapioca cultivation.
The compound growth rate revealed a steadily rise in Tapioca production over the years from 2006-07 to 2022-23 with 2.27% in area, 4.29% in production and 1.98% in productivity. In the Period I, Ribhoi district showed the highest growth rate in area (13.38%), production (17.61%) and yield (3.73%), while there was a steep decline in Jaintia Hills with -11.59% in area, -16.44% in production and -5.48% in yield. In the Period II, there was a notable increase in the growth rate of area of cultivation of tapioca in East Jaintia Hills (3.00%), followed by Ribhoi (2.24%) and West Jaintia Hills (2.12%). The highest growth rate in production (3.43%) and yield (4.35%) were noted in South West Khasi Hills. East Garo Hills showed a decline of -1.90% and -1.79% in the area and production respectively, while there was a negative growth rate of -1.16% in the yield in East Jaintia Hills. 
Table 1: Area, production and yield of Tapioca in Meghalaya.
	Year
	Area (Ha)
	Production (MT)
	Yield (MT/Ha)

	2006-07
	3996
	20870
	5.22

	2007-08
	4198
	21938
	5.23

	2008-09
	4187
	21773
	5.20

	2009-10
	4180
	21152
	5.06

	2010-11
	4180
	21792
	5.21

	2011-12
	4203
	22046
	5.25

	2012-13
	4983
	29749
	5.97

	2013-14
	5298
	31947
	6.03

	2014-15
	5349
	32553
	6.09

	2015-16
	5414
	33304
	6.15

	2016-17
	5392
	35407
	6.57

	2017-18
	5408
	35528
	6.57

	2018-19
	5416
	35594
	6.57

	2019-20
	5424
	35658
	6.57

	2020-21
	5433
	35727
	6.58

	2021-22
	5441
	35789
	6.58

	2022-23
	5463
	35979
	6.59


Source: Department of Economics and Statistics and Directorate of Horticulture, Government of Meghalaya

Table 2. Compound Growth Rate of Tapioca in Meghalaya
	Period
	Area (%)
	Production (%)
	Yield (%)

	Period I 
(2006-07 to 2012-13)
	2.40
	3.91
	1.48

	Period I 
(2012-13 to 2022-23)
	0.26
	1.29
	1.02

	[bookmark: _Hlk175476661]Overall
(2006-07 to 2022-23)
	2.27
	4.29
	1.98




Table 3. Compound Growth Rate of Tapioca in different districts of Meghalaya in Period I.
	District
	Area (%)
	Production (%)
	Yield (%)

	Ribhoi
	13.38
	17.61
	3.73

	East Khasi Hills
	0.64
	2.91
	2.25

	West Khasi Hills
	1.45
	4.56
	3.06

	Jaintia Hills
	-11.59
	-16.44
	-5.48

	East Garo Hills
	3.50
	4.56
	1.03

	West Garo Hills
	2.50
	3.96
	1.43

	South Garo Hills
	0.53
	2.68
	2.14

	Meghalaya
	2.40
	3.91
	1.48




Table 4. Compound Growth Rate of Tapioca in different districts of Meghalaya in Period II.
	District
	Area (%)
	Production (%)
	Yield (%)

	Ribhoi
	2.24
	2.74
	0.49

	East Khasi Hills
	1.55
	2.75
	1.18

	West Khasi Hills
	1.60
	2.69
	1.08

	South West Khasi Hills
	-0.88
	3.43
	4.35

	East Jaintia Hills
	3.00
	1.81
	-1.16

	West Jaintia Hills
	2.12
	2.80
	0.67

	East Garo Hills
	-1.90
	-1.79
	0.12

	North Garo Hills
	0.97
	1.22
	0.25

	West Garo Hills
	0.86
	1.06
	0.21

	South West Garo Hills
	1.80
	3.12
	1.30

	South Garo Hills
	0.09
	3.26
	3.17

	Meghalaya
	0.26
	1.29
	1.02


Instability Index
	In the first period, Meghalaya as a whole experienced a 5.25 instability index in the area of cultivation, while the production instability and yield instability were measured at 10.20 and 4.55. Among the districts, Jaintia Hills, Ribhoi and East Garo Hills had the highest instability indices in area, with values of 33.76, 14.71, and 6.66, respectively. In contrast, East Khais Hills and West Khasi Hills exhibited the lowest levels of instability in area. 	During the Period II, the area instability index had reduced, standing at 0.41, in contrast to the Period I. In period II, districts such as East Jaintia Hills (6.53), West Jaintia Hills (4.76) and Ribhoi (4.03) exhibited elevated instability in the area factor. Overall the state and districts showed low instability in the area, production and yield over the study period considered, except in the Period I where Ribhoi showed medium instability of area with 17.60% and Jaintia Hills exhibiting high instability of 33.76% in area and 36.88% in production

Table 5. Instability index of Tapioca in different districts of Meghalaya in Period I.
	District
	Area
	Production 
	Yield

	Ribhoi
	14.71
	17.60
	7.55

	East Khasi Hills
	3.02
	10.04
	6.65

	West Khasi Hills
	3.02
	9.36
	5.80

	[bookmark: _Hlk175478245]Jaintia Hills
	33.76
	36.88
	6.33

	East Garo Hills
	6.66
	9.52
	2.66

	West Garo Hills
	5.66
	12.01
	6.56

	South Garo Hills
	3.47
	10.13
	6.34

	Meghalaya
	5.25
	10.20
	4.55



Table 6. Instability index of Tapioca in different districts of Meghalaya in Period II.
	District
	Area
	Production 
	Yield

	Ribhoi
	4.03
	5.01
	1.14

	East Khasi Hills
	2.86
	5.23
	2.50

	West Khasi Hills
	2.96
	5.18
	2.35

	South West Khasi Hills
	3.11
	6.14
	8.82

	East Jaintia Hills
	6.53
	4.80
	2.91

	West Jaintia Hills
	3.92
	4.99
	1.53

	East Garo Hills
	4.76
	4.71
	7.96

	North Garo Hills
	1.77
	2.28
	0.70

	West Garo Hills
	1.65
	2.05
	0.62

	South West Garo Hills
	3.20
	5.75
	2.72

	South Garo Hills
	2.33
	4.98
	6.67

	Meghalaya
	0.41
	2.20
	2.09



Table 7. Instability index of Tapioca in Meghalaya.
	
	Area
	Production 
	Yield

	Period I
	5.25
	10.20
	4.55

	Period II
	0.41
	2.20
	2.09

	Overall
	5.58
	8.40
	3.85


	
.
Decomposition Analysis
	The analysis involved breaking down the variability in production into its individual components for two distinct time periods, and the outcomes of the decomposition analysis are presented in the tables below.
	The decomposition analysis revealed that in Period I, yield effects (58.06) were the primary driver of tapioca production growth in Meghalaya. However, in Period II, the expansion of the cultivated area became the dominant factor, while yield factor played a lesser role. Overall, yield improvements contributed most to the production growth across the entire time span, although the area factor also had a significant impact. In the districts of East Jaintia Hills and East Garo Hills, the yield effect is much higher than those of area effect and interaction effect. It is in conformity with the findings of Kharlyndoh et al. 2018 who noted that the productivity of Jaintia districts is higher with yields exceeding 10 t/ha.
	In Period I, all the districts experienced dominant contribution from the yield effect which indicated that there was high impact of yield in the production of tapioca in the state. While in the Period II, the state exhibited a higher impact from the area factor. However, several districts excepting South Garo Hills, showed high yield factor in the decomposition analysis.
Table 8. Decomposition Analysis of Tapioca in different districts of Meghalaya in Period I.
	District
	Area Factor
	Yield factor
	Interaction Factor

	Ribhoi
	9.21
	63.60
	24.27

	East Khasi Hills
	17.50
	23.31
	5.41

	West Khasi Hills
	18.57
	30.24
	8.03

	Jaintia Hills
	-40.20
	49.50
	-12.12

	East Garo Hills
	6.18
	74.73
	6.97

	West Garo Hills
	9.81
	57.99
	8.00

	South Garo Hills
	16.71
	23.78
	5.20

	Meghalaya
	10.04
	58.06
	8.31



Table 9. Decomposition Analysis of Tapioca in different districts of Meghalaya in Period II.
	District
	Area Factor
	Yield factor
	Interaction Factor

	Ribhoi
	13.58
	83.47
	2.94

	East Khasi Hills
	40.59
	53.60
	5.81

	West Khasi Hills
	36.31
	58.50
	5.19

	South West Khasi Hills
	125.17
	-17.73
	-7.45

	East Jaintia Hills
	-36.26
	150.77
	-14.51

	West Jaintia Hills
	18.85
	76.87
	4.28

	East Garo Hills
	-13.14
	111.34
	1.80

	North Garo Hills
	23.38
	74.63
	1.99

	West Garo Hills
	23.76
	74.40
	1.84

	South West Garo Hills
	39.12
	54.42
	6.47

	South Garo Hills
	81.00
	14.78
	4.21

	Meghalaya
	73.05
	24.68
	2.28



Table 10. Decomposition Analysis of Tapioca Meghalaya.
	
	Area Factor
	Yield Factor
	Interaction Factor 

	Period I
	10.04
	58.06
	8.31

	Period II
	73.05
	24.68
	2.28

	Overall
	36.05
	50.71
	13.24



Conclusion 
	The study conducted an empirical analysis of tapioca production performance and productivity variability in Meghalaya State from 2006–07 to 2022–23 in order to determine the trend in growth of area and production. The results from the study will help various stakeholders to create appropriate policies to maintain or increase production and reduce production variability. Tapioca cultivation in the state showed an overall positive trend with positive annual growth rates in area and production. The instability analysis showed a stable trend. Decomposition analysis highlighted the significant role of the yield effect in influencing production, suggesting that the region is conducive for its cultivation and there is potential for expanding cultivation area. To ensure sustainable growth, efforts should also be focused on addressing instability in specific districts, improving yield and promoting best agricultural practices. Future studies in the value chain, marketing channels, genetics and breeding are recommended.
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