


Growth, Instability and structural break in Millet Cultivation in Telangana

ABSTRACT
The study analysed the trends, growth, and instability of millet cultivation in Telangana from 2008–09 to 2023–24. Time-series analyses included CAGR, Coefficient of Variation, Cuddy Della Valle Index, polynomial trend fitting, and Bai–Perron multiple structural break test. The results showed a significant decline in the area under major millets; sorghum, pearl millet, and finger millet, while improvements in yield, especially after 2017–18, contributed to a production recovery. Sorghum is the major millet crop, covering nearly 95 percent of total millet area and output, whereas minor millets exhibited highly erratic cultivation but showed positive growth in production. Instability in area and production was medium to high, with minor millets being the most unstable. Structural break analysis using modified Bai-Perron test, identified shifts around 2013–14 and 2018–19, which were associated with Telangana’s formation and renewed policy emphasis on millet promotion. The study highlighted that millet trends were largely influenced by policy and institutional factors rather than natural growth trajectories. Strengthening economic incentives, assured markets, irrigation support, and value chains was identified as essential to stabilize area and production, ensuring sustainable expansion, improved food security, and enhanced farm incomes.
KEYWORDS: Growth and instability analysis, Compound Annual Growth Rate, structural break, millets.
1. INTRODUCTION 
Millets, often termed “nutri-cereals,” have emerged as a crucial component of sustainable agriculture due to their high nutritional value, resilience to climate variability, and ability to thrive in marginal environments. They are rich in essential nutrients such as dietary fiber, protein, iron, calcium, and various micronutrients, making them an excellent choice for addressing malnutrition and promoting food security (Kumar et al., 2024). Millets are cultivated worldwide and serve both as food and fodder. India is the leading producer of millets globally, with a production of 17.5 million tonnes, accounting for 43 per cent of global production (indiastat, 2025). In India, millets are primarily grown as kharif crops, requiring minimal water and agricultural inputs compared to other staple grains. Millet cultivation also demands relatively low labour compared to other major crops (Wilson and VanBuren 2022). Their significance lies in their potential to create livelihoods, enhance farmers’ incomes, and contribute to global food and nutritional security.
The state of Telangana, which was bifurcated from the rice-dominant Andhra Pradesh in 2014, has a semi-arid climate and a strong tradition of dryland agriculture, making it an ideal region for millet cultivation. The state has a long history of growing both major and minor millets. Among the major millets, sorghum (jonnalu), pearl millet (sajjalu), and finger millet (ragulu) dominate cultivation, while minor millets such as foxtail millet (korralu), little millet (samalu), kodo millet (arikelu), and proso millet (varigulu) are predominantly grown in tribal areas. The total production of millets in Telangana was 2.57 lakh tonnes from an area of 1.14 lakh hectares during 2023–2024 (DES, 2024).
The Government of Telangana has introduced targeted policies such as the Telangana Millet Mission to support farmers through incentives, research, and market development. The government has also initiated strategies to revive millet consumption and enhance the nutritional content of the hot cooked meals program under the Integrated Child Development Services (ICDS). This initiative aims to reduce stunting, wasting, anaemia, and underweight conditions among children aged 3–6 years, their mothers, and community members. It was implemented by the District Administrations of Vikarabad (2017–19) and Adilabad (2019–20), with technical support from Watershed Support Services and Activities Network. Giri Poshana or Nutri-Food Basket (NFB) was introduced for improving dietary diversification in the tribal households of Telangana under integrated tribal development agency areas of Utnoor, Bhadrachalam and Eturnagaram (Mazumdar et al., 2023). Additionally, shifting consumer preferences toward healthier and traditional grains have fuelled a growing demand for millets in both rural and urban markets.
Instability and growth in agricultural production play a crucial role in determining market stability and food security (Sharma, 2013). While positive growth indicates technological progress, improved management, and policy support, instability often leads to market fluctuations and price volatility. These fluctuations can adversely affect consumers, who face unpredictable food prices, and farmers, who may misallocate resources due to production uncertainty. Understanding the patterns of both growth and instability is therefore essential for effective agricultural planning and sustainable development. With this context, the present study was conducted to analyse the trends, growth, and instability of millet production in Telangana using secondary data. The study aims to provide a comprehensive analysis to inform policies and strategies for enhancing millet cultivation, ensuring stable growth, and promoting sustainability in India’s millet sector.
2. METHODOLOGY 
Secondary data related to area, production and productivity of sorghum, pearl millet, finger millet and minor millets of Telangana for the period of 2008-09 to 2023-24 was collected from Directorate of Economics and Statistics, Hyderabad. 
A polynomial trend was fitted to account for the erratic fluctuations observed in the time series data. The growth pattern was analysed using the Compound Annual Growth Rate (CAGR), while instability was assessed through the Coefficient of Variation (CV) and the Cuddy–Della Valle Index (CDVI). In addition, structural breaks in the time series were identified using the Bai–Perron multiple breakpoint test, which helps detect significant shifts in the trend over time.
2.1 Growth rate analysis
The Compound Annual Growth Rate was estimated using exponential functions on time series data on millets' area, production, and productivity (Kumar, 2022). The log exponential functional form was used to determine compound growth rate.
Yt = abteu 
‘Yt’ is the dependent variable i.e., area or production or productivity at time t
‘t’ is the independent variable, time in years 
‘a’ is the intercept
b = (1+r), ‘r’ being the growth rate 
‘u’ is the error term 
[bookmark: _Hlk110551735]Transforming Yt into to logarithmic form to convert exponential equation into linear form and find growth rate.
log Yt = log a + t log b + u 
the CAGR is computed as below: 
CAGR= Anti log (b – 1) × 100  

2.1 Instability analysis
The present study applied the coefficient of variation (CV), dispersion, Cuddy Della Valle Index (CDVI) for studying instability in the time series (Singh and Rajas, 2025). The coefficient of variation was computed using the following formula.

The simple coefficient of variation overestimates the level of instability in time-series data whereas the Cuddy-Della Valle index corrects the coefficient of variation for trends present. The instability index suggested by Cuddy and Della (1978) is given as,
                     ; , if , CV = CDVI
‘CV’ is the Coefficient of variation 
‘ ’ is the Adjusted coefficient of multiple determination
The Cuddy-Della Valle index can be interpreted as, value of 0-15 percent indicates low instability, 15-30 percent indicate medium instability and a value more than 30 percent indicate high instability (Sihmar, 2014). 
2.2 Structural break in time series
The structural break in the area, yield, and production of millets in Telangana was examined using the modified Bai–Perron test, an improved version of the original Bai–Perron framework that accounts for heteroskedasticity and autocorrelation in the error terms, particularly in shorter time series (Antoshin et al., 2008; Mondal and Mondal, 2008; Dolai and Mondal, 2023). This statistical technique detects one or more breaks in the underlying data-generating process of a regression model without requiring prior knowledge of the timing of such changes. The approach is particularly useful for identifying unknown shifts in parameters over time under realistic time series conditions. Bai and Perron (1998) provided the standard framework for structural breaks model in which some, but not all, of the model parameters are allowed to break at m possible break points,
[bookmark: _Hlk208937461][bookmark: _Hlk208937490]Yt = xtβ + ztδj + ut
t = Tj-1+1, …, T
j = 1, 2, …, m+1
‘β’ and ‘δj’ are coefficients
‘ut’ is the disturbance
The dependent variable Yt is to be modelled as a linear combination of regressors with both time invariant coefficients, xt   and time variant coefficients, zt. The analysis was carried out using Python programming language in a Jupyter Notebook environment.
3. RESULTS AND DISCUSSION
3.1 Millet scenario of Telangana (2023-24)
Table 1 shows the area, yield, and production of major and minor millets in Telangana during 2023–24. Sorghum is the dominant millet, accounting for nearly 95 per cent of the total millet area and production. The data indicate that production is significantly higher during the rabi season. The yield levels of millets were 2,191 kg/ha for sorghum, 3,439 kg/ha for pearl millet, 806 kg/ha for finger millet, and 1,061 kg/ha for minor millets, with an overall average yield of about 2.24 t/ha.

Table 1. Area, yield and production of millets in Telangana (2023-24)
	Crop
	Area (ha)
	Yield (kg/ha)
	Production (t)

	
	Kharif
	Rabi
	Total
	Kharif
	Rabi
	Total
	Kharif
	Rabi
	Total

	Sorghum
	11957
	97092
	109049
	809
	2361
	2191
	9670
	229209
	238879

	Pearl millet
	150
	5151
	5301
	908
	3512
	3439
	137
	18092
	18229

	Finger millet
	135
	220
	355
	599
	926
	806
	81
	205
	286

	Minor millets
	41
	155
	196
	867
	1105
	1061
	37
	171
	208

	Total
	12283
	102618
	114901
	3183
	7904
	2242
	9925
	247677
	257602



[bookmark: _Hlk193291910]Major millet crop cultivated in Telangana is sorghum, with a production of 2.39 lakh tonnes, from an area of 1.09 lakh ha covering around 95 per cent of the total area under millet cultivation in the state. Bajra is the second most cultivated crop followed by ragi and kodo millet. Sangareddy district emerged as the largest producer of sorghum in 2023-24. Nizamabad was the major producer of bajra, Mahbubnagar district was the major producer of ragi and Jogulamba district was the major producer of minor millets (DES, 2024). Figure 1 shows the area yield and production of major millet producing districts of Telangana.

Fig. 1. Area yield and production of major millet producing districts of Telangana
3.2 Trends in area, production and yield of millets in Telangana 
The Polynomial trends fitted on area, production and yield of total millets in Telangana during 2008–09 to 2023–24 is given in fig. 2. The area revealed a sharp decline up to 2016–17, followed by a marginal recovery in subsequent years. Production also declined during the earlier period, but a distinct improvement is evident from 2018–19 onwards. This upturn in production can be mainly attributed to significant yield improvements, which accelerated after 2017–18 and peaked in 2023–24. The rise in productivity reflects the adoption of improved varieties, better crop management practices, and higher input use efficiency. Similar results were reported for millets at national level by Das, et al., 2019 and Madhu, 2024. Policy support under the National Food Security Mission and state-level initiatives, research and development from institutes such as ICRISAT AND ICAR-IIMR, coupled with growing consumer awareness of their nutritional benefits, further encouraged cultivation. Favourable rainfall conditions in certain years and a partial recovery in area also contributed to the growth in output. These findings suggest that the recent increase in production was more yield-driven rather than area-led.
Fig. 2. Trends in area, production and yield of millets in Telangana (2008-09 to 2023-24)
The trend in area, production and yield of sorghum in Telangana (2008-09 to 2023-24) is depicted in Fig. 3. The area under sorghum cultivation registered a steep decline over the years, while production exhibited a fluctuating pattern with intermittent rises and falls. In contrast, yield showed a steady and consistent upward trend, particularly after 2017-18, indicating the productivity gains. These contrasting trends highlight the role of improved technology, better crop management practices, and adoption of high-yielding varieties in offsetting the decline in area and sustaining production. The development of high-yielding, short-duration hybrids under the Coordinated Sorghum Hybrid (CSH) series, enhanced the overall productivity of sorghum in India, and Telangana (Charyulu et al., 2014).

Fig.3. Trends in area, production and yield of sorghum in Telangana (2008-09 to 2023-24)
The trend in area, production and yield of pearl millet in Telangana (2008-09 to 2023-24) is presented in Fig. 4. The area under pearl millet showed a sharp and continuous decline over the years, with only minor fluctuations. Production also followed a declining and unstable trend, reflecting the contraction in acreage. In contrast, yield exhibited an overall upward trajectory, with significant improvement after 2020-21, peaking in 2023-24. This suggests that despite the drastic reduction in cultivated area, productivity gains helped in partially offsetting the production losses. 

Fig. 4. Trends in area, production and yield of pearl millet in Telangana (2008-09 to 2023-24)
The polynomial trend fitted to area, production and yield of finger millet in Telangana (2008-09 to 2023-24) is shown in Fig. 5. The area under finger millet witnessed a continuous decline with occasional fluctuations, reflecting its shrinking importance in the cropping pattern. Production too followed a similar declining and unstable pattern, largely influenced by the contraction in acreage. Yield, on the other hand, showed wide fluctuations across the years, with occasional peaks in 2013-14, 2019-20, and 2021-22, but without a consistent upward trend. This indicates that productivity improvements were not stable enough to compensate for the declining area and production. Additionally, the high production costs due to lower yields resulting from limited adoption of improved practices, biotic stresses, and lack of procurement at MSP have contributed to farmers’ reluctance to expand cultivation (Hariprasanna et al., 2022).
Fig. 5 Trends in area, production and yield of finger millet in Telangana (2008-09 to 2023-24)
The area, production and yield of minor millets in Telangana (2008-09 to 2023-24) is presented in Fig. 6. The area under minor millets remained very limited and irregular, with sharp fluctuations across the years, indicating their marginal role in the cropping system. Production too exhibited a highly unstable pattern, moving closely with area changes. This is largely due to meagre attention received in terms of inputs; water and technology backup which is further compounded by low value status of grains. (IIMR, 2023). Yield, however, showed a relatively better performance, with a gradual rising trend and notable peaks around 2019-20 and 2023-24. This suggests that while area and production remained erratic, productivity improvements helped sustain the crop to some extent. 
Fig. 6. Trends in area, production and yield of minor millets in Telangana (2008-09 to 2023-24)
[bookmark: _Hlk208943764]3.3 Growth rates in area, production and yield of millets in Telangana 
The Compound Annual Growth Rates of area production and yield of millets in Telangana state during 2008-09 to 2023-24 were estimated and the results are shown in table 2.



[bookmark: _Hlk208943844]Table 2. Growth rates in area, production and yield of millets in Telangana (2008-09 to 2023-24)
	Parameter
	Sorghum
	Pearl millet
	Finger millet
	Minor millet
	Total millets

	Area
	-5.93***
	-8.84***
	-10.15***
	1.65
	-5.93***

	Yield
	4.98***
	8.10***
	-0.42
	3.43
	4.94***

	Production
	-1.24
	-1.46
	-10.53***
	5.14
	-1.28


Note: ***statistically significant at 1 percent.
Sorghum, which is the major millet crop cultivated in Telangana, registered a sharp decline in area at –5.93 percent per annum during the study period. Even though the yield improved significantly at 4.98 percent per annum, production showed a decline of 1.24 percent per annum, indicating that area contraction outweighed yield growth. Pearl millet also followed a similar pattern, with area falling drastically at –8.84 percent per annum. However, it recorded the highest yield growth among millets at 8.10 percent per annum, as a result the fall in production was contained at –1.46 percent per annum. Finger millet faced the steepest decline, with area shrinking at –10.15 percent and yield almost stagnant (–0.42 percent). As a result, production plummeted by –10.53 percent per annum, highlighting its marginalization in the state’s cropping pattern. On the other hand, minor millets showed a positive trajectory, with area increasing at 1.65 percent and yield at 3.43 percent per annum, together driving a healthy rise in production at 5.14 percent per annum. In case of total millets, the aggregate picture reveals an area contraction of –5.93 percent per annum, only partly compensated by yield growth of 4.94 percent. Consequently, overall millet production in Telangana declined slightly at –1.28 percent per annum over the study period.
Overall, the analysis of millets in Telangana from 2008-09 to 2023-24 shows that while productivity has improved for sorghum and pearl millet, the sharp contraction in area under these crops has resulted in an overall decline in millet production. The main reason for this trend lies in the shift of land away from millets towards more remunerative and policy-supported crops such as rice, maize, and cotton, which benefit from assured procurement, higher market demand, and better irrigation support. Millets, have remained largely confined to rainfed and marginal areas, making them less attractive to farmers despite their resilience and nutritional value.
In recent years, the Government of Telangana has introduced programs like subsidized seed distribution, promotion of nutri-cereals under the National Food Security Mission (NFSM), and inclusion of millets in nutrition schemes. However, the impact of these policies has been limited so far. The positive growth of minor millets indicates some success of awareness and promotion efforts, but the continued decline of major millets such as sorghum and finger millet suggest that state policies have not been strong enough to reverse long-term crop shifts driven by market and irrigation incentives. In short, while government initiatives have created visibility for millets, they have not yet translated into significant area revival or production growth at the aggregate level.
[bookmark: _Hlk208917845][bookmark: _Hlk208911154]3.4 Instability in area, yield and production of millets in Telangana 
The instability in area, yield and production of millets in Telangana from 2008-09 to 2023-24 was estimated using Coefficient of Variation (CV) and Cuddy Della Valle index (CDVI). The results are given in table 3.







Table. 3. Instability in area, yield and production of millets in Telangana (2008-09 to 2023-24)
	Crop
	Parameter
	Coefficient of Variation
	Cuddy Della Valle Index

	Sorghum
	Area 
	43.43
	29.86

	
	Yield 
	30.10
	17.21

	
	Production 
	38.06
	38.06

	Pearl millet
	Area 
	49.49
	29.89

	
	Yield 
	72.04
	56.31

	
	Production 
	38.20
	38.20

	Finger millet
	Area 
	54.28
	31.61

	
	Yield 
	23.55
	23.55

	
	Production 
	66.27
	49.92

	Minor millet
	Area 
	69.70
	69.70

	
	Yield 
	36.97
	34.21

	
	Production 
	92.52
	92.52

	Total millets
	Area 
	43.25
	29.57

	
	Yield 
	29.96
	17.21

	
	Production 
	37.82
	37.82


Note: CDVI; 0-15 - low instability, 15-30 percent - medium instability and >30 percent - high instability
For sorghum, the instability in area (CDVI = 29.86 percent) indicates a medium level of fluctuation, reflecting a gradual decline in cultivation. Yield instability is 17.21 percent, which also falls in the medium range, showing that yield improvements have reduced short-run variations. However, production instability is 38.06 percent, signifying a high degree of fluctuation, largely due to short-run shocks in yield and area. In the case of pearl millet, area instability is 29.89 percent, suggesting medium fluctuations. Yield instability is 56.31 percent, which is very high and the most unstable among all millet crops, Production instability is also high (38.20 percent), reflecting fluctuations considerably due to sharp changes in the area under cultivation. For finger millet, area instability is 31.61 percent, pointing to medium fluctuations. Yield instability is 23.55 percent, also in the medium range, indicating relative yield stability. Production instability, however, is 49.92 percent, which is high, suggesting that instability in production is largely influenced by area variations rather than yield changes.
Minor millets showed the highest instability across all parameters. Area instability is 69.70 percent, yield instability is 34.21 percent, and production instability is as high as 92.52 percent. These values clearly indicate highly erratic cultivation patterns and productivity, making minor millets the most unstable group. For total millets, area instability is 29.57 percent, pointing to medium fluctuations. Yield instability is 17.21 percent, also medium but relatively stable compared to individual crops. Production instability stands at 37.82 percent, which is high, indicating that overall millet production in Telangana is strongly affected by short-run shocks despite gradual changes in area and yield trends.
The analysis shows that millet production and area in Telangana are largely unstable, while yield is comparatively stable except in the case of pearl millet. For sorghum and pearl millet, area instability exceeded production instability, highlighting the influence of declining and fluctuating cultivation. Minor millets remain the most unstable across all parameters. Ensuring stability in area allocation is crucial for achieving consistent millet production in the state. Amarapurkar and Banakar (2019) in Karnataka and Aswini et al. (2019) in Andhra Pradesh reported medium to high instability in millets, which is similar to the present findings for Telangana.

3.5 Structural breaks in area, production and yield of millets in Telangana
To examine possible shifts in the trend behaviour of millets in Telangana, the modified Bai–Perron multiple structural break test was applied to the time series on area, yield, and production of total millets for the period 2008–09 to 2023–24. The modified Bai–Perron test is suitable for detecting multiple unknown break points in linear models by partitioning the series into statistically distinct regimes. Given the sample size of 16 years, the test was implemented with caution, and the maximum number of breaks allowed was restricted to two to avoid overfitting. The break years are shown in table 4.

Table 4. Results of the modified Bai-Perron multiple structural breakpoints test for Telangana (2008-09 to 2023-24)
	Parameter
	No. of breaks
	Break year

	Area
	1
	2013-14

	Yield
	1
	2018-19

	Production
	2
	2013-14, 2018-19



The pictorial representation of structural break is given in fig. 7. The break point for the trend in millet area and production was observed during 2013–14. In the case of production, structural breaks occurred in 2013–14 and again in 2018–19. The possible reasons for these shifts could be the bifurcation of Andhra Pradesh leading to the formation of Telangana in 2014, which brought institutional and policy changes, influencing land use and crop priorities. The early statehood period was marked by reorientation of schemes and focus on staple crops, which may have affected the allocation of area to millets. The second break around 2018–19 in production is visible in yield also, which may be linked to renewed policy emphasis under programmes such as the NFSM and state-level initiatives promoting millets. In addition, variability in rainfall patterns and recurring climatic shocks during this phase might also have contributed to fluctuations in yield and production. Similar to these findings, Anbukkani et al. (2016) attributed the structural changes in the area under minor millets to variations in weather conditions.

[image: ]Fig. 7. Structural breaks in the time series of total millets in Telangana (2008-09 to 2023-24)
4. CONCLUSION
The analysis of millet cultivation in Telangana from 2008–09 to 2023–24 revealed a clear transformation in cropping dynamics, characterized by declining area but improving productivity. Sorghum continues to dominate, accounting for nearly 95 per cent of the total area and production, while pearl millet and finger millet have seen significant contractions in cultivated area. The recent rise in millet output has been largely yield-driven, reflecting the adoption of improved varieties, better crop management practices, ability of millets to withstand abiotic and biotic stress and targeted policy interventions such as the National Food Security Mission (NFSM). Despite these gains, total millet production has declined marginally due to the progressive shift of land toward more remunerative and policy-supported crops like rice, maize, and cotton, which benefit from assured procurement, higher market demand, and better irrigation support. Yield fluctuations have generally moderated over time, indicating technological improvements, but area and production remain highly unstable, especially for minor millets, highlighting the need for focused cultivation support. The modified Bai–Perron structural break analysis identified 2013–14 and 2018–19 as critical turning points. The first break coincides with Telangana’s state formation, which led to a reallocation of resources toward high-value crops, while the second reflects a positive policy-induced recovery driven by renewed millet promotion and favourable conditions, resulting in improved yield and production.
Overall, the findings underscore that millet trends in Telangana are largely shaped by policy and institutional factors. To ensure sustainable and balanced expansion of millet cultivation, it is essential to combine productivity-enhancing technologies with economic incentives, assured markets, irrigation support, and value chain development, thereby stabilizing both area and production and strengthening the role of millets in food security and farm incomes.

Disclaimer (Artificial intelligence)
Author(s) hereby declare that NO generative AI technologies such as Large Language Models (ChatGPT, COPILOT, etc.) and text-to-image generators have been used during the writing or editing of this manuscript. 

REFERENCES
1. Kumar, S. T., Nageswari, R., Somasundaram, S., Anantharaju, P., Baskar, M., Ramesh, T., Rathika, S., Vanniarajan, C. & Subrahmaniyan, K. (2024). Significance of millets for food and nutritional security—an overview. Discover Food, 4(1), p.73.
2. Indiastat. 2025. Seasonwise Area, production and productivity of nutricereals in India. https://www.indiastat.com/data/agriculture/total-cereals-and-millets. 
3. [bookmark: _Hlk190963726]Wilson M. L. & VanBuren R. (2022), Leveraging millets for developing climate resilient agriculture. Current Opinion in Biotechnology, 75. https://doi.org/10.1016/j.copbio.2022.102683
4. Directorate of Economics and Statistics. 2025. Socio economic outlook -Telangana -2024. https://ecostat.telangana.gov.in/PDF/PUBLICATIONS/Socio_Economic_Outlook_2024.pdf 
5. Mazumdar, S. D., Selvaraj, A., Durgalla, P., Mane, H., Nedumaran, T., Nancy, D., & Afari-Sefa, V. (2023). Transforming tribal communities in Telangana, India, into strategic business enterprises—a paradigm for inclusive growth. A Better World, 9, 54-57.
6. Sharma A. (2013). Trends in area, production and productivity of food grain crops: An overview. Economic Affairs. 58(1):57- 68.
7. Sathish Kumar M, Lad YA, & Mahera AB. (2022). Trend analysis of area, production and productivity of minor millets in India. In Biological Forum–An International Journal. 14(2):14-18.
8. Singh, S., & Rajas, S. (2025). Analyzing Fluctuations in Millet Trends Across India: Unravelling Patterns in Area, Production, Productivity, and Consumption with a Focus on Growth and Instability. In Global Millets Production for a Sustainable Future (pp. 241-253).
9. Cuddy, J.D.A. & Valle, P.A.D. (1978). Measuring the instability of time series data. Oxford Bulletin of Economics and Statistics. 40:53-78.
10. Sihmar, R. 2014. Growth and instability in agricultural production in Haryana: A district level analysis. International Journal of Scientific and Research Publications. 4(7):1-12.
11. Antoshin, S., Berg, A., & Souto, M. (2008). Testing for structural breaks in small samples. IMF Working Paper No. 08/75. https://ssrn.com/abstract=1115606 
12. Mondal, D., & Mondal, S. (2008). Growth, break and instability: Towards a unified methodology. Vidyasagar University Journal of Economics, 13, 22-36.
13. Dolai, R., & Mondal, D. (2023). Agricultural growth in India: A comparative analysis of sub-periods from 1960-61 to 2019-20. Journal Press India, 10(2).
14. Bai, J., & Perron, P.1998. Estimating and testing linear models with multiple structural changes. Econometrica, 66(1): 47–78. https://doi.org/10.2307/2998540. 
15. Das, B., Singh, P., Sangeetha, V., Bhowmik, A., & Ray, P. (2019). Growth and instability in area, production, productivity and consumption of millets in India: An analysis. Indian Journal of Extension Education, 55(4), 158-161.
16. Madhu, D. M, Gali, B., Vithemsetti, M., Hanumanthappa, R. & Moolimane, C. (2024). An Overview of Millets Production in India: Growth and Instability. Journal of Experimental Agriculture International. 46. 213-225. 10.9734/jeai/2024/v46i102940.
17. Charyulu, D.K., Cynthia, B., Rajalaxmi, A., Reddy, B.V.S., Borikar, S.T., Ashok K.A., Singh, N.P. and Moses, S.D. 2014. Development and diffusion of sorghum improved cultivars in India: impact on growth and stability in yield. Working Paper Series no. 50. International Crops Research Institute for the Semi-Arid Tropics. Patancheru, Telangana.
18. Hariprasanna, K., Bhat, B., Ganapathy, K.N. & Tonapi, V.A. (2022). Finger millet scenario in India: Trends in area under cultivation and grain production in the last 70 years. Poceedings of - International Conference on Harnessing the Potential of Finger Millet for Achieving Food and Nutritional Security: Challenges and Prospects. UAS, Bangalore. https://www.researchgate.net/publication/365637671_Finger_millet_scenario_in_India_Trends_in_area_under_cultivation_and_grain_production_in_the_last_70_years 
19. Indian Institute of Millet Research. 2023. IYoM 2023- Annual report. Rajendrangar, Hyderabad. https://www.millets.res.in/annual_report/ar23-24.pdf. 
20. Amarapurkar, S. & Banakar, B. (2019). Growth and instability in area, production and productivity of major and minor millets in Karnataka. International Research Journal of Agricultural Economics and Statistics. 10(1): 149-154.
21. Ashwini, I.B., Aparna, B., Vani, N. & Naidu, G.M., (2019). Growth and instability of major millets in Andhra Pradesh, India. International Journal of Current Microbiology and Applied Sciences, 8 (7):985-993.
22. Anbukkani P, Balaji SJ, & Nithyashree ML. (2016). Production and consumption of minor millets in India-A structural break analysis. Annals of Agricultural Research. 38(4).
Area (ha)	2008-09	2009-10	2010-11	2011-12	2012-13	2013-14	2014-15	2015-16	2016-17	2017-18	2018-19	2019-20	2020-21	2021-22	2022-23	2023-24	21848.804599999999	16739.920399999999	19110.067200000001	11340.5334	9816.4052000000011	13215.0452	11214.702800000001	5899.4726000000001	16693.3914	8758.3762000000006	7975.4751999999999	9069.9182000000001	10017.491400000001	4455	3127	5301	Production (t)	2008-09	2009-10	2010-11	2011-12	2012-13	2013-14	2014-15	2015-16	2016-17	2017-18	2018-19	2019-20	2020-21	2021-22	2022-23	2023-24	13853	8106	13856	7100	12110	12452	10510	5534	14514	9259	3964	10723	9309	4554	9232	18229	Yield (Kg/ha)	2008-09	2009-10	2010-11	2011-12	2012-13	2013-14	2014-15	2015-16	2016-17	2017-18	2018-19	2019-20	2020-21	2021-22	2022-23	2023-24	634.0392645554623	484.2316932403096	725.06286110809697	626.07284415740094	1233.649157025425	942.259357538936	937.16259694371922	938.04995382129584	869.44585747866665	1057.1594309913291	497.02367578047262	1182.2598355958712	929.27456868093736	1022	2952	3439	Year


Area and production


Yield




Area (ha)	2008-09	2009-10	2010-11	2011-12	2012-13	2013-14	2014-15	2015-16	2016-17	2017-18	2018-19	2019-20	2020-21	2021-22	2022-23	2023-24	4032.2436000000002	2120.9132	2697.8728000000001	2195.7642000000001	2235.8196000000003	1715.0994000000001	1526.5558000000001	919.25120000000004	1133.2846	1453.3232	1209.3494000000001	1743.826	1316.5684000000001	1344	433	355	Production (t)	2008-09	2009-10	2010-11	2011-12	2012-13	2013-14	2014-15	2015-16	2016-17	2017-18	2018-19	2019-20	2020-21	2021-22	2022-23	2023-24	6100	2131	3394	2798	3037	2521	1748	514	1312	1655	1184	2772	1756	2214	568	286	Yield (Kg/ha)	2008-09	2009-10	2010-11	2011-12	2012-13	2013-14	2014-15	2015-16	2016-17	2017-18	2018-19	2019-20	2020-21	2021-22	2022-23	2023-24	1512.8054267356267	1004.7558759123193	1258.0281768658626	1274.2716180544339	1358.3385707863013	1469.88565210856	1145.0613203919568	559.15075226445174	1157.6968397876403	1138.7694079334865	979.03881210839472	1589.6081375091321	1333.7704292462131	1647.3214285714287	1311.7782909930716	805.63380281690138	Year


Area and production


Yield




Area (ha)	2008-09	2009-10	2010-11	2011-12	2012-13	2013-14	2014-15	2015-16	2016-17	2017-18	2018-19	2019-20	2020-21	2021-22	2022-23	2023-24	237.90480000000002	275.5326	435.34960000000001	170.74120000000002	769.14460000000008	869.89	133.518	1309.6902	852.49220000000003	287.67060000000004	120.1662	987.22400000000005	564.01240000000007	343	703	196	Production (t)	2008-09	2009-10	2010-11	2011-12	2012-13	2013-14	2014-15	2015-16	2016-17	2017-18	2018-19	2019-20	2020-21	2021-22	2022-23	2023-24	177	186	175	114	704	659	85	1070	800	382	121	1685	276	250	737	208	Yield (Kg/ha)	2008-09	2009-10	2010-11	2011-12	2012-13	2013-14	2014-15	2015-16	2016-17	2017-18	2018-19	2019-20	2020-21	2021-22	2022-23	2023-24	743.99507702240555	675.05623653970531	401.9757914099381	667.67716286403038	915.30253218965584	757.56704870730778	636.61828367710723	816.98710122439638	938.42500846342057	1327.907683301665	1006.938723201699	1706.806155441926	489.35094334805399	729	1048	1061	Year


Area and production


Yield




Area (ha)	Sangareddy	Kamareddy	Adilabad	Nizamabad	Nirmal	Medak	Vikarabad	Jogulamba	Mahabubnagar	Jagtial	24031	15663	30149	4390	6561	3600	5049	3637	5439	1080	Yield (kg/ha)	Sangareddy	Kamareddy	Adilabad	Nizamabad	Nirmal	Medak	Vikarabad	Jogulamba	Mahabubnagar	Jagtial	3054.5961466439185	3623.1884057971015	1674.3175561378487	3411.6173120728931	1728.3950617283951	3081.3888888888887	2051.4953456129929	1398.9551828430024	819.63596249310535	3519.4444444444443	Production (t)	Sangareddy	Kamareddy	Adilabad	Nizamabad	Nirmal	Medak	Vikarabad	Jogulamba	Mahabubnagar	Jagtial	73405	56750	50479	14977	11340	11093	10358	5088	4458	3801	



Area (ha)	2008-09	2009-10	2010-11	2011-12	2012-13	2013-14	2014-15	2015-16	2016-17	2017-18	2018-19	2019-20	2020-21	2021-22	2022-23	2023-24	356881.51642703364	450946.12901764474	335332.48793427768	259225.60811744235	248368.1606	216882.19143367058	159636.14663367055	154917.6986	181450.15280000001	136323.09179999999	113454.6952	179118.84760000004	183155.1372	139477	135630	218649	Production (t)	2008-09	2009-10	2010-11	2011-12	2012-13	2013-14	2014-15	2015-16	2016-17	2017-18	2018-19	2019-20	2020-21	2021-22	2022-23	2023-24	398296	395766	306843	291271	272249	220956	168367	152990	177514	148827	136327	271969	313028	235182	238235	478252	Yield (Kg/ha)	2008-09	2009-10	2010-11	2011-12	2012-13	2013-14	2014-15	2015-16	2016-17	2017-18	2018-19	2019-20	2020-21	2021-22	2022-23	2023-24	1116.045470742203	877.63476507082817	915.04107427890676	1123.6196999026404	1096.1509693606033	1018.7835088690318	1054.6922081899459	987.55662769702417	978.30725001186102	1091.722598386666	1201.5985743003432	1518.3717606722696	1709.086650723767	1686.1704797206708	1756.5066725650668	2187.3047670009923	Year


Area and production


Yield




Area (ha)	2008-09	2009-10	2010-11	2011-12	2012-13	2013-14	2014-15	2015-16	2016-17	2017-18	2018-19	2019-20	2020-21	2021-22	2022-23	2023-24	176219.07940000002	224257.23740000001	166082.63560000001	128415.58940000001	122681.59820000001	107142.5306	78981.966	76344.378599999996	89732.188000000009	67291.048999999999	56062.589800000002	88193.89880000001	90637.278200000001	68895	67247	109049	Production (t)	2008-09	2009-10	2010-11	2011-12	2012-13	2013-14	2014-15	2015-16	2016-17	2017-18	2018-19	2019-20	2020-21	2021-22	2022-23	2023-24	195962	196715	151620	144171	134254	108885	83267	75703	87701	73395	67511	133756	155498	116359	118465	238879	Yield (Kg/ha)	2008-09	2009-10	2010-11	2011-12	2012-13	2013-14	2014-15	2015-16	2016-17	2017-18	2018-19	2019-20	2020-21	2021-22	2022-23	2023-24	1112.0362259706594	877.18462191312085	912.91903847893889	1122.6907938017064	1094.3287499493954	1016.263097298917	1054.2533215746996	991.598875886325	977.36388641275516	1090.7097019694254	1204.207658633708	1516.6128475998385	1715.6075633347957	1688.932433413165	1761.6399244575966	2190.5657089932047	Year


Area and production


Yield
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