


Regional Variations in Productivity of Major Cereals and Pulses in Maharashtra

ABSTRACT
[bookmark: _Hlk217591478][bookmark: _Hlk217577871]Aim: The present study examines regional variations in productivity of major cereals and pulses in Maharashtra over the period 1991-92 to 2020–21. 
[bookmark: _Hlk217591500]Study Design: 
[bookmark: _Hlk217591629]Place and Duration of Study: The analysis was carried out for four major regions-Konkan, Western Maharashtra, Marathwada and Vidarbha-as well as for the state as a whole, across three sub-periods (Period I (1991-92 to 2000-01), Period II (2001-02 to 2010–11) and Period III (2011-12 to 2020-21) for 30 years. Four major cereals and four major pulses were selected for study.
[bookmark: _Hlk217591538]Methodology: Productivity instability was assessed using the Coefficient of Variation (CV) and the Cuddy-Della Valle Instability Index (CDVI), which adjusts variability for long-term trends.
[bookmark: _Hlk217591566]Results: The analysis revealed substantial regional variation in productivity instability of major cereals and pulses across Maharashtra during 1991–92 to 2020–21. Rice and wheat exhibited relatively stable productivity, particularly in Konkan and Western Maharashtra, due to favourable agro-climatic conditions, assured irrigation and better technological adoption. In contrast, coarse cereals (pearl millet and sorghum) and pulses showed medium to high instability, with pronounced fluctuations in Marathwada and Vidarbha regions. The highest instability was observed in pulses, especially pigeon pea, green gram and black gram, reflecting their sensitivity to erratic rainfall, droughts and limited irrigation coverage. Overall, the findings indicate that climatic stress, regional resource disparities and uneven technology adoption are the major drivers of productivity instability in Maharashtra agriculture.
[bookmark: _Hlk217591603]Conclusions: The results revealed that during the overall period, the least instability was observed in Wheat and Rice (<15 %), while medium instability was noted in Pearl Millet, Sorghum, Chick Pea, Green Gram and Black Gram (15-30 %). In contrast, high instability was observed in Pigeon Pea (>30 %).
Keywords:  Regional Variation, Productivity, Major cereals and pulses, Coefficient of Variation (CV) and Cuddy-Della Valle Instability Index (CDVI).
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1. INTRODUCTION
Agriculture plays a vital role in the economy of Maharashtra, providing livelihood support to a large proportion of the rural population and contributing significantly to the state’s food and nutritional security. The state exhibits wide diversity in agro-climatic conditions, ranging from the high rainfall coastal Konkan region to the drought-prone regions of Marathwada and Vidarbha. This heterogeneity strongly influences cropping patterns, productivity levels and stability of agricultural output across regions. Major cereals such as Rice, Wheat, Sorghum and Pearl Millet, along with pulses like Chickpea, Pigeon pea, Green Gram and Black Gram, form the backbone of Maharashtra’s foodgrain economy.
Cereals continue to dominate the foodgrain basket of the state, with Rice and Wheat showing relatively stable productivity due to better irrigation coverage, improved varieties and technological advancements. In contrast, coarse cereals and pulses are predominantly grown under rainfed conditions and are highly sensitive to climatic variability, particularly erratic rainfall and recurrent droughts. Pulses are of special importance in Maharashtra, as the state is one of the leading producers in India, contributing substantially to national pulse output while also enhancing soil fertility through biological nitrogen fixation. Despite technological progress and policy support, productivity performance of cereals and pulses in Maharashtra varies considerably across regions and over time. Factors such as uneven distribution of irrigation, differential adoption of improved technologies, soil and climatic constraints and changing cropping patterns have resulted in regional disparities and instability in crop productivity. Understanding the extent and nature of these regional variations and productivity instability is crucial for designing effective, region-specific agricultural policies.	
2. MATERIALS AND METHODS
The study was focused on four major regions namely, Konkan, Western Maharashtra, Marathwada and Vidarbha, each representing unique ecological and socio-economic conditions. Productivity trends were analysed separately for each of the eight selected crops (four cereals and four pulses) over a 30-year period (1991-92 to 2020-21). The dataset was divided into three sub-periods (Period I (1991-92 to 2000-01), Period II (2001-02 to 2010-11) and Period III (2011-12 to 2020-21)) to evaluate temporal as well as spatial patterns of productivity change. This was complemented by the use of the Coefficient of Variation (CV) and Instability Index such as Cuddy-Della Valle Index (CDVI) to measure the degree of fluctuation or consistency in yield levels over time.
2.1 Coefficient of Variation
 		The coefficient of variation (CV) was employed to assess the degree of variability in productivity of major cereals and pulses across different regions of Maharashtra and for the state as a whole over various time periods. This statistical tool measures the extent of dispersion relative to the mean and was expressed as a percentage. It provides a standardized measure to compare variability across crops and regions. In this study, CV was calculated region-wise (Konkan, Western Maharashtra, Marathwada and Vidarbha) and Maharashtra state for each selected crop, using the following formula, 
 		 SD
	CV = --------
	           Mean
Where,
 	CV   	= Coefficient of variation
            SD    	= Standard deviation
            Mean 	= ∑X/N
            X     	= Productivity of study cereals and pulses
            N       	= Number of years
 		A higher CV value indicates greater variability or instability, whereas lower CV reflects more consistent performance. This analysis helps identify crops and regions with high fluctuations, informing targeted policy interventions.
2.2 Cuddy-Della Valle Index (CDVI)
 		Cuddy-Della Valle Instability Index (CDVI) was used to measure the instability in productivity of major cereals and pulses. CDVI was considered a refined measure as it adjusts the coefficient of variation by removing the effect of trend through regression analysis. The formula for CDVI is:
	CDVI = CV x √ 1 – R2
Where,
 	CDVI 	= 	Cuddy Della Valle Instability Index
      	CV 	= 	Coefficient of Variation (in per cent)
 	 R2	= 	Coefficient of multiple determination from a time-trend regression analysis adjusted for the number of degrees of freedom. A low value of this index indicates low instability in variables and vice-versa.
The ranges of CDVI are given as follows:
 	Low instability	= 0 to 15
 	Medium instability	= 15 to 30
 	High instability	= 30 and above
(Source: Sihmar Rakesh, 2014)
 		This classification enables meaningful comparisons across crops and regions, help identify areas that are prone to volatility and require risk-mitigation or stabilizing interventions.
3. RESULTS AND DISCUSSION
3.1 Regional Variations in Productivity of Major Cereals and Pulses
		The analysis of regional variations in the productivity of major cereals and pulses across Maharashtra reveals substantial disparities driven by agro-climatic conditions, input usage, irrigation access and technological adoption. 
3.1.1 Regional Variation in Productivity of Rice
 		The instability analysis of regional variation in rice productivity across Maharashtra revealed considerable disparity over the study periods (Table 1.) The productivity of rice in Maharashtra exhibited significant regional variation due to differences in agro-climatic conditions, irrigation availability, technological adoption and agronomic practices. 
Table 1.	Regional Variation in Productivity of Rice
	Regions
	
	Period I
(1991-92 to 2000-01)
	Period II
(2001-02 to 2010-11)
	Period III
(2011-12 to 2020-21)
	Overall Period (1991-92 to 2020-21)

	Konkan
	CV
	8.60
	11.63
	8.26
	11.40

	
	CDVI
	8.42
	11.52
	6.67
	9.74

	Western
Maharashtra
	CV
	17.83
	10.38
	13.61
	15.66

	
	CDVI
	17.62
	10.32
	11.58
	13.95

	Marathwada
	CV
	32.12
	18.85
	69.72
	43.77

	
	CDVI
	31.52
	17.18
	64.01
	41.94

	Vidarbha
	CV
	15.71
	27.67
	17.94
	25.14

	
	CDVI
	15.70
	27.64
	16.51
	22.08

	Maharashtra
	CV
	10.46
	13.42
	9.53
	15.12

	
	CDVI
	10.20
	13.22
	8.90
	11.38


 Note: CV= Coefficient of variation (%), CDVI= Cuddy Della Valle Instability Index

 		It could be revealed from the results presented in table 1.  that, the Konkan region recorded the lower instability in productivity of Rice for all periods (<15), with coefficient of variation ranging from 8.26 per cent to 11.63 per cent, reflecting consistent productivity due to abundant rainfall, favourable agro-climatic conditions and traditional rice cultivation practices well-suited to the region’s environment. In Western Maharashtra, lowest instability (<15) was observed in all period except Period I (medium instability: 15-30), with coefficient variation ranging between 10.38 and 17.83 per cent possibly due to improved irrigation infrastructure and modern techniques. Marathwada region showed the highest instability (>30) in productivity in all period except Period II where medium range of instability (15-30) was observed, especially in Period III (CV: 69.72 %, CDVI: 64.01 %), was highly instability in productivity due to erratic rainfall, frequent droughts and poor irrigation facilities. Vidarbha region was exhibited medium range of instability (15-30) in productivity of Rice for all period. In Vidarbha the crop largely depends on vagaries of nature of rainfall and therefore paddy production was subjected to fluctuation from year to year and thus, causing heavy losses. 
 		At the overall, Maharashtra state showed low variability (<15) in productivity of Rice across the periods. Regions like Western Maharashtra and Konkan generally reported higher productivity levels, primarily due to better rainfall distribution and access to irrigation infrastructure. In contrast, Marathwada and parts of Vidarbha often faced lower Rice productivity, which could be attributed by erratic rainfall, frequent droughts and limited irrigation coverage.
3.1.2 Regional Variation in Productivity of Wheat 
 		Wheat is one of the major rabi crops grown in Maharashtra, primarily in regions with favorable climatic and irrigation conditions. However, its productivity varies widely across different regions due to disparities in resource availability, soil fertility, rainfall patterns and farming practices. Wheat productivity in Maharashtra, historically below the national average due to limited irrigation, low adoption of improved varieties and traditional farming practices, has shown significant improvement in recent years owing to the introduction of high yielding, rust-resistant varieties, better input management and increased farmer awareness. 
 		The instability in productivity for Konkan, Western Maharashtra, Marathwada, Vidarbha and Maharashtra state are presented in Table 2. In Western Maharashtra, the low range of instability (0-15) was observed in productivity of Wheat in all period. As measured by the coefficient of variation (CV %), showed fluctuations over the years. The whole period from 1991-92 to 2020-2021 exhibited greater coefficient of variation of 16.61 per cent, indicating ongoing instability in productivity. Western Maharashtra showed low instability in productivity of Wheat across all periods. Low instability in Wheat productivity in Western Maharashtra is due to assured irrigation, improved varieties, better input use and strong market and extension support. In Marathwada region, in Period II low instability (<15) was observed while medium range (15-30) of instability was observed in Period I and overall Period and high range of instability (>30) was observed in Period III.  In Vidarbha medium range instability (15-30) was observed in all period. At state level, low range instability range (<15) were observed in all period and coefficient of variation was observed 17.12 per cent at overall.

Table 2.	Regional Variation in Productivity of Wheat 
	Regions
	
	Period I
(1991-92 to 2000-01)
	Period II
(2001-02 to 2010-11)
	Period III
(2011-12 to 2020-21)
	Overall Period (1991-92 to 2020-21)

	Konkan
	CV
	-
	-
	-
	-

	
	CDVI
	-
	-
	-
	-

	Western
Maharashtra
	CV
	12.77
	14.05
	11.34
	16.61

	
	CDVI
	12.48
	9.81
	10.99
	11.34

	Marathwada
	CV
	19.98
	15.28
	33.27
	24.08

	
	CDVI
	19.02
	11.30
	32.71
	23.95

	Vidarbha
	CV
	22.95
	21.88
	17.84
	22.81

	
	CDVI
	22.94
	16.35
	17.08
	19.59

	Maharashtra
	CV
	15.23
	14.73
	15.62
	17.12

	
	CDVI
	15.00
	9.62
	14.77
	14.18


Note: CV= Coefficient of variation (%), CDVI= Cuddy Della Valle Instability Index	

3.1.3 Regional Variation in Productivity of Pearl Millet
 		Regional variation in productivity of Pearl millet is presented in Table 3. It was concluded that, in Western Maharashtra, the coefficient of variation (CV) in the productivity of Pearl Millet, was declining from 24.01 per cent in Period I to 21.17 per cent in Period II, followed by an increase to 29.59 per cent in Period III, resulting in an overall CV of 26.42 per cent. The medium of range instability (15-30) was exhibited in productivity of wheat for all period. In Marathwada and Vidarbha, the coefficient of variation (CV) exhibited considerable fluctuation 32.93 and 38.60 per cent respectively at entire period and highest instability (>30) was found in Period III and for overall Period. Medium range of instability (15-30) found in Period I for Marathwada and for Vidarbha in Period I and II. For whole Maharashtra the highest instability (>30) was observed in Period III and lowest (<15) in Period II while medium range of instability (15-30) was exhibited in Period I and at overall Period.  
 		Period III (2011-12 to 2020-21) showed high range of instability in Pearl millet which greater than 30 for all region and Maharashtra state. Pingale and Patil (2020) had found that Pearl millet showed high instability in production, especially post-2010, due to rainfall variability and substitution by cash crops, particularly in dryland areas.  Farmers increasingly shifted away from coarse cereals like Pearl millet towards more profitable crops such as soybean, cotton, sugarcane and horticultural crops. This crop diversification led to fluctuations in area, impacting total production and contributing to instability. The period between 2011 and 2021 witnessed erratic monsoon patterns, with frequent droughts and delayed rainfall in semi-arid regions (especially Marathwada and parts of Western Maharashtra), severely affecting yields and consistency in production.
Table 3.	Regional Variation in Productivity of Pearl Millet
	Regions
	
	Period I
(1991-92 to 2000-01)
	Period II
(2001-02 to 2010-11)
	Period III
(2011-12 to 2020-21)
	Overall Period (1991-92 to 2020-21)

	Konkan
	CV
	-
	-
	-
	-

	
	CDVI
	-
	-
	-
	-

	Western
Maharashtra
	CV
	24.01
	21.17
	29.59
	26.42

	
	CDVI
	23.99
	16.50
	29.24
	24.54

	Marathwada
	CV
	26.89
	16.49
	50.67
	32.93

	
	CDVI
	25.41
	11.40
	50.54
	32.93

	Vidarbha
	CV
	30.31
	19.65
	61.35
	38.60

	
	CDVI
	29.67
	16.32
	53.52
	35.33

	Maharashtra
	CV
	21.81
	18.05
	33.16
	25.74

	
	CDVI
	21.56
	12.18
	32.88
	24.71


Note: CV= Coefficient of Variation (%), CDVI= Cuddy Della Valle Instability Index
3.1.4 Regional Variation in Productivity of Sorghum
 		Sorghum, an important dryland cereal crop in Maharashtra, shows considerable regional variation in productivity due to differences in rainfall, soil type, irrigation access and cropping intensity. Regional variation in productivity of sorghum is presented in Table 4. 
Table 4.	Regional Variation in Productivity of Sorghum
	Regions
	
	Period I (1991-2001)
	Period II
(2001-2011)
	Period III (2011-2021)
	Overall Period (1991-2021)

	Konkan
	CV
	-
	-
	-
	-

	
	CDVI
	-
	-
	-
	-

	Western
Maharashtra
	CV
	12.78
	19.41
	24.17
	19.43

	
	CDVI
	14.78
	12.54
	23.23
	19.28

	Marathwada
	CV
	23.73
	11.83
	31.99
	25.15

	
	CDVI
	23.63
	11.47
	31.76
	23.31

	Vidarbha
	CV
	18.70
	15.45
	40.45
	27.57

	
	CDVI
	18.40
	15.36
	32.74
	23.15

	Maharashtra
	CV
	17.55
	10.00
	23.90
	19.96

	
	CDVI
	17.54
	8.00
	23.82
	17.93


Note: CV= Coefficient of Variation (%), CDVI= Cuddy Della Valle Instability Index
 		In Western Maharashtra, productivity instability was increased over time, as reflected by the coefficient of variation, which rose from 12.78 per cent in Period I to 24.17 per cent in Period III. Low range of instability (<15) was observed in Period I and II and medium instability (15-30) was observed in Period III and at overall Period. Marathwada and Vidarbha region showed high range of instability (>30) in Period III and medium (15-30) in Period I and at overall Period. In Period II, Marathwada exhibited low instability (<15), while Vidarbha experienced medium range of instability (15-30). 
 		At the state level, the coefficient of variation demonstrates an increase from 17.55 per cent in Period I to 23.90 per cent in Period III, signifying heightened variability in productivity. Likewise, the CDVI exhibited medium range (15-30) in all period except Period II which showed low instability (<15).  			 
3.1.5 Regional Variation in Productivity of Chick Pea  
 		The instability in Chick Pea productivity across different regions of Maharashtra is depicted in Table 5, revealing significant regional variation in productivity of Chick Pea   from 1991-92 to 2020-21.
Table 5.	Regional Variation in Productivity of Chick Pea 
	Regions
	
	Period I
(1991-92 to 2000-01)
	Period II
(2001-02 to 2010-11)
	Period III
(2011-12 to 2020-21)
	Overall Period (1991-92 to 2020-21)

	Konkan
	CV
	14.73
	14.23
	19.62
	23.28

	
	CDVI
	13.47
	9.72
	19.45
	15.88

	Western
Maharashtra
	CV
	11.36
	15.85
	18.24
	20.67

	
	CDVI
	10.92
	6.74
	16.16
	13.63

	Marathwada
	CV
	22.70
	20.22
	29.06
	32.57

	
	CDVI
	22.60
	11.34
	27.79
	25.19

	Vidarbha
	CV
	23.24
	25.74
	19.51
	29.43

	
	CDVI
	23.10
	18.66
	14.80
	20.28

	Maharashtra
	CV
	16.57
	19.36
	19.39
	25.42

	
	CDVI
	16.54
	9.28
	16.69
	16.44


Note: CV= Coefficient of Variation (%), CDVI= Cuddy Della Valle Instability Index
 		It was indicated that in the Konkan, productivity variations have remained consistently constant over the years, as shown by the coefficient of variation, which fluctuated from 14.73 per cent in Period I to 14.23 per cent in Period II, then increasing to 19.62 per cent in Period III. Throughout the research period, the coefficient of variation climbed to 23.28 per cent, indicating heightened variability. The low range of instability (<15) was observed in Period I and II while medium range of instability (15-30) in Period III and overall Period. In Western Maharashtra low instability (<15) exhibited in Period I, II and at overall Period and medium (15-30) in Period III. The regional coefficient of variation was 20.67 per cent, indicating considerable long-term variability. Marathwada had notable instability in productivity, with the coefficient of variation rising from 22.70 per cent in Period I to 20.22 per cent in Period II, then reaching a maximum of 29.06 per cent in Period III. The total coefficient of variation of 32.57 per cent underscores the ongoing volatility in agricultural productivity within the area. The medium range of instability (15-30) was observed in all period except Period II whereas found low (<15). Vidarbha demonstrated an unusual pattern characterized by considerable fluctuations in the coefficient of variation and medium range of instability (15-30) was observed in all period except Period III which showed low range instability (<15). 
 		In Maharashtra productivity inequalities have increased throughout Maharashtra. The coefficient of variation rose consistently from 16.57 per cent in Period I to 19.36 per cent in Period II. The total coefficient of variation of 25.42 per cent indicated rising instability in productivity trends throughout the state. The medium range of instability (15-30) was observed in all period except Period II where low range of instability (<15) was observed. 
3.1.6 Regional Variation in Productivity of Pigeon Pea
 		Table 6. shows regional variation in productivity of Pigeon Pea, it was revealed that the Konkan area showed significant variation in productivity over the research periods. In Konkan region, during Period I, the CDVI was 20.43, signifying considerable fluctuation in productivity. Productivity fluctuation diminished in Period II, with a reduced CV of 21.62 per cent and CDVI of 18.96, indicating relative stability. Period III had significant increase in instability. From 1991 -92 to 2020-21, the region had coefficient of variation (CV) of 32.33 per cent. From table it was revealed that medium range of instability (15-30) was observed in Period I and II while high range of instability (>30) in Period III and overall Period. In Western Maharashtra had lesser variability in productivity relative to other areas.  The coefficient of variation in productivity was varied from 14.16 to 29.34 per cent. Low instability (<15) in productivity in Western Maharashtra was found in Period II and high (>30) in Period III while medium range (15-30) of instability was observed in Period I and at overall Period. In Marathwada region high instability in productivity of Pigeon Pea were exhibited in all Period except in Period II which showed low (<15). Vidarbha had highest range of variation and instability (>30) in Period III. Remaining period shows the modest (15-30).

Table 6.  Regional Variation in Productivity of Pigeon Pea
	Regions
	
	Period I
(1991-92 to 2000-01)
	Period II
(2001-02 to 2010-11)
	Period III
(2011-12 to 2020-21)
	Overall Period (1991-92 to 2020-21)

	Konkan
	CV
	29.40
	21.62
	44.72
	32.33

	
	CDVI
	20.43
	18.96
	44.36
	30.53

	Western
Maharashtra
	CV
	29.34
	14.16
	33.45
	27.66

	
	CDVI
	28.66
	7.42
	33.34
	26.37

	Marathwada
	CV
	48.03
	21.52
	53.71
	49.17

	
	CDVI
	45.95
	14.82
	52.37
	43.55

	Vidarbha
	CV
	22.63
	16.37
	36.36
	27.08

	
	CDVI
	19.01
	15.30
	33.98
	26.48

	Maharashtra
	CV
	27.55
	13.48
	41.60
	33.15

	
	CDVI
	24.70
	10.14
	39.81
	30.50


Note: CV= Coefficient of Variation (%), CDVI= Cuddy Della Valle Instability Index
 		Maharashtra saw diverse levels of productivity variations at the state level. During Period I, the state had coefficient of variation of 27.55 per cent and instability index was 24.70, indicating considerable instability. Period II had the least fluctuation, with coefficient of variation of 13.48 per cent and instability index was 10.14 which was the lowest, indicating enhanced stability in production. Period III had notable escalation in instability, as seen by rise in CV to 41.6 and CDVI to 39.81, underscoring increasing instability. Throughout the whole time, Maharashtra had coefficient of variation of 33.15 per cent and cuddy della valle instability index (CDVI) of 30.50, denoting enduring long-term fluctuations in productivity among areas.
3.1.7 Regional Variation in Productivity of Green Gram
  		Regional variation in productivity of Green Gram is depicted in Table 7. It was noted that the Konkan region shown significant variation in productivity over many times. During Period I, the coefficient of variation (CV) was 49.29 per cent, denoting substantial level of instability. During Period II, stability improved, evidenced by decrease in CV to 24.40 per cent. Period III experienced significant volatility, as evidenced by coefficient of variation of 90.85 per cent, indicating considerable variations in productivity. From 1991-92 to 2020-2021, the region exhibited coefficient of variation of 55.33 per cent, indicating persistent long- term instability. In In the Konkan region, a high range of instability was observed during all periods except Period II, which recorded a medium level of instability. In Western Maharashtra had very little variations in productivity comparing to other areas.  In western Maharashtra medium range of instability (15-30) was observed in productivity of Green Gram in all period.  In Period I, the CV was 25.02 per cent, during Period II, stability enhanced as the coefficient of variation decreased to 18.44 per cent, signifying more uniform growth trajectory. Throughout the whole time, the region had consistently stable production trend. The Marathwada area shown persistent and significant variations in productivity over all three eras.  In Marathwada region of Maharashtra observed high instability (>30) in productivity of Green Grams in all period indicating ongoing volatility and indicating deterioration in stability. Throughout the whole time, signifying that the region continually experienced instability in productivity.  Vidarbha exhibited increasing unpredictability in production over time.  In this region highest instability (>30) index was observed in all region which noted high indicating sustained volatility. Throughout the whole time, the coefficient of variation (CV) was 37.44 per cent and the instability index was 36.01 per cent, signifying persistently elevated degree of instability in production. 
Table 7. Regional Variation in Productivity of Green Gram
	Regions
	
	Period I
(1991-92 to 2000-01)
	Period II
(2001-02 to 2010-11)
	Period III
(2011-12 to 2020-21)
	Overall Period (1991-92 to 2020-21)

	Konkan
	CV
	49.29
	24.40
	90.85
	55.33

	
	CDVI
	45.10
	21.07
	84.45
	47.59

	Western
Maharashtra
	CV
	25.02
	18.44
	27.61
	24.15

	
	CDVI
	24.71
	18.41
	25.42
	23.36

	Marathwada
	CV
	36.29
	36.93
	40.65
	37.37

	
	CDVI
	35.56
	36.93
	40.49
	37.26

	Vidarbha
	CV
	32.90
	40.39
	41.01
	37.44

	
	CDVI
	32.52
	39.95
	40.84
	37.01

	Maharashtra
	CV
	27.80
	29.48
	30.33
	28.27

	
	CDVI
	27.77
	29.45
	30.28
	28.13


Note: CV= Coefficient of Variation (%), CDVI= Cuddy Della Valle Instability Index
 		Maharashtra had more low variations at the state level in contrast to its distinct regions.  At state level medium range of instability (15-30) was observed in productivity of Green Gram in all Period except Period III which noted high range (>30). Throughout the whole time, Maharashtra had coefficient of variation of 28.27 per cent suggesting that, although fluctuations occurred, they were very low relative to regional disparities.
3.1.8 Regional Variation in Productivity of Black Gram
 		From Table 8., it was observed that in Konkan region, the medium range of instability (15-30) was observed in all period.  In Western Maharashtra, high level of instability (>30) was observed during Period I, followed by low range (<15) in Period II and medium range of instability (15-30) in both Period III and the overall Period. Marathwada demonstrated high range of instability (>30) in all Period. The CDVI had comparable pattern, rising from 32.81 in Period I to 40.20 in Period III, indicating deteriorating productivity stagnation and inefficiencies in agricultural production. In Vidarbha, the coefficient of variation increased from 30.32 per cent in Period I to 37.99 per cent in Period II, but then declined to 35.64 per cent in Period III, signifying persistent volatility. High range of instability (>30) was observed in all Period except Period I (<15), indicating persistent fluctuations in productive performance.
Table 8.	Regional Variation in Productivity of Black Gram
	Regions
	
	Period I
(1991-92 to 2000-01)
	Period II
(2001-02 to 2010-11)
	Period III
(2011-12 to 2020-21)
	Overall Period (1991-92 to 2020-21)

	Konkan
	CV
	11.46
	18.70
	32.29
	23.49

	
	CDVI
	23.49
	15.83
	19.90
	20.13

	Western
Maharashtra
	CV
	32.86
	15.19
	31.36
	26.84

	
	CDVI
	32.68
	14.93
	26.81
	26.48

	Marathwada
	CV
	32.89
	40.96
	41.26
	37.64

	
	CDVI
	32.81
	40.92
	41.20
	37.63

	Vidarbha
	CV
	30.32
	37.99
	35.64
	33.96

	
	CDVI
	27.12
	36.86
	35.20
	33.92

	Maharashtra
	CV
	25.43
	26.03
	32.07
	27.08

	
	CDVI
	25.11
	25.76
	31.55
	27.06


Note: CV= Coefficient of Variation (%), CDVI= Cuddy Della Valle Instability Index                      

 		In Maharashtra, the coefficient of variation escalated from 25.43 per cent in Period I to 32.07 per cent in Period III, indicating general increase in productivity variability. Likewise, CDVI was medium range (15-30) in all Period except Period III (>30) underscoring apprehensions over stagnation and instability in Black Gram throughout the state.  	
4. CONCLUSIONS
		The productivity performance of Major Cereals and Pulses in Maharashtra shows significant regional and crop-wise variation over the period 1991-92 to 2020-21.
1. Rice and wheat exhibited relatively stable productivity, particularly in Konkan and Western Maharashtra, owing to assured irrigation, favourable agro-climatic conditions and better technological adoption.
2. Coarse cereals (Sorghum and Pearl Millet) and pulses recorded medium to high instability, with instability being more pronounced in Marathwada and Vidarbha due to erratic rainfall, drought frequency and predominance of rainfed farming.
3. Pulses such as Pigeon Pea, Green Gram and Black Gram were more unstable than cereals, reflecting higher climatic sensitivity and lower technological penetration.
4. Overall, productivity stability in Maharashtra is strongly influenced by irrigation access, infrastructure, climate variability and technology adoption, leading to widening regional disparities.
POLICY IMPLICATIONS
1. Region-specific strategies are essential, with priority to Marathwada and Vidarbha through promotion of drought-tolerant varieties, climate-resilient technologies and improved water management.
2. Expansion of irrigation and watershed development programmes should be strengthened to reduce productivity instability in rainfed regions.
3. Focused research and extension support for pulses and coarse cereals is needed to enhance varietal improvement, input-use efficiency and adoption of improved agronomic practices.
4. Strengthening rural infrastructure and market access, along with timely credit and input delivery, can help stabilize production and improve farm incomes across regions.
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