Absolute and Relative Growth and Instability in Area, Production and Productivity of Black gram in different agro-climatic regions of Madhya Pradesh


Abstract
The study based entirely on secondary data from the period covering 25-year from 1998–99 to 2022–23. The result indicate that The change in blackgram area and production significant increase observed in Vindhyan Plateau with an augmentation of 431.91 thousand hectares and 253.66 thousand metric tons respectively. Change in blackgram productivity across various agro-climatic zones of Madhya Pradesh had its maximum rise observed in the Kymore Plateau with 6803.33 Kg/ha. Overall period, the stability of blackgram area under cultivation recorded significant variability among the agroclimatic zones. Northern hill region of Chhattisgarh (12.92%) emerged as the most stable zone. Production and productivity  observed considerable volatility Kymore Plateau (18.66%) and Malwa Plateau (5.86%) displayed the most consistent productivity.
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1. INTRODUCTION
Blackgram, is an important pulse crop in South Asia (Swamy, 2023). The fruit is a linear pod that contains 4–10 small, black-colored seeds depending on the cultivar and growing conditions (Pattanayak et al., 2019). More than 80 % of the pulses are cultivated in rainfed ecology, supporting more than  40  %  of  the  farming population  and  two-thirds of livestock  in  the country (Hanif et al. 2025). It is rich in protein containing about 26% protein, 1.2% fat and 56.6% carbohydrates on dry weight basis and is also a rich source of calcium and iron (Divyavani et al., 2020). It performs best in loamy to sandy loam soils with a pH of 6.0 to 7.5 and requires well-drained fields, as it is sensitive to water-logging (Swamy, 2023). Due to its nitrogen-fixing ability, black gram enhances soil fertility, reduces dependence on synthetic fertilizers, and improves the sustainability of the cropping system. Globally, black gram is predominantly grown in South Asia, with India being the largest producer, accounting for about 80% of global production (FAOSTAT, 2024). Black grams are 
regularly cultivating as fallow crop, catch crop, bund crop, border crop and rainfed crop with minimum supply of agricultural inputs (Kavisri and Sundararaj 2025). Being drought tolerant and warm weather crop, black gram is well adopted to the drier regions of the tropics, where most food crops do not perform well. It has ability to fix up to 140 kg of atmospheric nitrogen per hectare with the help of Rhizobium leguminosarum (Raju and Menon, 2020). The bean is used whole or split (producing white lentil) and features prominently in Indian cuisine—especially in dishes like dal makhani or whole urad dal. (Sai et al. 2023) In 2022–23, India recorded a production of 2.28 million tonnes from an area of 4.74 million hectares, with a productivity of approximately 481 kg/ha. Major producing states include Madhya Pradesh, Andhra Pradesh, Uttar Pradesh, and Tamil Nadu. India holds the first rank globally in area and production of black gram (MoA&FW, 2024). India is the largest producer and alsoconsumer of pulses in the world and it is a cheaper source ofprotein to overcome malnutrition among vegetarians (Kumar et al. 2021). In Madhya Pradesh specifically, black gram is a important pulse crop in kharif season, mainly grown in Malwa, Bundelkhand, and Nimar agro-climatic zones. In 2022–23, the state reported an area of 0.89 million hectares, with of 0.51 million tonnes, and productivity of 573 kg/ha, higher than the national average (Government of Madhya Pradesh, 2024). Crop contributes significantly to dietary diversity and income generation, particularly for small and marginal farmers in rainfed areas. In this context, the present study intended to capture the picture of absolute and relative growth performance in agro-climatic zone of Madhya Pradesh with instability of area, production and productivity. This study will be undertaken with the following objectives.  
2. Objectives 
1. To examine the agro climatic zone wise absolute and relative change in area, production, productivity of Blackgram in Madhya Pradesh. 
2. To examine the extend to variability of area, production and productivity of Blackgram in various agro- climatic zone of Madhya Pradesh.
3. RESEARCH METHODOLOGY
The analysis is based on data pertaining to area, production, and productivity of blackgram covering 25-year period from 1998–99 to 2022–23. For the purpose of regional analysis, the state of Madhya Pradesh is classified into 11 agro-climatic zones. Each of these agro-climatic zones comprised specific districts, and they display considerable variation in black gram cultivation in terms of area, production and productivity.
3.1: Absolute and Relative change: Absolute change as well as relative change were estimated included in the present study for area, production and productivity of black gram. 
3.1.1: Absolute change: Absolute change measures the actual increase or decrease in a variable (such as area, production, or productivity) over a specific time period.
Absolute change = Yn – Y0
Where,
Yn = Mean value (area, production and productivity) for the last triennium ending
Y0 = Mean value (area, production and productivity) for the first (base) triennium Ending
3.1.2: Relative growth rate: Measures the percentage change in area, production, or productivity over a specific period relative to the base period. 
Relative change = ( )×100
Where,
Yn = Mean value (area, production and productivity) for the last triennium ending
 Yo = Mean value (area, production and productivity) for the first (base) triennium ending
3.2 Extent of Variability: The extent of variability indicates how much the values (area, production, or productivity) fluctuate over a period of time.
Coefficient of Variation
To quantify the extent of variability in area, production, and productivity of major pulses across agro-climatic zones, the Coefficient of variation [image: ]was computed for each parameter and crop under study.  
                               Coefficient of Variation= σ/X×100
		σ = Standard deviation of the observations over the study period
		X = Arithmetic means of the observations
For robust interpretation, zones were rigorously categorized based on their CV values: 'stable' for CV less than (15%), 'moderately fluctuated' for CV between (15% and 30%,) and 'highly fluctuated' for CV exceeding (30%.)  
Comparative Phase-wise- (Pre and Post-NFSM)
The study period was divided into two phases based on the implementation of the): National Food Security Mission (NFSM)
· Phase I: 1998–99 to 2006–07 (Pre-NFSM)
· Phase II: 2007–08 to 2022–23 (Post-NFSM)
4. Result
4.1: Absolute and Relative change in the area, production, and productivity of Black gram
4.1.1: Phase - I (1998-99 to 2007-08) Pre NFSM
 In Phase Ⅰ by analysis of the analysis of Table 1 revealed that the absolute change in blackgram area across various agro-climatic zones of Madhya Pradesh has increased in the current year compared to the baseline. Most significant increased observed in the Bundelkhand region, with an augmentation of 61.95 thousand hectares, followed by the Vindhyan Plateau 55.16 thousand hectares and the Gird region at 43.06 thousand hectares, On the other hand, a decline was noted in the Nimar plains, with a reduction of 3.22 thousand hectares followed by Northern hill region of Chhattisgarh at 0.47 thousand hectares and the Satpura Plateau 0.88 thousand hectares. Relative change in area was determined to be highest in Central Narmada valley at (503.23%) followed by Chhattisgarh plain (439.53%) and the Vindhyan Plateau (422.16%). While it decline noted in Nimar plains with a reduction of 14.92% followed by Northern hill region of Chhattisgarh (2.91%) and Satpura Plateau at (4.17%).
Absolute change in Blackgram production  across various agro-climatic zones of Madhya Pradesh  recorded  maximum  rise in the Vindhyan Plateau (19.65 thousand hectare) , followed by Gird region (19.25 thousand hectares), and the Jhabua hills (19.02 thousand hectares),  While it decline was noted in Northern hill region  of Chhattisgarh with reduction of about 0.06 thousand hectares followed by Nimar plains 0.17 thousand hectares and the Chhattisgarh plain at 1.76 thousand hectares. The relative change in production was determined to be highest in central Narmada valley at (808.15%) followed by the Vindhyan Plateau (508.23%) and the Chhattisgarh plain (479.64%). While it declines was noted in Northern hill region of Chhattisgarh with a reduction of (1.28%) followed by Nimar plains (3.64%) and Malwa Plateau (41.36%).
The absolute change in Blackgram productivity  across various agro-climatic zones of Madhya Pradesh and maximum rise observed in Vindhyan Plateau 1469.67 Kg/ha, followed by Kymore Plateau 1466.67Kg/ha and the Nimar plain 1143.00 Kg/ha,  While it decline noted in Chhattisgarh plain  with reduction 461.00 Kg/ha  followed by Jhabua hills 473.33 Kg/ha and Satpura Plateau  614.33Kg/ha The relative change in productivity was determined to be highest in Satpura Plateauat (253.51%) followed by Chhattisgarh plain (201.3%) and the Nimar plains (193%)  While it decline was noted in  Malwaa Plateau with a reduction (51.54%) followed by  Gird region  (65.10%) and Kymore Plateau (104.76%).
4.1.2 Phase II (2008-09 to 2022-23) Post NFSM
 In Phase Ⅱ, the analysis of Table 1 revealed that the absolute change in blackgram area among agro-climatic zones of Madhya Pradesh increased in the current year compared to the baseline. The most significant increase occurred in the Vindhyan Plateau with an augmentation of 397.52 thousand hectares, followed by Bundelkhand region at 287.10 thousand hectares and the Kymore Plateau at 141.19 thousand hectares. Conversely, a decline was noted in the Jhabua hill zone, with a reduction of 29.17 thousand hectares, followed by Satpura Plateau at 13.02 thousand hectares and the Northern hill region of Chhattishgarh (6.27 thousand hectares).  (837.62%) followed by Central Narmada Valley (302.31%) and Bundelkhand region (206.37%). While a decline was noted in Chhattisgarh plains with a reduction of 94.42 per cent, followed by Satpura Plateau (75.61%) and Jhabua hill zone (41.34%).
Absolute change in blackgram production across various agro-climatic zones of Madhya Pradesh observed maximum rise observed in the Vindhyan Plateau with 241.43 thousand metric tons, followed by the Bundelkhand region with 153.74 thousand metric tons, and the Kymore Plateau with 113.00 thousand metric tons. While a decline was noted in Jhabua hill zone, with a reduction of 18.05 thousand metric tons, followed by Satpura Plateau 3.72 thousand metric tons and Malwa Plateau with the corresponding value of about 2.71 thousand metric tons.The relative change in production was determined to be highest in Vindhyan Plateau (1500.45%), followed by the Kymore Plateau at (469.24%) and the Bundelkhand region (373.92%). While decline was noted in Chhattisgarh plains with reduction about (88.01%), which was closely by Satpura Plateau at (65.47%) and Jhabua hill zone (53.88%).
Absolute change in blackgram productivity across various agro-climatic zones of Madhya Pradesh observed maximum rise observed in Kymore Plateau with 5450.00 Kg/ha, followed by Northern hill region of Chhattisgarh with 4096.67 Kg/ha and the Gird region with 2786.67 Kg/ha. While a decline was noted in Central Narmada Valley with a reduction of 300.00 Kg/ha, followed by Chhattisgarh plains with 650.00 Kg/ha and the Jhabua hill zone with 703.33 Kg/ha. Relative change in productivity was determined to be highest in Kymore Plateau of about 197.94%, followed by the Northern hill region of Chhattishgarh and the Bundelkhand. While a decline was noted in Central Narmada Valley with a reduction of -21.18 per cent, followed by Jhabua hill zone with 54.81 per cent and Vindhyan Plateau with to tune of about 63.39 per cent.







Table 1: Absolute and Relative change in the area, production, and productivity of Blackgram in Phase -I(1998-99 to 2007-08) Pre NFSM & Phase Ⅱ(2008-09 to 2022-23) Post NFSM
	S.no.
	Agroclimatic
	Phase 1 (1998-99 to2007-08) Before NFSM
	Phase 2(2008-09 to 2022-23)

	
	
	AREA (000, ha)
	Production (000, MT)
	Productivity (Kg/ha)
	AREA (000, ha)
	Production (000, MT)
	Productivity (kg/ha)

	
	
	Absolute Change
	Relative change
	Absolute Change
	Relative change
	Absolute Change
	Relative change
	Absolute Change
	Relative change
	[bookmark: _GoBack]Absolute Change
	Relative change
	Absolute Change
	Relative change

	1
	Chhattisgarh plains
	4.69
	439.53
	1.76
	479.64
	461.00
	201.31
	-5.25
	-94.42
	-1.87
	-88.01
	650.00
	90.28

	2
	Northen hill region of Chhattisgarh
	0.47
	2.91
	0.06
	1.28
	894.67
	131.83
	-6.27
	-27.01
	-0.39
	-4.53
	4096.67
	183.71

	3
	Kymore Plateau
	30.89
	75.70
	9.33
	73.47
	1466.67
	104.76
	141.19
	193.02
	113.00
	469.24
	5450.00
	197.94

	4
	Vindhyan Plateau
	55.16
	422.16
	19.65
	508.13
	1469.67
	105.71
	397.52
	837.62
	241.43
	1500.45
	1980.00
	63.39

	5
	Central Narmada Valley
	11.91
	503.23
	7.00
	808.15
	858.33
	192.88
	38.28
	302.31
	13.12
	177.77
	300.00
	21.18

	6
	Gird region
	43.06
	233.57
	19.25
	217.92
	1106.67
	65.10
	79.96
	114.61
	23.28
	71.48
	2786.67
	97.21

	7
	Bundelkhand region 
	61.95
	104.36
	14.31
	92.90
	683.67
	164.21
	287.10
	206.37
	153.74
	373.92
	2036.67
	157.07

	8
	Satpura Plateau
	0.88
	4.17
	3.37
	93.68
	614.33
	253.51
	-13.02
	-75.61
	-3.72
	-65.47
	1053.33
	107.48

	9
	Malwa Plateau
	14.97
	63.09
	4.56
	41.36
	1029.33
	51.54
	-4.76
	-14.79
	-2.71
	-18.86
	2610.00
	78.85

	10
	Nimar plains
	-3.22
	-14.92
	0.17
	3.64
	1143.00
	193.62
	5.48
	30.36
	1.64
	33.14
	2220.00
	132.41

	11
	Jhabua hill zone
	12.40
	20.36
	19.02
	154.24
	473.33
	173.17
	-29.17
	-41.34
	-18.05
	-53.88
	703.33
	54.81



4.1.3 Over the study period (1998-99 to 2022-23)
The overall analysis from table 2 revealed of the blackgram data revealed significant shifts across various agro-climatic zones of Madhya Pradesh. Absolute change in blackgram area observed most significant increase in the Vindhyan Plateau with an augmentation of 431.91 thousand hectares, followed by Bundelkhand region 366.86 thousand hectares, and Kymore Plateau 173.53 thousand hectares. However, a decline was noted in the Jhabua hills, with a reduction of 19.52 thousand hectares, followed by Satpura Plateau of about 16.83 thousand hectares, and Chhattisgarh plains with 0.76 thousand hectares.The relative change in area was determined to be highest in the Vindhyan Plateau (3305.41%), followed by Central Narmada Valley at (2052.45%), and the Gird region (712.28%). While a decline was noted in Satpura Plateau with a reduction of (80.03%), followed by Chhattisgarh plains (70.91%), and Jhabua hills (32.06%). 
Absolute change in blackgram production across various agro-climatic zones of Madhya Pradesh saw its maximum rise observed in the Vindhyan Plateau with 253.66 thousand metric tons, followed by the Bundelkhand region with 179.45 thousand metric tons, and the Kymore Plateau with 124.38 thousand metric tons. While a decline was noted in Satpura Plateau, with a reduction of 1.64 thousand metric tons, followed by Chhattisgarh plains 0.11 thousand metric tons, and Malwa Plateau 0.62 thousand metric tons. The relative change in production was determined to be highest in the Vindhyan Plateau (6560.07%), followed by the Central Narmada Valley  (2264.77%), and Bundelkhand region (1165.25%). While a decline was noted in Satpura Plateau with a reduction of 45.49 per cent, followed by Chhattisgarh plains  (30.55%), and Malwa Plateau (5.64%).
The absolute change in blackgram productivity across various agro-climatic zones of Madhya Pradesh had its maximum rise observed in Kymore Plateau with 6803.33 Kg/ha, followed by Northern hill region of Chhattisgarh with 5648.00 Kg/ha, and Gird region with 3953.33 Kg/ha. While a decline was noted in Chhattisgarh plains with reduction of 1141.00 Kg/ha, followed by Central Narmada Valley with 1271.67 Kg/ha, and Jhabua hills with 1713.33 Kg/ha. The relative change in productivity was determined to be highest in Northern hill region of Chhattisgarh (832.22%), followed by Satpura Plateau (739.06%), and the Bundelkhand region (700.64%). While a decline was noted in Malwa Plateau with a reduction of (196.40%), followed by Gird region with 232.55 per cent, and Vindhyan Plateau (267.06%).
Table 2: Absolute and Relative change in the area, production, and productivity of Blackgram in Over the study period (1998-99 to 2022-23)
	S.No.
	Agroclimatic Zone
	Area (000ha)
	Production (000MT)
	Productivity (kg/ha)

	
	
	
	
	

	
	
	Absolute Change
	Relative change
	Absolute Change
	Relative change
	Absolute Change
	Relative change

	
	
	
	
	
	
	
	

	1
	Chhattisgarh plains
	-0.76
	-70.91
	-0.11
	-30.55
	1141.00
	498.25

	2
	Northen hill region of Chhattisgarh
	0.65
	4.01
	3.42
	71.24
	5648.00
	832.22

	3
	Kymore Plateau
	173.53
	425.33
	124.38
	979.36
	6803.33
	485.95

	4
	Vindhyan Plateau
	431.91
	3305.41
	253.66
	6560.07
	3713.00
	267.06

	5
	Central Narmada Valley
	48.57
	2052.45
	19.63
	2264.77
	1271.67
	285.77

	6
	Gird region
	131.30
	712.28
	47.02
	532.35
	3953.33
	232.55

	7
	Bundelkhand region
	366.86
	617.95
	179.45
	1165.25
	2917.00
	700.64

	8
	Satpura Plateau
	-16.83
	-80.03
	-1.64
	-45.49
	1791.00
	739.06

	9
	Malwa Plateau
	3.68
	15.49
	0.62
	5.64
	3922.67
	196.40

	10
	Nimar plains
	1.95
	9.03
	2.01
	43.93
	3306.33
	560.08

	11
	Jhabua hills
	-19.52
	-32.06
	3.11
	25.23
	1713.33
	626.83






4.2: Analysis of Variability in Area, Production, and Productivity of Black gram across Agro-Climatic Zones of Madhya Pradesh.
4.2.1: Phase Ⅰ (1998-99 to 2007-08 pre-NFSM)
	During Phase I, the stability of blackgram area under cultivation exhibited significant variations across the agroclimatic zones. Kymore Plateau (11.08%) demonstrated the highest level of stability, closely followed by Malwa Plateau (15.52%). However, Malwa Plateau falls into the moderately fluctuated category. Therefore, Kymore Plateau (11.08%) was the sole stable zone for area. A considerable number of zones experienced moderate fluctuations in area: Northern hill region of Chhattisgarh (16.75%), Gird region (19.31%), Nimar plains (19.67%), Satpura Plateau (21.74%), Vindhyan Plateau (22.51%), Bundelkhand region (23.52%), and Chhattisgarh plains (35.90%). Further Central Narmada Valley (67.35%) Jhabua hill zone (43.44%) and Chhattisgarh plains (35.90%) actually falls into the highest fluctuated category indicating pronounced instability in the cultivation of blackgram cultivation.
	Production stability during. Kymore Plateau (12.27%) was only zone to exhibit stable production. Most zones registered moderate fluctuations in production: Malwa Plateau (15.90), Nimar plains (20.15%), Northern hill region of Chhattisgarh (20.67%), Gird region (21.14%), Satpura Plateau (22.50%), Vindhyan Plateau (23.40%), Bundelkhand region (28.50%), The Chhattisgarh plains (42.65%), Jhabua hill zone (46.91%), and Central Narmada Valley (69.78%) emerged as highly fluctuated zones for blackgram production, emphasing severe instability in their output during reported period.
	Productivity of blackgram generally showed higher degree of stability compared to area and production. Kymore Plateau (6.60%), Malwa Plateau (7.01%), Vindhyan Plateau (7.10%), Gird region (7.57%), and Nimar plains (11.35%) achieved stable yields per unit area. Northern hill region of Chhattisgarh (12.66%) also observed stable productivity. Moderate fluctuations in productivity recorded for Bundelkhand region (16.95%) and Satpura Plateau (22.78%). Central Narmada Valley (24.71%) Jhabua hill zone (30.26%), Chhattisgarh plains (38.06%), were categorized as highly fluctuated zones for productivity, indicating variability in their yield efficiency.
   4.2.2: Phase II (2008-09 to 2022-23 post-NFSM)
	During Phase II, the stability of blackgram area under cultivation recorded improvements, with more zones falling into the stable category. Northern hill region of Chhattisgarh (11.35%), Kymore Plateau (13.93%), and Gird region (18.59%) demonstrated stable area under cultivation. However, Gird region is moderately fluctuated based on the given ranges. Reclassifying, Northern hill region of Chhattisgarh (11.35%) and Kymore Plateau (13.93%) remained stable. Moderate fluctuations in area were observed in Malwa Plateau (15.20%) Vindhyan Plateau (20.55%), Bundelkhand region (24.64%), the highly fluctuated zones Nimar plains (32.92%), Satpura Plateau (34.07%), Jhabua hills (35.56%), and Chhattisgarh plains (49.16%) and Central Narmada Valley (51.43%) recorded.
	Production trends of Blackgram during Phase II reflected widespread variability across agro-climatic zones. The most stable production was observed in the Northern Hill Region of Chhattisgarh (15.51%), followed closely by Kymore Plateau (15.78%). Gird region (23.24%), Malwa Plateau (19.73%), and Vindhyan Plateau (25.26%) recorded moderate fluctuations. Likewise, Bundelkhand region (33.04%) also showed moderate variation but was close to the threshold of high fluctuation. The remaining zones experienced high instability in production: Jhabua hill zone (38.33%), Chhattisgarh Plains (51.52%), Satpura Plateau (39.31%), Nimar plains (61.96%), and Central Narmada Valley (74.60%), with the Central Narmada Valley registering the highest variability. These fluctuations indicate considerable inconsistency in Blackgram production across most zones in the post-NFSM period.
	During Phase II productivity demonstrated greater consistency. Malwa Plateau (4.99%) reported most steady productivity, followed by Gird region (5.84%), Vindhyan Plateau (7.68%), Kymore Plateau (6.22%), and Northern Hill region of Chhattisgarh (8.46%). All of these zones fall under constant category, suggesting steady yield levels. Other zones with stable productivity included Nimar plains (10.67%), Jhabua hills (11.61%), and Bundelkhand region (14.50%). Central Narmada Valley (18.39%) and Satpura Plateau (22.65%) recorded moderate fluctuations. Chhattisgarh Plains (29.63%) was the only region near to high fluctuation mark but still remained within the moderate category. Highly fluctuated for productivity during this Phase, signifying a relatively uniform and dependable yield efficiency across Madhya Pradesh agro-climatic zones.
Table 3: Analysis of Coefficient of Variance in Area, Production, and Productivity of Blackgram across Agro-Climatic Zones of Madhya Pradesh  
	S.No.
	(Blackgram ) Agroclimatic Zone
	Phase 1(1998-99 to 2007-08 pre   NFSM
	Phase 2(2008-09 to 2022-23) Post NFSM

	
	
	coefficient of variance (%)
	coefficient of variance (%)

	
	
	Area%
	Production %
	Productivity%
	Area%
	Production %
	Productivity%

	1
	Chhattisgarh plains
	35.90
	42.65
	38.06
	49.16
	51.52
	29.63

	2
	Northen hill region of Chhattisgarh
	16.75
	20.67
	12.66
	11.35
	15.51
	8.46

	3
	Kymore Plateau
	11.08
	12.27
	6.60
	13.93
	15.78
	6.22

	4
	Vindhyan Plateau
	22.51
	23.40
	7.10
	20.55
	25.26
	7.68

	5
	Central Narmada Valley
	67.35
	69.78
	24.71
	51.43
	74.60
	18.39

	6
	Gird region
	19.31
	21.14
	7.57
	18.59
	23.24
	5.84

	7
	Bundelkhand region
	23.52
	28.50
	16.95
	24.64
	33.04
	14.50

	8
	Satpura Plateau
	21.74
	22.50
	22.78
	34.07
	39.31
	22.65

	9
	Malwa Plateau
	15.52
	15.90
	7.01
	15.20
	19.73
	4.99

	10
	Nimar plains
	19.67
	20.15
	11.35
	32.92
	61.96
	10.67

	11
	Jhabua hill zone
	43.44
	46.91
	30.26
	35.56
	38.33
	11.61





4.2.3: Overall Period (1998-99 to 2022-23
	The stability of blackgram area under cultivation recorded significant variability among the agroclimatic zones. Northern hill region of Chhattisgarh (12.92%) emerged as the most stable zone, closely followed by Malwa Plateau (14.85%). Kymore Plateau (15.18%), Gird region (22.06%), Vindhyan Plateau (25.72%), and Bundelkhand region (28.87%) all demonstrated moderate fluctuations in their cultivated area. Whereas, a significant number of zones experienced high fluctuation Nimar plains (31.03%), Satpura Plateau (33.83%), Jhabua hills (40.09%), Chhattisgarh plains (46.91%), and Central Narmada Valley (59.69%), indicating substantial instability in blackgram area over the entire period.
	Pertaining to production stability across the overall period, a mixed performance was observed, with many zones showing considerable instability. Kymore Plateau (18.66%), Northern hill region of Chhattisgarh (18.93%), Gird region (27.83%), Malwa Plateau (19.27%) and Gird region (27.83%), revealed moderate uniformity in blackgram production. All other zones registered high fluctuations in production viz Vindhyan Plateau (32.81%), Bundelkhand region (41.13%), Satpu Plateau (34.82%), Jhabua hill zone (42.18%), Nimar plains (67.74%), Chhattisgarh plains (52.62%), and Central Narmada Valley (84.48%), emphasising severe instability in production over the entire span.
	General trend of stability was maintained across a majority of zones. Malwa Plateau (5.86%) recorded most consistent productivity, closely followed by Gird region (6.54%), Kymore Plateau (7.25%), Vindhyan Plateau (8.61%), Northern hill region of Chhattisgarh (10.69%), Nimar plains (12.35%), and Jhabua hill zone (16.08%). Moreover Jhabua hills (16.08%) falls into the moderately fluctuated category. Moderate fluctuations in productivity were also observed in Bundelkhand region (17.05%) and Central Narmada Valley (20.01%). Only the Satpura Plateau (25.99%) and Chhattisgarh plains (35.06%) were categorized as highly fluctuated in terms of productivity, and significant variability in their yield efficiency over the entire period.
Table 4: Analysis of Coefficient of Variance in Area, Production, and Productivity of Blackgram Across Agro-Climatic Zones of Madhya Pradesh 
	S.No.
	Agroclimatic Zone
	Coefficient of variance % overall period ( 1998-99 to 2022-23)

	
	
	Area (%)
	Production (%)
	Productivity (%)

	
	
	
	
	

	
	
	
	
	

	1
	Chhattisgarh plains
	46.91
	52.62
	35.06

	2
	Northen hill region of Chhattisgarh
	12.92
	18.93
	10.69

	3
	Kymore Plateau
	15.18
	18.66
	7.25

	4
	Vindhyan Plateau
	25.72
	32.81
	8.61

	5
	Central Narmada Valley
	59.69
	84.48
	20.01

	6
	Gird region
	22.06
	27.83
	6.54

	7
	Bundelkhand region
	28.87
	41.13
	17.05

	8
	Satpura Plateau
	33.83
	34.82
	25.99

	9
	Malwa Plateau
	14.85
	19.27
	5.86

	10
	Nimar plains
	31.03
	67.74
	12.35

	11
	Jhabua hill zone
	40.09
	42.18
	16.08



5. Discussion:
5.1: Absolute and Relative change in the area, production, and productivity of Blackgram
 During Phase I (1998-99 to 2007-08) pre-NFSM, blackgram area in Madhya Pradesh generally increased, most significantly in Bundelkhand (61.95 thousand hectares) and Vindhyan Plateau (55.16 thousand hectares), while declining in Nimar plains (3.22 thousand hectares). Relative area change was highest in Central Narmada Valley (503.23%) followed by Chhattisgarh plains (439.53%) Production saw maximum absolute rise in Vindhyan Plateau and Gird region (19.65,19.25) thousand hectares), followed by Gird region with a decline in Northern Hill Region of Chhattisgarh (0.06 thousand hectares); relative production change peaked in Central Narmada Valley (808.15%). Blackgram productivity surged most in Vindhyan Plateau and Kymore Plateau (1469.6 ,1466.67 Kg/ha), but declined in Chhattisgarh Plain (461.00 Kg/ha); relative productivity change was highest in Satpura Plateau (253.51%).
The post-NFSM Phase II significantly boosted blackgram in Madhya Pradesh. The Vindhyan Plateau led in both absolute area (397.52 thousand hectares) and relative area (837.62%), as well as absolute production (241.43 thousand metric tons) and relative production (1500.45%). Conversely, the Jhabua hill zone saw the most substantial absolute declines in area (29.17 thousand hectares) and production (18.05 thousand metric tons), with the Chhattisgarh Plains experiencing the largest relative declines in area (94.42%) and production (88.01%). Productivity notably increased in the Kymore Plateau (absolute: 450.00 Kg/ha; relative: 197.94%), though the Central Narmada Valley and Vindhyan Plateau experienced relative productivity declines despite overall growth.
During (1998–99 to 2022–23), blackgram area increased significantly in the Vindhyan Plateau (431.91 thousand Ha, 3305.41%), followed by Bundelkhand. The highest production rise was also in Vindhyan Plateau (253.66 thousand MT, 6560.07%), while productivity improved most in Kymore Plateau (6803.33 Kg/ha). Declines in area were noted in Jhabua hill zone (19.52 thousand Ha), production in Satpura Plateau (1.64 thousand MT), and productivity in Malwa Plateau (196.40%). These variations highlight the uneven regional growth in blackgram cultivation across Madhya Pradesh.  
5.2: Analysis of Variability in Area, Production, and Productivity of Blackgram across Agro-Climatic Zones of Madhya Pradesh.
	Throughout the analyzed periods, the Kymore Plateau consistently proved to be the most stable agroclimatic zone for blackgram cultivation, demonstrating sustained reliability with low fluctuations in area (Phase I: 11.08%, Phase II: 13.93%), production (Phase I: 12.27%, Phase II: 15.78%), and particularly strong stability in productivity (Phase I: 6.60%, Phase II: 6.22%). In stark contrast, the Central Narmada Valley emerged as the most highly fluctuated zone overall, exhibiting severe and persistent volatility across all three parameters, with its production showing the highest instability (Phase I: 69.78%, Phase II: 74.60%, Overall: 84.48%) and significant fluctuations also seen in area (Phase I: 67.35%, Phase II: 51.43%). Supporting findings of Balai et. al (2024)
Conclusion:
Over the study period the Vindhyan Plateau exhibited the most significant increases in blackgram area (3305.41%) and production (6560.07%), while productivity also saw a notable rise (267.06%). Conversely, the Chhattisgarh plains experienced the most significant relative declines in both area (70.91%) and production (30.55%). Malwa Plateau (Area 14.85%, Production 19.27%, Productivity 5.86%) was most stable, with Kymore Plateau (Area 15.18%, Production 18.66%, Productivity 7.25%) closely stable. Central Narmada Valley (Area 59.69%, Production 84.48%, Productivity 20.01%) showed highest fluctuations.
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