


Spatial and Temporal Analysis of Cropping Patterns and Intensity in Chhattisgarh, India
Abstract
The study examines changes in cropping patterns and cropping intensity across the agro-climatic zones of Chhattisgarh, by using cross sectional time series data for the year 2000-01 to 2022-23. The results were reported by applying the simple average, percentage, moving average and growth rate. The results found that the northern hill zone, rice area showed CGR a marginal rise 0.09%, maize increased substantially 1.17%, while millets -8.00%, horse gram -3.51%, and soybean-5.77% sharply declined, leading to reduced crop diversity. In the Chhattisgarh plain zone, rice 0.74%, soybean 6.08%, wheat 2.53%, and gram 3.45%, registered notable growth, but millets -10.75%, horse gram -6.14%, and linseed -18.32% declined drastically. The Bastar plateau showed strong expansion of maize 3.06% and wheat 5.92%, while millets -5.92%, green gram -6.91%, and linseed -15.54% declined heavily. At the state level, rice 0.60%, maize 1.89%, soybean 6.02%, wheat1.77%, and gram 3.60% CGR increased significantly, while most minor pulses and oilseeds declined. Cropping intensity improved from 113.11% to 123.16% which was 8.88% increase, reflecting more intensive land use. Overall, Chhattisgarh is shifting from minor crops to cereals, soybean, and gram, showing commercialization but reducing crop diversity. Balancing high-value crops with minor crops is vital for sustaining livelihoods and productivity.
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Introduction 
Agriculture is the backbone of Chhattisgarh’s economy, with nearly 70% of the population dependent on it for livelihood (Soni et al., 2025). Land quality plays a crucial role in determining agricultural, animal, and forestry production, meeting the demand for food, energy, and other necessities. Scientific cropping patterns not only enhance soil fertility but also improve its physical, chemical, and microbiological properties. The state’s terrain is largely composed of medium to light soils, covering about 57% of its area, while nearly 46% (63.40 lakh hectares) is under forest cover, highlighting its rich biodiversity (Digambar et.al., 2020)
In Chhattisgarh, rice is the dominant crop, covering about 77% of the net sown area, with an overall cropping intensity of 137%. Mono-cropping of rice is common, though lathyrus, gram, wheat, and linseed are cultivated during the rabi season. Paddy, soybean, urad, and pigenpea are the main kharif crops, while gram and lathyrus dominate in rabi. Sugarcane is cultivated in some districts, supported by four cooperative sugar mills. Other important crops include maize, small grains, moong, wheat, and groundnut, especially in the central plains. Out of 37.46 lakh farming households in the state, nearly 80% are small and marginal farmers, making agriculture central not only to economic development but also to rural livelihoods (Moitra and Das 2024).
Chhattisgarh is divided into three agro-climatic zones—the Northern Hills, Bastar Plateau, and Chhattisgarh Plains, receiving 1400-1600 mm, 1200-1400 mm, and 1000-1200 mm of annual rainfall, respectively, mostly during June–September. These variations in rainfall, temperature, and soils strongly influence cropping patterns across regions. Rice dominates as the principal crop, particularly in the plains, while wheat and maize are also important. Minor millets like kodo-kutki, along with pulses, adapt well to rainfed conditions in the plateau and hill areas. Studies highlight that shifts in rainfall patterns directly affect the productivity of major crops, emphasizing the need for zone-specific cropping strategies to ensure sustainable agricultural development (Bhaurya et.al., 2018).  Most kharif and rabi crops increased, raising cropping intensity from 110% to 113%, though kharif paddy and kodo-kutki declined. The state has 13.79 million ha, with 34% net cropped area, 35% irrigated, and 65% rainfed. Rice dominates the mono-cropped system, and minor crops like kodo-kutki, ragi, and sesame remain important for rural livelihoods. The state government has focused on reducing rural poverty and improving agriculture. Agriculture is vital but largely rainfed, making it vulnerable to irregular monsoons. Limited irrigation (35%), uneven cropping intensity, and reliance on traditional methods among tribal farmers reduce productivity. Increasing irrigation and adopting modern practices are crucial for sustainable growth. 
Objective
i) To evaluate the change in cropping intensity and its implications for agricultural intensification and land use in Chhattisgarh state.
Methodology 
The study was conducted in Chhattisgarh, located at 21.2787° N latitude and 81.8661° E longitude, comprising three agro-climatic zones: the Chhattisgarh Plain, Northern Hills, and Bastar Plateau. These zones differ in rainfall, soil type, and cropping systems, making them suitable for analyzing spatial and temporal variations in cropping patterns and cropping intensity.
District-level crop data were obtained from official sources, including the Directorate of Agriculture, the Commissioner of Land Records and Settlement, and the Department of Economics and Statistics. These data provided reliable information on crop area, production, and yield over time. Descriptive and statistical tools, such as averages, percentages, and moving averages, were applied to examine crop distribution and trends while smoothing short-term fluctuations. The study focused on two periods: 2000–01 to 2001–02, representing the early years of the state, and 2021–22 to 2022–23, reflecting recent agricultural conditions. Relative changes in crop area and cropping patterns were calculated, and compound growth rates for major crops during the kharif and rabi seasons were computed to analyze long-term trends.
Analytical tools for assessing cropping pattern and cropping intensity
Compound growth rate 
Y = aBt
Log Y= Log a + t log B
Where, 
Y = Area
a = Constant 
B = Regression coefficient 
t= time in year 
CGR (%) = (Antilog B-1)*100
Percentage change
Cx100
Where, 
	c

	=
	relative change

	x1
	=
	initial value

	x2
	=
	final value



Results and discussions 
Changes in Cropping Pattern and Cropping Intensity
Cropping pattern shows the way land is utilized, including areas that are cultivated more than once in a season, while cropping intensity is the ratio of gross sown area to net sown area. Shifts in cropping patterns and intensity reflect the influence of socio-economic factors, Agro-biological conditions, and climatic variability, such as droughts reducing cropping intensity. In this study, these changes were examined averages for two periods—2000-01 to 2002-03 and 2021-22 to 2022-23 across the state and its three agro-climatic zones.
1. Changes in Cropping Pattern and Cropping Intensity in the Northern Hills Agro-Climatic Zone of Chhattisgarh
The table 1, indicated that the cropping patterns in the Northern Hills Agro-Climatic Zone of Chhattisgarh reveals significant spatial and temporal changes over the two-decade periods. During the kharif season, rice exhibited a marginal increase of 1.99% with a compound growth rate of 0.09, reflecting its continued predominance as the principal cereal crop. Maize demonstrated a substantial increase of 30.81% (CGR 1.17), indicating a gradual diversification towards high-yielding cereals. Conversely, traditional minor cereals and pulses such as millets, horse gram, black gram, green gram, and soybean showed pronounced declines, with percentage decreases ranging from 23.24% to 96.20%, and negative growth rates, suggesting a shift away from less profitable or low-input crops. Groundnut and sesamum recorded moderate positive growth, reflecting selective adaptation to agro-climatic and market conditions.
In the Rabi season, major cereals and pulses exhibited mixed trends. Wheat and gram increased modestly in absolute area, but several pulses and oilseeds, including green gram, lathyrus, linseed, lentil, and rapeseed & mustard, registered steep declines, reflecting a contraction of traditional cropping systems. Notably, green gram decreased by 99.73% (CGR -6.49) and lathyrus by 67.82% (CGR -8.12), indicating a marked reduction in crop diversity and a potential shift towards monoculture or rice-maize dominated systems. The overall cropping intensity in the zone decreased from 110.06% to 104.47%, highlighting a decline in multiple cropping practices. This reduction in cropping intensity, combined with the observed negative growth in pulses and minor cereals.


Table 1. Changes in Cropping Pattern and Cropping Intensity in the Northern Hills Agro-Climatic Zone of Chhattisgarh
	S. No.
	Crops
	Periods
	% Change
	C.G.R.

	
	
	2000-01 to 2001-02
	2021-22 to 2022-23
	
	

	Kharif seasonal

	1.
	Rice
	556996
(14.77)
	568130
(13.10)
	1.99
	0.09**

	2.
	Maize
	52195
(55.90)
	68279
(50.86)
	30.81
	1.17***

	3.
	Millets
	70579
(24.36)
	11119
(18.69)
	-84.24
	-8.00***

	4.
	Pigeon pea
	19178
(38.83)
	18694
(50.36)
	-2.52
	-0.17NS

	5.
	Green gram
	133
(1.35)
	79
(3.97)
	-40.60
	-0.39NS

	6.
	Black gram
	37086
(31.77)
	28465
(42.71)
	-23.24
	-1.35***

	7.
	Horse gram
	20963
(34.03)
	6816
(39.35)
	-67.48
	-3.51***

	8.
	Ground nut
	11217
(32.81)
	13232
(56.27)
	17.96
	0.45***

	9.
	Sesamum
	6488
(27.73)
	7284
(51.00)
	12.26
	0.62**

	10.
	Soybean
	79
(0.62)
	3
(0.01)
	-96.20
	-5.77***

	Rabi Seasonal

	11.
	Wheat
	24580
(31.57)
	18651
(11.63)
	-24.12
	-0.51**

	12.
	Gram
	4765
(3.40)
	3032
(0.91)
	-36.36
	-1.20***

	13.
	Green gram
	741
(17.12)
	2
(0.09)
	-99.73
	-6.49NS

	14.
	Black gram
	-
	-
	
	

	15.
	Lathyrus
	2757
(1.09)
	887
(0.54)
	-67.82
	-8.12***

	16.
	Linseed
	12656
(17.09)
	5501
(64.64)
	-56.53
	-2.68**

	17
	Lentin
	2868
(22.73)
	2095
(15.97)
	-26.95
	-0.67**

	18.
	Rapeseed & mustard
	29868
(61.98)
	16626
(48.78)
	-44.33
	-1.91***

	19.
	Cropping intensity (%)
	110.06
	104.47
	-5.07
	


Note (1) significant ***1% level, **5% Level and NS = non-significant (2) C.G.R. = Compound growth rate
2. Changes in Cropping Pattern and Cropping Intensity in the Chhattisgarh Plain Zone
The table 2, indicate significant changes in cropping patterns and cropping intensity in plain zone. During the kharif season, rice increased by 18.87% with a CGR of 0.74, maintaining its status as the dominant staple crop. Maize grew by 15.18% (CGR 1.18), while soybean showed a remarkable increase of 124.51% (CGR 6.08), indicating a shift toward high-value commercial crops. In contrast, traditional pulses and minor crops declined sharply: millets decreased by 79.53% (CGR -10.75), pigeon pea by 36.07% (CGR -0.62), green gram by 78.48% (CGR -4.96), black gram by 63.90% (CGR -3.89), horse gram by 82.81% (CGR -6.14), groundnut by 55.30% (CGR -3.78), and sesamum by 64.37% (CGR -4.93). 
In the rabi season, wheat increased by 105.53% (CGR 2.53) and gram by 145.66% (CGR 3.45), reflecting intensified cultivation of high-demand cereals and pulses. In contrast, green gram decreased by 33.39% (CGR -4.5), black gram by 68.22% (CGR -6.03), lathyrus by 34.52% (CGR -4.13), and linseed by 95.08% (CGR -18.32), showing a contraction in traditional crops. Lentil and rapeseed & mustard showed moderate growth, 12.04% (CGR 0.88) and 84.88% (CGR 1.47), indicating selective adoption based on market and climatic suitability. The overall cropping intensity increased from 118.05% to 133.27%, an improvement of 12.89%, reflecting enhanced land use efficiency and a greater adoption of multiple cropping systems. These results theoretically reflect agricultural intensification, commercialization, and structural changes in cropping systems, while highlighting reduced crop diversity and the potential challenges for sustainability and soil fertility management in the Chhattisgarh Plain Zone.
Table 2. Changes in Cropping Pattern and Cropping Intensity in the Chhattisgarh Plain Zone
	S. No.
	Crops
	Periods
	% Change
	C.G.R.

	
	
	2000-01 to 2001-02
	2021-22 to 2022-23
	
	

	Kharif seasonal

	1
	Rice
	2584725
(68.56)
	3072514
(70.81)
	18.87
	0.74***

	2
	Maize
	16462
(17.63)
	18961
(14.12)
	15.18
	1.18***

	3
	Millets
	108780
(37.55)
	22267
(37.44)
	-79.53
	-10.75***

	4
	Pigeon pea
	27815
(56.32)
	17781
(47.90)
	-36.07
	-0.62NS

	5
	Green gram
	6972
(70.88)
	1500
(75.41)
	-78.48
	-4.96***

	6
	Black gram
	60966
(52.23)
	22008
(33.02)
	-63.90
	-3.89***

	7
	Horse gram
	16149
(36.21)
	2776
(16.07)
	-82.81
	-6.14***

	8
	Ground nut
	22901
(66.98)
	10235
(43.52)
	-55.30
	-3.78***

	9
	Sesamum
	13388
(57.23)
	4770
(33.40)
	-64.37
	-4.93**

	10
	Soybean
	12426
(98.13)
	27898
(99.93)
	124.51
	6.08***

	Rabi Seasonal

	11
	Wheat
	51574
(66.25)
	106004
(66.14)
	105.53
	2.53**

	12
	Gram
	134028
(95.68)
	329257
(90.11)
	145.66
	3.45***

	13
	Green gram
	3126
(72.24)
	2082
(79.92)
	-33.39
	-4.5NS

	14
	Black gram
	4878
(93.78)
	1931
(84.47)
	-68.22
	-6.03***

	15
	Lathyrus
	246600
(97.65)
	161451
(99.33)
	-34.52
	-4.13***

	16
	Linseed
	59132
(79.88)
	2906
(34.14)
	-95.08
	-18.32***

	17
	Lentin 
	9682
(76.75)
	10848
(82.69)
	12.04
	0.88**

	18
	Rapeseed & mustard
	9177
(19.04)
	16967
(49.78)
	84.88
	1.47***

	19
	Cropping intensity (%)
	118.05
	133.27
	12.89
	


Note (1) significant ***1% level, **5% Level and NS = non-significant (2) C.G.R. = Compound growth rate
3. Changes in Cropping Pattern and Cropping Intensity in the Bastar Plateau
The table 3, indicate that the significant shifts in cropping patterns and cropping intensity. In the kharif season, the cropping pattern and intensity in the Bastar Plateau over the period 2000–01 to 2021–22 show substantial spatial and temporal shifts, reflecting socio-economic factors influencing crop production.
During the kharif season, rice showed a moderate increase of 10.59% with a CGR of 0.42, maintaining its position as the dominant cereal crop. Maize recorded a substantial growth of 90.18% (CGR 3.06), indicating its increasing adoption as an alternative cereal and commercial crop. In contrast, most pulses and minor crops experienced sharp declines: millets decreased by 76.35% (CGR -5.92), pigeon pea by 73.09% (CGR -6.00), green gram by 84.98% (CGR -6.91), horse gram by 68.43% (CGR -4.27), black gram by 13.44% (CGR -0.70), groundnut by 30.43% (CGR -0.10), sesamum by 36.70% (CGR -1.77), and soybean by 89.80% (CGR -10.04). These trends indicate a progressive reduction in traditional minor crops, possibly due to low profitability, limited irrigation, and changing land-use preferences.
In the rabi season, wheat showed an exceptional increase of 2007.27% (CGR 5.92), reflecting its introduction and rapid adoption in previously non-traditional areas. Conversely, gram declined by 52.31% (CGR -2.07), green gram by 56.09% (CGR -5.50), lathyrus by 93.61% (CGR -10.23), linseed by 95.38% (CGR -15.54), and rapeseed & mustard by 94.66% (CGR -10.65), highlighting a dramatic contraction in traditional pulses and oilseeds. Some crops, such as black gram and lentil, showed minor increases of 9.90% (CGR 0.15) and 1.73% (CGR 3.07), respectively, reflecting localized adoption.
Overall, the cropping intensity in the Bastar Plateau increased from 102.43% to 110.13%, a rise of 7.51%, indicating improved land use and moderate adoption of multi-cropping systems. 
Table 3. Changes in Cropping Pattern and Cropping Intensity in the Bastar Plateau
	S. No.
	Crops
	Periods 
	% Change
	C.G.R.

	
	
	2000-01 to 2001-02
	2021-22 to 2022-23
	
	

	Kharif seasonal

	1
	Rice
	628028
(16.65)
	694558
(16.02)
	10.59
	0.42***

	2
	Maize
	24707
(26.46)
	46988
(35.00)
	90.18
	3.06***

	3
	Millets
	110305
(38.08)
	26081
(43.85)
	-76.35
	-5.92**

	4
	Pigeon pea
	2390
(4.83)
	643
(1.73)
	-73.09
	-6.00NS

	5
	Green gram
	2731
(27.76)
	410
(20.61)
	-84.98
	-6.91***

	6
	Black gram
	18670
(15.99)
	16159
(24.25)
	-13.44
	-0.70***

	7
	Horse gram
	24483
(39.74)
	7727
(44.61)
	-68.43
	-4.27***

	8
	Ground nut
	69
(0.20)
	48
(0.20)
	-30.43
	-0.10***

	9
	Sesamum
	3517
(15.03)
	2226
(15.58)
	-36.70
	-1.77**

	10
	Soybean
	157
(1.23)
	16
(0.05)
	-89.80
	-10.04***

	Rabi Seasonal

	11
	Wheat
	1690
(2.17)
	35613
(22.22)
	2007.27
	5.92**

	12
	Gram
	1277
(0.91)
	609
(8.97)
	-52.31
	-2.07***

	13
	Green gram
	1920
(27.50)
	843
(40.78)
	-56.09
	-5.50NS

	14
	Black gram
	323
	355
	9.90
	0.15***

	15
	Lathyrus
	3162
(1.25)
	202
(0.12)
	-93.61
	-10.23***

	16
	Linseed
	2232
(3.01)
	103
(1.21)
	-95.38
	-15.54***

	17
	Lentin 
	64
(0.50)
	175
(1.33)
	1.73
	3.07**

	18
	Rapeseed & mustard
	9142
(18.97)
	488
(11.44)
	-94.66
	-10.65**

	19
	Cropping intensity (%)
	102.43
	110.13
	7.51
	


Note (1) significant ***1% level, **5% Level and NS = non-significant (2) C.G.R. = Compound growth rate
4. Dynamics of Cropping Patterns and Cropping Intensity in Chhattisgarh
The table 4, reveal that the state-level cropping patterns and intensity in Chhattisgarh between 2000–01 and 2021–22 reveals significant shifts in both Kharif and Rabi crops, reflecting structural transformation in the agricultural system. During the kharif season, rice remained the dominant cereal crop, increasing by 14.99% with a compound growth rate (CGR) of 0.60, reflecting its continued central role in food security. Maize exhibited strong growth of 43.76% (CGR 1.89), while soybean recorded a remarkable rise of 120.47% (CGR 6.02), indicating increasing adoption of high-value commercial crops. In contrast, minor cereals and pulses declined sharply: millets decreased by 79.47% (CGR -7.62), green gram by 79.77% (CGR -5.03), horse gram by 71.88% (CGR -4.44), black gram by 42.91% (CGR -2.39), groundnut by 31.21% (CGR -2.00), and sesamum by 38.95% (CGR -2.46). Pigeon pea showed a modest decline of 24.83% (CGR -0.52, NS), reflecting relative stability among some pulses. These trends highlight a shift toward cereals and commercial crops at the expense of traditional minor crops, consistent with agricultural intensification and market-oriented farming.
In the rabi season, wheat and gram recorded substantial increases of 105.88% (CGR 1.77) and 137.66% (CGR 3.60), respectively, indicating intensified cultivation of high-demand cereals and pulses. Conversely, pulses and oilseeds showed marked declines: green gram decreased by 52.23% (CGR -4.19), black gram by 56.04% (CGR -5.09), lathyrus by 35.63% (CGR -4.20), linseed by 88.50% (CGR -10.40), and rapeseed & mustard by 29.27% (CGR -2.01). Lentin showed marginal growth of 3.99% (CGR -0.81).
Overall, cropping intensity increased from 113.11% to 123.16%, a rise of 8.88%, reflecting higher land use efficiency and the gradual adoption of multiple cropping systems. Theoretically, these data indicate a state-wide transition toward cereal-dominated and commercially oriented cropping systems, with reduced cultivation of minor cereals, pulses, and oilseeds. 
Table 4. Changing in cropping pattern and cropping intensity in Chhattisgarh
	S. No.
	Crops
	Periods
	% Change
	C.G.R.

	
	
	2000-01 to 2001-02
	2021-22 to 2022-23
	
	

	Kharif seasonal

	1
	Rice
	3769749
	4335202
	14.99
	0.60***

	2
	Maize
	93364
	134228
	43.76
	1.89***

	3
	Millets
	289664
	59467
	-79.47
	-7.62***

	4
	Pigeon pea
	49383
	37118
	-24.83
	-0.52NS

	5
	Green gram
	9836
	1989
	-79.77
	-5.03***

	6
	Black gram
	116722
	66632
	-42.91
	-2.39***

	7
	Horse gram
	61595
	17319
	-71.88
	-4.44***

	8
	Ground nut
	34187
	23515
	-31.21
	-2.00***

	9
	Sesamum
	23393
	14280
	-38.95
	-2.46***

	10
	Soybean
	12662
	27917
	120.47
	6.02***

	Rabi Seasonal

	11
	Wheat
	77844
	160268
	105.88
	1.77***

	12
	Gram
	140070
	332898
	137.66
	3.60***

	13
	Green gram
	4327
	2067
	-52.23
	-4.19***

	14
	Black gram
	5201
	2286
	-56.04
	-5.09***

	15
	Lathyrus
	252519
	162540
	-35.63
	-4.20***

	16
	Linseed
	74020
	8510
	-88.50
	-10.40***

	17
	Lentin 
	12614
	13118
	3.99
	-0.81**

	18
	Rapeseed & mustard
	48187
	34081
	-29.27
	-2.01***

	19
	Cropping intensity
	113.11
	123.16
	8.88
	



Note (1) significant ***1% level, **5% Level and NS = non-significant (2) C.G.R. = Compound growth rate
Conclusion 
The study reveals significant shifts in Chhattisgarh’s cropping patterns and intensity over 2000-01 to 2021-22. Rice and maize expanded in the kharif season, while traditional minor crops such as millets, green gram, horse gram, and pigeon pea declined. Soybean emerged as a high-value crop. In the rabi season, wheat and gram increased substantially, whereas linseed, lathyrus, and green gram decreased. Overall cropping intensity rose from 113.11% to 123.16%, reflecting intensified land use and a shift towards commercially viable crops. These changes indicate a transition from subsistence-oriented agriculture to market-oriented farming, highlighting the need to promote minor crops alongside high-value crops to ensure sustainable productivity and livelihood security for rural communities.
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