


Growth Trends in Area, Production and Productivity of Major Cereal crops in Karnataka: A Compound Growth Rate Analysis


ABSTRACT
The present study analyses the growth performance of four major cereal crops, namely rice, maize, jowar, and bajra in Karnataka over a period of 30 years. Secondary data on area, production, and productivity were collected from official sources and the study period was divided into three equal sub-periods. Compound Growth Rates (CGR) were estimated using an exponential growth model and their significance was tested using Student’s t-test. The results revealed divergent growth patterns both spatially and temporally. Rice exhibited a positive growth in production and productivity despite a decline in cultivated area during the overall study period. Maize showed a significant increase in area and production, while productivity declined marginally. Jowar experienced a substantial reduction in area and production, with productivity showing a modest positive growth. Bajra recorded positive growth in production and productivity, although the cultivated area declined. These findings highlight structural shifts in cropping patterns and underline the need for region-specific strategies to enhance productivity and sustain cereal production in Karnataka.
Keywords: Compound Growth Rate, Productivity, Exponential growth model INTRODUCTION
Agriculture continues to be the foundation of the Indian economy, contributing nearly 18 per cent to the national income and providing livelihood support to more than 70 per cent of the population (Anon., 2021). The country cultivates a wide range of food and field crops across diverse agro-climatic regions, depending on soil type, climate, and farming practices. Cereal crops form the cornerstone of human nutrition and have played a crucial role in the evolution of human civilization. Karnataka represents a typical agricultural state characterized by diverse cropping patterns and challenging climatic conditions. About 37 per cent of its cultivated area is devoted to cereals, followed by pulses (25%), oilseeds (19%), and commercial crops (6%). Cereals dominate both domestic and international trade among food grains (Anon., 2021). In Karnataka, rice occupies a major portion of cultivated land accounting for nearly 50 per cent of the state’s rice area (Anon., 2021). Followed by Maize (Zea mays) which is extensively cultivated in Davangere, Haveri, Belagavi, and Chitradurg regions. 	Comment by Rakesh Kumar: Not found in references section	Comment by Rakesh Kumar: Not found in references section	Comment by Rakesh Kumar: Not found in references section
[bookmark: _GoBack]The main aim of the study is to identify structural changes in cereal cultivation across the state. Based on the growth trend of the crops, it is possible to understand the impact of shift from area expansion to productivity-driven growth which is influenced by climatic variability, rising input costs, and changing farmer preferences, and thus suggest the need for crop-specific and region-focused policy interventions. 

MATERIALS AND METHODS
Description of the Study Area
Crop cultivation is carried out during three major agricultural seasons: kharif (May–September), rabi (October–December), and summer (January–March). The state’s diverse climate and soil types create favourable conditions for cereal cultivation throughout the year. Karnataka is administratively divided into 31 districts, from which major cereal-growing districts were selected based on the extent of area under each crop.
Chart 1: 
	Crops
	Districts

	Rice
	Raichur, Bellary, Mandya and Koppal.

	Maize
	Davanagere, Haveri, Bellary and Chitradurga

	Jowar
	Kalaburagi, Vijayapura, Dharwad and Raichur

	Bajra
	Bellary, Koppal, Chitradurga and Kalaburagi


Database and Data Collection
The study is based on secondary data collected to address the specific objectives. Data on area, production, and productivity of major cereals in Karnataka were obtained from the Directorate of Economics and Statistics, Department of Agriculture, Government of Karnataka. District-wise data were sourced from publications of the Department of Agriculture, Cooperation and Farmers Welfare. 
Statistical Tools and Techniques
To estimate growth trends in area, production, and productivity, the compound growth rate (CGR) was computed using an exponential growth model for each crop across the three sub-periods and the overall period.
The exponential model used is:

Taking logarithms:

where denotes area, production, or productivity at time ; is the intercept; represents the growth coefficient; and is the error term.
The CGR (percentage) was calculated as:

The statistical significance of CGR values was tested using Student’s t-test.
RESULT AND DISCUSSION
Growth Trends of Major Cereal Crops in Karnataka
The analysis of long-term growth patterns in area, production, and productivity of major cereal crops provides crucial insights into structural transformations occurring in Karnataka’s agricultural sector. Over the past three decades, agriculture in the state has undergone significant changes driven by technological advancements, climatic variability, market forces, and policy interventions. The application of Compound Growth Rate (CGR) analysis using an exponential growth model enables a systematic understanding of these changes across different time periods.
The division of the study period into three sub-periods (Period-I: 1991–2000, Period-II: 2001–2010, and Period-III: 2011–2020) helps in capturing temporal variations and identifying shifts in cropping patterns. The results reveal that cereal crops in Karnataka do not follow a uniform growth trajectory; instead, they exhibit crop-specific trends influenced by both agro-economic and environmental factors.
Overall, the findings indicate a gradual transition from area-driven growth to productivity-led growth in some crops, while others continue to experience stagnation or decline. These contrasting trends reflect the dynamic nature of agricultural decision-making among farmers in response to changing profitability, input costs, and climatic risks.
Compound Growth Rate of Rice
To understand the nature and behaviour of rice cultivation in Karnataka, descriptive statistics such as mean, standard deviation, skewness, kurtosis, maximum, and minimum values were computed for area, production, and productivity (Table 1).
Table 1. Descriptive statistics of area, production and productivity of rice in Karnataka
	Measure
	Area (Ha)
	Production (Tonnes)
	Productivity (Tonnes/Ha)

	Mean
	1312.24
	3360.77
	2.56

	Standard Deviation
	149.51
	469.17
	0.27

	Skewness
	-0.53
	-0.35
	0.37

	Kurtosis
	-0.61
	-0.58
	0.73

	Minimum
	998.64
	2390.38
	2.05

	Maximum
	1540.32
	4188.76
	3.30


The CGR estimates for rice are presented in Table 2. Over the entire study period, rice area exhibited a marginal negative growth rate (-0.42%), whereas production and productivity recorded positive growth rates of 0.55% and 0.97%, respectively.
Table 2. Compound Growth Rate (CGR %) of rice in Karnataka (1990–91 to 2019–20)
	Period
	Area (%)
	Production (%)
	Productivity (%)

	Period-I (1991–2000)
	1.67**
	3.60**
	1.90**

	Period-II (2001–2010)
	1.52NS
	2.87NS
	1.33NS

	Period-III (2011–2020)
	-3.95**
	-2.25NS
	1.77**

	Overall (1991–2020)
	-0.42NS
	0.55NS
	0.97**


Note: Significant at 1% level, NS – Non-significant
Rice continues to be one of the most important staple crops in Karnataka, particularly in irrigated regions such as Mandya, Raichur, and Koppal. The descriptive statistics indicate moderate variability in area and production, while productivity shows relatively stable improvement over time.
During Period-I, rice recorded significant positive growth in area (1.67%), production (3.60%), and productivity (1.90%). This period coincides with increased public investment in irrigation infrastructure, expansion of canal systems, and the adoption of high-yielding varieties. The positive growth in productivity suggests improved agronomic practices and better input use efficiency.
In Period-II, although the growth rates remained positive, they were statistically non-significant. This indicates a phase of stabilization, where expansion in rice cultivation slowed down. Factors such as water constraints, rising labour costs, and competition from other crops likely contributed to this trend.
A notable shift is observed in Period-III, where rice area declined sharply (-3.95%), and production also showed a negative trend (-2.25%), though non-significant. This decline reflects increasing pressure on water resources, erratic monsoon patterns, and a shift of farmers towards less water-intensive or more remunerative crops such as maize and horticultural crops. However, productivity continued to grow significantly (1.77%), highlighting the role of technological improvements such as hybrid varieties, mechanization, and better nutrient management.
Over the overall period, rice area exhibited a marginal decline (-0.42%), while production (0.55%) and productivity (0.97%) showed positive growth. This clearly indicates that rice production in Karnataka is increasingly becoming productivity-driven rather than area-driven.
The decoupling of production from area suggests that technological advancements have partially offset the negative effects of declining acreage. However, the sustainability of rice cultivation remains a concern due to its high water requirement and vulnerability to climate variability.
Compound Growth Rate of Maize
The descriptive statistics for maize (Table 3) indicate substantial variability in area and production over the study period, reflecting rapid expansion and fluctuations in cultivation.
Table 3. Descriptive statistics of area, production and productivity of maize
	Measure
	Area (Ha)
	Production (Tonnes)
	Productivity (Tonnes/Ha)

	Mean
	867.26
	2460.60
	2.83

	Standard Deviation
	408.57
	1215.72
	0.32

	Skewness
	-0.06
	0.08
	-0.81

	Kurtosis
	-1.64
	-1.50
	1.01

	Minimum
	250
	630
	1.95

	Maximum
	1424
	4444
	3.45


CGR estimates for maize (Table 4) reveal a strong and statistically significant positive growth in area and production over the overall period, while productivity recorded a marginal negative growth (-0.14%).
Table 4. Compound Growth Rate (CGR %) of maize in Karnataka (1990–91 to 2019–20)
	Period
	Area (%)
	Production (%)
	Productivity (%)

	Period-I (1991–2000)
	10.23**
	10.56**
	0.79NS

	Period-II (2001–2010)
	8.82**
	9.58*
	-0.11NS

	Period-III (2011–2020)
	0.42NS
	-0.75NS
	-1.17NS

	Overall (1991–2020)
	6.42**
	6.36**
	-0.14NS


Note: Significant at 1% level, * Significant at 5% level, NS – Non-significant
Maize has emerged as one of the fastest-growing cereal crops in Karnataka, driven primarily by its increasing demand in poultry feed, livestock industries, and industrial uses such as starch and ethanol production.
The descriptive statistics reveal high variability in area and production, reflecting rapid expansion and dynamic changes in cultivation patterns.
During Period-I, maize recorded exceptionally high growth rates in area (10.23%) and production (10.56%), both statistically significant. This rapid expansion can be attributed to the introduction of hybrid maize varieties, better market linkages, and rising demand from the poultry sector. Productivity also increased slightly (0.79%), although not significantly.
In Period-II, maize continued to exhibit strong growth in area (8.82%) and production (9.58%), though the growth rate slowed slightly compared to the previous period. Productivity growth turned marginally negative (-0.11%), indicating that the increase in production was largely driven by area expansion rather than yield improvement.
In Period-III, a clear slowdown is observed. Area growth became almost stagnant (0.42%), while production (-0.75%) and productivity (-1.17%) showed declining trends. This suggests that maize cultivation may have reached a saturation point in certain regions. Yield stagnation could be due to factors such as soil degradation, pest infestations, inadequate nutrient management, and climate stress.
Over the overall period, maize recorded strong and significant growth in both area (6.42%) and production (6.36%), while productivity showed a marginal decline (-0.14%). This indicates that maize growth in Karnataka has been predominantly area-led rather than productivity-led.
The expansion of maize at the cost of other crops reflects its higher profitability and market demand. However, the declining trend in productivity raises concerns about long-term sustainability and highlights the need for improved crop management practices, research on stress-tolerant varieties, and balanced fertilization.
Compound Growth Rate of Jowar
Descriptive statistics for jowar are presented in Table 5, showing high variability in area and production, with relatively low productivity levels.
Table 5. Descriptive statistics of area, production and productivity of jowar
	Measure
	Area (Ha)
	Production (Tonnes)
	Productivity (Tonnes/Ha)

	Mean
	1569.85
	1401.21
	0.92

	Standard Deviation
	426.48
	330.77
	0.18

	Skewness
	-0.03
	-0.24
	-0.23

	Kurtosis
	-1.30
	-0.81
	0.43

	Minimum
	826.60
	782
	0.46

	Maximum
	2306
	1926
	1.31


The CGR estimates (Table 6) indicate a consistent and statistically significant decline in jowar area and production over the overall period.
Table 6. Compound Growth Rate (CGR %) of jowar in Karnataka (1990–91 to 2019–20)
	Period
	Area (%)
	Production (%)
	Productivity (%)

	Period-I (1991–2000)
	-1.60*
	0.54NS
	2.18NS

	Period-II (2001–2010)
	-3.63**
	2.26NS
	5.41NS

	Period-III (2011–2020)
	-3.72**
	-5.58**
	-0.87NS

	Overall (1991–2020)
	-3.20**
	-1.95**
	1.16**


Jowar (sorghum), traditionally a major staple in dryland regions of Karnataka, has experienced a consistent decline over the study period. The descriptive statistics indicate high variability in area and relatively low productivity levels.
During Period-I, jowar area declined significantly (-1.60%), while production showed a slight positive but non-significant growth (0.54%). Productivity increased moderately (2.18%), indicating some improvement in yield despite declining area.
In Period-II, the decline in area became more pronounced (-3.63%), while production showed a positive but non-significant growth (2.26%). Productivity growth improved further (5.41%), suggesting better adoption of improved varieties and agronomic practices.
However, in Period-III, the situation worsened significantly. Area (-3.72%) and production (-5.58%) both declined sharply, with production decline being statistically significant. Productivity also turned negative (-0.87%), indicating yield stagnation or decline.
Over the overall period, jowar recorded a significant decline in area (-3.20%) and production (-1.95%), while productivity showed a modest positive growth (1.16%).
The persistent decline in jowar cultivation can be attributed to several factors:
· Lower profitability compared to crops like maize and cotton 
· Changing dietary preferences away from coarse cereals 
· Limited market support and price incentives 
· Increased vulnerability to drought and climate variability 
Despite its nutritional value and resilience to dry conditions, jowar has been gradually replaced by more commercially viable crops. This trend raises concerns about nutritional security and highlights the need to promote millets through policy support, value addition, and awareness campaigns.
Compound Growth Rate of Bajra
The descriptive statistics for bajra are presented in Table 7.
Table 7. Descriptive statistics of area, production and productivity of bajra
	Measure
	Area (Ha)
	Production (Tonnes)
	Productivity (Tonnes/Ha)

	Mean
	317.06
	233.70
	0.76

	Standard Deviation
	78.40
	77.53
	0.25

	Skewness
	0.08
	0.39
	0.24

	Kurtosis
	-0.97
	-0.27
	-1.32

	Minimum
	166
	111
	0.39

	Maximum
	444
	421
	1.24


CGR estimates for bajra (Table 8) indicate a decline in cultivated area over the overall period, while production and productivity showed positive growth.
Table 8. Compound Growth Rate (CGR %) of bajra in Karnataka (1990–91 to 2019–20)
	Period
	Area (%)
	Production (%)
	Productivity (%)

	Period-I (1991–2000)
	-1.72*
	1.39NS
	3.15NS

	Period-II (2001–2010)
	3.21**
	3.11NS
	-0.73*

	Period-III (2011–2020)
	-2.59NS
	-2.17NS
	0.45NS

	Overall (1991–2020)
	-1.65**
	1.30NS
	2.73**


Bajra (pearl millet), another important dryland crop, shows a pattern similar to jowar but with some positive signs in productivity growth.
The descriptive statistics indicate relatively lower variability compared to other cereals, reflecting its limited cultivation area.
During Period-I, bajra area declined (-1.72%), while production (1.39%) and productivity (3.15%) showed positive growth, though non-significant. This suggests that yield improvements compensated for the reduction in area.
In Period-II, bajra area increased significantly (3.21%), indicating a temporary revival in cultivation. However, productivity declined (-0.73%), which may have offset gains in production.
In Period-III, both area (-2.59%) and production (-2.17%) declined, while productivity showed a marginal positive growth (0.45%).
Over the overall period, bajra area declined significantly (-1.65%), while production (1.30%) and productivity (2.73%) recorded positive growth.
The increase in productivity indicates technological progress, including improved seed varieties and better management practices. However, the decline in area reflects reduced farmer preference, possibly due to:
· Lower market demand compared to rice and maize 
· Lack of assured procurement and price support 
· Competition from other crops 
Despite this, bajra remains an important crop for marginal and rainfed areas due to its drought tolerance and low input requirements.
Comparative Analysis Across Crops
A comparative assessment of all four cereals reveals distinct patterns:
1. Rice: Transitioning towards productivity-led growth with declining area 
2. Maize: Rapid expansion driven by market demand, but facing yield stagnation 
3. Jowar: Continuous decline in area and production despite slight productivity gains 
4. Bajra: Declining area but improving productivity 
These trends indicate a structural shift in Karnataka agriculture, characterized by:
· Movement from traditional coarse cereals to commercial crops 
· Increasing importance of market demand in cropping decisions 
· Growing reliance on productivity improvements rather than land expansion 
Implications for Agricultural Policy
The observed trends have important policy implications:
· Need for Productivity Enhancement: Crops like maize require yield improvement strategies to sustain growth 
· Revival of Millets: Jowar and bajra need targeted interventions such as MSP support, processing facilities, and promotion under nutrition programs 
· Water Management: Declining rice area highlights the need for efficient irrigation and water-saving technologies 
· Climate Resilience: Development of drought-tolerant and climate-resilient varieties is essential

CONCLUSION
This study examined long-term changes in the area, production, and productivity of major cereal crops in Karnataka using compound growth rate analysis over a thirty-year period. The results demonstrate that the state’s cereal economy has not followed a uniform growth path; instead, each crop has responded differently to evolving technological, economic, and environmental conditions.
A key observation is the gradual shift from land expansion to efficiency-driven growth, particularly in the case of rice. Although the total area under rice cultivation has slightly declined over time, improvements in yield have contributed to a steady increase in production. This suggests that technological interventions—such as improved seed varieties, better irrigation management, and enhanced input use—have played a significant role in sustaining rice output despite shrinking acreage. However, the continued reduction in area signals emerging constraints, including water scarcity and rising cultivation costs, which may limit future expansion.
Maize has shown a contrasting pattern, with substantial increases in both area and production, especially during the earlier phases of the study period. The rapid expansion of maize cultivation reflects its growing commercial importance, driven by demand from feed and processing industries. Nevertheless, the absence of strong productivity growth indicates that this expansion has relied more on increasing cultivated area than on yield improvements. The recent slowdown in growth further suggests that the crop may be approaching a plateau, emphasizing the need for renewed focus on productivity enhancement.
In contrast, traditional cereals such as jowar and bajra have experienced a continuous decline in cultivated area. While there have been modest gains in productivity, these have not been sufficient to offset the reduction in acreage, leading to an overall decline or stagnation in production. The decreasing importance of these crops can be linked to lower profitability, limited market incentives, and changing consumption patterns. Despite these trends, their resilience under rainfed conditions and their nutritional advantages highlight their continued relevance, particularly in the context of climate variability and food security.
Taken together, the findings indicate a restructuring of the cereal cropping system in Karnataka, where farmer preferences are increasingly influenced by market opportunities and risk considerations. Crops that offer higher economic returns and better market access are gaining prominence, while those with lower profitability are being gradually replaced. This transition, while economically rational at the farm level, may have broader implications for sustainability and dietary diversity.
The study underscores the importance of policy interventions that address both productivity and sustainability concerns. Enhancing yield levels through research and extension, promoting efficient resource use, and supporting climate-resilient farming practices should be prioritized. At the same time, there is a need to encourage the cultivation of underutilized cereals like jowar and bajra through improved market support, value addition, and awareness of their nutritional benefits.
In summary, the future of cereal production in Karnataka will depend not only on increasing output but also on ensuring that growth is balanced, resilient, and inclusive. A strategic approach that integrates technological advancement with supportive policies and sustainable practices will be essential for maintaining food security and strengthening the agricultural economy of the state.
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