Dynamics of Maize Production in Madhya Pradesh, India: A Trend and Variability Analysis (2001–2021)
	

ABSTRACT
Maize (Zea mays L.) is a major cereal crop in India, playing a crucial role in food security, industrial raw material supply, and farmers livelihoods. Madhya Pradesh is one of the leading maize-producing states however, productivity levels remain relatively low and production is subject to considerable variability. The present study examines the trends, growth, and variability in area, production, and productivity of maize in Madhya Pradesh over a period of 20 years from 2001–02 to 2020–21. The study is based on time-series secondary data collected from the Directorate of Economics and Statistics, Government of India. Analytical tools such as absolute and relative change, linear trend analysis, linear growth rate, and coefficient of variation were employed. The results revealed a substantial increase in maize area, production, and productivity during the study period. Maize production recorded the highest relative growth (159.33%), followed by area (64.06%) and productivity (58.97%). Trend analysis showed positive and highly significant growth rates for area (3.26%), production (8.31%), and productivity (2.87%), indicating consistent expansion of maize cultivation in the state. However, higher variability was observed in production and productivity, reflecting the influence of climatic fluctuations and dependence on rainfed agriculture. The study concludes that while expansion in cultivated area has been the major driver of maize production growth in Madhya Pradesh, future gains must increasingly rely on productivity enhancement through technological interventions, climate-resilient varieties, improved irrigation, and effective policy support to ensure sustainable growth and income stability for maize farmers.

Keywords: Maize, Variability, LGR (Linear Growth Rate), Growth, Trend, Relative Change.

1. INTRODUCTION
Maize (Zea mays L.) is one of the most versatile cereal crops, exhibiting wide adaptability across diverse agro-climatic conditions. Globally, it ranks as the third most important cereal crop after rice and wheat. Due to its high productivity potential compared to other members of the Gramineae family, maize is often referred to as the “miracle crop” and the “Queen of Cereals” (Dwivedi et al., 2020). The crop is cultivated for multiple purposes, including grain, fodder, green cobs, sweet corn, baby corn, and popcorn, thereby supporting the livelihoods of millions of people worldwide. Due to its diverse end uses, maize is widely recognised as a 4F crop: Food, Feed, Fuel, and Fodder, which consequently plays a vital role in the global economy (Vijay et al., 2023). In India, maize is an important component of the agricultural system, engaging nearly 16 million farmers. Major maize-producing states, including Karnataka, Rajasthan, Madhya Pradesh, and Telangana, contribute substantially to the country’s total maize output (Maheshnath et al., 2024). Maize cultivation in India is largely influenced by agro-climatic conditions, input availability, and market dynamics, making it a critical crop for both food security and rural livelihoods.
“Madhya Pradesh is one of the major maize-growing states in the country. During 2022–23, the state accounted for 17.99 per cent of the total maize area and contributed 20.31 per cent to national maize production” (DES, 2023). Despite this significant contribution, the productivity of maize in Madhya Pradesh remains comparatively lower than that of other major maize-growing states. This gap in productivity underscores the importance of identifying key factors influencing maize yield and developing strategies to enhance production efficiency. Within the state, districts such as Chhindwara, Dhar, Ratlam, and Ujjain are the major maize-producing regions. Among these, Chhindwara district occupies a leading position, contributing 26.07 per cent of the total maize area and 28.48 per cent of maize production in the state (DES, 2023). Maize in Madhya Pradesh is predominantly cultivated during the kharif season under rainfed conditions, making production highly sensitive to rainfall variability and other climatic factors. Fluctuations in maize production are influenced by several factors, including area under cultivation, yield levels, climatic conditions, market prices, and the use of modern inputs such as quality seeds and fertilizers. Among these, area, yield, and price are considered the most critical determinants, as they directly affect production levels as well as farmers’ cropping decisions. Since expansion of cultivated area and improvement in yield remain the primary avenues for increasing maize production, Thus, a systematic assessment of trends and growth in area, production, and productivity of maize is essential. 

[bookmark: _GoBack]2. Methodology
2.1 Study Period
The study had been conducted for a period of 20 years, from 2001 to 2021.
2.2 Selection of Study Area
The study is conducted in the Madhya Pradesh states of India, as it is one of the traditional and potential maize growing state of India. 
2.3 Selection of Data
The time series secondary data on area, production and productivity for the year 2001-02 to 2020-21 (20 years) was collected from the Directorate of Economics and Statistics, Department of Agriculture, Cooperation and Farmers welfare, Ministry of Agriculture and Farmers Welfare Govt. of India and other published sources. 
2.4 Selection of Crop
The maize crop has been selected for the purpose of the research problem as it is third most important cereal crop after wheat and rice, and is used as both a cereal and feed crops for the animals.
2.5 Analytical Tools and Methods:
2.5.1 Absolute Change (AC)
It is defined as the difference between the initial area, production and productivity of the maize in the Madhya Pradesh state and the final initial area, production and productivity of the maize in the Madhya Pradesh state. The absolute change has been worked out to find the difference in the area, production and productivity from the initial base year period (Triennium Ending (TE) 2001) to the final current year period (TE, 2021).
Absolute change = C-B
Where,
C = Triennium average from 2018-19 to 2020-21 (Current year), for the Area, Production and Productivity
B  =   Triennium average from 2001-02 to 2003-04 (Base year), for the Area, Production and Productivity

2.5.2 Relative Change (RC)
Relative change explains comparative change amongst the components of maize production while, absolute change do not explain this change. Hence the relative change in the area, production and productivity of maize of different district of Madhya Pradesh were analysed using following formula
Relative change (%) =(C-B) /(B) x100
Where,
C = Triennium average from 2018-19 to 2020-21 (Current year), for the Area, Production and Productivity
B  =   Triennium average from 2001-02 to 2003-04 (Base year), for the Area, Production and Productivity
2.5.3 Trend Analysis
A trend line is a graphical illustration that shows the direction of change in a series of data over time. Typically, a trend line is represented by a linear equation known as the "trend equation," which demonstrates the relationship between two variables within a dataset. Usually, it includes a slope and an independent variable. 
a)  Trend
Linear equation, Y= a + bx
a = Y ̅-bX ̅                                          
b = ∑XY-(∑X)(∑Y)/n)/(∑X^2-(∑X)^2/n)
Where,
Y = Dependent variable
a = constant
b = Regression coefficient 
X = Independent variable 
Y ̅ = Mean of Y
X ̅ = Mean of X
2.5.4 Simple Growth Rate (SGR)
The formula represents the growth rate from the linear trend curves. For area under crops, these are normally found appropriate (Sahu et al., 2025).
SGR =  b/Y ̅  X 100
2.5.5 Coefficient of Variation (CV)
The coefficient of variation was computed to find out the extent of variability in area, production and productivity during the study period.
CV % = Standard deviation ( σ)/ Mean (X) X 100

3. RESULTS AND DISCUSSION

3. 1 Trends, and Growth, in Area, Production and Productivity of Maize in Madhya Pradesh
Maize production in India is predominantly concentrated in the central, southern, and northern regions of the country. Major maize-growing states include Karnataka, Madhya Pradesh, Bihar, Uttar Pradesh, and Rajasthan. Among these, Madhya Pradesh occupies the largest area under maize cultivation and contributes nearly 15–20 per cent of the total maize production in India, highlighting its strategic importance in national maize production. The data presented in Table 1 reveal a substantial increase in the area, production, and productivity of maize in Madhya Pradesh during the study period. Between the base period (T1: triennium average of 2001-02 to 2003-04) and the current period (T2: triennium average of 2018-19 to 2020-21), the area under maize increased by 553 thousand hectares, while production rose sharply by 2,665 thousand tonnes. Productivity also showed a notable improvement, increasing by 1,140 kg ha⁻¹ over the same period. In relative terms, the highest growth was observed in maize production, registering an increase of 159.33 per cent, followed by area expansion (64.06 per cent) and productivity enhancement (58.97 per cent). This indicates that production growth was driven not only by area expansion but also by significant gains in yield. Variability analysis further shows that maize production exhibited the highest coefficient of variation (60.20 per cent), reflecting considerable year-to-year fluctuations, followed by productivity (38.40 per cent) and area (23.60 per cent). The higher variability in production can be attributed to fluctuations in weather conditions, market prices, and differential adoption of improved hybrids and production technologies. The observed expansion in maize area, production, and productivity in Madhya Pradesh can largely be attributed to the steadily increasing national demand for maize, particularly from the industrial and feed sectors. Maize is extensively used in the manufacture of starch, ethanol, alcoholic beverages, cosmetics, gums, textiles, food sweeteners, and poultry feed, which has incentivized farmers to shift towards maize cultivation. Similar trends were reported by Kumar and Singh (2017) in Bihar, who observed that rising industrial and feed demand necessitated sustained growth in maize production.
Table 1. Temporal Changes and Variability in Maize Cultivation Indicators in Madhya Pradesh
	Particulars
	Area (000 ha.)
	Production 
(000 tonnes)
	Productivity (kg/ha.)

	Base year(T1)
	863.55
	1672.51
	1933.33

	Current year(T2)
	1416.74
	4337.38
	3073.33

	Absolute change
	553
	2665
	1140

	Relative change (%)
	64.06
	159.33
	58.97

	CV (%)
	23.60%
	60.20%
	38.40%


Base year (T1)   = Triennium average for 2001-02 to 2003-04
Current year (T2) = Triennium average for 2018-19 to 2020-21
Trend and Linear Growth Rate (LGR) of Maize in Madhya Pradesh
The trends and linear growth rates of maize area, production, and productivity in Madhya Pradesh over the period 2001–02 to 2020–21 are presented in Table 2. The results reveal a positive and statistically highly significant growth trend in all three components of maize production, indicating sustained expansion and intensification of maize cultivation in the state during the last two decades. The area under maize cultivation registered a significant positive linear growth rate of 3.26 per cent per annum, with a regression coefficient (b value) of 32.88, significant at the 1 per cent level. This steady expansion in maize area suggests a gradual shift of farmers towards maize cultivation owing to its comparative profitability, adaptability to diverse agro-climatic conditions, and lower water requirement compared to traditional cereals such as rice and wheat. Maize production exhibited the highest growth rate, recording a highly significant linear growth rate of 8.31 per cent per annum, with  b value of 191, significant at the 1 per cent level. This finding is consistent with Chand and Raju (2009), who showed that agricultural output growth in India has been driven by a combination of area expansion and yield improvement, with variations across crops and time periods.The productivity of maize also showed a positive and highly significant growth rate of 2.87 per cent per annum, supported by  b value of 69.70. The improvement in maize yield can be attributed to the increased adoption of high-yielding hybrid varieties, better agronomic practices, timely availability of quality inputs, and expansion of irrigation facilities. Study by Shiferaw et al. (2011) highlighted that the diffusion of hybrid maize technology and improved crop management practices has significantly enhanced maize productivity across major maize-growing regions. The results clearly indicate that the growth in maize production was primarily area-led, followed by productivity-led growth. While area expansion has played a dominant role, the positive and significant growth in productivity reflects the impact of technological advancements, including improved seed technology, mechanization, balanced fertilizer use, and pest and disease management. Similar findings were reported by Pingali (2012), who noted that yield growth in coarse cereals has increasingly depended on technology-driven intensification. The sustained growth of maize in Madhya Pradesh can further be linked to supportive government policies and infrastructural development, such as improved rural electrification, expansion of irrigation networks, better road connectivity, and institutional support for hybrid seed distribution. The promotion of maize as an industrial crop for starch, ethanol, poultry feed, and food processing industries has also strengthened market demand, encouraging farmers to expand maize cultivation. These observations align with the findings of Birthal and Pandey (2020)  which emphasized the growing role of maize in agri-industrial value chains.
Additionally, the favorable agro-climatic conditions of Madhya Pradesh characterized by suitable temperature regimes and rainfall patterns have contributed to stable maize production over time. Similar results were reported by Unjia et al. (2021), who observed that climatic suitability combined with technological support played a crucial role in enhancing maize performance in the state.
Overall, the positive and significant trends in maize area, production, and productivity underscore the increasing importance of maize in the agricultural economy of Madhya Pradesh. However, to sustain long-term growth, greater emphasis should be placed on productivity-led growth through climate-resilient hybrids, efficient input use, precision agriculture, and strengthened extension services as suggested by Ouyang F. et al. (2025).










Table 2. Trend and Linear Growth Rate (LGR) of Maize in Madhya Pradesh

	Particulars
	Area
	Production
	Productivity

	Standard error
	5.44
	31.73
	5.91

	b value
	32.88**
	191**
	69.70**

	LGR (%)
	3.26%
	8.31%
	2.87%


**Significant at 1% level of probability
*Significant at 5% level of probability
b value: Coefficient of regression 
LGR: Linear growth rate

4. CONCLUSIONS
The present study analysed the trends, growth, and variability in the area, production, and productivity of maize in Madhya Pradesh over a period of two decades (2001–02 to 2020–21). The results clearly indicate a significant and consistent improvement in maize cultivation in the state, reflected by substantial increases in area, production, and yield during the study period. The triennium comparison revealed that maize area expanded considerably, leading to a pronounced rise in production, while productivity also showed notable improvement. Among the three components, production recorded the highest relative growth 159.33 percent, followed by area 64.06 percent  and productivity 58.97 percent, suggesting that expansion of cultivated area remained the primary driver of maize output growth in the state. However, the observed increase in yield highlights the positive impact of technological interventions, such as the adoption of high-yielding and hybrid varieties, improved agronomic practices, and better access to inputs. Trend and growth analysis further confirmed positive and highly significant growth rates for area 3.26 percent, production 8.31 percent, and productivity 2.87 percent, with production exhibiting the highest growth rate. This growth can be attributed to favourable agro-climatic conditions, rising industrial and feed demand, and supportive state policies, including improved irrigation facilities, rural infrastructure development, and promotion of quality seed distribution. The relatively high coefficient of variation, particularly in production 60.2 percent and productivity 38.4 percent, indicates the presence of instability, largely influenced by climatic variability and dependence on rainfed agriculture. Overall, the findings suggest that while Madhya Pradesh has achieved remarkable growth in maize production, future gains must increasingly come from productivity enhancement rather than area expansion. Strengthening research and extension services, promoting climate-resilient hybrids, improving irrigation coverage, and ensuring timely availability of inputs can help stabilise yields and sustain growth. Focused policy interventions aimed at reducing production variability and enhancing resource-use efficiency will be crucial for maintaining Madhya Pradesh’s leading role in maize production and for improving farmers income and livelihood security in the state.
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