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Long Term Trends and Current Status of Major Food Grains in Andhra Pradesh


Abstract 
Cereals like rice and wheat have always shown stable trends to a certain extent because of the guaranteed procurement, widespread use of improved varieties, and permanent investments in irrigation and input delivery systems. As opposed to this, coarse cereals and minor millets are less stable and have more interannual variability because they are primarily grown in rainfed areas that are prone to risks. The present study was conducted to fill this gap by presenting a combined view of trends and variability of the ten major crops. Data for the study were obtained via the Indiastat portal from the year 1975 to the year 2023. The research applies both descriptive and statistical procedures and time series analytical approaches. In order to evaluate the instability in crop results, the coefficient of variation was used alongside the Cuddy-Della Valle Instability Index (CDVI), a variant of the CV that rectifies the trend in the time-series data. Rice continues to be the leading crop of the state, and in 2023-24, it was grown in 19.7 lakh hectares, which was the largest and that accounted for 34.45 percent of the total cropped area in Andhra Pradesh. Among the ANGRAU-developed rice varieties BPT5204 and MTU7029 alone account for 2.66 million and 1.91 million hectares of land in India, respectively, giving rise to a significant economic return. Among all the crops, oilseeds are the most important in Andhra Pradesh's agriculture. In the case of pulses, Bengal gram comes out on the top as the crop with the highest average production of approximately 6,444 tons and positive skewness, which indicates the existence of some high-yield areas or periods. The highest CAGR is observed in wheat among cereals (3.252%, p < 0.001), and it is followed by bajra (2.640%, p < 0.001) and rice (2.601%, p < 0.001). The analysis of stability through using CV, R², and CDVI reveals that staple cereals are of very high stability, while pulses are somewhat unstable, and oilseeds, especially castor, are of very high variability. These results stress the importance of the need for precise measures to be taken in order to improve the stability and productivity of pulses and oilseeds through better agronomic practices, irrigation, risk management, and varietal adoption.
Keywords: agriculture, cereals, trends, variability, Andhra Pradesh	Comment by الكاتب: Please arrange the keywords alphabetically.
1. Introduction
In India, the agricultural production is characterized by pronounced spatial and temporal variations, which are the result of varying agro-ecological conditions, limited irrigation facilities in certain areas, differences in technology, and industry-related price changes. It is crucial to grasp the past, present, and future scenarios in terms of area, production and stability for the major cereals, pulses and oilseeds to make suitable policy interventions that would lead to the overall uplifting of food security as well as to the building of climate resilience. Research has pointed out that the ups and downs of the major crops in India, both in terms of stability and growth, are caused by the interaction of biophysical constraints and policy issues (Birthal et al., 2014; Chand, 2017). Cereals like rice and wheat have always shown stable trends to a certain extent, because of the guaranteed procurement, wide spreading use of improved varieties, and permanent investments in irrigation and input delivery systems (Evenson & Gollin, 2003; Chand et al., 2015). As opposed to this, coarse cereals and minor millets are less stable and have more interannual variability because they are primarily grown in rainfed areas that are prone to risks (Reddy & Bantilan, 2012; Pingali et al., 2019). 	Comment by الكاتب: In India, agricultural production	Comment by الكاتب: procurement, widespread use
Pulses, which are a major source of protein for India's population, are very susceptible to changing climate conditions, and are very often grown in areas with very little irrigation and thus, are subjected to low input application. The instability in pulse production has been much higher as compared to cereals which is being attributed to their sensitivity to monsoon fluctuations and market incentives (Ali & Gupta, 2012; Bohra & Singh, 2019). The government has recently taken some measures such as raising the minimum support prices (MSP) and launching directed missions that have led to an expansion in pulse area and production; still, variability over the long term is one of the main difficulties that have not yet been solved (Joshi & Saxena, 2020).	Comment by الكاتب: cereals, which is attributed
 In India, the development of oilseed crops can be described by a very diverse pattern. Among the major oilseeds, groundnut and rapeseed–mustard are showing only slight technological advances over the years, while the area and production of minor oilseeds, such as castor and niger, are fluctuating quite drastically. The researchers identify climatic sensitivity as one of the causes of this instability, along with the volatility of global prices and the fact that most of the production is located in semi-arid areas (Singh et al., 2014; Hegde, 2012). The market-orientated cultivation of castor has, therefore, been considered and analyzed with respect to getter- and stronger- price migrations (Kumar et al., 2018). 	Comment by الكاتب: rapeseed–mustard show only	Comment by الكاتب: Please rephrase and clarify the sentence: "The market-oriented cultivation of castor has, therefore, been considered and analyzed with respect to getter- and stronger- price migrations."	Comment by الكاتب: greater and stronger price movements ?
In this situation, long-term assessments using the statistical indicators of the coefficient of variation (CV), coefficient of determination (R²), Cuddy Della Valle Index (CDVI), and compound annual growth rate (CAGR) offer a deep understanding of the behavior and stability of major crops over time. National-level studies have applied these measures for analyzing the variability of Indian agriculture (Chand & Raju, 2009; Birthal et al., 2014) but still, comprehensive comparative assessments across the three categories of grains, pulses, and oilseeds at national and subnational levels, especially in states like Andhra Pradesh, are scarce. 
In the present study, we made an attempt to fill this gap by presenting a combined view of trends and variability of the ten major crops. Thus, the information provided plays a vital role in planning the right interventions to increase resilience, enhance productivity, and secure sustainability in India's agriculture sector.

2. Methodology
[bookmark: _GoBack]The entire process of this study was done on India, but it mainly concentrated on the foremost plants found in Andhra Pradesh. Data for the study was obtained via the Indiastat portal from the year 1975 to the year 2023. The research applies both descriptive and statistical procedures and time series analytical approaches to identify the trends, fluctuations, and performance in growth of the crucial crops. Measures of central tendency like mean, median, mode, range, standard deviation, standard error, and distributional shape (skewness and kurtosis) were all classified together and used to summarize and describe the data's features.	Comment by الكاتب: was conducted in India	Comment by الكاتب: were	Comment by الكاتب: were used together
The arithmetic mean was chosen as the primary measure of central tendency due to its ease of use and compatibility with time-series agricultural data. Furthermore, standard deviation and coefficient of variation (CV) were chosen to assess relative variability. Skewness and kurtosis were used to determine the level of asymmetry and peakedness in the data distribution, respectively.
In order to evaluate the instability in crop results, the coefficient of variation was used alongside the Cuddy-Della Valle Instability Index (CDVI), a variant of the CV that rectifies the trend in the time-series data. The formula for calculating the index is as follows:	Comment by الكاتب: Please rephrase and clarify the sentence "a variant of the CV that rectifies the trend in the time-series data"
----------------- (1)
Where, CV denotes the coefficient of variation and is the coefficient of determination from a trend regression. The CDVI values were categorized into three groups: low (0–15), medium (15–30), and high (>30) instability. 
The production's long-term growth was computed through the Compound Annual Growth Rate (CAGR) derived from an exponential growth function. A log-linear model of the following format: 
 ------------------------------ (2)
was applied using the ordinary least squares method, where  represents the value of the variable at time t. Afterwards, the CAGR was calculated as:
----------------------------------- (3)
This method gives a statistically strong forecast of yearly growth with the assumption of an exponential trend. The use of these statistical techniques jointly provides a thorough evaluation of the trends, uncertainty, and durability of the most important cereal, pulse, and oilseed crops.
3. Results and Discussion
The cropping pattern analysis in Andhra Pradesh demonstrates clearly that viz., cereals (rice, wheat, bajra, ragi), pulses, oilseeds, and (groundnut, castor, and niger) are the major crops of the state. Rice continues to be the leading crop of the state, and in 2023-24, it was grown in 19.7 lakh hectares, which was the largest and that accounted for 34.45 percent of the total cropped area in Andhra Pradesh. The state produced 113.4 lakh tonnes of rice, which was 9.2 percent of the total of India's rice output (CARP-ANGRAU, 2023). This shows that AP still holds the title of “India’s rice bowl,” with rice cultivation mainly being done through irrigation and unutilised in both Kharif and Rabi seasons. Among the ANGRAU-developed rice varieties BPT5204 and MTU7029 alone account for 2.66 million and 1.91 million hectares of land in India, respectively, giving rise to a significant economic return, thus, indicating that varietal adoption is one of the key factors in determining the crop's performance (CARP-ANGRAU, 2023). 	Comment by الكاتب: demonstrates that cereals	Comment by الكاتب: and accounted 	Comment by الكاتب: Please rephrase and clarify the sentence: "This shows that AP still holds the title of “India’s rice bowl,” with rice cultivation mainly being done through irrigation and unutilised in both Kharif and Rabi seasons."
Bajra and ragi, the coarse cereals, even though less than rice in area and strength, are important for dryland farming. In Kharif 2023, bajra covered an area of around 0.23 lakh hectares and ragi 0.24 lakh hectares, which were really close to the respective sowing targets indicating their ongoing and important role in food security and livelihoods of farmers living in underserved areas (AP Agrisnet, 2023). These crops are present in the country’s total cereal production, mainly under rainfed conditions, next to rice. 	Comment by الكاتب: were very close ?	Comment by الكاتب: These crops contribute to the country’s total
State's agriculture is also, at least, slightly dependent on pulses. Bengal gram (chickpea) retains its position as a major crop in the rabi season while black gram and green gram also take considerable areas. In Kharif 2023, a total of 2.39 lakh hectares of land was devoted to pulses, out of which 2.01 lakh hectares was of bengal gram and the remaining area was contributed by black gram and green gram (AP Agrisnet, 2023). The total pulse area has decreased over the years, but still, these crops are very important for household consumption, soil fertility, and diversified farm income (The Times of India, 2025). The economic significance of these crops is further highlighted by the large-scale cultivation of the improved varieties, especially the ones developed by ANGRAU which are the most dominant in the state. 	Comment by الكاتب: The state's agriculture	Comment by الكاتب: Bengal
Among all the crops, oilseeds are the most important in Andhra Pradesh's agriculture. Groundnut, the main oilseed, was planted in 2.55 lakh hectares during Kharif 2023, while castor and niger are also grown in much smaller areas but have their locations strategically important in the dryland and tribal regions (AP Agrisnet, 2023). More than 95 per cent of the groundnut is being cultivated with the varieties released by the university (ANGRAU, 2021), which is a proof of the role played by agricultural research in maintaining the quality of production and the incomes of the farmers. Groundnuts are one of the important crops in the risk-prone areas and they serve as a supplemental to cereals and pulses, thereby making the situation economically stable. 	Comment by الكاتب: More than 95 percent of the groundnut area is cultivated	Comment by الكاتب: serve as a supplement
The ten crops which are a mix of cereals, pulses, and oilseeds, illustrate the broadness of Andhra Pradesh's agro-ecological systems, including both irrigated and dryland farming. They are the backbone of food supply, nutrition of households, and income of rural areas, while at the same time displaying the adoption of improved varieties and the impact of research and policy interventions. The factors like their widespread distribution, significance in the economy, and adoption of research-backed methods all come together to make a strong case for their selection for detailed cropping pattern analysis in Andhra Pradesh. 	Comment by الكاتب: Please rephrase and clarify the sentence: "The ten crops which are a mix of cereals, pulses, and oilseeds, illustrate the broadness of Andhra Pradesh's agro-ecological systems, including both irrigated and dryland farming."
The production of ten major crops in India reflects a huge difference across cereals, pulses, and oilseeds. Based on the data shown in Table 1, it can be deduced that rice (mean ≈ 82,312 t) and wheat (mean ≈ 66,879 t) are the first production zones among cereals and have been increasing with high standard deviations and wide ranges. This indicates that there are considerable regional and annual variations in the production of these two cereals. Coarse cereals such as bajra (≈ 7,420 t) and ragi (≈ 2,239 t) show moderate variability, reflecting cultivation in smaller areas and more localized conditions.
In the case of pulses, Bengal gram comes out on the top as the crop with the highest average production of approximately 6,444 tons and positive skewness, which indicates the existence of some high-yield areas or periods. Green gram with around 1,389 tons and black gram with approximately 1,519 tons also exhibit positive skewness and mediate kurtosis, thus pointing to inequitable production of these crops in different regions. Groundnut among oilseeds has the highest mean production of around 7,176 tons but it is still relatively stable compared to castor with 874 tons and niger with 125 tons which are even smaller and are more variable in their production. 	Comment by الكاتب: Moderate ?
Yield variations are still the major reason for India's production instability as it was the case in earlier studies (Senapati & Goyari, 2018; Bairwa et al., 2020). Climatic factors such as precipitation and temperature seed their influence over yield mainly regarding the cereals and pulses groups (Senapati & Goyari, 2020; Mohapatra et al., 2025). The skewed distribution patterns of pulses and minor oilseeds not only confirm but also accentuate the need for appropriate agronomical interventions, the development as well as the spreading of the better crop varieties, and the reinforcement of the risk management strategies like the weather-index insurance to stabilize the crop and thereby enhance the income of the farmers. 	Comment by الكاتب: Bairwa et al., 2020a OR Bairwa et al., 2020b	Comment by الكاتب: temperature exert their influence ?	Comment by الكاتب: It doesn't appear in the reference list.	Comment by الكاتب: preading of better crop varieties
The compound annual growth rate (CAGR) analysis presented in table 2 discloses the presence of various long-term trajectories among the ten crops under consideration, with, in most cases, strong and statistically significant growth for most cereals and pulses and considerable declines for ragi and niger seed. The highest CAGR is observed in wheat among cereals (3.252%, p < 0.001), and it is followed by bajra (2.640%, p < 0.001) and rice (2.601%, p < 0.001). The upward trends that continue for these three cereals are in line with larger national trends of cereal intensification, and they can be associated with improvements in technology, irrigation, and input use. On the other hand, ragi exhibits a slight but considerable drop (–0.486%, p = 0.0321). This indicates a gradual reduction in its cultivation likely due to farmer shifts toward more productive or remunerative crops, as reported in cropping‐pattern studies.
Among the pulses, green gram (3.669%, p < 0.001), black gram (2.887%, p < 0.001), and bengal gram (2.354%, p < 0.001) are the ones with the most considerable rise. These trends are similar to the findings of Bairwa et al. (2020). He stated that the main factor for the increase in the production of pulses in India is through yield improvements and not area expansion. The increasing importance of pulses may be a result of the government policies. The recently drawn-up plans recognize the role of pulses as very crucial in the areas of nutritional security and farmers' income, particularly in the rainfed regions (NITI Aayog, 2025).	Comment by الكاتب: Bairwa et al., 2020a OR Bairwa et al., 2020b
However, the oilseed market is quite a diverse one. Demand for the castor bean is at the top of the list with an increase of (4.785%, p ≪ 0.001) which is very clear and indicates a possible rapid expansion driven by industrial demand, hybrid adoption, and export potential. On the other hand, the groundnut crop's position is rather slow (1.470%, p = 0.0045) which can be interpreted as being in a phase of steady growth. Groundnut is perhaps hampered by climate variability and less than optimal input usage. The niger seed situation is the most worrying one, as it has the highest rate of decrease (–3.108%, p < 0.001), which means that the market is shrinking considerably. This could be due to the fact that the seed is not very profitable or that the land previously used to grow niger is now being used for higher-value oilseeds. The crop diversification literature lists niger and castor among oils whose cultivation is highly sensitive to market and climatic risks.
Table 2 provides an overview of the analysis of the coefficient of variation (CV), coefficient of determination (R²) and Cuddy Della Valle Index (CDVI). It emphasizes the dissimilarity of stability trends in cereals, pulses and oilseeds. Among all cereals, Ragi is the least variable with its CV being just 20.01% and the CDVI being very low 13.69. This indicates a very stable production situation. In contrast, wheat (CV 37.19, CDVI 6.44) and rice (CV 29.91, CDVI 6.84) showed considerable long-term trends (R² = 0.970 and 0.948) which are indicative of the 
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Table 1: Descriptive statistics of ten major crops in AP
	Crop
	Mean
	SD
	Median
	Trimmed
	MAD
	Min
	Max
	Range
	Skew
	Kurtosis
	SE

	Bajra
	7420.45
	2245.36
	7684
	7430.80
	2819.91
	3272
	12109
	8837
	0.00
	-0.95
	320.77

	Bengal gram
	6443.61
	2453.21
	5600
	6141.07
	1753.92
	3356
	13544
	10188
	1.21
	0.62
	350.46

	Black gram
	1519.39
	615.07
	1378
	1450.05
	348.41
	671
	3492
	2821
	1.23
	1.42
	87.87

	Castor
	874.12
	585.61
	777
	829.56
	622.69
	143
	2295
	2152
	0.66
	-0.69
	83.66

	Green gram
	1389.04
	647.66
	1176
	1287.15
	341.00
	652
	3676
	3024
	1.76
	2.86
	92.52

	Groundnut
	7175.51
	1612.11
	7095
	7128.98
	1530.04
	4121
	10297
	6176
	0.23
	-0.80
	230.30

	Niger
	124.51
	45.06
	121
	126.56
	40.03
	29
	196
	167
	-0.31
	-0.70
	6.44

	Ragi
	2238.57
	447.93
	2325
	2254.85
	422.54
	1239
	3200
	1961
	-0.28
	-0.48
	63.99

	Wheat
	66879.12
	24871.74
	68637
	66492.17
	32001.92
	24104
	112000
	87896
	0.08
	-1.10
	3553.11

	Rice
	82312.35
	24622.69
	82535
	81802.41
	32428.91
	39579
	135755
	96176
	0.11
	-0.86
	3517.53



two crops having predictable and consistent growth. Bajra is characterized by moderate variability (CV 30.26, CDVI 19.59), which is a reflection of its being sensitive to rainfall fluctuations in semi-arid areas.
Among the pulses, green gram has been categorized as the most unstable one with a coefficient of variation (CV) of 46.63, a CDVI of 33.24, and a correlation of regression square (R²) value of 0.492. Black gram and Bengal gram were found to be only moderately stable with CVs of 40.48 and 38.07 respectively, while their CDVIs were 23.60 and 23.33. The extensive variations in the occurrence of dry pulses were the consequence of their dependence on the national pulse studies which revealed that rainfall, limited irrigation, and low input usage were the main factors.
In the oilseeds category, castor bean shows an extreme variability (in terms of CV 66.99) but also a very strong trend indicated by high R² (0.813) and CDVI (28.98) values. These are suggesting systematic oscillations that are affected by the market and price cycles. Groundnut is with the least variability (CV 22.47) but does not have necessarily predictable growth (R² = 0.240). Niger is characterized by both moderate variability and R² implying erratic production without a defined long-term pattern. 
The analysis of the coefficients including the coefficient of variation (CV), coefficient of determination (R²), and Cuddy Della Valle Index (CDVI) are presented in Table 2. Cereals wise ragi takes a lead by having the lowest CV (20.01%) and low CDVI (13.69), thus it indicator production being a stable one highly. The same can be seen though not as clearly in the case of wheat (CV 37.19, CDVI 6.44) and rice (CV 29.91, CDVI 6.84) exhibiting strong long-term trends (R² = 0.970 and 0.948) indicating their growth being predictable and consistent. On the other hand, Bajra displays variability of an intermediate level (CV 30.26, CDVI 19.59), which shows its susceptibility to changes in the pattern of rainfall in the semi-arid regions. 	Comment by الكاتب: is	Comment by الكاتب: thus it indicates production is highly stable ?	Comment by الكاتب: indicating that their growth is predictable
Green gram, the highest among the pulses, indicates instability with a CV of 46.63, a CDVI of 33.24, and an R² of 0.492. In comparison, black gram with values of 40.48, 23.60, and 0.660 respectively, and Bengal gram with 38.07 and 23.33, are showing moderate stability. The fluctuation of high variability observed for pulses is due to their dependence on rainfall, unavailability of irrigation, and low input usage as stated in the national pulse studies.


Among all oilseeds, castor shows to be the most variable one (CV 66.99) but also a strong trend (R² = 0.813, CDVI 28.98), meaning that there are continually changes in production due to the influence of the market and price cycles. On the other hand, groundnut presents low variability (CV 22.47) but weak trend predictability (R² = 0.240), while niger shows to be stable production without a long-term pattern with moderate variability and R². 
The combination of all the metrics reveals that staple cereals are very stable, pulses have a moderate level of instability, and oils seeds, especially castor, are very variable. The implications of this are that the policy measures such as better irrigation, crop insurance, and market stabilization measures could decrease the fluctuations in pulses and oilseeds, thus leading to enhancing of agricultural resilience and farmers income security.	Comment by الكاتب: resilience and farmers' income
The analysis of CAGR and significance reveals different growth trends. Cereals and pulses have a significant impact, caster is a fast-growing oilseed, and groundnut is growing slowly but steadily whereas ragi and Niger are the minor crops that are witnessing a persistent reduction in production. This poses the question of policy: on the one hand, the need for the continued support of cereals and pulses is confirmed, on the other hand, specific interventions may be needed to stop the downfall of ragi and Niger—like providing incentives, better varieties, or risk management tools.	Comment by الكاتب: castor
Table 2: Measures of instability and growth rate for the major crops of AP
	Crop
	CV (%)
	R²
	CDVI
	CAGR

	Bajra
	30.26
	0.581
	19.59
	2.64

	Bengal gram
	38.07
	0.624
	23.33
	2.35

	Black gram
	40.48
	0.660
	23.60
	2.89

	Castor
	66.99
	0.813
	28.98
	4.79

	Green gram
	46.63
	0.492
	33.24
	3.67

	Groundnut
	22.47
	0.240
	19.59
	1.47

	Niger
	36.19
	0.544
	24.43
	-3.11

	Ragi
	20.01
	0.532
	13.69
	-0.49

	Wheat
	37.19
	0.970
	6.44
	3.25

	Rice
	29.91
	0.948
	6.84
	2.60




4.  Concluding remarks
The evaluation of crop patterns and production developments in Andhra Pradesh reveals the diversity of cereals, pulses, and oilseeds with respect to the area covered, productivity, growth, and stability of the different classes. Rice continues to be the paramount cereal in terms of both volume and area, primarily because of the irrigated agriculture and huge acceptance of the improved varieties. For instance, lax and ragi appear to have the same and critical place in dryland farming, albeit ragi shows a slight but significant long-term decline, which mirrors the trend of shifting towards more lucrative crops. 
Bengal gram, black gram, and green gram among pulses ride the wave of moderate-to-high growth rates, the production of which is mainly determined by the use of improved seed, yield increase, and policy support for nutritional security. Oilseeds tell a story of mixed trends: castor is highly variable but has rapid growth, groundnut has slow but steady growth, and niger seed is experiencing declination which is huge and in direct proportion to sensitivity to market and climatic factors. 
The analysis of stability through using CV, R², and CDVI reveals that staple cereals are of very high stability, while pulses are somewhat unstable, and oilseeds, especially castor, are of very high variability. These results stress the importance of the need for precise measures to be taken in order to improve the stability and productivity of pulses and oilseeds through better agronomic practices, irrigation, risk management, and varietal adoption.	Comment by الكاتب: reveals that staple cereals have very high stability	Comment by الكاتب: stress the need for
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