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Trends in Production, Consumption, and International Trade of Cereals for India


ABSTRACT
This study examines trends in area, production, yield, consumption, and international trade of cereals in India from 1961 to 2019, focusing on major cereals like rice, wheat, maize, millets, barley, and sorghum. Using secondary data from the Food and Agricultural Organization of the United Nations, statistical tools such as log linear trend analysis, compound annual growth rate, and percentage analysis were applied. The results indicate that the harvested area for rice has significantly increased (P < 0.0001), while barley has declined. Production of rice, wheat, and maize has shown substantial positive growth (P < 0.0001), influenced by advancements in farming techniques and favorable policies. Despite declining cultivation of millets, barley, and sorghum, demand for healthier alternatives, particularly millets, is on the rise due to their nutritional value. Yield trends show consistent growth across all cereals, with wheat leading the increase. Consumption patterns reveal a significant rise in rice and wheat intake. India’s position as a major cereal exporter, particularly for rice, wheat, and maize, is vital for global food security. The study highlights the need for strategic interventions to sustain cereal production and ensure food security in India.
Keywords: Trend Analysis, Cereals, Production, Consumption, Imports, and Exports.

Introduction 








India is known for its significant cereal production and agriculture plays a vital role in the livelihoods of a large portion of the population (Ministry of Food Processing Industries, 2022). While the country has achieved self-sufficiency in food grain production, there are still challenges in ensuring adequate access to food for all due to factors such as price fluctuations and food inflation (FAO, 2021). Government policies,

including the introduction of hybrid varieties and improved agricultural practices, have aimed to address these challenges and increase food grain production (Ministry of
Food Processing Industries, 2022). The economic reforms of 1991 and India's participation in the World Trade Organization have brought both benefits and drawbacks to the country's agriculture and food policies (FAO, 2021).  Globalization has opened up

opportunities for trade and increased competitiveness but also exposed domestic producers to international competition.
Cereals, such as wheat, rice, maize, millets, barley, and oats, are considered staple foods in India and provide essential nutrient (FAO, 2016). These crops are grown globally to meet the food requirements of a large population (FAO, 2016). Wheat, rice, and maize are the most significant cerealcrops, accounting for a substantial portion of global grain production (FAO, 2016). International trade in cereals is significant, with around 17 percent of cereal production being traded internationally (FAO, 2022). Rice and wheat are among the most traded cereals, with trade volumes expected to increase, particularly in rice (FAO, 2022).
India has made remarkable progress in food grain production, thanks to investments in technology, improved agricultural practices, and government support (Ministry of Food Processing Industries, 2022). Cereals, particularly rice, wheat, and other coarse cereals, dominate food expenditure in India (IFPRI, 2019). Per capita consumption of cereals has increased over the years, but there is also a shift in consumption patterns, with urban areas tending to prefer high- value products like milk, fruits, and processed breakfast cereals (Rao, 2000). However, in rural areas, the per capita expenditure and consumption of food grains have decreased, possibly due to changing preferences and the availability of a variety of food options (Rao, 2000).
India is the largest producer and exporter of cereal products globally (APEDA, 2022). Rice, including both Basmati and Non- Basmati varieties, accounts for a significant share of India's cereal exports, while other cereals represent a smaller portion (APEDA, 2022). The country has export restrictions in place at times to ensure domestic needs are

met and to control rising domestic prices.
However, trade in cereals is volatile, with fluctuating export destinations and market dynamics (APEDA, 2022).
India, ranking as the world's second-largest producer of cereals such as rice and wheat (FAO, 2023), enjoys favorable conditions for the export of its cereal products due to the high global demand. However, the COVID- 19 pandemic has had a significant impact on the production, consumption, and trading patterns of these crops. Cereal crops,being a staple food for daily consumption, have seen an increase in demand during the pandemic as they are easily accessible and affordable. The government has ensured the availability of major cereals to the public through the Public Distribution System. Therefore, it is crucial to examine how the demand has been met in terms of production and consumption, as well as the maintenance of trade performance.
With changing lifestyles, there has been a shift from traditional cereal consumption to higher-value products. Packed breakfast cereals like corn flakes and oats have gained popularity among consumers. This transition from raw cereals to packaged alternatives can impact the production, consumption, and trade patterns of the original cereal crops. To gain a deeper understanding of these dynamics, this study aims to provide insights into the realities that have unfolded thus far. The study analyses the major trends in production, consumption, imports and exports of cereals for India.
[bookmark: METHODOLOGY]METHODOLOGY
The study relied on secondary data, and a crucial consideration was determining the

appropriate time period. It focused on major cereals, including rice, wheat, maize, sorghum, barley, and millets. Notably, millets were given special attention due to the recognition of 2023 as the International Year of Millets. The study spanned 59 years, from 1961 to 2019, in order to gather comprehensive insights. Trustworthy secondary sources such as the websites of the Food and Agricultural Organization (FAO Stat) and Datanet India Private Limited (Indiastat) were utilized to collect relevant data.
Various aspects, such as cultivated area, yield, production, consumption, imports, and exports, were analyzed using appropriate statistical tools. This included log linear trend analysis, compound annual growth rate (CAGR), percentage analysis, arithmetic mean, and growth index. The software JMP
10.0.2 was employed specifically for log linear trend analysis. The primary objective of the study was to examine the historical trends in production, consumption, and international trade of cereals in India.
By examining the available data, the study aimed to shed light on the dynamic patterns and fluctuations in cereal production, consumption, and trading activities in the Indian context.
[bookmark: Log_linear_trend_analysis]Log linear trend analysis
Log linear trend analysis is a statistical technique utilized to examine the connection between a dependent variable and one or more independent variables by employing logarithmic transformations. This method aims to stabilize the variance of the data, making it more conducive to modeling. By applying logarithmic transformations to the

dependent variables, the equation for a log linear trend model resembles that of a linear trend model. The use of logarithmic transformations helps capture non-linear relationships and enables a more accurate analysis of the data. The equation can be expressed as follows:
ln(yi) = β0 + β1 Xi+ εi
Where,
yi = dependent variable
Xi = independent variable (Here Xi will be the time period)
ln(yi) = logarithm of the dependent variable
εi = error term
Initially, a trend equation was estimated by taking natural log of respective disclosures as dependent variables and time as independent variable. Further compound annual growth rate for particular series will be calculated by taking antilog of the trend coefficient and subtracting one from the obtained value. Six cereal crops were taken and the trend analysis was observed for area, yield, production, consumption, imports and exports of the selected cereal crops.
[bookmark: Growth_index]Growth index
Growth Index is a technique used to analyze the growth of a variable compared to previous years.

Growth Index = (|𝐏𝐫𝐞𝐬𝐞𝐧𝐭 𝐯𝐚𝐥𝐮𝐞−𝐏𝐚𝐬𝐭 𝐯𝐚𝐥𝐮𝐞| ) *100
𝐏𝐚𝐬𝐭 𝐯𝐚𝐥𝐮𝐞

[bookmark: RESULTS_AND_DISCUSSION]RESULTS AND DISCUSSION
The comprehensive analysis and interpretation of the results are presented below.

[bookmark: Table_1._Data_pertaining_to_area_cultiva]Table 1. Data pertaining to area cultivated, production and yield of cereals for India

	Year/
Crop
	1961
	1970
	1971
	1980
	1981
	1990
	1991
	2000
	2001
	2010
	2011
	2012
	2013
	2014
	2015
	2016
	2017
	2018
	2019

	Area cultivated (In 1000 Hectare)

	Barley
	3205
	2764
	2554
	1771
	1807
	990
	724
	777
	659
	623
	705
	643
	695
	673
	707
	590
	656
	660
	575

	Maize
	4507
	5852
	5667
	6004
	5934
	5904
	5859
	6611
	6581
	8553
	8780
	8710
	9430
	9258
	8690
	9900
	9633
	9380
	9027

	Millets
	18657
	20168
	18675
	18158
	18180
	15095
	14246
	13012
	12486
	11791
	10680
	10752
	9179
	9686
	9116
	8840
	9093
	9221
	8449

	Rice
	34694
	37591
	37757
	40151
	40708
	42686
	42648
	44712
	44900
	42862
	44010
	42754
	44135
	44110
	43390
	43190
	43774
	44156
	43780

	Sorghum
	18249
	17373
	16777
	15809
	16599
	14358
	12360
	9856
	9795
	7787
	7381
	6250
	6210
	5790
	6160
	6080
	5624
	5024
	4093

	Wheat
	12927
	16625
	18240
	22171
	22278
	23501
	24167
	27486
	25730
	28457
	29068
	29860
	29650
	30470
	31470
	30420
	30785
	29650
	29318

	Total
	92239
	100377
	99673
	104067
	105508
	102536
	100243
	102402
	100271
	100075
	100625
	98969
	99299
	99988
	99533
	99020
	99566
	98093
	95244

	Production (In 1000 Tonnes)

	Barley
	2819
	2716
	2784
	1623
	2293
	1485
	1632
	1447
	1430
	1354
	1662
	1620
	1750
	1830
	1613
	1440
	1747
	1780
	1633

	Maize
	4312
	7485
	5100
	6957
	6897
	8961
	8064
	12043
	13160
	21725
	21760
	22260
	24259
	24170
	22570
	25900
	25899
	28752
	27715

	Millets
	7725
	12171
	9197
	9336
	10136
	10423
	8128
	10077
	11235
	13293
	12660
	10750
	10910
	11420
	11630
	10280
	11556
	11633
	10235

	Rice
	53494
	63337
	64602
	80312
	79883
	111517
	112042
	127464
	139900
	143963
	157900
	157800
	159200
	157200
	156540
	163700
	168500
	174716
	177645

	Sorghum
	8029
	8104
	7721
	10431
	12061
	11681
	8099
	7529
	7556
	6698
	7003
	5980
	5280
	5540
	5450
	4240
	4567
	4803
	3475

	Wheat
	10997
	20093
	23832
	31830
	36312
	49849
	55134
	76368
	69680
	80803
	86874
	94880
	93510
	95850
	86530
	92290
	98510
	99869
	103596

	Total
	87376
	113909
	113238
	140490
	147583
	193919
	193101
	234931
	242963
	267838
	287860
	293290
	294909
	296010
	284333
	297850
	310782
	321556
	324300

	Yield (In 1000 Tonnes/1000 Hectare)

	Barley
	0.87
	0.98
	1.09
	0.91
	1.26
	1.49
	1.69
	1.99
	1.84
	2.17
	2.35
	2.51
	2.51
	2.71
	2.28
	2.44
	2.66
	2.69
	2.83

	Maize
	0.95
	1.27
	0.89
	1.15
	1.16
	1.51
	1.37
	1.82
	1.99
	2.54
	2.47
	2.55
	2.57
	2.61
	2.59
	2.61
	2.68
	3.06
	3.07

	Millets
	0.41
	0.60
	0.49
	0.51
	0.55
	0.69
	0.57
	0.77
	0.89
	1.12
	1.18
	0.99
	1.18
	1.17
	1.27
	1.16
	1.27
	1.26
	1.21

	Rice
	1.54
	1.68
	1.71
	2.00
	1.96
	2.61
	2.62
	2.85
	3.11
	3.35
	3.58
	3.69
	3.60
	3.56
	3.60
	3.79
	3.84
	3.95
	4.08

	Sorghum
	0.44
	0.46
	0.46
	0.65
	0.72
	0.81
	0.65
	0.76
	0.77
	0.86
	0.94
	0.95
	0.85
	0.95
	0.88
	0.69
	0.81
	0.95
	0.84

	Wheat
	0.85
	1.20
	1.30
	1.43
	1.62
	2.12
	2.28
	2.77
	2.70
	2.83
	2.98
	3.17
	3.15
	3.14
	2.74
	3.03
	3.19
	3.36
	3.53

	Total
	5.08
	6.22
	5.96
	6.68
	7.30
	9.25
	9.20
	10.98
	11.33
	12.89
	13.54
	13.90
	13.89
	14.13
	13.41
	13.72
	14.49
	15.30
	15.58



Table 2. Data pertaining to consumption, and international trade of cereals for India

	Year/
Crop
	1961
	1970
	1971
	1980
	1981
	1990
	1991
	2000
	2001
	2010
	2011
	2012
	2013
	2014
	2015
	2016
	2017
	2018
	2019

	Food supply quantity (Kilogram/capita/year)

	Barley
	4.86
	3.91
	3.96
	1.80
	2.54
	1.35
	1.46
	1.07
	1.06
	0.82
	1.00
	0.93
	0.67
	0.76
	0.86
	0.88
	1.10
	1.08
	1.08

	Maize
	7.85
	11.18
	6.87
	8.03
	7.80
	7.80
	6.03
	6.18
	6.40
	6.37
	6.50
	6.27
	6.29
	6.57
	8.04
	7.68
	7.61
	7.95
	7.63

	Millets
	15.41
	19.98
	14.27
	12.05
	12.82
	10.73
	8.26
	8.67
	9.60
	8.64
	8.91
	7.78
	7.83
	7.87
	9.16
	7.63
	7.55
	7.39
	6.61

	Rice
	66.76
	69.51
	65.67
	63.81
	63.42
	78.16
	76.8
	72.62
	70.46
	72.10
	70.82
	70.30
	69.49
	105.15
	99.36
	101.22
	101.08
	99.35
	108.44

	Sorghum
	15.56
	13.01
	12.06
	13.25
	14.99
	11.93
	8.11
	6.36
	6.29
	4.82
	5.10
	4.18
	3.58
	3.75
	3.62
	2.80
	3.02
	3.08
	2.23

	Wheat
	27.86
	36.23
	36.72
	44.86
	45.56
	41.29
	60.34
	65.66
	62.20
	60.32
	58.85
	57.08
	60.56
	61.28
	59.42
	64.93
	65.23
	61.73
	60.38

	Total
	138.30
	153.82
	139.55
	143.80
	147.13
	151.26
	161.00
	160.56
	156.01
	153.07
	151.18
	146.54
	148.42
	185.38
	180.46
	185.14
	185.59
	180.58
	186.37

	Import quantity (In Tonnes)

	Barley
	-
	63
	64
	45
	777
	-
	-
	-
	-
	2050
	716
	35181
	500
	1088
	3023
	141757
	250194
	88859
	256369

	Maize
	113220
	5500
	4628
	14381
	28014
	10
	-
	28923
	4252
	7050
	12261
	2426
	11628
	6984
	28465
	179881
	82472
	30964
	312390

	Millets
	-
	-
	-
	2
	-
	-
	-
	-
	-
	845
	-
	-
	-
	-
	-
	-
	45
	92
	54

	Rice
	457000
	380000
	350000
	1543
	58612
	-
	-
	-
	-
	-
	-
	1
	2
	202
	-
	14
	5
	63
	41

	Sorghum
	9828
	32900
	189
	1476
	16069
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	Wheat
	3090400
	3586877
	1907490
	343716
	528440
	62599
	-
	4224
	1351
	185255
	25
	1569
	11644
	18817
	511916
	1910833
	5346727
	85343
	1666

	Total
	3670448
	4005340
	2262371
	361163
	631912
	62609
	-
	33147
	5603
	195200
	13002
	39177
	23774
	27091
	543404
	2232485
	5679443
	205321
	570520

	Export quantity (In Tonnes)

	Barley
	-
	8
	3
	5259
	27200
	-
	-
	1
	2
	33138
	44739
	117353
	546252
	503701
	84332
	1661
	808
	5274
	1861

	Maize
	-
	20
	6
	-
	-
	-
	-
	32464
	113504
	2293396
	3952102
	4271696
	4749727
	3571037
	913831
	482848
	573306
	1015057
	379470

	Millets
	-
	-
	-
	-
	30
	7310
	14126
	12025
	19118
	157004
	132958
	109480
	82602
	79886
	96264
	76340
	72849
	74237
	75026

	Rice
	3
	-
	-
	247
	294279
	7
	-
	5393
	42328
	11078
	38687
	251173
	241330
	181610
	200212
	103803
	167297
	242698
	247392

	Sorghum
	5
	12
	3
	60
	64
	
	4
	50
	370
	129981
	38395
	148551
	219417
	76986
	118236
	65760
	20435
	111279
	48696

	Wheat
	-
	176
	524
	181576
	31
	139470
	658250
	813492
	2649381
	346
	499901
	4584967
	6503635
	3950910
	602900
	198965
	201956
	168315
	190058

	Total
	8
	216
	536
	187142
	321604
	146787
	672380
	863425
	2824703
	2624943
	4706782
	9483220
	12342963
	8364130
	2015775
	929377
	1036651
	1616860
	942503


(Note: "-" represents the unavailability of data)

[bookmark: Table_3._Percentage_composition_of_area_]Table 3. Percentage composition of area cultivated, production and yield of cereals for India

	Year/
Crop
	1961
	1970
	1971
	1980
	1981
	1990
	1991
	2000
	2001
	2010
	2011
	2012
	2013
	2014
	2015
	2016
	2017
	2018
	2019

	Area cultivated (%)

	Barley
	3.47
	2.76
	2.56
	1.70
	1.71
	0.96
	0.95
	0.70
	0.78
	0.64
	0.73
	0.64
	0.69
	0.67
	0.71
	0.59
	0.65
	0.67
	0.63

	Maize
	4.89
	5.83
	5.69
	5.77
	5.63
	5.76
	5.84
	6.45
	6.56
	8.54
	8.72
	8.82
	9.49
	9.25
	8.73
	9.99
	9.67
	9.56
	9.47

	Millets
	20.23
	20.09
	18.74
	17.45
	17.23
	14.72
	14.24
	12.72
	12.42
	11.78
	10.61
	10.86
	9.28
	9.68
	9.15
	8.92
	9.13
	9.40
	8.87

	Rice
	37.61
	37.45
	37.88
	38.58
	38.58
	41.64
	42.54
	43.66
	44.77
	42.83
	43.73
	43.19
	44.44
	44.14
	43.59
	43.61
	43.96
	45.01
	45.96

	Sorghum
	19.79
	17.31
	16.83
	15.19
	15.73
	14.00
	12.32
	9.63
	9.76
	7.78
	7.33
	6.32
	6.25
	5.79
	6.18
	6.14
	5.64
	5.12
	4.29

	Wheat
	14.01
	16.56
	18.30
	21.31
	21.12
	22.92
	24.11
	26.84
	25.66
	28.43
	28.88
	30.17
	29.85
	30.47
	31.64
	30.75
	30.95
	30.24
	30.78

	Total
	100
	100
	100
	100
	100
	100
	100
	100
	100
	100
	100
	100
	100
	100
	100
	100
	100
	100
	100

	Production (%)

	Barley
	3.25
	2.38
	2.45
	1.15
	1.55
	0.76
	0.84
	0.61
	0.58
	0.50
	0.57
	0.55
	0.59
	0.61
	0.56
	0.48
	0.56
	0.55
	0.53

	Maize
	4.93
	6.57
	4.50
	4.95
	4.67
	4.62
	4.17
	5.12
	5.41
	8.11
	7.55
	7.58
	8.22
	8.16
	7.93
	8.69
	8.33
	8.94
	8.54

	Millets
	8.84
	10.68
	8.12
	6.64
	6.86
	5.37
	4.20
	4.28
	4.62
	4.96
	4.39
	3.66
	3.69
	3.85
	4.09
	3.45
	3.71
	3.64
	3.15

	Rice
	61.22
	55.63
	57.04
	57.16
	54.12
	57.50
	58.05
	54.25
	57.58
	53.74
	54.85
	53.80
	53.98
	53.13
	55.05
	54.96
	54.25
	54.33
	54.77

	Sorghum
	9.18
	7.11
	6.85
	7.45
	8.17
	6.02
	4.19
	3.20
	3.14
	2.53
	2.47
	2.06
	1.79
	1.87
	1.94
	1.44
	1.46
	1.49
	1.07

	Wheat
	12.58
	17.63
	21.04
	22.65
	24.63
	25.73
	28.55
	32.54
	28.67
	30.16
	30.17
	32.35
	31.73
	32.38
	30.43
	30.98
	31.69
	31.05
	31.94

	Total
	100
	100
	100
	100
	100
	100
	100
	100
	100
	100
	100
	100
	100
	100
	100
	100
	100
	100
	100

	Annual food supply quantity (%)

	Barley
	3.51
	2.54
	2.83
	1.25
	1.72
	0.89
	0.93
	0.66
	0.67
	0.53
	0.66
	0.63
	0.45
	0.40
	0.47
	0.47
	0.59
	0.59
	0.57

	Maize
	5.67
	7.26
	4.92
	5.58
	5.30
	5.18
	3.74
	3.84
	4.10
	4.19
	4.29
	4.27
	4.26
	3.54
	4.45
	4.14
	4.10
	4.40
	4.09

	Millets
	11.14
	12.98
	10.22
	8.37
	8.71
	7.09
	5.13
	5.39
	6.18
	5.64
	5.89
	5.33
	5.27
	4.27
	5.07
	4.12
	4.06
	4.09
	3.58

	Rice
	48.27
	45.18
	47.05
	44.37
	43.13
	51.67
	47.70
	45.26
	45.16
	47.10
	46.84
	47.97
	46.81
	56.72
	55.05
	54.67
	54.46
	55.01
	58.18

	Sorghum
	11.25
	8.45
	8.64
	9.24
	10.18
	7.88
	5.03
	3.96
	4.03
	3.14
	3.37
	2.85
	2.41
	2.02
	2.04
	1.53
	1.65
	1.73
	1.19

	Wheat
	20.12
	23.59
	26.34
	31.19
	30.96
	27.29
	37.47
	40.89
	39.86
	39.40
	38.95
	38.95
	40.80
	33.05
	32.92
	35.07
	35.14
	34.18
	32.39

	Total
	100
	100
	100
	100
	100
	100
	100
	100
	100
	100
	100
	100
	100
	100
	100
	100
	100
	100
	100



Table 4. Percentage composition of consumption, and international trade of cereals for India

	Year/
Crop
	1961
	1970
	1971
	1980
	1981
	1990
	1991
	2000
	2001
	2010
	2011
	2012
	2013
	2014
	2015
	2016
	2017
	2018
	2019

	Imports (%)

	Barley
	-
	0.02
	0.002
	0.04
	0.12
	-
	-
	-
	-
	1.05
	5.50
	89.80
	2.10
	4.01
	0.55
	6.34
	4.40
	43.29
	44.93

	Maize
	3.08
	0.13
	0.20
	3.98
	4.43
	0.02
	-
	87.25
	75.88
	3.61
	94.31
	6.19
	48.91
	25.77
	5.23
	8.07
	1.45
	15.08
	54.75

	Millets
	-
	-
	-
	0.0005
	-
	-
	-
	-
	-
	0.43
	-
	-
	-
	-
	-
	-
	0.009
	0.04
	0.02

	Rice
	12.45
	9.48
	15.47
	0.42
	9.27
	-
	-
	-
	-
	-
	-
	0.01
	0.02
	0.74
	-
	0.02
	0.00008
	0.03
	0.01

	Sorghum
	0.28
	0.82
	0.008
	0.40
	2.54
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	Wheat
	84.19
	89.55
	84.32
	95.16
	83.64
	99.98
	-
	12.75
	24.12
	94.91
	0.19
	4.00
	48.97
	69.48
	94.22
	85.57
	94.14
	41.56
	0.29

	Total
	100
	100
	100
	100
	100
	100
	100
	100
	100
	100
	100
	100
	100
	100
	100
	100
	100
	100
	100

	Exports (%)

	Barley
	-
	3.72
	0.58
	2.82
	8.47
	-
	-
	0.02
	0.03
	1.26
	0.95
	1.23
	4.45
	6.02
	4.18
	0.17
	0.07
	0.32
	0.19

	Maize
	-
	9.25
	1.11
	-
	-
	-
	-
	3.75
	4.01
	87.36
	83.96
	45.04
	38.48
	42.69
	45.33
	51.95
	55.30
	62.77
	40.26

	Millets
	-
	-
	-
	-
	0.009
	4.98
	2.10
	1.39
	0.67
	5.98
	2.82
	1.15
	0.66
	0.95
	4.77
	8.25
	7.02
	4.59
	7.96

	Rice
	37.50
	-
	-
	0.13
	91.50
	0.01
	-
	0.62
	1.49
	0.42
	0.82
	2.64
	1.95
	2.17
	9.96
	11.16
	16.17
	15.04
	26.27

	Sorghum
	62.50
	5.55
	0.55
	0.03
	0.01
	-
	0.01
	0.005
	0.01
	4.97
	0.81
	1.56
	1.77
	0.92
	5.86
	7.07
	1.97
	6.88
	5.16

	Wheat
	-
	81.48
	97.76
	97.02
	0.009
	95.01
	97.89
	94.21
	93.79
	0.01
	10.64
	48.38
	52.69
	47.25
	29.90
	21.40
	19.48
	10.40
	20.16

	Total
	100
	100
	100
	100
	100
	100
	100
	100
	100
	100
	100
	100
	100
	100
	100
	100
	100
	100
	100


(Note: "-" represents the unavailability of data)

[bookmark: Table_5._Trend_analysis_for_area_cultiva]Table 5. Trend analysis for area cultivated, production, and yield of cereal crops in India

	Cereal Crops
	Parameter
	Estimate
(Std. Error)
	t-value
(P - value)
	
R2
	CAGR (%)

	Trend analysis for area cultivated of cereals

	Barley
	Intercept
	15.043 (0.044)
	-
	0.923
	-3.246

	
	Time
	-0.033 (0.001)
	-26.20 (<.0001)
	
	

	Maize
	Intercept
	15.354 (0.021)
	-
	0.844
	1.005

	
	Time
	0.010 (0.0006)
	17.62 (<.0001)
	
	

	Millets
	Intercept
	16.916 (0.020)
	-
	0.914
	-1.390

	
	Time
	-0.014 (0.0005)
	-24.73 (<.0001)
	
	

	Rice
	Intercept
	17.409 (0.008)
	-
	0.802
	0.300

	
	Time
	0.003 (0.0002)
	15.24 (<.0001)
	
	

	Sorghum
	Intercept
	16.965 (0.034)
	-
	0.897
	-2.175

	
	Time
	-0.022 (0.001)
	-22.38 (<.0001)
	
	

	Wheat
	Intercept
	16.511 (0.025)
	-
	0.862
	1.308

	
	Time
	0.013 (0.0007)
	18.87 (<.0001)
	
	

	Trend analysis for production of cereals

	Barley
	Intercept
	14.796 (0.046)
	-
	0.593
	-1.192

	
	Time
	-0.012 (0.001)
	-9.13 (<.0001)
	
	

	Maize
	Intercept
	15.155 (0.039)
	-
	0.929
	3.148

	
	Time
	0.031 (0.001)
	27.46 (<.0001)
	
	

	Millets
	Intercept
	15.909 (0.042)
	-
	0.294
	0.501

	
	Time
	0.005 (0.001)
	4.87 (<.0001)
	
	

	Rice
	Intercept
	17.722 (0.024)
	-
	0.948
	2.224

	
	Time
	0.022 (0.0006)
	32.27 (<.0001)
	
	

	Sorghum
	Intercept
	16.277 (0.058)
	-
	0.428
	-1.093

	
	Time
	-0.011 (0.001)
	-6.54 (<.0001)
	
	

	Wheat
	Intercept
	16.427 (0.053)
	-
	0.914
	3.873

	
	Time
	0.038 (0.001)
	24.62 (<.0001)
	
	

	Trend analysis for yield of cereals

	Barley
	Intercept
	-0.247 (0.022)
	-
	0.952
	2.122

	
	Time
	0.021 (0.0006)
	33.83 (<.0001)
	
	

	Maize
	Intercept
	-0.199 (0.028)
	-
	0.916
	2.020

	
	Time
	0.020 (0.0008)
	25.06 (<.0001)
	
	

	Millets
	Intercept
	-1.006 (0.034)
	-
	0.879
	2.020

	
	Time
	0.020 (0.001)
	20.37 (<.0001)
	
	

	Rice
	Intercept
	0.312 (0.018)
	-
	0.955
	1.816

	
	Time
	0.018 (0.0005)
	35.10 (<.0001)
	
	

	Sorghum
	Intercept
	-0.688 (0.033)
	-
	0.705
	1.106

	
	Time
	0.011 (0.0009)
	11.69 (<.0001)
	
	

	Wheat
	Intercept
	-0.084 (0.032)
	-
	0.923
	2.429

	
	Time
	0.024 (0.0009)
	26.31 (<.0001)
	
	



Table 6. Trend analysis for consumption and international trade of cereal crops in India

	Cereal Crops
	Parameter
	Estimate
(Std. Error)
	t-value
(P - value)
	
R2
	CAGR (%)

	Trend analysis for annual supply quantity of cereals

	Barley and
products
	Intercept
	1.543 (0.056)
	-
	0.881
	-3.246

	
	Time
	-0.033 (0.001)
	-20.57 (<0.0001)
	
	

	Maize and
products
	Intercept
	2.118 (0.040)
	-
	0.237
	-0.399

	
	Time
	-0.004 (0.001)
	-4.21 (<0.0001)
	
	

	Millets and
products
	Intercept
	2.754 (0.036)
	-
	0.740
	-1.291

	
	Time
	-0.013 (0.001)
	-12.75 (<0.0001)
	
	

	Rice and
products
	Intercept
	4.123 (0.026)
	-
	0.462
	0.501

	
	Time
	0.005 (0.0007)
	7.01 (<0.0001)
	
	

	Sorghum
and products
	Intercept
	3.147 (0.052)
	-
	0.883
	-3.052

	
	Time
	-0.031 (0.001)
	-20.76 (<0.0001)
	
	

	Wheat and
products
	Intercept
	3.492 (0.031)
	-
	0.790
	1.308

	
	Time
	0.013 (0.0009)
	14.65 (<0.0001)
	
	

	Trend analysis for imports of cereals

	Barley
	Intercept
	3.157 (0.601)
	-
	0.552
	10.96

	
	Time
	0.104 (0.016)
	6.28 (<0.0001)
	
	

	Maize
	Intercept
	9.642 (0.598)
	-
	0.018
	-1.587

	
	Time
	-0.016 (0.017)
	-0.96 (0.3414)
	
	

	Rice
	Intercept
	13.958 (0.573)
	-
	0.783
	-19.587

	
	Time
	-0.218 (0.018)
	-11.72 (<0.0001)
	
	

	Sorghum
	Intercept
	12.304 (1.320)
	-
	0.245
	-18.045

	
	Time
	-0.199 (0.074)
	-2.67 (0.0139)
	
	

	Wheat
	Intercept
	15.534 (0.681)
	-
	0.318
	-9.516

	
	Time
	-0.100 (0.019)
	-5.12 (<0.0001)
	
	

	Trend analysis for exports of cereals

	Maize
	Intercept
	0.277 (0.794)
	-
	0.793
	29.822

	
	Time
	0.261 (0.020)
	12.71 (<0.0001)
	
	

	Rice
	Intercept
	1.602 (0.974)
	-
	0.601
	19.243

	
	Time
	0.176 (0.024)
	7.37(<0.0001)
	
	

	Sorghum
	Intercept
	0.246 (0.641)
	-
	0.706
	21.409

	
	Time
	0.194 (0.017)
	10.86 (<0.0001)
	
	

	Wheat
	Intercept
	6.270 (1.041)
	-
	0.227
	12.299

	
	Time
	0.116 (0.029)
	3.95 (0.0002)
	
	



[bookmark: Area_cultivated_of_cereals]Area cultivated of cereals
The total area cultivated for cereal crops in India increased from 92.23 million hectares in 1961 to 100.37 million hectares in 2019, representing a positive growth index of 8.82 percent. Wheat and maize had the highest positive growth indices among the cereals, with 28.61 percent and 29.84 percent, respectively. Barley had the most negative growth index of -13.73 percent. The average percentage composition of area cultivated for rice, maize, and wheat showed an increasing trend over the period. Rice had the highest average percentage composition, ranging from 37.87 percent in the period 1961-1970 to 43.92 percent in the period 2001-2019. Maize had a significant increase in average percentage composition, rising from 5.34 percent in the period 1961-1970 to 8.47 percent in the period 2001-2019. Wheat also showed an upward trend in average percentage composition, ranging from 14.61 percent in the period 1961-1970 to 28.71 percent in the period 2001-2019. Barley had the lowest average percentage composition throughout the studied period, ranging from
0.66 percent in the period 2001-2019 to 3.07 percent in the period 1961-1970. Millets and sorghum both exhibited a decreasing trend in their average percentage composition over time.
The analysis of the area cultivated for cereal crops in India reveals interesting trends and patterns. While the total area cultivated for cereals has shown a positive growth trend, individual crops have exhibited diverse patterns. Wheat and maize have experienced significant positive growth trends, while barley, millets, and sorghum have shown negative growth trends. Rice, being a major

cereal crop, has consistently demonstrated a positive growth trend. These findings highlight the changing dynamics of cereal cultivation in India over the years. Policymakers and agricultural stakeholders can leverage this information to develop targeted strategies to enhance productivity and sustainability in cereal production, ultimately contributing to food security in the country. Additionally, it is important to monitor the declining trends in millets and sorghum cultivation and explore measures to promote their growth, given their nutritional value and resilience to climate change.
[bookmark: Production_of_cereals]Production of cereals
In analyzing the production of cereals in India, notable trends and patterns emerge. With the exception of barley, all cereals demonstrated an increasing trend in production during the period 1961-1970. Wheat and maize exhibited the highest positive growth indices, with 82.71 percent and 73.59 percent, respectively, while barley experienced a negative growth index of -
3.64 percent. The total production of cereals saw a substantial increase from 87.37 million tonnes to 324.30 million tonnes, indicating a positive growth index of 271.18 percent. Rice consistently held the highest average percentage composition of production, ranging from 54.87 percent in the period 2001-2019 to 58.71 percent in the period 1961-1970. Wheat showed an increasing trend in average percentage composition, while barley consistently had the lowest average percentage composition. When considering the growth trends and compound annual growth rates (CAGR) of specific cereals, several observations can be made. Barley demonstrated a significant

negative growth trend with a CAGR of -
1.192 percent. Maize did not exhibit a significant growth trend and had a CAGR of
-0.399 percent. Millets displayed a significant negative growth trend with a CAGR of -1.291 percent. Rice showed a significant positive growth trend with a CAGR of 2.224 percent. Sorghum indicated a significant negative growth trend with a CAGR of -1.093 percent. Wheat exhibited a significant positive growth trend with a CAGR of 3.873 percent.
Overall, the production of barley and sorghum has experienced a decline, while other cereals have shown positive growth. Wheat stands out with the highest growth rate, followed by maize and rice. Rice production remains consistently high, indicating a preference for rice cultivation likely influenced by factors such as climatic conditions, water availability, and government support through Minimum Support Price (MSP). Notably, there has been an increase in millet production, potentially driven by growing demand for healthier alternatives. These findings provide valuable insights for policymakers and stakeholders to develop strategies to further enhance cereal production, address declining crops, and promote sustainable agricultural practices in India.
[bookmark: Yield_of_cereals]Yield of cereals
The yield of cereals in India reveals a notable upward trend during the period 1961-1970. Wheat and millets demonstrated the highest positive growth indices, with 42.07 percent and 45.73 percent, respectively, while sorghum had the lowest growth index of 6.02 percent. The total yield

of cereals increased significantly from 5.0830 tonnes per hectare to 15.5850 tonnes per hectare, representing a positive growth index of 206.61 percent.
Examining the growth trends and compound annual growth rates of specific cereals, several key observations emerge. Barley displayed a significant positive growth trend with a CAGR of 2.122 percent. Maize exhibited a significant positive growth trend with a CAGR of 2.020 percent, while millets also showed a significant positive growth trend with the same CAGR. Rice demonstrated a significant positive growth trend with a CAGR of 1.816 percent. Sorghum indicated a significant positive growth trend with a CAGR of 1.106 percent. Wheat exhibited the highest positive growth trend among cereals, with a CAGR of 2.429 percent.
The increasing trend in cereal yields is noteworthy, particularly in wheat, barley, and maize (Ramdas, 2012). Despite the decrease in cultivation area and production for barley and sorghum, farmers have effectively optimized their resources, resulting in higher productivity on available land. Technological advancements, improved farming practices, and investments in agriculture are likely contributing factors to the overall increase in cereal yields (Nisha, 2019). This positive trend in cereal yield signifies improved efficiency and productivity in the agricultural sector, which is crucial for ensuring food security and sustainable agricultural development in India.
[bookmark: Annual_consumption_of_cereals]Annual consumption of cereals

Analyzing the annual food supply quantity of cereals in India reveals an overall increasing trend during the periods studied. Maize exhibited the highest positive growth index in the periods 1961-1970 and 2001- 2019, while wheat had the highest positive growth index in the periods 1971-1980 and 1981-1990. Barley consistently displayed the most negative growth index among the cereals. The total annual food supply quantity of cereals increased significantly from 138.3 kilograms per capita to 186.37 kilograms per capita over the period 1961- 2019, representing a positive growth index of 34.75 percent.
Examining the percentage composition of the annual food supply quantity, rice consistently accounted for the highest proportion among the cereals, followed by wheat. Barley and maize consistently had the lowest percentage composition. The average percentage composition of annual food supply quantity for rice and wheat demonstrated an increasing trend, while barley, maize, millets, and sorghum showed a decreasing trend over the period of study.
Conducting trend analysis on the annual per capita food supply quantity of specific cereals, several key findings emerge. Barley and products exhibited a significant negative growth trend with a compound annual growth rate (CAGR) of -3.246 percent. Maize and products also showed a significant negative growth trend with a CAGR of -0.399 percent. Millets and products demonstrated a significant negative growth trend with a CAGR of -1.291percent. On the other hand, rice and products displayed a significant positive growth trend with a CAGR of 0.501 percent.

Sorghum and products exhibited a significant negative growth trend with a CAGR of -3.052 percent, while wheat and products demonstrated a significant positive growth trend with a CAGR of 1.308 percent.
The findings suggest that rice and wheat products have experienced positive growth in per capita food supply, while other cereals, such as barley and sorghum, have declined (Balasubrahmanian, 2023). Rice consistently contributes the highest percentage to the food supply, followed by wheat. The decrease in consumption of sorghum and barley products may be attributed to changing food preferences anda lack of awareness about the nutritional value of millets (Dutta, 2023). These insights highlight the importance of monitoring and addressing changes in food supply and consumption patterns to ensure a balanced and sustainable diet for the population.
[bookmark: Imports_of_cereals]Imports of cereals
Examining the import quantity of cereals during the period 1961-2019 reveals notable trends. Import quantity of barley, wheat, and sorghum demonstrated an increasing trend in the period 1961-1970. However, maize had the most negative growth index among the cereals during the periods 1961-1970 and 1991-2000. The total import quantity of cereals decreased significantly from 3.67 million tonnes to 0.57 million tonnes over the period 1961-2019, reflecting a negative growth index of -84.46 percent.
Analyzing the percentage composition of import quantity, wheat consistently accounted for the highest proportion among the cereals, while barley consistently had the

lowest percentage composition. Maize, barley, and millets exhibited a significant increasing trend in the percentage composition of import quantity, whereas rice, wheat, and sorghum showed a decreasing trend during the period of study.
Conducting trend analysis on the import quantity of specific cereals, significant findings emerge. Barley imports displayed a significant positive growth trend with a compound annual growth rate (CAGR) of
10.96 percent. However, no significant growth trend was found for maize in terms of import quantity. Rice demonstrated a significant negative growth trend in import quantity, recording a CAGR of -19.587 percent. Similarly, sorghum showed a significant negative growth trend with a CAGR of -18.045 percent, while wheat exhibited a significant negative growth trend with a CAGR of -9.516 percent.
The findings indicate an increase in barley imports, while rice and sorghum imports have declined (Sendhil, 2012). The decrease in wheat imports can be attributed to higher domestic production. The rise in maize and barley imports is driven by demand for animal feed and lower prices. Overall, the decrease in cereal imports suggests an improvement in self-sufficiency and a reduced reliance on foreign sources (Kumar, 2014). These insights highlight the changing dynamics of cereal imports in India's agricultural landscape.
[bookmark: Exports_of_cereals]Exports of cereals
The export quantity of cereals during the period 1961-2019 reveals interesting patterns. With the exception of barley and

millets, all cereals demonstrated an increasing trend in export quantities in the period 1961-1970. Rice emerged as the cereal with the highest positive growth index during the periods 1961-1970 and 1991- 2000. The total export quantity of cereals surged from 8 tonnes to 0.94 million tonnes, representing a remarkable positive growth index of 11,749,900 percent.
Examining the percentage composition of export quantities, wheat consistently held the highest proportion among the cereals. On the other hand, maize exhibited a significant increasing trend in the percentage composition of export quantities. However, barley, millets, rice, wheat, and sorghum displayed a decreasing trend in the percentage composition of export quantities throughout the study period.
Conducting trend analysis on the export quantities of specific cereals, noteworthy insights emerge. Maize exports exhibited a significant positive growth trend with a compound annual growth rate (CAGR) of 29.822 percent. Similarly, rice displayed a significant positive growth trend in export quantities, recording a CAGR of 19.243 percent. Sorghum demonstrated a significant positive growth trend with a CAGR of
21.409 percent, while wheat exhibited a significant positive growth trend with a CAGR of 12.299 percent.
India has established itself as an exporter of significant quantities of maize, rice, and wheat (Aparicio, 2015). The demand for fodder crops has driven the exports of rice and maize (Aparicio, 2015). Government policies focused on increasing paddy production have positioned India as a major

exporter of rice (Sekhara, 2019). The production and export of rice, wheat, and maize have witnessed an upward trend, while millet exports have been inconsistent and sorghum exports have shown a positive trend. Overall, the increasing cereal exports reflect India's strength in international trade (Ivanova, 2019), highlighting its position as a key player in the global market.
The analysis of various factors related to cereal crops in India provides valuable insights into the trends and patterns of cultivation, production, yield, import and export, and food supply. The findings highlight the positive growth in the total area cultivated for cereals, with wheat and maize leading the way. Rice consistently remains a major cereal crop, both in terms of cultivation area and production. The increase in cereal yields indicates improved productivity and farming practices. However, there are declining trends in the cultivation area and production of certain cereals like barley, millets, and sorghum, which call for attention and potential interventions.
Importantly, the study emphasizes the need to promote and raise awareness about the nutritional value and consumption of cereals like millets, which have shown declining trends in both cultivation and food supply. Addressing this decline and promoting sustainable agricultural practices can contribute to food security and a more balanced and nutritious diet for the population. Additionally, the declining trends in cereal imports and the growth in exports demonstrate India's progress

towards self-sufficiency and its potential as a major player in the global cereal market.
Further research can be conducted to explore the impact of policies and regulations on the growth trends of cereal crops, as well as to investigate structural breaks that may provide additional insights into the historical trends. By continuing to monitor and analyze these factors, policymakers and agricultural stakeholders can develop targeted strategies to enhance cereal production, address declining crops, promote sustainable practices, and ensure the availability of diverse and nutritious cereals for the population.
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