


Statistical Investigation of Millets Mission: Across India and Assam


Abstract
Assam Millet Mission aims to enhance millet production and consumption in Assam, addressing malnutrition and promoting sustainable agricultural practices. Here, in this study an attempt was made for systematic data driven inquiry of area, production and yield of millets among different states of India. The data was collected from the draft indicative concept note on Assam Millets Mission compiled in the year 2022 by Assam Rural Infrastructure and Agricultural Services (ARIAS) society, Department of Agriculture, Government of Assam. From the statistical investigation of area, production and yield of millets it was observed that the area, production and yield of millets haven’t constantly increased or decreased during the period from 2018-2021. For states like Rajhasthan, area under cultivation of millets and production was highest. It was also come to noticed that since area under cultivation of millets for Assam was second least, therefore it has low production and yield of millets. Further, from pairwise comparison test it was found that there were significant difference among different states of India in accordance with area, production and yield of millets. The study also tried to outlined that in terms of yield of millets, state of Assam has a pairwise significant difference with all the different states of India.
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1. Introduction
Assam Millet Mission aims to enhance millet production and consumption in Assam, addressing malnutrition and promoting sustainable agricultural practices. This initiative aligns with the global recognition of millets as climate-resilient crops, particularly in light of the United Nations declaring 2023 as the 'International Year of Millets'. The mission focuses on integrating millets into traditional diets, improving food security, and supporting local farmers. It was launched in 2016, this initiative aims to boost millet productivity and consumption through various programs, including the "Millets for Health" campaign (Yadav et al., 2023). The National Mission on Sustainable Agriculture and other policies promote research, market access, and minimum support prices for millets (Gupta et al., 2024). Millets are rich in vitamins, minerals, and fiber, making them a healthy alternative to rice (Digra et al., 2025). They have a low glycemic index, beneficial for individuals with diabetes (Yadav et al., 2023). Studies show that millet-based products have higher acceptability and nutritional profiles compared to traditional rice-based foods (Digra et al., 2025). Millets require less water and are more resilient to climate change, making them cost-effective for small farmers (Barman et al., 2025). By diversifying cropping systems, millets can provide additional income sources for farmers, enhancing their economic stability. The average yield in Assam is approximately 5.70 q/ha, with a return income of Rs. 35,570 per hectare (Barman et al., 2025). However, challenges such as lack of processing facilities and market access hinder growth (Barman et al., 2025). Despite their benefits, small millets face declining cultivation areas and unfavorable trade terms compared to major crops like rice (Borbaruah et al., 2025). Farmers show a strong preference for rice, leading to instability in millet production (Borbaruah et al., 2025). The present study was undertaken to observe and study the area under cultivation (in hectares), yield (in kg/hectare) and production (in tonnes) of Millets cultivated in Assam and neighbouring states of India. Further, it had tried to bring a comparison among Assam and neighbouring states of India in accordance with these variables. Despite these efforts, challenges such as low productivity and limited market infrastructure persist, hindering the widespread adoption of millets in Assam. Addressing these barriers is crucial for the success of the Assam millet mission and the overall agricultural landscape in the region.



2. Research Methodology
An empirical research methodology was adopted to achieve the objectives of the study. For the analysis task, the study had accustomed to report based on government database. The analysis for the study was performed with descriptive and comparative statistical analysis method. The data collection procedure and analysis techniques used in this study were discussed below:
2.1.  Data
The data collected for the research work was secondary and quantitative in nature. It was collected from the draft indicative concept note on Assam Millets Mission compiled in the year 2022 by Assam Rural Infrastructure and Agricultural Services (ARIAS) society, Department of Agriculture, Government of Assam. The data on area, yield and production of millet was collected from 2018 to 2021. It was collected for different states of India including state of Assam.  
2.2.  Methods
For analysis of the study, descriptive and comparative methods were considered. Further for graphical representation, histogram and frequency curves were developed. The analysis was executed in R version 4.5.2 software. A brief description of the statistical tools involved in this research work is discussed below:
2.2.1. Descriptive Statistics
Descriptive statistics serve as a foundational element in statistical analysis, providing essential tools for summarizing and interpreting data. This branch of statistics focuses on presenting data in a clear and concise manner through various formats such as tables, charts, and graphs. Descriptive statistics condense large datasets into understandable summaries, highlighting key features such as central tendency and variability (Blbas, 2024). Common metrics include the mean, median, and mode, which provide insights into the average or most common values within a dataset. It also includes range, variance, and standard deviation, which describe the spread of data points around the central value. Descriptive statistics are crucial in research for summarizing findings and presenting results in a comprehensible format, facilitating better decision-making.



2.2.2. One Way Analysis of Variance (ANOVA) 
Analysis of variance (ANOVA) is a statistical method used to assess differences among group means and is particularly valuable in experimental research. It allows researchers to determine whether any of the differences among sample means are statistically significant, thus providing insights into the effects of one or more independent variables on a dependent variable. One-way ANOVA compares means across one independent variable with multiple levels. The variance in ANOVA quantifies the spread of data points and is crucial for distinguishing between systematic and unsystematic variance in experimental designs (Baban, 2024). ANOVA is widely used in biological sciences to evaluate treatment effects across various experimental designs, such as Completely Randomized Design and Randomized Block Design (Varalakshmi, 2025). 
The one way ANOVA mathematical model is given as
……………….. (i)
Where, 
 Dependent variable 
 General mean effect 
 Between group variation
 Within group variation
2.2.3. Tukey's Honestly Significant Difference (HSD) test
Tukey's Honestly Significant Difference (HSD) test is a statistical method used for making pairwise comparisons between group means while controlling for Type I error rates. It is particularly useful in scenarios involving multiple comparisons, as it provides a robust framework for determining significant differences among group means. The test is based on the studentized range distribution and is applicable to both equal and unequal sample sizes, making it versatile in various research contexts. The test has been employed in agricultural studies to compare the performance of different plant varieties under varying conditions (Cheshkova et al., 2017). 


The mathematical formula is given by
……………………. (ii)
Where,
MSE = Mean Square Error from ANOVA.
q = The critical value from the Studentized range distribution table based on certain level of significance.
n = sample size.

3. Analysis of Results
The analysis of the study was conducted with the help of useful statistical software such as Microsoft Excel and SPSS (Statistical Package for Social Sciences). The study had considered pre-determined value level of significance (α =0.05). The following results of the study is given below:
3.1. Table 1: State-wise Descriptive Statistics of Area ( in hectares) under Cultivation of Millets from 2018-2021
	States
	Mean
	Median
	Variance
	Standard deviation

	Andhra Pradesh

	183.50
	214.50
	77.31
	5977.67

	Assam
	5.10
	5.105
	0.12
	0.015

	Bihar
	11.65
	10.99
	3.17
	10.07

	Chhattisgarh
	70.76
	66.64
	19.54
	382.17

	Gujarat
	424.94
	488.22
	146.47
	21454.81

	Haryana
	500.32
	493.85
	80.38
	6461.41

	Himachal Pradesh
	7.12
	7.18
	0.23
	0.052

	Jharkhand
	17.53
	16.58
	2.16
	4.65

	Karnataka
	1546.60
	1721.85
	433.64
	188044.92

	Kerala
	0.405
	0.495
	0.22
	0.051

	Madhya Pradesh
	530.97
	502
	68.27
	4661.16

	Maharashtra
	2241.21
	2525.65
	987.60
	975354.26

	Odisha
	83.17
	80.89
	7.99
	63.99

	Rajasthan
	4728.74
	4820.35
	274.31
	75247.50

	Tamil Nadu
	513.96
	560.24
	142.97
	20439.47

	Telangana
	75.60
	82.5
	40.44
	1635.71

	Uttar Pradesh
	1060.75
	1061.5
	37.26
	1388.25

	Uttarakhand
	143
	143
	6.38
	40.66

	West Bengal
	7.89
	8.92
	2.26
	5.12

	Others
	63.27
	64.77
	14.55
	211.60



From table 1, it could be observed that the mean, median, variance and standard deviation for area under cultivation (in hectares) of millets from 2018-2021 varies among different states of India. It could be observed that Rajhasthan state has the highest mean and median area under cultivation of millets among other states of India. The least mean and median area under cultivation of millets was for Kerela. The table 1 also outlined that the mean and median area under cultivation of millets for state of Assam was second least in comparison to other states of India. Further from table 1, it was observed that Maharastra state has the highest variation in terms of area under cultivation of millets. The least variation were observed for Kerela, Himachal Pradesh and Assam. 
3.2. Table 2: State-wise Descriptive Statistics of Production (in tonnes) under Cultivation of Millets from 2018-2021
	States
	Mean
	Median
	Variance
	Standard deviation

	Andhra Pradesh

	351.11
	351.11
	38662.93
	196.63

	Assam
	3.07
	3.07
	0.01
	0.11

	Bihar
	10.87
	10.87
	6.95
	2.64

	Chhattisgarh
	25.45
	25.45
	49.71
	7.05

	Gujarat
	864.91
	864.91
	102893.69
	320.77

	Haryana
	1052.32
	1052.32
	47712.08
	218.43

	Himachal Pradesh
	7.25
	7.25
	1.12
	1.06

	Jharkhand
	15.15
	15.15
	4.59
	2.14

	Karnataka
	2051.34
	2051.34
	361997.94
	601.66

	Kerala
	0.41
	0.41
	0.05
	0.23

	Madhya Pradesh
	975.86
	975.86
	20230.46
	142.23

	Maharashtra
	1731.14
	1731.14
	797231.63
	892.88

	Odisha
	52.44
	52.44
	27.13
	5.21

	Rajasthan
	4880.38
	4880.38
	162741.84
	403.41

	Tamil Nadu
	844.04
	844.04
	45119.77
	212.41

	Telangana
	108.88
	108.88
	6116.88
	78.21

	Uttar Pradesh
	2179.50
	2179.50
	23137.37
	152.11

	Uttarakhand
	198.75
	198.75
	342.72
	18.51

	West Bengal
	8.41
	8.41
	5.17
	2.27

	Others
	61.75
	61.75
	98.19
	9.91



From table 2, it was observed that the mean, median, variance and standard deviation for production (in tonnes) of millets from 2018-2021 varies among different states of India. It could be observed that Rajhasthan state has the highest mean and median production of millets among other states of India. The least mean and median production of millets was for Kerela. The table 2 also tried to depict that the mean and median production of millets for state of Assam was second least in comparison to other states of India. Further from table 2, it was noticed that Maharastra state has the highest values of variance and standard deviation for production of millets. The least variation were observed for Kerela, Himachal Pradesh and Assam. 
3.3. Table 3: State-wise Descriptive Statistics of Yield (in kg/hectare) of Millets from 2018-2021
	States
	Mean
	Median
	Variance
	Standard deviation

	Andhra Pradesh

	1822.75
	1767.50
	300008.92
	547.73

	Assam
	601.00
	599.00
	178.67
	13.37

	Bihar
	938.25
	932.00
	1558.92
	39.48

	Chhattisgarh
	361.00
	343.50
	2852.67
	53.41

	Gujarat
	2012.25
	2039.50
	9826.92
	99.13

	Haryana
	2097.50
	2089.50
	27459.00
	165.71

	Himachal Pradesh
	1014.00
	1036.00
	13995.33
	118.30

	Jharkhand
	864.25
	859.00
	4464.92
	66.82

	Karnataka
	1341.25
	1414.00
	38400.92
	195.96

	Kerala
	1020.50
	995.00
	4623.00
	67.99

	Madhya Pradesh
	1835.75
	1845.50
	5829.58
	76.35

	Maharashtra
	771.50
	797.00
	24747.67
	157.31

	Odisha
	630.50
	625.00
	467.67
	21.63

	Rajasthan
	1034.50
	1045.50
	10011.00
	100.05

	Tamil Nadu
	1655.25
	1628.50
	3994.92
	63.21

	Telangana
	1307.75
	1252.00
	126830.92
	356.13

	Uttar Pradesh
	2055.25
	2045.00
	18502.92
	136.03

	Uttarakhand
	1390.75
	1425.00
	15701.58
	125.31

	West Bengal
	1086.50
	1123.00
	28625.67
	169.19

	Others
	994.25
	992.50
	18750.25
	136.93



From table 3, it could be noticed that the mean, median, variance and standard deviation for yield (in kg/hectare) of millets from 2018-2021 varies among different states of India. Among the states of India, Haryana was found highest in mean and median yield of millets. The least mean and median yield of millets was for Assam. Further from table 3, it was noticed that Andhra Pradesh state has the highest values of variance and standard deviation for production of millets. The least variation were observed for Assam and Odhisa. 










3.4.  Graphical representation of State-wise Area, Production and Yield of Millets from 2018-2021

Fig.1: State-wise Area (in hectares) of millets from 2018-2021

Fig.2: State-wise Production (in tonnes) of millets from 2018-2021


Fig.3: State-wise Yield (in kg/hectare) of millets from 2018-2021

3.5. Table 4: Summary of Analysis of Variance (ANOVA) for State-wise Area (in hectares) under Cultivation of Millets
	Source of Variation
	DF 
	Sum of Squares
	Mean Squares
	F-Calculated
	Significance

	Between
	19
	97,969,435.185
	5,156,286.062
	79.243
	< 0.001 

	Within (Error)
	60
	3,904,153.613
	65,069.227
	
	

	Total
	79
	101,873,588.798
	
	
	


       
The above table 4 outlined the summary of ANOVA for State-wise area under cultivation of millets. Since p-value < 0.001 for the analysis was found to be less than α=0.05, level of significance. Therefore, there were significant difference among different states of India in accordance to area under cultivation of millets. 




3.6. Table 4: Summary of Analysis of Variance (ANOVA) for State-wise Production (in tonnes) of Millets
	Source of Variation
	DF 
	Sum of Squares
	Mean Squares
	F-Calculated
	Significance

	Between
	19
	110,328,777.664
	5,806,777.772
	72.297
	< 0.001 

	Within (Error)
	60
	4,819,135.018
	80,318.917
	
	

	Total
	79
	115,147,912.682
	
	
	



The above table 4 described the summary of ANOVA for State-wise production of millets. Since p-value < 0.001 for the analysis was found to be less than α=0.05, level of significance. Therefore, there were significant difference among different states of India in terms of production of millets. 
3.7. Table 5: Summary of Analysis of Variance (ANOVA) for State-wise Yield (in kg/hectare) of Millets
	Source of Variation
	DF 
	Sum of Squares
	Mean Squares
	F-Calculated
	Significance

	Between
	19
	20,521,565.238
	1,080,082.381
	32.888
	< 0.001 

	Within (Error)
	60
	1,970,494.250
	32,841.571
	
	

	Total
	79
	22,492,059.488
	
	
	


The above table 5 had showed the summary of ANOVA for State-wise yield of millets. Since p-value < 0.001 for the analysis was found to be less than α=0.05, level of significance. Therefore, there were significant difference among different states of India in terms of yield of millets. 
3.8. Table 6: Summary of Tukey's Honestly Significant Difference (HSD) test for State-wise Area under Cultivation (in hectares) of Millets
	State Name
	Means

	Andhra Pradesh
	183.5ef

	Assam
	5.1f

	Bihar
	11.65f

	Chhattisgarh
	70.76ef

	Gujarat
	424.94ef

	Haryana
	500.32e

	Himachal Pradesh
	7.12f

	Jharkhand
	17.53f

	Karnataka
	1546.6c

	Kerala
	0.405f

	Madhya Pradesh
	530.97e

	Maharashtra
	2241.21b

	Odisha
	83.17ef

	Rajasthan
	4728.74a

	Tamil Nadu
	513.96e

	Telangana
	75.6ef

	Uttar Pradesh
	1060.75d

	Uttarakhand
	143ef

	West Bengal
	7.89f

	Others
	63.27ef



From table 6, it could be observed that there exist pairwise significant difference between different states of India in terms of area under cultivation of millets. It has outlined that the state of Assam has a pairwise significant difference with Andhara Pradesh, Chattisgarh, Gujrat, Haryana, Karnataka, Madhya Pradesh, Maharastra, Odhisa, Rajhasthan, Tamil Nadu, Telangana, Uttar Pradesh, Uttarakhand and Others. Further, from table 6, similar inference pairwise significant and non-significant (on par) difference among different states of India in terms of area under cultivation of millets. 
3.9. Table 7: Summary of Tukey's Honestly Significant Difference (HSD) test for State-wise Production (in tonnes) of Millets
	State Name
	Means

	Andhra Pradesh
	351.11defg

	Assam
	3.07g

	Bihar
	10.87g

	Chhattisgarh
	25.45g

	Gujarat
	864.91de

	Haryana
	1052.32cd

	Himachal Pradesh
	7.25g

	Jharkhand
	15.15g

	Karnataka
	2051.34b

	Kerala
	0.41g

	Madhya Pradesh
	975.86d

	Maharashtra
	1731.14bc

	Odisha
	52.44g

	Rajasthan
	4880.38a

	Tamil Nadu
	844.04def

	Telangana
	108.88fg

	Uttar Pradesh
	2179.5b

	Uttarakhand
	198.75efg

	West Bengal
	8.41g

	Others
	61.75g



From table 7, it could be observed that there exist pairwise significant difference between different states of India in accordance to production of millets. It has outlined that the state of Assam has a pairwise significant difference with Andhara Pradesh, Gujrat, Haryana, Karnataka, Madhya Pradesh, Maharastra, Rajhasthan, Tamil Nadu, Telangana, Uttar Pradesh and Uttarakhand. Further, from table 7, similar inference on pairwise significant and non-significant (on par) difference among different states of India in terms of production of millets. 

4.0. Table 8: Summary of Tukey's Honestly Significant Difference (HSD) test for State-wise Yield (in kg/hectare) of Millets
	State Name
	Means

	Andhra Pradesh
	1822.75ab

	Assam
	601gh

	Bihar
	938.25defg

	Chhattisgarh
	361h

	Gujarat
	2012.25a

	Haryana
	2097.5a

	Himachal Pradesh
	1014defg

	Jharkhand
	864.25efg

	Karnataka
	1341.25cd

	Kerala
	1020.5defg

	Madhya Pradesh
	1835.75ab

	Maharashtra
	771.5fgh

	Odisha
	630.5fgh

	Rajasthan
	1034.5defg

	Tamil Nadu
	1655.25abc

	Telangana
	1307.75cde

	Uttar Pradesh
	2055.25a

	Uttarakhand
	1390.75bcd

	West Bengal
	1086.5def

	Others
	994.25defg



From table 8, it could be observed that there exist pairwise significant difference between different states of India in accordance to yield of millets. It was observed that in terms of yield, state of Assam has a pairwise significant difference with all the different states of India.  Further, from table 8, some states of India had pairwise significant and non-significant (on par) difference with other states.
4. Discussion and Conclusion
The statistical investigation of millets in India reveals significant trends in area, production, and consumption, highlighting both challenges and opportunities for this nutritious crop. Millets, often termed "Miracle Grains," are recognized for their resilience and health benefits, yet their cultivation and consumption have faced declines over the years. The area under millet cultivation has been decreasing, with a reported decline of 5.22% per annum from 1966-67 to 2020-21 (Kumar et al., 2024). Major millets like pearl millet and sorghum have shown mixed trends; while pearl millet's production increased by 2.34% annually, sorghum's area and production decreased by 3.12% and 2.14%, respectively (Kumar et al., 2024). Overall, the growth rate of millet area and production has been negative, with a decline of 16.31% and 13.58% per year, respectively, until 2005, after which productivity began to improve (Gowri, 2020). While the area and production of millets are declining, the yield of finger millet has shown a slight increase at a Compound Annual Growth Rate (CAGR) of 0.12% (Ramavathi & Gandhimathy, 2025). This research study was undertaken for systematic data-driven inquiry of area, production and yield of millets among different states of India. It had also tried to examined the variations arise due to area, production and yield of millets among different states of India. From the statistical investigation of area, production and yield of millets it was observed that the area, production and yield of millets haven’t constantly increased or decreased during the period from 2018-2021. For states like Rajhasthan, area under cultivation of millets and production was highest. It was also come to noticed that since area under cultivation of millets for Assam was second least, therefore it has low production and yield of millets. Further, from pairwise comparison test it was found that there were significant difference among different states of India in accordance with area, production and yield of millets. The study also tried to outlined that in terms of yield of millets, state of Assam has a pairwise significant difference with all the different states of India.  
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2018-19	Andhra Pradesh	Assam	Bihar	Chhattisgarh	Gujarat	Haryana	Himachal Pradesh	Jharkhand	Karnataka	Kerala	Madhya Pradesh	Maharashtra	Odisha	Rajasthan	Tamil Nadu	Telangana	Uttar Pradesh	Uttarakhand	West Bengal	Others	1354	587	897	346	2082	1935	872	788	1053	992	1734	557	611	902	1637	1112	1910	1214	857	869	2019-20	Andhra Pradesh	Assam	Bihar	Chhattisgarh	Gujarat	Haryana	Himachal Pradesh	Jharkhand	Karnataka	Kerala	Madhya Pradesh	Maharashtra	Odisha	Rajasthan	Tamil Nadu	Telangana	Uttar Pradesh	Uttarakhand	West Bengal	Others	2179	619	930	341	1997	1980	961	859	1390	971	1836	787	629	1042	1620	1392	1987	1395	1068	883	2020-21	Andhra Pradesh	Assam	Bihar	Chhattisgarh	Gujarat	Haryana	Himachal Pradesh	Jharkhand	Karnataka	Kerala	Madhya Pradesh	Maharashtra	Odisha	Rajasthan	Tamil Nadu	Telangana	Uttar Pradesh	Uttarakhand	West Bengal	Others	2402	597	992	439	2092	2276	1112	859	1438	1121	1918	935	661	1049	1615	1769	2103	1455	1178	1123	2021-22	Andhra Pradesh	Assam	Bihar	Chhattisgarh	Gujarat	Haryana	Himachal Pradesh	Jharkhand	Karnataka	Kerala	Madhya Pradesh	Maharashtra	Odisha	Rajasthan	Tamil Nadu	Telangana	Uttar Pradesh	Uttarakhand	West Bengal	Others	1356	601	934	318	1878	2199	1111	951	1484	998	1855	807	621	1145	1749	958	2221	1499	1243	1102	



Yield (in kg/hectare) of Millets

2018-19	Andhra Pradesh	Assam	Bihar	Chhattisgarh	Gujarat	Haryana	Himachal Pradesh	Jharkhand	Karnataka	Kerala	Madhya Pradesh	Maharashtra	Odisha	Rajasthan	Tamil Nadu	Telangana	Uttar Pradesh	Uttarakhand	West Bengal	Others	1354	587	897	346	2082	1935	872	788	1053	992	1734	557	611	902	1637	1112	1910	1214	857	869	2019-20	Andhra Pradesh	Assam	Bihar	Chhattisgarh	Gujarat	Haryana	Himachal Pradesh	Jharkhand	Karnataka	Kerala	Madhya Pradesh	Maharashtra	Odisha	Rajasthan	Tamil Nadu	Telangana	Uttar Pradesh	Uttarakhand	West Bengal	Others	2179	619	930	341	1997	1980	961	859	1390	971	1836	787	629	1042	1620	1392	1987	1395	1068	883	2020-21	Andhra Pradesh	Assam	Bihar	Chhattisgarh	Gujarat	Haryana	Himachal Pradesh	Jharkhand	Karnataka	Kerala	Madhya Pradesh	Maharashtra	Odisha	Rajasthan	Tamil Nadu	Telangana	Uttar Pradesh	Uttarakhand	West Bengal	Others	2402	597	992	439	2092	2276	1112	859	1438	1121	1918	935	661	1049	1615	1769	2103	1455	1178	1123	2021-22	Andhra Pradesh	Assam	Bihar	Chhattisgarh	Gujarat	Haryana	Himachal Pradesh	Jharkhand	Karnataka	Kerala	Madhya Pradesh	Maharashtra	Odisha	Rajasthan	Tamil Nadu	Telangana	Uttar Pradesh	Uttarakhand	West Bengal	Others	1356	601	934	318	1878	2199	1111	951	1484	998	1855	807	621	1145	1749	958	2221	1499	1243	1102	






