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Abstract

	The study examines how women’s roles and capacities influence nutrition-sensitive farming interventions across Thadnongiaw, Kdonghulu, and Liarkhla villages of Ribhoi District of Meghalaya, surveying 47 members organized into Farmer Interest Groups (FIGs) under a Farming System for Nutrition (FSN) approach. Using structured questionnaires and statistical analyses (frequency, percentage and K-mean clustering), the study assessed socio-economic profiles, communication and psychological traits and management skills of the 3 FIG groups. Participants were mostly middle-aged with junior school education and moderate farming experience and faced limited access to modern inputs, lower literacy, and dual domestic–agricultural workloads. Communication patterns showed medium extension engagement and mass-media use, yet most lacked proficiency in interpreting UAV-derived imagery and data, highlighting a need for targeted digital training. Managerial capacities varied demonstrating weak planning but medium-level control abilities. This indicated strengthening advanced planning and group-management practices. Interventions that strengthen women's capacities in these areas serve as both pathways for women's empowerment and nutrition-sensitive agricultural strategies, resulting in improvements in livelihoods and nutritional outcomes that reinforce one another.



Key Words: Farmer Interest Group, Farming System for Nutrition, lower literacy, group-management practices

INTRODUCTION 

Women in Meghalaya play a pivotal role in agriculture, engaging extensively in labour-intensive activities such as sowing, transplanting, weeding, harvesting, and livestock management (Bordoloi, 2021). Although the region’s matrilineal system grants women land rights and decision-making power which strengthens their active role in farming and household management, women farmers still face major obstacles in cases of poor access to modern farm inputs, relatively low literacy, and the dual burden of agricultural work and domestic duties (Bordoloi, 2021; Northeast Network, 2021). In addition to their agricultural roles, women are essential to nutrition, as their health directly affects the wellbeing of their families and communities (PRB, 2003). Proper nutrition during women's reproductive years is essential for healthy pregnancies and for decreasing maternal and child mortality rates (Santoso et al., 2019). The nutritional status of women in Meghalaya is characterized by significant undernutrition and micronutrient deficiencies. Research consistently indicates elevated levels of underweight and anemia, coupled with inadequate dietary diversity, even in a region abundant in agrobiodiversity, highlighting difficulties in obtaining and consuming balanced nutrition (Chyne et al., 2018; Sharma and Singh, 2019; Nongrum et al., 2022; Monsang and Singh, 2018; Meghalaya NFHS-5, 2021). Women who possess nutrition-related knowledge and greater autonomy are more likely to promote diverse diets and better nutritional outcomes within their households (CRY, 2025). Their education and decision-making authority enhance access to nutritious food, healthcare, and nutrition education, promoting healthier families and communities (PRB, 2003; Santoso et al., 2019). In rural India, women farmers play a crucial role in agricultural productivity and nutritional security; therefore, their empowerment is essential to maintaining household food security and rural livelihoods. However, socioeconomic obstacles and restricted access to managerial training and extension services often prevent them from reaching their full potential (Government of India, 2023; Farming First, 2023; IDR, 2025). Organizing the farming community, especially small and marginal farmers, into Farmer Interest Groups is one of the best ways to address the many problems facing agriculture. Farmer Interest Groups serve as forums for improving decision-making skills and fostering local innovation in sustainable agriculture (Khhada et al., 2021). The Farming System for Nutrition (FSN) approach offers an integrated, location-specific strategy to enhance nutritional outcomes by optimizing agricultural production for diverse nutrient-rich foods. This approach emphasizes the promotion of nutrient-dense crops like biofortified cereals, pulses, vegetables, fruits, and animal products in conjunction with nutrition awareness and behavioural change at the community level (Pradhan et al., 2021). Through precision agriculture applications, UAV intervention offers a breakthrough technological solution to farming and nutritional challenges in hilly regions. Real-time crop health monitoring is made possible by drones with multispectral and thermal imaging sensors, which enable farmers to identify diseases, water stress, and nutrient deficiencies even before symptoms are visible. In difficult terrain where traditional farming methods are severely limited, this early detection capability enables timely interventions through targeted fertilizer and pesticide applications, guaranteeing optimal nutrient status and preventing crop losses that directly impact food security and nutritional outcomes (Longchar et al., 2024). However, in order to bring about significant innovation, it is crucial to first evaluate the current profile of women farmers, as this knowledge is essential for creating and implementing innovative approaches such as the Farming System for Nutrition and UAV-based data solutions. Context-specific strategies are informed by thorough baseline assessments, which guarantee that new technologies and nutrition-sensitive models are not only pertinent but also successfully address local needs, resource endowments, and the farming community's current knowledge and skills (Pradhan et al., 2021; Ishwarya et al., 2024). This study therefore seeks to thoroughly assess the socio-economic, communication, psychological, and managerial capacities of women farmers within FSN groups in Ri-Bhoi to provide evidence-based insights for empowerment interventions aimed at enhancing community wellbeing and nutrition-sensitive agricultural outcomes.

material and methods 

The study was conducted in three villages, namely Thadnongiaw, Kdonghulu and Liarkhla at Bhoirymbong C&RD block of Ribhoi district of the state Meghalaya. Three Farmer Interest Groups (FIGs) on Farming System for Nutrition (FSN) had been developed in the three villages. The FIG of Thadnongiaw village was founded by fifteen (15) farmers, whereas the FIG of Kdonghulu village was founded by seventeen (17) farmers, and the FIG of Liarkhla village was constituted by fifteen (15) farmers as shown in Table 1. Data was collected between 2022-2024 after the formation of the 3 FIGs. Appropriate statistical tools such as Frequency, Percentage were used. The distribution of total scores of respondents was checked for normality by using Shapiro–Wilk Normality test and it was found to be non-normal and therefore, the respondents has been categorized into groups based on K-Means Cluster Analysis.

Table 1: Sampling design of the FIG respondents 
	State
	Meghalaya

	Agro-Climatic Zone
	Subtropical Hill Agro-Climatic Zone

	C&RD Block
	Bhoirymbong

	Village
	Thadnongiaw
	Kdonghulu
	Liarkhla

	Respondents
	n=15
	n=17
	n=15



results and discussion

3.1 Personal-Socio-Economic Characteristics of Respondents

The entailing Table 2 delineates the nine Personal & Socio-economic attributes of respondents accounted for the current study by using frequency and percentage. The variables were: 'Age', 'Education', 'Farming Experience', 'Family Size', 'Annual Income', and 'Annual Expenditure' of the respondents.

Table 2: Personal-Socio-Economic Characteristics of Respondents
	Sl. No.
	Variables
	Class
	FIG 1
	FIG 2
	FIG 3
	TOTAL

	
	Sample size
	
	15 (31.90)
	17 (36.20)
	15
(31.90)
	47
(100.00)

	1.
	Age
	Young Age
(Below 35 years)
	4
(26.67)
	2
(11.76)
	6
(40.00)
	12 (25.53)

	
	
	Middle Age
(35–50 years)
	8
(53.33)
	9
(52.34)
	4
(26.67)
	21 (44.68)

	
	
	Old Age
(Above 50 years)
	3
(20.00)
	6
(35.90)
	5
(33.33)
	14 (29.79)

	2.
	Educational Level
	Illiterate
(No schooling)
	0
(0.00)
	2
(11.77)
	1
(6.66)
	3
(6.39)

	
	
	Primary
(4th Passed)
	5
(33.33)
	6
(35.29)
	4
(26.67)
	15 (31.91)

	
	
	Junior
(7th passed)
	8
(53.34)
	8
(47.06)
	6
(40.00)
	22 (46.81)

	
	
	High School
(10th passed)
	2
(13.33)
	1
(5.88)
	4
(26.67)
	7
(14.89)

	3.
	Farming Experience
	Low
(C.M = 10years)
	5
(33.33)
	5
(29.41)
	7
(46.67)
	17 (36.17)

	
	
	Medium
(C.M = 19 years)
	8
(53.34)
	9
(52.94)
	6
(40.00)
	23 (48.94)

	
	
	High
(C.M = 32 years)
	2
(13.33)
	3
(17.65)
	2
(13.33)
	7
(14.89)

	4.
	Family Size
	Low
(C.M = 5)
	6
(40.00)
	8
(47.06)
	6
(40.00)
	20 (42.55)

	
	
	Medium
(C.M = 6)
	6 (40.00)
	8 (47.06)
	7 (46.67)
	21 (44.68)

	
	
	High
(C.M = 8)
	3
(20.00)
	1
(5.88)
	2
(13.33)
	6
(12.77)

	5.
	Annual Income
	Low
(C.M = ₹ 22,808/-)
	10 (66.67)
	10 (58.82)
	6
(40.00)
	26 (55.32)

	
	
	High
(C.M = ₹ 40,333/-)
	5
(33.33)
	7
(41.18)
	9
(60.00)
	21
(44.68)

	6.
	Annual Expenditure
	Low
(C.M = ₹ 16,467/-)
	9
(60.00)
	5
(29.41)
	1
(6.67)
	15 (31.91)

	
	
	High
(C.M = ₹ 33,125/-)
	6
(40.00)
	12 (70.59)
	14 (93.33)
	32 (68.09)


(N.B. – Percentages (in parentheses) are calculated relative to the cell values)

The three Farmer Interest Groups (FIGs) established under the Farming System for Nutrition reveals both commonalities and distinctions across socio-economic variables. All groups had a majority of middle-aged women (35–50 years), with FIG 1 and FIG 2 each having 53.33% and 52.34% in this category, closely matched by FIG 3 at 26.67%, but in this group, 40% were younger (below 35). Most participants across all FIGs possessed junior (7th pass) education, particularly prominent in FIG 1 (53.34%) and FIG 2 (47.06%), while illiteracy was present only in FIG 2 (11.77%) and FIG 3 (6.66%). Medium farming experience was dominant in every group, being highest in FIG 2 (52.94%). Family size for the groups trend towards low to medium (C.M. = 5–6), with each FIG having a similar spread in these categories. Financially, most women across all groups report low annual income (C.M. = ₹ 22,808.0), with FIG 1 at 66.67%, FIG 2 at 58.82%, and FIG 3 at 40%. High annual expenditure was a widespread challenge, especially in FIG 3 (93.33%) and FIG 2 (70.59%), showing consistently high outflows relative to income across the groups. This comparison drew attention to the subtle differences and common limitations that each FIG faced. Overall, it showed a population that had farming experience but frequently faced challenges with both financial security and higher education. High farming experience gave farmers a strong foundation for drone adoption, but low educational attainment necessitated streamlined user interfaces and extensive practical training.

3.2 Communication and Psychological Characteristics of Farmers

Table 3 provides a detailed breakdown of the respondents' various communication and psychological characteristics by listing the frequencies and percentages associated with each category examined during the scientific inquiry. This tabular presentation helps illustrate not just the prevalence of each characteristic, but also how they are distributed across the study population. The communication and psychological characteristics were, ‘Extension Contact’, ‘Mass Media Exposure’, ‘Competency in using ICT tools’, ‘Ability to derive insight from UAV data’ and ‘Ability to Comprehend optical imagery.

Table 3: Communication and Psychological Characteristics of Respondents	
	Variables
	Features
	FIG 1
	FIG 2
	FIG 3
	TOTAL

	Sample size
	
	15(31.9)
	17 (36.2)
	15 (31.9)
	47 (100)

	Extension Contact
	Low (C.M = 7)
	1 (6.67)
	2 (11.77)
	6 (40.00)
	9 (19.15)

	
	Medium (C.M = 8)
	9 (60.00)
	11 (64.70)
	7 (46.67)
	27 (57.45)

	
	High (C.M = 10)
	5 (33.33)
	4 (23.53)
	2 (13.33)
	11 (23.40)

	Mass Media Exposure
	Low (C.M = 4)
	2 (13.33)
	3 (17.65)
	6 (40.00)
	11 (23.40)

	
	Medium (C.M = 6)
	7 (46.67)
	8 (47.06)
	4 (26.67)
	19 (40.43)

	
	High (C.M = 8)
	6 (40.00)
	6 (35.29)
	5 (33.33)
	17 (36.17)

	Competency in using ICT tools
	Low (C.M = 9)
	5 (33.33)
	7 (41.18)
	6 (40.00)
	18 (38.30)

	
	Medium (C.M = 19)
	8 (53.37)
	10 (53.82)
	5 (33.33)
	23 (48.93)

	
	High (C.M = 29)
	2 (13.33)
	0 (0.00)
	4 (26.67)
	6 (12.77)

	[bookmark: _Hlk203575785]Ability to derive insight from UAV data 
	Low (C.M = 6)
	11 (73.33)
	15 (88.23)
	13 (86.67)
	39 (82.98)

	
	High (C.M = 32)
	4 (26.67)
	2 (11.77)
	2 (13.33)
	8 (17.02)

	Ability to Comprehend optical imagery 
	Low (C.M = 1)
	9 (60.00)
	12 (70.59)
	8 (53.37)
	29 (61.70)

	
	High (C.M = 4)
	6 (40.00)
	5 (29.41)
	7 (46.67)
	18 (38.30)


(N.B. – Percentages (in parentheses) are calculated relative to the cell values)

The communication and psychological variables across the three Farmer Interest Groups (FIGs) showed several trends and distinctions. Most women in all groups reported medium levels of extension contact—highest in FIGs 1 and 2 (60% and 64.70%), though in FIG 3 only 46.67%. Mass media exposure was similarly concentrated at the medium level, spread across all groups, but more than a third in each group reported high media exposure, suggesting a foundational level of engagement with information channels. Competency in using ICT tools was predominantly medium (over 50% in FIGs 1 and 2, 33.33% in FIG 3), with FIG 3 notably having the most women (26.67%) reporting high ICT competence. On psychological variables, an overwhelming majority in each FIG possessed low ability to derive insight from UAV data (over 70% in all groups) and low ability to comprehend optical imagery, although FIG 3 stood out with 46.67% indicating high imagery comprehension. These findings showed that although women farmers had moderate access to traditional extension and media channels, there was a critical readiness gap for advanced Farming System for Nutrition (FSN) interventions requiring precision agriculture tools due to their low proficiency in UAV data interpretation and imagery comprehension across FIGs. With improved group-level technology uptake, FIG 3's comparatively higher ICT and imagery skills provided a promising pilot site for focused digital training, facilitating wider FSN adoption. This indicated that while farmers were accessible through traditional communication, there was a significant need for enhanced training in modern digital and data interpretation skills to leverage advanced agricultural technologies.

3.3. Management Characteristics

Table 4 presents a comprehensive overview of the respondents’ management characteristics by reporting the frequencies and percentages for each category assessed in the study. This tabular format clearly conveys both the overall prevalence and group-wise distribution of important management variables, specifically ‘Planning’ and ‘Controlling’. By detailing the breakdown across the three FIG groups, the table offers valuable insight into the levels of competence demonstrated in these essential management domains among the study participants.

Table 4: Management Characteristics of Respondents	
	Variables
	Features
	FIG 1
	FIG 2
	FIG 3
	TOTAL

	Sample size
	
	15(31.9)
	17 (36.2)
	15 (31.9)
	47 (100)

	Planning
	Low (C.M = 20)
	3(20.00)
	7(41.18)
	2(13.33)
	12(25.53)

	
	Medium (C.M = 24)
	7(46.67)
	6(35.29)
	8(53.37)
	21(44.68)

	
	High (C.M = 29)
	5(33.33)
	4(23.53)
	5(33.33)
	14(29.79)

	Controlling
	Low (C.M = 23)
	3(20.00)
	7(41.18)
	3(20.00)
	13(27.66)

	
	Medium (C.M = 27)
	9(60.00)
	7(41.18)
	8(53.37)
	24(51.06)

	
	High (C.M = 30)
	3(20.00)
	3(17.64)
	4(26.67)
	10(21.28)



The findings from the table 4 reveals distinct patterns in the planning and controlling management variables across the three FIG groups. For planning, a notably high percentage of members in FIG 2 (41.18%) fell into the low competency category, compared to 20% in FIG 1 and 13.33% in FIG 3. When aggregated, about a quarter of all participants (25.53%) exhibited low planning abilities, suggesting difficulties in setting clear group objectives, organizing activities, or forecasting resources within many FIGs. Regarding controlling, the medium competency level was predominant across all groups: 60% in FIG 1, 41.18% in FIG 2, and a significant 53.37% in FIG 3, leading to a combined 51.06% for all groups. High controlling competence—essential for monitoring group progress and maintaining quality standards—was observed in only 21.28% of participants overall, though it reached 26.67% in FIG 3. Meanwhile, 27.66% of participants overall showed low control abilities, which was most pronounced in FIG 2 (41.18%). These observations indicated that while FIG members were generally able to manage group processes at a moderate level, substantial gaps persisted in both advanced planning and effective control of group activities. This showed that groups needed simple training in setting goals, planning resources, and checking progress to work together on drone-based Farming System for Nutrition (FSN).

Conclusion

[bookmark: _GoBack]Through the study it was revealed that despite the crucial role played by women farmers in agriculture, they faced significant challenges in their socio-economic, communication, psychological, and managerial capacities. While most were middle-aged with junior education and medium farming experience, many struggled with low annual income and high expenditure. Communication channels, including extension contact and mass media, were moderately utilized, but there was a notable gap in their ability to interpret advanced technologies like UAV data and optical imagery. Few farmers exhibited low planning and controlling competencies in group management, indicating a need for enhanced skills in setting objectives and managing activities. Therefore, a targeted way forward should focus on integrated interventions that not only promote nutrient-dense crops and nutrition awareness but also provide comprehensive training in modern agricultural technologies, digital literacy, and management skills to empower these women, improve their financial stability, and enhance their overall agricultural and nutritional outcomes. Consequently, interventions that strengthen women's capacities in these areas serve as both pathways for women's empowerment and nutrition-sensitive agricultural strategies, resulting in improvements in livelihoods and nutritional outcomes that reinforce one another.

Consent 
As per international standards or university standards, Participants’ written consent has been collected and preserved by the author(s).

[bookmark: _Hlk197682619][bookmark: _Hlk180402183][bookmark: _Hlk183680988][bookmark: _Hlk197351200][bookmark: _Hlk213410455]Disclaimer (Artificial intelligence)
Author(s) hereby declare that NO generative AI technologies such as Large Language Models (ChatGPT, COPILOT, etc.) and text-to-image generators have been used during the writing or editing of this manuscript. 


References

1. Belton, B., Baldiga, L., Justice, S., Minten, B., Narayanan, S., & Reardon, T. (2025). Can the global drone revolution make agriculture more sustainable? Science, 389(6764), 972–976. https://doi.org/10.1126/science.ady1791  
2. Bordoloi, P. (2021). Women in agriculture: An ecological and socio-economic study of Meghalaya, North East India. Biological Forum – An International Journal, 13(4), 532-536. https://www.researchtrend.net/bfij.php (Article found in Volume 13, Issue 4, 2021) 
3. Child Rights and You. (2025). Women's Health & Nutrition: Key to Empowerment and Well-Being. https://www.cry.org/blog/building-stronger-women-the-importance-of-health-and-nutrition-in-womens-empowerment/ . Accessed on 8th November, 2025.
4. Chyne, D. A. L., Meshram, I. I., Rajendran, A., Kodali, V., Getti, N., Roy, P., Kuhnlein, H. V., & Longvah, T. (2017). Nutritional status, food insecurity, and biodiversity among the Khasi in Meghalaya, North‐East India. Maternal & Child Nutrition, 13 Suppl 3(Suppl 3), e12557 https://doi.org/10.1111/mcn.12557 
5. Das, P. K., Bhavani, R. V., & Swaminathan, M. S. (2014). A farming system model to leverage agriculture for nutritional outcomes. Agricultural Research, 3(3), 193-203. https://doi.org/10.1007/s40003-014-0119-5 
6. de Haan, N., & Pathak, H. (2023). Empowering women farmers in India for equal opportunities and growth. Farming First. https://farmingfirst.org/2023/11/empowering-women-farmers-in-india-for-equal-opportunities-and-growth/ . Accessed on 8th November, 2025.
7. Gaillard, C., Verger, E. O., Dury, S., Dop, M. C., & El Ati, J. (2022). Farm production diversity and women's dietary diversity: Evidence from central Tunisia. PLOS ONE, 17(2). https://doi.org/10.1371/journal.pone.0263276 
8. Galhena, D. H., Freed, R., & Maredia, K. M. (2013). Home gardens: A promising approach to enhance household food security and wellbeing. Agriculture & Food Security. https://doi.org/10.1186/2048-7010-2-8 . 
9. Government of India, Press Information Bureau. (2023). Role of women in farming. https://www.pib.gov.in/PressReleaseIframePage.aspx?PRID=1982792 . Accessed on 15th November, 2025.
10. Kuruganti, K., & Vittal, I. (2025). Indian agriculture can't thrive without women farmers. India Development Review. https://idronline.org/article/agriculture/indian-agriculture-cant-thrive-without-women-farmers/ . Accessed on 21 November, 2025.
11. Ishwarya, Y., Singh, R. J., & Devarani, L. (2024). Rapid Appraisal on Farming Systems for Nutrition of Farmers by Using GIS through UAV Data. International Journal of Environment and Climate Change, 14(1), 502-512. https://doi.org/10.9734/ijecc/2024/v14i13862 
12. Khadda, B. S., Lata, K., Kumar, R., Rai, A. K., Khajuria, S., Patel, Y. G., Varia, S. K., & Rathva, A. D. (2021). Farmer interest groups: An effective pathway for enhancing agricultural production, productivity and profitability. Journal of Agriculture and Ecology, 11, 58-68. https://doi.org/10.53911/JAE.2021.11107 
13. Longchar, W., Singh, R. J., & Leihaothabam, N. S. (2024). Application of UAV for sustainable agriculture in hilly regions. Just Agriculture, 4(9), 31-35. https://www.justagriculture.in/files/magazine/2024/may/File%20005%20Application%20of%20UAV%20for%20sustainable%20agriculture%20in%20hilly%20regions.pdf . Accessed on 21 November, 2025.
14. International Institute for Population Sciences (IIPS). (2022). National Family Health Survey (NFHS-5) 2019-21: Meghalaya. https://ruralindiaonline.org/en/library/resource/national-family-health-survey-nfhs-5-2019-21-meghalaya/ Accessed on 21 November, 2025.
15. Monsang, E. S., & Singh, N. (2018). Dietary Intake of Tribal Women of Reproductive Age Group of Meghalaya, India. International Journal of Current Microbiology and Applied Sciences, 7(10), 1847-1855. https://doi.org/10.20546/ijcmas.2018.710.212 
16. Nithya, D. J., Raju, S., Bhavani, R. V., Panda, A. K., Wagh, R. D., & Viswanathan, B. (2020). Effect of farming systems for nutrition on nutritional intakes: A study of two regions in India. MSE Working Paper, WP 202/2020. https://www.mse.ac.in/wp-content/uploads/2020/08/wp2020-202.pdf 
17. Nongrum, M. S., Pawera, L., & Mawroh, B. (2022). Dietary diversity and its determinants among Khasi and Garo indigenous women (15 to 49 years) in Meghalaya, northeast India. Nutrition and Health, 28(2), 249-256. https://doi.org/10.1177/02601060211016629  
18. Northeast Network. (2021). Empowering women farmers of Meghalaya. Northeast Network Report. Accessed from:  https://northeastnetwork.org/empowering-women-farmers-of-meghalaya/. Accessed on 20th  November, 2025.
19. Population Reference Bureau. (2003). Nutrition of women and adolescent girls: Why it matters. https://www.prb.org/resources/nutrition-of-women-and-adolescent-girls-why-it-matters/ 
20. Pradhan, A., Raju, S., Nithya, D. J., Panda, A. K., Wagh, R. D., Maske, M. R., & Bhavani, R. V. (2021). Farming System for Nutrition-a pathway to dietary diversity: Evidence from India. PLOS ONE, 16(3), e0248698. https://doi.org/10.1371/journal.pone.0248698 
21. Santoso, M. V., Kerr, R. B., Hoddinott, J., Garigipati, P., Olmos, S., & Young, S. L. (2019). Role of women's empowerment in child nutrition outcomes: A systematic review. Advances in Nutrition, 10(6), 1138–1151. https://doi.org/10.1093/advances/nmz056 
22. Sharma, Y., & Singh, M. S. (2019). Nutritional status among the Khasi women of Saiden village, Ri-Bhoi district, Meghalaya. Anthropology Journal, 33, 29-34.
23. Yi, J., Panek-Chwastyk, E., Paradowski, K., Rutkowska, B., Szulc, W., & Dzierżanowski, I. (2025). Non-invasive diagnosis of nutrient deficiencies in winter wheat and winter rye using UAV-based RGB images. Computers and Electronics in Agriculture, 228, Article 109718. https://doi.org/10.1016/j.compag.2025.109718.

