


Bio-fortified Sweet Potato: Improving Nutrition and Livelihoods of Rural Women in Odisha, India


ABSTRACT
Among Indian rural women, malnutrition remained a significant problem because of their high energy needs and insufficient food intake. Under rainfed, medium-land conditions in Puri, Bargarh, Ganjam & Boudh districts of Odisha, the study aimed to assess the nutritional benefits, economic feasibility, and agronomic performance of two bio-fortified sweet potato varieties: Bhusona (yellow-fleshed, rich in β-carotene) and Bhukrishna (purple-fleshed, rich in anthocyanins) in comparison to the native variety Nalikaanda. With rural farm women as the primary participants, a randomised block design (RBD) was used in an On-Farm Trial (OFT) approach. The findings revealed that in terms of yield, profitability, and nutritional content, both bio-fortified varieties considerably surpassed the conventional type. In comparison to the native variety, Bhusona recorded a 33% increase in yield, while Bhukrishna demonstrated a 24.8 % improvement. Higher net profits and benefit-cost ratios for both varieties were found through economic analysis, indicating greater profitability and suitability for smallholder farmers. According to the nutrient profile, Bhusona has 14 mg/100g β-carotene and Bhukrishna has 90 mg/100g anthocyanins, indicating that they may be able to help with vitamin deficits. According to the sensory evaluation, the superior appearance, sweetness, and flavour of Bhusona contributed to its higher overall acceptability score (8.55 ± 0.50) while  Bhukrishna received lower preference ratings due to its darker colour and mildly astringent taste.The knowledge, abilities, and confidence of rural women in embracing nutrient-rich, climate-resilient crops were improved by the participatory trials. According to the findings, bio-fortified sweet potatoes are a viable agri-food innovation that can help rural women by increasing their dietary diversity, nutritional security, and economic resilience. It was proposed that widespread distribution, online awareness efforts, and incorporation into public nutrition initiatives might hasten adoption even more and support long-term ecological and social development in rural India.
Malnutrition among rural women in India remained a pressing concern due to high energy requirements and inadequate dietary intake. An on-farm trial (OFT) was conducted across four districts of Odisha—Puri, Bargarh, Ganjam, and Boudh—to evaluate the agronomic performance, economic feasibility, and consumer acceptability of two biofortified sweet potato varieties, Bhu Sona (yellow-fleshed, β-carotene-rich) and Bhu Krishna (purple-fleshed, anthocyanin-rich), compared to the local variety Nalikanda (FP). Using a randomized block design (RBD) with three replications per location, data on yield, vine length, tubers per plant, cost-benefit ratio, and sensory attributes were collected. The results indicated that both biofortified varieties significantly outperformed the local check. Bhu Sona recorded the highest tuber yield (161.04 q ha⁻¹), longest vine length (212.43 cm), superior sensory acceptability (8.57 ± 1.35), and highest economic return (B:C ratio 2.18), followed by Bhu Krishna (yield 151.12 q ha⁻¹; B:C 2.15). Nalikanda exhibited the lowest performance across all parameters. Sensory evaluation revealed strong consumer preference for Bhu Sona due to its appealing appearance, sweetness, and flavour. The study demonstrated that biofortified sweet potatoes enhanced dietary diversity, nutritional security, and income among rural farm women. Participatory trials also improved knowledge, skills, and confidence in adopting nutrient-rich, climate-resilient crops. The findings suggested that widespread dissemination, awareness campaigns, and integration into public nutrition programs could have accelerated adoption and supported sustainable livelihoods and nutritional well-being in rural India.
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Introduction
Women in India, particularly from rural areas, continue to experience disproportionately high rates of undernutrition due to a complex interplay of socio-economic deprivation, gender inequality, and occupational demands. Nationally, about 18.7% of women aged 15–49 years have a Body Mass Index (BMI) below 18.5 kg/m², indicating chronic energy deficiency (Ministry of Health and Family Welfare [MoHFW, 2021). 
In the state of Odisha, the situation is even more concerning, with 20.8% of women classified as undernourished and 64.3% anaemic (MoHFW, 2021). These challenges are particularly acute among female agricultural workers, who constitute a large share of Odisha’s rural female workforce. Studies have shown that women agricultural labourers often face high physical workloads, low and unstable incomes, and inadequate dietary intake, which together exacerbate nutritional deficits (Observer Research Foundation, 2023; UNICEF, 2022). Additionally, gender-based disparities in food distribution within households and limited access to healthcare further worsen the nutritional outcomes of rural women. Periodic food insecurity & poor diet diversity heighten the risk of both energy and micronutrient deficiencies. Consequently, undernourished rural women in Odisha remain caught in a cycle of poor health, reduced productivity, and intergenerational malnutrition, negatively influencing maternal and child health outcomes.
      The sustainable and cost-effective approach to reducing undernutrition is biofortification, which combines biotechnology and fortification to improve the nutritional profile of staple crops for combating human malnutrition caused by essential vitamins and minerals (Reddy, B.K. et al.,2024). Unlike conventional fortification, which enriches foods after harvest, biofortification naturally embeds essential vitamins and minerals within the crop itself during its growth stage, starting at the seed level. This approach effectively reaches rural and resource-poor communities, delivering sustained nutritional benefits throughout the entire food chain from cultivation to consumption. Evidence from multi-country studies demonstrates that biofortified crops such as iron beans, zinc wheat, and vitamin A-rich sweet potato significantly improve micronutrient intake, reduce anaemia, and enhance immune and cognitive functions, particularly among women and children. (Bouis et al.,2023). 
The programs of ICAR also show that consumption of iron-biofortified pearl millet and zinc-enriched rice significantly improves haemoglobin levels and reduces anaemia prevalence among women of reproductive age (ICAR, 2022). Thus, biofortification represents a long-term, agriculture-led approach to improving public health, empowering rural women farmers, and enhancing national food and nutrition security. In Odisha, The ICAR–National Rice Research Institute (NRRI), Cuttack, has developed zinc- and protein-enriched rice varieties such as CR Dhan 311 (10.1% protein, ~20 ppm zinc) and CR Dhan 324 (11.68% protein, ~23.2 ppm zinc), released for cultivation in Odisha’s irrigated ecologies to improve dietary nutrient intake (ICAR-NRRI, 2024).- The Bihar and Odisha Nutrition Initiative (BONI) launched in 2021 by HarvestPlus, promotes the adoption of zinc-biofortified rice and wheat to strengthen food and nutrition security in the region (HarvestPlus, 2021). Furthermore, in 2023, a partnership between HarvestPlus and the Odisha University of Agriculture and Technology (OUAT) was established to accelerate research, awareness, and farmer-level adoption of biofortified crops (HarvestPlus, 2023). These initiatives align with national nutrition frameworks such as Poshan Abhiyaan and demonstrate how biofortified crops can bridge the gap between agriculture and health by enhancing women’s nutritional status, improving household food quality, and supporting Odisha’s progress toward the Sustainable Development Goals on hunger and health.
Odisha, despite being India's largest producer of sweet potatoes (Thakur, S. & Singh, A.,2025) faces a paradox where the crop is not a staple in local diets. Consumption is limited, often reserved for special occasions, and awareness of its nutritional benefits remains low among both farmers and consumers. Globally, however, sweet potato is regarded as a critical, multifunctional crop, particularly in developing regions, due to its adaptability, low input requirements, and resilience to drought and marginal conditions. These attributes make it a strategic crop for enhancing food and nutritional security. Beyond its role as a food staple, sweet potato also serves as a valuable source of animal feed, industrial raw material for flour, starch, and bioethanol production and a means of rural livelihood diversification through income generation and employment opportunities in cultivation, processing, and trade. Their compact growth period allows for several harvests a year, suitable for resource-poor areas. Growing global demand, particularly in health-oriented markets, has boosted the export of sweet potato products, earning foreign exchange. Their use also in bio-based industries, like biodegradable packaging and biofuels, highlights their contribution to sustainable agriculture and poverty reduction. 
However, despite Odisha’s significant production capacity, sweet potato remains an underutilised crop in the state. Moreover, the limited adoption of biofortified sweet potato varieties highlights the need for focused research to evaluate their potential contribution to improving local nutrition and food security. So, these studies could provide insights into the crop's adaptability to local agro-ecological conditions, its acceptance among consumers, and its role in improving micronutrient intake. Additionally, understanding the barriers to its adoption, consumer preferences, is crucial for developing effective strategies to integrate biofortified sweet potato into the state's food systems. The existing production capacity and the pressing need to address micronutrient deficiencies, initiating a study on biofortified sweet potato in Odisha could pave the way for a sustainable and culturally acceptable solution to enhance local nutrition and health outcomes.
Methodology
The present On-Farm Trial (OFT) was undertaken at four Krishi Vigyan Kendras (KVKs) of Odisha-(Bargarh, Puri, Ganjam, and Boudh) to evaluate the performance of two biofortified sweet potato varieties, Bhu Sona (orange-fleshed, β-carotene-rich) and Bhu Krishna (purple-fleshed, anthocyanin-rich), against the local variety Nalikanda (FP) as the control. 
The experiment was laid out in a Randomized Block Design (RBD) with three replications per location. Each experimental plot was thoroughly prepared through deep ploughing, harrowing and raised-bed formation to ensure optimal aeration and drainage. Vine cuttings (25–30 cm) of each variety were planted at a spacing of 60 × 20 cm, maintaining a uniform plant population across treatments. Standard agronomic and crop management practices were followed, including integrated nutrient management (application of FYM @ 10 t/ha along with NPK @ 40:20:40 kg/ha and boron supplementation), need-based irrigation, and integrated pest and disease management (IPDM) measures. Manual weeding was performed twice during the crop cycle to suppress weed competition.
Observations were recorded on vine length (cm.), tubers per plant, yield (q/ha), cost of cultivation, gross return, net income, and benefit-cost ratio (BCR). To assess consumer preference, sensory evaluation was carried out using freshly harvested and steamed sweet potato roots from each variety. Samples were washed, steamed and sliced uniformly before being presented to a panel comprising farmers, extension functionaries, and local consumers at each KVK. The panellists evaluated the colour, aroma, texture, taste, and overall acceptability using a 9-point hedonic scale (1 = dislike extremely, 9 = like extremely), and the average scores were computed for statistical analysis.
Data collected from all four districts were pooled and subjected to statistical analysis of variance (ANOVA) using SPSS (Version 25.0) to determine the significance of varietal differences. Mean separation was done using the Least Significant Difference (LSD) test at a 5% probability level (p ≤ 0.05) to establish varietal superiority. The analysis facilitated an integrated comparison of the biofortified sweet potato varieties in terms of agronomic performance, economic feasibility, and sensory preference, providing a comprehensive evaluation of their suitability for adoption under the diverse agro-climatic conditions of Odisha.
Results and Discussion	
The pooled analysis of on-farm trials conducted across four KVKs in Odisha revealed significant variation among the three sweet potato varieties—Bhu Sona, Bhu Krishna, and Nalikanda (FP)—for growth, yield, tuber attributes, economic performance, and sensory quality. The analysis of variance (ANOVA) indicated highly significant varietal differences for all measured parameters, demonstrating the superior performance of biofortified varieties under local agro-climatic conditions.
Table-1.  Agronomic performance of different sweet potato varieties	


	Variety
	Vine Length at 60 DAP  (cm.)
	No. of Tubers/plant
	Yield (q./ha)

	Nalikanda ( White-Fleshed)
	174.37
	3.27
	121.08

	Bhukrishna (Purple-Fleshed)
	193.97
	5.35
	151.12

	Bhusona (Yellow-Fleshed)
	212.42
	4.62
	161.04

	SED
	0.63
	0.08
	2.22

	CD (Critical Difference)
	1.24
	0.17
	4.36


	
 It has been observed that out of the three evaluated varieties, Bhu Sona exhibited the highest mean vine length at 60 DAP (212.42 cm), followed by Bhu Krishna (193.97 cm) and FP (174.37 cm) inTable-1. The calculated Critical Difference (CD) value of 1.24 confirmed that the variations among varieties were statistically significant. The superior vine length observed in Bhu Sona was attributed to its inherent genetic potential for vigorous vegetative growth, better adaptability to the local agro-climatic conditions, and enhanced photosynthetic efficiency, which collectively contributed to greater biomass accumulation. These results were in close agreement with the findings of Behera et al. (2020), who reported significant varietal variation in vine length and foliage development among sweet potato genotypes under coastal Odisha conditions. Similar observations were also reported by Das et al. (2021) and Kumari and Sahoo (2022), who emphasized the role of varietal selection and genetic variability in determining vegetative growth and yield attributes of sweet potato across different agro-ecological regions.
 It has been noted that Bhu Krishna recorded the highest mean tuber number per plant (5.35), followed by Bhu Sona (4.62), while FP produced the lowest (3.27). The calculated critical difference (CD) value of 0.17 confirmed that the differences among the varieties were statistically significant. The superior tuberization ability of Bhu Krishna may be attributed to its favourable genetic architecture, efficient partitioning of photosynthates towards storage roots, and better adaptability to the prevailing agro-climatic conditions. Similar varietal variations in tuber number per plant were reported by Behera et al. (2020) and Das et al. (2021), who found that sweet potato genotypes differ significantly in their yield-contributing traits due to genetic and environmental interactions. Kumari and Sahoo (2022) also observed that genotypic differences, coupled with effective source–sink relationships, play a key role in enhancing tuber number and overall yield performance of sweet potato under Eastern Indian conditions.
The result also revealed that Bhu Sona recorded the highest mean yield (161.04 q ha⁻¹), followed by Bhu Krishna (151.12 q ha⁻¹), while Nalikanda exhibited the lowest mean yield (121.08 q ha⁻¹). The calculated Critical Difference (CD) at the 5% level was 4.37, implying that any mean difference greater than this value was statistically significant. The superior yield performance of Bhu Sona might be due to its enhanced genetic potential, adaptability to the prevailing agro-climatic conditions, and efficient nutrient utilization, which contributed to its higher productivity. These results were in accordance with the findings of Behera et al. (2020) and Das et al. (2021), who reported significant varietal differences in sweet potato yield under similar agro-ecological conditions in Odisha. Similarly, Kumari and Sahoo (2022) emphasized that genotype selection plays a crucial role in maximizing yield potential and economic benefits in sweet potato cultivation.
Table- 2. Economic analysis of different sweet potato varieties under field conditions
	Variety
	Cost of Cultivation (₹ ha⁻¹)
	Gross Return (₹ ha⁻¹)
	Net Income (₹ ha⁻¹)
	B: C Ratio

	Nalikanda (White-fleshed)
	87,750
	1,62,100
	74,350
	1.84

	Bhu Krishna (Purple-fleshed)
	93,000
	2,00,700
	1,07,700
	2.15

	Bhu Sona (Yellow-fleshed)
	1,04,000
	2,27,000
	1,23,000
	2.18



The economic evaluation of different sweet potato varieties presented in Table 2 revealed notable variations in profitability among the tested genotypes. The variety Bhu Sona (yellow-fleshed) recorded the highest return of ₹1,23,000 ha⁻¹ and a B: C ratio of 2.18, followed closely by Bhu Krishna (purple-fleshed) with a net income of ₹1,07,700 ha⁻¹, and a B: C ratio of 2.15. In contrast, Nalikanda (white-fleshed) exhibited the lowest economic return of ₹74,350 ha⁻¹ with a B: C ratio of 1.84.
The superior economic performance of Bhu Sona could be attributed to its higher productivity potential and market preference due to its appealing yellow flesh colour and consumer acceptability. The enhanced returns from Bhu Krishna may also be associated with its biofortified anthocyanin-rich purple flesh, which has growing market demand for health-conscious consumers. Similar findings were reported by Mary et al. (2022), who observed that high-yielding sweet potato varieties performed better economically during favourable seasons due to higher marketable yield and input efficiency. Correspondingly, Baruah et al. (2024) also recorded significant varietal differences in gross and net returns among biofortified sweet potato genotypes under Assam conditions, emphasizing that yield potential and input optimization directly influence profitability. These results collectively highlight the economic viability of Bhu Sona and Bhu Krishna as profitable varieties for commercial cultivation under coastal Odisha conditions.
Table-3. Mean sensory scores of different sweet potato varieties (9-point hedonic scale)
	Variety
	Appearance
	Texture
	Flavour
	Sweetness
	Overall Acceptability

	Nalikanda (White-Fleshed)
	7.62±0.49
	7.17±0.74
	7.57±0.59
	7.60±0.49
	7.67±0.47

	Bhukrishna (Purple-Fleshed)
	5.47±0.50
	8.52±0.50
	6.67±0.47
	4.02±0.69
	5.42±0.50

	Bhusona (Yellow-Fleshed)
	8.77±0.42
	8.82±0.38

	8.80±0.40
	8.87±0.33
	8.55±0.50



Sensory evaluation of the three sweet potato varieties presented in Table 3 indicated highly significant differences across all sensory attributes. The variety Bhu Sona consistently received the highest panel scores for appearance (8.58), texture (8.62), flavour (8.60), sweetness (8.67), and overall acceptability (8.36) while the overall acceptability of  Nalikanda (FP) was  (7.67 ± 0.47), followed by  Bhu Krishna, which recorded the lowest overall acceptability score (5.42 ± 0.50).
Panellists perceived Bhu Sona as superior in colour, flavour intensity, and sweetness, which contributed to its higher acceptability. The higher sensory ratings of Bhu Sona might be attributed to its balanced sweetness, desirable aroma, and appealing yellow flesh colour that enhanced consumer preference. The comparatively lower score of Bhu Krishna could be due to its deep purple pigmentation, astringent taste and earthy flavour, which may not align with the general preference of consumers, despite its high nutritional value. Similar findings were reported by Mary et al. (2022), who observed that yellow-fleshed sweet potato varieties were preferred by consumers for their sweetness and appealing colour. Likewise, Baruah et al. (2024) noted that varietal differences significantly influenced sensory acceptability, particularly in sweetness and texture attributes, which are major determinants of market preference. The present findings thus reaffirmed the sensory superiority and consumer preference for Bhu Sona among the tested varieties under coastal Odisha conditions.
Conclusion
[bookmark: _GoBack]The on-farm evaluation of three sweet potato varieties—Bhu Sona, Bhu Krishna, and the local check Nalikanda (FP) conducted across four KVKs in Odisha revealed significant varietal differences in yield, sensory quality, and economic performance. Among the tested varieties, Bhu Sona recorded the highest tuber yield, sensory score, and benefit-cost ratio (2.18), followed by Bhu Krishna (2.15), indicating their superiority over the local check in both productivity and consumer preference. The results demonstrated that the adoption of biofortified sweet potato varieties not only enhanced farm profitability but also contributed to nutritional security by providing β-carotene- and anthocyanin-rich tubers. These varieties showed strong adaptability under local agro-climatic conditions, suggesting their suitability for inclusion in nutrition-sensitive and climate-resilient farming systems. In the future, scaling up participatory vine multiplication, promoting value-added products, and linking farmers with processing and marketing networks could enhance the reach and sustainability of these biofortified varieties, fostering nutritional empowerment and livelihood improvement among rural communities of Odisha.
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