


Bridging Agronomy and Public Health: The Role of Crop Quality in Nutritional Security


ABSTRACT

	Aim: This review investigates the critical intersection between agronomy and public health, with a specific focus on how the nutritional quality of staple crops influences dietary health outcomes and contributes to nutritional security in the United States.
Study Design: The article employs a multidisciplinary review approach, analyzing recent literature on crop science, nutrient density, and public health interventions, particularly in underserved U.S. communities affected by food insecurity and chronic health disparities.
Methodology: A systematic literature review was conducted using peer-reviewed sources published between 2020 and 2025, accessed from databases such as Google Scholar, Scopus, ScienceDirect and Web of Science. Studies were selected based on relevance to crop nutrient composition, food policy, and public health impacts.
Results: Findings reveal that conventional agricultural models largely driven by yield maximization often compromise crop nutrient density, thereby perpetuating micronutrient deficiencies and exacerbating chronic diseases such as diabetes and hypertension in low-income populations. Innovations such as biofortification, precision farming, and health-aligned food policy demonstrate potential in addressing these nutritional gaps, though they remain underutilized in current systems.
Conclusions: There is a pressing need to reorient agricultural priorities toward nutrition-sensitive approaches that integrate public health goals. Bridging the gap between crop science and health policy can support the development of food systems that not only provide caloric sustenance but also promote long-term wellness, particularly in vulnerable communities. Future research and policymaking must embrace this interdisciplinary framework to achieve equitable nutritional security.
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1. INTRODUCTION

Food security concept has significantly expanded from the earlier focus on food availability and caloric sufficiency [1, 2]. Indeed, nutritional security is also included in food security thereby guaranteeing not just that individuals have enough to eat but that their diets provide rich amounts of the nutrients essential for good health [3]. This has again brought renewed emphasis to the significance of staple crops and their nutritional content in shaping public health impacts [4]. Rice, wheat, and maize are the foods that are accountable for taking over diets across the world and are the cornerstone foods of food systems in most countries, including America. Though these staple foods are consumed considerably across the world, and especially in their processed state, they have a tendency to be linked with high-energy but low-micronutrient diets. This imbalance has created a silent epidemic of "hidden hunger" which reflects micronutrient deficiencies in spite of caloric adequacy [5].

Overtime, agronomic research and food production systems have prioritized yield, pest resistance, and shelf-life over the nutrient content of crops. While this has been used to meet world food demand and end hunger, it ignored long-term health consequences of diet quality. Extremely refined grains, rice, for example, are more storage-stable and marketable but usually devoid of essential vitamins and minerals in the processing stage [6]. In under-resourced populations across the United States, where healthy and diverse food is not easily available, the availability of low-quality staples is a major catalyst for chronic illnesses such as obesity, type 2 diabetes, cardiovascular disease, and certain cancers [7]. Such diet-related illnesses afflict marginalized populations disproportionately, widening existing health disparities and creating an increasing public health cost.

Bridging the gap between crop science and public health is being considered an essential component of solving these problems increasingly. The emerging concept of nutrition-sensitive agriculture is likely to address these problems by introducing health targets into farm production. This approach encourages the growth of nutrient-rich crops and using approaches such as biofortification, where the micronutrient content of staple foods is enhanced through conventional breeding or emerging biotechnology [8]. Examples include zinc-enriched rice and iron-enriched beans being grown in various parts of the world to combat mineral deficiencies. Meanwhile, advances in precision agriculture allow farmers to enhance soil health and nutrient application better, which has a direct impact on the nutritional value of crop yields [9].

Despite all these technologies, current U.S. food and agricultural policy is not yet altered enough to give priority to health goals. Even subsidy programs continue to subsidize monoculture agriculture and commodity crop production without any incentives for improving nutritional quality [10]. As a result, food outlets in many low-income communities are saturated with unhealthful yet inexpensive foods, with few sources for healthy grocery shopping. Public health programs, such as the Supplemental Nutrition Assistance Program (SNAP), have succeeded to some degree in expanding food access, but integration with agriculture for enhancing the quality of crops is typically not present, creating a gap between what is consumed, what is produced, and the effect on health [11].

This gap needs to be bridged through interdisciplinary involvement. Agronomists, public health experts, food policymakers, and community organizations must come together to create and enact interventions that increase the amount of food and its quality. Nutritional issues have been discovered to be integrated into food systems of production and distribution with significant reductions in disease burden, improved cognitive ability in children, and overall quality of life [12]. But most of the policy intervention and literature stay isolated with few frameworks to move forward with integral food systems for agricultural productivity as well as public health.

The research gap in this study lies in the lack of integration among agronomic research and public health policy, particularly with respect to crop quality and how it can contribute to nutritional security. few studies exist that thoroughly examine the relationship between the physical and biochemical properties of crops and the resulting health among under-resourced populations. Insufficient exploration also exists of how agriculture and food policy can be redirected to emphasize nutrient quality in addition to yield. Satisfying this deficiency is in need of additional policy innovation and interdisciplinary research with the goal of coordinating farm practices with public health goals to build a more nutrition-sensitive and equitable food system.

2. METHODOLOGY

In conducting this review on the role of crop quality in nutritional security and its relevance to public health, a systematic literature searching strategy was utilized. The objective was to identify suitable, recent, and peer-reviewed studies investigating interactions between agronomic management, staple food crop nutrient density, and public health outcomes. The search was conducted on four top-tier academic databases with wide interdisciplinary coverage: Google Scholar, Scopus, ScienceDirect, and Web of Science. These databases have been selected to yield a broad and inclusive set of sources covering crop science, food systems, and public health perspectives.

This database search yielded a total of 178 records, with 65 in Google Scholar, 50 in Scopus, 38 in ScienceDirect, and 25 in Web of Science. Following the removal of duplications, 134 unique records remained. These records were then screened for titles and abstracts to establish how pertinent they were to the objectives of the review. Screening by title and abstract was to select studies with particular emphasis on the nutritional value of staple foods, their contribution to dietary health, and their connection to broad issues of food systems and public health. It is at this point that 98 records were eliminated. Exclusion criteria included those studies that were focused on non-crop-related areas such as non-food crops, livestock production, or general environmental sustainability with no strong linkage to crop nutrition and public health. Exclusion was also made for the previously published studies before 2020 to make sure the review was current, and non-primary research such as opinion columns, editorials, or systematic reviews, which were also excluded to maintain empirical data focus.

Following the initial screening, 36 full-text articles were assessed for eligibility. The articles were carefully read to determine whether they met the inclusion criteria, which required distinct emphasis of the nutritional quality of staple crops, confluence of agronomic and public health concepts, and relevance to policy or practice in the United States context. Studies that provided data on biofortification, nutrient content, or the impact of agricultural paradigms on human health were prioritized. The process allowed for a particular and pertinent body of literature to guide the objectives of the review.

The process has a number of limitations despite being systematic. First, while the review searched across multiple databases, some relevant studies may have been omitted, most notably those published in lesser-known journals or not included in the databases selected. Also, by eliminating non-original studies, even while attempting empirical focus, potentially significant syntheses or theory may have been eliminated. Additionally, only studies published after 2020 were included in the review, possibly excluding important prior background research that remains relevant today. Finally, since the review excluded foreign-language literature, equivalent useful studies published in other languages may have been omitted. Still, the literature search approach and selection process were designed to sort out only the most crucial and recent studies to establish a good foundation for understanding the nexus of crop quality with public health outcomes. Outcomes of the chosen articles yield relevant data on how reframing farm production into nutrient-rich crops can help public health, particularly among disadvantaged communities.

3. RESULTS AND DISCUSSION

This section synthesizes knowledge from shortlisted literature to elucidate how agronomic management influences the nutritional content of staple crops and its influence on America's public health outcomes. The argument is set within four overlapping themes: biofortification and strategies for micronutrient enrichment; nutrient dilution in high-yielding crops; technological and agronomic innovation towards nutrition-sensitive agriculture; and socio-political disconnection between food production and public health policy.

3.1 Nutrient Dilution in High-Yield Crops and Its Public Health Implications

One of the most recurring findings in the reviewed studies is that traditional agricultural systems that emphasize maximizing yield tend to come at the expense of nutrient content in crops, a process referred to as nutrient dilution. With improvements in crop yields through the use of high-yielding varieties, synthetic fertilizers, and irrigation, levels of valuable micronutrients such as iron, zinc, and magnesium in staple crops have declined significantly [13, 14]. Singh et al. [15], wrote that wheat varieties bred to yield more grain contain less iron and zinc than varieties that were grown in the 1960s. This loss of nutrient quality has significant policy implications for public health, particularly among populations that rely heavily on energy-dense and nutrient-poor staples. In the United States, low-income groups tend to fall behind because they have restricted access to food variety, with greater consumption of processed grains and greater susceptibility to micronutrient deficiency [16, 17]. These deficiencies are not merely subclinical entities; they are causes of a host of chronic diseases. Inordinately low magnesium and potassium intake, common among individuals with limited access to fresh fruits and vegetables, has been linked with elevated blood pressure and cardiovascular disease risk [18]. These revelations underscore the pressing need to move beyond production-oriented models and put crop micronutrient composition at the forefront.

3.2 Biofortification and Micronutrient Enhancement Strategies
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Figure 1: Biofortification Strategies for Micronutrient Alleviation.

Biofortification has been a potential strategy to alleviate micronutrient deficiencies on a large scale through agronomic or genetic intervention (See Figure 1). Considerable progress has been made in breeding crops for enhanced iron, zinc, and provitamin A content over the last decade or so. Whereas most of the biofortification programs have targeted low- and middle-income economies, many pilot projects in the United States indicate local adaptation potential. Rodríguez-Carmona et al. [19], demonstrated that zinc-dense biofortified maize varieties increased serum zinc levels in children in a controlled feeding experiment in New Mexico. Similarly, iron-biofortified beans grown in community plots in North Carolina possessed much greater iron bioavailability than usual cultivars, illustrating the fact that specialized biofortification procedures can be both feasible and beneficial [20]. Despite such advances, challenges are present. Public familiarity and uptake of biofortified crops in the US are relatively low, especially when such crops are introduced without good public health communication. Furthermore, regulatory issues concerning genetically modified organisms (GMOs) still hinder the introduction of transgenic biofortified varieties such as Golden Rice to the US market [21, 22]. The evidence, therefore, is in support of non-GMO biofortification through conventional breeding as a viable means of increasing nutritional effects. 

3.3 Technological and Agronomic Innovations for Nutrition-Sensitive Farming

Precision agriculture and sustainable soil management technologies have delivered new avenues of improving the nutritional content of crops. Soil nutrient mapping, remote sensing, and variable rate application of nutrients enable farmers to maximize soil micronutrient levels, which directly affects crop composition [23]. On a research on Midwest corn farms, targeted application of zinc and boron fertilizers was associated with increase in grain micronutrient content at zero cost to yield [24].

Furthermore, organic farming systems and regenerative agriculture have been found to increase nutrient density in foods. A long-term field experiment by Chadzinikolau et al. [25], revealed vegetables grown organically were 25–30% richer in antioxidants and trace minerals than vegetables grown conventionally. The possible reasons behind this could be elevated soil microbial activity, better organic matter content, and the lack of synthetic inputs. These synthetic inputs could potentially suppress micronutrient uptake. Notably, these innovations also intersect with climate resilience. Plants grown in well-fed, diverse soils are not just more nutrient-dense but also better able to withstand stresses imposed by the climate, such as drought or infestations by pests thereby benefiting food security and public health simultaneously [26, 27].

3.4 Policy Gaps and the Misalignment between Agriculture and Public Health

While there has been scientific advancement in crop nutrition, incorporation of agronomic progress into public health policy remains underdeveloped (See Figure 2). Current U.S. farm subsidies largely benefit corn, soybean, and wheat monocultures cultivation that is likely to have little nutritional diversity and supplies the raw materials for ultra-processed foods [28]. The policy environment indirectly favors the mass production of inexpensive but low-nutrient calories with disproportionate burden among vulnerable groups.
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Figure 2: Bridging Nutrition Policy and Food Production 

Public nutrition initiatives such as the National School Lunch Program (NSLP) and Supplemental Nutrition Assistance Program (SNAP) have introduced policies to encourage the buying of healthy foods, but these hardly consider how the agricultural food production industry influences the quality of food available in retail markets [11]. Thus, efforts to combat diet-related illness via behavior change are insufficient without concomitant changes in the agricultural policy. Others advocate systems-oriented policy reform that bridges the need for nutrition into agricultural incentives. Adeyemi et al. [29], developed a model of "nutrient density subsidies" that would reward farmers to plant crops of proven higher micronutrient content. Pilot interventions of this model in California urban agricultural cooperatives showed increased production of leafy greens with high calcium and folate content, which increased local dietary diversity. In essence, the nature of agricultural and public health policy remains at the core bottleneck. Bridging this gap will require strong intersectoral coordination, coordinated funding mechanisms, and food policies that recognize food's twin identity as an agricultural commodity and a health determinant. 

3.5 Toward a Holistic Framework for Nutritional Security

The conclusions in this review highlight the need for an integrated system that bridges crop science, food policy, and public health. Rather than addressing agricultural productivity, food consumption, and health status in isolation, this calls for systemic intersectoral coordination to ensure that food systems deliver quantity and quality. Currently operating programs operate in silos as food subsidy programs seek quantity, and public health programs seek behavior change. A nutrition-sensitive agricultural policy will promote the production of micronutrient crops, integrate crop quality metrics into dietary guides and support programs, and promote diverse, locally adapted food systems, like urban and Indigenous agriculture. New models like the USDA's "Food is Medicine" and the CDC's Healthy Food Financing Initiative demonstrate such integration is possible, if their scope is limited. These must be scaled up through political will, interagency collaboration, and shifting the valuation of food; not merely as a commodity but as a determinant of health and engine of equity. Only by synthesizing nutritional goals into food system basics can we move toward inclusive and resilient nutritional security.

4. CONCLUSION

The review highlights the need to redirect the agricultural systems of the United States to nutrition-sensitive production that enhances crop quality as well as yield. General declines in the micronutrient composition of staple foods, largely resulting from yield-oriented agronomic practices, have contributed to the production of diet-associated health disparities more common among low-income and underserved groups. While innovations like regenerative soil management, precision agriculture, and biofortification have the potential to enhance crop nutritional content, their effectiveness relies on successful complementary policy reforms and system integration.  A comprehensive framework of nutritional security linking crop science, food policy, and public health is needed to address these linked challenges. This will require a shift in agricultural incentives to prefer nutrient-rich food production, incorporating crop quality standards into public food systems, and further interdisciplinary cooperation within sectors. Interweaving nutrition as a core objective of food systems is not merely necessary for maximizing health benefits but also for enhancing equity and sustainable food resilience in the United States.
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