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ABSTRACT

The world is facing a hidden hunger crisis, where millions of people are suffering from
nutritional deficiencies despite having access to food. While much research has focused on
the quality and quantity of food, recent studies have shown that soil microbial diversity
may also play a crucial role in human nutrition. Soil microbes interact with plants in
complex ways, influencing the absorption of nutrients and producing compounds that are
essential for human health. However, factors such as intensive agriculture, climate change,

Nutritional deficiencies
Soil microbial diversity

and soil pollution can lead to a decline in soil microbial diversity, which may contribute to
the rise of hidden hunger. In this paper, we explore the link between soil microbial diversity

and nutritional deficiencies, examining the latest research on the topic and discussing
potential solutions to this pressing global issue. Our findings suggest that promoting soil
EzEE health and biodiversity could be a key strategy for addressing hidden hunger and improving

global nutrition.
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1. Introduction

Hidden hunger, also known as micronutrient deficiency, is
a form of undernutrition that occurs when people lack access to
essential vitamins and minerals in their diet, even if they are
consuming enough calories (Biesalski & Biesalski, 2013).
Unlike acute hunger, which is characterized by a severe lack of
food, hidden hunger can go unnoticed for years as it does not
result in immediate starvation. The term “hidden” refers to the
fact that the deficiency is often not visible and does not manifest
in the same way as other forms of malnutrition. The hidden
hunger crisis is a global challenge, affecting an estimated 2
billion people worldwide and contributing to a range of health
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problems, including stunted growth, impaired cognitive
development, and increased susceptibility to infections
(Saltzman et al., 2014).

The hidden hunger crisis disproportionately affects
vulnerable populations, particularly women and children in
low-income countries who have limited access to nutrient-rich
foods, such as fruits, vegetables, and animal products.
Inadequate soil quality and poor agricultural practices can also
contribute to hidden hunger by reducing the nutrient content of
crops. The depletion of soil microbial diversity, which plays a
crucial role in carbon, nitrogen, phosphorus nutrient cycling
and plant growth, can have negative impacts on the nutritional
quality of food and the health of the surrounding ecosystem.
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Addressing the hidden hunger crisis requires a multifaceted
approach that involves promoting access to nutrient-rich foods,
improving agricultural practices, and enhancing public
awareness and education (Carducci et al., 2020). Strategies for
addressing hidden hunger include fortifying staple foods with
essential micronutrients, promoting the cultivation of nutrient-
rich crops, such as fruits and vegetables, and promoting
sustainable agricultural practices that support soil health and
biodiversity. The hidden hunger crisis is a complex and
pressing global challenge that requires coordinated efforts to
address (Frona et al., 2019). By promoting soil health and
biodiversity, improving agricultural practices, and increasing
public awareness and education, we can work to address hidden
hunger and promote food security and nutrition for all.

Soil microbial diversity plays a crucial role in maintaining
healthy and productive ecosystems. Microbes in soil, such as
bacteria, fungi, and protozoa, contribute to nutrient cycling,
decomposition of organic matter, and the formation of soil
structure (Koshila et al., 2019). They also play a critical role in
plant growth and health by helping to solubilize nutrients, fix
nitrogen, and promote disease resistance. The importance of
soil microbial diversity extends beyond agricultural
productivity to ecosystem services such as carbon
sequestration, water filtration, and climate regulation.
Microbial diversity in soil is also important for maintaining
biodiversity and supporting wildlife habitats.

However, soil microbial diversity is under threat due to
factors such as land-use change, pollution, and climate change.
Loss of microbial diversity can have negative impacts on soil
health and productivity, as well as on the health of surrounding
ecosystems and human communities that depend on them
(Sharma et al., 2011). Therefore, it is crucial to promote
practices that support soil microbial diversity, such as reducing
tillage, promoting crop rotation, and avoiding the use of
synthetic fertilizers and pesticides. By supporting soil health
and microbial diversity, we can help to maintain healthy and
productive ecosystems, support food security and nutrition, and
mitigate the impacts of climate change.

In addition to its role in promoting plant growth and
supporting ecosystem services, soil microbial diversity has also
been linked to human health. Recent research has suggested that
the microbiome of the soil and the human gut are connected and
that exposure to diverse soil microbiota can positively influence
human health outcomes, including reducing the risk of allergies
and autoimmune diseases (Blum et al., 2019). Moreover, soil
microbial diversity plays a critical role in addressing the hidden
hunger crisis. As mentioned earlier, soil microbial diversity is
important for nutrient cycling and can impact the nutrient
content of crops. Therefore, promoting practices that support
soil microbial diversity can lead to an increase in the nutritional
quality of crops, and subsequently, help address the hidden
hunger crisis.

Soil microbial diversity is a crucial component of healthy
and productive ecosystems that provides a range of benefits,
from supporting plant growth to promoting human health. With
increasing threats to soil microbial diversity, it is important to
promote practices that support soil health and biodiversity, such
as reducing tillage, promoting crop rotation, and avoiding the
use of synthetic fertilizers and pesticides (Dias et al., 2015). By
doing so, we can support sustainable agriculture, address the
hidden hunger crisis, and mitigate the impacts of climate
change. The study aims to understand how the depletion of soil
microbial diversity, which can occur as a result of intensive
farming practices and the use of synthetic fertilizers, can impact
the nutrient content of crops and contribute to the hidden hunger
crisis.

By exploring this link, the study seeks to identify potential
strategies for promoting soil health and microbial diversity to
improve the nutritional quality of crops and address the hidden
hunger crisis. Additionally, the study aims to raise awareness
about the importance of soil health and biodiversity in
agricultural systems and the role of sustainable agriculture in
promoting food security and nutrition (Thrupp, 2000).
Ultimately, the study seeks to contribute to a broader
understanding of the interconnections between soil health,
agriculture, and human nutrition, and to inform policy and
practice in support of sustainable and equitable food systems.

2. Hidden Hunger: Causes and Consequences

The consequences of hidden hunger can be severe,
particularly for vulnerable populations such as children and
pregnant women. Micronutrient deficiencies can lead to a range
of health problems, including stunted growth, impaired
cognitive development, weakened immune systems, and
increased risk of infections and chronic diseases (Brownie,
2006; Bailey et al.,, 2015). In children, micronutrient
deficiencies can result in developmental delays, decreased
academic performance, and increased mortality rates. Pregnant
women with micronutrient deficiencies are at increased risk of
complications during pregnancy and childbirth, including
anemia, pre-eclampsia, and low birth weight (Hovdenak &
Haram, 2012).

Moreover, the economic costs of hidden hunger are
significant.  Productivity losses, increased healthcare
expenditures, and reduced earning potential can result from the
long-term health impacts of micronutrient deficiencies. The
economic burden of hidden hunger can be especially
challenging for low-income countries and vulnerable
populations, exacerbating existing inequalities and hindering
development (Redon Lago, 2021). In addition to the human and
economic costs, hidden hunger can have wider social
implications. Poor nutrition can lead to social exclusion, as
individuals may face discrimination or stigma due to their
physical appearance or perceived intellectual capacity.
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Moreover, hidden hunger can undermine social cohesion and
contribute to social unrest, as individuals and communities
struggle to meet their basic needs. The consequences of hidden
hunger are far-reaching and can have serious impacts on human
health, economic development, and social cohesion.
Addressing hidden hunger requires a comprehensive approach
that involves promoting access to nutrient-rich foods,
enhancing agricultural practices, and improving public
awareness and education. By addressing hidden hunger, we can
promote human well-being, reduce economic burdens, and
build more equitable and resilient societies.

To expand on the consequences of hidden hunger,
micronutrient deficiencies can also have implications for global
sustainability and environmental health. Malnutrition can
exacerbate environmental degradation by increasing demand
for land use, water, and energy resources. For instance, in low-
income countries, the over-reliance on staple crops, which are
often low in essential micronutrients, can lead to extensive land
use and deforestation, which can further impact soil health and
lead to biodiversity loss. Furthermore, the impacts of hidden
hunger can extend beyond individual health to affect entire
populations and even future generations. For example, maternal
malnutrition can lead to adverse outcomes for both mothers and
children, including low birth weight, premature birth, and
developmental delays. These outcomes can have lasting
impacts on individuals' health and well-being, as well as their
economic and social opportunities (Jetten et al., 2014; Kansky,
2017).

In addition, hidden hunger can have broader implications
for global health security. Micronutrient deficiencies can
increase the risk of infectious diseases, particularly in regions
with poor water and sanitation. Inadequate nutrient intake can
also impact the efficacy of vaccines, leading to reduced
immunogenicity and effectiveness (Calder et al., 2022).
Addressing hidden hunger requires a coordinated and
collaborative approach across multiple sectors, including
agriculture, health, education, and social welfare. Efforts to
promote access to nutrient-rich foods, improve agricultural
practices, and enhance public awareness and education are
critical to reducing the prevalence and impact of hidden hunger.
By addressing hidden hunger, we can improve individual health
and well-being, promote sustainable development, and
contribute to a more equitable and resilient future.

Hidden hunger is a global issue that affects millions of
people, particularly in low- and middle-income countries.
According to the World Health Organization (WHO), over 2
billion people worldwide suffer from micronutrient
deficiencies (WHO, 2006). The prevalence of hidden hunger
varies by region and is often highest in sub-Saharan Africa,
South Asia, and parts of Latin America. The populations most
affected by hidden hunger are often those who are already
vulnerable due to poverty, limited access to healthcare, and

inadequate nutrition. Children, pregnant and lactating women,
and the elderly are among the groups most at risk of
micronutrient deficiencies. In low-income countries, over 90%
of children under the age of 5 and 75% of pregnant women
suffer from one or more micronutrient deficiencies (Durkin,
2002; Gernand et al., 2016).

In addition to individual vulnerability, hidden hunger can
also disproportionately impact entire communities and regions.
Populations living in areas with poor soil quality or limited
access to nutrient-rich foods are at increased risk of
micronutrient deficiencies (Miller & Welch, 2013). Conflict,
displacement, and natural disasters can also exacerbate the
prevalence of hidden hunger, as individuals and communities
face disrupted food systems and limited access to essential
nutrients. Addressing the prevalence of hidden hunger requires
a targeted and equitable approach that prioritizes the most
vulnerable populations. Efforts to improve nutrition outcomes
must be integrated with broader development goals, including
poverty reduction, improved water and sanitation, and
enhanced economic opportunities. By addressing the root
causes of hidden hunger and promoting access to essential
nutrients, we can improve the health and well-being of
individuals and communities, reduce inequalities, and build
more resilient and sustainable societies.

Hidden hunger is not only a problem in low- and middle-
income countries but also affects certain populations in high-
income countries. In developed nations, hidden hunger can
arise due to a lack of diversity in diets, as well as food insecurity
and poverty. Vulnerable populations in high-income countries,
such as the elderly, low-income families, and immigrant
communities, may also be at increased risk of micronutrient
deficiencies. Moreover, the impact of hidden hunger goes
beyond individual health and can have significant economic
consequences. According to the Global Panel on Agriculture
and Food Systems for Nutrition, the economic cost of
malnutrition worldwide is estimated to be around $3.5 trillion
per year, equivalent to 3.5% of global GDP (Agriculture and
Food Systems for Nutrition, 2016). These costs are associated
with a range of impacts, including decreased productivity,
increased healthcare expenditures, and reduced earning
potential.

Addressing hidden hunger requires a comprehensive and
integrated approach that addresses both individual and systemic
factors contributing to micronutrient deficiencies (Burchi et al.,
2011). Efforts must focus on promoting access to diverse and
nutrient-rich foods, improving agricultural practices and food
systems, and enhancing public awareness and education on
nutrition and health. Additionally, it is essential to address the
root causes of poverty, inequality, and social exclusion that
contribute to hidden hunger, as well as to strengthen health
systems and improve access to essential health services. The
prevalence and impact of hidden hunger are significant and far-
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reaching, affecting millions of individuals and communities
worldwide. Addressing this issue requires a coordinated and
multisectoral approach that prioritizes the most vulnerable
populations, promotes sustainable development, and builds
more equitable and resilient societies. By working together to
address hidden hunger, we can improve individual and
population health, reduce economic burdens, and promote a
more just and sustainable world.

3. Soil Microbial Diversity and Nutrient
Availability

Soil microbial diversity refers to the variety and abundance
of microorganisms present in the soil, including bacteria, fungi,
and other microscopic organisms. These microorganisms play
a critical role in soil health and ecosystem functioning,
influencing a range of processes from nutrient cycling to plant
growth and disease suppression (Chourasiya et al., 2017). The
importance of soil microbial diversity stems from its
fundamental role in sustaining plant growth and crop yields.
Microorganisms in the soil play a critical role in breaking down
organic matter and releasing essential nutrients such as
nitrogen, phosphorus, and potassium, making them available
for plant uptake. They also help to suppress plant pathogens and
promote disease resistance, which is essential for maintaining
healthy plant populations.

Furthermore, soil microbial diversity is crucial for
maintaining the overall health and resilience of terrestrial
ecosystems. Microorganisms in the soil are key drivers of soil
carbon sequestration and contribute to the regulation of
greenhouse gas emissions, helping to mitigate climate change.
They also play a critical role in maintaining soil structure and
stability, reducing erosion and improving water infiltration
(Adugna, 2016). In addition to their ecological importance, soil
microorganisms have significant potential for promoting
sustainable agriculture and addressing global food security
challenges. For example, microbial inoculants can be used to
improve plant growth and nutrient uptake, reduce the need for
synthetic fertilizers, and promote the use of sustainable farming
practices. The importance of soil microbial diversity lies in its
critical role in sustaining plant growth, ecosystem functioning,
and overall soil health. By promoting soil microbial diversity
and harnessing its potential for sustainable agriculture, we can
help to ensure food security, mitigate climate change, and
promote more resilient and sustainable ecosystems.

Soil microbial diversity also plays a crucial role in
supporting human health and well-being. Microorganisms in
the soil are a source of beneficial compounds such as
antibiotics, enzymes, and other bioactive molecules, many of
which have potential therapeutic applications (Challinor &
Bode, 2015). In addition, studies have shown that exposure to
soil microbes can help to promote immune system development
and function, particularly in early childhood. Moreover, soil

microbial diversity is essential for maintaining global
biodiversity and ecosystem services. The diversity of
microorganisms in the soil is closely linked to the diversity of
plant and animal species that depend on them for survival. By
supporting healthy soil ecosystems and promoting biodiversity,
we can help to preserve the essential ecosystem services that
underpin human well-being, such as nutrient cycling, water
purification, and climate regulation.

However, soil microbial diversity is under threat from a
range of human activities, including intensive agriculture,
deforestation, urbanization, and pollution. These activities can
disrupt soil ecosystems and reduce microbial diversity, leading
to reduced soil fertility, increased soil erosion, and decreased
resilience to climate change (Qiu et al., 2021). Soil microbial
diversity is a critical component of healthy soils, sustainable
agriculture, and overall ecosystem functioning. By promoting
soil microbial diversity and protecting soil ecosystems from
human-induced threats, we can help to ensure a more resilient,
sustainable, and healthy planet for generations to come.

Microbes play a fundamental role in soil nutrient cycling,
which is the process by which nutrients such as nitrogen,
phosphorus, and carbon are cycled through the soil ecosystem.
This process is essential for the growth and survival of plants
and other organisms, as it ensures that essential nutrients are
available for uptake. In soil nutrient cycling, microbes act as
decomposers, breaking down organic matter such as dead plant
material and animal waste into simpler forms that can be taken
up by plants. Microbes also play a critical role in transforming
and recycling nutrients, converting them from one form to
another as they move through the soil ecosystem (Prasad et al.,
2021).

For example, nitrogen-fixing bacteria convert atmospheric
nitrogen into a form that plants can use, while other bacteria
and fungi break down organic matter and release nutrients such
as phosphorus and potassium into the soil (Van Der Heijden et
al., 2008; Rashid et al., 2016). In addition, mycorrhizal fungi
form symbiotic relationships with plant roots, helping to
enhance nutrient uptake and improve plant growth. Moreover,
soil microbial diversity is crucial for maintaining nutrient
cycling processes and ensuring the availability of essential
nutrients for plant growth. When microbial diversity is reduced,
soil nutrient cycling can be disrupted, leading to reduced soil
fertility and decreased crop yields. Microbes play a critical role
in soil nutrient cycling, which is essential for maintaining
healthy soil ecosystems, promoting plant growth, and ensuring
sustainable agricultural production. By promoting soil
microbial diversity and supporting nutrient cycling processes,
we can help to ensure the long-term health and resilience of our
soils and ecosystems.

Soil microbial diversity is affected by a range of biotic and
abiotic factors, including soil type, climate, land use, and
management practices (Barto et al., 2010). Understanding these
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factors can help us to promote healthy soil ecosystems and
support the important functions of soil microorganisms. Soil
type is a key factor affecting soil microbial diversity, as
different soils have different physical and chemical properties
that can influence the types of microorganisms that thrive in
them. For example, soils with high levels of organic matter are
often more diverse, as they provide a rich source of nutrients
for microorganisms.

Climate also plays a role in soil microbial diversity, as
temperature and moisture can affect microbial growth and
activity. In general, warmer and wetter climates tend to support
more diverse microbial communities, while colder and drier
climates are less conducive to microbial activity (Brockett et
al., 2012). Land use and management practices can also have a
significant impact on soil microbial diversity (Tardy et al.,
2015). Intensive agriculture, for example, can lead to soil
compaction, erosion, and nutrient depletion, all of which can
reduce microbial diversity. Conversely, organic farming
practices, such as cover cropping and crop rotation, can
promote microbial diversity and support healthy soil
ecosystems. Other factors that can affect soil microbial
diversity include soil pH, nutrient availability, and the presence
of pollutants or other stressors. By understanding the factors
that influence soil microbial diversity, we can take steps to
promote healthy soil ecosystems and support the essential
functions of soil microorganisms, such as nutrient cycling,
disease suppression, and carbon sequestration.

4. Linking Soil Microbial Diversity and Hidden
Hunger

There is growing evidence of a strong correlation between
soil microbial diversity and nutrient availability. Studies have
shown that soils with high microbial diversity tend to have
higher levels of available nutrients, such as nitrogen,
phosphorus, and potassium, compared to soils with low
microbial diversity. One reason for this correlation is that soil
microorganisms play a crucial role in nutrient cycling, breaking
down organic matter and releasing essential nutrients into plant-
available forms. Soils with a greater diversity of
microorganisms are likely to have a greater capacity for nutrient
cycling and a more efficient use of available nutrients (Hooper
& Vitousek, 1998; Bhowmik et al., 2017).

In addition, soil microorganisms can also help to create
nutrient-rich soil environments through their interactions with
plant roots. Certain types of bacteria and fungi form symbiotic
relationships with plant roots, known as mycorrhizal
associations, which can help to increase nutrient uptake by the
plant. Several studies have also shown that soil microbial
diversity can be positively correlated with crop productivity
(Tautges et al., 2016). For example, soils with high microbial
diversity had significantly higher crop yields than soils with
low microbial diversity. The evidence suggests that promoting

soil microbial diversity can have significant benefits for
nutrient availability, crop productivity, and ecosystem health
(Chaparro et al., 2012). By supporting healthy soil ecosystems
and promoting sustainable management practices, we can help
to ensure that soils remain productive and resilient in the face
of changing environmental conditions.

Recent research has also shown that soil microbial diversity
can have a significant impact on plant health and disease
resistance. Certain soil microorganisms, such as rhizobacteria
and mycorrhizal fungi, can form beneficial relationships with
plants, promoting their growth and helping to protect them
against pathogens. Studies have found that soils with higher
microbial diversity tend to have a greater abundance and
diversity of beneficial microorganisms, leading to healthier and
more resilient plant communities (Ambrosini et al., 2016). In
addition, soil microbial diversity may be particularly important
in mitigating the impacts of climate change, as healthy soil
ecosystems can help to store carbon, improve soil water-
holding capacity, and reduce the risk of soil erosion.

However, despite the growing recognition of the importance
of soil microbial diversity, many agricultural practices continue
to rely on inputs such as synthetic fertilizers and pesticides,
which can disrupt soil ecosystems and reduce microbial
diversity. As a result, there is a growing movement towards
more sustainable and regenerative farming practices that
promote soil health and support healthy microbial
communities. The evidence suggests that soil microbial
diversity plays a critical role in nutrient cycling, plant health,
and ecosystem functioning. By promoting healthy soil
ecosystems and supporting sustainable management practices,
we can help to ensure that soils remain productive and resilient
in the face of environmental challenges (Lal et al., 2021).

Soil microorganisms contribute to nutrient availability
through several mechanisms (Blagodatskaya & Kuzyakov,
2008; Kumar & Verma, 2019). One of the most important
mechanisms is  nutrient  mineralization, in  which
microorganisms break down organic matter in the soil and
release nutrients such as nitrogen, phosphorus, and sulfur into
plant-available forms. Microorganisms can also play a role in
nutrient immobilization, in which nutrients are taken up by
microorganisms and temporarily stored in their biomass. This
can help to regulate nutrient availability and prevent nutrient
loss through leaching or runoff.

In addition, some microorganisms are capable of fixing
atmospheric nitrogen, converting it into a plant-available form
that can be used by crops. This process is particularly important
in systems with low soil nitrogen availability, such as those
found in many tropical soils. Microorganisms can also help to
improve soil structure and water-holding capacity, which can
further enhance nutrient availability by promoting root growth
and nutrient uptake. The mechanisms by which soil
microorganisms contribute to nutrient availability are complex
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and multifaceted and are influenced by a wide range of biotic
and abiotic factors (Jayaraman et al., 2021). Understanding
these mechanisms and their interactions is critical for
developing sustainable soil management practices that promote
healthy soil ecosystems and support optimal plant growth and
productivity.

Another  important  mechanism by  which soil
microorganisms contribute to nutrient availability is through
symbiotic relationships with plants. Certain microorganisms,
such as mycorrhizal fungi, form symbiotic associations with
plant roots, providing them with nutrients in exchange for
carbohydrates produced by the plant (Johnson & Gehring,
2007; Nanjundappa et al., 2019). Mycorrhizal fungi, for
example, can increase plant access to soil phosphorus, which is
often limiting in many agricultural systems. By extending the
reach of plant roots, mycorrhizal fungi can access soil nutrients
that are otherwise unavailable to plants and can also help to
protect plants against environmental stressors such as drought
and disease.

In addition to mycorrhizal fungi, other soil microorganisms
such as nitrogen-fixing bacteria and rhizobacteria can also form
beneficial relationships with plants, contributing to nutrient
availability and promoting plant growth. The contributions of
soil microorganisms to nutrient availability are diverse and
complex and are influenced by a wide range of factors including
soil type, climate, and management practices (Van Der Heijden
et al., 2008; Fierer, 2017). As such, developing effective
strategies for promoting soil microbial diversity and enhancing
nutrient availability requires a holistic and context-specific
approach that takes into account the unique characteristics of
each soil system.

Soil degradation can have significant impacts on soil
microbial diversity and nutrient availability, with potentially
far-reaching consequences for agricultural productivity and
ecosystem functioning. One of the primary impacts of soil
degradation is the loss of soil organic matter, which is a key
source of nutrients for soil microorganisms. As soil organic
matter declines, microbial biomass and activity can also
decrease, leading to reduced nutrient cycling and decreased
plant productivity. Soil degradation can also result in changes
in soil structure and compaction, which can reduce water
infiltration and air exchange in the soil, leading to reduced
microbial activity and nutrient availability. Similarly, soil
erosion can lead to the loss of topsoil and nutrient-rich organic
matter, further reducing soil fertility and microbial diversity
(Xiao et al., 2017).

In addition to physical changes in the soil, soil degradation
can also lead to chemical changes that can impact soil microbial
communities. For example, the use of synthetic fertilizers and
pesticides can disrupt soil ecosystems and reduce microbial
diversity, while high levels of soil acidity or salinity can also
inhibit microbial activity and nutrient availability. The impacts

of soil degradation on microbial diversity and nutrient
availability are complex and multifaceted, and are influenced
by a wide range of biotic and abiotic factors (Prashar et al.,
2014). As such, developing effective strategies for mitigating
the impacts of soil degradation and promoting soil health
requires a holistic and context-specific approach that takes into
account the unique characteristics of each soil system.

In addition to the direct impacts on soil microbial
communities and nutrient availability, soil degradation can also
have indirect impacts on ecosystem services such as carbon
sequestration and water filtration (Faucon et al., 2017). For
example, declines in soil organic matter and microbial activity
can reduce the ability of soils to sequester carbon, potentially
exacerbating climate change. Similarly, soil degradation can
reduce water infiltration and increase the risk of soil erosion,
leading to decreased water quality and increased flood risk.
Given the interconnected nature of soil health, it is essential to
take a holistic approach to addressing soil degradation and
promoting soil health (Louwagie et al., 2011; Keesstra et al.,
2018). This may involve a combination of strategies, such as
reducing tillage and increasing the use of cover crops to
promote soil organic matter and microbial diversity, as well as
reducing the use of synthetic fertilizers and pesticides to
minimize chemical impacts on soil ecosystems. In addition to
these on-farm strategies, it is also important to consider broader
policy and institutional changes that can support soil health and
promote sustainable land use practices. For example, policies
that support conservation agriculture and promote the use of
agroforestry and other land-use systems that promote soil
health and biodiversity can play a key role in mitigating the
impacts of soil degradation and promoting sustainable land use
practices.

5. Solutions for Addressing the Hidden Hunger
Crisis

Agricultural practices play a crucial role in enhancing soil
health and promoting microbial diversity. One of the most
effective strategies for promoting soil health is reducing tillage.
Reduced tillage practices can help to maintain soil structure and
promote soil organic matter accumulation, which in turn can
support microbial diversity and nutrient cycling. In addition,
reduced tillage practices can help to reduce soil erosion and
conserve soil moisture, leading to improved water infiltration
and plant growth. Another key strategy for promoting soil
health and microbial diversity is the use of cover crops
(Vukicevich et al., 2016). Cover crops can help to reduce soil
erosion, improve soil structure, and promote nutrient cycling.
They can also provide a habitat and food source for soil
microorganisms, which can help to maintain microbial
diversity and activity. In addition, cover crops can help to
suppress weeds and reduce the need for synthetic herbicides.
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In addition to reducing tillage and using cover crops, there
are a variety of other practices that can promote soil health and
microbial diversity. These may include crop rotation,
intercropping, agroforestry, and the use of compost and other
organic amendments. Each of these practices can help to
maintain soil organic matter and promote nutrient cycling,
while also providing additional benefits such as improved pest
and disease management and increased biodiversity. Promoting
soil health and microbial diversity requires a multifaceted
approach that considers the unique characteristics of each soil
system (Nannipieri et al., 2003; Hartmann et al., 2015). By
reducing tillage, using cover crops, and adopting a range of
other practices that support soil health, farmers can help to
maintain soil fertility and productivity, while also promoting
the long-term sustainability of their agricultural systems.

In addition to reducing tillage and using cover crops, there
are a variety of other practices that can promote soil health and
microbial diversity. One such practice is the use of organic
amendments such as compost, manure, and other organic
materials (Hue & Silva, 2000). These amendments can help to
increase soil organic matter, which in turn can promote
microbial diversity and nutrient cycling. They can also improve
soil structure and water holding capacity, leading to improved
plant growth and productivity. Another strategy for promoting
soil health and microbial diversity is crop rotation. By rotating
crops, farmers can help to break pest and disease cycles,
promote nutrient cycling, and maintain soil organic matter. This
can lead to improved soil health and increased crop productivity
over time.

Intercropping and agroforestry are other strategies that can
promote soil health and microbial diversity. Intercropping
involves planting different crops together in the same field,
which can help to promote biodiversity and reduce pest and
disease pressure. Agroforestry involves planting trees or shrubs
in agricultural fields, which can provide additional habitat for
soil microorganisms and improve soil structure and nutrient
cycling (Smith et al., 2013). Reducing the use of synthetic
fertilizers and pesticides can help to promote soil health and
microbial diversity. These chemicals can have negative impacts
on soil microorganisms, which can lead to decreased nutrient
cycling and reduced soil fertility over time. By reducing or
eliminating the use of these chemicals, farmers can promote the
long-term sustainability of their agricultural systems and
maintain soil health and productivity. Promoting soil health and
microbial diversity requires a holistic approach that considers
the unique characteristics of each soil system (Lehmann et al.,
2020). By adopting a range of practices that support soil health
and microbial diversity, farmers can help to maintain soil
fertility and productivity, while also promoting the long-term
sustainability of their agricultural systems.

Dietary interventions and food fortification are important
strategies to address hidden hunger, particularly in populations

that are at risk for nutrient deficiencies. Dietary interventions
involve promoting the consumption of nutrient-dense foods,
such as fruits, vegetables, whole grains, and lean protein
sources (Flock & Kris-Etherton, 2011; Smethers & Rolls,
2018). These foods are rich in a variety of essential vitamins
and minerals and can help to ensure that individuals are meeting
their daily nutrient requirements. Food fortification is another
important strategy for addressing hidden hunger. Fortification
involves adding essential vitamins and minerals to commonly
consumed foods, such as wheat flour, rice, and salt. This can be
a cost-effective way to ensure that individuals are receiving
adequate amounts of essential nutrients in their diets,
particularly in populations where access to a variety of nutrient-
dense foods is limited.

In addition to these strategies, it is important to ensure that
individuals have access to clean water and sanitation facilities.
Poor water quality and sanitation can increase the risk of
nutrient deficiencies, as well as other health problems such as
diarrhea and other infectious diseases. A combination of dietary
interventions, food fortification, and improvements in water
and sanitation can help to address hidden hunger and improve
overall nutrition and health outcomes (Burchi et al., 2011,
Godecke et al., 2018).

Policy and institutional interventions are crucial to
addressing hidden hunger, particularly at the national and
global levels. One important policy intervention is the
development and implementation of nutrition-specific policies
and programs, such as nutrition education and counseling,
micronutrient supplementation, and food fortification programs
(Mason et al., 2014). These interventions can help to ensure that
individuals are receiving the necessary nutrients for good health
and wellbeing, particularly in vulnerable populations such as
pregnant women, children, and the elderly. Institutional
interventions are also important to address hidden hunger.
These interventions can include strengthening health systems to
ensure that individuals have access to appropriate health
services, including diagnosis and treatment of nutrient
deficiencies. They can also involve improving food systems to
ensure that nutrient-rich foods are available and accessible to
all individuals.

At the global level, international organizations such as the
World Health Organization (WHO) and the Food and
Agriculture Organization (FAO) play a critical role in
addressing hidden hunger (Dalmiya & Schultink, 2003;
Amoroso, 2016). These organizations work to raise awareness
of the issue, provide technical assistance to countries, and
develop global guidelines and standards for addressing nutrient
deficiencies. In addition to these interventions, it is important
to address the underlying social, economic, and environmental
determinants of hidden hunger. This can involve addressing
poverty, improving access to education and employment
opportunities, and promoting sustainable agriculture and food
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systems. By addressing these underlying determinants, it may
be possible to prevent nutrient deficiencies from occurring in
the first place, and to promote overall health and wellbeing for
all individuals.

6. Conclusion

The link between soil microbial diversity and nutritional
deficiencies is an important area of research that requires
further exploration. The depletion of soil microbial diversity
through practices such as intensive farming and the use of
synthetic fertilizers has been shown to have negative impacts
on the nutritional quality of crops and the health of the
surrounding ecosystem. By better understanding the
relationship between soil microbial diversity and the nutritional
content of food, we can develop more sustainable and effective
strategies for addressing hidden hunger and promoting public
health. This research highlights the importance of promoting
soil health and biodiversity in our agricultural systems as a
means of promoting food security and addressing global
nutrition challenges.
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