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Abstract

It is impossible to exaggerate the significance of agriculture to human welfare. In its most basic form,
agriculture provides food and nutrition for everyone on the planet. It encompasses not just plant
cultivation but also animal husbhandry, fisheries, and any activity that takes place along the value chain
from production to consumption. Fish, cattle, and cereals were first cultivated and domesticated by
ancient tribes thousands of years ago. Important agricultural innovations including irrigation,
fertilizers, and selective breeding allowed agriculture to flourish under varied and occasionally arid
terrain all over the world, supporting the well-being of local inhabitants. Agriculture has been seen by
people for a large portion of history as a means of supplying adequate food to enable survival. The
majority of the world's impoverished, who are consequently most susceptible to illness and
malnutrition, rely mostly on agriculture for their food production and as their main source of job and
money. Development in the agricultural sector has a huge chance to significantly lower the rate of
malnutrition and related illnesses. The agriculture sector can play a much stronger role than in the past
in improving nutrition outcomes because of its close ties to both the immediate causes of under
nutrition (Diets, feeding practices, and health) and its underlying determinants (income, food security,
education, access to WASH and health services, and gender equity). A specific framework that was
created for the Tackling the Agriculture—Nutrition Disconnect in India (TANDI) project has been used
in recent years to envision ways that the agriculture sector may affect nutrition outcomes. This
complements the more encompassing "global” concept because it focuses solely on elucidating the
connections and dynamics between one industry agriculture and nutrition.

Keywords: Nutrition, agriculture, water, sanitation and hygiene (WASH), malnutrition

Introduction

Throughout history, the primary objective of agriculture has been to combat hunger. This
goal has persisted and influenced the objectives of the Green Revolution, which is arguably
the most notable accomplishment of modern agriculture. The Green Revolution aimed to
increase agricultural productivity and output by investing in science and technology to
improve staple crops like rice, wheat, and maize, irrigation, roads, and fertilizer production.
Between 1960 and 1990, this set of investments gave almost 1 billion people better access to
food and/or a vital source of income (Evenson et al., 2006) 34, Notwithstanding its notable
accomplishments in terms of output and efficiency, as well as its role as a supplier of
industrial raw materials, one vital role of agriculture has not gotten enough recognition:
nutrition. Beyond calories, food has other contents as well. In addition to micronutrients like
vitamins and minerals, it provides macronutrients like proteins, lipids, and carbs ™. In order
to attain healthy growth and development, humans require these micronutrients at every
stage of their lives, but particularly from conception to age two. People's desire for highly
nutritious food is also influenced by its flavour and quality > 111, In addition to providing
food, agriculture is a vital source of income for the world's poorest individuals, allowing
them to afford a variety of nutritious foods, medical care, and education [0 12 131 |t
influences food prices and gender roles, among many other ways that it is connected to
nutrition. Despite these intractable links between agriculture and nutrition, the global
community has historically been slow to get on board in expanding its vision of what
agriculture can really do. Acting inaction has incredibly dire consequences. As per (FAO et
al. 2018) 371, 821 million individuals suffered from undernourishment in 2017. 151 million
children under the age of five worldwide suffer from stunting, which is defined as being too
short for one's age (FAO et al., 2018) [¥71. This amounts to more than one in five children.
Twenty-one million more children suffered from wasting, a condition in which their body
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mass was abnormally low. According to FAO et al. (2018)
137, 33% of women who were of reproductive age had
anemia. Furthermore, inadequate nutrition has long-term
effects that affect generations. According to Alderman et al.
(2006), 22, Children who are malnourished at an early age
start school later, finish fewer grade levels later in
childhood, and earn less money as adults (Behrman et al.,
2004; Maluccio et al., 2009) 24 571 The cycle continues
when undernourished women give birth to undernourished
offspring. According to FAO (2011) %8, and ILO (2017) 19,
7.6 billion people are fed by agriculture, and 69% of people
in low-income countries work in the sector. As such, it
possesses a great deal of unrealized potential to positively
influence nutrition B4 %, To close this gap, people, groups,
and communities have started working harder to make the
connection between nutrition and agriculture. In order to
increase the amount of knowledge about how agricultural
and food systems can be rebuilt and reimagined to improve

nutrition, a lot of work has been done in the last ten years [
7]
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Conceptual Links between Agriculture and Nutrition

A variety of conceptual frameworks to explain the
connection between agriculture and nutrition, each
reflecting their respective disciplines & 9. A specific
framework that was created for the Tackling the Agriculture
- Nutrition Disconnect in India (TANDI) project and is
depicted in Figure 1 has been used in recent years to
conceptualize ways that the agriculture sector may affect
nutrition outcomes (%31,

Six pathways linking agriculture and nutrition are high-
lighted in this framework, numbered in Figure 1 and
summarized here.

Pathway 1: Agriculture as a source of food for household
consumption: The most direct pathway by which household
agricultural production translates into consumption (via
crops cultivated by the household).
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Fig 1: The TANDI framework conceptualizing pathways and links between agricultural livelihoods and nutrition outcomes

Pathway 2: Agriculture as a source of income for food
and non-food expenditures: Agriculture generates income
(via wages earned or through sale of food produced), which
is translated into expenditure on nutrition-enhancing goods
and services (including health, education, and social
services [14 151,

Pathway 3: Effects of agriculture policy and food prices
on food consumption: This link involves a range of supply-
and-demand factors that affect food prices, which in turn
affect purchasing power of net buyers.

Pathway 4: Effects of women’s employment in
agriculture on intrahousehold decision making and
resource allocation: Agricultural labour conditions can
influence the empowerment of women and thus their control
over nutrition-relevant resources and decision making,
particularly regarding food and healthcare.

Pathway 5: Effects of women’s employment in
agriculture on childcare and child feeding: Relates to the
challenges that heavy and prolonged female workloads in
agriculture present to ensuring adequate care for young
children.

Pathway 6: Effects of women’s employment in
agriculture on their own nutritional and health status:
Relates to the energy-intensive nature of agricultural labour
and effects on maternal nutritional and health status, and to
related health hazards (including exposure to pathogens
through waste water irrigation and/or livestock and poultry
in the homestead).

Despite being shown separately, these pathways overlap and
work together. For instance, pathways 1 and 2 are related to
the "separability" hypothesis 2°1. Similar to other productive
industries, agriculture produces revenue that can be used to
purchase goods and services that improve nutrition
(Pathway 2). However, in general, agriculture serves as a
more significant source of income for the impoverished and
underprivileged, both directly and indirectly, through the so-
called "multiplier effects” on other industries. However, due
to a variety of market failures, farmers may decide to
cultivate food for their own consumption (Pathway 1),
making agriculture a unique sector for nutrition while also
presenting intricate and dynamic policy trade-offs [24],
Pathway 3 emphasizes how food prices and agricultural
production conditions are linked on a macroeconomic level,
which can influence consumer choices. Pathways 4-6 go
beyond price and income to focus on the linkages between
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child undernutrition and maternal socio-economic and
nutritional status. Agricultural production conditions can
affect women’s decision-making power and control of
nutrition-relevant resources (Pathway 4), as well as their
ability to manage the care of young children which is of
huge importance for nutrition (Pathway 5) 1. At this point
we can again see important trade-offs between several
pathways. The TANDI initiative, for example, has shown
that if a rise in the demand for female agricultural labour is
not matched by enhanced decision-making power and
control of household resources (including time), both
women and children’s nutritional status may suffer. Finally,
Pathway 6 addresses the possibility that the often arduous
and hazardous conditions of agricultural labour in India
pose substantial risks for maternal nutritional status and an
intergenerational transmission of undernutrition 21,

Agricultural Growth and Food Security

Agriculture employs 58% of the workforce and contributes
14% of the GDP in countries like India, where increased
agricultural productivity has the potential to improve
nutrition through increased incomes 8, From the 1960s
through the early 1990s, India's agricultural interventions
aimed to achieve self-sufficiency and tackle more
significant issues such as hunger and food shortage by
boosting food grain productivity and production. The late
1960s saw the beginning of the green revolution, which was
sparked by the introduction of high-yielding varieties,
increased access to fertilizers, irrigation water, farm
equipment, pest control, technology transfer, and minimum
support price 1. Productivity and production growth in
agriculture are still vital. Following the Government of
India's enactment of the National Food Security Act in late
2013, which guaranteed a legal right to food, there is
anticipated to be a rise in demand for food grains.

However, history has shown that unless there is a nutrition
focus and the poorest have access to a source of diverse and
nutritious foods, increasing food production alone is not
sufficient to address the problem of malnutrition. Food
security includes "absorption” and the bioavailability of
food, which is included in "nutrition security,” along with
"accessibility,” "utilization,” and "availability" 07 1, |n
addition to staple foods, a balanced diet should include
foods that are well-balanced and provide sufficient amounts
of protein, fat, energy, and micronutrients. Under the
development paradigm, agricultural interventions must be
more nutrition-sensitive and concentrate more on foods that
are high in nutrients and have high levels of bioavailability -
that is, the percentage of micronutrients that the body can
absorb [1° 20 21 India was able to address calorie hunger
because of its focus on productivity and production, but
hidden hunger brought on by micronutrient deficiencies is
pervasive. With so many people reliant on agriculture, a
farming system for nutrition (FSN) approach is a better way
to combat the issue of malnutrition. It may be noted that
internationally also there is a drive to end the scourge of
malnutrition. The United Nations launched a zero-hunger
initiative in 2012 with a target for eliminating hunger,
malnutrition and food insecurity by 2025 [22 23,261,

The Gap: However, the Gap Experience has demonstrated
that unless there is a nutrition focus and the poorest have
access to a source of diverse and nutritious foods, increasing
food production alone will not be sufficient to address the
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issue of malnutrition. "Availability," "Accessibility," and
"Utilization,”  which  includes  "absorption”  and
"bioavailability” of food, are all included in the concept of
"Food Security,"” which also includes "Nutrition Security."
In addition to staple foods, a balanced diet should include
foods that are well-balanced and provide sufficient amounts
of protein, fat, energy, and micronutrients % 31 Under the
development paradigm, agricultural interventions must be
more nutrition-sensitive and concentrate more on foods that
are high in nutrients and have high levels of bioavailability -
that is, the percentage of micronutrients that the body can
absorb. India was able to address calorie hunger because of
its focus on productivity and production, but hidden hunger
brought on by micronutrient deficiencies is pervasive 52 3,
A farming system for nutrition (FSN) approach can be a
more effective way to address the issue of malnutrition,
given the significant proportion of the population that
depends on agriculture (2728291,

There is a complex, sporadic, and frequently weak
relationship rather than a direct one between agricultural
production, consumption patterns, and nutritional outcomes
(1, Research conducted all over the world has made it
abundantly evident that changes in income by themselves do
not always result in modifications to consumption patterns
and dietary diversity that would improve nutritional status.
Seven key pathways between agriculture and nutrition were
identified by the Tackling the Agriculture-Nutrition
Disconnect in India (TANDI) initiative 1, which added two
more from the gender perspective to the five pathways the
World Bank had previously identified.

The focal theme of FAO’s recent report on State of Food
and Agriculture is ‘Food Systems for Better Nutrition® [,
Agricultural projects that utilize micronutrient-rich plant
varieties have shown high potential for improving
nutritional well-being 1. Reviews by Berti et al. ™ and
Masset et al. [ found no conclusive evidence of the effects
of agricultural interventions on nutritional status in general,
but did find positive impacts of selective interventions like
home gardening and biofortification. Gulati et al. ["! found
that improving performance can have a positive impact on
nutritional outcomes.

The importance of mediating factors cannot be overstated.
Multisectoral interventions are necessary to address the
multifaceted issue of malnutrition. Numerous reviews came
to the conclusion that initiatives where women were heavily
involved in the intervention or where there was a component
of nutrition counseling were likely to have demonstrated
benefits on increased food intake or nutritional status 1 16
21 Nutrition is impacted by a complex interplay between
dietary consumption, water quality, healthcare practices,
disease burdens, sanitation, and health services, as well as
the underlying social, economic, and political processes that
underpin these intermediate outcomes 4. Overall, though,
it appears that efforts are being made to comprehend and
prove the effectiveness of pro-nutrition agriculture
interventions [3 51526, 27],

Approach to Improve the Nutritional Status
Nutrition-Sensitive Agriculture

According to the Food Security for Nutrition (FSN) model,
"agricultural remedies for the nutritional maladies" that are
prevalent in a region are to be introduced by mainstreaming
nutritional criteria in the selection of crops, farm animals,
and, when practical, fish as parts of a farming system [34 3.
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%1, In order to increase absorption and bioavailability, the
approach necessitates integration with enabling non-farm
factors like sanitation and hygiene ¥ 38 It also places
emphasis on the varying nutritional needs of humans across
gender and age groups. The main objective of the FSN
model is to present replicable and scalable sustainable
farming systems that enhance nutritional outcomes at the
household level [°. It attempts to meet the dietary
requirements of both farm and non-farm families according
to their individual resources, the state of the market, and
community preferences [0,

The FSN model is based on the following hypothesis:
specifically  planned  nutrition-focused  agricultural
interventions can improve farm incomes and productivity
while also promoting a more varied and nutrient-dense diet
and better nutritional outcomes - 24 The FSN model
essentially aims to investigate whether and how agricultural
interventions can have a nutritional impact on populations
that are malnourished, as well as the extent to which such
interventions can be used to improve nutritional status
(Table 1).

The FSN model has six major, equally important

components [

1. Conduct baseline surveys to learn about the current
state of agriculture, socioeconomic conditions, and
nutrition in the area in order to pinpoint the primary
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nutritional issues (31,

Determine appropriate agricultural solutions to address
the issues (cultivation of pulses, biofortified crops, and
crop - livestock integration); based on the baseline
survey, secondary data that is available, and on-the-
ground farming practice demonstrations, design the
most appropriate agricultural remedies in community
consultation, giving consideration to individual assets,
market conditions, and community preferences [*3 44 431,
Ensure that the farming system is designed with
particular nutritional requirements in mind; Provide an
example of a sustainable farming model that prioritizes
nutrition and is done so specifically to improve
nutrition [46.471,

Increase the productivity and profitability of small
farms to boost cash income; This can be achieved by
combining agroforestry, home gardening, livestock
(including ruminants, poultry, and fisheries), and the
production of nutritious crops, both natural and
biofortified [“8 49,

Nutrition awareness; Implement literacy and nutrition
awareness programs at the home, community, and
institutional levels.

Implement monitoring systems for process evaluation
based on precise and quantifiable standards; create
indicators to evaluate the influence on nutritional status;
conduct end-of-line surveys to document the shift (5051,

Table 1: Steps in FSN intervention design

Steps

particulars

Step 1

Baseline survey of households in the FSN and non-FSN villages to understand the existing agricultural systems and socioeconomic
condition, including time use pattern. Identification of key informants and village institutions

Step 2

Constitute technology platform for interaction with academics, research institutions and stakeholders platform with government line
department, local self-government, men and women farmers and landless households and NGOs, to leverage collaborations for both
feedback and outreach

Step 3

Demonstration and FFS on crop, livestock and horticultural systems to showcase scientific and technological advancement in farming

Step 4

Identify the nutritional disorders/deficiencies prevailing in the area (both protein - energy malnutrition and hidden hunger) through a
range of surveys. Collection of household level anthropometric and gender disaggregated information

Step 5

Focus group discussions to understand nutrition sensitivity among the population, gender roles and decision making in access to
resources, cultivation and use of the produce

Step 6

Based on the agro-ecological and socio-economic conditions, design farming systems that can provide agricultural remedies to the
prevailing nutritional maladies

Step 7

Develop, in association with the farm families, a nutrition-smart farming system. Major components of such a farming system will be:
crop - livestock integration - large and small ruminants, poultry, fish, vegetables and fruits, trees, etc

Step 8

Content development for dissemination of improved agriculture practices, exposure trips and training programmes

Step 9

Content development for nutrition education/literacy for all levels, to improve awareness on dietary diversity, storage and cooking
practices, health and hygiene, etc.

Step
10

Integrate the relevant existing government programmes and entitlements with the intervention to achieve greater impact

Comparing the effects of interventions within and between
villages - which entail baseline and end line surveys of the
agricultural production system and nutrition status - is a
crucial part of generating evidence. All of the households in
the remaining villages in a region are to be introduced to
FSN, while a small number of villages (known as non-FSN
villages) are to be kept out of the FSN intervention (52531,

Initial Survey

As one of the main factors influencing consumption,
baseline surveys aim to record the current socioeconomic
status, farming practices, productivity and production,
nutrition status, and food item sourcing patterns. The
primary tools for gathering data are various sets of well-
crafted, structured questionnaires for focus group

~21 ~

discussions (FGDs), household and village surveys 34 55821,
Village Questionnaire: the village questionnaire has been
designed to collect information on food production and
consumption systems’ availability, access to various natural
resources and access to government facilities, health,
transport and communication facilities ®% 9. Household
Questionnaire: different sets of household questionnaire
have been designed to capture the demographic and socio-
economic profile of the households, occupational pattern
and nutrition status. These are crucial to design and estimate
the impact of FSN based on a set of identified indicators [6*
62 Discussions in focus groups (FGD): At the baseline,
midterm, and finish line levels, record the following: (a)
degree of nutrition knowledge (balanced diet, cooking
techniques, etc.); (b) childcare practices; (c) access to
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WASH (water, sanitation, and hygiene); (d) access to
government extension services and entitlements; (e)
qualitative aspects of gender roles in decision-making and
resource access; and (f) any other pertinent issues that arise
during program implementation [63. 64 651,

Intervention Design and Strategy

The variety, quality, quantity, and nutritional value of the
foods that households either produce or purchase for
consumption are all determined by food systems. The goal
of the FSN intervention strategy is to address the problems
associated with households' access to, affordability of, and
consumption of nutrient-dense foods as well as their
absorption. Through farm sector interventions, such as the
introduction of biofortified crops, it seeks to address all the
major nutritional maladies, such as calorie deprivation,
protein deficiency, and hidden hunger (micronutrient
deficiency, e.g., iron, vitamin A, vitamin B12, zinc, iodine).
Non-farm and non-food strategies, such as nutrition literacy
and awareness and WASH to address absorption, will
support these. Strategies for interventions with targeted
population and the tools are described in (Table 2).
Biofortified Crops Can Improve Human Nutrition

By utilizing a variety of techniques, such as the engineering
of staple crops, biofortification provides developing nations
with numerous benefits 7. In order to improve the most
common crops, such as corn, wheat, and rice, research and
programs like HarvestPlus are concentrating on iron (Fe),
zinc (Zn), and vitamin A, which the World Health
Organization considers to be the most limited micronutrients
(31, These common crops are accessible to all people on the
planet and don't require any special management because it
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is possible to enrich produce without compromising the
crop's productivity. It may even lead to improved growth
and higher yields because the majority of the target minerals
are also crucial for the plant's own nutritional needs and
may help it tolerate environmental stress. This is particularly
important when the environmental conditions for farming
are inferior, as they often are in developing countries, and
the new varieties have an advantage over conventional
varieties [,

Cereal Biofortification

Millions of people worldwide can benefit from increases in
staple cereal concentrations of a few milligrams of essential
minerals, which can improve their health and productivity
[66, 67, 68]_

Due to its high mineral and nutritional content, wheat grain
plays a significant role in human nutrition. For the sake of
global food security, wheat production must therefore
double by 2050 [l The mineral contents of wheat
germplasm, including Fe, Zn, Se, Mn, Mg, proteins, and
vitamins, have been thoroughly screened 4. Phytic acid
was also screened; this is significant because it limits the
amount of nutrients that are bioavailable. In recent decades,
breeding as well as agronomic and genetic solutions have
been examined with the goal of wheat biofortification.
Breeding competitive bread wheat cultivars with 40%
higher Zn concentration in South Asia [ 71 Five
biofortified wheat cultivars - in India - have been made
available as a result of this process 2. In a group of high
yielding genotypes, ranges of Fe concentrations of 20-60 mg

kg? and Zn concentrations of 15-35 mg kg™ were reported
[44]

Table 2: Intervention strategies, target population and tools

Interventions

Tools, strategies and supporting

Target population technologies

IA. Targeted interventions: farm sector

1. Cropping system Intervention (crop calendar, crop types and
technology) in existing cropping system to enhance farm output]
and input usage efficiency.

Introduction of nutrient-dense biofortified crops in the crop,
calendar (for example, iron-rich sorghum and vitamin A-rich
orange fleshed sweet potato) Introduction and popularization of]
locally grown naturally fortified and locally consumed nutritious
foods (greens, amla, moringa, tubers, etc.)

Farmers with operational

Participatory Rural Appraisal (PRA) and
Focus Group Discussion (FGD) Front
Line Demonstration (FLD) Farmer Field
School (FFS) technique

landholdings

2. Livestock system Intervention in scientific goat rearing,
backyard poultry and fisheries for income enhancement and
consumption Improved silvipastoral system (forestry, pasture,
livestock) for optimizing the land use pattern

Farmers with experience of
raising livestock with special
preference to the most vulnerable
group without operational
landholdings

PRA and FGD Awareness generation
about Feed and Breed Improvement
Program (FBIP) Creation of fodder and
pasture cafeteria on farmers’ plot

3. Vegetables and fruits Establishing nutri-garden in backyard of]
each farm family to promote vegetables and fruits rich in iron
and vitamins A and C

Farmers with homestead land and
experience of growing vegetables
and fruits

PRA and FGD FLD FFS technique
Scientific crop/nutri-garden architecture

B. General interventions: farm and nonfarm sector
1. Nutrition literacy and awareness at various levels

Level-1: Household
Level-2: Community
Level-3: Institution

Content development on nutrition
Information and Communication
Technology (ICT)

2. Agronomic best practices

All farm households, on all field
crops, vegetables and fruits

Agriculture extension services Training
and visit (T and V) Lab to land and land
to Lab

3. Introduction of low-cost technology (e.g. fertilizer use
efficiency, new varieties/crops, water use efficiency)

All farm households

Fertilizer deep placement technology
(FDP) High density planting system
(HDPS) Small agriculture implements

4. Livestock health care services (e.g. health check-up camp, de-|
orming, vaccination)

All households having animal
resources

Vaccination/de-worming/artificial
insemination techniques

5. Improved feed and fodder

All farm households

Fodder silage technology
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This demonstrated that there is enough genetic variation in
the wheat gene pool to investigate the possibility of
significantly raising grain micronutrient concentrations.
Moreover, it has been documented that foliar and soil
application techniques can increase the concentrations of
zinc and iron in wheat grains by up to three times [74],
Educating farmers in developing nations about the
importance of balanced fertilization will help them reach
targets for micronutrient concentration, which will help
fight hidden hunger.

It is difficult to increase the concentration of Zn and Fe in
the endosperm, which is the portion that is most edible,
using agronomic techniques; however, reports have
indicated that soil application can increase the concentration
of Fe and Zn.

Rice

Rice is one of the main staple food crops grown worldwide,
it is especially highlighted for micronutrient improvement.
This means that rice biofortification has a significant
potential to reduce malnutrition worldwide. With 20-22 mg
kg Zn in brown rice, the first high Zn rice cultivar was
distributed in 2013 by Harvest Plus and the Bangladesh Rice
Research Institute. According to reports by 71, there have
been increases in rice for Zn, Se, and Fe of 17.4, 0.123, and
14.2 mg kg?, respectively. Where rice is the main crop,
after screening 484 rice lines %, discovered co-localized
QTL regions for Zn and Fe in addition to high vyield
characteristics. In order to increase the bioavailability of
micronutrients in rice and, in turn, the nutrition and health
of consumers, it is necessary to take into account the
composition of rice grains, including the localization of Fe
and Zn as well as their chelators, transporters, promoters,
and inhibitors 4?1, The Zn content of the grains in aromatic
rice has also been markedly enhanced by zinc management
in the soil.

Corn

Although maize is frequently seen as a cash crop, it is also a
staple in many nations and a major source of food for both
people and animals worldwide. Zinc can be applied
exogenously in the form of seed priming, foliar spraying, or
soil incorporation to improve maize seed germination,
seedling vigor, and stress tolerance *> €1, Following the
application of ZnO nanoparticulates, Magbool and Bashir
(171 reported a high accumulation of zinc in maize grains,
measuring 36 mg kg™. Previous reports have indicated a
significant  genome-wide  correlation  between  the
concentration of micronutrients in maize kernels and yield.
This suggests that biofortification of maize can be achieved
through the use of specialized phenotyping tools and
conventional plant breeding techniques [ 7. Among 1000
CIMMYT maize lines, concentration ranges of Zn, Fe, and
provitamin A have been reported, and maize lines with 15-
35 mg kg Zn, an average of 20 mg kg* Fe, and about 0-15
mg kg? total provitamin A concentration have been
identified.

Additionally, pearl millet has demonstrated excellent
genetic variation that can be utilized in breeding (30-140 mg
kg? Fe and 20-90 mg kg* Zn). Novel cultivars with high
yields and high Zn and Fe contents. The Pujar group ['?
discovered a strong positive correlation between Fe/Zn and
overall performance. Density of populations of pearl millet.
Including parental lines with a significant amount of
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Average heterosis may be advantageous in breeding
initiatives that aim to improve Pearl millet's Fe/Zn ratio.

Biofortification of Non-Cereals

Numerous crops other than cereals are making a significant
contribution to global food security, particularly in
numerous African nations. Non-cereal crops can benefit
from genetic and agronomic biofortification as well. Only a
handful have been discussed thus far; however,
biofortification of other crops, like pulses, holds great
promise, including the biofortification of chickpeas 5%,

Cassava

Cassava (Manihot esculenta) is a staple crop in many
African nations, but its zinc, iron, and vitamin A contents
are very low. In order to lessen micronutrient deficiencies, it
is necessary to biofortify this crop for Fe, Zn, I, and vitamin
A in low-resource nations. Cassava is grown as a staple crop
in Latin American and Caribbean nations in addition to
Africa. It is thought to be a crucial crop to biofortify with
beta-carotene in order to raise the vitamin A content of its
users 9, Because it can withstand a variety of stresses and
poor soil conditions, cassava is an important crop in tropical
and subtropical climates [6 77 781,

Potato

Potato also known as Solanum tuberosum, potatoes are a
valuable vegetable that provide calories and energy to
people of all ages. Due to its widespread use, it offers a
great deal of potential to enhance human nutrition through
different biofortification techniques. The PSY gene has been
added to potatoes using transgenic methods to increase their
beta-carotene content [73],

Through the foliar application of zinc fertilizers, field
experiments were carried out to significantly increase the
zinc content of potato tubers. Additionally, zinc sulfate and
zinc oxide were found to be more effective than zinc nitrate
for foliar applications meant to increase zinc concentrations
and boost yield 1. In summary, potatoes have considerable
genetic diversity for micronutrient concentration that can be
utilized for conventional breeding of varieties with
enhanced Fe and Zn concentrations for human nutrition.

Sweet potato

Sweet Potato Varieties with orange flesh (Ipomoea batatas
L., Lam) contain more beta carotene than those with white
flesh. The initiative to biofortify sweet potatoes aims to
replace white-fleshed varieties with orange-fleshed plants.
The Harvest Plus project has set a target level of beta
carotene for sweet potatoes of 32 mg kg, however reports
from HarvestPlus 2! and Nestel et al. 1% % have shown that
cultivars with higher concentrations of up to 100 mg kg*
exist. Sweet potatoes have many phytochemicals, vitamin C,
carbohydrates, anthocyanin, and dietary fibre.

The nutritive value of sweet potato can be improved by
enhancing the contents of lutein, carotene, and total
carotenoids, through overexpression of “orange” IbOr-Ins
genes in white fleshed sweet potato 1. The orange fleshed
sweet potato beta carotene content can also be enhanced by
irrigation and chemical fertilizer applications.

Common Beans
Humans worldwide eat the common bean (Phaseolus
vulgaris), which is an essential grain legume. The dry grains
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of this annual herbaceous plant are edible. Although the
beans have high concentrations of the essential amino acids
methionine and cysteine, their nutritive value is inadequate
despite their abundance in leucine, isoleucine, lysine, valine,
and threonine. However, methionine-rich storage albumin
protein from Brazil nut seeds can be expressed, increasing
the amount of methionine in beans M. By applying zinc
fertilizer topically, common beans may also benefit from
zinc biofortification. According to reports, applying organic
and chemical fertilizers can increase the concentrations of
N, P, K, Mn, Cu, and Zn in common beans. Furthermore, it
has been demonstrated that by employing various
techniques, the Fe and Zn concentrations in common beans
can be increased by 60-80% and 50%, respectively. For Fe
and Zn concentration, common beans have been found to
have high genetic diversity, and genes linked to Zn
accumulation have been reported in navy beans.

Conclusion

In essence, the FSN model will show that a broad, long-
term, nutrition-sensitive agricultural intervention is feasible.
The methodology for the study will record the level of
profitability and productivity improvement in the
agricultural system that leads to increased household
expenditure on a balanced diet more consumption of foods
high in nutrients, and the degree to which the design of a
pro-nutrition  farming system can be embraced by
households with varying asset bases. The study's evidence
of successful models linking agriculture to nutritional
outcomes can be utilized to frame farming systems that are
sensitive to nutrition and gender in various agro-ecological
zones across the nation. Additionally, the study will
contribute to the evaluation of the potential contribution of
crop biofortification to the reduction of micronutrient
malnutrition.
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