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(" ABSTRACT

the only way forward to assist humanity.

them to sustainability ensuring their food security.

-

Purpose: Intensive actions implemented to alleviate poverty created many challenges. Millions of
people face acute food insecurity; hence, food production needs to be increased to feed the existing and
increasing population through sustainable agricultural practices. Sustainable agricultural development is

Research Method: TExisting literature on sustainable agriculture was reviewed, explored, understood,
described, evaluated, and synthesized and their relationships to sustain smallholder farmers were analyzed.

Findings: Technological innovations in increasing resource use efficiency, modern breeding techniques, and
renewable energy sources aid in achieving sustainability in agriculture. Technology enhances the adaption
of agriculture to climate change and increases productivity and the quality of life of farming communities.
Smallholder farms with limited information and transportation need government support to access markets
with modern commercialization channels. Women need to be empowered to deliver multiple agricultural
roles. Wise use of natural resources, optimum allocation, and utilization of resources are vital in enhancing
farm productivity. Technical knowledge, availability of inputs, extension services, and financial support
are paramount in maximizing productivity and income from agriculture. Agricultural investments need
substantial increments to address food insecurity and adaptation to climate change. Dissemination of
research findings and experience in sustainable agricultural production practices in informal and formal
ways among all agricultural stakeholders is vital in achieving agricultural sustainability. Minimizing
postharvest losses through technologies is essential in minimizing global food insecurity to enhance
smallholder farmers’ income. Policies related to social, economic, eco-friendly production strategies and
environmental aspects directly and indirectly linked to agriculture are vital in these processes. Hence, an
integral approach towards the agricultural development of smallholder and subsistence farmers can lead
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INTRODUCTION

The development that meets the present generation’s
needs without compromising the future generations
was the concept of Sustainable Development (Butlin,
1989) proposed by the World Commission on
Environment and Development in 1987. Millennium
Development Goals (MDGs) were formulated by the
United Nations in 2000 to implement the concept
of sustainable development. In 2015, the United
Nations transformed the MDGs into 17 Sustainable
Development Goals (SDGs).

The SDGs are supposed to transform the world to end
poverty and inequity in all aspects and ensure the world
population enjoys health, prosperity, and justice, and as
a whole those goals are expected to protect the planet.
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In the process of alleviating poverty and achieving
prosperity, intensive actions are being implemented
which in turn has created many challenges such as
rapid advances in industrialization, urbanization, and
globalization. (Liu et al., 2023) stated that these rapid
changes have challenged sustainable development due
to the increased vulnerability and instability of rural
areas. Hence, concepts of sustainability and sustainable
development are prominently linked now with policies
on environmental management, and industrial and
agricultural production (Ruggerio, 2021).

The world population reached 8 billion in mid-
November 2022 and is estimated to increase to 9
billion in 2030, and to 10 billion (UNDESA, 2017)
or 9.7 billion (UN, n.d.) in 2050. An increase in
population also needs a significant increase in food
production. According to (Serageldin, n.d.), over a
billion people live below less than a dollar daily
under extreme poverty. Every day, about 40,000
people die from hunger and related causes. Eighty
percent of the world’s population lives in developing
countries. About 70 percent of the land and 80
percent of the water in these countries are used
by agriculture exerting tremendous pressure on the
resource base of those countries. Agriculture, in
general, consumes considerable amounts of natural
resources where increased consumption may challenge
sustainability. Agriculture is also linked with many
issues such as diminishing availability of non-
renewable natural resources; degradation of soil;
damage to the environment due to excessive and
improper use of agricultural chemicals etc. which may
lead to a reduction in quantity and quality of food
(Calicioglu et al., 2019 ; Singh et al., 2019 ; Laurett et
al., 2021). Under these circumstances, a 50% increase
in food production by 2030 (UN, 2012), 70% increase
by 2050 (Dubois, 2011), and between 100% and 110%
increase by 2050 (Tilman et al., 2002) will be required
to feed the increasing population.

Behnassi and Yaya (2011) reported that food
consumption rose rapidly as the world population grew
by 73 million annually between 1995 and 2020 which
was a 32% rise. Food demand is rising faster than food
supply. The food needs of developing countries will
increase by 60% in 2030 and will be doubled by 2050
(Alexandratos and Bruinsma, 2012). This increment
is mainly to feed the world’s increasing population.
Alexandratos and Bruinsma (2012) also reported that
there is a need to increase world food production by
42% in 2030 and 70% in 2050. According to the Food
Security Information Network and Global Network
Against Food Crises (FSIN and GNAFC), around
258 million people in 2022 across 58 countries and

territories faced acute food insecurity which is an
increment of 193 million people compared to 2021
figures (Food Security Information Network, 2023).
According to a report by the World Bank (2022), 943
million people will be facing severe food insecurity by
2025. A further population of 956 million people will
be facing severe food insecurity by 2028 (World Bank,
2022). Food production needs to be increased to feed
not only the existing population but also to cater to the
projected population.

As such, agriculture faces multifaceted challenges
such as overuse and degradation of natural
resources, scarcity of water resources, pollution
and contamination of water resources, lack of
water or timely unavailability of water, land and
soil degradation, encroachment into arable lands,
urbanization, inadequate infrastructure, unavailability
of human resources or quality of human resources, etc.
To face these challenges, agricultural food production
needs to be increased which can only be achieved
through sustainable agricultural practices.

Agricultural practices can be sustainable if agriculture
ensures profitability, environmental health, and
social and economic equity. Sustainable agriculture
also contributes to food security and ensures food
availability, access, utilization, and stability. FAO’s
vision for sustainable agriculture includes the
production of nutritious foods that are accessible to
everyone by sustainably managing natural resources
where current ecosystem functions are supported and
maintained ensuring future human needs (FAO, n.d.).
Sustainable Development Goals were proposed as a
solution to address most of the above-mentioned issues.

Achievement of Sustainable Development Goals is
challenged as it tries to achieve optimum yield
increasing farm income but minimizing the use
of resources and environmental impacts (Peng et
al., 2022). In addition, environmental pollution and
climate change are exerting tremendous pressure on
agricultural production (Olesen and Bindi, 2002). By
2050, global warming is expected to impact the overall
potential agricultural productivity and reduce it by 9 —
12% in developing countries (Le Mouél and Forslund,
2017). Global collective efforts are required to mitigate
these impacts through different measures to ensure
continued and sustained food production to secure
livelihood (Rehman ef al., 2022). Collective actions can
be taken at international conventions that collectively
bind all stakeholders.

Many actions can be taken to attain sustainable
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agricultural development increasing yields, producing
more from a unit of land or increasing land
productivity, minimizing post-harvest losses and food
wastes, increasing distribution and access to food,
etc. (Boix-Fayos and de Vente, 2023). According
to Boix-Fayos and de Vente (2023), the above
can be achieved through environmentally- friendly
sustainable production systems. Transformation of the
agricultural sector to sustainable agriculture can be
achieved only if the agriculture sector is considered
holistically which requires all the aspects of social,
economic, cultural, technical, and environmental
factors considered together. This transformation
process needs adaptation of system changes by
all the stakeholders as participants especially the
agricultural producers (Boix-Fayos and de Vente,
2023). Hence, a holistic approach considering all
the aspects of the agricultural sector together with
all the stakeholders is vital in achieving agricultural
sustainability. Sustainable agricultural development is
the only way forward to assist humanity. Therefore, this
study was conducted to review, synthesize, and advance
the existing literature on sustainable agriculture and its
impact on humanity.

In this research previous literature on agriculture for
sustainable development was explored, understood,
described, and evaluated and their relationships to
sustain humanity were also analyzed. Online reliable
databases were used in the bibliographic search with
specific attention given to ScienceDirect. Other sources
such as reports, communiques, and communications of
official or relevant international organizations were also
reviewed.

Increasing Agricultural Productivity

In the process of poverty alleviation and economic
development, agricultural productivity plays an
important role (Diao et al., 2008). An increase in
agricultural productivity is one of the key elements
that can assist marginal and subsistence farmers in
income generation and combat poverty. Productivity
in agriculture needs to be improved and maintained
to meet the food, feed, fiber, and raw material needs
of the present and future generations. Technological
innovations and adaptations play significant roles
in achieving higher productivity (Liang et al.,
2017). Modern technological solutions can persuade
productivity improvements to achieve higher yields
from a smaller land area (Dimitrijevi¢, 2023) or with
less amount of unit inputs can achieve sustainability
in agriculture. Input optimization in agriculture,
introducing modern and appropriate technological
innovations such as precision agriculture (Dimitrijevié,

2023), and climate-smart agriculture can achieve
sustainability. High-end agricultural technologies
could reduce the use of inputs such as water, fertilizers,
and other plant protection agrochemicals, agricultural
equipment, etc. (Banu, 2015) while improving
productivity through better management of farm inputs
increasing profits (Tokekar et al., 2016).

Ulvenblad et al. (2018) stated that world food
production needs to be increased by around 70% by
2050. The major challenge faced by the agricultural
sector is to utilize the available lands efficiently to
increase productivity rather than opting for new lands
for cultivation which could come with the expense of
deforestation. Further, the increased production from
these existing lands should be sustainable as such
the continued sustained production would be able
to feed the increasing population. The land, water,
and other agricultural inputs need to be used with
increased efficiency to enhance the sustainability of the
agricultural sector. The increase in productivity needs
the use of technological innovations.

Agriculture is one of the fields that has experienced
rapid changes and improvements. The green revolution
transformed agriculture with synthetic fertilizers and
pesticides and high-yielding varieties that enabled
to increase in yields and productivity of land and
water. Chemical innovations such as the application
of nanotechnology in agriculture can revolutionize the
sector. The efficient use of fertilizers and agrochemicals
can be improved by introducing nanomaterials.
Efficient use of fertilizers and agrochemicals without
reducing productivity (Fraceto et al., 2016) and
minimizing cost of production but with higher impacts.
Investments in agricultural research enabled the
agriculture sector to witness many changes. Morgan
and Murdoch (2000) reported that the chemical
revolution that occurred in the agricultural sector from
the 1950s to 1980s enabled pest and disease control.
Innovations in biotechnology and genetic engineering
introduced hybrid varieties together with modern and
efficient technologies from plant propagation up to
post-harvest technology. Walter et al. (2017) reported
that agriculture is in a new phase of development where
the use of information technology is revolutionizing
agriculture. As such, the application of technology
is of paramount importance in achieving sustainable
agriculture.

Agriculture uses considerable amounts of energy,
mainly fossil fuel which is challenging sustainability.
Renewable energy sources can replace fossil fuel
usage making agricultural energy use more sustainable.
Hydropower including power from mini hydro
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projects, solar, wind, tidal and wave, biomass, and
geothermal energy sources can be used in the
agricultural sector. According to Chel and Kaushik
(2011) and Majeed et al. (2023), renewable energy
sources could lead to sustainable agriculture ensuring
acceptable crop productivity and economic stability.
Nowadays, many technologies are being used powered
by renewable energy sources in irrigation, greenhouse
management, monitoring and regulating systems, water
pumping systems, drying, desalination, refrigeration,
distillation, etc. powered through solar panels and solar
photovoltaic cells, wind, geothermal, hybrid renewable
energy water pumping systems, solar dryers, solar
water heaters, etc. (Majeed et al., 2023). Machinery
powered by renewable energy sources can play a
bigger role in sustainable agriculture. Such machinery
can ensure ecological and environmental preservation
ensuring sustainability in agricultural production.

One of the major challenges sustainable agriculture
faces is climate change. Developing countries are
mainly agriculture-dependent where a bigger portion of
the GDP is coming from agriculture. Furthermore, most
of the workforce in such countries are employed in
the agriculture sector. Hence, a sustainable agriculture
sector adapted to climate change is a must where
technological innovations can impart important roles
in adaptations in agriculture to climate change, and
improve agricultural productivity leading to growth
and development (Smithers and Blay-Palmer, 2001) in
the sector.

Innovative methods and new approaches can enhance
agricultural productivity and sustainability of farming
systems, thereby increasing the quality of life of many
farming families. The availability of high-yielding
varieties, awareness building, education, and extension
programs (Rozi et al., 2023), and government sector
involvement in facilitating the provision of inputs can
facilitate sustainable agricultural production as a solu-
tion to the global food crisis. Not only the availability
of food but also widespread malnutrition due to the
nutritional imbalance of food material available to the
poor also contribute to food insecurity. Bio-fortified
cereals and pulses through new breeding techniques
such as gene editing, gene overexpression, and gene
transfer from wild relatives could produce food with
optimal nutritional profiles providing balanced diets
(Sandhu et al., 2023). Hence, biofortification through
high-tech breeding programs can facilitate sustainable
production leading to sustainable production.

Increase Employment and Value Addition -
Empower the Farming Community and Increase
Access to Markets

Agriculture determines the household dietary
requirements of subsistence smallholder farmers.
Smallholder farmers who are engaged in subsistence
farming should be transformed into commercial
farmers so that they can be empowered and uplifted
from poverty. This transformation needs modern
marketing and commercialization channels. (Duan et
al., 2024) stated that it is difficult for smallholder
farmers to penetrate the market and generate income
due to factors such as remote and information-poor
locations, lower production scale, and higher costs of
transportation and many other factors. A solution could
be enabling them to generate profits, and integrating
them into markets where the government should
support the market access and promotion of agricultural
products (Duanet al., 2024). Farmer empowerment will
facilitate the sustainability of agriculture among the
smallholders.

Empowerment of the farming community to increase
income through agriculture improves access to
nutritional requirements of farmer family members,
especially females (Jones et al., 2019; Murugani and
Thamaga-Chitja, 2019; Kassie et al., 2020). Further,
empowering farmers improves agricultural production
(Diiro et al., 2018). Empowering farmers, hence,
facilitates desirable impacts such as improved food
security, and better and more job opportunities, which
lead to sustainable agriculture. Agricultural production
and productivity in both the long- and short-term
are influenced by the quantities of fertilizers and
other agricultural inputs used, the amount of energy
consumed, and the extent of lands allocated. When
farmers are not in a position to maintain proper
resource allocation, their production may not be
sufficient or profitable hence they may shift their
livelihoods away from agriculture. This may divert
the agricultural labor force to off-farm employment
options encouraging urban migration (Agbola and
Fayiga, 2016), which will have a considerable impact
on sustainable agriculture.

There is a growing demand for agricultural products
worldwide. This demand increases the opportunities
in a variety of jobs (Mathlouthi et al, 2022).
Agriculture is the major income source or the primary
employment of many, especially, in agricultural
economies. Agriculture also provides many related
direct and indirect job opportunities. The sustainability
of agriculture will ensure the sustenance of these
employment opportunities. Peng et al. (2022) reported
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that diversification of farming activities positively
impacts farmers by increasing their profits, while
diversified farms such as farms with multiple cropping,
crop rotation, intercropping, animal-crop integration
systems, fish and animal integration systems, fish
and aquaponics integrated systems, etc. are more
environmentally sustainable. Increasing cropping
diversity, agricultural income can be improved which
will enhance the dietary diversity and nutritional status
of farmer families (Dillon et al., 2015).

A significant proportion of the household income
of the farmer families is received from agriculture.
Further, agriculture allows the farmer families to earn
a living (Dorosh and Thurlow, 2018; Abhilash et
al., 2021) and even in some instances to engage
in different production and other entrepreneurial
operations based on the agricultural produce (Dorosh
and Thurlow, 2018; Abhilash et al., 2021). However,
many agricultural laborers work on off-farm income
generation activities due to which the agricultural
sector faces a shortage of labor. The labor shortage has
impacted farms with poor management of the farms
and land resources and in most cases underutilization
of farmland (Ojha ef al, 2017). Labor shortages
have led agriculture more feminized (Maharjan et
al., 2023). According to (FAO, 2002), 50 to 90% of
rice cultivation-related fieldwork in Asia is performed
by women. Urbanization and migration of men and
youth to urban centers seeking off-farm employment
have transformed roles and responsibilities in farming
operations. Women are forced to engage in agricultural
activities such as labor and capital management, input
procurement, irrigation, land management, marketing,
etc. Women play a bigger and a crucial role in
agriculture (FAO, 2017). Hence, empowering women
to deliver their roles in agriculture is important
in sustaining agriculture. Maharjan et al. (2023)
showed that environmental conservation agriculture
can empower women, especially in decision-making in
farm management.

Protect Natural Resources and Environment

Sustainable agriculture is required to increase
agricultural productivity which can only be achieved
by sustainably managing natural resources. A balance
between environmental protection and sustainable
agriculture is important and maintaining the quality
of natural resources over the long term is of
paramount importance in achieving sustainability.
Natural resource planning and utilization hence play an
essential role in sustainable agriculture. Sustainability
can be achieved only through sustainable use of natural
resources used in agriculture. Natural resources need

to be conserved and used wisely and the environment
needs to be protected to achieve the goals of sustainable
agriculture.

More than 70% of the total available water is used
by the agriculture sector (Yang et al., 2015) and a
considerable amount of irrigation water is derived
from groundwater sources, some are non-renewable.
Irrigated agriculture is vital in increasing the agricul-
tural productivity. Sustainable agriculture is dependent
on sustainable irrigation. In areas where uncertain
or harsh climatic conditions prevail, supplying irri-
gation requirements sustainably is challenging where
excessive pumping of groundwater could adversely
affect the groundwater table dynamics (Mandal et al.,
2021), leading to drawdown, saltwater intrusion, etc.
Mandal et al. (2021) suggested that the socioeconomic
status of the farmers can be improved by optimum
planning of cropping systems, irrigation scheduling,
and allocation of resources along with water policies
and groundwater legislations can facilitate improved
socio-economic status for farmers. Hence, optimum
cropping system planning and water resource alloca-
tion are essential to achieve sustainable agricultural
development. Sustainable agriculture also requires an
abundance of natural resources such as fertile lands
with sufficient nutrients and favorable soil physical
and chemical characteristics. Increase in cropped area,
yields, and total productivity is dependent on healthy
soils (Fischer et al., 2022; Ye et al., 2022). Overuse
of natural resources and the destruction of ecosystems
affect the sustainability of agriculture. Overuse and
misuse of some natural resources accelerate climate
change which could have adverse consequences on the
food security and livelihoods of millions of farmers
throughout the world (Aryal et al., 2020).

Strategies, Technologies, and Approaches To-
wards Sustainability

The advancement of agriculture and maintaining
sustainability in agriculture requires innovative
approaches. Technological advancement through
research can make farming more efficient leading
to the best use of resources (Ren et al., 2023).
Precision agriculture is one such innovative approach
where water, fertilizer, pesticides, and other inputs
are used efficiently minimizing losses by employing
satellite imaging, drones, and soil sensors making
farmers financially stronger and agriculture more
sustainable (Narinbaeva et al., 2021). Provision of
policy support is of utmost importance to explore
the role of innovation, natural resources, and climate
change toward sustainable growth in the agriculture
sector (Ren et al., 2023).
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Innovations in technology and approaches have a
great potential in improving agricultural productivity
even in changing environments which is important in
achieving agricultural sustainability. Technology and
innovations can also play an important role in the
reduction of greenhouse gas emissions (Qayyum et al.,
2023). Information and Communications Technology
(Janssen et al., 2017), Artificial Intelligence (Al),
and the Internet of Things (IoT) (Sahil er al.,
2023) have the potential to increase agricultural
productivity. Through optimized resource allocation,
improvements in technologies and innovations can
increase agricultural productivity enhancing farmer
income through better competitiveness in the markets
(Qayyum et al., 2023). Qayyum et al. (2023) reported
that expansion in agricultural production is possible
with the expansion of cropland but with the cost
of deforestation, which is not sustainable. However,
a balance between sustainable land development,
increased productivity of the developed lands and
environmental sustainability is important in supplying
global food demand (Ahmad and Wu, 2022).

Food supply is dependent on many factors and
challenges. Food supplies that are incapable of
fulfilling the demands may lead to food insecurity
as the communities will face a shortage of food
commodities and hence a sharp increase in prices
which will not be affordable to them. Local production
of food is considered the most prominent factor that can
ensure food security by overcoming food insufficiency.
This can be achieved effectively by policy initiatives
(Stein and Santini, 2021). Governments, through
policy initiatives, should strengthen agri-food supply
chains within their countries (Smith, 2007) to
ensure efficient and effective food supplies. Hence,
sustainable agriculture requires policies related to
social, economic, and environmental aspects (Boix-
Fayos and de Vente, 2023) that are directly and
indirectly linked to agriculture. In the planning of
agricultural strategies, it is needed to pay sufficient
attention to climate change.

Dependency on agricultural imports is predicted to
rise in the next decades, which will affect most
of the regions in the world including Southeast
Asian economies. The economies of such countries
have to focus on enhancing agricultural productivity
to minimize dependency on imports and face the
challenges caused by changes in climate (Wang et
al., 2023). Climate Change impacts together with
population expansion and urbanization tend to cause
disequilibrium in food supply that challenges meeting
increasing food demand (Wang et al., 2023). The

adverse effects of climate change on agricultural
sustainability need to be addressed through a policy
mix. Mitigating policy responses and adaptive policies
towards ensuring sustainable agricultural production is
required.

Improve Livelihood of Farming Communities —
Improve Access to Resources, Technology and
Finance

Increasing the income of poor farmers and sustaining
or improving their family well-being depends on
the extent of the nature of farming and this can be
constrained by many factors (Leicht er al., 2018).
Sustainable agricultural development is affected by
a decline in resource availability, low productivity,
degradation of oil, water, and other resources, and
declining per capita land availability (Gashu and
Muchie, 2018; Wassie, 2020).

Resource scarcity leads to multiple challenges
such as environmental degradation, inadequacy of
infrastructure, inequality in resource and income
distribution, poverty, and climate change (Feng et
al., 2023). These challenges in agriculture hinder
achieving agricultural sustainability. Facing these
challenges and improving agricultural production
requires broadening agricultural activities. This could
be achieved by directing agricultural development to
increase efficiency and improve agricultural technology
and human resource quality. It is of utmost importance
to utilize agricultural land resources in a well-planned
manner (Kamaludin er al., 2017).

Haryanto et al. (2019) stated that economic
development in rural areas is highly dependent upon
agriculture on the utilization and use of agricultural
land. Sustainable agriculture development hence is
constrained by the availability of land and its utilization
potential. According to Choudhary et al. (2018),
farmers with limited land face challenges in achieving
sufficient productivity. Limited agricultural land limits
the availability of other resources or utilization of
other resources. Most of the small holdings depend
on rainwater. The right choice of commodities needs
to be provided to achieve suitable production from
such lands. To utilize the land, the farmers need to
be empowered with sufficient technical knowledge
and know-how. Many efforts should be taken to
improve agricultural productivity from limited land
so that farming will not only be sustainable but also
will sustain the income of the farming community.
The smallholder farmers should be provided with
technology, planting resources, agricultural inputs,
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extension services, and needed financial support to
maximize productivity and increase the intensity of
cultivation to achieve sustainability.

Gebru et al. (2018) highlighted that interventions such
as risk reduction, increase in mobility, minimization
of barriers to entry, and ensuring fairness and
transparency in the operations of public agencies
are important in alleviating poverty and improving
livelihood. Identifying opportunities and facilitating
to improvement of poor farmers’ assets and income-
generating capabilities is also important (Gebru et al.,
2018). By improving the livelihood of the farming
communities, sustainability in agricultural production
can be achieved. Many interventions such as access to
resources, technology, and finance assist this process.

The amount of investment in agriculture by developing
countries is high however this amount must be greatly
increased to address food insecurity (Le Moué&l and
Forslund, 2017). Huang and Wang (2014) reported
that agriculture is much under-invested in developing
countries, and mitigation and adaptation to climate
change need substantial investment. According to
(Islam, 2011), current investment and commitment in
agriculture fall far short of the requirements to meet the
growing needs.

Smallholder farmers face challenges such as poor
access to credit facilities, poor farming decisions
due to unpredictable weather, poor access to market
information, and poor transportation facilities for the
products to the markets. Digital agricultural solutions
could be used to address these challenges where they
can provide greater access to credit and remunerative
markets (Miine et al., 2023). Digital agriculture would
assist smallholder farmers to increase yields, reduce
cost, and improve agricultural sustainability thereby
increasing food security (Dibirov and Dibirova, 2022).

Knowledge Sharing and Sustainable Agriculture

Due to global population increase, urbanization, and
climate change, agriculture faces tremendous pressure.
Therefore, the needs of the people have to be produced
with limited resources under challenging scenarios.
This causes enormous environmental pressure hence
sustainability in agricultural operations is becoming
more vital. This requires the sharing of knowledge
among all the stakeholders from the agriculture sector.
The recent knowledge and skills based on research
findings and long-term experience in achieving
sustainable agricultural production practices need to
be communicated efficiently and effectively.

Sustainable agricultural production practices have the
potential to reduce farmers’ reliance on agricultural
inputs maintaining higher production (Pifieiro et al.,
2020). Farmer’s knowledge of sustainable production
practices is vital (Dessart et al., 2019) which needs
informal and formal ways of knowledge sharing.
Eco-friendly agricultural production can be promoted
by pro-environmental education. Pro-environmental
education can promote eco-friendly agricultural pro-
duction practices (Xieet al., 2023). Persuading farmers
to adopt more sustainable agricultural production
practices needs economic policies such as subsidies
and behavioral intervention policies such as facilitating
peer-to-peer knowledge sharing (Slijper et al., 2023).
Agricultural enterprises also have to formulate sustain-
able eco-friendly production strategies (Shoaib et al.,
2022). To increase adoption rates, Tensi et al. (2022)
recommended that policymakers, extension services,
and farmers be active in knowledge sharing.

Protect Harvest — Minimize Losses

Postharvest losses of perishable agricultural products
have been estimated at 40% in low- and middle-income
countries (Spang et al., 2019; Jarman et al., 2023).
Globally, the postharvest losses of fruits and vegetables
were estimated at 22% (FAO, 2019). Smallholder
farmers do not have access to technologies to minimize
postharvest losses (Jarman et al., 2023).

Kader (2006) reported that research innovations-
based technologies have reduced postharvest losses
of perishables. Spang et al. (2019) pointed out that
postharvest losses could be minimized through the
application of technologies such as pre-cooling, cold
storage and transportation, drying and dry storage,
controlled atmosphere storage, improved packaging,
regulated ripening, growth-regulating chemicals, etc.
According to Jarman et al.(2023), cold chain and dry
chain systems could be used to address postharvest
losses of small-scale enterprises.

Reduction in postharvest losses is important in
minimizing global food insecurity, enhancing
smallholder farmers’ income, and ensuring agricultural
sustainability. Jarman ef al. (2023) stated that changes
in sustainable postharvest management could minimize
food insecurity. Excessive postharvest losses reduce
the household income of smallholder and subsistence
farmers. This could force the farmers to either give up
agriculture or shift to other off-farm income sources
minimizing attention on agriculture which could
impact the sustainability of agriculture.
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CONCLUSION

Efficient use of inputs assisted with technology,
information technology, new breeding techniques, and
technologies powered by renewable energy sources
are aiding sustainable agriculture. Technological
innovations can play important roles in adaptations
in agriculture to climate change, improve agricultural
productivity, and increase the quality of life of many
farming families. Smallholder farmers who are in
remote and information-poor locations with lower
production scale and higher costs of transportation
face many challenges. Integrating them into markets
is important where government should support the
market access and promotion of agricultural products.
Empowerment of framing community through modern
marketing and commercialization channels could
improve the nutritional requirements of farmers, food
security, and better and more direct and indirect job
opportunities. Women play a bigger and a crucial role
in agriculture hence empowering women in delivering
the roles in agriculture is important in sustaining
agriculture.

The sustainability of agriculture will ensure
the sustenance of employment opportunities and
diversification of farming activities through which
agricultural income could be improved. Sustainably
managing natural resources and maintaining the
quality of natural resources over the long term is
of paramount importance in achieving sustainability.
Natural resources need to be conserved and used
wisely and the environment needs to be protected
to achieve the goals of sustainable agriculture. The
socioeconomic status of the farmers can be improved
by optimum planning of cropping systems, irrigation
scheduling, and allocation of resources along with
water policies and groundwater legislations that can
facilitate improved socio-economic status for farmers.
Optimized resource allocation, improvements in
technologies, and innovations can increase agricultural
productivity enhancing farmer income. A balance
between sustainable land development and increased
productivity of the developed lands is important in the
local production of food to ensure food security and
strengthen agri-food supply chains. Policies related to
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