Role of biotechnology in creating sustainable agriculture
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Abstract

essential to achieve a balance between social duty, environmental stewardship, and economic success.
This can be challenging, particularly when dealing with biotic and abiotic challenges such illnesses, pests,
soil degradation, water depletion, and climate change. One of the biggest challenges to sustainable
agriculture is the proliferation of pests and illnesses that may drastically reduce crop yields and quality.
To solve these problems, biotechnology can be utilised to develop crops that are resistant to diseases and
pests. Another barrier to sustainable agriculture is soil nutrient deficiency, which can lower plant health
and crop output. The development of more productive and nutrient-dense crops might be greatly aided by
biotechnology. On the other hand, it is crucial to make sure that these technologies are developed
responsibly and that their advantages are shared fairly among groups and geographical areas.

1.'0. Introduction

The goal of sustainable agriculture is to provide society's needs for food and fibre in an environmentally responsible
way that doesn't interfere with natural processes or ecosystems. To create sustainable, climate-resilient agriculture,
social and economic equality must be integrated with economic viability and a healthy environment. With the
potential to boost productivity, biotic and abiotic resistance, and nutrient-rich crops, biotechnology has become a
promising technique in agricultural enhancement.
The word "sustainable" comes from the verb "sustain,” which means to support, endure, and preserve. Sustainable
agricultural development aims to provide long-term solutions for present and future generations in order to satisfy
society's needs for food and fibre. The development of climate-resilient agriculture and the integration of economic
profitability and a healthy environment with social and economic equality are the main prerequisites for sustainable
agriculture. Sustainable agricultural scientists must employ interdisciplinary methods that integrate biology,
engineering, chemistry, economics, and community development in order to achieve this aim. Sustainable
agriculture is defined by the 1990 Farm Bill (The Food, Agriculture, Conservation, and Trade (FACT) Act of 1990)
as an integrated system of plant and animal production practices with a site-specific application that will, over time,
satisfy the following needs: (a) provide food and fibre; (b) improve environmental quality by judiciously using
natural resources; (c) make the most efficient use of on-farm resources by integrating regenerative approaches; (d)
improve farm economics; and (e) improve the quality of life for farmers and society at large [1-3].

In order to increase agricultural output and resilience to a variety of biotic and abiotic challenges, biotechnology—
a technical application in biology—mainly entails the transfer of genetic material having a particular feature from
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one crop or organism to another. Numerous studies conducted on farms and small plots have shown that
biotechnology intervention can enhance crop production, nutrient quality, and weed control [4, 5] without having
an adverse effect on the environment or ecosystem. Weed control is made easier and more effective by engineered
crops, such as glyphosate-resistant crops [6]. It is possible to reduce the need of synthetic pesticides by engineering
the crop to have disease resistant qualities. By adding genes relevant to particular metabolic processes, crops can
be biofortified. For example, Golden Rice was fortified by adding genes for beta-carotene production [7]. More
prospects and optimism for creating the second or third generation of biotechnological goods have been made
possible by recent developments in OMICS techniques, particularly CRISPR genome editing. Despite
biotechnology's potential in sustainable agriculture, public opinion continues to be a barrier. To address people's
questions and concerns, further outreach and extension are required. The widespread use of biotechnology in
agriculture is hampered by the possible dangers of genetically modified organisms and the requirement to protect
biodiversity.

Improved agricultural management, plant breeding, fertiliser technology, and farm mechanisation have all
contributed to the 21st-century agricultural revolution, which has significantly increased crop productivity.
However, given recent reports of yield stagnation and increased yield variability, agricultural output may be
impacted by climate change, biotic and abiotic stress, biodiversity losses, and soil degradation. The yield of four
key global crops—maize, rice, wheat, and soybeans—increased by 1.6%, 1.0%, 0.9%, and 1.3% annually,
respectively, according to a research by Ray and colleagues [8]. This is less than the 2.4% yearly expansion.

necessary pace to satisfy the growing population's need. By 2030, there will be nine billion people on the
planet, and the planet will be warmer. Biotechnology will play a crucial role in addressing concerns related
to food security and climate change.

In sustainable agriculture, biotechnology has great promise for enhancing soil health and nutrient cycling.
To improve soil fertility and structure, inhibit plant diseases, and encourage plant development, some
microorganisms can be introduced to the soil. Examples of using natural resources to improve soil health,
plant health, and production are biofertilizers and biopesticides. Biotechnology offers several chances to
improve agricultural production, quality, and sustainability, and it has enormous promise in sustainable
agriculture.

2.0 Sustainable vs conventional farming Before talking about the possible role of biotechnology in
increasing agricultural output, it is important to understand conventional and sustainable agriculture
systems, their drawbacks, and their advantages. From traditional farm practices to modern intensive
agriculture, the definition and importance of conventional agriculture have changed over time. Among the
many challenges facing agriculture are climate change and various forms of environmental degradation,
including soil degradation and abiotic and biotic stresses. Sustainable agriculture places a strong emphasis
on stewardship and protection of soil, environment, and ecosystem in order to address these issues.
Sustainable agriculture includes agricultural methods that are socially acceptable, economically feasible,
productive, and ecologically sound. However, because sustainability encompasses a way of thinking and
farming techniques, it is difficult to describe. Two perspectives exist about sustainable agriculture.

One perspective calls for the adoption of technology that lessen the negative impacts of conventional
farming in order to transform current conventional agriculture into more cautious and efficient farming
methods. The opposing viewpoint is that agriculture has to be fundamentally altered by incorporating
social values [10].From a wider angle, two opposing paradigms in the agricultural environment are
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exemplified by conventional and sustainable agriculture. The former is primarily dependent on the use of
sophisticated technologies and synthetic inputs and is characterised by a desire toward yield maximisation
and financial benefit. Sustainable agriculture, on the other hand, promotes a balanced ecological strategy
that emphasises optimised yields combined with the maintenance and improvement of soil health, water
quality, and biodiversity [11]. One of the main differences between these two farming methods is the
impact on the environment. Because traditional agriculture is inherently resource-intensive, it frequently
results in contamination through nutrient losses and soil structure loss, which causes soil deterioration,
erosion, and pollution of the air and water [12,13]. By using techniques like organic farming, crop rotation,
conservation tillage, and natural fertiliser application, sustainable agriculture, on the other hand, promotes
the preservation and improvement of natural resources essential to farming operations [14].

These agricultural practices are further distinguished by their economic ramifications. Conventional
farming methods usually place a strong emphasis on quick financial gains and the use of mechanisation,
which can spur output improvements but also come with significant expenditures, raising the possibility
of farmer debt. By promoting the effective use of natural resources and placing a high priority on
improving soil health, sustainable agriculture, on the other hand, may reduce costs and eventually promote
increased long-term yields and profitability [15].

In order to preserve healthy ecosystems and the long-term viability of agricultural methods, sustainable
agriculture prioritises the conservation and improvement of biodiversity [16]. Crop rotation, cover crops,
intercropping, and using natural predators to control pests are all key components of sustainable
agriculture. Larger crop yields are often produced by traditional agriculture, but this comes at a significant
environmental cost and raises concerns about the sustainability of such methods [13]. Sustainable
agriculture, on the other hand, aims to protect and improve the natural resources that are essential to
farming, support biodiversity, and ensure farmers' long-term financial sustainability. The main objective
of sustainable agriculture is to create and maintain environments that support current and future
generations by enabling the fruitful coexistence of humans and nature. To do this, one must comprehend
the mechanics behind natural

systems, their role in maintaining ecological balance, and an acknowledgment of humanity’s reliance on
these resources to uphold our contemporary lifestyles [17].

2.0 What does it need to be sustainable?

A sustainable agriculture should be economically sustainable and environmentally sound with societal values, and it should be
able to provide sufficient food for the increasing population.

2.1. Economic sustainability

In this sense, "economically sustainable™ refers to farming methods that are both economically feasible
and provide enough revenue for farmers or those engaged in food production and processing to sustain
their way of life. To guarantee that everyone has access to wholesome food and a healthy life, economic
sustainability is essential [18, 19]. The widespread adoption of sustainable practices will be encouraged
by the financial reward. Economic sustainability in agriculture may be influenced by a number of
important aspects, such as: Diversification: Increasing the variety of crops or animals raised can help lower
the risk of losses brought on by bad weather, shifting market conditions, or disease outbreaks.
Efficiency: Precision farming and conservation tillage are two examples of effective agricultural
techniques that may lower expenses and boost profits.
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Resource management: Long-term production can be increased and natural resources can be preserved
with the use of sustainable agriculture techniques including soil management and water conservation.
Market access: By giving farmers a variety of ways to sell their goods, access to local, regional, and global
markets may support the economic viability of agricultural systems. Supportive institutions and policies:
By fostering research and development, granting access to credit and other financial services, and enacting
laws that encourage sustainable practices, governments and other organisations may advance economic
sustainability in agriculture.

2.2. Environmentally safe and sound

Soil, water, and air are examples of natural resources that agriculture should protect since they are essential
to human life, farms, and the environment. Food production can be improved and the natural environment
can be preserved by working with natural resource systems rather than suppressing them [20,21].
Environmental sustainability in agriculture is influenced by a number of important issues, such as:
a. Soil health: Conservation tillage and cover crops are two sustainable farming techniques that can assist
maintain soil health and stop erosion. b. Water conservation: Water use and waste may be minimised with
the use of irrigation systems like drip and precision irrigation.

c. Biodiversity: A variety of plant and animal species can be supported by fostering biodiversity on
agricultural land through techniques like agroforestry and habitat conservation. d. Use of fertilisers and
pesticides: Reducing the use of artificial fertilisers and pesticides can help safeguard natural resources and
lessen pollution.

Renewable energy: Using renewable energy sources, such as solar or wind power, can help minimize agriculture’s carbon
footprint and safeguard the environment.

2.3. Societal values: Good for families and communities

Opportunities and cooperative connections between farmers' families and community people should be
fostered via agriculture. For instance, a local food marketing system in community-supported agriculture
gives people the chance to start farming without having to make a sizable initial commitment, gives family
members a job on the farm, and establishes direct connections with local customers [22]. Economic, social,
cultural, and environmental benefits are just a few of the societal values that agricultural sustainability
may offer. a. Economic advantages: A sustainable agriculture sector may boost economic growth, provide
wealth, and create jobs.
b. Social benefits: By assisting rural communities and maintaining farming-related cultural customs,
sustainable agriculture may have a positive social impact. Additionally, it can enhance access to
wholesome food and advance food security, both of which have a good effect on public health.
c. Cultural advantages: Sustainable agricultural methods may aid in the preservation and advancement of
cultural customs, which can be a vital component of a community's cultural identity.
d. Environmental benefits: Sustainable agricultural methods may lessen adverse environmental effects
like pollution and greenhouse gas emissions while also protecting natural resources like soil and water.
Both the environment and the people who depend on it may profit in the short and long terms from this.

2.4. Food and fiber security
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In order to feed the growing population, sustainable agriculture must also be safe and adequate. A
sustainable and secure food system will depend on enough food production, source reduction,
redistribution, and recycling [23]. Food security may benefit from agricultural sustainability in a number
of ways: a. Increasing productivity: Precision farming and conservation tillage with residue management
are examples of sustainable farming techniques that can boost agricultural areas' productivity and enhance
the amount of food available. b. Cutting waste: Increasing food availability may be achieved by using
efficient  agricultural methods and cutting food waste across the supply chain.
c. Preserving natural resources: Long-term food production may be supported by conserving water and
soil.

d. Increasing resilience: Sustainable agriculture may help guarantee the security of the food supply by
being more adaptable to outside threats like pests or droughts.

3.0 Application of biotechnology for sustainable agriculture

Today, agricultural scientists face a major problem due to the world's population growth, resource scarcity,
loss of useable land, climate change, and environmental degradation. Biotechnology will offer substitutes
for existing strategies to enhance the environment and system of agriculture [24]. In the existing
agricultural production system, biotechnology can decrease the use of pesticides and fertilisers. Soil, air,
and water quality can be improved by using less inorganic fertilisers and pesticides. Developing various
high-yielding and stress-tolerant crop types may be accomplished strategically via the use of
biotechnology [25]. Clarifying the underlying molecular principles of various metabolic processes and
using this information to increase agricultural and animal productivity have been the main goals of recent
biotechnology research advances. Compared to traditional crossbreeding, genetic engineering provides a
more accurate and efficient means of gene transfer. Herbicide, pest, and disease-resistant crop varieties
may be created by genetic manipulation, which also improves the nutritional profile of crops. Plants with
traits like drought, cold, and salinity tolerance can help farmers make use of previously useless land.
Abiotic stress is a major barrier to agricultural output. Advanced plant breeding approaches are made
possible by genetic mapping, which may efficiently screen for crucial features that are otherwise
challenging to track using conventional breeding [26,27]. The ability to quickly produce numerous copies
of cultivars using micropropagation can speed up the breeding of better varieties and aid in the
conservation of germplasm [28]. In agricultural biotechnology, plants, animals, and microbes are modified
via the use of scientific instruments and methods including genetic engineering, molecular biology, and
micropropagation. Major obstacles to developing sustainable agriculture, such as producing enough food
in the limited space (loss of usable lands), with limited resources (water scarcity), under various
environmental stressors (drought, salinity, high temperature), and using less synthetic fertiliser and
pesticides, could be solved by agricultural biotechnology. It is anticipated that ongoing biotechnology
research will provide many more crop varieties with a wide range of agricultural applications. Farmers
have been manipulating plants and animals with desired features through selective breeding for ages.
Future developments might make it possible for biotechnology to give consumers longer-lasting,
nutritionally enhanced meals. Biotechnology has the ability to improve soil quality through
phytoremediation in addition to crop production. By creating hardier crops that flourish in challenging
conditions with less fuel, labour, fertiliser, and water input, biotechnology can also help conserve natural
resources, improve plant nutrient utilisation, decrease nutrient runoff, increase soil organic carbon
sequestration, and meet rising food and land demands. Agricultural biotechnology has made it possible to
create crops that are resistant to
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Table 1. Different biotic/abiotic stress-resistant crops.

Characteristics Crop Reference
Insect resistance plant Poplar 741 [29]
Virus resistance plant Rainbow papaya, SunUP papaya [30,31]
Herbicide resistance Petunia hybrida (glyphosate tolerant) [32]
Drought tolerant Apple, tomato, potato [32]

Salt tolerant Apple, tomato [32]
Biofortified Rice, maize, potato [33]

High yielding Maize [34]

devastating diseases. For instance, the papaya ringspot virus (PRSV) threatened the Hawaiian papaya industry until
genetically engineered rainbow papayas resistant to the disease were created [31]. This breakthrough saved the US papaya
industry, and research is ongoing for other crops such as potatoes, squash, and tomatoes, to provide resistance to viral
diseases that are challenging to control. Biotech crops have the potential to increase farming profitability by improving
crop yields, nutrient use efficiency, resistance to biotic and abiotic stress, and nutritional profile.

3.1. Yield improvement
Increasing agricultural productivity will be essential to ensuring food security as the world's population
grows. Major yield-determining traits like photosynthesis, shoot-to-root biomass, inflorescence
architecture, stomatal movement and density regulation, nutrient acquisition and use efficiency, microbial
interactions, resistance to environmental stresses like drought, salinity, flooding, extreme temperature, and
resistance to pests and pathogens can all be improved through genetic manipulation.

In comparison to the wild kinds, overexpression of the gene OSDREB1C can significantly improve rice
production by 41.3% to 68.3%, according to a recent study. The yield is mostly dependent on how well
plants absorb photosynthetically active solar energy and transform it into biomass. In rice, OSDREB1C
gene expression reduced growth time, enhanced nitrogen usage efficiency, and encouraged resource
allocation [35].Rubisco is one of the main elements that determines a plant's photosynthetic efficiency.
Because it converts atmospheric CO2 into biomass and plays a significant role in the global carbon cycle,
Rbisco is an essential enzyme for photosynthesis. But because it takes both CO2 and O2 as substrates and
produces the hazardous byproduct 2-phospho-gly-colate, the enzyme is catalytically flawed. Depending
on the climate and the kind of photosynthesis used, the metabolic pathway of photorespiration detoxifies
it for carrying out photosynthesis in an O2-containing atmosphere, which can result in a yield penalty of
20% to 50% [36]. Enhancing Rubisco's activity has been a viable goal to boost agricultural output.
Increasing the enzyme's carboxylation capacity is one way to boost Rubisco activity [37]. For example,
promoting photosynthesis at high temperatures by the introduction of Rubisco activase from thermophilic
cyanobacteria into highly temperature-sensitive plants has demonstrated encouraging results in increasing
agricultural productivity [38]. Another strategy is to genetically modify Rubisco to either improve its
carboxylase activity or reduce its oxygenation rates.

Furthermore, cyanobacteria's carboxysomes enable them to concentrate carbon dioxide, which aids
Rubisco in using it for quicker carbon fixation [39]. Although crop plants do not contain carboxysomes,
attempts have been made to boost photosynthesis and production by engineering the complete carbon-
concentrating system from cyanobacteria onto crop plants [39].
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Global food production still has to be improved to satisfy the demands of the expanding population and
changing consumption habits, even while Rubisco engineering techniques have been successful in
increasing crop output.Enhancing plant photoprotection is a viable strategy for raising agricultural
productivity.

In order to defend themselves from harm, plants have evolved systems for dispersing excess sunlight.
However, these mechanisms may not always adapt quickly enough to changing light conditions, resulting
in inferior photosynthetic efficiency [40]. The promise of this strategy has been demonstrated by
researchers' discovery that modifying photoprotection and light-harvesting systems can increase rice crop
output [41]. Protection from too much sunshine lowers the risk of photooxidative stress and
photoinhibition, which can have positive impacts on

yield and growth [42]. In full sunlight, nonphotochemical quenching (NPQ) is a crucial process that aids
plants in dissipating potentially harmful excess absorbed light energy. However, NPQ mechanisms are
slow to relax after frequent sunshade transitions within crops, which can reduce photosynthetic
productivity [43]. Finding genes that can improve the process has been the main focus of efforts to increase
photoprotection in crops.

Changing the expression levels of the genes that cause nonphotochemical quenching in plants, including
PsbS, has been shown to enhance photoprotection and photosynthetic efficiency [42]. Crop development
may proceed more quickly now that faster screening techniques have been established to find genes that
might enhance photoprotection in crops [44].

The improvement in yield has been greatly aided by transgenic plants. For instance, one study found that
overexpressing the zmm28 gene increased maize production without having any adverse impacts [34].
According to a different research, under stress, a transgenic wheat line outperformed its control by 6% in
yield and 9.4% in water usage efficiency [45]. In general, biotechnology methods can enhance agricultural
productivity by increasing plant photosynthesis, nutrient uptake, and usage efficiency.

3.2. Nutrient use efficiency

The production outputs in relation to inputs or the recovery of input nutrients is known as nutrient usage
efficiency, or NUE. The yield of grain in relation to the total quantity of nitrogen (N) available to the crop
from all sources, such as fertiliser, soil organic matter mineralisation, and atmospheric deposition, is
known as the NUE. The plant's photosynthetic efficiency is one of the many variables that affect NUE.
Because it will lower fertiliser input, increase yield, and minimise environmental losses, maximising NUE
is essential for sustainable agriculture. From the standpoint of air and water quality as well as climate
change, environmental losses are a concern, particularly for nutrients like nitrogen. Modulating plant
nutrient absorption, allocation, and metabolism or optimising root architecture are two ways to use
biotechnology to improve NUE. The best way to produce better crop types would be to genetically modify
important genes that regulate the rate-limiting stages in nutrient absorption and utilisation efficiency.
Among the important genes involved in N-metabolisms are ammonium transport (AMT), nitrate transport
(NRT), glutamate synthase (GOGAT), and glutamine synthetase (GS). Research has demonstrated that
overexpressing these genes in transgenic crops can boost tissue nitrogen levels, amino acids, biomass, and
seed production. The research [46] provides a more thorough explanation of the subjects. Beyond NUE,
research is being done to significantly improve the plant's ability to fix its own nitrogen from the
environment and synchronise the plant's supply and demand for nitrogen. N fertilisation has a major
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impact on cereal crop productivity. In order to create N2-fixing cereal crops and an alternative to synthetic
N fertilisation, biotechnological approaches include (i) engineering the symbiotic relationship between
cereals and N2-fixing bacteria to mimic the legume-rhizobium relationship; (ii) improving the N2 fixing
ability of naturally occurring endophytes of the cereals; and (iii) directly transferring the bacterial nif
genes into cereals [47].

3.3. Biotic and abiotic stress resistance

3.3.1. Insect resistance.

Virus resistance. Controlling viral illnesses is still a major concern for the agricultural system, and they
continue to be the biggest danger to contemporary agriculture. Conventional management techniques
depend on eliminating viral vectors and eliminating sick plants, however they frequently have poor
success rates. The production of viral coat protein (RNA-mediated resistance), homology-dependent gene
silencing, and microRNA-mediated resistance are examples of biotechnological techniques that have been
developed to create plants with resistance to viral infections [51]. The "Rainbow Papaya” is a successful
example of a horticulture crop that has been genetically modified to be resistant to viruses. For farmers in
Hawaii, USA, who experienced severe production losses as a result of the PRSV, this crop was
revolutionary. For farmers who had been waiting patiently for a solution, the creation of the Rainbow
Papaya was a beacon of hope [52].

Abiotic stress tolerance. One important aspect of the natural plant habitat is abiotic stress. Plant metabolism,
growth, and development can be negatively impacted by abiotic stressors as drought, flooding,
waterlogging, high temperatures (cold, chilling, frost, and heat), salt, mineral deficiencies, and toxicity.
In severe situations, these variables can potentially kill the plant. These stresses have the potential to
reduce output and result in financial losses [53]. Extreme abiotic stressors impact 70% of agricultural
productivity globally [54]. However, a number of abiotic stress-tolerant plant types have been created
thanks to biotechnological techniques such tissue culture, marker-assisted selection, in vitro mutagenesis,
and genetic transformation [55]. The development of various model plants, including Arabidopsis
thaliana, Medicago truncatula, and Lotus japonicus, and the advent of "omics" technology in recent years
have sparked intriguing approaches to comprehending the molecular and genetic underpinnings of stress
tolerance. Bottlenecks in the development of resistant crop types can be removed by understanding the
molecular underpinnings of stress resistance [56].

3.4. Herbicide resistance

Weeds pose a persistent problem in agricultural settings, impeding crop growth and development by competing for vital
resources such as water, nutrients, sunlight, and space. Moreover, weeds serve as vectors for various insects and pathogenic
microorganisms. Unrestrained weed growth can cause significant crop yield reduction, prompting farmers to resort to
methods such as herbicide use, tilling, and manual weeding to manage their proliferation. However, these methods have
been associated with issues such as groundwater contamination and environmental damage, resulting in a decline of various
plant and animal species [57,58]. Biotechnological advancements have led to the development of herbicide-resistant crop
varieties such as glyphosate- and glufosinate-tolerant crops [59]. Glyphosate herbicides hinder plant growth by blocking
the EPSPS enzyme (5-enolpyruvylshikimate-3-phosphate synthase), which is essential to produce aromatic amino acids,
vitamins, and other plant metabolites. Plants engineered with genes such as CP4-EPSP synthase and GOX (glyphosate
oxidoreductase) produce glyphosate-tolerant EPSPS and glyphosate-degrading enzymes, respectively [60,61]. Glufosinate
herbicides contain the active ingredient phosphinothricin, which inhibits the glutamine synthetase enzyme that plays a key
role in nitrogen metabolism. Glufosinate-resistant crops are developed by inserting genes that encode phosphinothricin
acetyltransferase (PAT), which
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The production of insect-resistant transgenic plants has been aremarkable achievement in agricultural biotechnology, with
both public and private sector institutions conducting extensive research in this area. The most widely commercialized
transgenic plant contains cry genes from the Bacillus thuringenesis bacterium [48,49], but other genes, including API
(arrowhead proteinase inhibitor), OC-I (cysteine proteinase inhibitor:

oryzacystatin—1), Vgb (Vitreoscilla hemoglobin), SacB (levansucrase-encoding gene), JERF-36 (Jasmonic ethylene
responsive factor), BADH (betadine aldehyde dehydrogenase gene), and NTHK1 (Nicotiana tabacum histidine kinase -1),
have also been expressed in various crop varieties [50]. In particular, cotton (Gossypium hirsutum) and maize (Zea mays)
transgenic plants have demonstrated resistance to lepidopteran and coleopteran larvae (caterpillars and rootworms), leading
to significant reductions in pesticide usage and production costs while improving crop yields.

detoxifies the glufosinate ammonium by acetylation, thus allowing glutamine synthetase to function unimpeded

Biofortification

Malnutrition is a major issue in many poor nations, especially in Asia, where thousands of children die
each year from a lack of access to a healthy food. An exciting prospective answer is the process of
biofortification, which raises the macronutrient and micronutrient levels of crops using biotechnology or
traditional breeding techniques [63]. In contrast to biotechnological procedures, conventional breeding
techniques are time-consuming and have a poor success rate. Malnutrition may be more effectively
addressed by the cultivation of genetically modified crops like Golden Rice [64]. In regions like South
and Southeast Asia, where rice makes up more than two-thirds of a person's daily caloric intake, golden
rice has the potential to be used as a dietary supplement since it can biosynthesise beta-carotene, a
precursor to vitamin A [63,65]. Vitamin A-supplemented rice has the potential to significantly reduce the
annual death rate from malnutrition, which is now estimated to be 670,000 newborns and young children
under the age of five [63,65].
4.0 Conclusions

The agriculture sector has undergone a transformation thanks to biotechnology, which also offers several
advantages to both farmers and consumers. It entails the manipulation of living things to develop novel
goods, procedures, and methods to deal with a range of agricultural issues. The creation of better crop
varieties that are resilient to biotic and abiotic stressors and well suited to various environments is one of
the most important effects of biotechnology on agriculture. As a consequence, customers may have a more
plentiful and reasonably priced food supply, while farmers can produce more crops with less resources.
Although biotechnology has many advantages in agriculture, there are worries about its hazards.
Regulations are therefore necessary to keep up with the quick developments in biotechnology. To
guarantee the ethical and safe application of these new technologies, the existing infrastructure must
evolve appropriately.
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