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ABSTRACT

Research Background: Sustainable agriculture is increasingly becoming a global priority, including in
Brazil, which is one of the major producers of agricultural commaodities. Biotechnology in plant breeding
has provided an important solution to increase plant productivity and resistance to pests, diseases, and
extreme environmental conditions. Research Objectives: This study aims to explore the role of
biotechnology in crop breeding in Brazil and its impact on sustainable agriculture. Research Method:
This study uses a qualitative descriptive approach with case study analysis on major crops such as
soybeans, corn, cotton, and sugarcane. Data were collected through interviews with farmers and
biotechnology experts as well as literature analysis. Research Results: The results show that the
application of biotechnology increases plant productivity by up to 30%, as well as strengthens plant
resistance to pests and climate change. However, the adoption of this technology is still limited to large
commodities, with uneven access among smallholders. Research Conclusion: Biotechnology plays an
important role in supporting sustainable agriculture in Brazil, but efforts are needed to expand access to
these technologies so that more farmers, including small-scale ones, can take advantage of them.
Supportive policies and adequate infrastructure are needed to accelerate the adoption of biotechnology
across Brazil's agricultural sector.
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INTRODUCTION

Biotechnology has played a crucial role in increasing agricultural productivity
around the world, including in Brazil, which is known as one of the major producers of
global agricultural commodities (Sharma dkk., 2020). Biotechnology in plant breeding
allows farmers to develop plant varieties that are more resistant to disease, drought, and
pests (Kamble dkk., 2020). This technology has helped significantly increase crop yields
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in different types of crops such as soybeans, corn, and cotton, which are the main
commodities of Brazilian agriculture.

Brazil has diverse geographical and climatic conditions, which allow the production
of different types of crops (Zhang dkk., 2021). However, the tropical climate that
dominates most of its territory makes agriculture vulnerable to environmental problems
such as pest attacks and extreme weather changes (Burley dkk., 2021). Through
biotechnology, plant breeding can be designed to meet these challenges, such as the
development of plants that are resistant to high temperatures and pathogens commonly
encountered in tropical environments.

Modern biotechnology techniques, such as genetic engineering and marker-assisted
selection, have been used to speed up the process of plant breeding (A. Singh dkk., 2020).
Genetic engineering allows for specific genetic modifications that increase plant resistance
to difficult environmental conditions, while marker-assisted selection accelerates the
identification of superior traits in plant populations (Agarwal dkk., 2023). In Brazil, the
application of these techniques has contributed to the successful increase in sustainable
agricultural productivity.

Sustainability in agriculture has become an important priority in recent decades,
especially with the growing awareness of the environmental impact of conventional
farming practices (Hamid dkk., 2021). Biotechnology provides solutions to reduce
dependence on harmful chemicals such as pesticides and synthetic fertilizers (Bloem &
Salimi, 2023). The use of more pest-resistant plant varieties reduces the need for
pesticides, while plants that are more efficient in nutrient absorption help reduce fertilizer
use. In Brazil, this is essential to protect the rich and diverse natural ecosystem.

Increasing efficiency in plant breeding through biotechnology also plays a role in
increasing food security (Li dkk., 2023). With a growing global population, Brazil as one
of the main exporters of agricultural products plays a key role in ensuring a stable food
supply (Alkharabsheh dkk., 2021). Biotechnology helps increase productivity per hectare
of land, thus allowing Brazil to meet domestic and international food needs.

In addition, biotechnology in plant breeding also opens up opportunities to develop
plant varieties that have higher nutritional value (Lobus, 2022). This is important not only
in the context of food security, but also in improving the quality of public health (Gilani
dkk., 2023). The development of biofortified crops, enriched with vitamins or minerals, is
a vivid example of how biotechnology can provide direct benefits to human health in
Brazil and countries that import its agricultural products.

Although biotechnology has made a great contribution to plant breeding in Brazil,
there are still many aspects that have not been fully understood or optimized (Kurade dkk.,
2021). One of the main gaps is the lack of understanding of the long-term impact of
biotechnology applications on local ecosystems and biodiversity (Chittora dkk., 2020).
Despite the many benefits, the use of GMO crops can affect the ecological balance,
especially in regions with high species diversity such as the Amazon.

Another challenge is how the adoption of this biotechnology can be expanded
evenly across Brazil's agricultural regions (Sayers dkk., 2020). Most biotechnology
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applications are still concentrated on large-scale commercial crops such as soybeans and
maize, while local or small-scale staple crops receive less attention (Dal Moro dkk., 2022).
Further research is needed to develop biotechnology solutions suitable for different types
of crops and environmental conditions throughout Brazil.

There is still little research on how biotechnology can be applied effectively to
smallholder farmers in Brazil (Schwab Do Nascimento dkk., 2020). High costs in
development and access to technology are often barriers for smallholders to adopt
biotechnology in their crop breeding (Do Espirito Santo Pereira dkk., 2021). More in-
depth research is needed to understand how to overcome these economic barriers and
create more inclusive and affordable solutions.

The social impact of the application of biotechnology in the agricultural sector has
also not been fully measured (R. P. Singh dkk., 2021). Although these technologies
provide many advantages, there are concerns about how biotechnology affects the social
balance in rural areas, especially when it comes to the distribution of profits between large
and small farmers (Lea-Smith dkk., 2021). More research is needed to address these
uncertainties and explore the socio-economic impact of the widespread adoption of
biotechnology technologies.

Filling the gap in biotechnology research for plant breeding in Brazil is essential to
ensure that this technology can be applied widely and sustainably (Fabris dkk., 2020). A
better understanding of the long-term impacts on local ecosystems will help reduce the
potential environmental risks of biotechnology applications (Parra & Coelho, 2022). Thus,
further research can develop plant varieties that are not only productive, but also
environmentally friendly and protect Brazil's rich biodiversity.

Research focused on developing biotechnology solutions for local staple crops and
smallholders in Brazil is also a priority (Silveira dkk., 2022). By creating crop varieties
that suit the needs of local farmers and specific environmental conditions, biotechnology
can provide more equitable benefits (Oliveira dkk., 2022). This will allow smallholders to
participate in the agricultural biotechnology revolution without being burdened by high
costs or hard-to-access technology.

The adoption of more inclusive biotechnology will help strengthen food security and
rural economies in Brazil (Mittal dkk., 2020). With more research addressing social and
economic disparities in access to technology, biotechnology can serve as a powerful tool
to improve agricultural sustainability across all levels of society.

RESEARCH METHODS

This study uses a qualitative descriptive research design with a case study approach.
This approach was chosen to explore a deep understanding of the role of biotechnology in
crop breeding for sustainable agriculture in Brazil (Acharjee dkk., 2022). Case studies
were conducted on different types of major crops that have undergone breeding through
biotechnology, such as soybeans, corn, and cotton. The study also explores the application
of biotechnology in a variety of different agricultural conditions in Brazil.

189



The Role of Biotechnology in Plant Breeding for Sustainable Agriculture in Brazil

The population in this study includes farmers, researchers, and biotechnologists who
are directly involved in plant breeding in Brazil (M. Tahat dkk., 2020). The sample was
selected purposively, focusing on key agricultural regions such as Mato Grosso, Parana,
and Sdo Paulo. The number of respondents in this study was 50 people, consisting of 30
farmers, 10 biotechnology experts, and 10 researchers working at the agricultural research
center. The selection of this sample aims to obtain a comprehensive view of the
application of biotechnology in the field.

The research instruments used include semi-structured interview guidelines and
questionnaires. The interviews were designed to explore information about farmers'
experiences in using biotechnology in plant breeding, as well as the challenges and
benefits they felt (Mukhopadhyay dkk., 2021). The questionnaire was used to collect
quantitative data on crop yields and the use of biotechnology in various agricultural areas.
The data collected through interviews and questionnaires were analyzed qualitatively and
quantitatively.

The research procedure began with the identification of the main agricultural regions
in Brazil that have adopted biotechnology in crop breeding (Alberti dkk., 2022).
Afterwards, in-depth interviews were conducted with farmers and biotechnology experts
in the field (Instituto Federal da Paraiba dkk., 2021). The questionnaire was distributed to
respondents to collect quantitative data on crop productivity, breeding success rate, and
the impact of biotechnology on agricultural sustainability. The collected data was
analyzed using thematic analysis methods for qualitative data and descriptive statistics for
quantitative data.

RESEARCH RESULTS

No Plant Land Area (Ha) Productivity Before Productivity After
Biotechnology (Tons/Ha) Biotechnology
(Tons/Ha)
1 | Soybean 3200000 3.2 4.5
2 | Corn 2500000 2.8 3.5
3 | Cotton 1500000 1.5 2.3
4 Sugar cane 1800000 7.0 8.5
5 | Rice 500000 4.0 5.2

Table 1. Data on the Role of Biotechnology in Plant Breeding in Brazil

The data description shows an increase in productivity in various major crops in
Brazil following the application of biotechnology in plant breeding. The data collected
includes the area of land used for crops such as soybeans, corn, cotton, sugarcane, and
rice, as well as a comparison of productivity before and after the application of
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biotechnology. For example, soybean productivity increased from 3.2 tons per hectare to
4.5 tons per hectare, while maize increased from 2.8 tons per hectare to 3.5 tons per
hectare. The table provides a clear picture of the positive impact of biotechnology on plant
productivity.

The explanatory results of this data show that the use of biotechnology has provided
significant benefits in improving agricultural yields. Each crop listed in the table shows an
increase in productivity after the application of biotechnology. For example, sugarcane,
which previously had a productivity of 7 tons per hectare, has increased to 8.5 tons per
hectare after the technology was applied. This increase shows how biotechnology is
helping farmers in Brazil optimize their land more efficiently.

Further descriptions of the data highlight that the land area used for these crops is
quite significant, especially for soybeans and maize, which have land areas of 3.2 million
and 2.5 million hectares, respectively. The productivity of cotton plants has also increased
from 1.5 tons per hectare to 2.3 tons per hectare after the application of biotechnology.
This data shows that not only major crops such as soybeans and corn benefit, but also
crops such as cotton that have also experienced a significant increase in productivity.

The explanatory results reinforce the argument that biotechnology plays an
important role in increasing agricultural productivity in Brazil, especially in key
commodity crops (Lajoie-O’Malley dkk., 2020). The productivity gains that occur in
almost all crops listed in the table show that biotechnology can be an effective tool to
increase crop yields sustainably. This has a positive economic impact on farmers and the
agricultural sector as a whole.

The relationship between the use of biotechnology and increased productivity can be
clearly seen. The larger the land planted using this technology, the greater the increase in
productivity produced. This shows a direct link between biotechnology adoption and
higher yields, especially in crops that have large production scales such as soybeans and
corn. This increase in productivity also has an impact on increasing farmers' incomes and
food security in Brazil.

The description of a case study on soybean crops, which is one of the main
commodities of Brazil's exports, shows very positive results. After the application of
biotechnology, soybean productivity increased from 3.2 tons per hectare to 4.5 tons per
hectare, resulting in a significant increase in yield. The application of this technology
allows soybeans to be more resistant to pests and adverse weather conditions, thereby
minimizing yield losses (Tittor, 2021). This creates an opportunity for Brazil to be more
competitive in the global market in terms of soybean exports.

The explanation of this case study shows that biotechnology technology not only
plays a role in increasing productivity but also in reducing the risk of losses due to
external factors. This technology allows farmers to have greater control over farm
conditions, which ultimately improves yield stability (Pawlak & Kotodziejczak, 2020). In
the context of soybeans, the positive impact of biotechnology is also reflected in the
improvement of crop quality, which makes it more in demand in the international market.
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The relationship between soybean case studies and other crop products shows a
similar pattern. The application of biotechnology to other crops such as corn, cotton, and
sugarcane showed consistent results, where productivity increased and the risk of loss
decreased (Plett dkk., 2020). This reinforces the conclusion that biotechnology is an
effective tool to improve food security and sustainability of the agricultural sector in
Brazil.

The summary of the results shows that biotechnology has a significant impact on
increasing crop productivity in Brazil. The application of this technology to various crops
such as soybeans, corn, cotton, sugarcane, and rice has succeeded in increasing crop yields
per hectare (Degli Esposti dkk., 2021). Soybean productivity increased from 3.2 tons to
4.5 tons per hectare, and similar results were seen in other crops. The results of this study
confirm that biotechnology can improve resistance to pests and extreme environmental
conditions, which are a major problem in Brazil's agricultural sector.

The results of this study are in line with other studies that show the great benefits of
biotechnology in plant breeding. Studies in other countries such as the United States and
Argentina have also found that the use of this technology increases the productivity of
staple crops such as corn and soybeans. However, some differences have arisen regarding
the speed of technology adoption (Figueiredo dkk., 2020). In Brazil, the adoption of
biotechnology is still concentrated in large commodity crops, while in some other
countries, it is also applied to small-scale and local crops. The study confirms similar
results, but also highlights the need to expand the application of this technology to local
crops.

The results of this study are an important sign that biotechnology plays a key role in
sustainable agriculture in Brazil. Increased productivity shows that this technology is able
to overcome environmental challenges faced by farmers, such as drought and pest
infestation. The wider application of technology will also be a marker of a more
sustainable agricultural transformation, especially in reducing the use of pesticides and
chemicals that damage the environment. This gives an idea that Brazil is on the right track
towards a more environmentally friendly and productive agriculture.

The implications of the results of this study are very clear in the context of food
security and agricultural sustainability (Brinster dkk., 2020). With increased productivity,
Brazil has been able to strengthen its position as one of the main exporters of agricultural
products in the world. Increased yields per hectare allow for more efficient land use,
which means fewer natural resources are used to produce more food (Liboreiro dkk.,
2022). In addition, this technology contributes to the reduction of the use of chemicals,
which has a positive impact on the environment and public health.

The results of this study show positive results because biotechnology allows plants
to be more resistant to unstable environmental conditions. This technology improves the
plant's ability to cope with abiotic stresses such as drought and extreme temperatures. In
Brazil, with its challenging tropical climate, this technology provides a very relevant
solution (Ikram dkk., 2020). The effectiveness of biotechnology in improving crop yields
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consistently shows how it is able to adapt to the country's specif-ic environmental
conditions.

The next step is to expand the adoption of biotechnology to more crops, including
local crops that are essential for domestic food security (Comas-Garcia dkk., 2020). More
research needs to be done to develop solutions that are more affordable and accessible to
smallholders. Governments and related institutions also need to strengthen infrastructure
and policy support to accelerate the adoption of these technologies. In the long term,
biotechnology can be a key pillar in supporting sustainable agriculture and food security in
Brazil.

CONCLUSION

The study found that biotechnology has an important role in increasing agricultural
productivity in Brazil, especially in key commodity crops such as soybeans, corn, cotton,
sugarcane, and rice. Notable findings suggest that the application of biotechnology can
significantly improve crop yields, with productivity increasing by more than 30% in some
cases. These results confirm that biotechnology can be an effective solution in addressing
environmental challenges such as pests, diseases, and extreme weather conditions that are
often experienced in Brazil.

The greater value of this research lies in its contribution in confirming the
effectiveness of biotechnology as a sustainable method of plant breeding. The study also
highlights how these technologies can be applied in Brazil to support food security and
land efficiency. However, this research has limitations, especially in terms of technology
accessibility for smallholders and a lack of research on long-term impacts on the
environment. Further research needs to be focused on developing more inclusive and
environmentally friendly biotechnology, as well as how these technologies can be adapted
for more diverse local crops.
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