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Abstract

The soybean crop is extremely important for Brazilian agribusiness, generating millions of
dollars in the country’s exports. Since its introduction in Brazil, soybean has undergone a
process of technological modernization, receiving in the recent year’s new technologies that
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have provided a revolution in the production system, increasing mainly grain yield, as well as
facilitated phytosanitary managements (pests, diseases, and weeds) and edaphoclimatic
adaptation. Brazilian soybean producers yearn for new genotypes that make it easier to
manage the crop and reduce input expenditures. New technologies are emerging or being
improved to meet this demand. This review explores the technologies that are already
available to soybean producers, inserted by the molecular breeding, such as Inox, Intacta,
Cultivance, Libert Link and Enlist E3. It also brings the news that will be available to the
market in a few years, such as Intacta 2 Xtend, Hb4, and other technologies to increase
phenotyping and genotyping in breeding programs and insertion of characteristics to increase
plant efficiency. Biotechnology is advancing at a frenetic pace and year after year, new
techniques and tools are being made available for breeding programs around the world, which
result in the production of new productive cultivars, conventional or transgenic, that are
resistant to abiotic and biotic factors.
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1. Introduction

Soybean (Glycine max (L.) Merrill) is considered one of the oldest leguminous consumed by
humankind. This crop occupies an important place on world food industry, offering oil for
human consumption and a bran rich in proteins for animal feed. With the expectation of
population growth and demand for plant protein, the use of soybeans increases each year
(Contini et al., 2013; Gazzoni and Dall’agnol, 2018).

The role of technology is fundamental in the recent growth of Brazilian agriculture (Arias et
al., 2018), a successful example is the developing of new soybean cultivars by Empresa
Brasileira de Pesquisa Agropecuaria. The cultivars started to be adapted to Brazil’s
edaphoclimatic conditions, spreading soybean production throughout the national territory
and becoming a world reference in tropical crops.

In recent years, the increase in soybean yield has been provided by the adoption of
biotechnology, which is an important tool to help plant breeding programs to obtain biotic
and abiotic stress-resistant cultivars.

2. Evolution, Chronology and Soybean’s History

First evidence of soybean cultivation date between 2.883 and 2.838 b.C. Until 1.894 a. C., the
crop was restricted only to Chinese territory (Embrapa, 2019). On the second decade of XX
century, some of the plant’s characteristics, as the oil and protein content, awakened interest
of food industries. However, tries of cultivation on Russia, England and Germany failed,
probably because of their unfavorable weather conditions (Embrapa, 2019).

In the decade of 70 years, soybean was introduced in the South of Brazil, becoming a summer
crop option. In that same period, Brazil started a great incentive for animal protein production
such as swines and birds, contributing to a strong soybean bran demand (Fiesp, 2019).

The huge soybean cultivation appreciation with an explosion on its price on the global market
caused the interest of the Brazilian government and farmers (Gazzoni and Dall’agnol, 2018;
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Contini et al., 2018). At this time, the country started to invest in innovations and
technologies focused on farming adaptations to Brazil’s climate conditions, especially in the
Cerrado region, extending soybean territorial growth, process led by Embrapa.

The soybean planting was restricted only to areas whose latitude was near 30°N / S or bigger
than that. With the soybean breeding, this barrier was deleted, and the species was suited to
tropical conditions were developed, allowing, this way, the cultivation expansion to Mercosur
and all over the Brazilian territory (Gazzoni and Dall'agnol, 2018; Embrapa, 2019).

Brazil cultivated about 35.7 million hectares in the 2018/2019 season and produces
approximately 18.8 million tonnes of soybean (Conab, 2019). Soybean grain yield increased
from 1,748 mil kg.ha® in 1976/77, to 3,322 kg.ha™ in 2018/19. Its production increased
above 370% in the last 40 years whereas its grain yield increased 64.2% in the same period.

The main reasons that provided a great jump in soybean production in the last decades were:
cultivars adapted to tropical climate and low latitudes; correction of Cerrado soils; adaptation
of agricultural machinery; seed quality and phytosanitary management (Kiihl et al., 1985;
Almeida et al., 1999; Mundstock and Thomas, 2005; Fran@-Neto et al., 2016; Embrapa Soja,
2013; Juh&z et al., 2013).

According to 2017-2026 Agricultural Outlook (Oecd/Fao, 2017), soybean must continue
being Brazilian’s main agricultural product in the next years, because the price will remain
relatively high and the protein demand continues.

Today, many different farmers explore soybean crop: the big ones that faces the exploration
as a real business company and the small ones that see in soybean on option to increase their
incomes (Garret et al., 2013).

Regardless of the amount of cultivated area, all national soybean producers share the same
technology that is offered from cultivars available in the market and all of them have in mind
what modern cultivars should have.

3. Available Technologies in Soybean Crop

The recent biotech revolution is affecting the power and efficiency of the breeding process.
There is an increase in the capacity of researchers to analyze large populations of plants and
we are on the brink of being able to fully sequence the genome of a large number of plants
(Thomson, 2014).

According to Carrer et al. (2010) and Usda (2017), genetic manipulation of plants using
engineering techniques permits the expression of interest genes, resulting in solutions to
problems that affect agriculture.

Biotechnology is a tool to assist in the reduction of pesticide use and to increase food offer.
The main benefit for the farmers is the costs decrease, the pests and weed management
facilities and the increase in the grain yield (Embrapa Soja, 2013; Bawa, 2013; Burketova et
al., 2015). For these reasons, in the last Brazilian crop, use of 96.5% of transgenic soybean
was observed.

196 http://jas.macrothink.org



- Journal of Agricultural Studies
A\\Mac.rOtthl,;'k ISSN 2166-0379
Institute 2020, Vol. 8, No. 1

According to Ainsworth et al. (2012), the soybean breeders must adopt biotechnological
advances that facilitate the incorporation of yield enhancement genes.

Every year new technologies are released and under the analysis and approval of genetically
modified organism's regulatory committee, they can be used or not. Next, we present the
technologies that have been used by the soybean production chain Brazil.

3.1 Roundup Ready®

The first transgenic event in the soybean crop was glyphosate resistant, technology called
Roundup Ready® — RR, developed by Monsanto Company in 1995 and released for
commercialization in Brazil in 1998 (Cib, 2019).

The tolerance gene gives plants tolerance to the post-emergence application of glyphosate
molecule. This gene was isolated from a bacterium called Agrobacterium spp found in an
effluent tank at a glyphosate production factory. The gene was introduced into soybean plants
through the biobalistic process, where DNA segments of this bacterium were introduced into
plant cells (Pioneer, 2019).

According to Padgette et al. (1995), RR soybeans showed resistance to the herbicide
glyphosate, due to the expression of the enzyme 5-enolpyruvylchiquimate-3-phosphate
synthase (EPSPS), extracted from the Agrobacterium spp.

The glyphosate molecule acts on the plant by blocking the enzyme EPSPS, which is part of
the biosynthetic pathway of aromatic amino acids essential for plant development. When this
enzyme is blocked, the metabolic pathway is disrupted and due to lack of amino acids, the
plant dies. In transgenic plants, the metabolic pathway is not interrupted and the plants
develop normally (Pioneer, 2019; Zablotowicz and Reddy, 2007).

3.2 Bt®

Since the 90’s, options to soybean pests control has been searched, especially for caterpillars
such as Anticarsia gemmatalis Hibner (Lepidoptera: Erebidae), Chrysodeixis includens
Walker (Lepidoptera: Noctuidae) and Helicoverpa armigera (Lepidoptera: Noctuidae:
Heliothinae) (Figure 1, a, b e ¢).

(b)

Figure 1. Soybean crop pests: Anticarsia gemmatalis (a), Chrysodeixis includens (b) and
Helicoverpa armigera (c)

Source: Crébio Jos€Avila (a and b); AndréKatsuo Shimohiro (c)
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Nowadays, biotechnology is the most important tools to manage soybean phytosanitary
aspects. For example, in order to control insects, there is the Bacillus thuringiensis
technology (Bt). Plants with this innovation express genes that codify Cry protein and it
represents a new alternative to control the main complex of caterpillars in soybean crop
(Calvo and Garcia, 2014). In Bt soybean plants, Cry1Ac protein has insecticide activity when
ingested by caterpillars. The protein is activated by the alkaline pH of the gut of insects,
destroying the gut wall cells and causing the death of caterpillars.
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Bt technology advantage is pest control during all the harvest cycle, especially in the critic
stages, performing an efficient control and avoiding pests reinfestation. Besides, it reduces
the number of insecticide pulverization and the risk of environmental contamination.

3.3 Inox®

Asian rust has been described for the first time in South America’s 2000/2001 season, when it
was found in Brazil, Paraguay and, Argentina. Caused by Phakopsora pachyrhizi fungus,
have shown highly aggressive, becoming one of the main soybean pest (Sinclair and Hartman,
1999). Figure 2 (a) illustrates Asian rust in soybean leaf.

(b)
Figure 2. Soybean leaf susceptible to rust (a) and soybean leaf resistant to rust (b)

Source: Tropical Melhoramento & Genéica

Although it demands a huge effort looking for new fungus resistance source, this acquisition
is hampered by the large variability of this microorganism. P. pachyrhizi fungus express
and/or develop new pathogenic breeds that can break the resistance of new cultivars.

Searching for resistant genotypes, the United States formalized a trademark for the Rpp5
gene selection, which promotes resistance to Asian rust (King et al., 2016). The method
facilitates the development of resistant varieties to this pest.

The trademark, which isolates the Rpp5 gene, was given to Tropical Melhoramento &
Genéica — TMG. This method uses the genetic roadmap, by the assisted selection done by
molecular markers, in order to discover the plant DNA sequence that is related to the
resistance gene (Tmg, 2017). Inox® technology has the capability to resist the fungus attack
and to decrease pest progress. Moreover, the resistance gene allows the plant to have higher
conditions to live with the pest on the field. When the fungus attack the leaves of soybean
resistant (Figure 2 - b), the plant reacts producing a brown-reddish injury, which avoids the
sporulation and the installation of illness.
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This technology can postpone the beginning of fungicide application, reduces the illness
progress in the plantations, maintain the cultivars' yield potential and contributes to the
reduction of fungicides use (Tmg, 2017).

3.4 Intacta® and Intacta RR2 Pro®

Monsanto developed the Intacta®, which permits resistance to many types of caterpillars that
are soybean crop pests (Jhala et al., 2017).

According to Bernardi et al. (2012), this technology confers tolerance to glyphosate and
exhibits control against major caterpillars: Anticarsia gemmatalis, Chrysodeixis includes,
Heliothis virescens, Crocidosema aporema, Elasmopalpus lignosellus, Helicoverpa zea and
Helicoverpa armigera.

The Intacta RR2 Pro® was released in 2012 and combines resistance to glyphosate and other
species of caterpillars. It is the first soybean biotechnology specially developed for the
Brazilian market, which before being commercially launched in Brazil was approved in the
main soybean consuming countries of the world, to guarantee, besides the best production,
the exportation of harvested soybeans (Monsanto, 2016).

3.5 Cultivance®

Cultivance® is a technology developed together with public and private corporate sectors,
brought to the farmers the possibility to use one more herbicide active to control weeds. In
this technology, csrl-2 gene, obtained from Arabidopsis thaliana, vests resistance to
imidazolinone herbicides, which inhibition of acetolactate synthase ALS (acetohydroxyacid
synthase) (Oliveira Junior, 2011; Calvo and Garcia, 2014). Imidazolinone is efficient to
control weeds that have acquired resistance because of the continuous use of glyphosate, as in
the case of Digitaria insularis and Conyza bonariensis species.

This way, Cultivance® technology can offer to soybean farmers the possibility of rotate
herbicides with different modes of action, mitigating problems related to resistance (Wright et
al., 2010). On the other hand, it can also contribute to the decrease of selection pressure in
weeds plants that do not present resistance.

Another Cultivance® technology characteristic in soybean cultivars is the possibility of doing
the management of weeds before the sowing or in the pre-sowing period, guaranteeing an
efficient control until the end of the crop, discharging the post-emergence herbicide
applications (Calvo and Garcia, 2014).

3.6 Liberty Link®

Liberty Link® is a biotechnological progress to soybean crop that can help farmers in the
control of weeds that are resistant to other herbicides types. Bayer Company created this
technology by inserting the pat gene found in the Streptomyces viridochromogenes bacteria
(Calvo and Garcia, 2014). This gene, when placed inside the plant, catalyzes the L-
phosphinothricin and ammonium glufosinate to non-toxic products, providing resistance to
the active ingredients (Ctnbio, 2015).
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Ammonium glufosinate is used to control weeds, being one more strategic option to the
soybean crop management.

\ MacrOthi“k Journal of Agricultural Studies

3.7 Conkesta Enlist E3®

Conkesta Enlist E3® technology was created by Dow AgroScience Company and approved in
2017 by Ctnbio, to weeds control in soybean crop.

Unlike other related technologies, such as Roundup Ready®, Cultivance® and Liberty Link®,
which each one confers resistance to a specific isolated herbicide, this technology offer
resistance to three distinct active ingredients: glyphosate, ammonium glufosinate and 2, 4-D
and which has two genes (crylAc e cryl1F) resistant to insects (Calvo and Garcia, 2014; Dow
Agrosciences, 2017).

The glufosinate resistance is given by 2 mepsps gene (Isaa, 2017) that is better improved than
EPSPS from corn, which was changed through a site directed-mutation in two amino acid
sequence of the original peptide sequence (Calvo and Garcia, 2014; Ctnbio, 2015).

The ammonium glufosinate resistance is similar to Liberty Link® technology whereas 2, 4-D
resistance is given by aad-12 gene, extracted from Delftia acidovorans bacteria (Wright et al.,
2010; Isaa, 2017).

A soybean genotype that combines resistance to three different types of active ingredients
present in herbicides can be an option to have an efficient weed management. With this
technology, it is possible to use different herbicide in distinct applications or even to make
blends, controlling tolerant plants and avoiding the appearance of new resistant biotype.

3.8 Soybean Genotypes with Conventional Technology

However, natural resistance can be explored to develop conventional soybean, over the years,
some pest’s resistant soybean genotypes have been selected.

Still in 2010/2011 season, Embrapa in partnership with Secretaria da Agricultura of Goi&
State — Brazil, launched a soybean cultivar partly resistant to Asian rust. The BRSGO 7560
variety has this partial resistance and, because of that, reduces in 2/3 fungicides application.
Figure 3 shows the BRSGO 7560 variety (on the right) owned beside of a susceptible to Asian
rust variety.

Figure 3. Susceptible and resistant soybean cultivars, cultivated side by side

Source: Jornal Dia de Campo.

200 http://jas.macrothink.org



- Journal of Agricultural Studies
A\\Mac.rOtthl,;'k ISSN 2166-0379
Institute 2020, Vol. 8, No. 1

A huge problem of the soybean crop is the damage caused by many species of bugs. Using
resistant genotypes can be an alternative to control losses caused by these bugs and to achieve
higher levels of grain yield. Resistant cultivars are less attractive for bugs, resulting in lower
losses of production and better seed quality (Contini et al, 2018).

Embrapa created the BRS 391 cultivar, which is tolerant to soybean bed bugs, requiring
fewer insecticides (Corré&-Ferreira et al., 2016).

Several Brazilian public universities (Esalq - USP, UEM, UEL, UFV, and others) also have
breeding programs to develop conventional insect resistant soybean cultivars.

4. Technologies in Trial Phase

The achieving a quantum leap in soybean yields and yield potential will almost certainly
require biotechnological advances that enable improvement of multiple traits (Ainsworth et
al., 2012). The use of new biotechnological tools in soybean breeding to decrease climatic
and environmental factors impacts is receiving a lot of attention (Chen et al., 2014). Recent
molecular biology progress eases the identification of molecular markers and functional
genes related to drought tolerance in soybean (He et al., 2017).

The input of genes with the abscisic acid (ABA) transcription factors is largely studied, with
promising results for standard plants and for economic importance cropping (Yoshida et al.,
2010). These genes allow the plant to receive and to identify environmental signals of abiotic
stress, activating and regulating the genetic expression (Barbosa et al., 2012). Promising
results are found in Arabidopsis (Fujita et al., 2005) and soybean (Marinho et al., 2016).

4.1 Embrapa Technology for Drought Tolerance

Fuganti-Pagliarini et al. (2017) studying the BR 16 cultivar (considered vulnerable to drought)
and three transgenic isoline, verified that one isoline produced a higher number of pods, seeds
and seed dry matter. The isoline best performance, comparing to BR16 plants, is related to the
decrease of stomatal conductance and transpiration. Those results suggest that the transgenic
genotype improved capability to handle drought, without loss of yield (Figure 4) (Marinho et
al., 2016).
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Figure 4. Soybean genotype with drought resistance gene (a) and without resistance gene (b)
Source: Adapted from Lebna Landgraf/Embrapa Soja; Alexandre Nepumoceno

In the coming years, Embrapa will make available to the soybean market, new cultivars with
drought tolerance technology already inserted in the materials.

4.2 HB4®

Begun in 2015, the partnership between the national company Tropical Melhoramento e
Genéica S/A - TMG with Verdeca LLC, a joint venture of the companies Bioceres S/A and
Arcadia Biosciences, provided the development of Hb4® soybeans, with a trait that confers
on soybeans the tolerance to drought stress. The plants have superior response under
conditions of water stress with up to 30% increase in grain yield in drought situations (Tmg,
2019).

4.3 Hppd®

The Hppd® technology was created by Bayer S.A. and offers resistance to isoxaflutole
herbicide through hppdPfw336 gene found in Pseudomonas fluorescens bacteria. The
isoxaflutole active ingredient acts inhibiting Hppd enzyme that in the plant is engaged to
tyrosine catabolism, taking part in the photosynthetic process. With the modification in Hppd
enzyme, encoded by the hppdPfw336 mutant gene, the affinity to isoxaflutole herbicide
decreases, conferring resistance (Ctnbio, 2015).

The event was authorized by Ctnbio in 2011 and is in the testing phase. There is no forecast
for the release of the technology.

4.4 Intacta 2 Xtend®

In the next years, it will happen the commercial launch of Intacta 2 Xtend® (foreseen to 2021,
depending on international certifications). This new technology will arrive in the agricultural
market to provide weeds and insect management, impacting positively the grain yield. In this
new technology, it was added in soybean two new proteins that will provide a strong
management against aim caterpillars in Intacta RR2 Pro® soybean (Dino, 2018).
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Materials that have this technology, express dmo (dicamba monooxygenase) gene, extracted
from Stenotrophomonas maltophilia bacteria, making them resistant to dicamba herbicide
(Ctnbio, 2015). This herbicide is used on a large scale to control dicotyledonous weed plants
(large leaves) (Calvo and Garcia, 2014).

The soybean is tolerant to dicamba and glyphosate herbicides and will allow a new grain
yield standard to Brazilian farmers. The forecast is that pre-commercial tests in producer’s
fields will start in 2019/2020 season (Dino, 2018).

5. Advances in Soybean Breeding

Other biotechnological advances aid in soybean breeding such as the capacity to analyze
DNA exponentially, developments in the phenotyping technology and the soybean plant
physiological modifications promoted by biotechnological tools.

Advances in phenotyping technology are critical to ensure the genetic improvement of crops
meet future global demands for food and fuel. Yu et al. (2016) developed an UAV
method-based HTP platform, to improve soybean yield estimation and predict plant maturity
with an unmanned aerial vehicle based platform. This new technology will reduce the current
imbalance between phenotyping and genotyping and increase the efficiency of phenotypic
data collection in large-scale breeding programs.

Several biotechnological alternatives may be inserted and used in soybean crop in the coming
years, including improved photosynthetic and respiratory efficiency, increased allocation of C
and N to developing pods, synchronized floral initiation to promote greater pod survival and
optimized soybean— Rhizobia compatibility (Ainsworth et al., 2012).

6. Conclusion

The advancement of biotechnology in agriculture has revolutionized soy production in Brazil
and worldwide. With the advent of transgenic, technologies were implemented using
genetically modified organisms that allowed the management of pests, diseases, and weeds
by inserting resistance genes extracted from exogenous species.

Biotechnology is advancing at a frenetic pace and year after year, new techniques and tools
are being made available for breeding programs around the world, which result in the
production of new productive cultivars, conventional or transgenic, that are resistant to
abiotic and biotic factors.
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