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Executive Summary

In recent years, the steady increase in soybean produc-
tion (Glycine max L. Merr) in Argentina, Brazil, Paraguay, 
and Uruguay has been due to several factors. Noteworthy 
among them are: (i) the incorporation of new land into soy-
bean cultivation, (ii) the availability of genetically modified 
herbicide-resistant (GM-HR) soybean (also known as trans-
genic soybean), (iii) the existence of regulatory biosafety 
frameworks, and (iv) the keenness of farmers to incorporate 
innovative technologies into the agricultural production 
system used in the various soybean-producing areas of the 
four countries.

Complementary technologies, such as direct seeding, 
nutrition (chemical and biological), the use of biocides 
(herbicides, fungicides and insecticides) and genetically 
modified or transgenic soybean varieties, comprise the 
technology package that has made soybean the largest ex-
port crop of all four countries, contributing close to 50 
per cent of global production of this oilseed. There is evi-
dence–presented in detail in this document–to suggest that 
this technology package has reduced the environmental 
impact as a result of less working of the soil and a decrease 
in the use of herbicides.
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The direct seeding system minimizes soil erosion, which 
makes more efficient use and retention of water possible. To-
gether with crop rotation, it also increases soil organic mat-
ter. Plant nutrition, based on chemical fertilization, has made 
it possible to improve soils in areas where organic matter 
content is inadequate, and recover degraded areas. The use 
of nitrogen-fixing bacteria has helped reduce chemical fer-
tilization with nitrogen, which is responsible for generating 
nitrous oxide, the main gas responsible for the greenhouse 
effect. GM soybean has simplified the work involved in cul-
tivation, particularly weed control activities, through the use 
of the glyphosate herbicide. All of this has made crop produc-
tion more efficient, and generated agronomic, environmen-
tal, and economic benefits for farmers in the four countries.

This study presents important aspects of the development 
of soybean cultivation in Argentina, Brazil, Paraguay, and 
Uruguay. It includes a brief history of soybean growing in the 
four countries; a description of the components of  the tech-
nology package; a summary of current biosafety legislation; 
production-related, environmental, and economic impacts of 
soybean production technology; and an analysis of possible 
production scenarios.

The study’s conclusions may be summed up as follows: (i) 
GM soybean cultivation in Argentina, Brazil, Paraguay, and 
Uruguay has developed positively since it was first introduced 
in the region. This is reflected in the increase in the crop area, 
which rose from 1.37 million hectares in 1976 to 45 million 
hectares in 2011, generating estimated economic returns of 
more than USD5 billion for farmers in the region that same 
year (Del Río 2012); (ii) the technology package used for 
soybeans is more efficient than the application of any of its 
components separately; (iii) the introduction of GM soybean 
revolutionized the crop in the four countries because of the 
ease of agronomical management, weed control, and lower 
production costs; (iv) the technology package generates more 
environmental and economic benefits when used with GM 
soybean than it does with conventional varieties.

Finally, and based on official statistics (Del Río 2012) and 
field studies (Rovea 2012), this study is intended to contrib-
ute up-to-date information on the production system of this 
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oilseed in Argentina, Brazil, Paraguay, and Uruguay, which 
together account for approximately 50 per cent of global soy-
bean production. While GM soybean cultivation in the four 
countries has proven to be very efficient, the challenge will 
be to maintain the high level of performance by optimizing 
agricultural practices and the technologies available in order 
to meet the growing demand for the product in a context of 
population growth, environmental conservation, and climate 
change, thereby guaranteeing food security.
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Introduction

Chapter I

Over the past 15 years, the countries of South America have 
been world leaders in agricultural production, particularly 
in the supply of grains for international markets. In the last 
ten years, Argentina, Brazil, Paraguay, and Uruguay have in-
creased their soybean production by 234 per cent, and maize 
by 166 per cent (FAO 2012). No other region of the world has 
contributed as significantly to increasing world productivity 
as these four countries together.

A variety of factors has impacted this major development in 
agriculture. They include technological advances, the agri-
business vision of producers, increasing demand and the 
attractive prices of grains in emerging countries, and govern-
ment support through public policies that have encouraged 
investment and generated stability in the sector.

The recognized success of South American agriculture is 
even more obvious in the case of soybean cultivation. In 
fact, Argentina, Brazil, Paraguay and Uruguay currently ac-
count for around 50 per cent of world production and are, 
respectively, the world’s second, third, fourth, and seventh 
largest exporters of this oilseed (FAO 2012). What is more, 
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of the 45 million hectares sown in the 2009-2010 crop year, 
87.5 per cent were planted with transgenic soybean (James 
2010, Table 1).

Table 1.1. Area under cultivation and volume of soybean 
production (conventional and transgenic) in the 2009-2010 

crop year in Argentina, Brazil, Paraguay, and Uruguay

Country

Conventional soybean1 GM-HR Soybean2 Soybean cultivation 
(conventional + GM-HR)3

Area (mi-
llions of 
hectares)

Production 4
Area 

(millions of 
hectares)

Production4

(millions of 
tons)

Area 
(millions of 

hectares)

Total 
production 
(millions of 

tons)

Argentina 0 0 18.13 52.68 18.13 52.68

Brazil 5.49 16.12 17.8 52.4 23.29 68.52

Paraguay 0.14 0.37 2.54 7.09 2.67 7.46

Uruguay 0 0 0.86 1.82 0.86 1.82

Total 5.63 16.49 39.33 113.99 44.95 130.48

1 Estimated figure, because of the difference between the official figures 
reported by FAOSTAT (FAO 2012) and James (2010).

2. Figures reported by James (2010).
3. Based on FAOSTAT (official data reported for 2010, FAO 2012).
4. Production was estimated for conventional and GM soybean, based on 

the average yield in FAO (2012).

The four countries achieved their current share of the world 
soybean market thanks to the implementation of gradual 
processes of technological innovation (Chapter 2), ranging 
from efficient mechanical harvesting to the use of transgenic 
seeds, and the drafting and application of specific standards 
in each country.

The management of soybean cultivation in the four 
countries is now highly efficient due, in particular, to 
the adoption of a technology package that combines the 
system of direct seeding, plant nutrition (chemical and 
biological), chemical control of weeds and diseases, and 
use of transgenic seed. This technology package (Chap-
ter 3) has made it possible to achieve progressively high-
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er yields, generate savings in production costs, obtain 
cleaner harvests, gradually improve soils, and use water 
more efficiently.

The use of transgenic seeds has been possible because 
Argentina, Brazil, Paraguay, and Uruguay have regulatory 
biosafety frameworks (UN 2012) designed to ensure that ge-
netically modified organisms (GMOs) that are released are 
safe for ecosystems and human and animal consumption, 
and desirable from the commercial standpoint (CAS and IICA 
2010, Chapter 4).

The real impact of genetically modified herbicide-resistant 
(GM-HR) soybean on the environment can be gauged thanks 
to the availability of the technology package and the exis-
tence of biosafety regulations. This document also contains an 
analysis of the potential for introducing transgenic drought-
tolerant (GM-DT) soybean and the need to do so in order to 
adapt agriculture to climate change. 

The factors that have combined to define the economic impact 
of the activity in the countries of the region are the progres-
sive increase in crop area in the four countries, the regulation 
of biosafety, and the environmental effect. Chapter 6 pres-
ents a comparative analysis of production costs and Chapter 7 
evaluates potential production scenarios for this crop. 
 
Much information about GM soybean cultivation is avail-
able. However, few studies include information obtained 
directly from producers in the region. From the method-
ological standpoint, this study is based on the review of 
available literature and on the study by Rovea (2012). 
Rovea conducted onsite interviews with various produc-
ers who made a decision to adopt the technology package 
described herein, which has made it possible to consoli-
date the crop.

With regard to soybean cultivation, there are considerable 
differences among countries and within each of them. How-
ever, this study documents the most important common as-
pects and, when necessary, highlights the specific features of 
each country or locality.
 
This study is part of the efforts of the Secretariat of Agri-
culture, Livestock and Fisheries of Argentina and the Inter-
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American Institute for Cooperation on Agriculture (IICA) to 
provide scientifically-based information to decision makers, 
researchers, the media, farmers and the public. The analysis 
contained herein is based on the official statistics available 
(Del Río 2012) and on field studies (Rovea 2012). It does not 
take an ideological stance on the subject of transgenics (Rocha 
2011) and will be used as a reference for future analyses and 
decisions (Chapter 7). 
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Prior to 1976, very little soybean was grown in Argentina, 
Brazil, Paraguay, and Uruguay. Between 1976 and 2010, 
however, soybean production in the four countries rose from 
1.58 million tons grown on 1.37 million hectares of land to 
over 130 million tons on 45 million hectares (FAO 2012). In 
other words, there was an average annual increase of 1.09 
million hectares planted  and 3.22 million tons produced 
(Figure 2.1).

The system used to produce soybean in the 1970s was based 
exclusively on plowing the soil for planting and weed control. 
The crop was also rotated with perennial pasture species 
with four- five year cycles and in that way the effect of the 
tilling of the soil and soil degradation were reduced (Rovea 
2012). In 1970, the average yield of soybean cultivation for 
the four countries was 1.15 tons per hectare, 28 per cent 
below the world average that year of 1.48 tons. In 1980, the 
area planted in the four countries was 11.3 million hectares 
(Brazil with 8.77 million and Argentina with 2.03 million), 
an eightfold increase in the surface area under cultivation. 
Yields rose by 45 per cent (1.70 tons per hectare), surpassing 
the world average of 1.60 tons. 

Evolution of soybean 
cultivation in Argentina, 

Brazil, Paraguay and Uruguay

Chapter 2
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Figure 2.1. Expansion of crop area, production, and average yield of soybean 
cultivation in Argentina, Brazil, Uruguay, and Paraguay between 1970 and 2010

Source: Rovea 2012, based on various sources.

In general terms, between the 1970s and the year 2000 
the expansion in the area planted with soybean in the 
four countries was due to other crops (e.g., wheat, maize, 
sunflower seed) being replaced. In Argentina, Paraguay, and 
Uruguay, soybean replaced pastureland, as a result of which 
rotation of the crop with livestock farming was reduced. 
The area under cultivation increased significantly with the 
clearing of wild lands, mainly in Brazil and Argentina, and, to 
a lesser extent, in Paraguay (Rovea 2012).

As a result, the areas in which soybean is now currently 
produced are as follows (Rovea 2012): a) in Argentina, in 
the center of the country, between the central and southern 
regions of the province of Santa Fe, in the southeast of the 
province of Cordoba, and in the north of the province of 
Buenos Aires; b) in Brazil, in the states of Rio Grande do Sul 
and Santa Catarina, and in the south of the state of Paraná; 
c) in Paraguay, on the eastern border of the Paraná river, 
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in the departments of Canindeyu, Alto Paraná and Itapu; 
and d) in Uruguay, on the western bank of the Uruguay 
river, in the departments of Paysandi, Rio Negro, Soriano 
and Colonia.

Although the development of soybean cultivation has varied in 
the four countries in terms of the timescale, size of production 
and performance, the increases in crop area and production 
experienced during the second half of the 1970s and the early years 
of the 1980s were achieved mainly thanks to the introduction 
of mechanized agriculture, which became more intensive with 
the installation of factories for tractors, combine harvesters and 
agricultural implements. This mechanization became more 
specialized with the design and development of machinery with 
more working width, such as seed drills, which were far more 
effective in terms of the planting of seeds and distribution of 
fertilizers. The use of fertilizers thereby became more efficient and 
less operating time was required (Rovea 2012).

The 1980s saw the incipient use of pre-sowing and post-emergent 
herbicides that effectively controlled Gramineae and broadleaf 
weeds. During that decade, glyphosate was commercialized.

Mechanization and chemical control during the 1980s gave 
rise to the first experiences with the double cropping of 
wheat and soybean. This was possible because wheat is a 
winter crop and soybean, a summer crop, was sown at the 
end of harvesting (second-crop soybean or soybean II). By 
the end of the 1980s, the direct seeding technique of double 
cropping soybean and wheat had become widespread, and in 
1990 the area sown with soybean in the four countries was 
17.38 million hectares, or 30 per cent of the total cultivated 
area worldwide, with yields of 1.87 tons per hectare, which is 
very close to the world average yield of 1.90 tons per hectare.

While the indicators for the 1980s highlight the importance 
of soybean in terms of increases in cultivated area, 
production and yield, increased soybean cultivation in 
each country was accompanied by accelerated processes of 
physical and chemical soil degradation. As a result, at the end 
of the 1980s and the beginning of the 1990s, the countries 
started to adopt and implement technologies to reverse the 
process. Subsequently, the practice of direct seeding became 
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common in the four countries (Diaz-Rosell 2001, Ekboir 
2001) and the use of terraces became widespread in Brazil 
and Paraguay, mainly to offset water erosion, and certainly 
proved to be the solution to the problem (Rovea 2012). The 
importance of the national agricultural research institutions 
in each country in developing and adapting this technology 
is worth noting (Ekboir 2001, Rovea 2012): in Argentina, the 
Instituto Nacional de Tecnología Agropecuaria – INTA; in Brazil, 
the Empresa Brasileira de Pesquisa Agropecuária – EMBRAPA; 
in Paraguay, the Instituto Paraguayo de Tecnología Agropecuaria 
– IPTA; and in Uruguay, the Instituto Nacional de Investigación 
Agropecuaria – INTA.

During the 1990s, the technological advances associated 
with soybean cultivation were more significant in the four 
countries. In Argentina, the direct seeding of first-crop 
soybean (soybean I) and the sowing of wheat/soybean II 
were consolidated, and in Brazil, the sowing of second-crop 
maize (maize II or safrinha) was implemented. It also became 
necessary to modify the machinery, which made it possible to 
consolidate companies (especially in Argentina) dedicated to 
supplying specialized equipment (Del Río 2012, Rovea 2012). 
Pre-emergent herbicides and new insecticides for controlling 
weeds and soybean insects also appeared on the scene.

From the end of the 1980s until the mid-1990s, significant 
advances were made in plant breeding due to the generation of 
soybean varieties that would become the maturity groups, and 
the incorporation of the indeterminate growth habit (Figure 
2.2). These were characterized by the production of nodes 
on the main stem after flowering starts and consequently the 
height can be considerably greater than that of determinate 
cultivars that have the same duration of cycle and flowering 
date (Giorda and Baigorri 1997, Rovea 2012).
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Figure 2.2.  Distribution of soybean maturity groups 
for the Southern Cone

Source: Rovea 2012.

While the technological advances in plant breeding, mech-
anization, direct seeding and chemical control were tak-
ing place and farmers were making routine use of them 
in an effort to be more productive and efficient, in March 
1996, the Secretariat of Agriculture, Fisheries and Food 
of Argentina issued resolution No. 1671 authorizing the 
Nidera S.A. company to produce and market the seeds, 
products and byproducts of GM-HR transgenic soybean. 
This is how Argentina sowed the first variety of genetical-
ly modified glyphosate-resistant (GM-GR) soybean in the 
1996-1997 crop year, ushering in the increased utilization 

1 http://www.minagri.gob.ar/site/agricultura/biotecnologia/55-OGM_CO-
MERCIALES/_archivos/res.167-1.pdf?HPSESSID=854ffccf50d778158b369
e48a6bc31e9.
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of seeds that made use of a previously developed technology 
package with which farmers were familiar.

After GM-GR soybean was released in Argentina, the seed 
entered Brazil (Rio Grande do Sul) and Paraguay (depart-
ment of Itapuá). In Brazil, the request to introduce GM-GR 
soybean was submitted by Monsanto in 1998. Through pro-
cess No. 01200.002402/98-60, the Comisión Técnica Nacio-
nal de Bioseguridad (CTNBio) approved its introduction for 
commercial use in 2005. In Paraguay, Monsanto submitted 
the request for its release in 2001 and the Comisión de Bi-
oseguridad Agropecuaria y Forestal (COMBIO) approved its 
commercial release in 2004 (Resolution MAG 1691/2004). 
In Uruguay, Monsanto submitted the request in 1996 and 
its commercial release was approved the same year (Decree 
No. 249/000 of October 2, 1996).

In Argentina, Brazil and Paraguay, use of GM-GR soybean 
and its respective technology package spread rapidly because 
management of the crop was simplified, weed control was 
more efficient, and average production costs were reduced by 
USD15-30 per hectare in each of the three countries (Table 
2.2, Del Río 2012, Rovea 2012). The main advantage, how-
ever, was not the cost, but rather the efficient eradication of 
weeds. In Brazil, Paraguay and Argentina, the priority was re-
sistance to herbicides rather than production potential. Only 
those producers who had fine-tuned the technology gave pri-
ority to yield (Rovea 2012).

Table 2.1. Comparison of the costs* of the cultivation of
GM-GR and conventional soybean in 1999

Item Conventional soybean GM-GR Soybean Difference

Inputs 117.47 92.36 25.12

Labor 68.00 65.00 3.00

Total 185.47 157.36 28.12

*In USD per hectare
Source: Del Río 2012 and Rovea 2012.
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As a result of the technological advances made in the 1990s, 
soybean cultivation grew in Argentina, Brazil, Paraguay and 
Uruguay, and during the 2000s, use of GM-GR seed over-
took  that of conventional soybean (Figure 2.3). The statistics 
for the year 2000 in the four countries were 23.46 million 
hectares and an average yield of 2.38 tons per hectare, the-
reby outpacing world productivity (2.17 tons per hectare) by 
nearly 10 per cent.

Figure 2.3. Record of conventional soybean varieties and GM 
soybean for the period 1994-2006 in Argentina 
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Source: Rovea 2012.

Experiments in fertilization with nitrogen, phosphorus, po-
tassium and sulfur were carried out in an effort to increase 
productivity (Red de Nutrición Región Sur de Santa Fe, INTA, 
Casilda). Sowing dates and cultivation density were also 
modified to improve potential yield, with experimental fig-
ures reaching up to five tons per hectare (Hector Baigorri, 
personal communication, INTA-Estación Experimental Agro-
pecuaria Marcos Juárez, mentioned by Rovea 2012). During 
the same decade, efforts were also initiated to improve ar-
eas under production based on measurements of the phreatic 
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level to determine the effects on productivity. The use of yield 
maps was also introduced as a tool for detecting production 
problems and as a system to support decision-making (Man-
fredi, mentioned by Rovea 2012).

As a result of the increase in production and as part of the 
technology package, the use of silo bags was introduced. 
This is a simple, low-cost system under which dry grains 
are stored in a modified atmosphere (with a low oxygen 
level and a high concentration of CO2) for storage on site. 
The result was highly positive in terms of functional opera-
tion and there was no risk as far as quality was concerned 
(Figure 2.4; Faroni et al. 2009). The use of silo bags triggered 
a highly significant change in the soybean storage and mar-
keting system (Rovea 2012).

In the early 2000s, both GM-GR and conventional soybean 
cultivation were affected by Asian soybean rust (Formento 
2004), a disease caused by the fungus Phakopsora pachyrhizi 
Sydow & Sydow, which reduced yields by 20-70 per cent. This 
problem has not been eliminated and, to date, the methods 
of tackling the disease are monitoring for early detection and 
chemical control (Quintana and Sasobsky 2006, USDA and 
CSREES 2012).

Since the conditions are conducive to rust development, Brazil 
and Paraguay are the countries that have been most affected 
by the disease. In Argentina, the effects have been less severe 
because of the prompt training of national technicians in early 
detection, plus the fact that the rust cannot find a host during 
the winter. However, this problem has increased production 
costs in Brazil and Paraguay, from USD50 to USD75 per hect-
are, as a result of two to three applications of pesticide during 
the cultivation cycle, and by USD25 per hectare in Argentina 
(Del Río 2012, Rovea 2012).

Many studies have been conducted on the effects of soybean 
fungicides. For example, thresholds have been determined 
for each type of disease, as well as the phenological stages, to 
obtain high levels of production and seed quality (Giorda and 
Baigorri 1997, Kantolic and Carmona 2006). In addition, tra-
ditional plant breeding has focused on identifying sources of 
resistance (Rovea 2012).
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Figure 2.4. Silo bag system: (A) building of the silo, (B) silo bag completed
 and (C) extraction of the grain from the silo

The 2000s, especially after the 2002-2003 crop year, were 
very important for the growth of soybean cultivation in 
Uruguay, as a result of the participation of Argentine pro-
ducers who transferred their production technology. GM-GR 
varieties belonging to groups V, VI and VII were introduced 
from Argentina (Rovea 2012). Soybean cultivation grew rap-
idly in Uruguay in traditional crop-growing areas as well as in 
areas used for livestock farming.

In 2010, Argentina, Brazil, Paraguay and Uruguay sowed 
soybean on around 44.96 million hectares (43.91 per cent 
of the world total), and produced 130.47 million tons (49.88 
per cent of world production), with an average yield of 2.9 
tons per hectare. This represented an increase of 11.7 per 

Source: Rovea 2012.
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cent in relation to the global yield for that year, and a 252 
per cent increase over the average yield of the four countries 
reported for 1970. It bears noting that Brazil had the largest 
yields in 2010 (2.94 tons per hectare), followed by Argentina 
(2.91 tons per hectare), Paraguay (2.79 tons per hectare) and 
Uruguay (2.1 tons per hectare). It should further be noted 
that 87.5 per cent of the seeds were GM-GR soybean (James 
2011), which means that both conventional and transgenic 
soybean varieties were grown.

It is expected that, from the 2012 crop year onwards, new 
GM soybean events will be introduced in the countries, since 
in 2011 Argentina approved the sale and distribution of the 
Bayer’s Liberty link soybean. In Paraguay also, mention has 
been made of the possible introduction of the Intacta RR2 
soybean, which is resistant to lepidopterous insects and to the 
new generation of the Roundup herbicide (González 2012).

Although there are no official statistics on the area planted 
with conventional soybean, based on Rovea’s field work 
(2012) it is estimated that the figure for Brazil in 2011-2012 
was 15 per cent (Celeres 2011). In Argentina, the figure was 
two per cent, while in Paraguay it was one per cent (Rovea 
2012, Del Río 2012). In Uruguay, all of the soybean sown is 
GM-GR.
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In 1996, indeterminate growth material and the GM-GR 
soybean were introduced, which, along with direct seeding, 
make up the technology package that has been adopted on 
the widest scale in the history of soybean cultivation. Below 
is a description of the components of the technology package 
that is now applied for the cultivation of soybean.

3.1. Direct seeding

Soil tillage makes it possible to achieve a substantial increase 
in production mainly in the short term because it: (i) reduces 
density and resistance to penetration of the topsoil; (ii) oxy-
genates the soil, which increases the oxidation of the organic 
matter and releases a large amount of nutrients, including 
CO2 into the atmosphere; and, (iii) eliminates weeds ef-
ficiently, even though it is costly (Ramírez et al. 2006). On 
the other hand, successive plowing reduces the organic mat-
ter content considerably and is accompanied by a decrease 
in the structural stability of the soil (Martino 2001b), which 
reduces permeability, makes the exchange of gases difficult 

Technology package for
soybean cultivation  

Chapter 3
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and increases soil erosion. Therefore, excessive tilling of the 
soil causes loss of its fertility and, as a result, low productivity.

Direct seeding (also known as no-till or conservation tillage) 
emerged as an alternative for reducing the negative impacts 
of plowing the soil as well as encouraging soil conservation. 
Conservation tillage is the practice of cultivating the land 
without previous plowing. With this, the surface of the soil is 
kept permanently covered (with residues from the previous 
harvest) and there is no significant disturbance of the soil (no 
plowing or breaking). Instead, a small furrow is made to de-
posit the seed at a specific depth (Díaz-Rosello 2001, Dabala 
2009, Aapresid 2012).

Numerous studies have demonstrated that direct seed-
ing helps to maintain the soil’s physical structure (Martino 
2001b, Ferras et al. 2007), chemical conditions (Bordoli 
2001, García, and Fabrizzi 2001), biological conditions 
(Fontanetto and Keller 2001, Moron 2001, Calegari 2001, 
Filho et al. 2001) and moisture conditions (Aapresid 2012, 
Micucci and Taboada, no date). It also increases the effi-
cacy of the use of nutrients; offsets erosion (Marelli 2001) 
and eventually regenerates the soil (Ramírez et al. 2006). 
However, it is a technique that calls for the use of chemi-
cal herbicides (Papa 2010) and the application of fertilizers, 
particularly nitrogen, phosphorus, potassium, and sulfur 
(Bordoli 2001). Even though it requires the use of herbi-
cides and fertilizers, direct seeding is considered a more en-
vironmentally friendly technique than conventional tillage 
(Calegari 2001, Ramírez et al. 2006, Aapresid 2012), since 
the cost/benefit ratio for the environment (Foloni 2001, 
Moron 2001, Martino 2001a) and for the producer (Del Río 
2012) is positive, which explains its rapid growth and imple-
mentation of the technology package in the countries that 
are the subject of this study (Rovea 2012).

The intensification of conventional soybean cultivation in 
each country triggered physical and chemical soil degrada-
tion processes (Rovea 2012). Argentina has been affected 
by water and wind erosion, while water erosion has been 
the chief problem in Paraguay and Brazil, due to significant 
annual precipitation and soil type and slope. In Uruguay, 
water erosion is significant, though not as marked, because 
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crops are rotated with livestock. Direct seeding has been 
supported and promoted in the four countries as an in-
novative and efficient production practice that reduces 
agriculture’s impact on the soil (Bragagnolo 1995, Ekboir 
2001, Dabala 2009).

Plant nutrition

Because it is a legume, soybean obtains a great deal of the 
nitrogen it needs (30-60 per cent) through biological fixation, 
which is done by nitrifying bacteria that live in the roots of 
the plant. This means that dependence on the soil’s nitrogen 
content is minimal, which is a competitive advantage vis-à-
vis other crops (e.g., grasses such as maize and wheat) and the 
reduction of greenhouse gas (GHG) emissions – in particular, 
nitrous oxide (N2O).

The efficiency of biological nitrogen fixation (BNF) in 
soybean, in terms of higher yields and protection of the 
environment, has been amply demonstrated (García and 
Fabrizzi 2001, Calegri 2001, Martino 2001 b, Filho et al. 
2001), and has led to the creation and consolidation of 
bio-input industries in countries like Argentina, Brazil 
and Paraguay (CIAFA 2012, Engormix 2012). Particularly 
strong has been the development of bioinoculants, mix-
tures of bacteria that induce molecular signals that activate 
or accelerate metabolic processes in plants and bacteria, 
and promote greater BNF capacity.

With regard to chemical nutrition and other essential ele-
ments like phosphorus, soybean has the lowest threshold. 
When soybean was first cultivated, fertilizers were not used. 
However, experimental evidence concluded that fertilization 
with nitrogen, phosphorus, and sulfur increased yields of the 
crop and of the previous wheat and maize crops (García et al. 
2006, Rovea 2012).

In Argentina, the process of soil degradation had become 
more acute in the 1990s, and water erosion became a prob-
lem in many areas. To tackle the depletion of chemicals in the 
soil, INTA-led efforts to adapt direct seeding and, subsequent-
ly, fertilization were implemented. The initial efforts related 
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to fertilization with sulfur in soybean were spearheaded by 
INTA’s staff in the district of Casilda (Fernando Martínez, 
personal communication in Rovea 2012). As a result, fer-
tilization with phosphorus and sulfur in first-crop soybean 
(soybean-I) had good results and became widespread in those 
areas that had a longer agricultural history. Fertilization with 
phosphorus produced results in the central region (300-400 
kg per hectare). In livestock farming areas and in cleared ar-
eas, fertilization did not increase yields due to the good natu-
ral fertility of the soils.

In Brazil, soils in the Cerrado region are very acid (pH4.0) 
and contain high levels of aluminum, which is toxic for tall 
plants. Consequently, grasses and low shrubs are the main 
types of vegetation. Since they can be cleared quickly, in the 
1990s the region witnessed exponential growth in the area 
sown with soybean (Rovea 2012). However, because of the 
type of soil involved, large investments were needed to cor-
rect the soil, since crops could not be established as long as 
it remained in its natural state. Correcting the soil (then and 
now) has called for large applications of gypsum (1500-3000 
kg of calcium sulfate per hectare) to wash out the aluminum, 
followed by lime (2000-4000 kg of calcium hydroxide per 
hectare) to correct the soil pH and raise it to more neutral 
values (between 6.0 and 6.5). After the soil has been cor-
rected, it is fertilized with phosphorus (calcium triple phos-
phate source) and potassium (potassium chloride source); 
otherwise, the crop does not do well because the soils are 
chemically poor (Rovea 2012).

In Paraguay, agricultural growth was experienced on the 
eastern side of the country, some 100 km from the Paraná 
River towards the west, the area that has the best soil qual-
ity, with annual precipitation of 1600-2400 mm. The origi-
nal soil is acid, so lime had to be applied (2000-3000 kg 
per hectare of calcium hydroxide) to correct the acidity and 
allow for development of the crops. Given the type of soil 
involved, fertilizers containing phosphorus and potassium 
were applied in Uruguay. 

Given this scenario, chemical fertilization is clearly a key 
component of both conventional and transgenic soybean 
production systems. In his field studies, Rovea (2012) found 
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a negative nutrient balance in a large proportion of the areas 
dedicated to soybean cultivation, because nutrient depletion 
is one of the effects of high yields and nutrient replacement 
is low (Rovea 2012).

A lot of research is now being carried out to explain the 
physiological and molecular mechanisms of plant nutrition, 
with a view to improving nitrogen fixation and transfer-
ring the characteristic to species that do not naturally pos-
sess the mechanism. On the other hand, the review of the 
literature found no reports of any differences between the 
fertilization systems or the behavior of GM-GR soybean and 
conventional soybean.

3.2. Herbicides

Another component that is essential for the efficiency of the 
direct seeding system in soybean is weed control with chemi-
cal herbicides.

Glyphosate (N-phosphonomethyl glycine, C3H8NO5P) is 
one of the herbicides used most frequently in soybean cul-
tivation at present. This molecule, developed in the 1970s 
and patented by Monsanto in 1980 (United States patent 
no. 4 226 611) interferes with the capacity to produce aro-
matic amino acids (essence of their biocidal activity). Con-
sequently, this compound, which is absorbed through the 
leaves, acts as a broad-spectrum herbicide. A detailed list of 
the weeds that appear with soybean crops and that can be 
eradicated with glyphosate may be found in Dellaferra et al. 
(2007) and Papa (2010).

Another compound used successfully as a herbicide is glu-
fosinate or its ammonium salt DL-phosphinothricin (2-ami-
no-4-(hydroxymethylposphinyl)butanoic acid C5H12NO4P), 
a compound developed in 1972 (Bayer et al. 1972, United 
States patent number 3 682 617).  Plants treated with glu-
fosinate die because this compound occupies the active site 
of the glutamate, which means that the glutamine is not 
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synthesized, photosynthesis is interrupted, and ammonium 
accumulates (Benítez and Benítez 2011).

Glyphosate resistance (Roundup®, Buccaneer®, 
Cropsmart®, Prokoz®, etc.; Schuette 1998) is the basis for 
the development of GM-GR soybean, used predominantly 
in the countries of the Southern Cone. Its use has expand-
ed, however, with the generation of GM glufosinate- am-
monium-tolerant soybean (Basta®, Finale®, Rely®, Ignite®, 
Challenge®, Liberty®, etc.) for used in the 2012 crop year 
in Argentina. The use of these compounds has increased 
year on year (ECPA 2010) proportionally to the increase in 
the areas planted with GM herbicide-resistant crops, which 
has been the predominant transgenic event up to now 
(James 2011). In addition, glyphosate and glufosinate-
ammonium are so efficient that they are routinely used 
in non-transgenic soybean crops and other species (ECPA 
2010). Similarly, because the glyphosate patent expired 
in 2000 in Argentina, Brazil, Paraguay, and some other 
countries, industries have been developed to synthesize 
this compound (CIAFA 2012), which has lowered the cost 
(Chapter 6).

Glyphosate and glufosinate-ammonium are molecules syn-
thesized to eradicate weeds (Gazziero et al. 2001, Snoo et al. 
2001 and 2005, ILSI Research Foundation 2011) that have 
been classified by the United States Environmental Protection 
Agency (EPA) under toxicity groups III and II, respectively 
(EPA 1993a and 1993b). This means they are considered low 
toxicity herbicides as compared with other compounds. It 
should be noted that some experimental reports have been 
presented on these herbicides and on glyphosate, specifical-
ly, that mention negative effects of this molecule on animal 
health (Benachour and Gilles 2008).

Biosafety evaluations of GM herbicide-resistant soybean crops 
have shown that when used carefully (in terms of means of 
application, dosage and frequency), these herbicides are ef-
fective in destroying weeds in a short amount of time (less 
than ten days) and do not have negative effects on plant com-
munities or on the environment in the medium or long term 
(Snoo et al. 2001 and 2005, ILSI Research Foundation 2011).



21Comparative study of genetically modified and conventional
soybean in Argentina, Brazil, Paraguay and Uruguay

The characteristics of these two herbicides are an example 
of the cost-benefit equation with regard to soybean cul-
tivation. Their use makes direct seeding efficient, which 
contributes to crop management and lowers energy costs 
and GHG emissions. The use of other, more toxic agro-
chemicals increases the work of plowing and the dis-
charge of more potent biocides, with increased negative 
consequences for the environment, human health and 
the economy of the crop.

3.3. Genetically modified soybean seed 
 (GM-GR)  

Transgenesis is a process whereby genes from one species are 
introduced into another species (Villalobos 2011). Genetic 
engineering was first applied to the soybean for commercial 
purposes to develop tolerance to glyphosate (Shah et al. 1990) 
and, subsequently, tolerance to glufosinate-ammonium 
(Donn 1998). An overview of the transgenic events associ-
ated with these two herbicides is given below.

Glyphosate is degraded by the enzyme 5-enolpyruvylshiki-
mate-3-phosphate synthase (EPSPS). The coding gene for this 
enzyme was isolated from the bacteria Agrobacterium CP4 
(CP4 EPSPS) and used in genetic engineering experiments to 
build a plasmid construction which contained other genetic 
elements, including transcription initiation and termination 
sequences (signals). These sequences came from a DNA frag-
ment (sequence 355) of a virus (Cauliflower Mosaic Virus 
– CaMV). It should be noted that although the construction 
used to generate GM-HR soybean came from a bacteria (Agro-
bacterium tumefaciens) and a virus (CaMV), at no point can it 
be said that technically or operationally, the bacteria or the 
virus from which the sequences came were introduced in the 
soybean plant.

A mechanism was also needed to identify the transgenic 
plants. As a result, simultaneously with the EPSPS gene, a 
gene was introduced that codes for the phosphinothricin 
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transferase enzyme, which degraded the kanamycin antibi-
otic (a gene known as the selection marker gene). As in the 
previous clarification, it should be noted that soybean plants 
resulting from the transformation with the selection marker 
gene do not produce antibiotics.

The introduction of EPSPS and selection marker genes into 
the soybean plant was initially carried out through A. tu-
mefaciens (Shah et al. 1990), a bacterium that is naturally 
capable of making this type of transfer of genetic mate-
rial (Villalobos 2011). The biolistic transformation of the 
soybean was also effected by accelerating and introducing 
micro-particles coated with the plasmid that contained the 
genes of interest (Christou et al. 1991). At present, howev-
er, GM soybean materials are predominantly transformed 
using Agrobacterium.

The first GM-GR soybean plants that were cultivated pro-
duced seeds that generated glyphosate-resistant plants when 
they were subsequently incorporated into the crop. The 
glyphosate was metabolized while it acted on the surround-
ing weeds. The transgenic soybean seed, along with the use 
of glyphosate, were patented in 1990 (Shah et al. 1990) and 
released commercially in 1996, after a process of evaluation 
that led to their deregulation in the United States, followed 
by other countries (CAS and IICA 2010, UN 2012), after care-
ful technical analyses. Argentina (1996), Uruguay (1996), 
Paraguay (2004), and Brazil (2005) are cases in point. In 
these countries, the national technical biosafety committees 
(CTNBio) conducted the process of analysis and contributed 
technical arguments that led the competent national author-
ity in each country to issue official resolutions authorizing 
the marketing of GM-GR soybean.

The characteristic of herbicide resistance is subject to con-
tinual improvement. A case in point is the generation of 
GM glufosinate-ammonium resistant soybean (Donn 1998) 
in response to the Monsanto glyphosate-based system. 
Transgenic soybean plants that are resistant to glufosinate-
ammonium (known as Liberty Link® technology) express 
the bar or pat gene, which codes for the phosphinothri-
cin-N-acetyltransferase (PAT) and was isolated from two 
types of bacteria (Streptomyces viridochromogenes (pat gene) 
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and Streptomyces hygroscopicus (bar gene). GM soybean sown 
commercially has been entirely resistant to glyphosate in 
the Southern Cone countries. However, in August 2011, 
Argentina announced the commercial approval of Liberty 
Link®, Bayer’s soybean. It should be noted that all simple 
events that are to be commercialized in the countries are 
analyzed by the national technical biosafety committees 
independently of other events (case by case evaluation) 
(CAS and IICA 2010, UN 2012). However, there is still 
some discussion of the events that involve stacked genes, 
that is, plants that include several characteristics simulta-
neously, e.g., resistance to herbicides and resistance to in-
sects (Bt technology).

It is important to generate new events that improve the per-
formance of a particular characteristic. However, creating a 
new event or a new GM crop and introducing it to the mar-
ket is costly in terms of time and money. For example, for 
the specific case of soybean 16.3 years and approximately 
USD136 million are required (McDougall 2011) to discover, 
develop, and authorize a new characteristic. These estimates 
are based on commercialized events for each of the six mul-
tinationals that are leaders in genetic engineering technology 
(McDougall 2011) between 2008 and 2012.

The GM-HR soybean is different from its conventional (non-
transgenic) equivalent only insofar as the gene that confers 
degradation of the herbicide is concerned. Consequently, 
if a soybean crop has been established with GM-HR seeds, 
grows alongside one derived from conventional seed, and 
is not treated with herbicide, the two crops would behave 
identically and would certainly be affected by the presence of 
weeds and other adverse factors. However, if the same dose 
of glyphosate is applied twice to the two crops, the weeds 
would be reduced significantly, the conventional crop would 
survive, and it would eventually become necessary to reduce 
the dose and increase the applications (Manning et al. 2003, 
Rovea 2012, Del Río 2012). The crop derived from transgenic 
seeds, on the other hand, would achieve optimum perfor-
mance because the herbicide would have no negative effect. 
It should likewise be noted that the GM-HR soybean crop 
would behave like its conventional equivalent, for example, 
in the face of a severe drought or disease (e.g. Asian rust). It 
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should also be borne in mind that for the development of a 
GM seed, the plant breeder remains indispensable, since the 
principles of genetics continue to apply for both the GM and 
the conventional crop. Likewise, the services of an agrono-
mist are essential for the proper management of both types of 
crops (Villalobos 2011).

3.3.1. Selectable marker genes based on 
 antibiotics

It has frequently been mentioned that there is a hypotheti-
cal scenario related to GM plants that contain certain antibi-
otic-resistant selectable marker genes, and that those genes 
could be taken up naturally by bacteria in the digestive tract 
and, as a result, it could be difficult to treat a possible bacte-
rial infection because of resistance to the known antibiotics. 
Numerous scientific studies have demonstrated so far that 
there is no real evidence that genes that confer resistance 
to antibiotics in GM plants are a threat. According to GMO 
Compass (2006), some of the reasons that support that as-
sertion are as follows:

1. The probability of a successful transfer of an antibiot-
ic resistance gene to a bacterium is very low. Estimates 
from laboratory experiments place the probability at 
anywhere from 1 in 1010 to 1 in1024.

2. Resistance genes for the antibiotics kanamycin and am-
picillin, the most commonly used marker genes, are al-
ready widespread in organisms that cause diseases. For 
example, laboratory tests on people not taking antibiot-
ics showed that in 60 per cent of cases, more than 10 
per cent of bacteria had resistance to at least one type 
of antibiotic. Soil tests confirmed that antibiotic resistant 
bacteria, particularly kanamycin resistant bacteria, are 
widespread in nature.

3. Kanamycin is now rarely prescribed in human medicine. 
Ampicillin is still used to treat certain infections, but 
since resistance is so widespread, treatment is usually 
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combined with substances (e.g., beta-lactamase inhibi-
tors), which take away the effect of the resistance genes.

4. Whenever we eat fruits and vegetables, we are eating 
antibiotic resistant microorganisms from the soil. This 
has no known negative effects.

On the same subject, in 2004, a committee of experts from 
the European Food Safety Authority (EFSA) presented 
a technical study that concluded that a general prohibi-
tion on the use of antibiotic resistance marker genes was 
not justified. However, after considering certain assess-
ment criteria with respect to those genes, including the 
medical importance of antibiotics and the distribution of 
micro-organisms that already naturally possess resistant 
genes, the EFSA suggested that antibiotic-resistant genes 
be classified into three groups: the first consists those an-
tibiotic-resistant genes that can be used unrestrictedly in 
the generation of GM plants, e.g., kanamycin; the second 
group comprises those genes that should not be used in 
the generation of GM plants because they confer resis-
tance to antibiotics used in veterinary or human medicine 
for the treatment of specific infections (resistance to am-
picillin falls into this group); and the third group includes 
marker genes whose use is not permitted for any reason, 
because they confer resistance to antibiotics that are high-
ly specific and efficient, particularly in human medicine 
and, therefore, their effectiveness should not be made un-
certain (e.g. nptIII-type genes that confer resistance to ami-
kacin) (EFSA 2004). 

3.3.2. Transgenic drought-tolerant soybean

The first generation of transgenic events in soybean has 
focused on facilitating the agronomic management of the 
crop. However, the drought conditions and high tempera-
tures recorded over the past several years, which became 
more acute in the most recent crop year in certain regions 
of the globe (Sternberg 2011), including the soybean-pro-
ducing regions of Argentina, the south of Brazil, Paraguay, 
and Uruguay (Agrodigital 2012), justify the incorporation of 
GM drought-tolerant soybean. Following is a brief techni-
cal description of the genetic basis of this characteristic and 
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certain advances made on the topic. Discussion of the im-
pact of GM drought-tolerant soybean is presented in greater 
detail in sections 5.4 and 7.

In agriculture, tolerance to drought or water stress means 
the ability of a plant or crop to produce an economic prod-
uct with minimum loss in an environment where insuf-
ficient water is available. It is also a complex characteristic 
that, according to some estimates, involves at least 60 
genes (ACB 2007), whose expression depends on the ac-
tion and interaction of various characteristics, e.g.: mor-
phological features (precocity, reduced foliar area, curling 
of the leaf blade, wax content, awns, root system, reduced 
tillering, stability in production); physiological factors (re-
duced transpiration, high efficiency in water use, stomatal 
closure and osmotic adjustment); and biochemical aspects 
(accumulation of proline, polyamines, trehalose, etc., in-
creases in nitrate reductase and in the storing of carbohy-
drates) (Mitra 2001).

Although there are reports of the conventional generation of 
new materials from different drought-tolerant species (sor-
ghum and cotton, Rosenow et al. 1983; cassava, El-Sharkawy 
1993), the reality is that traditional improvement has not 
made significant strides in releasing commercial crop variet-
ies, especially soybean (Goldman et al. 1989), Sloane et al. 
1990, Oya et al. 2004) that are highly drought tolerant. The 
complex nature of drought tolerance limits management 
using conventional plant breeding methods (Mitra 2001). 
However, thanks to biotechnology, hundreds of water stress 
induced genes have been identified and genetic engineering 
has been used to introduce them into other plants, mainly 
in model species (tobacco and Arabidopsis), but in some cas-
es they have been tested in species of commercial interest, 
like soybean, wheat and maize.

Recently, transgenic plants have been generated that ex-
press characteristics of various types of structural and regu-
latory genes that are related to water stress and that come 
from various organisms (Manavalan et al. 2009). Examples 
of structural genes are those involved in the bio-synthesis of 
proline (P5CS gene, which codes for pyrroline-5-carboxylate 
synthetase; Kavi Kishor et al. 1995), glycine betaine (betA 
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and betB genes for choline dehydrogenase and betaine alde-
hyde dehydrogenase), fructan (SacB gene for levansucrase), 
mannitol inositol (MT1 gene for myo-inositol O-methyl-
transferase, Sheveleva et al. 1997), trehalose (TPS1 gene for 
trehalose-6-phosphate synthetase; Holmstrom et al. 1996, 
Romero et al. 1997), etc. Within the regulatory genes as-
sociated with water stress, there are zinc finger proteins, 
NAC transcription factors, and DREB factors (Dehydration-
Responsive Element Binding).

Results of experiments in genetic soybean transformation 
with DREB genes from Arabidopsis thaliana have been pub-
lished (Anderson 2010). The resulting plants lost less foliage 
and resisted drought conditions created in the laboratory for 
15-30 days more than their non-transgenic equivalents.

In 2010, the patent was reported (Chan et al. 2010) for the 
generation of drought-tolerant transgenic soybean through 
the introduction of a modified version of the HAHB4 gene, 
a sunflower (Helianthus annuus) transcription factor, which 
triggers a domino-type global response to various conditions 
of environmental stress, such as water and salt stress and 
the attack of herbivorous insects. The GM soybean plants 
obtained by inserting the gene in question showed salt tol-
erance and an increase in productivity (of more than ten 
per cent) under moderate drought conditions (Chan et al. 
2010). Thus, with a significant technological breakthrough 
Argentina has become an innovator with regard to trans-
genic soybean seed, and not just an importer, even though 
the modified seed is not yet being marketed with this event.

On the other hand, Pei et al. (1998) demonstrated that in 
Arabidopsis thaliana the loss of the function of the beta sub-
unit (ERA1) of the farnesyltransferase (FT) enzyme resulted 
in a phenotype hypersensitive to abscisic acid (ABA) and, 
consequently, the plants tolerated drought. In this way, the 
alpha or beta subunit of the FT was manipulated to alter the 
expression and activity of the FT enzyme, and the gene was 
used to effect a genetic transformation of several species, 
including soybean, maize, and brassica (Huang et al. 2010). 
Maize MON-87460 was generated based on this principle; 
it has been deregulated by APHIS (APHIS 2011) and is ex-
pected to be used commercially in the United States for the 
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2012-2013 crop year. Thus, it seems that it is only a matter 
of time and a formality before drought-tolerant soybean be-
comes commercially available.

Although mention has been made of several of the mecha-
nisms that have been studied for their ability to adapt crops 
to water stress, including some already patented to gener-
ate GM drought-tolerant soybean plants (Huang et al. 2010), 
the complex nature of the characteristic means that the op-
tions for obtaining new commercial soybean materials will 
be many and varied (Manavalan et al. 2009). More research 
on different aspects will be needed, such as (i) implementa-
tion of marker-assisted selection programs for the identifi-
cation and selection of drought-tolerant soybean materials; 
(ii) bio-prospection of biological diversity focused on this 
characteristic; and, (iii) identification, isolation and char-
acterization of multiple genes simultaneously, for example, 
through the use of sequencing, functional genomics and 
bioinformatics (IICA and PROCISUR 2010) in order to be 
able to incorporate them into crops using traditional plant 
breeding techniques or transgenesis. The decision as to the 
technological route to be taken depends, in the final anal-
ysis, on the drought, since the more severe it is (in time 
and intensity), the greater the pressure to make recourse 
to quick, effective options. Accordingly, biotechnology in 
general, and transgenesis in particular, will become indis-
pensable tools for meeting the need to generate varieties of 
drought-tolerant soybean.
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So far, this study has presented analytical data that support 
the view that the use of GM-GR soybean generates benefits 
where production is concerned. For this to have been possi-
ble, however, regulatory biosafety frameworks were required 
to safeguard human health, the environment and biodiver-
sity, while not standing in the way of trade (CAS and IICA 
2010). Following is a summary of the regulatory frameworks 
of the four countries discussed in this study. It is based on 
the document entitled Regulatory Biosafety Frameworks and 
Situation of Commercial Approvals of Genetically Modified 
Organisms in the countries that are members of the Consejo 
Agropecuario del Sur-CAS (Southern Agricultural Council) 
(CAS and IICA 2010).

Argentina, Brazil, Paraguay, and Uruguay are all members of 
the CAS, along with Bolivia and Chile. The CAS countries 
face the challenge of contributing significantly to regional 
and global food production. Over the last 16 years, GM crops 
have become a key tool for achieving that objective.

Argentina, Brazil, Bolivia, Paraguay, and Uruguay al-
low the planting and cultivation of GM soybean; in other 
words, farmers are authorized to market it, which means 

Importance of regulation 
for GM soybean

Chapter 4
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that the sowing, processing, and human and animal con-
sumption of the crop are permitted. To reach this stage, 
they had to devise and implement clear legal and in-
stitutional frameworks. The regulatory frameworks in 
Argentina, Brazil, Paraguay, and Uruguay are designed 
to ensure that GMOs released into the environment, ei-
ther for commercial planting, human or animal nutrition, 
seed production or research are safe for the ecosystem 
and for human and animal consumption. The policies in 
Argentina, Brazil, and Uruguay also provide for studies to 
be conducted on the advisability of making certain GMOs 
commercially available (CAS and IICA 2010).

Although the policies governing the authorization of the mar-
keting of GMOs vary from country to country, it is clear that 
the scale and productivity of soybean cultivation has grown 
so significantly in the four countries thanks to their efforts to 
develop and maintain their CTNBio (Table 4.1). It is equally 
clear that GM soybean cultivation in each country has been 
subject to rigorous analysis (UN 2012).

To generate a transgenic crop, the genes of interest and 
the transformation and regeneration system are required. 
Once the plants are obtained, it is essential to conduct mo-
lecular tests to detect the presence and expression of the 
transgenes introduced. Before they can be marketed, GM 
plants must undergo rigorous biosafety tests to analyze 
numerous parameters and thus guarantee that they pres-
ent no risk to human health or the environment, among 
many other aspects. After the tests have been completed, 
a file is prepared and submitted to the respective CTNBio 
so the commission’s experts can conduct risk assessments, 
produce impact estimates, and give a technical opinion as 
to the desirability of authorizing the commercial release of 
a GM event or crop. Once the product reaches the farm, 
the crop is planted and grown using the technology pack-
age that comes with the seed. There is no question that 
GM-HR soybean makes management easier, but the crop 
still requires careful attention.
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Table 4.1. Regulatory framework governing GM soybean cultivation
in the four countries analyzed in this study

Source: Based on CAS and IICA 2010.

* Comisión Nacional Asesora de Biotecnología Agropecuaria
** Comisión Técnica Nacional de Bioseguridad
*** Comisión de Bioseguridad
**** Institutional Coordination Committee

Country Argentina Brazil Paraguay Uruguay

A.  GMO policy framework

Specific biosafety law X

Specific standards for GMOs for 
agricultural use

X X X

Institutional framework X X X X

UPOV Convention (1978 Act) Approved Approved Approved Approved

Cartagena Protocol Signed Ratified Ratified Ratified

B.  Characteristics of the Biosafety Commission

Acronym CONABIA* CTNBio** COMBIO*** CAI****

Inter-institutional X X X X

Public sector X X X X

Private sector X

Researchers X X X X

Civil society X

Multidisciplinary X X X X

Advisory X X X X

Consultative X X X X

Deliberative X X

Institutions involved 17 27 13 9

C. Evaluation criteria used in granting approval to market GMOs

Possible negative effects for the environment X X X X

Possibility of negative effects for hu-
man health

X X X X

Competence of the applicant X X X

Biological characteristics of the organism X X X X

Genetic stability X X X X

Molecular mechanism through which 
the phenotype is expressed

X X X X

Sexually compatible species X X X X
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The Cartagena Protocol on Biosafety (CPB) is a legally bind-
ing instrument signed as a supplement to the Convention 
on Biological Diversity (CBD). Its purpose is to help ensure 
an adequate level of protection in the field of the safe trans-
fer, handling, and use of living modified organisms (LMOs, a 
synonym for transgenics) that may have adverse effects on 
the conservation and sustainable use of biodiversity, focusing 
specifically on transboundary movements (exports/imports). 
The protocol entered into force in 2003 and to date has been 
ratified by 163 countries (UN 2012. http://bch.cbd.int/data-
base/attachment/?id=10694). 

Its ultimate objective is to equip the countries to assess 
the risks and benefits of agro-biotechnologies, in line with 
their own interests and sovereignty, giving them sufficient 
flexibility to create the legislation or mechanisms they 
need to meet their obligations under the protocol. In that 
sense, implementation of the CBD depends largely on the 
creation of capabilities in the country concerned and on 
the regulatory framework.

The rules and instruments provided for in the agreement in-
clude the requirement that a risk assessment be carried out 
prior to the making of decisions on LMOs, the Advance In-
formed Agreement procedure for the first importation of an 
LMO, the identification of shipments that contain or may 
contain LMOs, and the permanent exchange of informa-
tion and legislation currently in force on LMOs among the 
competent authorities of the countries through the Biosafety 
Clearing-House (BCH).

Two of the issues currently being discussed under the CPB 
warrant special mention. The first concerns the guidelines re-
lated to risk analysis procedures, whose purpose is to comple-
ment the technical guidelines and criteria approved by the 
parties to the Protocol, specifically in Annex III. The other 
point is the discussion of socioeconomic aspects as factors in 
decision-making related to the authorization of activities in-
volving LMOs.

Another important development was the approval, in Octo-
ber 2010, of the text of the Supplementary Protocol on Liabil-
ity and Redress for damage resulting from the transboundary 
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movement of LMOs, facilitated by Article 27 of the CPB. This 
new instrument, which is linked to the first, is designed to es-
tablish harmonized standards and procedures on liability and 
redress for damage resulting from the transboundary move-
ment of LMOs. Basically, it establishes the administrative ap-
proach for addressing response measures, guidelines on the 
criteria to be adopted in each country for civil liability, and 
the direct recognition of the need for signatories to establish 
financial security mechanisms. Three countries have ratified 
this supplementary protocol so far (UN 2012, http://bch.cbd.
int/database/attachment/?id=11064). 

To date, 163 countries have ratified the CPB, including Bra-
zil and Uruguay, two of the countries considered in this 
study. The fact that, although the CPB has been in force since 
September 11, 2003, important issues are still being negotiat-
ed is a matter of special concern for the developing countries 
and exporters, such as those considered in this study.

A number of other concerns exist, such as LLP (low level 
presence), coexistence and labeling that, depending on their 
implementation, could have a major impact on trade in com-
modities (and their byproducts) produced using GM seeds.
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Agriculture is an essential activity for food production. It 
does, however, have a considerable environmental impact, 
including GHG emissions, deforestation, loss of biodiversity, 
changes in soil use, high fresh water consumption, and the 
eutrophication of water sources (Baumert et al. 2005).

A recent report from the OECD (2012) states that natu-
ral systems have “tipping points” beyond which damage 
becomes irreversible (for example, species loss, climate 
change, groundwater depletion, and soil deterioration), 
and the environmental, social and economic consequenc-
es of crossing those thresholds are not fully understood. To 
reduce those negative impacts as much as possible, agri-
culture must generate and make use of various technolo-
gies to meet the growing demand for food for a burgeoning 
population (both larger quantities and better quality). 
Given the importance of soybean for global agriculture, 
this section offers a brief analysis of the positive and nega-
tive impacts of the technology package for both conven-
tional and GM soybean cultivation in the four countries 
considered in the study.

Comparative 
environmental analysis

Chapter 5
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5.1. Soybean, change in soil use and direct 
seeding

GM and conventional soybean are monocultures and in or-
der to grow them in Argentina, Brazil, Paraguay, Uruguay, 
as in other regions of the world, it was necessary to clear 
wild ecosystems for which, at the time, the population ei-
ther had no specific use or utilized for other production 
activities, such as livestock farming. It should be remem-
bered that in the 1980s, environmental services were not 
taken into account.

A major consequence of the land clearance that took place 
was a change in soil use, which was not always based on the 
aptitude of the soil. Under current conditions, a change in 
soil use must take into account how the land was cleared. 
If the slash and burn system was used, the environmental 
deterioration must have been high, given its contribution to 
GHG emissions. It should be noted that the regulations cur-
rently in force in the countries specify the methods that may 
be used to prepare land for soybean cultivation (Trigo 2011), 
unlike the situation that prevailed in the 1970s, 1980s and 
part of the 1990s.

Furthermore, the agricultural practices employed when 
soybean cultivation on the grasslands first began involved 
plowing, which had negative consequences for the struc-
ture and function of the soils (Ferreras et al. 2007). In fact, 
there are numerous reports and diagnostic studies for al-
most all the soybean-producing areas of the countries of 
the region that show, in quantitative terms, the process of 
degradation that the soils and production environments 
have suffered and continue to suffer (Ramírez et al. 2006). 
In addition, a considerable amount of CO2 was produced as 
a result of the release of carbon stored in the soil (Álvarez 
2006) and the fuel expended in associated activities, since 
it is estimated that the tilling of the soil contributes 5.2 per 
cent of GHG emissions (Calegari 2001, Baumeri et al. 2006). 
Clearly, if the system of plowing had continued to be used 
and technological alternatives had not appeared and been 
introduced, the soils of vast production areas would have 
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been degraded and new areas would have had to be sought 
and adapted to achieve the area under cultivation that ex-
ists today. It would have been difficult to match current 
yields, of course. However, the soil degradation in certain 
areas of Argentina, Brazil, Paraguay, and Uruguay has been 
checked and even reversed as a result of the introduction 
and widespread use of the technology package described in 
this document (Aapresid 2012).

It should be noted that in estimating the global net effect of 
the GHG emissions generated by agricultural intensification 
between 1961 and 2005, Burney et al. (2010) found that 
while emissions from factors such as fertilizer production 
and application increased during that period, the net ef-
fect of high yields avoided emissions of up to 161 gigatons 
of carbon (GtC) (590 GtCO2e). The same authors estimat-
ed that each USD invested in agricultural yields resulted 
in 68 fewer kgC (290 KgCO2e, i.e., USD14.74/tC or USD4/
tCO2e), avoiding approximately 3.6 GtC (or 13.1 GtCO2e) 
per year. Consequently, investment in yield improvements 
makes a direct contribution to strategies aimed at climate 
change mitigation. 

The accumulation of organic carbon in the soil depends 
basically on the incorporation of stubble that the gra-
mineae generate (Moron 2001, Álvarez et al. 2004). For 
example, single-crop soybean generates negative carbon 
balances (Álvarez 2006, Galantini and Suñer 2008), be-
cause, like all legumes, it has a low carbon to nitrogen 
ratio (30C:1N). Therefore, the higher the percentage of 
high-yield gramineae incorporated into the production 
system, the larger the carbon balance, since grasses have 
a ratio of 80C:1N. Thus, the system of soybean rotated 
with gramineae (maize-II, wheat-II) becomes an efficient 
system for improving the carbon balance with the plant-
ing of soybean (Rovea 2012), which is why crop rotation 
should be promoted.

There are areas that, because of their soil and climatic 
characteristics, are suffering the effects of water erosion 
despite a system of direct seeding being used, because of 
a failure to rotate soybean with gramineae (Rodolfo Gil, 
personal communication, mentioned in Rovea 2012). 
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Although each country is different (Table 5.1), the aver-
age ratio of soybean to maize for the region as a whole is 
2.56:1, that is, 2.56 hectares of soybean are planted for 
each hectare of maize. With this ratio, the carbon balance 
is negative. There are areas where the gap is smaller and 
the carbon balances are more stable or slightly negative 
(Álvarez 2006).

Table 5.1. Comparison between countries of the ratio of the area 
planted with soybean to the area sown with maize, wheat, or 

wheat and maize

Country

Ratio of area under cultivation

Soybean/maize Soybean/wheat
Soybean/

maize+wheat

Argentina 4.65/1.0 5.55/1.0 2.53/1.0

Brazil 1.81/1.0 10.92/1.0 1.55/1.0

Paraguay 4.74/1.0 4.97/1.0 2.26/1.0

Uruguay 7.81/1.0 1.24/1.0 1.07/1.0

Region 2.56/1.0 6.79/1.0 1.86/1.0

Source: Rovea 2012, based on data from the Ministry of Agriculture, Livestock 
and Fisheries of Argentina, the Ministry of Livestock, Agriculture and Fisheries 
of Uruguay, the Ministry of Agriculture and Livestock of Paraguay and the 
Companhia Nacional de Abastecimento of Brazil.

It has been estimated that zero tillage uses 40-45 per cent less 
energy (fuel) for pre-harvest activities than traditional tillage 
systems (Aapresid 2012). Therefore, direct seeding is a highly 
important alternative for intensive soybean cultivation, and 
an environmentally-friendly practice that contributes to glob-
al climate change mitigation by reducing the net GHG emis-
sions released into the atmosphere (Martino 2001a, Álvarez 
2006, Burney et al. 2010) and conserving the soil’s physical 
characteristics (Martino 2001b).

However, as mentioned earlier, optimum fertilization re-
gimes must be established to prevent impoverishment of the 
soil due to the intensity of production. The regimes should 
take into account the sources, dose and frequency of applica-
tions of nitrogen, phosphorous and sulfur (section 3.1). In 
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experiments on the effects of fertilization, it has been found 
that inorganic fertilization (with nitrogen, phosphorus, sul-
fur, and micronutrients) increases soil fertility and glomalin 
content, an indicator of the presence of more microbes and 
microbial activity in the soil (Grumber et al. 2012). In addi-
tion, microbial communities in soils with balanced fertiliza-
tion seem to be more active in the use of carbon substrates 
(Conforto et al. 2012). Similarly, studies to evaluate soil mi-
crobiota on plots that have been under cultivation for ten 
years, subjected to different nutrient regimes (witness, P+S, 
N+S, N+P, N+P+S and N+P+S+micro) and under a crop rota-
tion system of maize-wheat/soybean-II have demonstrated, 
for example, that populations of Trichoderma increase when 
soybean is fertilized and combined with another crop in a 
rotation system (Meriles et al. 2009).

Since the era of the Green Revolution, agriculture has tend-
ed to use nitrogen-based fertilizers to maximize production 
by improving the nitrogen content in the soil. The environ-
mental cost is very high, however, as it has been estimated 
that agriculture contributes close to 80 per cent of the total 
amount of nitrogen released into the atmosphere in the form 
of nitrous oxide (Baumert 2005). In addition, industrial ni-
trogen fixation calls for the use of 50 per cent of the fuel used 
in the mechanization of agriculture. Moreover, the run-off 
(or washing) of nutrients that are carried into rivers and seas 
is responsible for the eutrophication (enrichment of water) of 
ecosystems. In the face of this situation, soybean cultivation 
plays a positive role: because it is a legume, it establishes a 
symbiosis with nitrogen-fixing bacteria, with the consequent 
reduction in the need to use nitrogen-based fertilizers. Thus, 
soybean cultivation does more to reduce nitrous oxide emis-
sions into the atmosphere than other crops (Bindraban et al. 
2009, James 2010).

Apart from the environmental benefit (Foloni 2001, Cale-
gari 2001, García and Fabrizzi 2001), biological nitrogen 
fixation in soybean has become an attractive business for 
companies producing bio-inputs (Engormix 2012). That 
also opens up the possibility of more active use being 
made of the microorganism collections of the different na-
tional institutions (a brief list of institutions may be found 
on the page of the Asociación Argentina de Microbiología - 
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http://www.aam.org.ar). The market offers strains of 
Rhizobium, Bradyrhizobium, and Sinorhizobium whose per-
formance varies in different edaphic environments. In this 
way, soybean cultivation is becoming a major consumer of 
bio-inputs, demonstrating the complementarity of clean 
and chemical technologies for production systems, regard-
less of whether conventional or transgenic seeds are used 
(Bindraban et al. 2009).

5.2. Monoculture of soybean and its impact on 
biodiversity

As with any other monoculture (maize, rice, cotton, etc.), 
soybean cultivation has inevitably altered biodiversity due 
to the replacement of the (not necessarily wild) flora and 
fauna that lived there by a single species. Although no 
studies appear to have been conducted on the scale of the 
loss of plant and animal species in the ecosystems of the 
four countries and it is highly likely that no descriptions 
exist of the possible change in the dynamics of microbial 
biodiversity, it is safe to infer that, given the environmen-
tal conditions (soil, water, climate, solar radiation, etc.), 
the ecosystems of most of the areas (cerrados, pampas 
and prairies, mainly) where soybean is currently grown 
have a relatively low diversity of species, although not 
necessarily a small number of plants per species (Myers 
et al. 2000).

With regard to the impact of soybean on biodiversity, it 
has been demonstrated that direct seeding per se has a 
positive influence on increasing soil biota (Colozzi Filho 
et al. 2001). However, soybean grown from convention-
al seed requires a considerable range of broad-spectrum 
biocides (herbicides, fungicides, and insecticides) that can 
affect not only weeds but also other forms of life, particu-
larly beneficial microorganisms and insects. In addition, 
these compounds must be applied regularly and in specific 
doses established through prior tests, but not necessarily 
by the producers following technical recommendations. 
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A conventional soybean crop may require between eight 
and twelve applications of agrochemicals (particularly 
glyphosate, 2,4-D, metolachlor, diclosulam and haloxyfop 
methyl) per production cycle (Rovea 2012). Obviously, 
the larger the quantity and variety of biocides applied, the 
greater the contamination of soil, water and air, and the 
undesirable and unpredictable biological resistance pro-
cesses triggered.

GM-HR soybean crops are based on the predominant use of 
glyphosate (in the Southern Cone) or glufosinate ammonium 
(in other parts of the world). GM soybean cultivation may re-
quire four to six applications of agrochemicals, with the her-
bicide being applied a maximum of three times (Rovea 2012). 
At present, glyphosate is produced by numerous companies, 
because the patent expired in 2000. Given their positive ef-
fect for weed control, little residual activity, relatively low 
toxicity, wide availability, and lower prices, these herbicides 
have become popular and the volume of use in the agricul-
tural sector has increased. 

The fact that the volumes of glyphosate and glufosinate-
ammonium produced have increased year after year should 
not be regarded as running counter to the idea of transgen-
esis generating “clean” benefits, since the two herbicides 
are used for both conventional and transgenic soybean 
(Brookes and Barfoot 2011). In addition, the use of glypho-
sate in activities that are the subject of a major public de-
bate–for example, in the chemical eradication of illicit crops 
in other parts of the globe–has led to its importance being 
undervalued and demonized in the agricultural sector, and 
its contribution to reducing environmental degradation is 
not considered. Clearly, the application of any synthetic 
substance to the environment has an impact; however, an 
objective evaluation of the cost/benefit ratio needs to be 
carried out, since in the case of the application of glypho-
sate and glufosinate in both conventional and GM soybean 
crops, the benefit is obvious (Snoo et al. 2001 and 2005). 
Glyphosate and glufosinate-ammonium are compounds 
whose impact on the environment is definitely less nega-
tive than that of equivalent synthetic herbicides, provided 
they are used properly.
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5.3.  Environmental advantages of GM soybean

As has been shown throughout this document, the de-
velopment of soybean cultivation in Argentina, Brazil, 
Paraguay, and Uruguay is based on the implementation 
of a technology package that involves direct seeding and 
the use of GM seeds. When both conditions are present, 
higher yields and economic returns are obtained, and the 
negative impact on the environment is reduced (Table 5.2, 
James 2010).

Table 5.2. Comparison of the environmental impact of
conventional and GM soybean cultivation

Note: Traditional crops are those in which direct seeding is not used. In conventional 
crops, minimum tillage is used, while GM-GR crops involve the use of direct seeding and 
transgenic seed.
Source: Rovea 2012.

Type of soybean cultivation

Characteristic Traditional Conventional GM-GR

Use of direct seeding No Yes Yes

Conservation of physical soil characteristics None High High

Practice of fertilization with P and S No Yes Yes

Biological N fixation Medium High High

Impact on microbiota in the soil Negative Positive Positive

GHG emissions (CO2, N2O) High Medium Low

Weed management High Medium Low

Efficiency input vs. yield Low Medium-high High

Use of glyphosate No Yes Yes

Use of other herbicides Low-me-
dium

Medium Low

Contamination of soil, air and water sources Very high Medium Low
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5.4. Drought tolerance in soybean

Tackling drought and using water efficiently have become in-
creasingly important priorities because of the visible effects of 
the prolonged extreme drought and the higher temperatures 
across the region that also have a global impact (Sternberg 
2011). Drought clearly undermines food security (FAO 2011), 
the economy (Cristaldo 2012) and the stability of countries 
(Catarious and Espach 2009).

Both conventional and GM-HR soybean crops have been 
severely affected by low rainfall over the last five years, es-
pecially during the 2008-2009 and 2011-2012 crop years. 
The situation has been dramatic in the soybean-producing 
areas of Argentina, Brazil, Paraguay, and Uruguay, especial-
ly during the 2011-2012 crop year (Agrodigital 2012), as a 
result of the presence of La Niña (DNM and UR 2011, SMN 
2012, DISME/INMET and CPPMet/UFPEL 2012, Pasten and 
Vásquez 2012). On the other hand, climate simulation stud-
ies estimate that an increase in mean temperature in the 
soybean-producing areas of Brazil could result in the loss of 
64 per cent of those areas (Eduardo Assad, EMBRAPA, ac-
cording to Samora, no date).

The lack of rainfall at the end of 2011 and in early 2012 in 
Argentina reduced soybean yields by 30 per cent (Agrodigi-
tal 2012). According to estimates by the Consorcios Regio-
nales de Experimentación Agrícola (CREA), the expected 
yield at the time of planting was 3545 kg/hectare, and in 
February that figure was only 2523 kg/hectare. However, 
the yield will not be as low as that recorded in the 2008-
2009 crop year, which was 1800 kg/hectare (50 per cent less 
than the estimated figure at the time of planting). In Para-
guay, producers estimate that they will harvest 45 per cent 
less soybean in 2012 than in the previous year (Cristaldo 
2012). The impact will be so great that there will probably 
be a fall in Gross Domestic Product (GDP) and in the coun-
try’s monetary reserves.

Droughts will continue. They may last for longer periods, 
which would lead to downturns in world food production 
and affect markets and prices. In the face of this scenario, 
the various bodies involved in technology generation and 
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transfer must provide a prompt response to make it pos-
sible to mitigate the effects of this manifestation of climate 
change and adapt agriculture to the new conditions. For ex-
ample, irrigation technology will have to be implemented in 
areas where it is needed, which will call for investment. At 
the agronomic level, practices that permit better use of wa-
ter and biotechnology will have to be employed, drawing on 
all the tools offered by the latter (Rocha 2011), to expedite 
the generation of drought-tolerant varieties. Thus, genetic 
modification will not be the only solution to drought but 
will certainly form part of an array of efficient tools avail-
able for the conservation of the environment, the use of 
marginal areas, and the adaptation of agriculture to climate 
change. A technology package based on GM-HR drought-
tolerant soybean, and not only GM-HR soybean, may be 
used in the near future.

It is likely that in coming years there will be new transgen-
ic events of interest for the primary stage of cultivation, 
such as those related to salinity tolerance, nitrogen fixa-
tion and the efficient absorption of other nutrients. There 
is also expected to be a move towards the generation of 
GM plants with characteristics of greater interest to the 
end user (food consumers, various industries, etc), such 
as those associated with the enriched composition of oils 
for industrial purposes (e.g., for the biodiesel industry), or 
the food industry (materials with a higher unsaturated fat 
content or with molecules that are more stable towards 
temperature or hydrogenation processes, etc.). In any 
event, all of those characteristics will be a response to not 
only the immediate needs of the end consumer, but also 
to the pressure imposed by climate change, which calls 
for the application of clean and environmentally-friendly 
methodologies and processes.
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As already noted (Chapter 2), in the countries studied the 
area planted with soybean has increased steadily since the 
1970s. The expansion of the area under cultivation in rela-
tion to other extensive agricultural crops also shows an in-
crease in the use of this oilseed in crop rotations (Figure 6.1). 
This chapter compares the costs and production of soybean in 
the countries concerned.

Cost Analysis:  
Comparison of the evolution 
of production and the costs 

of transgenic and conventional 
soybean cultivation

Chapter 6
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Figura 6.1. Evolution of the area planted with soybean in relation 
to other extensive agricultural crops in Argentina, Brazil, Paraguay, 

and Uruguay, from the 1980-1981 to the 2009-2010 crop year

Note: The darker the color, the larger the area planted with soybean.

Source: Del Río 2012, based on reports from the Companhia Nacional de 
Abastecimento (CONAB) of Brazil, the Ministry of Livestock, Agriculture 
and Fisheries of Uruguay, the Ministry of Agriculture, Livestock and Fisheries 
of Argentina, the Ministry of Agriculture and Livestock of Paraguay, and the 
Instituto de Biotecnología  Agrícola (Inbio) of Paraguay. 
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6.1. Argentina

In Argentina, the provinces of Buenos Aires, Santa Fe and Cordoba, 
which make up the central region referred to as the zona núcleo, 
account for most of the country’s soybean production (Figure 6.2).

Figure 6.2. Soybean production in Argentina in the 2010-2011 crop year

P = Production (thousands of tons)
A = Area under cultivation (thousands of hectares)
Y = Yield (tons per hectare)

Source: MAGyP. Taken from Del Río 2012.

In the 2010-2011 crop year, the province of Buenos Aires led 
the country in area cultivated with soybean–5.9 million hecta-
res–followed by Cordoba and Santa Fe (5 million and 3.1 mi-
llion, respectively). The three provinces account for almost 75 
per cent of soybean production in Argentina.

The Central Region is the most traditional farming area and 
has deep soils. Chemical fertilization of the crop in the re-
gion increases year after year, thanks to the excellent re-
sults achieved and because it is the area where the greatest 
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amount of nutrients is extracted from the soil. Productivity 
in this region for the crop year under reference ranged from 
2.4-3.1 tons per hectare, substantially higher than in the 
surrounding provinces.

In Argentina, rainfall decreases from east to west, with 
precipitation concentrated in the summer months. The 
isohyets range from 1100 mm in the east to 70 mm in 
the west. While the volume of rainfall in Argentina is 
far lower than in Brazil and Paraguay, the differences 
in soybean production have to do with soil quality and 
depth, and the fact that transpiration is less because of the 
latitude involved.

6.2. Brazil

Brazil is the biggest producer of soybean in the Southern 
Common Market (Mercosur). Mato Grosso is the largest 
soybean-producing state, followed by Paraná and Rio Grande 
do Sul (Figure 6.3). Mato Grosso has more stable yields than 
the other two states, because of the regularity of its rainy sea-
son, which starts in October and ends in April. Volume ranges 
from 2200-2400 mm per annum. This rainfall pattern makes 
production highly stable and allows farmers to plant a second 
crop (maize-II).

Precipitation in the states located in the south of the coun-
try, from Paraná to Rio Grande do Sul, is lower and more 
variable. It is for that reason that the latter state has lower 
yields (Figure 6.3).

The expansion of soybean growing in Brazil began in the 
southern states and gradually moved north, mostly dri-
ven by the migration of producers. At present, Brazil pro-
duces soybean in areas where rainfall is between 1400 
mm and 2400 mm per year, although in many areas soil 
quality is a major constraint, and reflected in production 
costs and yields.
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Figure 6.3. Soybean production in Brazil 
in the 2010-2011 crop year

P = Production (thousands of tons)
A = Area under cultivation (thousands of hectares)
Y = Yield (tons per hectare)

Source: CONAB (Production estimates 2010-2011 crop year). Taken from 
Del Río (2012).

6.3. Paraguay

In Paraguay, the main soybean-producing area is in the 
southeast of the country, close to the Paraná River, a re-
gion known as the zona oriental (Figure 6.4). In this area, 
the soil is deep but chemically fragile, and water retention 
is low. As in Brazil, the soil needs to be corrected because 
of its acidity, and requires fertilizers to compensate for the 
chemical deficiencies of the soil. In Paraguay, soybean is 
produced in an area where rainfall ranges from 1600-2200 
mm per year, although in some production areas annual 
rainfall is only 1200 mm.
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Figure 6.4. Soybean production in Paraguay
in the 2010-2011 crop year

P = Production (thousands of tons)
A = Area under cultivation (thousands of hectares)
Y = Yield (tons per hectare)

Source: INBIO. Taken from Del Río (2012).

6.4. Uruguay

Soybean cultivation in Uruguay is a very recent develop-
ment, although the crop area has grown exponentially and 
producers have gradually adapted the cultivation systems 
to current technology. The soybean-producing area par ex-
cellence is located to the east of the Uruguay River (Figure 
6.5), where the soil is deep and of better quality than in the 
rest of the country. The quality of the soil decreases as you 
move east and the percentage of soil with stones or bed-
rock a few centimeters from the surface increases, making 
certain areas unproductive.
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Figure 6.5. Soybean production in Uruguay
in the 2010-2011 crop year

P = Production (thousands of tons)
A = Area under cultivation (thousands of hectares)
Y = Yield (tons per hectare)

Source: MGAP. Taken from Del Río (2012). 

The main characteristics of Uruguay’s soils are their clay to 
clay-loam texture, medium depth, low phosphorus content, 
and very marked potassium deficiencies. Notable physical 
characteristics include the low infiltration rate and the small 
quantity of water available for crops. Rainfall in the region 
where soybean is cultivated in Uruguay ranges from 900-
1100 mm per year. The rainfall pattern is more uniform in 
winter than in summer, making winter crops a better option. 
In contrast, the erratic distribution of precipitation during the 
summer months and negative balances make the production 
of summer crops a risky undertaking.

The brief description of soybean production in the four 
countries shows that the environmental and edaphological 
conditions are a constraint in numerous regions. However, 
current technology, based on a technology package ana-
lyzed in this study, has made it possible to devise production 
strategies with results that range from acceptable to highly 
efficient (Table 6.1).

Uruguay
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Table 6.1.  Productive potential and agro-ecological
characteristics of the countries

Country
Type of 
climate

Precipitation 
(mm per 

year)

Type of soil accor-
ding to predomi-

nant texture

Depth at 
which water 

is available (in 
meters)

Effective 
depth of 
roots (m)

Argentina Temperate 700-1100

Loam
Silt loam

Sandy loam
Clay

High
120-180

High
1.5 a 2.5

Brazil
Tropical to 
subtropical

1400-2400 Sandy clay
Low

70-120
High
2 a 3

Paraguay
Tropical to 
subtropical

1600-2400 Sandy clay
Low

70-120
High
2 a 3

Uruguay Temperate 900-1100
Clay loam

Clay
Low

70-100
Low

0.7 a 1

Source: Rovea 2012.

6.5. Analysis of production costs among 
 countries

Following is an analysis of the costs associated with soybean 
cultivation in the four countries (including those relating 
to agrochemicals, seeds, fertilizers and planting, applica-
tions and harvesting), as well as an analysis of marketing 
costs and a comparison of the costs of conventional and GM 
soybean cultivation.

6.5.1. Costs associated with soybean cultivation

The analysis of estimated production models for the 2010-
2011 crop year, taking exchange rates into account,2 shows 
marked regional differences in the direct production costs per 

2 Exchange rate for USD1: 4.05 pesos (Argentina), 1.67 reales (Brazil), 
 4350 guaranies (Paraguay), and 19.97 pesos (Uruguay).
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hectare (seeds, agrochemicals, fertilizers and planting, ap-
plications and harvesting). Del Río (2012) analyzed 20 sche-
matic presentations of production costs and concluded that 
they ranged from USD247 per hectare to USD614 per hectare 
(Figure 6.6, Del Río 2012).

Figure 6.6. Conventional and transgenic soybean production costs
in the different production areas of the four countries

Note: The numbers inside the circles indicate the costs in USD/hectare, based 
on production models and information supplied by the Companhia Nacional 
de Abastecimento (CONAB) of Brazil, the Empresa Brasileira de Pesquisa Agro-
pecuária (EMBRAPA), the Instituto Mato Grossense de Economia Agropecuária 
(IMEA), the Ministry of Livestock, Agriculture and Fisheries of Uruguay, the 
Ministry of Agriculture, Livestock and Fisheries of Argentina, the Asociación 
Argentina de Consorcios Regionales de Experimentación Agrícola (AACREA), 
the Ministry of Agriculture and Livestock of Paraguay, and the Instituto de Bio-
tecnología Agrícola (Inbio) of Paraguay.

Source: Del Río 2012.
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A comparison of transgenic soybean production costs 
among the countries shows that Argentina has the low-
est direct costs (USD247 to USD318 per hectare), fol-
lowed by Uruguay (USD365 to USD432 per hectare), 
Paraguay (USD471 to USD508 per hectare) and, lastly, 
Brazil, which has the highest costs (USD543 to USD614 
per hectare).

The biggest differences in direct costs (establishment of 
the crop and cost of the harvest) are related to fertilizers. 
In Argentina, it is necessary to use fertilizers in some re-
gions of the country. Uruguay has neutral soils but they 
are very deficient in P, K and S. Brazil and Paraguay have 
acid soils with very low P, K and S content. Hence, costs 
vary according to the volumes used and fertilizer prices in 
each country.

It is worth noting the contribution made to fertilization costs 
by technological developments. In the case of N, a nutrient 
in high demand, the crop is capable of assimilating 40-80 per 
cent through biological fixation. Consequently, the improve-
ment of nitrogen-fixing bacteria was a major step forward in 
obtaining acceptable to high yields and reducing production 
costs, since average inoculation costs for the crop are only 
USD3 per hectare (or 0.5 to 1.5 per cent of direct costs; Del 
Río (2012).

Thus, differences in the application of fertilizers are the 
main reason for the variation in production costs among 
the different production areas in each country and among 
countries. In the case of agrochemicals, the biggest differ-
ences in cost also have to do with the types of inputs re-
quired and, of course, the quantities applied. Finally, the 
variation in cost is also influenced by differences in the 
outlay required for the establishment of the crop, main-
tenance, and harvesting. The existence or otherwise of a 
developed market for agricultural machinery services has 
a direct bearing on the type of production system used 
(amount of capital required for machinery). The operat-
ing costs and capital expenditures involved naturally affect 
production costs (Del Río 2012).



55Comparative study of genetically modified and conventional
soybean in Argentina, Brazil, Paraguay and Uruguay

It should be noted that the difference in costs related to in-
puts has more to do with the volume than the price of the 
product. Generally speaking, the unit price of inputs is not an 
important factor in the differences in costs within and among 
countries. Cost differentials with respect to agrochemicals 
and fertilizers are mainly accounted for by the type of inputs 
used and the doses required (Del Río (2012). Although the 
prices of most inputs (measured in USD) do not vary greatly, 
there are certain exceptions, such as seed. For example the 
cost of seed in Argentina is USD0.50 to USD0.65/kg, in Brazil 
it is USD1.0 to 1.30/kg, in Paraguay it is USD1.0 to USD1.30/
kg and in Uruguay, it is USD0.60 to US0.90/kg (Del Río 2012, 
Rovea 2012).

6.5.2. Marketing costs

In addition to direct production costs, there are also sig-
nificant differences among the countries with respect to 
internal marketing costs (Figure 6.7), basically due to 
the costs involved in transporting soybean from the pro-
duction area to the port of embarkation (Del Río 2012). 
Within the four countries, grains are mainly transported 
by road; only a small percentage is transported by train or 
boat.  In Brazil, Paraguay, and Uruguay, the vast major-
ity of soybean is exported as grain, whereas in Argentina 
more than 70 per cent of production is exported in the 
form of oil and pellets, which calls for a large milling and 
processing capacity.

The price of fuel is also a factor in the differences in trans-
portation costs (Del Río 2012). However, given the different 
ways in which fuel is regulated and the fact that price varia-
tions are not always transferred to the domestic market in 
each country, an analysis of the issue is beyond the scope of 
this study.
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6.5.3. Comparison of conventional and GM 
soybean costs

The difference in direct production costs between conven-
tional soybean and transgenic soybean ranges from USD7 
to USD58 per hectare, which represents a maximum diffe-
rential of 15 per cent (Figures 6.8 and 6.9).

It should be noted that, in terms of the cost per ton pro-
duced, these differentials increase considerably in certain 
regions, since the larger volumes of GM soybean produced 
leads to economies of scale. The percentage for conventio-
nal soybean in the region as a whole is put at 3 per cent 
(Del Río 2012), rising to 8-15 per cent in certain areas, 
such as the northern region of the state of Mato Grosso.

Conventional soybean is an attractive product for certain 
market niches where there is a specialized demand for it 
for human consumption (e.g., Europe and Asia). Given the 
differential price in relation to GM soybean, it is an at-
tractive business prospect for certain specific companies. 
However, this study has shown that in order for the con-
ventional soybean production system to be profitable, a 
high degree of efficiency is required. Crop management 
needs to be much more specific, more applications of agro-
chemicals are required, and the producer has to be extre-
mely alert to know when weed control should be done. As 
noted, GM soybean cultivation may require a maximum 
of three applications of herbicide, whereas conventional 
soybean may need four to five applications, which pushes 
up costs (Rovea 2012). Labor costs are also USD10-20 per 
hectare higher than in the case of GM soybean manage-
ment. Added to the above is the need for a traceability 
process to avoid the adventitious presence of transgenic 
soybean, which also drives up costs (Del Río 2012).
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In the interviews conducted with conventional soybean produ-
cers in each country (Rovea 2012), the farmers highlighted as 
important aspects such as the strict control measures required, 
with their corresponding traceability, and the specificity of the 
product with regard to the market. At least one conventional 
soybean-producing company was interviewed in each country. 
In every case, the interviewee stated that the company filled 
market niches and employed very strict control measures, inclu-
ding traceability.

In the case of Brazil, the state that produces most conventional 
soybean is Mato Grosso, mainly in the northern region, where 
the transition to the Amazon starts. This area, where  restrictions 
on the expansion of the crop area exist (it cannot exceed 20 per 
cent), markets conventional soybean through the ports in the 
north of the country. Transgenic soybean, on the other hand, is 
transported to the ports in the south, which accounts for the di-
fference in marketing costs between the two varieties. The price 
premium for conventional soybean, because of its specialized 
use in market niches, is around USD20 per ton, whereas in the 
state of Paraná, the price is around USD6 per ton higher. In the 
latter state, a negligible  amount of conventional soybean is pro-
duced by smallholders.
 
In Paraguay, there are also cases of conventional soybean being 
sold to markets with specific requirements. The Japanese Coo-
perative of Iguazu, which exports to Japan, is a case in point. 
For example, two varieties of conventional soybean with a high 
protein content (42 per cent) fetch USD200 per ton more than 
the price quoted on the Chicago commodities market. However, 
the soybean exported must meet size requirements, so 30-40 per 
cent of production is sold at the local price. In Argentina, the 
vast majority of conventional soybean production is processed 
and sold ready for human consumption on specialized markets 
(Del Río 2012).

Rovea interviewed producers for his study in 2012. The results 
highlight the differences associated with the product, how it is 
exported, and the type of business that each company conducts, 
which helps account for the differences in costs. Conventional 
soybean is not a commodity (Del Río 2012), and each case invol-
ving this kind of crop has a different, client-specific price system. 
In general, the markets where there is a demand for this product 
are in Europe and Asia.
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As already noted, the difference in cost between conventional 
soybean and transgenic soybean is a maximum of 15 per cent, 
which is due mainly to two factors (Del Río 2012):

Figure 6.10. Trend in the price of glyphosate in Argentina
(Constant USD as at December 2011/liter of compound)

DS = Direct seeding.

Source: Based on Agroseries – AACREA.
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• The price of inputs for conventional soybean has 
not increased in recent years; in fact, the price 
has remained steady and, in some cases, fallen. 
One of the main reasons for this development is 
the fact that the patents of the active principles of 
herbicides for conventional soybean expired, tri-
ggering the manufacture of generic compounds 
in many parts of the world. Free competition 
made it possible to maintain or lower prices. 
One of the best examples of falling GM soybean 
costs is the reduction in the price of glyphosate 
(Figure 6.10).



62 Ministry of Agriculture, Livestock and Fisheries of Argentina
Inter-American Institute for Cooperation on Agriculture

While there are no consolidated statistics on the consump-
tion of this product, increased use of the compound has gone 
hand in hand with the development of GM soybean and its 
expansion in the different territories.

• The production costs of transgenic soybean are currently ex-
periencing an increase of USD25-45 per hectare because of 
the use of other herbicides in addition to glyphosate, and 
some species of weeds’ resistance to or tolerance of the com-
pound (Papa 2010). It has been suggested that the problems 
encountered in controlling certain weeds are due to poor use 
of the technology, i.e., the failure to rotate modes of action 
to prevent herbicide-resistance species from developing over 
time (Gazziero et al. 2001). The region should focus its po-
licies on the crop imbalances that have developed in some 
areas of the countries. 

Thus, the microeconomic analysis of 20 modal systems of 
soybean production in the countries studied shows the 
differences in production costs in the various regions. 
Given the characteristics of the soils and the marketing 
costs, fertilization needs largely account for the differen-
ces observed. It is also evident that, at present, the costs 
involved in producing GM and conventional soybean are 
similar (the maximum difference detected was 15 per 
cent), although the management of conventional soybean 
is more complex.

Recent studies conducted for Argentina (Trigo 2001) 
have estimated the aggregate impact of GM soybean. 
Based on a simulation model, it was estimated that the 
adoption of the technology generated an accumula-
ted gross profit of USD65.435 billion during the period 
1996-2011. The study also suggests that the estimated 
economic savings to consumers in the same period was 
approximately USD89 billion.
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What would happen if the four countries analyzed in this 
study were to cultivate only conventional soybean, pro-
duce only GM soybean, or continue to cultivate both types? 
Brazil, Argentina, Paraguay and Uruguay account for almost 
one half of world soybean production (FAO 2012), and GM 
soybean makes up roughly 90 per cent of what they pro-
duce (James 2011). A series of simulation exercises were 
carried out and the results are discussed below (Rovea 2012, 
Del Río 2012).

7.1. Effect of the absence of GM soybean 
 cultivation in the four countries

If the countries were to continue to produce the current vol-
umes of soybean and meet future demand for soybean with-
out the technology package described in this study, what 
would the economic and environmental costs be?

If the region were to cultivate only conventional soybean, 
global production would decline by 15-25 per cent (Del Río 

Analysis of 
possible scenarios

Chapter 7
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2012), basically due to less efficient weed control (Man-
ning et al. 2003). In addition, the crop area would increase 
more slowly than at present because of the difficulty of 
controlling weeds in some areas (Papa 2010). Another fac-
tor would be the cost of production, which could rise by 
7-15 per cent (Del Río 2012), without taking into account 
the operating opportunity cost involved in performing the 
work in a timely and efficient manner, or the environmen-
tal cost (Foloni 2001) associated with the release of various 
synthetic agrochemicals. 

If the region were to cease producing GM soybean complete-
ly, the cost of not allowing the presence of other transgenic 
events in the future–such as drought tolerance–would also 
have to be taken into account. The droughts that occurred in 
the 2008-2009 and 2011-2012 crop years had a serious im-
pact; the second of the two resulted in around 30 per cent of 
the GM-HR crop harvest being lost (Agrodigital 2012). If only 
conventional soybean were to be planted in a similar drought 
scenario, complete harvests would be lost, with the resulting 
economic and social consequences (Cristaldo 2012).

As noted in sections 3.2.2. and 5.4., drought resistance has 
been studied in soybean and in other species. However, 
the complexity of the characteristic (Mitra 2001) limits the 
capacity of conventional plant breeding to generate new 
varieties of soybean in a very short time. If a new, highly 
drought-tolerant soybean variety produced using conven-
tional plant breeding methods were to be made available 
today, it would undoubtedly be used on a large percentage 
of the crop area.

7.2. Effect of the presence of only GM soybean 
in the four countries

This scenario is similar to the present situation, in which 
GM soybean accounts for nearly 90 per cent of produc-
tion in the region. The use of transgenic soybean makes a 



65Comparative study of genetically modified and conventional
soybean in Argentina, Brazil, Paraguay and Uruguay

bigger contribution to the sustainability of the crop than 
conventional soybean (Brindaban et al. 2009). The down-
side would be that people who wish to consume conven-
tional soybean byproducts would not be able to do so. That 
would be a negative development, because niche market 
consumers–who pay a premium–would be denied the pos-
sibility of choosing the type of food they wish to consume, 
food produced using the methods they prefer, even though 
it is more expensive.

On the other hand, the region would continue to reap the 
benefits of GM-HR soybean highlighted throughout this doc-
ument if only that variety were to be cultivated in the region. 
However, it would be advisable to conduct an analysis of that 
situation in a drought scenario, in which GM drought-toler-
ant soybean materials are indispensable. In a severe drought 
scenario, GM-HR soybean would not be very useful, as it 
would also be impacted by the low moisture levels. Conse-
quently, it is imperative that GM soybean materials with sev-
eral events be developed and incorporated simultaneously, 
especially herbicide resistance and drought tolerance. Events 
of this kind have been reported in soybean (Chan et al. 2010, 
Huang et al. 2010), but it is not clear when these events will 
be made commercially available in the Southern Cone coun-
tries. Furthermore, at present only drought-tolerant maize is 
commercially available for the next planting season in the 
United States (APHIS 2011).

7.3. Effect of the coexistence of GM and con-
ventional soybean cultivation

This is the present situation: both GM-HR and conventional 
soybean are produced. Producers and consumers are free to 
choose the type of soybean they wish to plant and consume, 
respectively.  The percentage of cropland used for each type 
of soybean will depend on economic considerations (demand, 
prices, and the rate of return for each type).
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If the trend of severe drought events continues (Agrodigital 
2012), the effect on conventional and GM-HR soybean will 
be the same, given the harshness of the phenomenon. As 
a result, coexistence will depend, in part, on the effects of 
the drought and on the introduction of the characteristic of 
tolerance to it, either through conventional plant breeding 
or transgenesis. As already noted, as far as herbicide resis-
tance is concerned coexistence will depend on the price and 
market demand.  
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The growth in the area planted with soybean in the coun-
tries of the southern region has been driven by the crop’s 
economic value, the high demand for the product, and the 
adoption of innovative technology. This study was carried 
out in response to the expansion of soybean cultivation in 
the countries.

The use of a technology package that combines direct see-
ding, inorganic fertilization, proper use of biocides (fungi-
cides, insecticides, and herbicides), genetically modified 
herbicide-resistant soybean, and efficient mechanical har-
vesting creates a synergy that simplifies the production sys-
tem and makes it more efficient in technical, environmental, 
and economic terms.

The use of the system of direct seeding in soybean cultiva-
tion is an important means of reducing the crop’s negative 
impact on the environment. Direct seeding is a produc-
tion model that makes more efficient use of water, and 
reduces water and wind erosion and the amount of time 
during which agricultural machinery is employed. This re-
duces GHG emissions and generates savings for the pro-
ducer. Without this technique, many areas could not be 

Final considerations

Chapter 8
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used for production as the soil would be degraded very 
rapidly. The efficient use of inorganic fertilization, based 
on technical criteria, is designed to maintain a balance bet-
ween the environment and productivity. Knowledge of the 
soil nutrient balances required and their effective mana-
gement are essential in maintaining productivity. Proper 
chemical fertilization not only increases yields in areas that 
have been degraded by many years of agricultural use, but 
also makes it possible to make adjustments in areas that 
are naturally deficient so they can produce good yields. 
The correction of acid soils that contain aluminum, such as 
those found in large swathes of Brazil and Paraguay, makes 
it possible to expand production by using land not suitable 
for crops in its natural state. However, the high cost of up-
grading the soil pushes up production costs significantly in 
the two countries.

The genetic improvement of conventional materials and the 
incorporation of indeterminate growth habit into all maturity 
groups increased the plasticity of the soybean, reinforced its 
adaptation to various production systems, and increased pro-
ductivity. Nonetheless, it was the introduction of GM soybean 
that drove cultivation in the region. Although yields of GM 
and conventional soybean are the same, since the genetic 
modification of herbicide resistance does not affect the yield 
components, GM cultivation shows clear advantages in terms 
of crop management, specifically cheaper and more efficient 
weed control, mainly as a result of the permanent drop in the 
price of glyphosate and the smaller number of applications 
required in the case of GM soybean. All the above translates 
into lower production costs.

Of course, because soybean (whether conventional or trans-
genic) is grown as a monoculture and chemical agents are 
used, it is bound to have an impact on the environment. The 
use of  the technology package based on GM-HR soybean, 
which makes efficient weed control possible, is the key factor 
in reducing the negative impact on the environment, because 
there is less soil disturbance, a smaller amount of herbicide 
is used and fewer applications are required. Based on the in-
formation analyzed, GM-HR soybean has made cultivation 
more efficient, resulting in a reduced environmental impact 
without triggering any new negative environmental process. 
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Based on the results and impact achieved during more than 
15 years in use, it is fair to say that GM-HR soybean cultiva-
tion is a clean technology.

Transgenic technology in soybean cultivation paves the 
way for the incorporation of new herbicide, insecticide, and 
fungicide molecules that counteract the negative effect of 
weeds, pests, and diseases in a more precise way and with 
less damage to the environment. In addition, due to the bio-
logy of the species, there is an opportunity to develop the 
bioinoculant industry and make biological nitrogen fixation 
more efficient.

In short, the comprehensive technology package of direct 
seeding, fertilization, herbicides, and GM soybean is more 
efficient than the application of any of its components sepa-
rately. Moreover, the environmental and economic benefits 
of the technology package based on GM soybean are greater 
than those generated when the same package is applied to 
conventional soybean.

Today, we have a technology that makes it possible to produce 
with a minimum of environmental impact (less water used, 
smaller crop area, improvement of soils, and less contamina-
tion) and reverse the problem of degradation in places where 
it exists. However, a greater technological effort is needed to 
develop drought-tolerant soybean and make it available as 
quickly as possible. In the Southern Cone countries, the is-
sue under discussion should not be conventional soybean vs. 
GM-HR soybean, but rather how to solve the problem of not 
being able to produce due to severe drought. In the face of 
this challenge, transgenic technology is called upon to provi-
de an urgent and efficient response.
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 The expansion of GM soybean cultivation in Argentina, 
Brazil, Paraguay, and Uruguay, and its global importan-
ce in environmental, economic, technological, and social 
terms, were the reasons for carrying out this study, which 
was amply justified.

 GM soybean seed boosts the technology package asso-
ciated with direct seeding and fertilization used to grow 
conventional soybean. Because it is easy to manage, GM 
soybean has been widely accepted and used by producers. 
During 2011, approximately 40 million hectares were 
planted with GM soybean in the four countries. 

 GM soybean cultivation and  the technology package as-
sociated with it have had a more positive environmental 
impact than conventional soybean cultivation. To obtain 
current yields, conventional soybean would require a 
larger crop area and more tillage than GM soybean. Mo-
reover, conventional soybean causes more water, air, and 
soil contamination, due to the use of various agrochemi-
cals, and generates more GHG emissions.

Conclusions
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 The cultivation of GM soybean has generated a positi-
ve economic impact for producers and countries alike. 
At present, the direct economic costs of cultivating GM 
soybean using the technology package analyzed in this 
document are 15 per cent lower than those of conventio-
nal soybean.

 The regulatory biosafety frameworks in the four coun-
tries created the conditions required to ensure that the 
relevant study of the potential risks of this technology for 
human and animal health and for the environment were 
carried out.

 Although the genetic modifications of soybean used in the 
countries under review have been based fundamentally 
on the introduction of herbicide resistance, in the near fu-
ture the contribution of this technology will make it pos-
sible to adapt this crop to climate change, thanks to the 
availability of GM drought-tolerant soybean.



73Comparative study of genetically modified and conventional soybean 
cultivation in Argentina, Brazil, Paraguay and Uruguay

AAPRESID (Asociación Argentina de Productores en Siembra 
Directa, AR). 2012. Siembra directa (online). Accessed 
21 Mar. 2012. Available at http://www.aapresid.org.ar/
siembradirecta.asp.

ACB (African Center for Biosafety, ZA). 2007. Monsanto’s 
genetically modified drought tolerant maize in South 
Africa. Melville, ZA. 12 p.

Agrodigital. 2012. Reducciones de rendimiento entre el 30 
y el 60% en la soja y el maíz de Argentina por la se-
quía (online). Agrodigital.com. Accessed 1 Mar. 2012. 
Available at http://www.agrodigital.com/PlArtStd.
asp?CodArt=82603.

Álvarez, R. 2006. Balance de carbono en los suelos. Rafaela, 
AR, INTA, Estación Experimental Agropecuaria Rafaela. 
Información Técnica de Trigo Campaña 2006. Miscella-
neous Publication Nº 105:36-43.

________; Steinbach, H; Grigera, S. 2004. Producción de ras-
trojos por cultivos de trigo en la Pampa Ondulada. In VI 
Congreso Nacional de Trigo (2004, Bahía Blanca, AR). 
Proceedings (CD).

Anderson, Z. 2010. The summer of soybean (online). Lon-
drina, BR, 2010 Borlaug-Ruan International Intern, 
The World Food Prize, EMBRAPA Soja. Accessed 23 
Mar 2012.  Available at https://worldfoodprize.org/
documents/filelibrary/images/youth_programs/2010_
interns/AndersonZ_2010BRInternReport_BD6C-
0CF117854.pdf. 25 p.

References



74 Ministry of Agriculture, Livestock and Fisheries of Argentina
Inter-American Institute for Cooperation on Agriculture

APHIS (Animal and Plant Health Inspection Service, US). 
2011. Questions and answers: Monsanto drought tole-
rant corn - MON 87460 determination of nonregulated 
status. Factsheet December 2011. 1 p.

Baumert, KA; Herzog, T; Pershing, J. 2005. Navigating the 
numbers: greenhouse gas data and international clima-
te policy - Part II. Washington, DC, US, World Resour-
ces Institute. 122 p.

Bayer, E; Gugel, KH; Haigele, K; Hagenmaier, H; Jessipow, 
S; Konig, WA; Zahner, H. 1972. Stoffwechselproduk-
te von Mikroorganismen. Phosphinothricin und Phos-
phinothricyl-Alanyl- Alanin. Helvetica Chimica Acta 
55:224-239.

Benachour, N; Gilles, ES. 2008. Glyphosate formulations 
induce apoptosis and necrosis in human umbilical, 
embryonic, and placental cells. Chemical Research in 
Toxicology 22:97.

Benítez Palazzesi, C; Benítez Palazzesi, G. 2011. Mecanismos 
de acción de los herbicidas. Resistencia, tolerancia y cul-
tivos resistentes (online). Accessed 25 Mar. 2012. Availa-
ble at http://www.engormix.com/MA-agricultura/soja/
articulos/herbicidas-preemergentes-t3250/415-p0.htm.

Bindraban, PS; Franke, AC; Ferrar, DO; Ghersa, CM; Lotz, 
LAP; Nepomuceno, A; Smulders, MJM; Wiel, CCM 
van de. 2009. GM-related sustainability: agroecolo-
gical impacts, risks and opportunities of soy produc-
tion in Argentina and Brazil (online). Wageningen, 
NL, Plant Research International. Accessed 22 
Mar. 2012. Available at http://gmsoydebate.global-
connections.nl/sites/gmsoydebate.global-connec-
tions.nl/files/library/2009%20WUR%20Research%20
Report%20GM%20Soy.pdf. Informe 259.

Bordoli, JM. 2001. Dinámica de nutrientes y fertilización en 
siembra directa. In Díaz-Rossello, R. Siembra directa en 
el Cono Sur. Montevideo, UY, PROCISUR. p. 289-297.



75Comparative study of genetically modified and conventional
soybean in Argentina, Brazil, Paraguay and Uruguay

Bragagnolo, N. 1995. Manual integrado de prácticas conser-
vacionistas. Santiago, CL, FAO, GCP/RLA/107/JPN Re-
gional Project. 128 p.

Brookes, G; Barfoot, P. 2011. Focus on yields - Biotech crops: 
evidence of global outcomes and impacts 1996-2009 
(online). Accessed 22 Mar. 2012. Available at http://
pgeconomics.co.uk/.

Burney, JA; Davis, SJ; Lobell, DB. 2010. Greenhouse gas mi-
tigation by agricultural intensification. Proceedings of 
the National Academy of Sciences of the United States 
of America 107(26):12052-12057.

Calegari, A. 2001. Uso de abonos verdes y rotación de culti-
vos en el sistema de siembra directa. In Díaz-Rossello, 
R. Siembra directa en el Cono Sur. Montevideo, UY, 
PROCISUR. p. 365-386.

CAS (Southern Agricultural Council, CL); IICA (Inter-Ame-
rican Institute for Cooperation on Agriculture, CL). 
2010. Marcos regulatorios de bioseguridad y situación 
de las aprobaciones comerciales de organismos genéti-
camente modificados en los países del Consejo Agro-
pecuario del Sur, CAS. 2 ed. Santiago, CL, IICA, CAS, 
REDPA. 82 p.

Catarious, D; Espach, RH. 2009. Impactos de cambio climá-
tico en la seguridad nacional y regional de Colombia. 
Alexandria, US, CNA.

Chan, LR; Gonzalez, DH; Dezar, CA; Gago, G. 2010. Trans-
cription factor gene induced by water deficit conditions 
and abscisic acid from Helianthus annuus, promoter and 
transgenic plants. United States Patent No. 7,674,955 
B2; date of issue: March 9, 2010.

Christou, P; McCabe, DE; Swain, WF; Martinell, BJ. 1991. 
Particle-mediated transformation of soybean plants and 
lines. United States Patent No. 5,015,580; date of issue: 
May 14, 1991.



76 Ministry of Agriculture, Livestock and Fisheries of Argentina
Inter-American Institute for Cooperation on Agriculture

CIAFA (Cámara de la Industria Argentina de Fertilizantes y 
Agroquímicos, AR). 2012. Nuestros asociados (online). 
Accessed 23 Mar. 2012. Available at http://www.ciafa.
org.ar/asociados.htm.

Colozzi Filho, A; Souza Andrade, D de; Balota, EL. 2001. Co-
munidad microbiana en suelos en siembra directa. In 
Díaz-Rossello, R. Siembra directa en el Cono Sur. Mon-
tevideo, UY, PROCISUR. p. 407-418.

Conforto, C; Correa, OS; Rovea, A; Boxler, M; Rodríguez, S; 
Mintegulaga, J; Meriles, J; Vargas, S. 2012. Influencia 
de la fertilización inorgánica sobre la actividad micro-
biana del suelo. In Congreso Latinoamericano de la 
Ciencia del Suelo (19, 2012, Mar del Plata, AR), Con-
greso Argentino de la Ciencia del Suelo (23, 2012, Mar 
del Plata, AR). Forthcoming.

Cristaldo, D. 2012. Sequía recorta producción de soja 
en Paraguay, amenaza economía 2012 (online). 
Written by Desantis D. Reuters América Latina. 
January 10, 2012. Accessed 22 Mar. 2012. Availa-
ble at http://lta.reuters.com/article/businessNews/
idLTASIE8090HD20120110?sp=true.

Dabalá, L. 2009. Guía de la siembra directa. Montevideo, UY, 
Ministry of Livestock, Agriculture and Fisheries. 47 p.

De Ronde, JA; Cress, WA; Krüger, GHJ; Strasser, RJ; Van 
Staden, J. 2004. Photosynthetic response of transgenic 
soybean plants, containing an Arabidopsis P5CR gene, 
during heat and drought stress. Journal of Plant Physio-
logy 161(11):1211-1224.

________; Laurie, RN; Caetano, T; Greyling, MM; Kerepesi, I. 
2004. Comparative study between transgenic and non-
transgenic soybean lines proved transgenic lines to be 
more drought tolerant Euphytica 138(2):123-132.

Del Río, J. 2012. Análisis comparativo de costos de la soja 
convencional y genéticamente modificada para Ar-
gentina, Brasil, Paraguay y Uruguay. Buenos Aires, 
AR, Secretariat of Agriculture, Livestock and Fishe-
ries, IICA. Consultancy report.



77Comparative study of genetically modified and conventional
soybean in Argentina, Brazil, Paraguay and Uruguay

Dellaferra, I; Guarise, N; Amsler, A. 2007. Relevamientos 
de la maleza en cultivos de soja en sistema de siembra 
directa con glifosato en el departamento de San Justo 
(provincia de Santa Fe). Revista FAVE-Ciencias Agra-
rias 5/6(1-2):15-25.

Díaz-Rossello, R. 2001. Siembra directa en el Cono Sur. 
Montevideo, UY, PROCISUR. 450 p.

DISME/INMET (Distrito de Meteorologia/Instituto Nacio-
nal de Meteorologia, BR); CPPMet/UFPEL (Centro de 
Pesquisas e Provisões Meteorologicas/Universidade 
Federal de Pelotas, BR). 2012. Boletim climático abril-
maio-junho (2012) Estado do Rio Grande do Sul. Year 
10(3):1-6.

DNM (Dirección Nacional de Meteorología, UY); UR (Uni-
versidad de la República, UY). 2011. Perspectivas 
climáticas para el trimestre diciembre 2011-febrero 
2012 en Uruguay. 3 p.

Donn, G. 1998. Method of improving the yield of herbicide re-
sistant crop plants. United States Patent No. 5,739,082; 
date of issue: April 14, 1998.

Edmeades, GO. 2008. La tolerancia a la sequía en el maíz: 
una realidad emergente. Ithaca, NY, US, ISAAA. ISA-
AA Brief 39.

EFSA (European Food Safety Authority, IT). 2004. Opinion 
of the Scientific Panel on Genetically Modified Orga-
nisms on the use of antibiotic resistance genes as mar-
ker genes in genetically modified plants (Question N° 
EFSA-Q-2003-109) (online). The EFSA Journal 48:1-
18. Accessed 25 Mar. 2012. Available at http://www.
efsa.europa.eu/en/efsajournal/doc/48.pdf.

Ekboir, J. 2001. Sistemas de innovación y política tecnológi-
ca: siembra directa en el MERCOSUR. In Díaz-Rossello, 
R. Siembra directa en el Cono Sur. Montevideo, UY, 
PROCISUR. p. 1-18.



78 Ministry of Agriculture, Livestock and Fisheries of Argentina
Inter-American Institute for Cooperation on Agriculture

El-Sharkawy, MA. 1993. Drought-tolerant cassava for Africa, 
Asia and Latin America. BioScience 43(7):441-451.

Engormix. 2012. Compra y venta de productos y servi-
cios. Agricultura: biofertilizantes y sustratos (on-
line). Accessed 22 Mar. 2012. Available at http://
www.engormix.com/agricultura_biofertilizantes_
sustratos_s_list_prod_AGR-195.htm.

EPA (Environmental Protection Agency, US). 1993a. Glypho-
sate. R.E.D. Facts. EPA-738-F-93-011.

________. 1993b. Pesticide fact sheet glufosinate ammonium. 
{microform} : “EPA 730-F-93-007”.

FAO (Food and Agriculture Organization of the United Na-
tions, CL). 2011. Análisis del estado de la seguridad 
alimentaria y nutricional en América Latina y el Cari-
be. Boletín trimestral No. 1 (January-March) (online). 
Santiago, CL, FAO Regional Office for Latin America 
and the Caribbean. Accessed 12 Mar. 2012. Available at 
http://www.minag.gob.pe/portal/download/pdf/espe-
ciales/fao/boletin_fao_trim_01.pdf. 11 p.

________. 2012. FAOSTAT (online). Rome, IT, Statistics Divi-
sion of FAO. Accessed 10 Dec. 2011. Available at http://
faostat.fao.org/site/339/default.aspx.

Faroni, LRA; Alencar, ER; Paes, JL; Costa, AR; Roma, RCC. 
2009. Soybean storage in bag type silos (armazena-
mento de soja em silos tipo bolsa). Engenharia Agrícola 
29(1):91-100.

Ferreras, l; Magra, G; Besson, P; Kovalevski, E; García, F. 
2007. Indicadores de calidad física en suelos de la re-
gión pampeana norte de Argentina bajo siembra direc-
ta. Ciencias del Suelo (Argentina) 25(2):159-172.

Filho, AC; Andrade, D; Balota, EL. 2001. Comunidad micro-
biana en suelos en siembra directa. In Díaz-Rossello, 
R. Siembra directa en el Cono Sur. Montevideo, UY, 
PROCISUR. p. 407-418.



79Comparative study of genetically modified and conventional
soybean in Argentina, Brazil, Paraguay and Uruguay

Foloni, LL. 2001. Impacto sobre o medio ambiente plantio 
direto. In Díaz-Rossello, R. Siembra directa en el Cono 
Sur. Montevideo, UY, PROCISUR. p. 19-42.

Fontaneto, H; Keller, O. 2001. Efecto de diferentes secuencias 
de cultivos en siembra directa continua. In Díaz-Rosse-
llo, R. Siembra directa en el Cono Sur. Montevideo, UY, 
PROCISUR. p. 269-273.

Formento, N. 2004. Roya de la soja (Phakopsora pachyrhizi) 
en la mesopotamia argentina (online). 6 p. Accessed  25 
Mar. 2012.  Available at http://www.agro.uba.ar/sites/
default/files/catedras/formento.pdf.

Galantini, JA; Suñer, L. 2008. Las fracciones orgánicas del 
suelo: análisis en los suelos de la Argentina. Agriscien-
tia 25(1):41-55.

García, FO; Boxler, M; Minteguiaga, J; Pozzi, R; Firpo, L; Deza 
Marín, G; Berardo, A. 2006. La Red de Nutrición de la Re-
gión CREA Sur de Santa Fe: resultados y conclusiones de 
los primeros seis años. Buenos Aires, AR, AACREA. 32 p.

________; Fabrizzi, KP. 2001. Dinámica del nitrógeno en 
ecosistemas agrícolas: efectos de la siembra directa. In 
Díaz-Rossello, R. Siembra directa en el Cono Sur. Mon-
tevideo, UY, PROCISUR. p. 299-322.

Gazziero, DLP; Adegas, FL; Prete, CEC; Ralisch, R; Guima-
raes, MF. 2001. As plantas daninhas e a semeadura di-
reta. Londrina, BR, Embrapa soja. 59 p.

Giorda, LM; Baigorri, HEJ. 1997. El cultivo de la soja en Ar-
gentina, Capítulo 2, Ecofisiología del cultivo. Buenos 
Aires, AR, Ed. Editar.

GMO Compass. 2006. Antibiotic resistance genes: a threat? 
(online). Accessed 29 Feb. 2012. Available at http://
www.gmo-compass.org/eng/safety/human_health/46.
antibiotic_resistance_genes_threat.html.

Goldman, IL; Carter, TE; Patterson, RP. 1989. Differential ge-
notypic response to drought stress and subsoil alumi-
num in soybean. Crop Science 29(2):330-334.



80 Ministry of Agriculture, Livestock and Fisheries of Argentina
Inter-American Institute for Cooperation on Agriculture

González, D. 2012. Soja con mayor competitividad a pasos 
de ser liberada en Paraguay (online). Diario 5 días, 
Asunción, PY, Feb. 1. Accessed 1 Feb. 2012. Available 
at http://www.5dias.com.py/11677-soja-con-mayor-
competitividad-a-pasos-de-ser-liberada-en-paraguay.

Gosal, SS; Wani, SH; Kang, MS. 2009. Biotechnology and 
drought tolerance. Journal of Crop Improvement 
23(1):19-54.

Grümberg, B; Conforto, C; Pérez, C; Rovea, A; Boxler, M; Ro-
dríguez, S; Mintegulaga, J; Luna, C; Meriles, J; Vargas, 
S. 2012. La fertilización orgánica y los hongos micorrí-
cicos en el cultivo del maíz. In Congreso Latinoameri-
cano de la Ciencia del Suelo (19, Mar del Plata, AR), 
Congreso Argentino de la Ciencia del Suelo (23, Mar 
del Plata, AR). Forthcoming.

Holmstrom, KO; Mantyia, E; Welin, B; Mandal, A; Palva, ET; 
Tunnela, OE; Londesborough, J. 1996. Drought tole-
rance in tobacco. Nature 379:683-684.

Huang, Y; Chalifoux, M; Wang, Y; Kuzma, MM; Gilley, AP. 
2010. Compositions and methods of increasing stress 
tolerance in plants. United States Patent No. 7,786,354 
B2; date of issue: August 31, 1990.

IICA (Inter-American Institute for Cooperation on Agricultu-
re, UY); PROCISUR (Cooperative Program for the De-
velopment of Agrifood and Agroindustrial Technology 
in the Southern Cone, UY). 2010. LOTASSA: un puente 
entre la genómica y las pasturas del siglo XXI. Monte-
video, UY. 71 p.

ILSI Research Foundation. 2011. A review of the environ-
mental safety of the PAT protein. Washington D.C., US, 
Center for Environmental Risk Assessment, ILSI Re-
search Foundation. 21 p.

James, C. 2010. Global status of commercialized biotech/GM 
crops: 2010. Ithaca, NY, US, ISAAA. ISAAA Brief No. 
42. 279 p.



81Comparative study of genetically modified and conventional
soybean in Argentina, Brazil, Paraguay and Uruguay

________. 2011. Global status of commercialized biotech/GM 
crops: 2011. Ithaca, NY, US, ISAAA. ISAAA Brief No. 
43. 29 p.

Kantolic, AG; Carmona, MA. 2006. Bases ecofisiológicas de la 
generación de rendimiento: relación con el efecto de las 
enfermedades foliares y el uso de fungicidas en el culti-
vo de soja. Buenos Aires, AR, Facultad de Agronomía, 
Universidad de Buenos Aires. 24 p.

Kaskey, J. 2010. Monsanto will let bio-crop patents expire, 
genetically engineered soybeans will go generic, but 
woe to anyone that crosses the seed giant on new pro-
ducts (online). Bloomberg Bussinessweek Magazine. 
Jan. 2010. Accessed 12 Mar. 2012. Available at http://
www.businessweek.com/magazine/content/10_05/
b4165019364939.htm.

Kavi Kishor, PBK; Hong, Z; Miao, GH; Hu, CAA; Verma, DPS. 
1995. Overexpression of [delta]-pyrroline-5-carboxyla-
te synthetase increases proline production and confers 
osmotolerance in transgenic plants. Plant Physiology 
(108)4:1387-1394.

Manavalan, LP; Guttikonda, SK; Phan Tran, LS; Nguyen, HT. 
2009. Physiological and molecular approaches to im-
prove drought resistance in soybean. Plant and Cell 
Physiology 50(7):1260-1276.

Manning, PM; Popp, MP; Keisling, TC; Ashlock, LO; Dom-
bek, DG. 2003. Comparison of yield potential and 
herbicide program cost between herbicide‐resistant 
and conventional soybean. Journal of Plant Nutrition 
26(4):915-934.

Marelli, HJ. 2001. El agua y la siembra directa. In Díaz-
Rossello, R. Siembra directa en el Cono Sur. 
Montevideo, UY, PROCISUR. p. 259-268.

Martino, DL. 2001a. Secuestro de carbono atmosférico ¿un 
nuevo ingreso para los agricultores del Cono Sur? 
In Díaz-Rossello, R. Siembra directa en el Cono Sur. 
Montevideo, UY, PROCISUR. p. 56-66.



82 Ministry of Agriculture, Livestock and Fisheries of Argentina
Inter-American Institute for Cooperation on Agriculture

________. 2001b. Manejo de restricciones físicas del suelo en 
sistemas de siembra directa. In Díaz-Rossello, R. Siem-
bra directa en el Cono Sur. Montevideo, UY, PROCI-
SUR. p. 225-257.

McDougall, P. 2010. The cost of new agrochemical product 
discovery, development & registration and research & 
development predictions for the future. Pathhead, Mi-
dlothian, UK, n.p. 22 p.

________. 2011. The cost and times involved in the discovery, 
development and authorisation of a new plant biotech-
nology derived trait. A consultancy study for Crop Life 
International. Pathhead, Midlothian, UK, n.p. 24 p.

Meriles, JM; Vargas, S; Conforto, C; Figoni, G; Lovera, E; 
March, GJ; Guzmán, CA. 2009. Soil microbial com-
munities under different soybean cropping systems: 
characterization of microbial population dynamics, soil 
microbial activity, microbial biomass, and fatty acid 
profiles. Soil & Tillage Research 103:271-281.

Micucci, FG; Toaboada, MA. n.d. El agua en los sistemas ex-
tensivos II. Consumo y eficiencia de uso del agua de los 
cultivos. n.p., INPOFOS Cono Sur, Cátedra de Fertilidad 
de Suelos, FAUBA, INTA Castelar.

Mitra, J. 2001. Genetics and genetic improvement of 
drought resistance in crop plants. Current Science 
80(6):758-763.

Moron, A. 2001. El rol de los rastrojos en la fertilidad del suelo. 
In Díaz-Rossello, R. Siembra directa en el Cono Sur. Mon-
tevideo, UY, PROCISUR. p. 387-405.

Murray, JD; Karas, BJ; Sato, S; Tabata, S; Amyot, L; Sz-
czyglowski, K. 2007. A cytokinin perception mutant 
colonized by Rhizobium in the absence of nodule orga-
nogenesis. Science 315(5808):101-104.

Myers, N; Mittermeier, RA; Mittermeier, CG; Fonseca, GAB 
da; Kent, J. 2000. Biodiversity hotspots for conserva-
tion priorities. Nature 404:853-855.



83Comparative study of genetically modified and conventional
soybean in Argentina, Brazil, Paraguay and Uruguay

OCDE (Organización para la Cooperación y el Desarrollo 
Económico, FR). 2012. Perspectivas ambientales de la 
OCDE hacia 2050: consecuencias de la inacción (on-
line). Paris, FR. Accessed 25 Mar. 2012. Available at 
www.oecd.org/environment/outlookto2050.

Oldroyd, GED. 2007. Nodules and hormones. Science 
315(5808):52-53.

Oya, T; Nepomuceno, AL; Neumaier, N; Boucas Farias, JR; 
Tobita, S; Ito, O. 2004. Drought tolerance characteris-
tics of Brazilian soybean cultivars - evaluation and cha-
racterization of drought tolerance of various Brazilian 
soybean cultivars in the field. Plant Production Science 
7(2):129-137.

Papa, JC. 2010. Malezas en cultivos extensivos: nuevos pro-
blemas o viejos problemas en un contexto novedoso 
(online). n.t.n. Accessed 20 Mar. 2012. Available at 
http://agrolluvia.com/wp-content/uploads/2010/06/
MALEZAS-EN-CULTIVOS-EXTENSIVOS-NUEVOS-
PROBLEMAS-O-VIEJOS-PROBLEMAS-EN-UN-CON-
TEXTO-NOVEDOSO.pdf.

Pasten, M; Vásquez, R. 2012. Pronóstico climatológico abril-
junio 2012. Perspectivas climáticas para el trimestre di-
ciembre 2011-febrero 2012 en Paraguay. n.t.n. 6 p.

Pei, ZM; Ghassemian, M; Kwak, CM; McCourt, P; Schroder, 
JI. 1998. Role of farnesyltransferase in ABA regula-
tion of guard cell anion channels and plant water loss. 
Science 282:287-290.

Quintana, GJR; Sasovsky, CA. 2006. Control químico de 
roya asiática de la soja y enfermedades de fin de ci-
clo en la región sudoeste de la provincia del Chaco. In 
Congreso Mercosoja 2006 (2006, Rosario, AR). Pro-
ceedings. p. 382-387.

Ramírez, R; Taboada, MA; Gil, R. 2006. Efectos a largo plazo 
de la labranza convencional y la siembra directa sobre 
las propiedades físicas de un argiudol típico de la pampa 
ondulada argentina. Revista de la Facultad Nacional de 
Agronomía - Medellín 59(1):3237-3256.



84 Ministry of Agriculture, Livestock and Fisheries of Argentina
Inter-American Institute for Cooperation on Agriculture

Rocha, PJ. 2011. Agro-bio-tecnologías: herramientas bio-
lógicas al servicio de la agricultura. ComunIICA 8 
(January-July):22-31.

Romero, C; Belles, JM; Vaya, JL; Serrano, R; Culianez-Macia, 
FA. 1997. Expression of the yeast trehalose-6-phospha-
te synthase gene in transgenic tobacco plants: pleio-
tropic phenotypes include drought tolerance. Planta 
201(3):293-297.

Rosenow, DT; Quisenberry, JE; Wendt, CW; Clark, LE. 1983. 
Drought tolerant sorghum and cotton germplasm. Agri-
cultural Water Management 7(1-3):207-222.

Rovea, A. 2012. Estudio comparativo de la soja convencional 
y la genéticamente modificada para Argentina, Brasil, 
Paraguay y Uruguay. Evolución y agronomía. Buenos 
Aires, AR, Secretariat of Agriculture, Livestock and Fis-
heries, IICA. Consultancy report.

Samora, R. n.d. Brasil planea desarrollar soja transgénica 
resistente a sequía (online). Accessed 25 Mar. 2012. 
Available at http://webs.chasque.net/~rapaluy1/trans-
genicos/Soja/soja_sequia.html.

Shah, D; Rogers, SG; Horsch, RB; Fraley, RT. 1990. Glyphosa-
te resistant plants. United States Patent No. 4,940,835; 
date of issue: July 10, 1990.

Sheveleva, E; Chmara, W; Bohnert, HJ; Jensen, R. 1997. 
Increased salt and drought tolerance by d-ononitol 
production in transgenic Nicotiana tabacum L. Plant 
Physiology 115(3):1211-1219.

Schuette,J. 1998. Environmental fate of glyphosate (online). 
Accessed 23 Mar. 2012. Available at http://www.cdpr.
ca.gov/docs/emon/pubs/fatememo/glyphos.pdf.

Sloane, RJ; Patterson, RP; Carter, TE. 1990. Field drought to-
lerance of a soybean plant introduction. Crop Science 
30(1):118-123.

SMN (Servicio Meteorológico Nacional, AR). 2012. Boletín de 
tendencias climáticas 2012. Boletín de vigilancia del clima y 
sus tendencias en la Argentina. Ed. MM Skansi. 18(3):1-11.



85Comparative study of genetically modified and conventional
soybean in Argentina, Brazil, Paraguay and Uruguay

Snoo, GR de; Jong, FMW de; Poll, RJ van der; Linden, MGAM 
van der. 2001. Effects of glufosinate-ammonium on off 
crop vegetation. Interim results. Meded Rijksuniv Gent 
Fak Landbouwkd Toegep Biol Wet 66(2b):731-741.

________; Tamis, WLM;  Brink, PJ van de; Poll, RJ van der; 
Jong, FMW de; Linden, MGAM van der; Hooft, P van; 
Hoeven, N van der. 2005. Non target plant field study: 
effects of glufosinate-ammonium on off crop vegeta-
tion. Leiden, NL, Leiden University, Institute of Envi-
ronmental Sciences (CML). 114 p. CML report 161.

Sternberg, T. 2011. Regional drought has a global impact. 
Nature 472:169.

Tirichine, L; Sandal, N; Madsen, LH; Radutoiu, S; Albrektsen, 
AS; Sato, S; Asamizu, E; Tabata, S; Stougaard, J. 2007. 
A gain-of-function mutation in a cytokinin receptor tri-
ggers spontaneous root nodule organogenesis. Science 
315(5808):104-107.

Trigo, E. 2011. Quince años de cultivos genéticamente mo-
dificados en la agricultura argentina (online). Buenos 
Aires, AR, ArgenBio. Accessed 20 Mar. 2012. Available 
at http://www.argenbio.org/adc/uploads/15_anos_Es-
tudio_de_cultivos_GM_en_Argentina.pdf. 52 p.

UN (United Nations). 2012. Central Portal of Biosafety Clea-
ring-House (online). Accessed 10 Dec. 2011. Available 
at http://bch.cbd.int.

USDA (United States Department of Agriculture); CSREES 
(Cooperative State Research, Education, and Exten-
sion Service). 2012. Alerta nacional de plagas: la roya 
de la soya (habichuela soya, soja) Phakospora pachyrhizi 
y P. meibomiae (online). n.p., USDA-CSREES Integra-
ted Pest Management Centers, National Plant Diag-
nostic Network, APHIS, ARS. Accessed 25 Mar. 2012. 
Available at http://www.ncipmc.org/alerts/soybean-
rust/alerta_nacional.pdf

Villalobos, VM. 2011. Los transgénicos: oportunidades y ame-
nazas. 2 ed. Mexico, MX, Editorial Mundi Prensa. 108 p.





Printed at IICA Print Shop
IICA Headquarters, San Jose, Costa Rica

Press Run: 300 copies



SOYBEAN 
CULTIVATION

In Argentina, 
Brazil, Paraguay 

and Uruguay

COMPARATIVE STUDY OF

GENETICALLY 
MODIFIED AND 
CONVENTIONAL 

INTER-AMERICAN INSTITUTE FOR COOPERATION ON AGRICULTURE
Headquarters. P.O. Box 55-2200

San Jose, Vazquez de Coronado, San Isidro 11101 — Costa Rica
Tel.: (506) 2216 0222 / Fax: (506) 2216 0233

E-mail address: iicahq@iica.int
 Website: www.iica.int


