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Abstract
In 1996 Argentina started to grow GM soybean tolerant to gliphosate based total herbicide Roundup. Today, 15 years of experience of that gigantic experiment with GM crop are reviewed. Four main points are discussed:

1. The economic results 

2. The Roundup effects on health

3. The Roundup effects on environment 

4. The social consequences

Overuse of aerial spraying of gliphosate (Roundup) is accompanied with a list of side effects. Glyphosate is toxic to human placental cells with concentrations lower than those found with agricultural use, and this effect increases with concentration and time, and in the presence of Roundup adjuvants. It is hard to defend RR soybean production which, besides negative effects on health and environment, is less yielding, less profitable, and consumers do not want it.
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No money can compensate for the damage that has been caused by Roundup – 

the contamination, the deaths, the cases of cancer and malformations.
 Darío Gianfelici, medical doctors, Argentina
Introduction
Argentine government, eager to pull the country out of a deep economic recession in the 1990s, restructured its economy around genetically modified (GM) soy grown for export. The only scientific evidence to support the approval of GM soy in Argentina was research data provided by Monsanto. (Aranda and Holland 2011, Trigo 2011)  However, Monsanto  failed to get a patent and has struggled to collect royalties since. Monsanto is now on a push to get farmers to voluntarily sign an agreement to pay royalties in exchange for access to the company's second generation of modified soy seeds. (Romig 2011) 
The economic and social consequences 
Today, after 15 years of introduction of GM soy, over 56 percent ( approximately 22 million hectares) of Argentina’s cultivated land is planted with GM RoundupReady (RR) soy - tolerant to Monsanto's glyphosate herbicide Roundup.
Between 1997 and 2008 soy exports from Argentina increased from $3.2 billion to $16.3 billion, and this production model is promoted as an economic success, mainly due to large companies and transnational corporations that form an 'agribusiness system'. 
The biggest player is Monsanto, which, according to a recent disclosure report, spent $5 million to lobby the federal government just in 2010. The company primarily lobbied Congress and the U.S. Department of Agriculture concerning regulations that would affect genetically engineered crops such as the company's RoundupReady soybean. It uses it to spread their power, wealth and control not only in the United States but throughout the entire world and to gain phenomenal authority and influence. Some of the major supporters of Monsanto are: Tom Vilsack, a present Secretary of the USDA; Michael Taylor, a former Monsanto employee, now the deputy commissioner for foods at the FDA; Sharon Long, a former member of Monsanto's board of directors who was part of Obama's scientific advisory team during the election campaign. The Bill and Melinda Gates Foundation (owner of 500,000 shares of Monsanto stock worth of $23.1 million) is also supporting Monsanto via the Alliance for a Green Revolution in Africa (AGRA) to transform Africa into a GMO-friendly continent. These collaborations are designed to solve how to help Monsanto to monopolize the world's food supply with expensive GM seeds that have to be purchased each year and require expensive and toxic chemical treatment. Owning the rights to all the food grown everywhere, Monsanto literally rules the world. (Mercola 2011) The Biotechnology Industry Organization (BIO) is a powerful group that represents dozens of biotech companies such as Monsanto, BASF and Bayer, and has spent more than $67 million lobbying US Congress since 2000. (Truthout 2011) This information is given only to better understand the other side of the Argentina's phenomenon.

In Argentina, two hundred thousand small farmer families have been driven from their land. Between big soy producers on one side, and peasants and indigenous peoples on the other, there are conflicts over eight million hectares of land. (Branford 2004, Robinson 2010, Aranda and Holland 2011) 
The European Union imports around 38 million tones of RR-soy per year with no import taxes. Because of consumer resistance to GM, attractive imports of cheap soy, mostly end up hidden in animal feed for factory farming, resulting with cheap meat, eggs and milk, which makes it difficult for small farmers to compete. 
Roundup toxicity
The Roundup formulations are mixtures of glyphosate with various adjuvants - substances added to improve the effect of the active ingredient: aminomethylphosphonic acid (AMPA), and polyethoxylated tallow amine (POEA). Besides those two, there are more adjuvants which are considered ‘inert' and protected as trade secret in manufacturing.

There are four different Roundup formulations of the herbicide glyphyosate manufactured by Monsanto: 





1. Roundup Express, 7.2 g/L  







2. Roundup Bioforce, 360 g/L 







3. Roundup Grand Travaux, 400 g/L 






4. Roundup Grand Travaux Plus, 450 g/L   

All four formulations and their components were tested on three human cell lines (cell line HUVEC, cell line 293 derived from kidney and placenta cell line JEG3). All cells died within 24 hours of exposure to the Roundup formulations at concentrations from 10 ppm (dilution up to 100 thousand times of the recommended agricultural usage level). The other study showed that the median lethal dose (LD50) of Roundup with embryonic cells is 0.3% within one hour. The cytotoxic, and potentially endocrine-disrupting effects of Roundup are thus amplified with time.(Benachour et al. 2007) Glyphosate is toxic to human placental JEG3 cells within 18 hours with concentrations lower than those recommended with agricultural use, and this effect increases with concentration and time or in the presence of Roundup adjuvants. (Richard et al. 2005)
The toxicities of the Roundup formulations were not proportional to the amount of glyphosate they contained. R400 is more toxic than R450, the latter in turn more harmful than R360, R7.2 and gliphosate alone. The toxicity order was: Roundup formulations the most, than adjuvants POEA, AMPA and finally, the least toxic is pure glyphosate. It was proven that adjuvants act as a synergist and amplify glyphosate's toxic effects. (Benachour and Séralini 2009)
The Roundup effects on health 
Along with an increase in area cultivated with GM soybean is an increase in the amount of glyphosate sprayed on crops. Glyphosate spraying went from less than 2 litres per hectare in 1996 to 20 litres per hectare in 2010 (due to the development of resistance to the herbicide).[31] 
The fields of GM soy are sprayed annually with 200 (Paganelli et al. 2010) to 300 (Aranda and Holland 2011) million liters of herbicides mainly Roundup and Atrazine (Fig. 1), with a direct negative impact on 12 million people and environment. In this way Argentina has become a giant experiment in farming GM soy, engineered to be tolerant to Monsanto’s Roundup herbicide.
Fig. 1   Amount of herbicides used per year on GM crops in Argentina 

A few years after the first big harvests of RR-soy in Argentina, medical doctors in soy producing areas began reporting serious health effects from glyphosate spraying. One of the first between them was doctor Darío Gianfelici. According to him, there are two levels of toxic effects (Gianfelici 2010):

1. Acute effects, such as vomiting, diarrhea, blurred vision, respiratory problems, and skin rashes; and

2. Chronic effects, which take longer time period to show up, include infertility, miscarriages, birth defects  and cancer, as a consequence of 6 to 8 times higher degree of DNA damage in the people living near  sprayed fields. The effects include reduced head size, genetic alterations in the central nervous system, increased death of cells that help to form the skull, deformed cartilage, eye defects, and undeveloped kidneys. The glyphosate was not breaking down in the cells, but was accumulating. (Benachour and Séralini 2009, Carrasco 2010)  State commission reports birth defects up fivefold in ten years. 
Fig. 2  Increase in numberof malformations per 10 thosands newborn children
Reports of birth defects in glyphosate-sprayed areas of Argentina gained scientific credibility in 2009, when senior Argentine government scientist Andrés Carrasco went public with his research findings, fully published a year later. (Carrasco A. 2010) 
The journal Archives of Toxicology proves Roundup is still toxic to human DNA even when diluted to a mere 0.02 percent of the dilution amount at which it is currently applied to GM food crops. Roundup is linked to causing Non-Hodgkin Lymphoma, imbalanced hormones in children, DNA damage, low testosterone, endocrine disruption, liver cancer, meningitis, infertility, skin cancer, kidney damage, and even uranium poisoning. (Huff 2012) 
A frequent result of malformations in human embryos is miscarriage. It was now not unusual for women in GM soy producing regions of Argentina to have up to five miscarriages in a row. (Carrasco 2010) 
While GM soybeans have been found to contain glyphosate residues at levels up to 17 mg/kg (Pesticide residues in food. Report of the FAO Panel 2005), Professor Carrasco from University of Buenos Aires Medical School, found malformations in frog and chicken embryos injected with 2.03 mg/kg glyphosate – nearly ten times lower than the maximum residue limit (MRL) for glyphosate allowed in soy in the EU (20 mg/kg). There is so much glyphosate in GM soybeans, that when they were introduced, Europe had to increase their MRL by 200 fold! Besides, the WTO dispute that Argentina brought against the EU in May 2003 regarding the application of its legislation on biotech products is not closed.
The provincial government state reported that between 2000 and 2009, the birth defects increased nearly fourfold, and the rate of childhood cancers tripled over the entire province.(Antoniou et al. 2011) Considering  a  global  incidence  rate  of  childhood cancers of 12  to 14  cases for every 100,000  children under 15 years, it makes the occurrence of 1,300 to 1,400 new cases per year (ROHA). (Benachour and Séralini 2009, Sirinathsinghji 2012)
A network of 160 physicians, health workers and researchers in Argentina are demanding a ban on aerial spraying of pesticides based on increases in cancer and a range of pesticide-related illnesses since the introduction of genetically modified (GM) soybeans.(Sirinathsinghji 2012)
The irony is that Argentina’s people are suffering from the production of a commodity (RR-soy) destined for Europe and Japan, which European and Japanese consumers do not want.

Glyphosate can accumulate and persist in the soil for years. Persistence is determined by biological activity, soil PH, and clay content. Despite two court rulings forcing Monsanto to withdraw advertising claims that Roundup is biodegradable and environmentally friendly, the myth of Roundup’s safety persists. (Kremer and Means 2009)
The Roundup effects on environment 
There is a long list of peer-reviewed studies showing dangers from glyphosate to health and to the environment. Many of these studies are collected in a new report: “GM Soy: Sustainable? Responsible” co-authored by nine international scientists. The report challenges claims of sustainability for GM soy and the glyphosate herbicide on which it relies. (Antoniou et al. 2011) The report has been released together with the powerful testimonies of Argentine people affected by glyphosate spraying on GM soy (with 330 references).
Glyphosate contaminate waters and streams strew with dead fish. (Sanchís et al. 2011) It persists in soil, and promotes disease-causing pathogens. The widespread use of glyphosate significantly increases the severity of various plant diseases (more than 40 diseases linked to glyphosate were identified), impair plant defense to pathogens and diseases, immobilize soils plant nutrients rendering them unavailable for plant use. (Ho 2010, Smith 2011)
There are four primary soil fungi: Fusarium, Phythium, Rhizoctonia, and Phytophtora, that become more active with the use of glyphosate. Soybean rust (Phakopsora pachyrhizi and Phakopsora meibomiae) are a new fungal disease increasingly affecting soybeans in Argentina and require at least one additional application of fungicides. Potential yield losses were estimated to be over 10 percent. Scientists reported that yields in a Roundup system compared to conventional herbicide systems are lower. (Breitenbach and Hoverstad 1998) Yields of transgenic soybean average 2.3 to 2.6 t/ha in the region, about 6% less than conventional varieties, and are especially low under drought conditions. (Altieri and Pengue 2006) RR-soy are supposed to be more drought resistant, but the opposite turns out to be true. However, so called "Mad soy disease" is troubling farmers in Brasil and Argentina, where it causes yield losses of up to 40 percent, and is expanding.
Fusarium fungus promoted by glyphosate produce dangerous toxins that can end up in food and feed.  USDA scientist Robert Kremer found a 500% increase in Fusarium root infection of Roundup Ready soybeans when glyphosate is applied. Toxins from Fusarium on various types of food crops have been associated with disease outbreaks throughout history. Fusarium toxins have also been shown to cause animal diseases and induce infertility.

Glyphosate is a strong chelator. It immobilizes critical micronutrients, rendering them unavailable to the plant. The nutritional efficiency of genetically engineered (GE) plants is profoundly compromised. Micronutrients such as magnesium, iron, manganese and zinc can be reduced by as much as 50-90 percent in GE plants. (Eker et al. 2006) Gliphosate reduces nodulation of plant and its ability to fix nitrogen.
Weeds resistant to herbicide Roundup - Repeated herbicide (glyphosate) use without diversified weed management has increased the selection of resistant weed species. The number of resistant species is increasing at an alarming rate. (Fig.3) Today 21 glyphosate resistant weed species are known, between them the most aggressive are Amaranth tuberculatus and Amaranthus palmeri. (Boerboom and Owen 2010, Sirinathsinghji 2011) International Survey of Herbicide Resistant Weeds could be found at: http://www.weedscience.org/In.asp 
These super-weeds are resistant not to the glyphosate itself, but to the soilborne pathogens that normally do the killing in Roundup sprayed fields.

Multiple herbicide resistance that includes glyphosate resistance will be a true challenge. For the next 2012 season Argentina approved the Liberty Link soybean technology (Bayer AG), which involves transgenic seeds resistant to the herbicide glufosinate-ammonium. (Romig 2011)
Several known glyphosate-resistant weeds require 8 to 10 times more glyphosate to be controlled than the normal sensitive biotypes, further increasing the residue content in feed and food.

Soil and water pollution - According to the U.S. Geological Survey, Roundup (glyphosate), has been commonly found in rain and rivers in agricultural areas. It took up to 22 years for glyphosate to degrade only half its volume, depending widely due to factors in the soil, including pH, clay, types of minerals etc. (Sanchís 2011)
Deforestation and monoculture - In order to secure arable land, there has been an exponential increase in deforestation, it even surpasses that of tropical forests. On that land, RR-soybean is grown in monoculture for many years causing additional ecological problems.
Threat to biodiversity - genetic engineering could lead to the widespread use of only a few crop species and varieties. This would dramatically reduce plant biodiversity. (Quist 2007)
An increase in non-GM production due to more profit from non-GM soybean
Citizens of Argentina united in the 'Paren de Fumigar' (Stop the Spraying) campaign demanded that the national government ban aerial spraying and restrict ground spraying. They called for urgent implementation of the precautionary principle which is contained in Argentine law. (Sirinathsinghji 2012)
Due to the reluctance of consumers, mainly in Europe and Japan, to eat GM products or products from animals fed with GM materials, a non-GM soybean market with identity preservation (IP) has been developing since the beginning of the decade. (Milanesi et al. 2009)
Recently, some US elevators have offered growers a premium of more than $1.00 per bushel for non-GMO soybean, for export. (Conventional varieties come from public or university agricultural experiment stations, being more productive than RR soybeans.?) Reasons that farmers could profit from growing conventional soybean are:

1) Seed cost of conventional soybean variety is half as much as that of RR seed (about $18/bag versus about $40/bag for RR seed), and yields are often higher due to yield losses caused by gliphosate herbicide at RR soyben ("Mad soy disease").
2) Besides, farmer can save seed of conventional varieties (farmer's seed), while RR trait is patented and RR soy must be purchased each year again.

3) Price of Roundup herbicide has more than doubled, resulting in cheaper weed control in conventional soybean using other herbicides.

4) Appearance of Roundup tolerant weeds is forcing farmers to increase Roundup application rate and to use other herbicides in addition on GM soybean – more expensive than herbicides used on conventional non-GMO soybean.

5) Premium up to $1.25 per bushel paid for conventional soybean and lower production cost of non-GMO soybean offer higher profit.

As a result, the share of non-GM soybean plantings increased in 2009 for the first time since 2000. The non-GM soybeans accounted for 9 percent of a record high 31.4 million hectares of soybeans planted in 2009 in all RR soy growing countries.
Conclusion
A group of scientists found that patho-physiological profiles are unique for each GM crop/food, underlining the necessity for a case-by-case evaluation of their safety.

A clear negative impact on the function of the kidneys and liver, as well as other organs in rats consuming GM soy varieties for short period - just 90 days was observed. Long time feeding tests are missing, but long term experiment in growing RR soy in Argentina with overuse of aerial spraying of gliphosate (Roundup) is accompanying phenomenon with strong negative effects on human health.

Beside health effects, RR-soy has tremendous negative environmental and social effects, which can not be compensated with any economic success, regardless of its size. 

To conclude, it is hard to defend RR-soybean production which, besides negative effects on health and environment, is less yielding, less nutritious, less profitable, and consumers do not want it.
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Fig. 1   Amount of herbicides used per year on GM crops in Argentina 
                                                                          * Monsanto introduced Roundup in 1974
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