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Introduction

F

armers in the American Midwest have suffered their worst drought in decades this year.  Agricultural productivity will be substantially reduced and water reservoirs severely depleted. 

Yet the position could have been much more serious had it not been for the uptake of herbicide-resistant biotech crops, which have allowed the increased adoption of no-till farming.  No-till allows a farmer to plant a new crop directly into the soil through the residue of the previously harvested crop, breaking down that plant residue and helping to increase soil organic matter. 

Traditionally growers would have cleared their previous crop and deep plowed, in part to hinder the re-growth of weeds which would otherwise smother the young crop plants.  Deep plowing leads to open fields exposed to wind and erosion.  No-till not only minimizes erosion, but also maintains the natural moisture in the soil so crops get a good start with less need for watering.

The widespread adoption of no-till, particularly among soy growers, has been facilitated through the use of herbicide-resistant soybeans.  This year’s US soybean harvest is expected to be more than 75% biotech, with herbicide-resistant varieties planted on 90% of soybean farms – a clear indication that farmers have adopted a technology that works well in their individual operations.

US farmers are well aware of the debate in the European Union over the adoption of agricultural biotechnology.  They are well aware of the many issues and controversies surrounding the debate.  They are well aware of the myths and misinformation which have been put forward by opponents of agricultural biotechnology, fueling much of the discussion and often leading to a misunderstanding of the use of the technology and the advantages it can bring.

This report sets out to set the record straight.  It aims to address many of the issues and correct the myths – the ‘factoids’ – about agricultural biotechnology, using the knowledge of our own experience as farmers as well as the numerous scientific and economic studies published in this area.   We hope it will be useful for everyone interested in knowing the facts.  
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Correcting the ‘factoids’, myths, and misconceptions about crop biotechnology

 

Below are 20 commonly perpetrated myths, misconceptions, and  ‘factoids’ about agricultural biotechnology to which this report responds with the facts.

1. “Farmers are losing money growing biotech crops”

Fact: No one forces farmers to use biotechnology; farmers use biotech because it offers many advantages.

Biotech crops have only been in widespread use since the late 1990s.  As such, accurate comparisons of economic impact when comparing biotech and non-biotech crops possessing different agronomic benefits, such as herbicide tolerance and insect resistance, are somewhat limited.   However it is believed that the total economic benefit derived from planting biotech crops was $220 million for US farmers during 1998 alone.

According to a study, albeit limited, of biotech crop adoption during 1997 and 1998, commissioned by the US Department of Agriculture and published in August 2002
, herbicide-tolerant crops did not apparently increase paper profits.   They did however save significant amounts of (uncosted) farmer time and effort, which helps to explain their immense popularity. 

The same study found that Bt. cotton did increase farm profits.  Bt. corn appeared not to increase profits, probably because farmers were still learning how to forecast European corn borer infestation levels and thereby how best to deploy the more expensive Bt. seed.  However, the study did not mention that the impact of the Round-up Ready biotech soybean was so great when it was launched in 1996 that manufacturers of competing herbicides were forced to make price cuts of 40 to 50 percent, benefiting biotech and non-biotech farmers alike.

Furthermore, we know from experience that herbicide-tolerant varieties such as soybeans lead to cleaner crops with fewer weeds, which makes the crop worth more to the farmer at sale, garnering higher prices
 due to minimal foreign matter.

Given that there is a free market in seed in the United States with biotech and non-biotech varieties freely available, the rapid rate of adoption of biotech crops probably speaks for itself (NB: percentages cannot simply be added together as this will double-count varieties with more than one trait): 

Herbicide-tolerant soy: from 17% of acreage in 1997 to 75% in 2002

Herbicide-tolerant cotton: 10% in 1997 to 56% in 2001

Herbicide-tolerant corn: 7% in 2001, 9% in 2002

Bt. corn: 15% (1997), 26% (1999), 19% (2000-01), 22% in 2002 – use varies according to predictions of borer infestation levels

Bt. cotton: 15% (1997) to 27% (2001)

2. “US soy and corn exports have collapsed since biotech varieties were introduced”

Fact:  US crops continue to be sought by customers in the international marketplace.

The US Department of Agriculture’s June 2002 report states that exports of US soybeans are forecast to reach a record high during the 2002 marketing year (October 1, 2001 to September 30, 2002).  By the end of August 2002, US soybean exports to the European Union were 14 percent higher than the same period in 2001 at 7.7 million metric tons.  Exports of US soybeans to the EU for the 2001 marketing year increased by nearly 15 percent from the previous year.

US corn gluten exports to the EU between January and June, 2002 were 2.142 million metric tons compared with 1.998 million metric tons for the same period in 2001.

US exports of whole corn to the EU of approximately two million metric tons a year, a small proportion of total US corn exports, have been curtailed because of the de facto moratorium on approving new biotechnology events in the EU.  The  European Commission acknowledges that the blocking of the EU’s approval process by seven member states runs counter to the EU’s legal obligations. 

3. “Biotech crops are less hardy than their non-biotech counterparts”

Fact:  Some biotech crops are even hardier.

The increasing US adoption of no-till production practices, facilitated by biotech-derived herbicide resistant varieties, has made no-till crops more resistant to the effects of drought.

Meanwhile, farmers who planted biotech-derived Bt. corn have universally reported that their Bt. corn is more resistant to wind damage, as a result of the near elimination of tunnels bored into the stalks of their Bt. corn plants by the corn borer insect.  That translates into more corn harvested by those farmers.

4. “Biotech crops have not increased yields as promised”

Fact:  Bt crops have effectively increased yields by reducing the amount lost as a result of insect damage. However current approval has extended only to herbicide-tolerant and insect-resistance traits in biotech crops to date. Many other performance and quality traits are in development.

Further, the current generation of biotech crops was not developed to increase yields but to maintain yields while decreasing the use of insecticides (e.g. Bt. crops) or substituting environmentally preferable herbicides (e.g. Roundup-ready soy). This generation also aimed to reduce the cost of production. Crops that need spraying less often, or do not need tilling before planting, dramatically cut the costs of labor, time and tractor fuel.   Nonetheless, no-till cultivation associated with herbicide-tolerant biotech seed will in many cases allow denser planting of soybean fields, which could be expected to increase yield per hectare.

5. “Biotech crops have failed to reduce pesticide use”

Fact:  Bt. corn and Bt. cotton have reduced pesticide use dramatically with the added benefit of yield increases.

During average years of insect pest pressure, Bt. cotton yields per hectare have increased by approximately 7%, while the amount of chemical insecticides applied to Bt. cotton fields has decreased by approximately 50% (i.e. 4.5 million liters during 1996-1999 in US).
 

In years of average insect pest pressure, Bt. corn yields have increased by approximately 10%, while US farmers have reported that they typically do not spray chemical insecticides at all on fields of Bt. corn. One can therefore calculate that for putatively similar insect control, 50,000 tons per year of chemical insecticides would be theoretically avoided if the sixteen largest corn-producing states in America were to convert 80% of their corn hectares to Bt. varieties.
 

6. “Farmers are regularly sued by biotech firms for accidental contamination by biotech seeds”

Fact:  Only a handful of farmers have breached their license agreements. Moreover, it is very easy for biotech firms and farmers alike to differentiate between accidental contamination and deliberately grown seed. 

During 2002, South Korea became the 50th member nation of the International Union for the Protection of New Varieties of Plants (UPOV).  UPOV, established in 1961, consists of fifty countries around the world that have jointly agreed to mutually protect the intellectual property of people/companies who are willing to invest the effort and resources to develop novel plant varieties (thereby benefiting mankind through greater agricultural productivity).

Patents are among the methods used by seed companies to protect the intellectual property inherent in their proprietary crop varieties.  Patents can be used to protect novel varieties that were developed through either biotechnology or traditional plant breeding methods.  A farmer purchasing the seed of a patented variety signs a license to that patent, agreeing to only plant it for one season.   

Some farmers have claimed that their “traditional-variety seed” became contaminated with biotech varieties through cross-pollination, only to be subsequently sued by the biotech-patent-holding seed company.  

Such cross-pollination would be irrelevant for self-pollinated crops such as the soybean, but even for open-pollinated crops, any such cross-pollination would be very small at most.

The most prominent of the farmers who have claimed to be “innocent” victims of traditional-variety seed “contaminated” through cross-pollination was found by the court to have seed bearing the patented biotech trait at nearly 100 percent levels in his crop.  Further, it was uniformly “contaminated” across his fields, which is the opposite of what would be the result of cross-pollination. Unsurprisingly, this farmer comprehensively lost both the original case and his appeal.
,

7.  “It is unfair that farmers are not allowed to save their biotech seeds from year to year”

Fact:  For practical as well as commercial reasons, it is increasingly rare to save seed.  Many varieties of superior non-biotech seeds cannot be saved, and some, such as hybrids, do not thrive from harvested seed. 

For modern open-pollinated field crops to which hybridization imparts a significant yield advantage (as a result of “hybrid vigor”), saving seeds is actually a disadvantage for most commercial farmers who gain more from buying new seed each year.  

Seed companies are better able to prevent plant-disease-transmission via seed and are better able to preserve quality via scale economies in storage infrastructure.  Seed companies also continually improve seed genetics to increase yield and disease resistance.  These benefits are missed by farmers who save-back their own seed, although it is recognized that some impoverished farmers in developing countries have little choice.  Nonetheless even farmers in some poor countries which have invested in biotech variety seeds, which are quite expensive for them, have reported their profound satisfaction with the results.
 Every commercial farmer knows that the most important factor is not the cost of the seed but the net value of the resulting crop.

8. “Farmers are forced to grow biotech crops because the biotech firms control all seed production so non-biotech seeds aren’t produced”

Fact:  The large and vigorous industry of traditional seed suppliers in America underlines the fact that non-biotech seeds remain freely available and widely used. All seeds compete on performance.

In all of the field crops that have been genetically modified so far, there remain numerous suppliers who offer traditional variety (i.e., non-biotech) seed for sale to farmers.  In the case of soybeans, a self-pollinated crop, farmers are free to save-back and replant those of their non-patented/non-PVP seed varieties, as always.
9. “Widespread growing of biotech herbicide-tolerant crops has harmed the environment”

Fact:  Biotech herbicide-tolerant crops reduce herbicide application, resulting in cleaner soil and water, and aid no-till farming which minimizes soil erosion and release of climate-changing carbon into the atmosphere.

In general, the only herbicides that can be applied to biotech herbicide-tolerant crops are those that have fewer adverse environmental impacts than the “older” herbicide(s) that they are replacing, which are being progressively prohibited both in Europe and the US.  The new generation of herbicides have reduced longevity in the environment, lower toxicity to wildlife and/or humans, and adhere so tightly to soil particles that they do not leach into drinking water supplies.

Far from harming the environment, herbicide-tolerant crops have transformed much of US agriculture by reducing the need to till (plow) the land to prevent weeds smothering newly sprouted crops. Thanks to nil or minimal tillage, soil erosion and movement is minimized, soil health and water retention is maximized and of increasing importance, more carbon is prevented from escaping from the soil and contributing to global warming gases in the atmosphere.  In addition, this helps in the reduction in CO2 and other pollutants formerly emitted by plowing operations. No-till is also energy saving because with just one operation seed drilling can be undertaken rather than conventional planting which needs three operations -- plowing, harrowing, and drilling.

Research published by G. Phillip Robertson, Eldor A. Paul, and Richard R. Harwood of Michigan State University has calculated that “no tillage” methods of crop production reduce modern agriculture’s impact on global warming by approximately 88%.
 

The rate of global warming (i.e. the postulated increase in the Earth’s average temperature resulting from activities of mankind) is directly impacted by activities that place more carbon dioxide (a “greenhouse gas”) in the atmosphere.  However, the increased use of “no tillage” and “low tillage” methods of crop production— facilitated by the new herbicide-tolerant biotech crops
 —removes net carbon dioxide from the atmosphere by sequestering it into the soil of cropland, while at the same time helping to reduce fuel consumption.  

Modern agriculture accomplishes control of weeds either through mechanical cultivation or through the application of herbicides.  Weed pressure will vary by location, but the corn and soybean farmers who use only mechanical cultivation (e.g., “organic” farmers in America) need to cultivate their fields as many as fourteen times per growing season.
  

By contrast, the “no tillage” and “low tillage” crop production methods use one and 2-4 cultivation applications respectively, which decrease soil erosion (wind & water) by 90% or more.
  

When a farmer switches from intensive mechanical cultivation to “no tillage” or “low tillage” crop production, the population of earthworms subsequently increases in direct proportion to the amount by which mechanical cultivation is avoided. 
  A study of conservation tillage by the American Soybean Association (ASA) found that three quarters of growers who plant biotech varieties find that there is more crop residue on the soil surface using biotech varieties.
  Year after year, and layer after layer, new organic matter is being incorporated into the soil.

The switch in crop production methods also helps remove carbon dioxide from the Earth’s atmosphere, because avoidance of over-cultivation allows the natural fungi that grow on plant roots to produce glomalin, a protein that naturally sequesters carbon and keeps it within the soil.  Glomalin helps to improve the fertility of soil by acting as a sort of “glue”, causing soil particles to clump together properly. It creates subsurface spaces that allow water, oxygen, and plant roots to permeate the soil.  The presence of glomalin is one of the main differences  (apart from water) between fertile cropland soil and lifeless desert sand. 

The more that ‘healthy’ cropland soil is disturbed by mechanical cultivation, the more that the glomalin is broken-up and its (formerly sequestered) carbon allowed to re-enter the atmosphere in the form of the “greenhouse gas” carbon dioxide.

10. “Herbicide tolerance genes can be transferred via pollen to wild plants thereby creating herbicide-tolerant ‘superweeds’ “ 

Fact:
Out-crossing and herbicide resistance is a well-understood crop management problem that has occurred long before biotechnology was invented. There is no evidence that biotech crops will be any less manageable than their conventional counterparts. 

Before the commercialization of biotechnology derived crops in the mid-1990s, approximately 188 proven incidences in 42 separate countries of weeds becoming resistant to herbicides (that had formerly controlled those weeds) had been officially documented.
 In order to prevent such natural adaptation of weed populations to resist the herbicides applied, farmers need to  use several different herbicides (possessing dissimilar chemical modes of action) in consecutive herbicide applications to their crops. 

By enabling the use of a herbicide that could not previously be applied to a given crop, biotechnology-derived herbicide-tolerant crops have increased the number of dissimilar herbicides in farmers’ arsenals against weeds; thereby decreasing the probability for herbicide-tolerant weeds to arise via the historical mode of selective pressure/adaptation. 

There is no credible evidence that those biotech crops in development or commercial use are, or could become, more difficult to control, or could become more troublesome weeds than any other crop plants. Indeed independent research has shown that the opposite may be true.

A 10-year-study by a respected British ecologist found that biotechnology herbicide-tolerant crops did not survive well in the wild and were no more likely to invade other habitats than other, unimproved crop plants.  The plants did not become self-seeding, self-sustaining plants, and they did not spread into surrounding areas.

11. “Bt corn is threatening the Monarch butterfly”

Fact:  Far from being harmed by biotech crops, the Monarch butterfly stands to benefit from improvements in field composition.

While one controlled laboratory experiment showed that one kind of Bt. pollen could harm Monarch caterpillars if fed to them directly, an extensive series of field experiments and observations have shown that Bt. crops have had no measurable effect on the Monarch and are not expected to do so in the future.  

Because the Monarch butterfly winters in Mexican forests and migrates annually to the US, numbers are heavily affected by weather and habitat loss in Mexico. In 2000, 28 million Monarchs wintered in Mexico, but in 2001 nearly 100 million did.
   The main impact from Bt. crops, mainly Bt. Cotton, was to reduce the application of chemical insecticides by approximately one million liters per year in the southern United States. This undoubtedly helped preserve the lives of migrating Monarch butterflies.

12. “Bt. crops will hasten insect resistance to the Bt. insecticide and harm organic farmers who depend on Bt. sprays to control pests”

Fact:  Bt. crops will not hasten insect resistance to the Bt. insecticide.  The Bt. insecticide has been killing pests naturally for at least one hundred years with no visible increase in insect resistance.

In the US, laws limit the maximum fraction of corn and cotton hectares planted to Bt. varieties to less than 80%. This is intended to prevent, or at least greatly delay, any emergence of crop-pest insect populations that could adapt to become resistant to Bt. toxins through selective pressure. However, any logical discussion of the theoretical potential for crop-pest insects to develop resistance to the commonly used Bt. toxins must take into account the fact that Bt. (i.e., Bacillus thuringiensis) bacteria have been documented to be killing such insects since 1901 when the bacteria was discovered by Japanese scientist Ishiwata Shigetane in a dead insect.

Unlike the older man-made chemical insecticides, to which some pest-insect populations have become resistant (via dying-off of the susceptible fraction of the insect population, leaving only the rare naturally-resistant insects to mate with each other and thus become the majority of the population), the “Bt. toxins” have been widely present in the environment for perhaps many thousands of years.

Because pest-insect populations (e.g., Pyralis) have not become resistant to the “Bt. toxins” despite those toxins widespread natural presence in the environment for thousands of years, it is overly simplistic to assume that pest-insect populations will fast become resistant to them now, simply because those “Bt. toxins” are produced in crop plants on a large number of hectares. 

Even when they spray “organic Bt. spore powders” onto their crops, organic farmers cannot achieve anything close to the near-100% control of Pyralis (corn borer) that has been shown for Bt. corn. Inevitably, such a periodic low-dosage insecticide application would tend to allow naturally-Bt.-resistant pest insects to become an increasingly larger fraction of that (pest) insect population, yet that has not occurred during the three decades in which organic farmers have been applying Bt.  

13. “Canada cannot export its honey because of contamination with pollen from biotech canola (oilseed rape)”

Fact: Canadian honey exports have increased annually since the planting of biotech canola. 

Planting of biotech (herbicide-tolerant) canola began in Canada in 1997. Figures from the Honey Council of Canada for 1999-2001 (latest available – data for 2002 applies to January only) show that the value of exported honey has actually grown during this period. 
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Source: Honey Council of Canada    http://www.honeycouncil.ca/stats/exports.htm
14. “Only the US grows significant areas of biotech crops”

Fact: Argentina grows 22% of the world biotech crop, Canada 6% and China 3%.  

Other countries growing biotech crops during 2001 include South Africa, Australia, Mexico, Bulgaria, Uruguay, Romania, Spain, Indonesia and Germany.  India began to grow Bt. cotton this year.

15. “The herbicide Round-up (glyphosate) used on biotech soy has poisoned the environment and is a threat to human health through residues and groundwater contamination”

Fact:  The US Department of Agriculture reported that biotech soybeans has enabled the substitution of glyphosate herbicide for other herbicides that are at least three times as toxic and (unlike glyphosate) persist in the environment.

16. “No-till production practices were easily and cheaply implemented prior to the arrival of biotech herbicide-resistant crops”

Fact: Although no-till has been attempted ever since chemical herbicides were introduced, it was seldom easy or cost-effective until GM varieties became available.  

In its 17th annual conservation tillage survey, America’s Conservation Tillage Information Center (CTIC) reported that the percentage of US corn acres in conservation tillage (epitomized by no-till) had actually declined between 1997 and 1998.  Recall that time predated widespread availability of herbicide-resistant corn (e.g., Roundup Ready corn seed first became available in limited amount in 1998).  In a 1998 interview, agronomist David Schertz, of the US Department of Agriculture’s Natural Resources Conservation Service (NRCS), said “that US agriculture will have difficulty reaching the national goal of 50% of cropped hectares in (conservation tillage practices) by 2002.”

The critical difference made by the availability of biotech herbicide-resistant crop varieties is revealed by the fact that that same NRCS agronomist, who noted that “US soybean hectares planted in conservation tillage practices jumped to a new record total in 1998.”  Because biotech herbicide-resistant soybean seed was first commercialized in 1996, 1998 was the first year that a large enough quantity of that seed was available to make such an impact (US no-till soybean hectares increased by 600,000 hectares between 1997 and 1998).
  

As the “easy” soils/fields were naturally placed into no-till production practices first, there were indications of a likely plateau effect for total US no-till hectares at a disappointingly small total by the mid-1990s.  For example, on the rolling red clay soils of Southwestern Kentucky, soybean producer Maurice Chester began experimenting with no-till in the 1970s.  He was not always successful initially because he did not have the herbicides to make it work on his soil and weeds.
  (Note: Glyphosate-based herbicides could not be applied over the top of soybeans until 1996 when the biotech herbicide-resistant soybeans were introduced.)

Following the introduction of the herbicide-resistant soybeans, Maurice Chester said “planting has become so simple (with no-till soybeans), because I can leave all of the residues from the previous crop on top of the ground without interfering with planting or weed control.”  

It is important to realize that prior to the availability of the herbicide-resistant soybeans, such farmers had to utilize soil-applied herbicides, which were sprayed onto the field prior to planting, and whose efficacy was often reduced by the presence of prior-crop residues inherent in no-till production practices.

Other inherent no-till limitations prior to 1996 included:

Narrow “time windows” during which a farmer could apply the (few) herbicides then available over the top of growing soybeans.  Spraying too early could damage or kill the soybean plants; spraying too late risked a lack of weed control because the too-large weeds would not be killed by the herbicides that were used.  Thus a week or two of rainy weather could have proven devastating to weed-control efforts in pre-1996 no-till soybeans.

High risk for utilizing the emerging production practice known as narrow-row soybeans (i.e., closer planting more efficiently utilize sunlight and conserves more topsoil moisture by shading the ground with leaf canopy).  Since the farmer cannot fall back on mechanical tillage for weed control (as he cannot drive between the rows), his agrochemical weed control must be reliable for narrow-row soybeans to work. 

In the words of Mississippi University Agricultural and Forestry Experiment Station researcher Dr. Norman Buehring, “Narrow-row soybeans can bring with them yield increases, but not without (reliably) winning the war against the weed known as sicklepod, which can also reduce yields by as much as 35% (if not controlled).

In December 1999, Ron Scarborough, the manager of Cargill’s elevator in Raleigh, North Carolina, stated “Round-up Ready soybeans have helped soybean producers in North Carolina control sicklepod and decrease their foreign material content in soybeans.  Cargill pays 1% bushel premium for low foreign material in the soybeans it buys.”

17. “Biotech crops benefit only the biotech companies”

Fact:  Biotech crops benefit every link in the food chain from the farmer to the consumer.  In the future, even more exciting innovations will continue to improve food quality and make farming more sustainable.

New more sophisticated “designer” crops will help increase productivity, reduce pressure on land use and reduce the environmental footprint of agriculture.  For example:

low-phytate soybeans and corn 

Poultry and swine producers in most countries currently add mined and processed phosphate to their feed rations to enable optimal animal growth.  That is in addition to the natural phosphate already present in traditional soybean and corn varieties, because the phosphate extant in traditional soybeans and corn exists in the form of an insoluble phytate (chemically bound with phytic acid).  

Monogastric animals such as chickens and pigs lack the phytase enzyme needed for digestion of phytate.  Virtually all of the extant corn/soy phytate and part of the added (mined) phosphate is excreted by the animals, which can sometimes cause pollution problems.

When low-phytate soybean meal is mixed with low-phytate corn to make animal feed rations, phosphate emissions in swine and poultry manure can be reduced by half.  The iron, calcium, and protein in the ration are also absorbed more completely by the animal, which reduces anemia and nitrogen excretion.
 

high-phytase soybeans and corn

In those countries and regions where pollution from manure phosphate causes severe problems (e.g., The Netherlands), it has become common practice to reduce phosphate excretions by including a microbial-source phytase enzyme supplement in animal feed.  

Research shows that adding the phytase supplement to feed rations can cut phosphate levels in swine and other monogastric animals’ manure by as much as half, since the animal is able to digest the extant plant-source phosphorous; thereby allowing less (mined) phosphate to be added an a feed ingredient.  Unfortunately, microbial-source phytase is expensive, and is subject to rapid degradation in the feed manufacturing and feed movement processes on modern farms.

The US Department of Agriculture (USDA), and some seed companies have identified new heat-resistant forms of phytase enzyme.  Genes for these heat-resistant form(s) of phytase will be inserted into corn and soybean varieties in the future, thereby overcoming the  shortcomings of its current form in feed rations mentioned above.  Because phytase increases the digestibility of protein in swine feeds, its presence also reduces the amount of nitrogen excreted into the environment.

In 1998, the U.N.’s Food & Agriculture Organization (FAO) issued a report stating that “excessive use of fertilizers, manure and pesticides is causing land degradation on 220 million hectares of farmland in Europe”.

low-stachyose soybeans (also called high-sucrose soybeans)

Mature soybeans from traditional varieties contain 1.4% to 4.1% stachyose, an oligosaccharide (carbohydrate) that is non-digestible in monogastric animals, including humans.  Instead of being digested in the stomach, it passes to the intestines where bacteria ferment it into gases that make animals feel full, and they can be discouraged from eating and gaining weight to their full genetic potential.  In low-stachyose soybeans, stachyose is replaced with the easily-digested sugar sucrose, so low-stachyose soybean meal is also higher in energy than traditional soymeal.  When low-stachyose soybean meal is added to the first (prestarter) rations for piglets, those animals consume more feed and grow faster, and emit less phosphorous in their manure.
 

The increased sucrose content means that low-stachyose soybeans are sweeter than their traditional counterparts, so they will also have potential application in some human foods and petfoods.

high-oleic soybeans 

High-oleic soybeans contain more than 80% oleic acid content in their oil.  This contrasts with the 23% oleic acid content of traditional soybean oil.  Because oleic acid has greater heat and oxidation resistance than the other fatty acids in soybean oil, high-oleic soybean oil is naturally more resistant to degradation by heat and oxidation/time; so requires less or no hydrogenation, depending on the intended oil application.  

Other research has shown that feeding of high-oleic soybean meal full-fat (i.e., with the oil in it) to cows and chickens results in a lowering of the saturated fat levels in the milk and poultry meat thereby produced.  Such fat changes are also produced through feeding of traditional canola oil.

high lysine, high-methionine, high-threonine, etc. corn and soybeans

In the future, American farmers will be able to grow corn and soybean varieties that contain higher levels of the amino acids lysine, methionine, threonine, and cystine.  Poultry and swine can only absorb amino acids from their feed protein in highly specific ratios.  Those animals metabolize and excrete in the form of nitrogen pollution the amino acids that are caused to be “in excess” by a shortfall in the primary amino acids required in those ratios.  The primary requirements for corn/soymeal-based feed rations are usually lysine and methionine.  High-lysine & high-methionine corn and soybean meals could allow feed ration formulations that reduce animal nitrogen excretion by providing an improved balance of essential amino acids.  That can be accomplished now, but only by adding synthetic lysine and methionine to the feed ration, which increases feed costs.

oligofructan-containing soybeans

Future new genetically improved soybean varieties may also be able to improve poultry and swine health.  For example, we anticipate new varieties that contain some oligofructan components, which selectively increase the population of beneficial species of bacteria in the intestines of certain animals, and “crowd out” harmful species of bacteria.  Thus, those soybeans have the potential to displace some of the antibiotics that were historically added to animal feeds.  These soybeans have the potential to keep swine and other animals healthier by lowering the incidence of intestinal pathogens and improving feed conversion and growth rates.
  
Rather than increasing the prevalence of antibiotic-resistant bacteria, this is an example of a genetically engineered crop that is more likely to decrease their occurrence/prevalence, since the European Union has determined that feeding of therapeutic amounts is a probable cause of antibiotic-resistant bacteria, but failure to use feed antibiotics has been shown to require greatly increased therapeutic antibiotic use—which itself is a cause of antibiotic-resistant bacteria.  

high-isoflavone and high-c.l.a. soybeans

 It is anticipated that by the year 2006, soybeans containing conjugated linoleic acid (CLA) and/or elevated amounts of isoflavones will become available.  These compounds help to prevent certain types of cancers, to lower blood cholesterol levels, and promote lean tissue growth in both humans and livestock.

18. “Antibiotic-resistance ‘marker genes’ will create antibiotic-resistant bacteria in humans”

Fact:  Research regarding the development of antibiotic-resistant bacteria in humans from “marker genes” overwhelmingly proves the near impossibility of such an exchange. 

Over-prescribing (i.e., excessive therapeutic use) of a particular commercial antibiotic is the proven source of such antibiotic-resistant pathogenic bacteria.
 To test whether “marker genes” also could possibly be a source of antibiotic-resistant pathogenic bacteria, scientists in the United Kingdom attempted to cause antibiotic resistance in bacteria within an “artificial cow stomach” in a carefully controlled laboratory experiment by adding to the artificial stomach biotechnology derived corn that contained an antibiotic-resistance “marker gene” within its DNA.

Transfer of antibiotic resistance from that corn to the bacteria growing within the “artificial cow stomach” did not occur in 1018 (i.e., 10,000,000,000,000,000,000) generations of the bacteria under conditions that were designed to make that transfer as likely as possible.
  Therefore, the probability for such transfer of antibiotic resistance occurring (e.g., from Bt. corn to bacteria) is even less likely than 1 in 1018 (i.e., 1 out of 10,000,000,000,000,000,000). The odds are small to say the least and amply proven to be a smaller cause of transfer than through the route of over-prescription of commercial antibiotics.

In contrast, the natural bacteria living within human digestive systems have already been shown to exhibit resistance to the relevant commercial antibiotics (i.e., kanamycin and ampicillin) in 20% of typical humans.
 

19. “Biotech crops are unnecessary. Organic farming can produce similar amounts of food without using any chemicals.”

Fact:  Biotech crops are crucial if the food needs of the world’s growing population are to be met reliably and without unacceptable encroachment on bio-diverse habitats.

Most of the organizations supporting this report have farmer members who use organic, conventional, and biotech methods.  While we all support the option of organic agriculture, we recognize that its strengths are concentrated in the low-yield production of food for those consumers willing to pay substantial premiums for a more labor-intensive product.  

For price-sensitive commodity crops like wheat and cotton, and soy and corn for animal feed, all of which comprise a major part of US farming, organic methods are too costly, too variable in yield, and too prone to insect and weather problems to work on a mass scale. 

Several (sometimes contradictory) comparative studies of organic and conventional farming methods have been produced recently but all admit to a significantly reduced yields (when measured over several years without excluding fallow or “difficult weather” periods) as well as increased labor input for the organic systems. The experience of Mr. Lynn Jensen of South Dakota is probably typical when he reported to Soybean Digest that not only do his organic soybeans require three to four times the amount of tillage as biotech varieties, but that they result in a 30-40% yield drag.

For this and many other reasons, we believe modern no-till farming using biotechnology such as herbicide-tolerant crops approaches the epitome of low impact, sustainable, and affordable agriculture. 
20. “Developing countries have not benefited from US biotechnology”

Fact:  Developing countries benefit from US biotechnology in multiple ways including: lower crop prices for imports, lower mycotoxin levels, and higher and cleaner crop yields in domestic planting.

Developing countries, which tend to be major soybean importers, have benefited from the lower prices that accompanied most years’ record US soybean production that has tended to occur frequently since a significant amount of biotech herbicide-resistant soybean seed became commercially available.  The reduction in cost of inputs enabled US soybean producers to expand soybean acreage even while receiving a lower price per ton for their harvested soybean crop.

Corn-importing countries that procure their corn from countries where Bt. corn is planted (e.g., US, Argentina, Canada) have benefited since 1996 from the significant reduction in mycotoxin content of Bt. corn varieties. Bt. corn greatly reduces field formation of aflatoxin and other mycotoxins (formerly) produced in corn plants by fungi under certain environmental conditions. Because approximately 40% of adult premature deaths in developing countries are due to consumption of mycotoxins, it is likely that a significant number of premature adult deaths in such corn-importing nations have already been avoided.

Additionally, several developing countries depend on their own export of agricultural products for income and jobs.  Argentina, for example, exports most of its (chiefly biotech) soybeans.  Former Argentine Secretary of Agriculture Marcelo Regúnaga said in July 2002 that Argentine soybean producers saved about US$400 million in crop production costs by cultivating biotech soybeans in the year 2000, and that those farmers in his country who grew Bt. corn realized a savings of up to 15 percent.
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A comprehensive review of the scientific literature supports the conclusion that overall the currently commercialized biotechnology-derived
 soybean, corn, and cotton crops yield environmental benefits.  Furthermore, a critical analysis of the literature supports the idea that biotechnology-derived soybean, corn, and cotton pose no environmental concerns unique to or different from those historically associated with conventionally developed crop varieties. 

Soybean, corn, and cotton farmers in developed and developing nations have rapidly adopted biotechnology-derived commodity crops during the six years of their commercial availability. In 2001, farmers planted biotechnology-derived seed on 46% of global soybean acres, 7% of global corn acres, and 20% of global cotton acres. To date, nearly all of the planted biotechnology-derived crops have introduced tolerance to selected herbicides for weed control or have introduced protection against pest insects. Of the 129.9 million acres (52.6 million hectares) of biotechnology-derived crops planted in 2001, seventy-seven percent were tolerant of specific herbicides (herbicide tolerant), fifteen percent were resistant to selected insect damage (insect resistant) and eight percent were both herbicide tolerant and insect resistant.
The peer-reviewed literature, regulatory assessments, nongovernmental organizations and the popular media have repeatedly raised questions about the environmental safety of biotechnology-derived crops.  To answer these questions relative to soybean, corn, and cotton, the scientific literature was reviewed and analyzed to evaluate the environmental impacts of commercially available biotechnology-derived crops in relation to the current agricultural practices for crop and pest management in conventionally bred crops. Nine potential environmental impacts were identified as follows:

1. Changes in pesticide use patterns - Does the adoption of biotechnology-derived soybean, corn, and cotton impact the use of pesticides and, if so, do these changes alter farmer practices in ways that affect water quality or soil health?

2. Soil management and conservation tillage - Does adoption of biotechnology-derived soybean, corn, and cotton lead to changes in the adoption of no-till and other conservation tillage practices or otherwise impact soil erosion, moisture retention, soil nutrient content, water quality, fossil fuel use, and greenhouse gasses? 

3. Crop weediness - Have biotechnology-derived soybean, corn, and cotton acquired weediness traits?

4. Gene flow and outcrossing - Do biotechnology-derived soybean, corn, and cotton hybridize with local plants or crops and impact the genetic diversity in the areas where the biotechnology-derived soybean, corn, and cotton are planted?

5. Pest resistance - Do biotechnology-derived soybean, corn, and cotton posses’ plant-protectant traits to which pests will become resistant and, if so, is the development of resistance to these traits different than development of resistance to conventional chemical and microbial pesticides?   How is the development of resistance being managed?

6. Pest population shifts - Do biotechnology-derived soybean, corn, and cotton cause changes in weed or secondary insect pest populations that impact the agricultural system or ecology of the surrounding environment?

7. Non-target and beneficial organisms - Do biotechnology-derived soybean, corn, and cotton with pest protection characteristics have an impact on natural enemies of pests (i.e., predators and parasitoids) or on other organisms in the soil and crop canopy?

8. Land use efficiency/productivity - Does the adoption of biotechnology-derived soybean, corn, and cotton impact crop yields or impact the need for cultivating forested or marginal land? 

9. Human exposure - Do the traits of herbicide tolerance and resistance to pest insects in biotechnology-derived soybean, corn, or cotton pose any new or different safety concerns in comparison to conventionally bred crops with similar traits?  

Biotechnology-derived crops provide options and potential solutions for a number of challenges in modern agriculture, but the extent to which they may be viable or the preferred option is dependent on many economic, social, and regional factors.  Nevertheless, a number of general conclusions about biotechnology-derived soybean, corn, and cotton are supported by the literature.

·  Biotechnology-derived soybean, corn, and cotton provide insect, weed, and disease management options that are consistent with improved environmental stewardship in developed and developing nations. 

· Biotechnology-derived crops can provide solutions to environmental and economic problems associated with conventional crops including production security (consistent yields), safety (worker, public, and wildlife), and environmental benefits (soil, water, and ecosystems).

· Although not the only solution for all farming situations, the first commercially available biotechnology-derived crops, planted on over 100 million acres (40.5 million hectares) worldwide, provide benefits through enhanced conservation of soil and water and beneficial insect populations and through improved water and air quality.

-
The high adoption rates for commercially available biotechnology-derived crops can be attributed to economic benefits for farmers. 

· When biotechnology-derived crops are available to small farmers in developing nations, the farmers can realize environmental benefits and reduce worker exposure to pesticides. 
BIOTECHNOLOGY-DERIVED SOYBEAN

· Herbicide-tolerant soybean is the most widely adopted biotechnology-derived crop, planted on 68% of United States' soybean acreage and over 98% of Argentina's soybean acreage in 2001.  The United States and Argentina together account for 99% of total herbicide-tolerant soybean production in the world, which represents 46% of the total acreage of soybean planted. Farmers in the United States are projected to plant 74% of soybean acreage to herbicide-tolerant soybean in 2002.

· The major reasons farmers have adopted the herbicide-tolerant soybean so widely are lowered production costs, reduced crop injury, and simplicity and flexibility in weed management. 

· Biotechnology-derived herbicide-tolerant soybean has facilitated the adoption of conservation tillage.  No-till soybean acreage in the United States has increased by 35% since the introduction of herbicide-tolerant soybean. Similar increases are observed in Argentina, which can be attributed in part to reliable and effective weed control provided by herbicide-tolerant soybean. Use of no-till farming in soybean production results in decreased soil erosion, dust, and pesticide run-off and in increased soil moisture retention and improved air and water quality.

· Cost savings in biotechnology-derived herbicide-tolerant soybean programs have allowed adopters to decrease weed control costs, leading to price cuts of conventional herbicide programs.  The result has been weed control cost savings for both adopters and non-adopters.

· Farmers using biotechnology-derived herbicide-tolerant soybean are able to use a herbicide that rapidly dissipates to inactive amounts in soil, has little potential for water contamination as a substitute for herbicides used with conventional soybean varieties, and allows greater flexibility in timing of application.
· Biodiversity is maintained in biotechnology-derived herbicide-tolerant soybean fields. Soil microbes, beneficial insects, and bird populations in conservation tillage biotechnology-derived herbicide-tolerant and conventional soybean fields were similar in number and variety. 

· Both conventional and biotechnology-derived soybean production systems require effective management strategies for weed population shifts and to prevent the development of weed resistance to herbicides. Emerging reports on glyphosate-resistant weeds may be a concern in herbicide-tolerant soybean; however, herbicide resistance in weeds is not unique to biotechnology-derived crops. 
· Conclusions regarding yield decreases attributed to the biotechnology-derived herbicide-tolerant trait may be inaccurate because the study design included improper comparisons between the biotechnology-derived varieties and conventional varieties. 

· Soybean with insect protection properties is also in development and will be useful in climatic regions where insect pressures justify insecticide applications.

BIOTECHNOLOGY-DERIVED CORN
· Bt corn can enhance the biodiversity of cornfields because beneficial insects fare better than when conventional cornfields are sprayed with insecticides. Moreover, field studies of biotechnology-derived corn show that populations of beneficial insects are not adversely affected. 

· Use of Bt corn can decrease farm worker exposure to certified organic Bt sprays and chemical insecticides. 

· Decrease of naturally occurring mold toxins resulting from use of Bt corn can provide direct benefits to people and corn-fed livestock. Insect-protected corn is less vulnerable to mold infestation. 

· Yields since the introduction of insect-protected and herbicide-tolerant corn have continued at historically high levels. When European corn borer pressure is high, farmers obtain significant economic benefit from the use of insect-protected corn.
·  Herbicide-tolerant corn varieties allow use of herbicides that are less persistent in the environment and reduce the risks of herbicide run-off into surface water. These herbicide-tolerant corn varieties allow for greater flexibility in the timing of application and encourage the application of reduced and no-till soil and soil moisture management practices. 

· Insect Resistance Management (IRM) plans have been required, developed, and implemented to prevent or to delay the development of insect resistance to Bt.

BIOTECHNOLOGY-DERIVED COTTON
· Herbicide-tolerant cotton enhances the use of herbicides that are less persistent in the environment.

· Herbicide-tolerant cotton is a major factor in promoting reduced and no-till farming practices, which result in improved soil and soil moisture management and reduced energy use.

· Herbicide-tolerant cotton provides greater flexibility for the timing of herbicide applications for effective weed control and less damage to the cotton plants.

· Use of biotechnology-derived cotton in developing nations does not require significant capital investment, changes in cultural practices, or significant training for adoption. 

· Rapid adoption of Bt cotton in China serves as an example of how, in developing nations, plant-incorporated protectants greatly decrease the volume of pesticides applied and the risks of pesticide run-off while increasing safety and health of agricultural workers. 

· Bt cotton has been documented to have a positive effect on the number and diversity of beneficial insects in cotton fields in the United States and Australia.

· The introduction of Bt cotton in Australia, India, and the United States demonstrates the ability of these varieties to alleviate problems with insect resistance to chemical pesticides. The future production of cotton in these regions was in jeopardy prior to the introduction of Bt cotton. 

· The ability to add several different genes to control the same pest should delay the time it takes for pesticide resistance to develop. 

· Bt and herbicide-tolerant cotton decreases production costs to farmers and increases the range of options available for whole-farm management systems.
AUTHORS' RECOMMENDATIONS 

1. Given that biotechnology-derived crops can provide positive net environmental benefits, we recommend continued development of agricultural biotechnology to enhance environmental stewardship.

2. Biotechnology provides a tool for management of production risk in agriculture. We recommend evaluating the role of biotechnology-derived crops in the context of whole-farm management.

3. When drawing conclusions regarding the impacts of biotechnology-derived crops on productivity, we recommend that conclusions be based on comparisons involving whole-farm systems. 

4. When comparing the consequences of a specific trait, we recommend the following characteristics be held constant: varieties that are genetically identical in all aspects other than the trait(s) being evaluated; the crops be grown during the same time in the same geographic location; and use of identical soil and crop management practices. For example, having observed contradictory and inconsistent data regarding yields in some crops, we recommend better measurement of yield impacts.

5. We recommend evaluating the environmental impacts of biotechnology-derived crops in agricultural regions where the crops may be adopted and in the context of viable, currently available alternatives and practices in agriculture.

6. We recommend large-scale and farm-scale field studies to provide supplemental information to document long-term environmental benefits and safety impacts of adopting biotechnology-derived crops. 

7. We recommend continued development of policies for implementation of effective management strategies for insect and weed resistance in both conventional and biotechnology-derived crops. Also, we recommend continued research on management strategies to abate or the slow development of resistance to new and existing pest control tools.

8. Recognizing that gene flow is a natural process that may increase biodiversity, we recommend that research on gene flow between biotechnology-derived and other crops or native plants focus on the environmental and social impacts/consequences of that gene movement. 

9. Recognizing the potential for biotechnology-derived corn varieties to help resolve current corn rootworm control problems stemming from the development of insect resistance to both chemical insecticides and crops rotation, we recommend research include consideration of resistance management strategies as well as impacts on soil and other non-target organisms. 

10. Recognizing that enhanced land use efficiency is an important environmental benefit, we recommend continued development of biotechnology-derived hybrids that improve crop yields.

National Center for Food and Agricultural Policy

The National Center for Food and Agricultural Policy (NCFAP) is a private non-profit non-advocacy research organization located in Washington, D.C.  Originally established in 1984 at Resources for the Future with a grant from the Kellogg Foundation, the Center became an independent organization in 1992. 

NCFAP was established to analyze and address food and agricultural policy issues. The Center’s mandate includes conducting education programs to disseminate research results and recommendations to policy makers, analysts, business leaders, interest groups and others with a business need to understand complex food and agricultural policy issues, the alternative options available to deal with then, and the policy making process.

From its inception, NCFAP has sought to be a catalyst for new ideas that would enable the US food and agricultural system to cope effectively with fundamental changes in its structure and its economic environment and the global economy. The Center’s perspective is broad and long-term. NCFAP does not take a stand on specific legislation, nor advocate positions of particular interest groups. Instead, the Center strives to show the consequences of pursing alternative policy options. Its main target audience is public policy officials in the US and in selected regions of the global economy. In addition, NCFAP provides information for the general public, farm organizations, agri-business, commodity groups, and other interested parties.

Some 40 case studies of 27 crops compiled by the National Center for Food and Agricultural Policy (NCFAP) document that hardier crops developed through biotechnology can help Americans reap an additional 14 billion pounds of food and improve farm income $2.5 billion, while using 163 million fewer pounds of pesticide.

To view the full NCFAP report, Plant biotechnology: Current and Potential Impact For Improving Pest Management In US Agriculture: An Analysis of 40 Case Studies by Leonard P. Gianessi, Cressida S. Silvers, Sujatha Sankula and Janet Carpenter, National Center for Food and Agricultural Policy, June 2002, go to: http://www.ncfap.org/40CaseStudies.htm
Below are summary reports for three of the studies illustrating the impact of biotech cotton varieties.

Insect Resistant Cotton (study 32)

Bt. cotton varieties were introduced in 1996, providing control of three major cotton insect pests: tobacco budworm, cotton bollworm and pink bollworm. These varieties offer an alternative to conventional insect spray programs. Tobacco budworm infestations were particularly heavy in 1995, causing severe yield loss in some areas. The worst damage was sustained by Alabama growers, who experienced, on average, a 29% yield loss due to bollworm/budworm infestation despite seven insecticide applications. These losses were attributed to the ineffectiveness of pyrethroid insecticides against budworm, due to the development of resistant populations in some states.

The adoption of Bt. varieties was extremely rapid in states that experienced resistance problems (Arizona, Alabama, Georgia, and Florida). After the year of very high budworm populations and damage in 1995, growers in Alabama adopted the new tech at an extremely rapid rate, planting over 60% of total acreage to Bt. varieties in 1996. Bt. cotton is credited with saving the cotton industry in Alabama. In 2001, 42% of cotton acreage in the United States was in Bt. varieties. Adoption has been low in California (5%) because the worm pests are not a problem in the San Joaquin Valley and because California’s unique cotton cultivars have not been converted to Bt. Adoption was accelerated in certain states (Mississippi, Louisiana, Texas, Oklahoma, Arkansas, and Tennessee) due to implementation of Boll Weevil Eradication Programs (BWEP) and resistance problems experienced in 1995. Growers in BWEP areas are advised to plant Bt. cotton due to the effects of the weevil sprays on predators of bollworms/budworms.

The impacts of the adoption of Bt. cotton varieties include a reduction in yield losses due to Bt. target pests, reductions in insecticide use, and cost savings. Numerous surveys have found that growers are achieving higher yields and attaining higher profits by planting Bt. varieties, due to better pest control and decreased insect control costs. The average increase in net income in 2000, comparing Bt. to conventional varieties, was $20/ acre, taking into account the tech fee. On average, per acre insect control costs were $2 higher. This increased cost was outweighed by a yield increase of 36 lbs/ acre. 

In recent years, the bollworm/budworm has become significantly less troublesome in the Southeast (Georgia, Alabama, Florida) narrowing the economic difference between Bt. and non-Bt. acreage.

Estimated Impacts of Insect Resistant Transgenic Cotton

Change in Production: 185 million lbs/ yr increase in production

Change in Pesticide Use: 1.9 million lbs/ yr decrease in insecticides

Change in Net Revenue: $ 103 million/ yr increase in net revenue 

Contacts:

Michael Williams, Mississippi State University 601-325-2986

Email: Mwilliams@entomology.msstate.edu 

Jack Bacheler, North Carolina State University 919-515-8877

Email: jack_bacheler@ncsu.edu
Insect Resistant Cotton (study 33)

The fall armyworm, soybean looper and the beet armyworm are destructive migratory pests of many crops in the southeastern US. Damage caused by fall armyworms on cotton is from their feeding on the fruit. Once loopers begin feeding on the outer canopy, they can completely defoliate the plant in 36 to 48 hours. Young beet armyworm larvae feed together and gradually disperse as they grow. They "skelotenize" leaves.

Transgenic Bt. cotton has been commercially available in the United States since 1996. Bt. cotton has demonstrated remarkable control of some lepidopteran pests, particularly the tobacco budworm and the pink bollworm. Since its release into commercial markets, Bt. cotton seldom, if ever, has required supplemental insecticide control for these two pests. Control of the bollworm has been less dependable. Common lepidopteran pests such as fall armyworms, beet armyworms and soybean loopers are even more tolerant than bollworms. Supplemental foliar insecticide applications have been used in many Bt. cotton fields to control economically damaging populations of fall armyworms, beet armyworms, soybean loopers and especially bollworms. Approximately 36% of current Bt. cotton acreage is treated for bollworms (1.9 million acres) with 527,700 pounds of chemical active ingredients.

Approximately 65000 bales valued at $19 million were lost to bollworms on Bt. cotton acreage in 2000. For beet armyworm/fall armyworm/soybean looper control, approximately 21% of current Bt. cotton acreage is treated with 458,955 pounds of chemical active ingredients. Approximately 12,000 bales valued at $3.6 million were lost to loopers/armyworms on Bt. cotton acreage in 2000.

Unacceptable control of bollworms and other lepidopteran pests such as beet armyworms, fall armyworms and soybean loopers, prompted the development of a new genetically modified cotton that contains two separate crystalline proteins. The addition of a second Bt. protein provides satisfactory control of beet armyworms, fall armyworms, and soybean loopers. Efficacy is improved against bollworms. The dual-toxin cultivars may not require supplemental insecticide applications for these pests.

Bt. cotton I will likely be phased out and completely replaced with Bt. cotton II; a process that will take several years. It is estimated that Bt. cotton II will be adopted on the same acreage that is currently planted with Bt. cotton I at an increased cost of $2/A. The major impact of Bt. cotton II would be an elimination of current losses and spraying costs due to bollworms/loopers/armyworms on Bt. cotton acreage.

Estimated Impacts of Insect Resistant Transgenic Cotton

Change in Production: 37 million lbs/ yr increase in production

Change in Pesticide Use: 1.0 million lbs/ yr decrease in insecticides

Change in Net Revenue: $ 46 million/ yr increase in net revenue

Contacts:
Michael Williams, Mississippi State University, 601-325-2986

Email: mwilliams@entomology.msstate.edu
Ralph Bagwell, Louisiana State University 318-435-2182

Email: rbagwell@agctr.lsu.edu
Herbicide-tolerant Cotton (study 34)

Weeds can cause significant losses in cotton and require careful management by the grower. During the initial period of establishment, usually the first 6 to 8 weeks after planting, control of weeds is important in order to prevent undue stress upon the cotton seedlings. Weeds, if allowed to grow unchecked, can dramatically reduce cotton yields.

In 1995, the typical US cotton acre was treated with an average of nearly three active ingredients in nearly three treatments. There were also three cultivations made on the typical acre. Extensive use of hand-weeding crews has been utilized. In the early 1990s, 21% of US cotton acreage was hand weeded annually with the highest use in California where 75% of the acreage was hand weeded.

US cotton growers applied nearly 32 million pounds of active ingredients at an annual cost of $302 million just prior to introduction of transgenic herbicide-tolerant cotton varieties. The total cost of weed control including herbicide, hand weeding, cultivation and application costs was $797 million/yr.

BXN cotton varieties were introduced in 1995, offering cotton growers a cultivar resistant to bromoxynil (Buctril) a post emergence herbicide that kills may broadleaf plants. Roundup Ready cotton varieties were introduced in 1997. These varieties have been developed to tolerate glyphosate, a nonselective herbicide which normally cannot be applied over crops without severe crop injury. Research has not demonstrated better weed control in BXN or Roundup Ready cotton than that which can usually be obtained in non-transgenic cotton with traditional weed control systems. However, both transgenic cottons expand the options for weed management and make the mechanics of weed control much easier, less expensive and more convenient. The highest rates of adoption of BXN cotton have been in the states of Arkansas, Tennessee, and Missouri where morning-glories are a significant problem and where sicklepod is not prevalent. The Roundup Ready system has been widely adopted as Roundup has a broad spectrum of activity, which includes most of the major annual and perennial grass and broadleaf weeds infesting cotton fields.

US cotton acreage planted with Roundup Ready varieties increased steadily following its introduction in 1997 reaching 70% of planted acreage in 2001. Numerous press articles have reported that cotton growers have adopted the transgenic cultivars as a way to significantly reduce their production costs. Growers have reported making fewer trips across fields applying herbicides, making fewer cultivation trips, and making fewer applications of herbicides. USDA surveys of herbicide use by cotton growers show a general decline in overall herbicide active ingredient used per acre for most states since 1996/1997 to 2000. Extension Service cotton weed control specialists were surveyed to estimate the changes in tillage, herbicide application trips and hand weeding that has occurred on the acreage planted to transgenic cotton. All states reported fewer tillage trips and less hand weeding, while herbicide application trips were either reported as unchanged or reduced.

Impacts of Herbicide-tolerant Transgenic Cotton

Change in Pesticide Use:  6.2 million lbs/yr. decrease in herbicide active ingredients 

Change in Production Costs: $133 million/yr. savings in weed control costs.

Contacts:
John Byrd, Mississippi State University 662-325-4537

Email: jbyrd@weedscience.msstate.edu
Ron Vargas, University of California 559-675-7879

Email: rnvargas@ucdavis.edu
International documents and scientific publications on plant biotechnology and the safety assessment of food products derived from plant biotechnology

ILSI International Food Biotechnology Committee

One Thomas Circle, 9th Floor, Washington, D.C. 20005, U.S.A.

www.ilsi.org
The International Life Sciences Institute (ILSI) is a non-profit, worldwide foundation established in 1978 to advance the understanding of scientific issues relating to nutrition, food safety, toxicology, risk assessment, and the environment. ILSI also works to provide the science base for global harmonization in these areas.
By bringing together scientists from academia, government, industry, and the public sector, ILSI seeks a balanced approach to solving problems of common concern for the well-being of the general public.
ILSI is headquartered in Washington, D.C. ILSI branches include Argentina, Brazil, Europe, India, Japan, Korea, Mexico, North Africa and Gulf Region, North America, North Andean, South Africa, South Andean, Southeast Asia Region, the Focal Point in China, and the ILSI Health and Environmental Sciences Institute.  ILSI also accomplishes its work through the ILSI Research Foundation (composed of the ILSI Human Nutrition Institute and the ILSI Risk Science Institute) and the ILSI Center for Health Promotion.  ILSI receives financial support from industry, government, and foundations.

International Documents and Scientific Publications on Plant Biotechnology and the Safety Assessment of Food Products Derived from Plant Biotechnology is a bibliography of international documents and scientific publications on plant biology and the safety assessment of foods products derived from plant biotechnology. 

To download this publication, go to

http://www.ilsi.org/publications/pubslist.cfm?publicationid=348
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� Biotechnology-derived refers to the use of molecular biology and/or recombinant DNA technology, or in vitro gene transfer, to develop products or impart specific capabilities in plants or other living organisms.
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