 GMOs and Ecological Sustainability: Does the genetic modification of crops help benefit the environment as much as it proposes to?

The United Nations estimates that the human population will increase by more than 40% in the next 50 years; from 6.2 billion to 9.0 billion people (Rauch, 2003).  These population increases will double the demand for food production by farmers.  Chemicals, plowing, and the exploitation of land from conventional agriculture are already harming many of our natural resources.  Currently, there is less than 12% of arable, unforested land left in the world (Thompson, 2003).  As a result, farmers have to face the challenge of determining how they will feed this growing population without further damaging the environment (Rauch, 2003).   Biotechnology companies claim that genetically modified (GM) crops are the solution to developing sustainable agriculture (Monsanto, 2000).  The reduced use of herbicides and pesticides through GM farming will improve soil, air, and water quality.  Furthermore, GM crops have indirect benefits such as increasing biodiversity and reducing the use of natural resources (CTIC, 2002, Vincent, 2003).   Critics of GM crops, on the other hand, fear that the introduction of these varieties into the environment will do more harm than good for the ecosystem.  Some concerns are the development of pest resistance to insect resistant crops, loss of biodiversity, the hybridization of conventional crops with wild relatives, and the harming of non-target organisms (Panos Briefing, 1999).  Concerns about agriculture negatively affecting the environment are not specific to GM farming.  Since the advent of agriculture, farming has put stress on the natural environment.  The introduction of agriculture into the world has led to the tearing down of forests and the plowing of land.  The Green Revolution brought innovations in agriculture that increased crop yield and quality along as well as increased pollution.  GM farming is just another step in the advancement of agriculture (ABE, 2002).  In order to determine if there is an advantage to GM farming relative to conventional farming, agriculturists must take into consideration whether or not the improvements from GM crops outweigh the harm that it may have on the environment.  Several steps can be taken to curtail the potential risks of GM crops such as the development of crop barriers, seed banks, and agricultural regulations (Daniell, 2002).  Therefore, GM crops have the potential to fulfill the future food demand while conserving the environment; however, GM farmers need to practice farming responsibly in order to ensure that there is minimal destruction of the environment.  

Currently, the major uses of commercialized GM crops are to improve the quality of pest and weed management.  Conventional weed control involves the use of approximately 500,000 kg of insecticides per year (CBI, 2003).  Presently, the U.S. licenses about 18,000 pesticides (EPA Report, 2002). There are two types of insecticides: chemical pesticides and biopesticides (EPA, 2002).  Chemical pesticides such as organophosphates and carbamates function by disrupting cholinesterase, an enzyme that controls the neurotransmitter acetylcholine.  Acetylcholine relays signals between nerves cells and between nerve cells and muscle cells.  Without cholinesterase to bind to acetylcholine, the neurotransmitter continues to build up within the bodies of pests, causing paralysis and eventually death (How Stuff Works, 2004).  Biopesticides encompass microbial and biochemical pesticides.  Biochemical pesticides control pests through non-toxic methods, such as using sex pheromones to interfere with mating between insects (EPA, 2004).  The most popular pesticides in the agriculture sector are malathion and chlorpyfiros (EPA, 1999).  Farm workers spray these compounds directly onto cropland by hand-held sprayers, backpack sprayers, tractor-drawn sprayers, and planes.  GM crops use microbial pesticides such as Bacterium thuringiensis.  

Herbicides are applied in a similar manner to pesticides.  Farmers in the U.S. use approximately 275 million kilograms of herbicides each year.  The most widely applied herbicides are atrazine and 2,4 D (Paoletti et. al., 1996).  Since plants are unable to metabolize atrazine, the chemical accumulates in the leaves of plants, inhibiting photosynthesis (Infoventures, 2004).  2,4 D affects broad-leaf weeds by hindering growth as it absorbs into plants and causes an abnormal growth that blocks the passage of vital nutrients within the plant (Sierra Club, 2003).  

Localizing pest and herbicide resistant properties within GM crops reduces the amount of harmful compounds that are currently released into the environment through conventional farming methods.  Spraying of pesticides and herbicides is oftentimes inefficient because only a small percentage of the active ingredients reach their target organisms (Ando et. al., 2000).  Excess amounts of these substances pollute the environment as they absorb into the soil and enter water sources (Panos Briefing, 1999). The localization of Bt toxin within plants ensures that only organisms that ingest stems and leaves containing the chemical are harmed.  Farmers only need to apply applications of a single herbicide a few times a year rather than apply large quantities of combinations of narrowly targeted and persistent herbicides several times a year in order to kill weeds without destroying crops.  The effectiveness of GM crops leads to an overall reduced usage of herbicides and pesticides (Agricultural Biotechnology in Europe, 2002). Three-quarters of the herbicide tolerant soybean growers in Wisconsin reported a reduction in the use of herbicides when they planted GM crops (Rooster News, 2001).  The use of Bt crops has been estimated to reduce the total world use of insecticides by 14%, approximately 163 million pounds (ABE, 2002).  These dramatic reductions have beneficial effects on the environment.
The insertion a gene from the Bacillus thuringiensis (Bt) bacterium into crops such as cotton, corn, and potatoes allow the plants to express insecticidal crystal proteins (ICPs) that are toxic to certain types of insects. Bt toxin is not harmful to vertebrates and most invertebrates, but does affect the digestive tract of some species of insects such as lepidoptera larvae (ABE, 2002).  As these insects consume the Bt plant, the crystal proteins bind to the receptors on the gut of the larvae and release delta endotoxin.  The endotoxin causes the gut wall to break down, allowing the bacteria in the gut to invade other cavities in the body.  As a result, the larvae die of starvation (Besson, 2004).  Since the toxins are located within the plant, farmers are able to contain the location of insecticidal proteins and prevent their spread to unintended areas of the environment such as to the soil, waterways, and non-target organisms.

Biotechnologists create herbicide resistant crops by developing plant resistance to an herbicide known as glyphosate, an herbicide marketed under the name of RoundUp by Monsanto Company (Monsanto, 2004). The most popular variety of these herbicide resistant crops is the Roundup Ready soybean.  Resistance in these crops is achieved by altering an amino acid biosynthetic pathway.   A single gene is caused to overexpress a native enzyme that breaks down glyphosate.  The enzyme is then adapted to react in the presence of the glyphosate.  As plants are exposed to glyphosate, they will be triggered to resist the herbicide (Erickson, 2000). 

The use of pesticide and herbicide resistant crops improve soil quality by lowering soil toxicity.  The reduced use of herbicides through GM farming leads to less accumulation of these compounds in the environment.  Therefore, there will be reduced ingestion of these compounds by bees, wildlife, and beneficial insects, which can have indirect effects on pollination of plants, endangered species, and natural pest control. In addition, herbicide resistant crops allow for the use of more benign herbicides. Traditional herbicides such as atrazine and 2,4 D are narrowly targeted and persistent compounds (Paoletti et. al., 1996).  Farmers can now use broad-spectrum Roundup herbicide, which has lower toxicity and “rapidly dissipates in water and soil” (CAST, 2003). Once the compounds reach the soil, microbes degrade the herbicide into harmless compounds.  The half-life of RoundUp is less than 60 days (Yarborough, 1996) while the half-life of atrazine is 742 days (Spectrum, 2003).  

GM crops indirectly improve soil structure.  Herbicide resistant crops enhance the ability to practice no-till farming, a technique that has numerous benefits to soil structure. Before the invention of herbicide resistant crops, farmers avoided no-till because of the difficulty to control weeds.  Turning over soil through plowing had been their primary strategy for killing weeds.  Since the introduction of herbicide tolerant crops into agriculture in 1996, however, the number of no-till conservation farming has increased by 35%. Clearly, these GM varieties help alleviate much of the hard work associated with weed control, making this environmentally friendly farming system a more feasible option for farmers.  No-till farming causes minimal disturbance to the natural soil ecosystem.  In addition, it allows plant residue to remain at the top of the soil, protecting the soil's surface (CTIC, 2002). This protective layer helps the soil maintain its structure and not erode (CBI, 2003).  Estimates show that nutrients retained through no-till farming saves approximately 1 billion tons of soil a year (CTIC, 2002). GM crops can also lead to minimal soil compaction due to the reduced need for farm workers and tractors to go onto land to spray crops. Reduced soil compaction puts less pressure on the natural ecosystem within the soil, making it a healthier habitat for non-target organisms (CAST, 2003).  As a result, herbicide resistant crops are beneficial to the environment because they enable farmers to practice conservative-till farming (CBI, 2003).  

GM crops can also decrease water pollution.  The preservation of nutrients in the soil through no-till farming leads to lower levels of phosphorus, nitrogen, and sediment run-off into water sources. High levels of nitrogen and phosphorous disrupt the chemical composition of water and may kill fish and aquatic plants.  Sedimentation disturbs the habitat of fish and crustaceans by covering up their gravel beds (CBI, 2003). 

Herbicide and insect resistant crops indirectly affect air quality.  The substitution of herbicide resistant crops for weed management in place of plowing enables the soil to sequester carbon dioxide.  Plowing exposes organic matter to air.  Oxygen decomposes organic compounds; releasing carbon dioxide into the atmosphere.  With less plowing, organic matter is able to build-up in the soil and store carbon dioxide (CBI, 2003). In effect, GMOs indirectly reduce the release of this greenhouse gas into the environment (DOE Consortium, 2002). In addition, vapors from broad-spectrum pesticides such as methyl bromide deplete the ozone layer (Ando et. al., 2000). Therefore, the use of herbicide and insect resistant crops reduces the release of harmful substances into the atmosphere.

Genetic modification has important implications for the conservation of land, fuel, and water (CBI, 2003).  GM crops save land because they make existing cropland more productive. Currently, the developing world is losing 4000-19,000 square miles of land a year to agriculture (Rauch, 2003). With the use of GM crops, farmers can increase the yield of maize, cotton, and soybeans by 5-8%.  Greater land productivity with the use of GM crops will be a way for farmers to cultivate higher yields of crops with minimal destruction of additional habitats (Panos Briefing, 1999).   Less fuel is utilized in GM farming since the number of times tractors and planes needed to spray herbicides is minimized.  According to one study, farmers save 309 millions gallons of fuel with herbicide and insect resistant crops.  Conservation tillage helps retain soil moisture. Approximately 70% of the freshwater used by humans each year goes toward agriculture. Since water is such a vital resource, maintaining the maximum amount of moisture in soil is beneficial to the environment (CTIC, 2002). 

Despite the many environmental benefits of herbicide and pesticide resistant crops, many people are still wary of GM crops for fear of the potential for irreversible harm to the ecosystem. One concern regarding the use of GM crops is the development of pest resistance to Bt crops.  Members of the public worry that the use of Bt crops may lead to the development of resistant pests. Once a few insects gain this trait, there is a possibility that it can mate with others that have a similar trait, increasing the population of insecticide resistant pests.  Currently, there is no evidence showing that the use of Bt crops leads to pest resistance (Mellon et. al., 2004).  

Others fear that the increased reliance of GM crops will reduce biodiversity by leading to crop monocultures; however, various strategies can be taken to prevent this outcome (CBI, 2003).  Governments can regulate the number of plantings of a particular crop in an area.  Concerned farmers can also create seed banks to store their cherished, non-modified seeds. Furthermore, recent evidence has shown that the improvement of the environment due to GM crops has led to an increase in biodiversity.  Herbicide resistant cropland enables birds and mammals to obtain food more easily than in ploughed lands. Tilled land plows under important organisms that birds and other wildlife feed on to survive (Vincent, 2003). Furthermore, plowed lands tend to have overgrowths of weeds that make foraging difficult. In traditional till fields, it takes an average quail 4.2 hours to feed. No-till farms only require birds a fifth of the amount of time to eat.  Additionally, three to six times more earthworms are found in no-till soil than in plowed lands. Therefore, farms using GM crops bring more wildlife to farms than traditional farms (CTIC, 2002). The cleaner water supplies and overall improved habitats due to reductions in pesticide and herbicide use contribute to an increase in biodiversity. One United Kingdom study demonstrated an increase in “endangered wildlife and birds such as skylarks and finches” (CBI, 2003) in land that used GM crops.  Another study found that fields using GM crops are especially appealing to bare-ground feeders such as doves and quails (Vincent, 2003).  The ability of GM crops to improve habitats increases biodiversity. 

Environmentalists are concerned about the possibility of gene transfer between genetically engineered plants and their wild relatives.  The hybridization of herbicide resistant crops with nearby plants can lead to the development of “superweeds” that are resistant to glyphosate (Paoletti, et. al., 1996).  This occurrence can make managing weeds an even heavier burden on farmers than the present situation.  As more and more weeds become resistant to a particular herbicide, new herbicides will need to be created to handle the problem.  Although the hybridization between different species of plants is possible, the probability of it occurring is very small (Shelton et. al., 2002).  Gene flow depends on many factors, including the location of the crop, and the sexual compatibility of two plants.  If gene transfer does occur, the trait has to be competitive enough in order for it to introgress into the plant species (Daniell, 2002).  Farmers have the potential to minimize the occurrence of gene flow through both physical and molecular barriers.  Farmers can non-GM refuges on the borders of transgenic cropland.  The refuge will prevent any gene flow that does occur from having a selective advantage in the gene pool.  This refuge will distance GM crops from non-transgenic crops that may be able to cross with the GM crop.  Other possibilities include creating crops that have maternal inheritance, male sterility, or seed sterility.  These methods will prevent genes from being passed along through generations.  The only disadvantage from these methods is that farmers will have to purchase new varieties each year since their plants are unable to reproduce (Daniell, 2002).  Although cross pollination can occur between GM and conventional crops or between GM crops and weeds, this can only occurs under limited circumstances and have shown to have no environmental consequences (ABE, 1).

The effect of Bt crops on non-target organisms is also a concern of some opponents of genetic modification.  They feel that the presence of Bt may harm beneficial organisms in the soil.  Studies have shown that the presence of Bt in the soil has no noticeable harmful effects on earthworms.  Other research has concluded that the total biomass of Bt soils is no different from that of Bt-free soil (Shelton et. al., 2002).  Since Bt is naturally occurring in soil bacterium, it is not surprising that soils containing Bt toxin do not harm non-target soil organisms.

 In conclusion, farmers can reap the benefits from the use of GM crops while benefiting the environment if appropriate measures are taken to address the potential risks.  Numerous studies have shown that GM crops can reduce the use of pesticides and herbicides, which can have both direct and indirect benefits on the environment.  Insect and herbicide tolerant crops improve soil, water, and air quality.  The enhancement of conservative-till farming with the use of herbicide resistant crops adds numerous benefits to soil structure and wildlife biodiversity.  In addition, no-till farming decreases the use of natural resources such as soil, water, fuel, and soil nutrients (CBI, 2003).  Although there are several legitimate concerns regarding gene flow, pest resistance, and decrease in biodiversity, the probability of these events occurring is low (Panos Briefing, 2003).  Nonetheless, steps can be taken to minimize these risks through the use of plant refuges, seed banks, and farming regulations.  Innovations in agriculture through GM crops have a huge potential for feeding future populations; however, environmental effects of new technology should be assessed thoroughly and GM crops should be used responsibly in order to ensure that we will sustain our natural resources for generations to come.      
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