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            Transgenic or “genetically modified” crops  (GMCs), the main products of agricultural biotechnology, are  becoming a dominant feature of the agricultural landscapes of the USA and other countries.  Worldwide, the areas planted to transgenic crops jumped more than thirty-fold in the past seven years, from 3 million hectares in 1996 to nearly 58.7 million hectares in 2002 (James 2002). The increase in area between 2001 and 2002 was 12%, equivalent to 6.1 million has. Despite expectations that transgenic crops will benefit third world agriculture, 99% of the total global GM crop area remains concentrated in four countries : USA –55% of global total, Argentina-27%, Canada –6% and China 4%) . Globally the main GM crops are soybean occupying 36.5 million has, and maize with 12.4 million followed by cotton and canola .In the USA, Argentina and Canada, over half of the average for major crops such as soybean, corn and canola are planted in transgenic varieties.  Herbicide resistant crops (HRC) and Bacillus thuringiensis protein engineered insect resistant crops (Bt crops) have been consistently the dominant traits. Transnational corporations such as Monsanto, DuPont, Novartis, etc. which are the main proponents of biotechnology argue that carefully planned introduction of these crops should reduce or even eliminate the enormous crop losses due to weeds, insect pests, and pathogens. In fact, they argue that the use of such crops will have added beneficial effects on the environment by significantly reducing the use of agrochemicals (Krimsky and Wrubel 1996). Several scientists argue that HRCs and Bt crops have been a poor choice of traits to feature this new technology given predicted environmental problems and the issue of resistance evolution. There is considerable evidence to suggest that both of these types of crops are not really needed to address the problems they were designed to solve. On the contrary, they tend to reduce the pest management options available to farmers (Altieri 2001). As it will be argued in this paper there are many  effective alternative approaches, (i.e. rotations, polycultures, cover crops, biological control, etc.) that farmers can use to regulate the insect and weed populations that are being targeted by the biotechnology industry (Altieri 1995).

           For example, in Africa, ICIPE scientists developed a habitat management system to control Lepidoptera stemborers, potential primary targets to be controlled via Bt crops.  The push –pull system uses plants in the borders of maize fields which act as trap crops (Napier grass and Sudan grass) . These draw stemborer colonization away from maize (the push) and two plants intercropped with maize (molasses grass and silverleaf) that repel the stemborers (the pull) (Khan et al., 1998). Border grasses also enhance the parasitization of stemborers by the wasp Cotesia semamiae, and are important fodder plants. The leguminous silverleaf (Desmodium uncinatum) suppresses the parasitic weed Striga by a factor of 40 when compared with maize monocrop. Desmodium’s N-fixing ability increases soil fertility; and it is an excellent forage. As an added bonus, sale of Desmodium seed is proving to be a new income-generating opportunity for women in the project areas The push-pull system has been tested on over 450 farms in two districts of Kenya and has now been released for uptake by the national extension systems in East Africa. Participating farmers in the breadbasket of Trans Nzoia are reporting a 15-20 percent increase in maize yield.  In the semi-arid Suba district – plagued by both stemborers and striga – a substantial increase in milk yield has occurred in the last four years, with farmers now being able to support increased numbers of dairy cows on the fodder produced.  When farmers plant maize together with the push-pull plants, a return of US$ 2.30 for every dollar invested is made, as compared to only $1.40 obtained by planting maize as a monocrop. (Khan et al., 1998). To the extent that transgenic crops further entrench the current monocultural system, they impede farmers from using a plethora of alternative methods such as the push-pull system (Altieri 1996).

It is herein contended that GM crops will further lead to agricultural intensification and ecological theory predicts that as long as transgenic crops follow closely the pesticide paradigm, such biotechnological products will do nothing but reinforce the pesticide treadmill in agroecosystems, thus legitimizing the concerns that many  environmentalists and some scientists have expressed regarding the possible environmental risks of genetically engineered organisms. In fact, there are several widely accepted environmental drawbacks associated with the rapid deployment and widespread commercialization of such crops in large monocultures, including (Rissler and Mellon, 1996; Snow and Moran, 1997, Kendall et al l997, Altieri 2000): 

a) the spread of transgenes to related weeds or conspecifics via crop-weed hybridization,

b) reduction of the fitness of non-target organisms ( especially weeds or local varieties) through the acquisition of transgenic traits via hybridization.  

c) the rapid evolution of resistance of insect pests to Bt

d)  accumulation of the insecticidal Bt toxin, which remains active in the soil after the crop is ploughed under and binds tightly to clays and humic acids (Saxena et al 1999);

e) disruption of natural control of insect pests through intertrophic-level effects of the Bt toxin on natural enemies (Hilbeck et al 1998);

f) unanticipated effects on non-target herbivorous insects (e.g. monarch butterflies) through deposition of transgenic pollen on foliage of surrounding wild vegetation (Losey et al l999), and

g) vector-mediated horizontal gene transfer and recombination to create new pathogenic organisms

As a new form of  industrial agriculture, the rapid spread of transgenic crops  threatens crop diversity by promoting large monocultures on a rapidly expanding scale leading to further environmental simplification and genetic uniformity  Such simplification and the associated environmental impacts of GMCs can lead to reductions in agroecosystem biodiversity .Direct benefits of biodiversity to agriculture lie in the range of environmental services provided by the different biodiversity components such as nutrient cycling, pest regulation and productivity. Disruptions in biodiversity levels prompted by GM crops is bound to affect such services and thus affect agroecosystem function. This paper  focuses on the known and potential ecological effects of the two dominant types of GM crops: HRCs and Bt crops on agroecosystem performance.

Biotechnology and the loss of agrobiodiversity 

Worldwide, ninety one percent of the 1.5 billion hectares of cropland are under annual crops , mostly monocultures of wheat, rice, maize, cotton, and soybeans (Smil 2000).  This represents an extreme form of simplification of nature’s biodiversity, because monocultures in addition to being genetically uniform and species-poor systems, advance at the expense of natural vegetation, a key landscape component that provides important ecological services to agriculture such as natural mechanisms of crop protection (Altieri and Nicholls 2004). Since the onset of agricultural modernization, farmers and researchers have been faced with a major ecological dilemma arising from the homogenization of agricultural systems: an increased vulnerability of crops to insect pests and diseases, which can be devastating when infesting uniform, large scale monocultures (Altieri and Nicholls 2004). Monocultures may have short-term economic advantages for farmers, but in the long term they do not represent an ecological optimum.  Rather, the drastic narrowing of cultivated plant diversity has put the world’s food production in greater peril (Robinson 1996).

History has repeatedly shown that the uniformity which characterizes agricultural areas sown to a smaller number of varieties as in the case of GM crops,  is a source of increased risk for farmers, because the genetically homogeneous fields tend to be more vulnerable to disease and pest attack (Robinson, 1996). Documented expamples of disease epidemics associated with homogeneous crops abound , including the $1 billion loss of maize in the USA in 1970 and the 18 million citrus trees destroyed by pathogens in Florida in 1984 (Thrupp 1998). 

Many proponents of the biotech revolution also promoted the Green Revolution in the developing world.. These people assume that progress and the development of traditional agriculture as inevitably require the replacement of local crop varieties with improved ones. They also presume that the economic and technological integration of traditional farming systems into the global system is a positive step that enables increased production, income and community well being (Wilkes and Wilkes, 1972). However as evinced by the Green Revolution modernization and integration entailed several negative impacts (Tripp, 1996, Lappe et al  1998):

· The Green Revolution involved the promotion of a package that included modern varieties (MVs), fertilizer and irrigation,and marginalized a great number of resource-poor farmers who could not afford the technology.

· In areas where farmers adopted the package stimulated by government extension and credit programs, the spread of MVs led to greatly increased  use of pesticides, often with serious health and environmental consequences.

· Enhanced uniformity caused by sowing large areas to a few MVs increased risk for farmers. Genetically uniform crops proved more susceptible to pests and diseases, and MVs did not perform well in marginal environments where the poor live. 

· Crop diversity is an important nutritional resource of poor communities, but the spread of MVs was accompanied by a simplification of traditional agroecosystems and a trend toward monoculture which affected dietary diversity thus raising considerable nutritional concerns.

· The replacement of folk varieties also represents a loss of cultural diversity, as many varieties are integral to religious or community ceremonies. Given this, several authors have argued that the conservation and management of agrobiodiversity may not be possible without the preservation of cultural diversity ( Brush 2000)

Concerns have been raised about whether the introduction of transgenic crops may replicate or further aggravate the effects of MVs on the genetic diversity of landraces and wild relatives in areas of crop origin and diversification and therefore affect the cultural thread of communities. The debate was prompted by  controversial article in the journal Nature, reporting the presence of introgressed transgenic DNA constructs in native maize landraces grown in remote mountains in Oaxaca, Mexico (Quist and Chapela 2001). Although there is a high probability that the introduction of transgenic crops will further accelerate the loss of genetic diversity and of indigenous knowledge and culture, through mechanisms similar to those of the Green Revolution, there are some fundamental differences in the magnitude of the impacts. The Green Revolution increased the rate at which modern varieties replaced folk varieties, without necessarily changing the genetic integrity of local varieties. Genetic erosion involves a loss of local varieties but it can be slowed and even reversed through in-situ conservation efforts which conserve not only landraces and wild-weedy relatives, but also agroecological and cultural relationships of crop evolution and management in specific localities. Examples of successful in-situ conservation  that preserve native crop diversity while respecting local cultures have been widely documented (Brush 2000)..

The problem with introductions of transgenic crops into regions of diversity is that the spread of genteically altered grain characteristics to the local varieties favored by small farmers could dilute the natural sustainability of these races. Many proponents of biotechnology believe that unwanted gene flow from GM maize may not compromise maize biodiversity (and therefore the associated systems of agricultural knowledge and practice along with the ecological and evolutionary processes involved) and may pose no worse a threat than cross-pollination from conventional (non GM) seed. In fact some industry researchers believe that DNA from engineered maize is unlikely to have an evolutionary advantage, but if transgenes do persist they may actually prove advantageous to Mexican farmers and crop diversity. Opponents to biotechnology pose that traits important to indigenous farmers (resistance to drought, food or fodder quality, maturity, competitive ability, performance on intercrops, storage quality, taste or cooking properties, compatibility with household labor conditions, etc) could be traded for transgenic qualities which may not be important to farmers (Jordan, 2001). Under this scenario risk will increase and farmers will lose their ability to adapt to changing biophysical environments and produce relatively stable yields with a minimum of external inputs while supporting their communities’ food security ( Altieri 2003).

           Most scientists agree that teosinte and maize interbreed. One problematic result from a transgenic maize-teosintle cross would be if the crop-wild relative hybrids would be more successful by acquiring tolerance to pests (Ellstrand, 2001). Such hybrids could become problem weed upsetting farmers management but also out-competing wild relatives. Another potential problem derived from transgenic crop – to – wild gene flow is that it can lead to extinction of wild plants via swamping and outbreeding depression (Stabinsky and Sarno, 2001)

Ecological effects of HRCs
Gene flow: super weeds and herbicide resistance

Just as it occurs between traditionally improved crops and wild relatives, pollen mediated gene flow occurs between GMCs and wild relatives or conspecifics despite all possible efforts to reduce it. The main concern with trangenes that confer significant biological advantages  is that they may transform wild/weed plants into new or worse weeds. Hybridization of HRCs with populations of free living relatives will make these plants increasingly difficult to control, especially if they are already recognized as agricultural weeds and if they acquire resistance to widely used herbicides.  Snow and Palma (1997) argue that widespread cultivation of HRCs could exacerbate the problem of gene flow from cultivated plants enhancing the fitness of sexually compatible wild relatives. In fact, the flow of herbicide resistant transgenes has already become a problem in Canadian farmers’ fields where volunteer canola resistant to three herbicides (glyphosate, imidazolinone and gufosinate) has been detected, a case of “stacked” resistance or resistance to multiple herbicides (Hall et al 2000). The Royal Society of Canada ( Barrett et al 2001) reported that herbicide-resistant volunteer canola plants ae beginning to develop into a major weed problem in some parts of the Prairie Provinces of Canada. Transgenic resistance to glufosinate can introgress from cultivated Brassica napus into weedy populations of Brassica napus, and persist under natural conditions (Snow and Moran 1997). In Europe there is a major concern about the possibility of pollen transfer of herbicide tolerant genes from Brassica oilseeds to Brassica nigra and Sinapis arvensis (Goldberg 1992).

Transgenic herbicide resistance in crop plants simplifies chemically based weed management because it typically involves compounds that are active on a very broad spectrum of weed species. Post-emergence application timing for these materials fits well with reduced or zero-tillage production methods, which can conserve soil and reduce fuel and tillage costs (Duke l996).  Reliance on HRCs perpetuates and accelerates the weed resistance problems and species shifts that are common to conventional herbicide based approaches. Herbicide resistance becomes more of a problem as the number of herbicide modes of action to which weeds are exposed becomes fewer and fewer, a trend that HRCs may exacerbate due to market forces that encourage their use.. Given industry pressures to increase herbicide sales, acreage treated with broad-spectrum herbicides will expand, further exacerbating the resistance problem. For example, it has been projected that the acreage treated with glyphosate will increase to nearly 150 million acres by 2005. Although glyphosate  resistance is considered less likely to develop in weeds, the increased use of the herbicide will eventually result in weed resistance, as has been already documented with Australian populations of annual ryegrass, quackgrass, birdsfoot trefoil and Cirsium arvense (Gill, 1995). In Iowa, Amaranthus rudis populations showed delayed germination thus “avoiding” planned glyphosate applications and velvetleaf demonstrated greater tolerance to glyphosate (Owens 1997). Conyza canadensis (horseweed) that is resistant to glyphosate has been found in Delaware (VanGessel and Glasgow (2001). Even in areas where resistant weeds have not been reported, scientists are seeing shifts in dominant weed species that may be due to heavy use of glyphosate in engineered crops. For example, University of Illinois specialists suggest that increases in eastern black nightshade in Illinois soybean fields may be a result of widespread adoption of the glyphosate-resistant crop and the concomitant use of the herbicide in the state. Similarly, weed scientists in Iowa are finding populations of water hemp that survive spraying in fields of glyphosate-resistant soybean.

Perhaps the greatest problem of using HRCs to solve weed problems is that they steer efforts away from alternatives such crop rotation or cover crops and help to maintain cropping systems dominated by one or two annual species. Crop rotation not only reduces the need for herbicides, but also improves soil and water quality, minimize requirements for synthetic nitrogen fertilizer, regulate insect pest and pathogen populations, increase crop yields, and reduce yield variance. Thus, to the extent that transgenic HRCs inhibit the adoption of rotational crops and cover crops they hinder the development of sustainable agriculture.

One additional threat resulting from HRCs involves the increased used of glyphosate by farmers adopting no-till agriculture. In-2000, about 19,7 million hectares  in the USA and  13,5 million hectares in Brazil were under no-till systems. Promoters of no-till methods affirm that the technology is sustainable because it conserves soils, enhances soil quality by improving structure, water infiltration and biological activity,  saves energy and labor, captures CO2,etc. Such benefits however are threatened by the widespread use of glyphosate. As farmers encounter more herbicide tolerant volunteers in their fields, they increasingly resort to tilling.

HRCs and the consequences of total weed removal

The presence of weeds within or around crop fields influences the dynamics of the crop and associated biotic communities. Stud​ies over the past 30 years have produced a great deal of evidence that the manipulation of a specific weed species, a particular weed control practice, or a cropping system can affect the ecology of insect pests and associated natural enemies (Altieri  and Nicholls 2004). 

Many weeds are important components of agroecosystems be​cause they positively affect the biology and dynamics of beneficial insects. Weeds offer many important requisites for natural enemies such as alternative prey/hosts, pollen, or nectar as well as microhab​itats that are not available in weed‑free monocultures (Altieri and Nicholls 2004). Many insect pests are not continuously present in annual crops, and their predators and parasitoids must survive elsewhere during their absence.  Weeds usually provide such resources (alternative host or pollen and-nectar) thus aiding in the survival of viable natural enemy populations. In the last 20 years, research has shown that outbreaks of certain types of crop pests are less likely to occur in weed‑diversified crop systems than in weed‑free fields, mainly due to increased mortality imposed by natural enemies. Crop fields with a dense weed cover and high diversity usually have more predaceous ar​thropods than do weed‑free fields. The successful establishment of several parasitoids usually depend on the presence of weeds that provide nectar for the adult female wasps. Relevant examples of cropping systems in which the presence of specific weeds has enhanced the biological control of particular pests have been reviewed by Altieri and Nicholls (2004). A literature survey by Baliddawa (1985) showed that population densities of 27 insect pest species were reduced in weedy crops compared to weed-free crops. Obviously, total elimination of weeds as it is common practice under HRC crops, can have major ecological implications for insect pest management.

Recent studies conducted in the UK, showed that reduction of weed biomass, flowering and seeding of plants  within and in margins of  HR beet and spring oilseed rape  crops involved changes in resource availability with knock-on effects at higher trophic levels reducing abundance of relatively sedentary and host specific herbivores including Heteroptera, butterflies and bees. Counts of predaceous carabid beetles that feed on weed seeds were lower in HRC fields (Hawes et al 2003). Data showed that  weed densities were lower in the HRCs compared to their conventional forms while the biomass in GM beet and oilseed rape was respectively one-sixth and about one-third of that in conventional plots. Many  weed species  among the two HR crops produced lower biomass,  which led  to the conclusions that these "differences compounded over time would result in large decreases in population densities of arable weeds" and, "with a few exceptions, weed species in beet and spring oilseed rape were negatively affected by the  HRC treatment". The abundance of invertebrates, which are food for mammals, birds and other invertebrates, and important for controlling pests or recycling nutrients within the soil, was also found to be generally lower in HR beet and oilseed rape. 

 These reductions maybe an underestimate because comparisons were made only between conventional and biotech plots. Organic systems were not included in the comparisons, hence the full spectrum of impacts on biodiversity were not captured. The studies did not address what effects if any, of biodiversity reductions on agroecosystem processes such as nutrient cycling or pest regulation. 
Ecological risks of Bt crops

Pest resistance
More than 500 species of pests have already evolved resistance to conventional insecticides, hence it is likely that these and other pests can also evolve resistance to Bt toxins present in transgenic crops (Paoletti and Pimentel 1996). No one questions if Bt resistance will develop, the question is now how fast it will develop. Susceptibility to Bt toxins can therefore be viewed as a natural resource that could be quickly depleted by inappropriate use of Bt crops (Mellon and Rissler l998) . However, cautiously restricted use of these crops should substantially delay the evolution of resistance. The question is whether cautious use of Bt crops is possible given commercial pressures that have resulted in a rapid roll-out of Bt crops reaching 7.6 million hectares worldwide in 2002. 

Like conventional pesticides, transgenic technologies represent a single-intervention approach. Pest populations are selected, typically resulting in resistance to the control, and pest predators are harmed either directly or through deprivation of their prey. To move beyond the "pesticide paradigm" followed by Bt crops, technologies should be designed to induce pest damage tolerance rather than resistance to pests. Tolerance does not rely on toxicity to kill pests and therefore does not negatively impact non-target organisms or promote resistance development (Welsh et al; 2002)

To delay the inevitable development of resistance by insects to Bt crops, bioengineers are preparing resistance management plans, which include the use of patchworks of transgenic and nontransgenic crops (called refuges) to delay the evolution of resistance by providing susceptible insects for mating with resistant insects. According to a report of the Union of Concerned Scientists refuges should cover at least 30 percent of the crop area, but Monsanto’s new plan calls for only 20 percent refuges even when insecticides are to be used. Moreover, the plan offers no details regarding whether the refuges must be planted alongside the transgenic crops, or some distance away, where studies suggest they would be less effective (Mellon and Rissler 1998). In addition to refuges requiring difficult regional coordination among farmers, it is unrealistic to expect most small and medium sized farmers to devote up to 30 to 40 percent of their crop area to refuges, especially if crops in these areas may sustain heavy pest damage. In one of the few field studies assessing resistance development to Bt crops, Tabashnik et al (2000) found in 1997 that approximately 3.2 % of pink bollworm larvae collected from Arizona Bt cotton fields exhibited resistance. 


The farmers that face the greatest risk from the development of insect resistance to Bt are neighboring organic farmers who grow corn and soybeans without agrochemicals. Once resistance appears in insect populations, organic farmers will not be able to use Bacillus thuringiensis in its microbial insecticide form to control the lepidopteran pests that move in from adjacent neighboring transgenic fields. Only about 8% of the organic farmers use Bt microbial sprays therefore this problem may not be widespread. In addition, genetic pollution of organic crops resulting from gene flow (pollen) from transgenic crops can jeopardize the certification of organic crops forcing organic farmers to lose premium markets. Who will compensate the farmers for such losses? This may well become a major issue in the USA as commercial seeds of several major crops are “pervasively contaminated” with DNA from engineered varieties of those crops  according to a recent study of the Union of Concerned Scientists. Commercial testing of 18 non-transgenic varieties ( 6 each of corn, soybean and canola) showed low foreign DNA levels in at least half of the corn and soybean varieties and at least 83% of the canola tested.

BT crops and beneficial insects

Bacillus thuringiensis proteins are becoming ubiquitous, highly bioactive substances in agroecosystems that persist for many months. Most, if not all, non-target herbivores that colonize Bt crops in the field, although not lethally affected, ingest plant tissue containing Bt protein which they can pass on to their natural enemies in a more or less processed form. Polyphagous natural enemies that move between crop cultures are frequently found to encounter Bt containing non-target herbivorous prey in more that one crop during the entire season. According to Groot and Dicke (2002) natural enemies may come in contact more often with Bt toxins via non-target herbivores, because the toxins do not bind to receptors on the midgut membrane in the non-target herbivores. This is a major ecological concern given previous studies that documented that Cry1 Ab adversely affected the predaceous lacewing Chrysoperla carnea reared on Bt corn-fed prey larvae (Hilbeck l998).  In another study feeding three different herbivore species exposed to Bt-maize to C. carnea, showed a significant increase in mortality and a delay in development when predators were fed Spodoptora littoralis reared on Bt-maize. A combined interaction of poor prey quality and Cry 1Ab toxin may account for the negative effects on C. carnea. Apparently the fitness of parasitoids and predators is indirectly affected by Bt toxins exposed in GM crops by feeding from suboptimal food or because of host death and scarcity (Groot and Dicke, 2002). Because of the development of a new generation of Bt crops with much higher expression levels, the effects on natural enemies reported so far are likely to be an under-estimate.

These findings are problematic for small farmers in developing countries who rely for insect pest control, on the rich complex of predators and parasites associated with their mixed cropping systems (Altieri 1995). Research results showing that natural enemies can be affected directly through inter-trophic level effects of the toxin present in Bt crops raises serious concerns about the potential disruption of natural pest control, as polyphagous predators that move within and between crop cultivars will encounter Bt-containing, non-target prey throughout the crop season. Disrupted biocontrol mechanisms will likely result in increased crop losses due to pests or to increased use of pesticides by farmers with consequent health and environmental hazards. 

Effects on the soil ecosystem

The possibilities for soil biota to be exposed to transgenic products are very high. The little research conducted in this area has already demonstrated long term persistence of insecticidal products (Bt and proteinase inhibitors) in soil after exposure to decomposing microbes( Donegan and Seidler 1999). The insecticidal toxin produced by Bacillus thuringiensis  subsp. kurskatki  remain active in the soil, where it binds rapidly and tightly to clays and humic acids. The bound toxin retains its insecticidal properties and is protected against microbial degradation by being bound to soil particles, persisting in various soils for at least 234 days (Palm et al l996). Palm et al (1996) found that 25-30 % of the Cry1A proteins produced by Bt cotton leaves remained bound in the soil even after 140 days. In another study researchers confirmed the presence of the toxin in exudates from Bt corn and verified that it was active in an insecticidal bioassay using larvae of the tobacco hornworm (Saxena et al l999). In a recent study, after 200 days of exposure, Lumbricus terrestris adults experienced a significant weight loss when fed Bt corn litter when compared to earthworms fed on non-Bt corn litter (Zwahlen et al, 2003) Potentially these earthworms may serve as intermediaries through which Bt toxins may be passed on to organisms feeding on these earthworms. Given the persistence and the possible presence of exudates, there is potential for prolonged exposure of the microbial and invertebrate community to such toxins, and therefore studies should evaluate the effects of transgenic plants on both microbial and invertebrate communities and the ecological processes they mediate (Altieri 2000). 

If transgenic crops substantially alter soil biota and affect processes such as soil organic matter decomposition and mineralization, this would be of serious concern to organic farmers and most poor farmers in the developing world. These people cannot purchase or do not want to use expensive chemical fertilizers, and  rely instead on local residues, organic matter and especially soil organisms for soil fertility (i.e. key invertebrate, fungal or bacterial species) which can be affected by the soil bound toxin. Soil fertility could be dramatically reduced if crop leachates inhibit the activity of the soil biota and slow down natural rates of decomposition and nutrient release. Accumulation of toxins over time during degradation of plant biomass could have worse and longer term impacts on soil biology because, the doses of Bt toxin to which these soil organisms are exposed may increase with time.

HCs can also act indirectly on soil biota through effects of glyphosate which appears to act as a soil antibiotic inhibiting mycorrizae, antagonists and nitrogen fixing bacteria. Root development, nodulation and nitrogen fixation are impaired in some HR soybean varieties which then exhibit lower yields with effects being worse under drought stress or infertile soils ( Benbrook 2001).

General Conclusions and Recommendations

The available, independently generated scientific information suggests that the massive use of transgenic crops pose substantial potential risks from an ecological point of view. The environmental effects are not limited to pest resistance and creation of new weeds or virus strains (Kendall et al l997). As I have argued , transgenic crops can produce environmental toxins that move through the food chain and also end up in the soil where they bind to colloids and retain toxicity that affects invertebrates and possibly nutrient cycling (Altieri 2000). No one can really predict the long-term impacts on agrobiodiversity and the processes they mediate from the massive deployment of such crops.

Not enough research has been done to evaluate the environmental and health risks of transgenic crops, an unfortunate trend, as many scientists feel that such knowledge was crucial before biotechnological innovations were upscaled to current commercial levels. There is a clear need to further assess the severity, magnitude and scope of risks associated with the massive field release of transgenic crops. Risk evaluation  must now move beyond comparing GMC fields with conventionally managed systems to include alternative cropping systems  that feature crop diversity and low-external input approaches. These systems express higher levels of biological diversity and thus allow rigorous studies to capture the full range of impacts on biodiversity and agroecosystem processes.  

Moreover, the large-scale landscape homogenization by transgenic crops will exacerbate the ecological problems already associated with monocultural agriculture. (Altieri 2000). Unquestioned expansion of this technology in to developing countries may not be wise or desirable. There is strength in the agricultural diversity of many of these countries, and it should not be inhibited or reduced by extensive monoculture, especially when consequences of doing so results in serious social and environmental problems (Altieri 1996).

The repeated use of transgenic crops in an area may result in cumulative effects such as those resulting from the buildup of toxins in soils. For this reason, risk assessment studies not only have to be of an ecological nature in order to capture effects on ecosystem processes, but also of sufficient duration so that probable accumulative effects can be detected. A decade of carefully ecologically monitored field and larger scale results are necessary to assess the full potential for risks from GM crops to the environment. Decreases in pesticide use are not acceptable as proxies for environmental benefits, because even if pesticide use is reduced with GMCs the ecological impacts of such crops remain unchanged.. The application of multiple diagnostic methods to assess multitrophic effects and impacts on agroecosystem function will provide the most sensitive and comprehensive assessment of the potential ecological impact of transgenic crops.

Until these studies are completed a moratorium on transgenic crops based on the precautionary principle should be imposed in the USA and other regions. This principle advises that instead of using the criterion of "absence of evidence" of serious environmental damage, the proper decision criterion should be the" evidence of absence", in other words avoiding "type II" statistical error: the error of assuming that no significant environmental risk is present when in fact risk exists.

           Although biotechnology could be considered an important tool to manage agroecosystems, at this point alternative solutions exist to address the problems that current GMCs, developed mostly by profit motives, are designed to solve.  The recent study conducted by scientists at ICIPE in Africa highlighted the dramatic positive effects of rotations, multiple cropping, and biological control on crop health, environmental quality and agricultural productivity confirmed by scientific research in many parts of the world. The evidence is conclusive: new approaches and technologies spearheaded by farmers, NGOs and some local governments around the world are already making a sufficient contribution to food security at the household, national, and regional levels. A variety of agroecological and participatory approaches in many countries show very positive outcomes even under adverse conditions. Potentials include: raising cereal yields from 50 to 200 percent, increasing stability of production through diversification, improving diets and income, contributing to national food security and even to exports and conservation of the natural resource base and agrobiodiversity (Altieri 2002) 

In its present form, biotechnology is totally incompatible with more agroecological approaches because of its cascading effects on agroecosystem function. Moreover, this technology is under corporate control, excluding it from of the realm of the international public goods, a major barrier when it comes to promoting socially equitable and accessible agricultural technologies
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