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ABSTRACT

Transgenic trees, as genetically modified organisms, or GMOs, are largely viewed by the environmental community as a threat to biodiversity conservation. However, others have argued that transgenic trees could be the potential saviors of biodiversity. This paper discusses the alternative perspectives at the conceptual level in the context of historical trends. It discusses some of the concerns related to the commercialization of transgenics including the issue of gene escape. 

The nature of transgenic regulation, in the United States, the European Union, Canada, and China is discussed noting where similarities and differences exist. The responsibility for protecting agriculture from pests and diseases in the United States comes under the Federal Plant Pest Act (FPPA) administered by Animal and Plant Health Inspection Service (APHIS) of the Department of Agriculture. In addition, the Plant Protection Act, or PPA, (Title 7 U.S.C. Sections 7701 et seq.) assigns to the APHIS the responsibility of deregulating transgenic plants, once it is determined that the plant is unlikely to become a plant pest and does not present unacceptable risks to the environment. 

Currently, although no official announcements of the deregulation of transgenic wood trees have yet been made, there is evidence that a small amount of transgenic trees are being planted as commercial forests in at least one country.

I. Introduction

Forestry is following the pattern begun several millennia ago in agriculture, which saw a transition from gathering to cropping. Serious planting of trees for their wood properties only began in earnest in the last 50 years, although there were some notable exceptions in selected parts of Europe and Asia before that. The process of tree selection, domestication, and breeding, although practiced for orchard and ornamental uses for centuries, began only within the last few decades for most trees used for wood. [All trees are wood] 

The advent of planted forests has provide a financial incentive to grow species new to a region and to undertake tree improvement, since the benefits from these types of investments can be captured in the higher productivity at harvests. Increased productivity has resulted from the planting of exotic species, many of which have far greater yields in their new locations. Investments in tree improvement in industrial forestry have been under way in a significant way for about one-half a century, or roughly since the period where planted forests for industrial wood production began to become common. Tree improvements to both indigenous and exotic trees have been brought about through activities such as superior tree selection, traditional breeding techniques, and clonal propagation of superior trees. These innovations have had a positive influence on industrial wood production, particularly in some regions, thereby impacting on regional and international patterns of forest resource production and forest products trade. 

In the United States, plantations have been a factor in the shifting of the center of forestry from the natural forests of the west to the newly established forests of the south. Globally, the most notable new tree growing is South America, which is playing a rapidly increasing role in the production of plantation grown industrial wood and the worldwide export of wood and wood products. Other regions have also participated, including New Zealand, Australia, and South Africa. 

While transgenic trees offer substantial potential to improve human welfare, there are also concerns about the nature of the risks, particularly ecological, of such innovations. This paper will examine the potential benefits and possible risks.

The Potential Benefits of Transgenics in Plantation Forests

Plantation forests are highly attractive because they offer potential many types of societal benefits. 

Economic Benefits:

The cropping mode of fast-growing planted forests is now out-competing harvests from natural and second-growth forests. This is due to the reduced costs of harvesting because of the accessibility of well-located planted forests. Fast-growing, intensively managed planted forests have shown remarkable growth rates, eliminating the necessity of moving to new forest locations. Also, the set-aside of many natural old-growth and second-growth forests and the increased stringency of the harvest regulations have made harvesting natural forest increasingly costly. For these reasons planted forests have gradually been replacing natural forest as the source of industrial wood. Today, intensively managed planted forests, which have demonstrated the ability to substantially increase biological yields, are gradually becoming an important source of timber and have the potential to dominate industrial wood production (Context Consulting, nd). It is estimated that roughly one-third of today’s timber harvest comes from planted forests, compared to essentially a negligible portion 50 years ago (FAO 2001). 

Once forests are planted, rather than being generated naturally, tree improvements using both traditional breeding techniques and bioengineering approaches become a viable option.
  Today, industrial forestry is moving on two fronts with tree improvements from traditional breeding techniques and with major research efforts oriented to the production and commercialization of transgenic trees. 

Thus far, essentially all of the productivity increases in planted forests have resulted from species selection, traditional breeding approaches that have created superior high yield trees, and more intensive management. However, it appears only a matter of time before transgenic trees become common in the industrial forest. Regardless of the success of transgenics, plantation forests are likely to continue to displace traditional natural forest harvests. It is estimated that by 2050, roughly 75-80% of the industrial wood harvested will originate in planted forests (Sohngen et al. 1999).

Environmental Benefits:

One positive environmental implication of higher yielding forest plantations is that more industrial timber can be produced on less land. It has been estimated that with forest growth and yield rates in the conservative range of what is possible for plantations today in high-yield areas, all of the world’s timber production could be produced on an area roughly 5-10% of the total forest today (Sedjo 1990, Sedjo and Botkin 1997).  

The implication of the enhanced productivity is that high-yield planted forests have the desirable environmental side-effect of drawing timber harvests away from natural and old-growth forests, allow the forests to be used for nontimber purposes. This is more than a hypothetical possibility. Just look at the dramatic increase in planted forests in the past 50 years alone. Should transgenic trees play a major role in enhancing plantation timber productivity, the pressures to harvest for natural forests will continue to decline. The opportunity could arise whereby almost none of the globe’s natural forest is pressured by timber harvests.  More of the earth’s forest could remain in their natural states, thereby maintaining continuous habitat for biodiversity conservation.   

A challenge of the middle part of the 21st  century may be that of keeping forested land in forest, since the financial incentive for maintaining forests for production would increasingly be absent. The continuation of the shift toward the replacement of natural timber by intensively managed planted forests, many of them growing transgenic trees, provides the possibility of the stabilizing the area of the world’s natural forest at roughly current levels (Victor and Assubel 2000).
 

Concerns About Transgenics

While the potential of plantation forests to reduce harvests on natural forests is becoming a reality, concerns about the implications of transgenics persist. Concerns about plant transgenics usually fall into one of three [two?] categories: health and safety and environmental concerns. Health and safety generally relates to the consumption of the transgenic plant by humans or animals and any deleterious effects the transgenic may have on human or animal health. The problem areas for trees, however, are largely in the environmental area (e.g., see Mullin. and Bertrand. 1998). These include concerns toxics that may flow from the plant, as with a Bt gene, as well as that a transgenic tree becoming a pest or an invasive. Also, there are also concerns that transgenic plant might itself become a pest that is difficult and costly to control.  Finally, there are concerns about  “gene escapt.”  An escaped gene, for example might despoil a pristine species collection and thereby compromise its usefulness for developing improved hybrids of a particular plant, e.g., corn. Another concern about “gene escape,” is that the transferred gene might escape to a wild relative thereby increasing the fitness of that relative and enhancing its ability to become a pest and/or significantly disrupt the existing ecosystem (Difazio et al. 1999). It is this set of concerns that has resulted in most countries requiring the automatic regulation of a transgenic plant and the requirement that for commercialization the plant, including trees, must successfully pass though a deregulation process, which assesses the risks of any adverse or damaging environmental effects that could be associate with their common use. 

Dan Botkin (2001) has likened a transgenic to the introduction of an exotic, some of which have become invasive. However, other ecologists have argued that the risks of a transgenic are generally lower and more predictable than for an exotic because the plant has only a couple of introduced genes and the general expression of these are known. Thus the expression of an undesirable trait or any problems associated with transgenics should be easier to identify than the effects of exotics.

In any event, the primary concern with transgenic trees is environmental risks, and that is the focus of the regulation of transgenic trees. Trees are different from many plants due to their long life and delayed flowering, which complicates their assessment compared with annual plants. We should note, however, that trees are not the only long-lived transgenic plants. Other long-lived plants include many of the grasses. Delayed flowering generally makes the examination of the impacts of the introduced genes over generations more difficult, but not impossible, since certain tissue cultural approaches may be helpful in reducing the intergenerational delays. Nevertheless, regulatory complexities are likely to persist.

Gene Escape

A fundamental focus in the tree genetic engineering area is on the notion of “gene escape” or “gene flow.” The concern is that the introduction of an exotic gene in a transgenic may be passed from the plantation forest to planted trees plants in adjacent fields or into wild trees in the natural system. Should gene flow happen, the question is whether the transfer of genes to other plants could cause damages to either other domesticated plants or, perhaps more importantly, to the wild plants and/or the natural ecosystem.  Also, an area of concern with crops is that the transfer of a gene from transgenic crops to nontransgenic crops could disqualify the “tainted” crop from nontransgenic status and hence preclude it from sale in certain markets.

Some of the relevant questions are: will gene flow occur? will it persist? and will it be detrimental? The general question is one of “flow verses fate.” In the absence of containment or remedial actions there is a broad consensus that some degree of gene flow will almost certainly occur. Pollen will be transported, seed may be released, and with some plants, including trees, vegetative propagation may occur. As noted, the concerns with trees are generally related to the effect on the ecosystem of the transfer of a gene from the planted forest to wild trees of a similar species. Anxiety has been expressed over the risk of transgenic forest tree invasiveness at the interface of private forests and public lands (Williams 2004). In trees, however, the gene flow could be minimized by genetic modifications that are expressed as delayed flowering, terminator genes, or through the breeding of sterile trees. 

A related question is whether there reason to expect that the genetic modification associated with the transgenic will enhance the fitness, vitality, and survivability of the plant. Fitness is defined as the relative success with which a genotype transmits its genes to the next generation. Major components of fitness are survival and vegetative growth in perennials and reproduction through pollen and seeds. Individual transgenes can have positive, neutral, or negative effects on fitness. Often, however, there are fitness “costs” associated with transgenics. 

Another question is whether there are compatible wild/weedy relatives in the natural environment. An advantage of using a transgenic that is an exotic species is that close relatives are usually absent making the probability of gene transfer nonexistent. For example, pine is not indigenous to South America so the problem of a gene transfer from, e.g., a planted pine to a native tree is nonexistent.
  

According to Snow (2003), transgenic that are not deleterious to survival are likely to persist in wild populations. A question is whether plants with positive or neutral effects on fitness should be released in the wild. The consensus among scientists appears to be “it depends” (See Snow 2003).  If the transgenic tree is introduced as an exotic, where there are no wild relatives that could be genetically tainted, the problem becomes minimal. Another question is that of whether a specific genetic change that enhances a desired commercial trait, e.g. cellulose production, is likely to enhance the tree’s fitness in the wild. In the absence of enhancing fitness in the wild, there is little reason to expect that the transgenic tree is likely to become a pest or significantly modify the ecosystem. 
Bt Genes and Sterilization

A particular concern in forestry is with the effect of Bacillus thuringiensis, or Bt, genes that impart pest resistance properties to planted trees and which, under some circumstances, could impart these properties to wild trees. In this case there is a concern that escape of the Bt gene would provide the recipient plant with enhanced fitness that could disrupt the competitive balance in the natural system. At this point in time, in the case of trees, there appears to be little if any research proceeding on the development of Bt genes
. 

Limiting Gene Escape

A common anticipated approach for addressing the problem of gene escape is that of minimizing or eliminating the tree’s ability to transfer genes through modifications that delay or prevent flowering, thereby promoting actual or de facto sterile trees. This is a common area of bioengineering tree research and is likely to be a precondition, at least in the United States, of the deregulation of transgenic trees.

The Regulatory Structure

Since the primary reason for regulation of transgenics is the concern that there may be health, safety, or environmental risks, the regulators must behave as if the introduction of transgenics would introduction new risks of environmental damages. Thus, the existence of concerns about the extent to which transgenics could become weed pests is clearly reflected in the United States in its Federal Plant Pest Act. The issues related to transgenic trees, however, are somewhat different from those of much of annual crop agriculture.  As noted above, the problem areas for trees are largely in the environmental area with concerns about whether transgenics introduction new risks of environmental damages. 

The U.S. Regulatory Framework

A consistent principle of health and environmental law in the United States is that products introduced into commerce should be either safe or, if not safe, present no unreasonable risk to humans or the environment. How this principle is applied varies depending on which law applies, which agency has jurisdiction, and the social perception of risk. 

Three main agencies are involved in regulating transgenics: The Department of Agricultural, Animal and Plant Health Inspection Service (APHIS); the Food and Drug Administration (FDA) of the Department of Agricultural; the Environmental Protection Agency (EPA). The FDA is involved with food safety and the EPA with pesticides and toxics (TSCA and FIFRA) and overall environmental safety (NEPA). 

Products of biotechnology do not always fit comfortably within the lines the law has drawn based on the historic function and intended use of products. In 1986 the Coordinated Framework for the Regulation of Biotechnology was adopted by federal agencies (see 51 Fed. Reg. 23302; June 26, 1986) to provide a coordinated regulatory approach. Products of biotechnology are regulated according to their intended use, with some products begin regulated under more than one agency. 

Food production is a dominant concern related to food safety and is regulated under the Food and Drug Administration (FDA). A separate question is that of whether the gene-altered plant, crop, or tree, is likely to be a plant pest. This question is examined by the U.S. Department of Agriculture under the Federal Plant Pest Act, which mandates monitoring of plants that offer potential pest risks. Additionally, the Plant Protection Act (Title 7 U.S.C. Sections 7701 et seq.) is generally applied to all genetically modified plants including trees. The responsibility for protecting U.S. agriculture from pests and diseases resides with the Animal and Plant Health Inspection Service (APHIS) within the USDA. 

Issues of Risk Among Countries 

There are at least two major issues when determining the nature of regulation. First are the types of plants that are covered. Second is the level of acceptable risk. The issue of the appropriate criteria for determining whether plants, including trees, are to be regulated centers around whether the regulation should apply on the basis of process, e.g., transgenic, or on the basis of the attributes of the plant or product that may generate concerns about weediness or other adverse risks. The formal U.S. decision criteria are, in fact, that the product has “no significant or unreasonable adverse risks.” Note that some “reasonable risk” is allowed. In general, the amount of risk allowed for transgenics should be no more than would be the level of risk that would be associated with the introduction of a plant from traditional breeding. As currently practiced, however, regulation in the US is applied only to transgenic plants. Using this approach, all transgenic plants and trees are automatically classified as a regulated article that must go through the deregulation process to be eligible for commercialization. Alternatively expressed, any plant that involves the insert of a gene using a nonsexual approach is defined as a transgenic, and is automatically a regulated plant.   

Some biologists have argued that regulation would better be applied to plants on the basis of the plant attributes, rather than simply on the basis of the process, i.e. genetic engineering. The decision would be based on the “novelty” of the plant independent of the process used in its development. This criterion would be applied, in principle, to all “novel” plants, including genetically modified plants, whether the modification occurred by traditional breeding or genetic engineering. 

The argument of those suggesting regulatory change is that the transgenic process does need not inherently lead to more risky products. Rather, the process focuses on the changes and the attributes, whether generated by traditional or transgenic approaches, which could provide a social or environmental risk. Thus the argument is that the risks are associated with the attributes of the products and it is the products with these attributes that ought to be regulated. This is the approach used be Canada, which applies the criteria of “novelty” to both traditional and genetically engineered genetic modifications. However, no tree modified by traditional sexual processes has yet been required to go through formal deregulation procedure whereas in almost all cases transgenic plants and trees require deregulation in Canada. Thus, de facto, the U.S. and Canadian deregulation approaches are very similar (Mc Donald personal conversation, Quebec City, October 2003). 

Other countries vary in their approach to risk and regulation. China has a risk scale running from no risk, to low, medium, and high risk. A preliminary appraisal gives the plants a risk rating in one of these categories. Those in the no or to low risk range are automatically deregulated without further appraisal. Those given a higher risk rating are required to go through a more extensive deregulation protocol. Many countries, including the European Union (EU) and, as noted, the United States, automatically regulate all transgenics and require a formal deregulation for all. The major concern deals with the risks associated with the new product. In the case of trees, those risks are generally agreed to be largely environmental in nature.

The EU decision criteria are particularly adverse to risk and require that all GMO plants must not present any additional or increased risks. Thus the EU calls for a zero risk criteria. This is a more severe standard than that of the United States and Canada, which accept some risks. More generally, although most countries agree for the need for some types of risk assessments for plants, there is as yet no consensus as to the degree of potential harm that will be tolerated, i.e., the degree of severity of the risk. (Pachico 2003).

In summary, the formal decision criteria regarding the level of acceptable risk varies by country.  The formal criteria of the United States, Canada, and China tend to focus regulation on transgenics and allow for the acceptance of some degree of risk. While the EU also focuses it regulation on transgenics, it does not allow the plant to pose any incremental risks,  the EU has a zero risk criteria. 

Worldwide Deregulation 

In a world of many countries with varying requirements for deregulation, deregulation in one country does not insure that it will occur elsewhere. Conversely, restrictions in many countries do not insure that transgenic trees will not become common in some or even many places. Many countries require their own deregulation process, which might be required even if the transgenic has been deregulated in another country. This additional deregulation adds to the costs. Furthermore, for countries with small domestic markets the benefits of the introduction of the innovation may not justify the costs of deregulation in that country. 

Chile, for example, has an interest in the herbicide resistant gene, but apparently the U.S. developer does not view the market as sufficiently attractive to justify discussion about its adaptation to Chile’s planted Pinus radiata forests.

Given considerations of deregulation costs, additional deregulation requirements in second countries, possible trade restrictions, and small markets, developers seem to be focusing on innovations that could achieve deregulation in products and species oriented toward relatively large markets. For example, an American transgenic tree development firm  is focusing on innovations for loblolly pine, the dominant plantation timber tree in the United States. Furthermore, large areas of loblolly pine are being established in several countries of South America, so the product would have potential in several foreign markets should their regulatory hurdles manage to be negotiated. 

Another major tree genus under transgenic development is the eucalyptus, with major innovations apparently under way oriented at production in Brazil. Interestingly, until recently Brazil prohibited transgenics. However, it was generally acknowledged that transgenics were broadly planted in certain annual crops, and the Brazilian firms apparently invested substantially in transgenic tree development even while the prohibition was enforced. The assumption is that the prohibition will very likely to be removed soon. Eucalyptus is widely and successfully planted in Brazil, and there is surely a large domestic market. Also, worldwide, eucalyptus is one of the mostlpopular planted wood trees used for pulp, but also for timber.

In the United States, thus far APHIS has received no petitions for the deregulation of a transgenic tree and worldwide there are no documented transgenic wood trees that have been commercially released. Nevertheless there is evidence to suggest that de facto commercialization of transgenic trees has already begun.
 

IX. Summary and Conclusions

As forestry makes a transition for foraging in wild forests to tree cropping, the potential of genetically engineered tree improvements to generate financial and economic benefits is substantial. However, the effects on the ecosystem and biodiversity are problematical. Ecosystem benefits could be generated through the reduction in pressures to harvest from natural forests as timber from these sources becomes increasingly less competitive vis-à-vis planted forests. As more wood is produced from high productivity planted transgenic forests, more natural forestlands would be unimpacted by harvests and thus, presumably, would remain more conducive for biodiversity conservation. However, concerns exist over the possibility of transgenics trees disturbing the natural ecosystem through behavior such as an invasive. Gene escape, whereby genes would be inadvertently transferred to wild relatives of the transgenic trees thereby changing the competitive balance in the ecosystem in a destructive manner, is also a major concern. Many of these concerns might be addressed by insuring that destructive genes do not escape. One method likely to be applied would be various approaches to sterilizing transgenics trees. 

Most major countries have regulatory systems to regulate and evaluate transgenics on the basis of their potential risk to do damage. Although these systems have some differences, thus far, the global regulatory systems have not allowed for significant commercialization of transgenic wood trees. However, this could be changing in some countries. Moreover, it appears likely that some countries will eventually allow commercialization of transgenic trees. 
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� A plant that involves the insertion of a gene using a nonsexual approach is considered a bioengineered plant and defined as a transgenic. 








� One nonbiological type of damage would be if a non-GMO crop were tainted when the market is reacting negatively to transgenics. 


� South America is particularly attractive located for planted forest since most of the planted trees are exotics, e.g., pine, eucalyptus, and this the problem of gene escape is largely absent. 


� This author finds little evidence of any research in the development of Bt genes for trees in the United States or Canada. Of course, this need not be true worldwide.


� It has been unofficially reported by Chinese scientists that China has established an area of about 300 ha of commercial plantation forest in hybrid poplar. (El Kassaby, Yousry, Personal Conversation, January 20, 2004)
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