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ABSTRACT

The research embodied in the thesis represents a broad conceptual framework regarding the recent
developments in the science of biotechnology and their applications to the commercial goals of plantation
forestry. The specific developments of tree biotechnology are outlined, with a particular interest in
Eucalyptus grandis and its hybrids. A brief overview of the international regulatory schemes for protecting
intellectual property rights, as well as for safeguarding the biosafety of commercial deployment of
genetically engineered plants is developed in order to outline the advantages and disadvantages in
investment decisions regarding plantation forestry of bio-reengineered eucalyptus trees. A more detailed
examination of investment potential in this area is undertaken for New Zealand and Argentina, considering
their favourable site-specific characteristics for maximizing the growth potential and the quality of
eucalypts. To make the picture of investment in the production and growing of bio-reengineered trees even
more focused, the goals of a company are matched to the engineered properties of the natural resource and

their effects on the marginal changes of the overall chain of production in the forestry industry.

Given the above broad framework of developments in tree biotechnology, an economic analysis is
conductedin order to evaluate the gains associated with producing, growing and utilizing bio-reengineered
trees for the production of specific wood products (e.g. mouldings). A detailed model is developed in which
each stage of the production process (selection and re-engineering; plantation forest management;
processing and reprocessing; market) is examined in its own merit, and stage-specific assumptions about

input/output relationships, as well as cost-benefit factors are established.

The qualitative assumptions made in the exploratory model are the base for conducting an economic
evaluation of the gains associated with the use of bio-reengineered trees. It is found that the gains in net
present value terms from growing the bio-reengineered trees in a shorter rotation length are significant.
Such gains, however, are due to both the intertemporal changes involved in shortening the rotation period,
as well as to changes of in the product worth due to the higher quality of the grown trees. Thus, an
evaluation of the specific gains associated with quality change is also undertaken, where the contribution of
each genetic trait of interest (herbicide resistance, insect resistance, lignin enhancement) to changes in the
product worth is examined separately. A simple sensitivity analysis is developed to help examine the
effects of each trait on the profitability of growing bio-reengineered trees. The internal rate of return of
growing the ‘superior’ trees seems to be more sensitive to changes in the factors associated with lignin
enhancement. This, however, is not a general rule and it is susceptible to alterations dependent on the
magnitude of the cost factors associated with the other two traits. Given that the gains captured from
growing the bio-reengineered trees are attributed to both the technologist and the grower, royalty schemes
are developed to suggest the alternative ways of distributing the gains from technological innovation.
Finally, it is found that the gains from utilization of bio-reengineered trees are not only captured at harvest,
but also a significant increase in the internal rate of return is associated with processing better and more

uniform logs for specific high-quality wood products.
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CHAPTER 1

A GENERAL APPROACHTO THE THESIS

1.1. The nature of the thesis

Recent developments in tree biotechnology have driven industry attention towards the
future potential of tree breeding and genetic engineering for production purposes.
Scientists find it an exciting field of research, which will expand further the knowledge of
the genes responsible for the enhancement of specific genetic traits of interest. Private
companies have already invested large amounts of money in biotechnology, and are
predicting significant returns from the improvement of targeted wood characteristics of
trees, their adaptability to adverse environments, and the commercialization of final
products from improved raw material. Governments are more skeptical about the
potentials of biotechnology, and tend to be more concerned with the effects of
biotechnology on the environment, health and safety. Thus, the role of governments in the
field of biotechnology has mainly consisted of designing and enforcing a framework of
biosafety and biodiversity regulations to control the release of genetically modified
organisms into the environment, and to assess the effects of these “new” organisms on the
conservation of genetic resources, and the integrity of the surrounding ecosystems.

The greater interest in biotechnology implies that a greater understanding of the process of
biotechnology per se, and its practical applications is necessary. The understanding of this
process, however, can be interpreted in several ways. Scientists are concerned with the
importance of the genes for trait specific modifications and the predictability of future
changes. Scientific knowledge, however, has been developing at a faster pace than the
design of regulatory measures for the use of re-engineered products. This has kept
governments very aware of the need to better understand the process of biotechnology, in
order to be able to implement correct regulatory measures concerned with the biosafety of
the final products. Environmental groups are concerned with the moral, ethical and
environmental impacts of biotechnology and their irreversible nature. In business circles,
the understanding of biotechnology has offered a great deal of speculation about the future
benefits of its products. The returns on biotechnological investment are expected to be
great, based on the cost-effectiveness of the process in the long-run, the quality premium

of the final products, and the monopoly-like nature of protected biotechnological research.

The process of biotechnology has therefore been adapted in order to suit specific
purposes, be they environmental, regulatory, political or economic. Little analysis exists
5



about the specific relationships between the different purposes, such as the link between
the scientific goals of biotechnological research and the market goals for biotechnological
development. However, if the two purposes are considered in a more complex
framework, where they actually interrelate, a better scientific knowledge of biotechnology
is more likely to stimulate the practical application of the research and thus lead to greater
returns to the company engaged with developing and selling the product. Therefore, a
more complex analysis is necessary in order to understand the process of biotechnology as
a means of production, where the inputs are renewable resources (e.g. plantation trees)

and the outputs are superior quality wood products (e.g. mouldings).

The present thesis has its base on both academic and private grounds. The academic
interest is based on the economic evaluation of biotechnology, and its application and
effects on trees as renewable resources. The private directions have linked such evaluation
to the purposes of plantation forestry, processing, and marketing of final wood products.
Private interests have also led to a further expansion of the analysis to include the benefits
from investing in a Third World country. The two approaches complement each other and
make an extremely interesting and challenging research project, where the economic
principles are not only applied to a new field of research (i.e. biotechnology), but are also

adapted to the purposes of plantation forestry management.

1.2. Current trends in plantation forestry

The sustainable management of forest resources and their importance for wood and non-
wood products are greatly discussed issues in both national and international political
circles. Chapter 11 of Agenda 21 best represents the issues related to the trade and services
of forest industries: “The improved management of forests can increase the production of
goods and services and, in particular, the yield of wood and non-wood products, thus
helping to generate additional employment and income, additional value through
processing and trade of forest products, increased contribution to foreign exchange
earnings, and increased return on investment. Forest resources, being renewable, can be
sustainably managed in a manner that is compatible with environmental conservation. It is
also possible to increase the value of forests through non-damaging uses such as the

managed supply of genetic materials”.

A number of management-related activities, outlined in Agenda 21, are relevant to

plantation forestry matters, such as:

« Carry out detailed investment studies, supply-demand harmonization and
environmental impact analysis to rationalize and improve trees and forest utilization




and to develop and establish appropriate incentive schemes and regulatory measures to
provide a favourable investment climate and promote better management,

+« Formulate scientifically sound criteria and guidelines for the management,
conservation and sustainable development of all types of forests,

+ Improve the methods and practices of forest harvesting, which are ecologically sound
and economically viable, including planning and management, improved use of
equipment, storage and transportation to reduce and, if possible, maximize the use of
waste and improve the value of wood products,

+ Promote the better use and development of planted forests through appropriate and
environmentally sound and economically viable activities, including silvicultural
practices,

+ Improve and promote methodologies for a comprehensive assessment that will capture
the full value of forests, with a view to including that value in the market-based pricing
structure of wood products,

+ Promote and support the downstream processing of forest products to increase
retained value of wood and other benefits; promote value-adding secondary processing
for improved employment, income and retained value,

¢ Develop, expand, and/or improve the effectiveness and efficiency of forest-based
processing industries, involving efficient conversion technology and improved
sustainable utilization of harvesting and process residues; promote underutilized
species in natural forests through research, demonstration and commercialization,

¢« Promote/improve markets for, and trade in, forest products through relevant

institutions, policies and facilities.

The total area of world plantations (100 million hectares) is only about 2.6% of the global
forest area. They provide 7-10% of the world’s commercial wood production. Among the
exotic species grown in forest plantations, Eucalypts represent the most commonly used
species in the tropics and sub-tropics, planted for both industrial roundwood and non-
industrial purposes. The annual increment from plantations of Eucalyptus species may be
30 m*/ha or even more, compared with 2-8 m’/ha from managed natural tropical forest.
Plantations derived from clones of hybrids of Eucalyptus species can exhibit even greater
productivity and annual yields of up to 70 m’/ha (attained in Brazil) (FAO, 1994). Thus,
the productivity of plantation forests is crucial for the consistent supply of raw material for

further processing and production of final products.

Consumption of forest products varies among countries. Developed countries have an
average annual consumption of sawnwood and wood-based panels of 300 m® per 1000
people and of 150 tonnes of paper per 1000 people. In contrast, in developing countries,
average consumption of sawnwood wood-based panels is 30 m® per 1000 people and that

for paper is 12 tonnes per 1000 people, considering that 80% of the wood used is for fuel.
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Between 1990 and 2010, demand for all wood products is projected to grow, with rates
being significantly higher for developing than developed countries. The projected world
annual average growth rates are 1.2% for fuelwood and charcoal, 2.2% for industrial
roundwood, 1.9% for sawnwood, 4.3% for panels and 3% for paper (FAO, 1994). These
rates imply both the need for greater supply of wood and the changing nature of

preferences among countries for specific wood products.

The forestry sector confronts increased demand not only for its industrial products and
services, but also for the conservation of ecosystems and biodiversity, as well as
increasing pressure for competing land utilization. Hence, a feasible solution is to supply
more from less forest, i.e. make forests more productive per hectare of land. This is one

of the main objectives of plantation forests.

Another objective is related to maximizing harvested and processed volume of wood by
minimizing waste in both harvesting and processing. Waste management is related to the
allocation of residues for alternative purposes in the wood processing industry, but it
could also be addressed from the very beginning of the value-adding processes, where
trees are grown with the purposes of maximizing quality of wood, until the end point of

the production chain, where logs are processed in purpose-built mills.

Moreover, forest products are directed to the most appropriate and remunerative uses by
appropriate trade and marketing strategies, further increasing the value of the resource.
Developed countries account for more than 80% of the total forest products trade. Many
developing countries, on the other hand, are heavily dependent on imports for their supply

of manufactured forest products.

This suggests that increased future wood supply will depend not only on increasing the
amount of plantation estates, but mainly on better utilization and management of trees
through the chain of production. Growing less trees per hectare and capturing a greater
outturn per log implies a qualitative, as well as quantitative, management of forest

resources for future wood production.

1.3. Fletcher Challenge Forests - a general overview

Fletcher Challenge Limited is a New Zealand based, publicly listed, multinational
company. The main areas of operation of the company are related to the management of
natural resources - forests and energy - and their utilization for specific production

purposes - pulp and paper, sawn wood products, building, and energy consumption.



In December 1993, Fletcher Challenge Group split its equity into two separate classes of
shares - the Ordinary Division and the Forests Division. The former manages the areas of
energy, pulp and paper, and building industries, while the latter specializes in the
management of plantation forestry. The Forests Division represents the Group’s solid
wood plantation forestry activities in New Zealand, Chile and Argentina. After the
acquisition of Forestry Corporation of New Zealand (1996), Fletcher Challenge Forests
(FCF) has acquired the greatest proportion of plantation forestry areas in New Zealand and
is now New Zealand’s largest plantation based solid wood enterprise (with 117,000
hectares of plantation forests), with the capacity to produce around 7 million m®> of wood
per year (around 6 million m® in New Zealand and 1 million in Argentina) (FCF, 1997).

The present thesis focuses on the objectives of Fletcher Challenge Forests (FCF). FCF
owns and manages 285,000 hectares of plantation forests in the Central North Island’ in
New Zealand, 49,000 planted hectares in the fertile region of Bio Bio in Chile (Forbio
subsidiary) and 2,000 hectares in the region of Corrientes in Argentina (Forestadora
Tapebicua subsidiary). In 1996 a consortium of FCF, Citifor (the Chinese Government’s
forestry investment division) and Brierley Investments Limited of New Zealand purchased
the remaining New Zealand government plantation forests in the Central North Island
(FCF, 1996). The consortium owns the cutting rights for 168,000 hectares of plantations
in New Zealand (FCF, 1997).

The planted species are mainly Pinus radiata, but also Eucalypts and Douglas Fir. The
present thesis focuses on Eucalyptus grandis as a species of economic interest,
considering that it is a faster-growing commercial hardwood, currently used for the
purposes of pulp and paper, but also suitable for a number of other high-value uses, such
as appearance grade products (e.g. mouldings). Eucalyptus grandis hybrids are bred,
cloned and grown in Argentina, where they exhibit outstanding growth rates in terms of
m’/ha obtained in a year’. Further improvement of the trees’ performance, through genetic
engineering, provides the opportunity to develop fast growing, superior quality
‘supertrees’ for the purposes of producing re-manufactured, high-value final products for

appearance purposes.

The operations of FCF include tree breeding, re-engineering, seedling nurseries
management, forest planting and management, harvesting, processing and re-
manufacturing, marketing and distribution. Purpose-grown trees are more likely to
maximize returns through minimizing costs of production and maximizing outturn -
economies of scale for specific wood products. This is further enhanced by placing the

! The Central North Island is the largest wood-producing region in New Zealand with a total area of planted
production forest of around 518 000 hectares, containing a standing volume of 113 247 000 m? and annual
growth of about 9 082 000 m? per year (as in 1992) (MF, 1994).
2 The growth rates are greater than the ones shown by superior solid wood species in New Zealand and
Chile.
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purpose-grown tree material into purpose-built processing and re-processing plants. Thus,
the company is a vertically integrated economy of scale where the customer needs are the
main concern for the management of forest resources and the production of final products.
By understanding the needs and preferences of the customer, the company would be able

to capture a greater return for a higher quality final product.

The scale of operation of the company is further enhanced by expanding wood processing
infrastructure. FCF operates eleven processing plants - four sawmills (Kawerau, Rainbow
Mountain, Taupo, Waipa); one plywood mill (Mount Maunganui); one mouldings plant
(Taupo), one remanufacturing plant (Waipa); one laminating plant (Kawerau); and one
wood processing plant (Mount Maunganui) in New Zealand (Central North Island), as
well as one sawmill and one plywood plant in Argentina (Corrientes Province) (See
Appendix 1). The company’s sawmills produce around 500,000 m’/yr of solid wood
products (FCF, 1997).

Major markets for forestry products are Japan, Republic of Korea, China, Taiwan and
Australia, with expanding markets in North America (See Appendix 2). Even though the
export of logs represents a significant proportion of total exports, the demand for re-
manufactured high quality products has been increasing, which gives a value-adding
advantage to the company. Among the wood products supplied by the company are high
quality plywood and veneer for appearance-grade products (e.g. furniture), and mouldings

and millwork for construction (See Appendix 3).

Mouldings are the wood products of interest in the present thesis, considering that demand
for mouldings is linked to specific customer preferences for better wood properties and
appearance quality of the product. Moreover, the distribution of mouldings is aimed at the
North American market, where the company has already established a direct distribution
link (joint-venture) through the American Wood Moulding Corporation. Mouldings are
manufactured in New Zealand and sent directly to customers in the mid-West and Eastern
USA through the retail chain “Home Depot”. Selling directly to consumers implies both a
more cost-effective distribution of final products, and a greater responsiveness to the
changing preferences of customers. The early success of this distribution link has been
represented by a 20% growth in sales (in 1997) of the American Wood Moulding
Corporation and a continuing increase in market share. This has been possible due to the
strong economy and housing market in the USA, the constrained North American supply
of wood and the marketing efforts of FCF (FCF, 1997).

Improvement of production capacity as well as the vertical integration of the company and
already established distribution networks and markets suggest that cost reduction as well
as higher value creation are the two strategies that combined give the company a leading

edge in the field of plantation forestry.
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1.4. The company’s short, medium and long term objectives

The main focus of the company’s objectives is to capture greater returns on investment,
while reducing the costs of production by managing the chain of production for maximum
value. The goals are designed and implemented throughout different time frames,
considering the different nature and time lags of plantation forestry and processing, due to

the impacts of biotechnological re-engineering of trees, and the short harvest profile.

The nature of plantation forestry and the time lag between initial investment and return on
investment imply the need for a more precise formulation of strategies in the short term,
with the capacity to foresee future trends in biotechnological innovations, plantation
management, regulatory constraints, market uncertainties and changing consumer

preferences.

In the short term (1-5 years), goals are more likely to concentrate on the evaluation of a
cost-effective, quality enhancing process of value adding to final products, suited for
specific customer preferences. The evaluation of the chain of value-adding should
encompass the selection and re-engineering of trees for better performance; their
management while planted; the early harvesting of tree stock; the processing of
homogeneous logs; further re-processing for higher quality final products; distribution and
marketing. If all the criteria for a cost-effective production process are captured correctly
today, a better understanding of the interactions of each step of the process will be crucial

for predicting the nature and acceptability of the final products tomorrow.

The specific short term aim of the company is to use genetic techniques developed in New
Zealand and applied to Eucalyptus grandis in Argentina, in order to improve the stability
and structural strength of the species, so that it gains wider market acceptance as a source
of timber for solid wood products in USA (FCF, 1997). Thus, important issues to be
considered are: the evaluation of the use of genetic engineering and clonal propagation in
the development of superior tree stock of Eucalyptus grandis for clearwood purposes; the
assessment of the investment opportunities in plantation forestry of short rotation species
in low-cost regions; and, the identification of the possible regulatory constraints of fast

returns on investment.

In the middle term (5-10 years), considering that re-engineered trees have already been
planted and have shown initial performance, efforts should focus on better understanding
of correlations between biological traits and quality grades, in order to predict with greater
certainty how the trees will grow and what volume is to be expected before seedlings are
planted. The main objective is to grow trees that are easier to harvest and process, with
wood characteristics specifically suited for various end-use purposes. Customers are the
final source for quality assessment and whether products will achieve a high premium in

11



value depends not only on the company but also on the customer. Thus, the overall aim of
the company is not only to improve trees for better quality, but also to deliver high quality
solid wood products to the customers “on a reliable, long-term basis, and move away

from commodity-driven log markets where no additional value is created” (FCF, 1996).

Interest would also be extended to capturing new markets for the company’s high quality
wood products. FCF will keep targeting the plywood and lumber Asian markets, and the
large millwork and mouldings market in the United States, keeping up with the resources-

to-customer chain for optimum value recovery.

In the long run (10-15 years) attention should be given to further improvements so as to
suit the changing needs of the customer and the changing trends of market competition.
Predicting what the customer needs and demands 15 years ahead is a very complex task.
However, a stable supply of high quality wood products will give a competitive advantage
to the company in the long run, when the full realization of value will become apparent.
On the other hand, increasing competition in biotechnological improvement of trees, as
well as the existence of product substitutes could put pressures on capturing a high quality

premium of improvement.

The company’s main objective is to deliver high quality solid wood products to its
customers on a sustainable, long-term basis, adding value for customers, shareholders and
employees, through the management of margins along the chain from customer back to
resource. To be successful, the company’s strategies must anticipate and capture trends in
customer preference, recognize that value continues to be created along the entire chain
until a finished solid wood product is sold to a customer, provide for a consistent delivery
of high-quality products, and improve the company’s cost structures through a vertical
integration in both, the production and supply chains (FCF, 1996).

In general, FCF must constantly reassess the goals of biotechnological improvement of
trees, plantation management, processing operations, mill configurations, marketing,

technology and work practices to maximize output while minimizing costs (FCF, 1996).

1.5. Thesis layout

“When placed in the context of [the company’s] pioneering genetic developments,
increasingly sophisticated plantation management, and distribution and marketing
strategies for niche customer markets, evaluations of worth on the basis of anticipated
harvest over 25 years are simplistic and increasingly inadequate” (FCF, 1996). A more

complex economic analysis of the stages of value-adding is needed, in order to evaluate
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the changing genetic characteristics of the tree, and link them to the profitability of
growing the tree and utilizing the wood for processing high-quality finished wood

products.

The present thesis emphasizes the marginal relationships associated with value-adding to
wood products, which capture the changes in genetic composition, growth potential and
processing capacity of bio-reengineered trees. A more detailed understanding of the
components of each stage of the production process helps establish realistic assumptions
and provides the opportunity for more precise evaluation of the discussed marginal

relationships.

In Chapter 2, an overview of the specific trends in biotechnological developments is
made. Attention is given to specific issues concerning tree biotechnology, outlining the
case of plantation-grown eucalypts and their hybrids. The trade-off between conventional
breeding practices and genetic engineering is also discussed in terms of their commercial

potential.

Chapter 3 makes a brief recollection of important regulatory issues regarding the
intellectual property rights of biotechnological developments, biosafety guidelines to
safeguard the deployment of genetically modified organisms, and also the specific
regulatory frameworks in New Zealand regarding biotechnological developments and their

commercial applications.

Chapter 4 emphasizes plantation forestry investment opportunities in a Third World
country. The country of interest is Argentina, where climate, land, economy, politics, and
regulations are interrelated to offer a beneficial environment for investment in plantation
forestry. Biotechnological developments in Argentina are discussed, as well as strategies
for engaging in genetic engineering and commercial deployment of bio-reengineered trees.

Chapter 5 represents the economic and commercial aspects of technological change. The
Chapter focuses on the relationship between biotechnology, as a means of production, and
economics, as a tool to amalyze changes in input-output scenarios, where the
characteristics of the inputs, the efficiencies of the production process and the properties of
the final products are considered. The issues related to the commercial development of

biotechnological products are briefly outlined.

Chapter 6 establishes the essential criteria for analysis and the specific assumptions of
the economic model, concerning the value-adding process to commercially grown trees. In
this model, each stage of the production process is given separate attention in order to
identify the variables which capture more correctly the marginal relationships between
intrinsic wood properties, growth potential of trees, and quality grades of final products.
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Value-adding occurs in each stage of the process - selection and re-engineering of tree
stock; plantation management; processing of logs and further re-processing; distribution
and marketing of final products. The model is represented in a schematic form in order to
provide a greater understanding of the interactions between the stage-specific inputs and

the characteristics of the outputs.

Chapter 7 represents the economic model in a more dynamic form, as an economic
evaluation is undertaken to represent the effects of marginal changes in the intrinsic
characteristics of the bio-reengineered trees to the profitability of growing the trees and
processing the logs. The gains from the utilization of bio-reengineered trees are captured in

each stage of the value-adding production process.
In the final concluding section, i.e. Chapter 8, a summary of the main findings of the

present thesis is made, as well as some recommendations for future research and analysis

are given.
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Map of Fletcher Challenge Forests’ Estate in the Corrientes
Province (Argentina)
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CHAPTER 2

DEVELOPMENTS IN TREE BIOTECHNOLOGY AND
COMMERCIAL APPLICATIONS

“We need to view biotechnology both as a source of immense promise for the future, and
as a source of potentialdifficulty, as we try to adapt it to the world that still thinks in the
way that we approached traditionalagriculturalresearchin the past” (Hopper, 1990).

2.1. The promise_of the “new” biotechnology

2.1.1. General overview of trends in “new” biotechnology

There are many definitions of biotechnology, each adapted to a specific research purpose.
Two of the most frequently used definitions are considered in the present thesis, as they
capture explicitly both the scientific and commercial significance of biotechnology. The
Office of Technology Assessment of the United States Congress (OTA) describes
biotechnology as “any technique that uses living organisms, or substances from those
organisms, to make or modify a product, to improve plants or animals, or to develop
microorganisms for specific uses” (Persley, 1990). In the definition given by the OECD,
biotechnology is regarded as “the application of scientific and engineering principles to the
processing of materials by biological agents to provide goods and services” (Kennedy and
Davies, 1994).

Technically speaking, biotechnology includes both traditional and modern techniques. The
former represent widely used and commercially useful operations, such as breeding,
selection and micropropagation, while the latter deal with more complex techniques, such
as genetic engineering’. The so called “new” biotechnologies have evolved through the
development of genetic engineering practices and their increasing scope of application,

providing for great scientific potential and commercial promise.

? “The basic principle of genetic engineering is that genetic material (DNA) can be transferred from a cell
of one species to another, unrelated species, and made to express itself in the recipient cell” (Persley,
1990a).
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Genetic engineering is based on a combination of three processes, around which modem
biotechnology has evolved:
(1) recombinant DNA technology - a series of enabling techniques that allows the
manipulation of DNA,
(2) production of monoclonal antibodies - specific diagnostic tools that allow the
rapid detection of individual proteins,
(3) cell and tissue culture - allow for the rapid propagation of genetically
engineered plant cells (Persley, 1990a).

The purpose of genetic engineering is to introduce, delete or enhance a particular trait in an
organism, by eitherinserting foreign genes, or by altering the existing genetic makeup of
the organism (Kennedy and Davies, 1994). By using genetic engineering, genetic material
is transferred from the cell of one species to another, and the recipient cell (and organism)

are transformed by the arrival of the new genetic information (traits).

The transfer of genes from one organism to another is a complex process. Successful
genetic engineering of a plant generally involves five steps:
1. Identification and characterization of the gene to be inserted;
2. Insertion of the new gene into the plant cell*
3. Selection process, i.e. separation of the cells that have successfully
incorporated the new gene from those that have not;
4. Expression’ of the intended trait by the new gene®, i.e. transformation;
5. Regeneration of the cell into a whole plant that carries and expresses the new
genetic trait (Dines, 1991), (Persley, 1990a).

Techniques used in genetic engineering are Agrobacterium tumephasiens’, which is a more
direct way of stimulating resistance in the treated embryo, and Biolistic transformation,
which is based on the use of a “gene gun” to insert (or fire) a foreign DNA into the host
cells. Genetic engineering is currently used to confer resistance to herbicides, insects,

* Only a small percentage of the cells subjected to the insertion of the DNA actually take up the DNA in a
functional manner.

5 Expression of transformed genes in plants is controlled by their associated promoters and other DNA-
based factors such as enhancers and silencers (Persley, 1990a). When the cell is regenerated to a somatic
embryo and subsequently a whole plant, the reporter gene is expressed, and produces the stain showing that
the material is actually transformed. Thus, the reporter gene adds a new characteristic to the cell and also
indicates that the technology has been applied successfully and that the new genes have been integrated into
the plant cell’s chromosome and disseminated to the daughter cells during cell division and propagation
(NZFRI,1996).

¢ Expression must occur in such a way that the new DNA is integrated into the chromosome of the cell
and is stably passed on to future generations.

7 Agrobacterium tumefaciens is a soil bacterium, which causes a disease in some plants. The bacterium
infects a wound, and injects a short stretch of DNA into some of the cells around the wound. The DNA is
contained in a tumor induction plasmid, which when transferred to the plant cell causes the cell to grow
into a tumor-like structure. Thus, a foreign gene is transferred into the host plant cell, and it becomes
integrated into the chromosomes of the plant.

18




viruses, and fungal and bacterial diseases in crops and woody plants, as well as to

improve the control of plant functions, and thus increase quality.

A number of tissue culture techniques® are used in the process of genetic engineering and
offer an alternative approach to delivering genetic variation without the complexities
associated with the recombinant methods to introduce foreign genes. Among these
techniques are: clonal propagation, for clonal multiplication of varieties and the production
of uniform and disease-free plants’; somatic embryogenesis'®, for production of clones
that outperform or outyield standard clones of the same variety''; organogenesis, for
generating a plant from a single cell; and somatic hybridization, for producing improved
varieties by the fusion of protoplasts (cells with no sell walls).

Major limitations in the process of genetic engineering could be the ability to identify the
transferred genes which confer new traits to the recipient plant (Persley, 1990). Such
limitations, however, have been increasingly overcome by the use of molecular techniques

for genetic mapping and specific traits identification.

Some of the more widely used molecular techniques for the examination of targeted traits
in genotypes are the restriction fragment length polymorphism (RFLP) method (for
conventional plant breeding purposes) and the marker assisted selection (MAS) method
(for the purposes of genetic engineering for pathogen resistance). The former technique
allows for the tagging of single and multiple gene traits for insertion into economically
important plants, and it provides an entirely new approach for an efficient selection of the
desired gene combinations from a breeding population. The latter method is utilized for
identifying, at the molecular level, the presence of certain genes with desired
characteristics. It allows for trait recognition at an early stage and with a high degree of
accuracy. The importance of MAS is also related to significantly accelerating the speed
with which modified trees can be developed'?. Another marker system for identification of
genes is the randomly amplified polymorphic DNA (RAPD). This technique allows for the
identification of genes with specific traits, and it also allows paternity analysis to be carried
out (Macalister, 1995).

® Tissue culture techniques stimulate the ability of individual plant cells to generate complete plants.

® Members of a clone show less variability than collections of the same organisms bred by sexual
methods. Cloning may also provide for rapid multiplication of some desirable individual without having to
wait for breeding cycles.

19 It refers to the making of embryos from cells outside the usual reproductive apparatus. It is used to
describe the regeneration of plants from single cells, and it is critical for plant cloning and
micropropagation technologies.

2 Speaking of clones, the existence of somaclonal variation should be accounted for, in order to account
for variations between the individuals in a clone. In theory, each of the new plants produced by cloning
should be genetically identical to their parent. In practice, however, the cell callus can be quite genetically
unstable, causing the genetic information of the regenerated plant to vary from the parent.

12 Without MAS the process would take about 11 years. With MAS the process halves the time it takes to
identify the relevant offspring through genetic fingerprinting (Macalister, 1995).
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2.1.2. Public and private involvement in biotechnology

The development of biotechnology within the past generation has raised an entirely new
and promising area of research which is attracting both public and private research
support. However, the high cost of research and associated risks are two factors that have
a strong impact on reducing the financial support offered by the public sector. Moreover,
the extension of patent and patent-like protection to an even broader array of products is a
further component in the shifting of sources and levels of research funding towards the
private sector (Lesser and Lee, 1993).

As James and Krattiger (1996) note, in the past, developing countries had the privilege of
accessing non-proprietary conventional technologies from the public sectors of developed
countries. In the case of the new biotechnologies, however, development is undertaken
primarily by the private sector in developed countries, not the public sector, and these are
proprietary technologies. Thus, private firms perceive that they are able to realize financial

returns on their research investments in biotechnology (Persley, 1990).

The increasingly ‘private’ nature of biotechnological developments has also impacted on
the perceptions of the potential of biotechnology in both the developing and developed
countries. In industrialized countries, private investment leading to private gain has been
associated with placing a monetary value on germplasm, which poses constraints on the

free exchange of genetic material (Lesser and Lee, 1993).

“The lack of patent protection in most developing countries is a major disincentive for
private-sector investments in biotechnology, both by local private-sector companies, and
by transnational companies” (Persley, 1990). Thus, in developing countries the research
and applications of biotechnology continues to be heavily dependent on investment by
their public sectors, even though private sector foreign investment in biotechnology has
been slowly, but gradually increasing. However, research funds for biotechnology do not
represent a significant proportion of the total public funding for research in most
developing countries. Moreover, the existence of financially weak private sectors, and
governments allocating limited financial resources to general welfare areas and debt
financing and servicing purposes, rather than long-term research, are two factors that have
stimulated a significant gap between the abundant endowment of natural resources, on one
hand, and the potential for further improving them by greater research and development,
on the other. Thus, the economic impact of biotechnology in a given country is associated
with the financial, as well as scientific capacity to undertake research in biotechnology and

related levels of investment of that country.

In general, one of the major features associated with the development of modemn

biotechnology, which is meant to have an accelerating effect on research, is private
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participation. It stimulates research efforts and enhances the effectiveness of
biotechnology, considering that the use and applications of biotechnology will be adapted
to both biological needs and market expectations for faster returns (Persley, 1990).

2.1.3. Qualitative benefit factors of biotechnology

The benefits of biotechnology as a science are more difficult to appreciate, than those
related to the business of biotechnology. This is mainly because, the scientific
developments of biotechnology stimulate and enhance commercial applications which are
assessed on the basis of greater cost-effectiveness and time-reduction of the new

technology. Among some of the qualitative benefit factors are:

¢ Biotechnology allows for the improvement of genetic material by enhancing old traits
or inserting new ones. The improvement is carried out in a shorter period of time, and
it is more closely controlled (by the use of molecular markers);

+ The application of tissue culture techniques provides for the production of a large
number of genetically re-engineered plantlets annually. Moreover, tissue-culture
derived plantlets ensure uniformity in genetic composition, leading to a greater
uniformity in yields and quality of wood. Even though plantlets are significantly more
expensive than conventional seedlings, the scaling up of the multiplication technique
and the earnings from improved yields would offset the initial higher producﬁon
costs'’. Biotechnology would increase productivity by decreasing costs per unit of
output and by increasing wood quality per unit of input. Thus, the value of the
resource (tree) is maximized;

¢ Anindirect gain is the provision of a steady supply of superior quality wood material.
Biotechnology provides for the reduction, if not the elimination of shortages of wood
supply, because of shorter rotations, greater wood quality, as well as the reduction of
risks related to the detrimental effects of pathogens on the growing stock.

2.1.4. Qualitative cost factors of biotechnology

As any new technology, biotechnology brings the promise for ‘new’ products and greater
returns, but it also leaves some questions unanswered. The shortcomings or concerns
related to biotechnological research are represented by a number of widely discussed

qualitative cost factors:

" Estimated cost of plantlets is $0.14 (including capital cost and for the production of 1 million plantlets),
where labour contributes about 40% to 60% of the total cost of production. In general, an automated plant
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» Difficulties associated with the marketing of genetically-modified organisms on a large
scale, due to the possible delays of safety requirements, public concerns and the need
to carry out more research. The economic viability and dissemination of
biotechnological products are constrained by a higher uncertainty regarding consumer
acceptance, the biosafety debate and intellectual property protection, as well as the long
time lags for implementing production;

+ The possible reductions of employment levels. It has been argued, however, that this
could be offset by increased employment in downstream sectors;

+ Specific technological constraints to the development and use of biotechnology, i.e.
the need for consistent progress in the field of plant physiology, biochemistry,
molecular biology and genetics and in the isolation and replacement of selected genes;

« Biotechnological developments, and specifically their nature of genotype
modifications, could reduce the biodiversity of tree species;

+ The magnitude of biological control of newly inserted traits is based on molecular
grounds rather than on field deployment experience, which raises concemns related to
possible undesirable effects of genetically-modified organisms, as well as to the period
in which a newly inserted gene is actually functional.

+ Biotechnology is a very expensive and risky way to enhance the quality of genetic

material.

Considering that biotechnology is a widely researched, but less widely applied
technology, the greatest danger for its future development could be the overreaction to its
perceived failures, which could slow down present progress (Hacking, 1986). Thus, the
increase in productivity (in terms of quality) needs to be the goal of the overall context of
production, where productivity is related to the success of the development and application

of biotechnology.

2.1.5. Concluding note

In general, the objectives of biotechnological development vary depending on the needs
and capacity of a particular industry to innovate, and the availability and allocation of
monetary resources for research. This raises the following questions: What is
biotechnology expected to do? How much would it cost ? What are the alternatives for

achieving the set objective?

tissue culture technique could be developed as a means of achieving a 60% reduction in production costs
(Sasson, 1993).
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Biotechnology is constantly developing so as to accommodate for the changing
expectations for resource utilization, or in general, for the purposes that it is expected to
fulfill. Firstly, it is expected that it will solve the problems that conventional methods have
not been able to solve, by improving specific traits of varieties in a shorter period of time.
Secondly, it is expected to increase productivity in a cost-effective way. Thirdly, it is
expected to generate products with superior quality, and thus to capture a larger market

premium.

2.2. Characteristics of tree biotechnology

“Imagine trees that are resistant to herbicide damage, are tolerant to pests and diseases;
whose lower branches fall off and so require no pruning, which do not flower but put all
of their energy into growing wood, and whose wood has been engineered to be hard,
straight-grainedand long-lasting” (NZFRI, 1996).

2.2.1. A general overview

Biotechnology has been used in the improvement of different organisms - plants, animals,
microorganisms - for a variety of specific purposes. The present thesis is concerned with
characteristics of tree biotechnology, and more specifically with the biotechnology of
hardwoods. Greater knowledge about the functions of specific genes opens up big
opportunities to design new trees for specific environments and industrial purposes. Thus,
the specificity of objectives, as well as the adaptability of the research to the purposes of
improvement are the two most important issues when considering tree biotechnology.

Biotechnological developments for commercial forestry are not news for commercial
growers. Genetic engineering of tree species is taking place in different laboratories
around the world. Better scientific knowledge about gene constructs and hereditary
functions of specific gene parts has increased interest in biotechnological research. Recent
developments in biotechnology and their application to forest-tree species are contributing
to both the rapid and reliable multiplication of selected genotypes and the provision of
tools for genetic modification of forest tree genomes (Ahuja and Libby, 1993). For
example, transformation and regeneration systems for trees have already been developed
for Poplar and Walnut species (Persley, 1990), and recent efforts have focused on the
transformation and regeneration of Pinus radiata and Eucalyptus species. Moreover,
“new” biotechnology not only provides the methods for solving specific pathogen




problems affecting trees, it also improves the quality of the wood and aims to increase the

use of a greater proportion of the tree parts, by reducing the percentage of “waste” wood.

Some of the specific traits selected to bring economic and other benefits through
improvement are sterility, volume growth, wood density'*, fiber characteristics, branching
habits, resistance to fungal pathogens, as well as to insects and herbicides. Genes which
improve the timber’s structural strength and stability could result in higher quality logs,
and wood products with greater value. A gene which makes the tree resistant to
herbicides, for example, would reduce yield loss from the application of herbicides, and
reduce or remove the need for herbicide control, a development which would have
environmental benefits and reduce forest management costs (NZFRI,1996). Krimsky and
Wrubel (1996) argue that it is unlikely that herbicide resistant crops will increase the
overall use of herbicides. The likely impact of herbicide resistant crops is to shift the types
of herbicides that are used, by increasing the use of a few broad-spectrum herbicides.
Thus, herbicide resistant plants are considered more effective'”, less costly and a more

environmentally attractive form of weed control.

For trees, the new biotechnology offers the first realistic method for the identification and
isolation of useful forest tree genes. In the case of short-term rotation species, benefits of
genetic engineering may be expressed so as to provide a degree of natural protection
against insects, weeds and certain diseases by the appropriate gene insertion (Persley,
1990).

However, genetic engineering of trees is not an easy task, and three components must be
developed consistently:
+ the ability to transfer genes, or DNA, to selected tree species;
+ the existence of a good, selectable marker system that works for the species of
interest, and allows scientists to identify the desired genes;
¢ the development of a regeneration system to obtain plants from transgenic cells
(Macalister, 1995).

Apart form the lengthy consultation process, there is much research yet to be done in terms
of identifying specific genes, introducing them, testing the resulting plants (many of the
properties under investigation, such as wood density, can be tested only in mature trees),
and propagating the successes. And then there may be a 20-to-30-year wait before logs
containing the modifications become available to the processing industry (NZFRI,1996).

' For example, a benefit form a density-enhancing gene is the increase in the yield of fibre from a given
area of trees by 10% or more.

'S Some of the advantages of herbicide tolerant plants are related to the ability to remove weeds from
plants, rather than kill both with herbicide application, as well as to maintain the genetic purity during
seed multiplication of new cultivars. A single safe herbicide can be used instead of a mixture of herbicides,
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In general, the success of biotechnology as a problem solving process depends on:

+ the existence of new diagnostics for pests or diseases based on the use of monoclonal
antibodies;

+« the use of rapid propagation systems to allow the multiplication of new varieties;
effectiveness of transformation systems to enable new genetic information to be
inserted into single plant cells;

+ applicability of regeneration systems to enable single cells to be regenerated into whole
plants; and,

+ progressively shorter time-frame for the commercial applications of new technology
(Persley, 1990).

2.2.2. Transfer technologies

In the case of gene transfer technologies, both Agrobacterium tumefaciens and Biolistic
transformation have been used to insert DNA into trees. Progress has been made,
especially with hardwoods, where Agrobacterium can be used as a vector. Herbicide
resistance in Populus species provides an example. Biolistic approach has also shown
promise with coniferous species, and successful transformation has been demonstrated
using marker genes (Maceret al., 1991). Besides inserting a desired characteristic into the
plant, scientists are also trying to modify naturally occurring genes which have undesirable
169

effects on trees such as poor form, low growth rates of excessive lignin content
(Macalister, 1995).

A frequently asked question is: What genes should be introduced? Genes for herbicide
resistance are already being incorporated, and there is possibility of introducing genes for
resistance to disease, or for the biosynthesis of anti-fungal agents that might extend the
natural life of the timber and reduce the need for preservatives; direct manipulation of
genes that affect the size, shape, and constituents of the wood fibre cells may even prove a
means of influencing wood properties (NZFRI,1996).

2.2.3. Marker systems

Two immediate applications for the new DNA marker technology are genotype matching

(tree identification for clone) and confirmation of pedigree (parent identification for seed).

reducing the chance of weeds becoming resistant to several herbicides. The amount of herbicide used could
also be reduced.
16 This is done by inserting a foreign DNA into the tree tissue to counter the effect of undesirable genes.
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Tree genotypes can be verified in long-term field trials and molecular biology experiments,
which reduces the possibility of losing an experiment due to ‘mix-ups’, or simply loosing
track of specific clones after large-scale vegetative multiplication. However, the precise
genetic control of ‘desirable’ wood properties is not always clear, but DNA markers which

are associated with the genes controlling specific traits can be identified (NZFRI,1996).

Marker-assisted selection can be used to identify trees with superior performance through
examination of bands produced by their DNA'’. Molecular markers hold tremendous
promise for marker-assisted selection (MAS) in trees. Their use has the potential to
augment the genetic gain which can be obtained using traditional methods, especially for
traits which have high heritability, but which are expensive to measure on a large number
of trees (e.g. wood property traits). If markers which are linked to genes controlling
substantial variation can be found, not only would the selection process be less expensive
than through conventional methods, but selection could be carried out immediately after
propagation, rather than having to wait until trees are at a mature age. This very early
selection would make it possible to capture additional gain in production populations by
selecting among offspring for vegetative multiplication for operational plantings, as well as
for breeding populations. The goal is to develop strategies that will capture all the potential
gains available from conventional selection, plus an additional gain from MAS (NZFRI,
1996).

2.2.4. Regeneration and propagation systems

The recent successes in genetically-engineered trees have been due mainly to advances in
both the tissue culture and gene transfer technologies. The advances of tissue culture over
conventional breeding methods include speed in duplication, the production of a large
number of genetically identical plants and minimizing the breeding problems in plants from
which sexual reproductive strategies are both time-consuming and difficult'®. Bains (1993)
notes that considering that trees are difficult to breed, due to their size and long life cycles,
genetic engineering techniques offer unusual advantages of speed and the ability to

engineer millions of clones.

When genetically engineering trees for greater resistance and uniformity, effort must also
be focused on the basic understanding and technology of regeneration of plantlets from

callus, micropropagation and rooting, as these areas must be well defined if genetically

' Trees with specific bands may perform better than trees with a different banding pattern.

'® However, no technique is perfect. One of the shortcomings of tissue culture, besides difficulties for
regeneration for some species, is the development of efficient techniques for selecting cells and tissues that
are expressing the inserted foreign gene. 26




manipulated plants are to become clonally propagated on a commercial scale (Dodds,
1983).

A number of propagation options are available or are being developed for the deployment

of genetically-modified material. Macropropagation (involving conventional methods) and

micropropagation'® (carried out though tissue-culture technology) are the methods for

massive clonal propagation. Tissue culture by both organogenesis and embryogenesis

offers systems with high multiplication potential:

Embryogenesis - Embryogenic cell lines are established from immature seed, and
millions of immature embryos of individual genotypes can potentially be multiplied
from each seed. These embryos develop and mature under appropriate conditions and
then they are germinated like natural embryos. The technology has the potential to
produce unlimited quantities of embryos of desirable genotypes at costs cheaper that
current control-pollinated seed prices (NZFRI, 1996).

Organogenesis - Starting material for this technology are embryos from control-
pollinated seed. Several stages are involved, including shoot initiation, shoot
elongation, shoot multiplication and rooting. Sterile tissue is grown in containers on a
special medium containing all the necessary nutrients, hormones, and other substances
to control growth. When shoots are large enough, they are given a hormone treatment
to stimulate rooting, and set as small cuttings in containers in a greenhouse to form
roots. After rooting, they can be lined out in a nursery bed and grown on like
seedlings or cuttings. Tissue-cultured plantlets are currently expensive to produce
because of all the manual stages of transfers and the need for growing in sterile
controlled conditions (Te Teko) (NZFRI, 1996). There are a number of costs and risks
related to the new technology. Organogenesis systems, for example, are carried out by
using many transfer steps, costly facilities and materials, and high rates of mortality to
the field, and thus, have proven to be very costly on a per-plant basis (Talbert et al.,
1993).

Micropropagation by somatic embryogenesis is a promising way for clonal propagation of

plants. Organogenesis is an alternative way of propagating plants from buds. By using

organogenesis, plantlets have been produced from over 30 conifer species, while large-

scale production and field establishment has been achieved for only four species, including
Pinus radiatain New Zealand (Talbert et al, 1993).

' Juvenile material is used for micropropagation, such as embryos, cotyledons, seedlings or young plants.
The reason for this is mainly because the rootability of woody cuttings declines with tree maturation.
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The most important advantages of in-vitro propagation are the following:

1. Production of large numbers of plants or clones in a short period of time,

2. Propagation of materialsin an environment free of viruses and other pathogens, under
optimum conditions and with better quality control and reliability,

3. Ability to propagate plant species which are difficult to propagate vegetatively once
they flower, or to propagate species where in-vitro culture techniques are commercially
superior to other conventional methods of propagation,

4. Ability to supply plants on a year-round rather than on a seasonal basis, and from
locations close to consumers and markets instead of being tied to cultivation sites,

5. Maintenance of heterozygocity and the cloning of superior individuals from both
qualitative and quantitative viewpoints (OECD, 1989).

The major goal of the propagation research is to develop reliable high multiplication
systems for clonal forestry. One such advantage is the ability to capitalize on genetic
engineering. Herbicide resistance has been successfully incorporated into embryogenic
seedlings, and in the longer term, traits of interest could include wood properties, wood
durability, disease and pathogen resistance among others (NZFRI, 1997).

Clonal deployment of the genetically engineered trees not only maintains and multiplies the
genotypes that were favorably modified by genetic engineering, but it is also likely to
achieve substantial economies of scale by making many relatively inexpensive copies of
plants that were initially very expensive (Ahuja and Libby, 1993).

In the future, it is probable that no single propagation system will be used alone. Instead,
there is likely to be a combination of several methods, using a tissue-culture system to
produce desired transgenic plants or for clonal storage or rejuvenation, followed by a
nursery fascicle cuttings or conventional cuttings system. The tissue culture and fascicle
cuttings systems offer high initial multiplication rates, while the nursery cuttings systems
can be used to produce high quality plants very cost-effectively. The chosen combination
of methods will be tailored to suit the requirements of the individual forest company
(NZFRI, 1997).

2.2.5. Concerns regarding genetic engineering

The implications of genetic engineering for tree improvement are generally promising.
However, the excitementrelated to the potential of tree engineering should not ignore the
possible shortcomings, or undesired effects that the new technology or product could
bring. For example, the genetic variation within a plantation is usually minimal,
considering that achieving a uniform crop, harvestable at a specific time, in a technically
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simple way, is an economic objective. The cost of achieving this uniformity could result in
a small loss in productivity (Ahuja and Libby, 1993).

Moreover, objections have been made to the establishment of large blocks of single
species, even-aged plantations on environmental and aesthetic grounds. “Greater use of
uneven-aged plantations and of mixtures of species is advocated, although not all the
environmental benefits of such stands are proven nor are all their management problems
worked out” (FAO, 1994).

Another concern about genetic improvements in forestry is related to the nature of the
biotechnological research. The lengthy time lags related to research and further growth of
the tree can be a significant constraint to an effective use of the transgenic trees. The
process of selection and re-engineering takes a considerable amount of time (which is
offset by the faster production after successful selection and re-engineering). “First the
gene has to be found and cloned; it then takes 15 years to obtain young trees that contain
the new gene before tests can determine whether the timber does have the good lasting
qualities. Next sufficient numbers of the new tree have to be propagated and planted out,
and it’s still another 25 years until the tree is harvested and ready for processing”
(Macalister, 1995).

Moreover, regulatory restrictions are the bottleneck of the process of producing and testing
genetically-modified trees, as field trials and commercialization of products are not yet
commonly permitted. Thus, even though a transgenic tree has all the beneficial
characteristics from a biological point of view, it might not be legally accepted and thus, it
could become economically too expensive to produce. There are many details to be
considered along the entire path of biotechnological development, in order to establish a

credible estimation of the economic returns of such activity.

2.2.6. Concluding note

In general, like any technology tree biotechnology is subject to constant change and
evolution. It will be mainly through new, improved species, with greater volume and
quality potential that a contribution can be made to secure a stable global wood supply.
The needed increase of productivity per hectare can be achieved through either planting
less trees with uniform and improved phenotypic characteristics, that carry both volume
and quality advantage, or through planting more trees, which will require a greater
proportion of availableland.
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Thus, the main goal of tree biotechnological research is to engineer highly uniform,
superior, higher-yielding, pathogen-free, stress-tolerant clones in a very short time, by
using a cost-effective and quality-enhancing production process. It is expected to provide
not only a steady supply of logs and wood products, but also to improve log quality for
specific wood processing purposes and to diversify the type and quality of wood
products. Thus, biotechnology will be used to implement the required change in input
resources in order to meet specific consumer preferences for output quality, through the

management of bio-reengineering and production processes.

2.3. Conventional tree breeding practices versus genetic _engineering
techniques

The focus of conventional research has been on the level of the organism, or the entire
plant. “The ‘new’ biotechnology refers to research on parts of organisms, particularly the
cellular and molecular levels. Typically, the new biotechnology relies on the old for the
development of commercial products; the altered gene must be introduced into a viable
plant to release its benefit. What has changed is the ability to act at a more basic level
within an organism to achieve the previously impossible or to accelerate what was
formerly slow” (Lesser and Lee, 1993).

2.3.1. A general comparison

Traditionally, forests have been regenerated from seedlings derived from seed collected in
nature, or more recently from seeds collected from randomly pollinated trees. In most of
these forests there is a large variation in growth, form and vigour. Moreover, by
employing conventional methods of vegetative propagation, the numbers of plants
(stecklings) that can be propagated from a tree species in a growing season often are
relatively small. The limiting factors for mass scale utilization of selected materials are

restricted availability of improved genotype as a planting material and the available space.

To overcome the problems of conventional techniques, biotechnological approaches offer
opportunities not only for mass cloning of selected genotypes throughout the year, but
also for the genetic modification of tree species. Thus, biotechnology can serve as an
adjunct to conventional genetic and breeding programs for tree improvement (Ahuja and
Libby, 1993).

Genetic manipulation in a laboratory environment could fail without the breeders
knowledge of true field performance of the variety. Better performing varieties are initially
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identified by conventional breeding practices. These varieties are consequently used for
genetic engineering, converting the already known varieties into “new” varieties with
novel characteristics (such as herbicide tolerance, resistance to specific pathogens and
diseases). Persley (1990) argues that the widespread use of these novel characteristics will
be dependent on their further incorporation through conventional plant breeding into
varieties with suitable agronomic characteristics and stable yields. Thus, support from
modern biotechnology should not be at the expense of well-established technologies, but it
is only when there are weaknesses in these areas that the more sophisticated technologies

of modem biology can be grafted onto existing systems.

Genetic engineering is the extension of traditional crop breeding goals. The most obvious
improvement accomplished by traditional breeding is increased yield. This increase has
been achieved by small increments, leaving a greater potential for genetic techniques to
rapidly increase yield and the quality of yield, as they complement the traditional
technology (Macer, 1990). Thus, maximization of yield in different environments seems
no longer to be the main goal of selection. Quality improvement and marketing appeal are

two other important goals.

This suggests that the new technology contributes to further advances, any of which
would never be possible using conventional technologies. These advances can generally
be characterized as improved products for existing markets. They are not new products for
new markets. They offer better solutions to problems solved with conventional
technology. Yet substantial improvements in control may be possible with genetically
engineered plants that carry their own resistance internally. This would eliminate the
adverse environmental effects of chemical pesticides while arguably allowing for better

control of application (Dines, 1991).

Conventional plant breeding is based on attempting crosses between desirable parents
followed by the selection of promising recombinants in subsequent segregating
generations. Fixations of the genotype to produce lines breeding true to type requires
repeated selection cycles. Such a procedure take a long period of time (6-8 years)
according to Sasson (1993), or 10 years according to Persley (1990). Thus, even though
traditional breeding practices are the essence of selection, biotechnology offers more rapid
methods of testing, reproducing and disseminating new varieties, i.e. new types of inputs
would lead to their widespread use and adaptation more quickly than before.

Even though it is frequently argued that genetic engineering will dramatically reduce the
time of selection and production of superior varieties, it is not a general rule, and it
depends on the gene to be inserted and the host species, as well as on the regeneration
capacity of the host species. Thus, transformation and regeneration of plants is highly

variety-specific. The gene of choice has to be introduced into a variety that can be
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manipulated easily in culture, and easily propagated, and then used in a conventional

breeding programme (Persley, 1990).

2.3.2. The advantages of ‘“new” biotechnology

The first step in assessing the usefulness of new biotechnologies to forestry is to identify
the problems which have not been solved by conventional approaches and which may
benefit from the application of new technologies. Thus, in terms of achieving specific
goals for commercial utilization, the focus of biotechnology should be on providing
purpose-specific solutions to a number of challenges, and the products and processes
needed to solve them, rather than on the technology itself (Persley, 1990). The following
scheme best describes the idea in terms of the goals of the present thesis:

Figure 1. A scheme of challenges and their solutions, achieved due to
biotechnological developments of trees

The challenges are represented by the existence of poorly performing trees in terms of their
susceptibility to pathogens (insects, weeds and diseases). The trees are originally selected
by using conventional techniques, according to their hereditary characteristics for specific
traits of interest. Using conventional methods for further improving the resistance to
specific pathogens would be very time consuming and the degree of improvement might
not be as significant as expected, thus, leaving some undesirable wood characteristics in
trees. For example, in terms of disease resistance, conventional plant breeding methods
(selection of resistant varieties and hybridization of crops with wild varieties) have been
effective, but very time consuming. Molecular techniques (insertion of anti-viral or
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antibacterial genes from other species into plants) and cellular methods to allow rapid

screening for the desired phenotype, have led to more rapid progress.

The role of genetic engineering in forestry will be concerned with improving traits that are
difficult or impossible to accomplish by conventional tree breeding®® practices, such as
disease, insect and herbicide resistance, male sterility, and wood properties such as lignin
and natural preservatives. For example, the insertion of Glyphosate tolerance genes into
the plant causes herbicide resistance in plants with minimal or no reduction in yield*'.
Work has concentrated on herbicides that are more environmentally friendly than those
commonly used, i.e. those herbicides with properties such as low toxicity, low soil
mobility, and rapid biodegradation and with broad-spectrum application against various
weeds (e.g. Roundup). Thus, the purpose-specific application of biotechnology is
expected to overcome the specific limitations of conventional selection and to give
solutions to challenges in a more effective way, e.g. by engineering trees for improved
performance (greater resistance and improved wood composition characteristics), as well

as by speeding up the process of selection.

According to Persley (1990), the attractive features of modern technology for
improvement purposes are the genetic specificity, the genetic novelty and the breeding
speed of the process. Moreover, Dines (1991) argues that the new technologies are likely
to be superior to conventional technologies because they are faster, more precise and they
will allow greater flexibility in the selection of genetic traits, as well the new products will
deliver the extra desirable trait that was the basis for development of the product in the first

place.

The problem or the challenge, in general, can be represented by any commercially
important commodity, the demand for which is increasing, while price is volatile and
supply is unstable. Thus, the nature of the problems of a specific commodity could be
evaluated against the potential of biotechnological solutions. In order to capture the value
of any biotechnological improvement, the problems being solved have to be correctly
identified.

The solution of the specific problem, on the other hand, depends on the availability and
development of the new technology. Conventional breeding practices are already available

» Some gains (better form, faster growth rate, greater number of plantlets) achieved through conventional
tree breeding techniques (control pollination, mass vegetative propagation from seedling stool beds, and
micropropagation) have come from the selection and accumulation of a wide spectrum of genes already
present in the breeding population (NZFRI, 1996).

*! Even though genetically engineered herbicide resistant crops are not necessarily agronomically inferior to
classically bred varieties, the development of some herbicide resistance products may be slowed or amrested
because of yield and quality deficiencies. “The major developmental problem has been creating crop lines
with commercial levels of resistance while maintaining yield and vigour qualities equivalent to non-
engineered lines” (Krimsky and Wrubel, 1996). 33



and widely used for the purposes of forestry or agriculture in general. They have given
solutions to many problems, but the questions is, how effective would they be to solve
“new” problems? It can be argued that “new” problems should be solved by using the
means of both conventional knowledge as a base, and biotechnology as a “new” approach
to a “new” problem. However, because of the “new” nature of biotechnological research,

there is still a lot to be done for greater improvement.

However, even though biotechnology induces incremental improvements in already
existing products, the challenge/solutions approach is not the only way to describe the
importance of biotechnology. Biotechnology also leads to whole new approaches for
attaining useful products from different commodities. Dines (1991) suggests that the
applications of biotechnology could be classified as new opportunities rather than new
solutions to old problems, considering that these opportunities may not even address what

we think of as today’s current problems.

2.3.3. Concluding note

The forests of the future will benefit from both conventional breeding technologies and
from what genetic engineering has to offer. They will be more resistant to a variety of
pathogens and pests, and they will produce wood which is more easily used for specific
purposes, and timber with improved durability and structural characteristics. But most of
the differences will be ‘internal’ - forests will look much the same as they do today
(NZFRI,1996).

Even though the quality of tree resources has been improved by using conventional
techniques for enhancing growth and form characteristics, there are limits to what can be
achieved by breeding selected parent trees, leading to the need of further refinements at a
more fundamental level, i.e. within the tree’s genetic code (NZFRI,1996).

Genetic engineering gives tree breeders something extra - the ability to produce specific
alterations in a single trait of interest, as well as to introduce new traits which are not
readily available in breeding populations. Biotechnology offers the potential to transfer any
given trait from any given organism into a tree of interest, and express it in the new host.
Consequently, a specific trait only is added or altered, rather than a non-defined mixture of
traits, thereby reducing the chances of breeding an undesirable characteristic into a tree
simply because it is associated with a desirab