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Foreword

Genetically engineered crops (also known as transgenic crops) have been approved for commercial
release in an increasing number of countries, for planting or for use as commodities. Genetically
engineered varieties of over a dozen different plant species have received regulatory approval
in several OECD and non-OECD countries from all regions of the world, the large majority of
plantings being for soybean, maize, cotton and rapeseed (canola), as outlined in The Bioeconomy to
2030: Designing a Policy Agenda (OECD, 2009). During the period from 1996 to 2009, for example,
there was an almost eighty-fold increase in the area grown with transgenic crops worldwide, reaching
134 million hectares in 2009, as mentioned in Global Status of Commercialized Biotech/GM Crops
(James, 2009). Such approvals usually follow a science-based risk/safety assessment.

The environmental safety/risks of transgenic organisms are normally based on the information
on the characteristics of the host organism, the introduced traits, the environment into which
the organism is introduced, the interaction between these, and the intended application. The OECD’s
Working Group on Harmonisation of Regulatory Oversight in Biotechnology decided at its first
session, in June 1995, to focus its work on identifying parts of this information, which could be
commonly used in countries for environmental safety/risk assessment to encourage information
sharing and prevent duplication of effort among countries. Biosafety Consensus Documents are one of
the major outputs of its work.

Biosafety Consensus Documents are intended to be a “snapshot” of current information on
a specific host organism or trait, for use during regulatory assessments. They are not intended to be
a comprehensive source of information on everything that is known about a specific host or trait,
but they do address the key or core set of issues that member countries believe are relevant to
risk/safety assessment. Several non-member economies, as well as other international organisations,
are associated with the work and share their expertise. The information collated in the Consensus
Documents is said to be mutually acceptable among member countries and also other countries
wishing to use them for their assessment process.

To date, 38 Biosafety Consensus Documents have been published. They include documents which
address the biology of crops, trees and micro-organisms as well as those which address specific traits
which are used in transgenic crops. In addition, documents of broader nature aiming to facilitate
harmonisation have been developed: Designation of a Unique Identifier for Transgenic Plants (2002,
revised in 2006); and Molecular Characterisation of Plants Derived from Modern Biotechnology
(2010).

Volumes 3 and 4 of this publication contain a compilation of those Biosafety Consensus
Documents published between September 2006 and September 2010. These volumes also include
two previously published presentation texts (slightly updated since Volumes 1 and 2):

e An Introduction to the Biosafety Consensus Documents of OECD’s Working Group for
Harmonisation in Biotechnology explains the purpose of the documents and how they are
relevant to risk/safety assessment. It also describes the process by which the documents are
drafted, using a “lead country” approach.

e Then, the Points to Consider for Consensus Documents on the Biology of Cultivated Plants
offer a structured checklist of points for authors to consider when drafting, or to experts
evaluating a Consensus Document. Each point is described for its relevance to risk/safety
assessment.
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Along with Volumes 1 and 2, the present publication offers ready access to those Consensus
Documents which have been published thus far. As such, it should be of value to applicants for
commercial uses of transgenic crops, regulators in national authorities as well as the wider scientific
community.

As each of the Consensus Documents may be updated in the future as new knowledge becomes
available, users of this book are encouraged to provide any information or opinions regarding the
contents of the Consensus Documents or indeed, OECD’s other harmonisation activities. Comments
can be provided at: biosafety@oecd.org.

The published Consensus Documents are also available individually from the OECD’s Biotrack
website, at no cost (www.oecd.org/biotrack).
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Introduction to the biosafety consensus documents
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1. About OECD’s Working Group for biosafety

The OECD’s Working Group on Harmonisation of Regulatory Oversight in Biotechnology
(the Working Group) comprises delegates from the 33 member countries of OECD and the European
Commission. Typically, delegates are from those government ministries and agencies, which have
responsibility for the environmental risk/safety assessment of products of modern biotechnology.
The Working Group also includes a number of observer delegations and invited experts who participate
inits work, such as Argentina; the Russian Federation; the United Nations Environment Programme
(UNEP) and; the Secretariat of the Convention on Biological Diversity (SCBD); the Food and Agriculture
Organization of the United Nations (FAO), the United Nations Industrial Development Organisation
(UNIDO); and the Business and Industry Advisory Committee to the OECD (BIAC). In recent years,
with the increasing use of biotech products in many regions of the world together with the development of
activities relating to tropical and subtropical species, there has been increased participation of non-member
economies including Brazil, Cameroon, China, Estonia, India, the Philippines and South Africa.

2. Regulatory harmonisation

The Working Group was established in 1995' at a time when the first commercial transgenic crops
were being considered for regulatory approval in a number of OECD member -countries.
From the beginning, one of the group’s primary goals was to promote international regulatory
harmonisation in biotechnology among members. Regulatory harmonisation is the attempt to ensure
that the information used in risk/safety assessments, as well as the methods used to collect
such information, are as similar as possible. It could lead to countries recognising or even accepting
information from one anothers’ assessments. The benefits of harmonisation are clear. It increases mutual
understanding among countries, which avoids duplication, saves on scarce resources and increases
the efficiency of the risk/safety assessment process. This in turn improves safety, while reducing
unnecessary barriers to trade (OECD, 2000).

3. The need for harmonisation activities at OECD

The establishment of the Working Group and its programme of work followed a detailed analysis by
member countries of whether there was a need to continue work on harmonisation in biotechnology
at OECD, and if so, what it should entail. This analysis was undertaken by the Ad Hoc Group
for Environmental Aspects of Biotechnology (established by the Joint Meeting®), in 1994 mainly.

The Ad Hoc Group took into consideration, and built upon, the earlier work at OECD which began in
the mid-1980s. Initially, these OECD activities focused on the environmental and agricultural implications
of field trials of transgenic organisms, but this was soon followed by a consideration of their large-scale
use and commercialisation. (A summary of this extensive body of work is found in Appendix I.)

4. Key background concepts and principles
The Ad Hoc Group took into account previous work on risk analysis that is summarised in Safety

Considerations for Biotechnology: Scale-up of Crop Plants (OECD, 1993a). The following quote gives the
flavour: “Risk/safety analysis is based on the characteristics of the organism, the introduced trait,

1 . The original title of the Working Group was the “Expert Group for the Harmonisation of Regulatory Oversight
in Biotechnology”. It became an OECD Working Group in 1998.

2 . The Joint Meeting was the supervisory body of the Ad Hoc Group and, as a result of its findings, established
the Working Group as a subsidiary body. Today, its full title is the Joint Meeting of the Chemicals Committee and
the Working Party on Chemical, Pesticides and Biotechnology.
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the environment into which the organism is introduced, the interaction between these, and the intended
application.” This body of work has formed the basis for environmental risk/safety assessment that is now
globally accepted. In considering the possibilities for harmonisation, the Ad Hoc Group paid attention
to these characteristics and the information used by risk/safety assessors to address them.

This was reinforced by the concept of familiarity, also elaborated in the above-mentioned document
(OECD, 1993a). This concept “is based on the fact that most genetically engineered organisms are
developed from organisms such as crop plants whose biology is well understood”. “Familiarity allows
the risk assessor to draw on previous knowledge and experience with the introduction of plants and micro-
organisms into the environment.” For plants, familiarity takes account of a wide-range of attributes
including, for example, knowledge and experience with “the crop plant, including
its flowering/reproductive characteristics, ecological requirements, and past breeding experiences”
(OECD ,1993a — see also Appendix I for a more detailed description). This illustrates the role of
information related to the biology of the host organism as a part of an environmental risk/safety assessment.

The Ad Hoc Group also considered the document Traditional Crop Breeding Practices: An Historical
Review to Serve as a Baseline for Assessing the Role of Modern Biotechnology (OECD, 1993b)
which focuses on host organisms. It presents information on 17 different crop plants, which are used (or
are likely to be used) in modern biotechnology. It includes sections on phytosanitary considerations in
the movement of germplasm and on current uses of these crop plants. There is also a detailed section on
current breeding practices.

5. A common approach to risk/safety assessment

An important aspect for the Ad Hoc Group was to identify the extent to which member countries
address the same questions and issues during risk/safety assessment. Big differences would mean
difficulties in working towards harmonisation, while a high level of similarity would suggest it more
feasible.

This point was resolved by two studies considered by the Ad Hoc Group: one covered crop plants
(OECD, 1995a; 1995b) while the other concerned micro-organisms (OECD, 1995c; 1996). Both studies
involved a survey with national authorities responsible for risk/safety assessment. The aim was to identify
the questions they address during the assessment process (as outlined in national
laws/regulations/guidancetexts) in order to establish the extent of similarity among national authorities.
The studies used the information provided in the OECD’s Blue Book on Recombinant DNA Safety
Considerations (OECD, 1986) as a reference point, in particular, the sections covering: i) General
Scientific Considerations; ii) Human Health Considerations; and iii) Environmental and Agricultural
Considerations (appendices b, ¢ and d). Both studies showed a remarkably high degree of similarity among
countries in the questions/issues addressed in risk/safety assessment.

6. The emergence of the concept of consensus documents

The Working Group was therefore established in the knowledge that national authorities have much
in common, in terms of the questions/issues addressed, when undertaking risk/safety assessment. It also
took into account those characteristics identified as part of the assessment (i.e. the organism,
the introduced trait and the environment) around which harmonisation activities could focus.

It was further recognised that much of the information used in risk/safety assessment relating to
the biology of host organisms (crop plants, trees, animals or micro-organisms) would be similar or virtually
the same in all assessments involving the same organism. In other words, the questions addressed during
risk/safety assessment which relate to the biology of the organism --for example, the potential for gene
transfer within the crop plant species, and among related species, as well as the potential for weediness--
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remain the same for each application involving the same host species. This also applies to some extent to
information related to introduced traits.

Consequently, the Working Group evolved the idea of compiling information common to
the risk/safety assessment of a number of transgenic products, and decided to focus on two specific
categories: the biology of the host species; and traits used in genetic modifications. The aim was
to encourage information sharing and prevent duplication of effort among countries by avoiding the need
to address the same common issues in applications involving the same organism or trait. It was recognized
that biology and trait consensus documents could be agreed upon relatively quickly by the member
countries (within a few years). This compilation process was quickly formalised in the drafting of
Consensus Documents.

7. The purpose of consensus documents

The Consensus Documents are not intended to be a substitute for a risk/safety assessment, because
they address only a part of the necessary information. Nevertheless, they should make an important
contribution to environmental risk/safety assessment.

Consensus Documents are intended to be a “snapshot” of current information, for use during the
regulatory assessment of products of biotechnology. They are not intended to be a comprehensive source
of information covering the full knowledge about a specific host organism or trait; but they address —
on a consensus basis — the key or core set of issues that countries believe to be relevant to risk/safety
assessment.

The aim of the documents is to share information on these key components of an environmental safety
review in order to prevent duplication of effort among countries. The documents are envisaged to be used:
a) by applicants as information to be given in applications to regulatory authorities; b) by regulators
as a general guide and reference source in their reviews; and c) by governments for information sharing,
research reference and public information.

Originally, it was said that the information in the Consensus Documents is intended to be mutually
recognised or mutually acceptable among OECD Members, though the precise meaning of these terms is
still open for discussion. During the period of the Ad Hoc Group and the early days of the Working Group
(1993-1995), the phrase Mutual Acceptance of Data was discussed. This concept, borrowed from OECD’s
Chemicals Programme, involves OECD Council Decisions that have legally binding implications for
member countries. In the case of the Consensus Documents there has never been legally binding
commitment to use the information they contain, though the Working Group is interested in enhancing
the commitment of countries to make use of the documents. Participation in the development of documents,
and the intention by countries to use the information, is done in “good faith.” It is expected, therefore, that
reference will be made to relevant Consensus Documents during risk/safety assessments. As these
documents are publicly-available tools, they can be of interest for any country wishing to use them in
national assesments.

8. The process through which consensus documents are initiated and brought to publication

There are a number of steps in the drafting of a specific Consensus Document. The first step occurs
when a delegation, in a formal meeting of the Working Group, makes a proposal to draft a document on
anew topic, typically a crop species or a trait. If the Working Group agrees to the proposal, a provisional
draft is prepared by either a single country or two or more countries working together. (“lead country
approach”). Typically, the lead country(ies) has had experience with the concerned crop or trait and is able
to draw on experts to prepare a provisional draft.
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The provisional draft is first reviewed by the Bureau of the Working Group® to ensure that
the document addresses the range of issues normally covered by Consensus Documents and is of
sufficiently high quality to merit consideration by the Working Group as a whole.

Based on the comments of the Bureau, a first draft is prepared for consideration by the full Working
Group. This is the opportunity for each delegation to review the text and provide comments based on their
national experiences. Inputs are incorporated in a second draft, which is again circulated to the Working
Group. At this point, the Working Group may be asked to recommend that the document be declassified.
Such a recommendation is only forthcoming when all delegations have come to a consensus that
the document is complete and ready for publication. Sometimes, however, the text may need a third or
even more discussions in the Working Group before a declassification could be contemplated.

When the Working Group has agreed to recommend a document for declassification, it is forwarded
to the supervisory Committee, the Joint Meeting, which is invited to declassify the document. Following
the agreement of the Joint Meeting, the document is then published.

It is important to note that the review of Consensus Documents is not limited to formal meetings of
the Working Group. Much discussion also occurs through electronic means, especially via the protected
website dedicated to the Working Group. This enables a range of experts to have input into drafts.

For a number of documents, it has also been necessary to include information from non-member
countries. This wider share of expertise has become increasingly important in recent years with
the development of of activities relating to tropical and subtropical species. And this has been particularly
true in the case of crop plants where the centre of origin and diversity occurs in a non-member country(ies).
In these cases, UNEP, UNIDO and FAO have assisted in the preparation of documents by identifying
experts from concerned countries. For example, this occurred with the Consensus Document on the
Biology of Rice.

9. Current and future trends in the Working Group

The Working Group continues its work on the preparation of specific Consensus Documents, and on
the efficiency of the process by which they are developed. An increasingly large number of crops and other
host species (trees, animals, micro-organisms) are being modified, for an increasing number of traits, and
the Working Group aims to fulfil the current needs and be prepared for emerging topics.

At the OECD Workshop on Consensus Documents and Future Work in Harmonisation, held in
Washington DC in October 2003, the Working Group considered how to set priorities for drafting future
Consensus Documents among the large number of possibilities. The Workshop also recognised that
published Consensus Documents may be in need of review and updating from time to time, to ensure
that they include the most recent information. The Working Group is considering these aspects on a regular
basis when planning future work. For the preparation of future documents, the Workshop identified
the usefulness of developing a standardised structure of Consensus Documents. The Working Group
contemplated to develop, firstly, a “Points to Consider” document for the biology documents and then
that of the trait documents. The text on biology documents, published in 2006, is reproduced in
the following section of this publication.

3. The Bureau comprises the Chair and vice-Chairs of the Working Group. The Bureau is elected by the
Working Group once per year. At the time of preparing this publication - Vol. 3 and 4, the Chair is from the
United States, and the vice-Chairs from Canada, Finland, Japan and the Netherlands.
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10. The OECD Task Force for the Safety of Novel Foods and Feeds

The OECD Task Force for the Safety of Novel Foods and Feeds (Task Force), established in 1999,
addresses aspects of the assessment of human food and animal feed derived from genetically engineered
crops. As with the Working Group, the main focus of the Task Force work is to ensure that the types of
information used in risk/safety assessement, as well as the methods to collect such information, are as
similar as possible amongst countries. The approach is to compare transgenic crops and derived products
with similar conventional ones that are already known and considered safe because of recognised
experience in their use. Harmonised methods and the sharing of information are facilitated through
the Task Force activities.

Similarly to the biosafety programme, the main outcome of the foods and feeds programme is the set of
Consensus Documents on compositional considerations of new varieties of specific crops. The Task Force
documents compile a common base of scientific information on the major components of crop plants, such
as key nutrients, toxicants, anti-nutrients and allergens. These documents constitute practical tools for
regulators and risk/safety assessors dealing with these new varieties, with respect to foods and feeds.
To date, 20 Consensus Documents have been published on major crops and on general considerations for
facilitating harmonisation. They constitute the Series on the Safety of Novel Foods and Feeds which is also
available on the OECD’s website at no cost (www.oecd.org/biotrack).

The publication of the full Foods and Feeds Series in a single document is contemplated for 2011.

The Working Group and the Task Force are implementing closely-related and complementary
programmes, focused on environmental aspects for the first one, on food and feed aspects for the second.
Their cooperation on issues of common interest resulted recently in the first Consensus Document
developed jointly by the two bodies, the Consensus Document on Molecular Characterisation of Plants
Derived from Modern Biotechnology, published in September 2010. The document is included
in Volume 3 of this publication.
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Appendix I

OECD biosafety principles and concepts developed prior to the Working Group
(1986-1994)

Since the mid-1980s the OECD has been developing harmonised approaches to the risk/safety
assessment of products of modern biotechnology. Prior to the establishment of the Working Group, OECD
published a number of reports on safety considerations, concepts and principles for risk/safety assessment
as well as information on field releases of transgenic crops, and a consideration of traditional crop breeding
practices. This Appendix notes some of the highlights of these achievements that were background
considerations in the establishment of the Working Group and its development of Consensus Documents.

Underlying scientific principles

In 1986, OECD published its first safety considerations for genetically engineered organisms
(OECD, 1986). These included the issues relevant to human health, the environment and agriculture that
might be considered in a risk/safety assessment. In its recommendations for agricultural and environmental
applications, it suggested that risk/safety assessors:

o “Use the considerable data on the environmental and human health effects of living
organisms to guide risk assessments;

° Ensure that recombinant DNA organisms are evaluated for potential risk, prior to
application in agriculture and the environment by means of an independent review of
potential risks on a case-by-case basis;

o Conduct the development of recombinant DNA organisms for agricultural and
environmental applications in a stepwise fashion, moving, where appropriate, from the
laboratory to the growth chamber and greenhouse, to limited field testing and finally to
large-scale field testing; and

o Encourage further research to improve the prediction, evaluation, and monitoring of the
outcome of applications of recombinant DNA organisms. ”

The role of confinement in small scale testing

In 1992, OECD published its Good Developmental Principles (GDP) (OECD, 1992) for the design of
small-scale field research involving transgenic plants and micro-organisms. This document describes the
use of confinement in field tests. Confinement includes measures, to avoid the dissemination or
establishment of organisms from a field trial, for example, the use of physical, temporal, or biological
isolation (such as the use of sterility).

Scale-up of crop-plants — “‘risk/safety analysis”

By 1993, the focus of attention had switched to the scale-up of crop plants as plant breeders began to
move to larger-scale production and commercialisation of transgenic plants. OECD published general
principles for, scale-up (OECD, 1993a), which re-affirmed that, “safety in biotechnology is achieved by
the appropriate application of risk/safety analysis and risk management. Risk/safety analysis comprises
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hazard identification and, if a hazard has been identified, risk assessment. Risk/safety analysis is based on
the characteristics of the organism, the introduced trait, the environment into which the organism is
introduced, the interaction between these, and the intended application. Risk/safety analysis is conducted
prior to an intended action and is typically a routine component of research, development and testing of
new organisms, whether performed in a laboratory or a field setting. Risk/safety analysis is a scientific
procedure which does not imply or exclude regulatory oversight or imply that every case will necessarily
be reviewed by a national or other authority” (OECD, 1993a).

The role of familiarity in risk/safety assessment

The issue of scale-up also led to an important concept, familiarity, which is one key approach that has
been used subsequently to address the environmental safety of transgenic plants.

The concept of familiarity is based on the fact that most genetically engineered organisms are
developed from organisms such as crop plants whose biology is well understood. It is not a risk/safety
assessment in itself (U.S.-NAS, 1989). However, the concept facilitates risk/safety assessments, because to
be familiar, means having enough information to be able to make a judgement of safety or risk (U.S.-NAS,
1989). Familiarity can also be used to indicate appropriate management practices including whether
standard agricultural practices are adequate or whether other management practices are needed to manage
the risk (OECD, 1993a). Familiarity allows the risk assessor to draw on previous knowledge and
experience with the introduction of plants and micro-organisms into the environment and this indicates
appropriate management practices. As familiarity depends also on the knowledge about the environment
and its interaction with introduced organisms, the risk/safety assessment in one country may not be
applicable in another country. However, as field tests are performed, information will accumulate about the
organisms involved, and their interactions with a number of environments.

Familiarity comes from the knowledge and experience available for conducting a risk/safety analysis
prior to scale-up of any new plant line or crop cultivar in a particular environment. For plants, for example,
familiarity takes account of, but need not be restricted to, knowledge and experience with the following
(OECD, 1993a):

° “The crop plant, including its flowering/reproductive characteristics, ecological
requirements, and past breeding experiences;

o The agricultural and surrounding environment of the trial site;
° Specific trait(s) transferred to the plant line(s);
o Results from previous basic research including greenhouse/glasshouse and small-scale field

research with the new plant line or with other plant lines having the same trait;

o The scale-up of lines of the plant crop varieties developed by more traditional techniques of
plant breeding;

o The scale-up of other plant lines developed by the same technique;

° The presence of related (and sexually compatible) plants in the surrounding natural

environment, and knowledge of the potential for gene transfer between crop plant and the
relative; and

o Interactions between/among the crop plant, environment and trait.”.
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Risk/safety assessment and risk management

Risk/safety assessment involves the identification of potential environmental adverse effects or hazards,
and determining, when a hazard is identified, the probability of it occurring. If a potential hazard or adverse
affect is identified, measures may be taken to minimise or mitigate it. This is risk management. Absolute
certainty or “zero risk” in a safety assessment is not achievable, so uncertainty is an inescapable aspect of
all risk assessment and risk management (OECD, 1993a). For example, there is uncertainty
in extrapolating the results of testing in one species to identify potential effects in another. Risk assessors
and risk managers thus spend considerable effort to address uncertainty. Many of the activities
in intergovernmental organisations, such as the OECD, address ways to handle uncertainty (OECD, 2000).
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OECD (1992), Good Developmental Principles (GDP), OECD, Paris.
OECD (1993a), Safety Considerations for Biotechnology: Scale-up of Crop Plants, OECD, Paris.

OECD (1993b), Traditional Crop Breeding Practices: An Historical Review to serve as a Baseline for Assessing the
Role of Modern Biotechnology, OECD, Paris.

OECD (1995a), Commercialisation of Agricultural Products Derived through Modern Biotechnology: Survey Results,
OECD, Paris.

OECD (1995b), Report of the OECD Workshop on the Commercialisation of Agricultural Products Derived through
Modern Biotechnology, OECD, Paris.

OECD (1995¢), Analysis of Information Elements Used in the Assessment of Certain Products of Modern
Biotechnology, OECD, Paris.

OECD (1996), Industrial Products of Modern Biotechnology Intended for Release to the Environment: the
proceedings of the Fribourg Workshop, OECD, Paris.

OECD (2000), Report of the Working Group on the Harmonisation of Regulatory Oversight in Biotechnology to the
G8 Okinawa Summit, OECD, Paris.
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Présentation des documents de consensus
sur la sécurité biologique
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1. A propos du Sous-groupe de ’OCDE pour la sécurité biologique

Le Sous-groupe de I’OCDE sur I’harmonisation de la surveillance réglementaire en biotechnologie
(le Sous-groupe) comprend des délégués des 33 pays Membres de I’OCDE et de la Commission
européenne. Généralement, les délégués sont des fonctionnaires des ministéres et organismes
gouvernementaux chargés de I’évaluation des risques pour 1’environnement et de la sécurité des produits
issus de la biotechnologie moderne. Le Sous-groupe comprend aussi plusieurs délégations et experts
invités qui participent a ses travaux en qualité d’observateurs, notamment 1’ Argentine, la Fédération de
Russie, le Programme des Nations Unies pour I’environnent (PNUE), le Secrétariat de la Convention sur
la diversité biologique (SCDB), les Organisation des Nations Unies pour I’alimentation et 1’agriculture
(FAO) et pour le développement industriel (ONUDI) et le Comité consultatif économique et industriel
aupres de I’OCDE (BIAC). Ces dernieres années, du fait de 1’utilisation croissante des produits issus de
biotechnologie dans plusieurs régions du monde et le développement d’activités portant sur les especes
tropicales et sub-tropicales, la participation au Sous-groupe des économies non membres s’est intensifice,
avec notamment le Brésil, le Cameroun, la Chine, 1’Estonie, 1’Inde, les Philippines et I’ Afrique du Sud.

2. Harmonisation de la réglementation

Le Sous-groupe a été créé en 1995' 4 1’époque des premiéres demandes d’autorisation réglementaire de
cultures commerciales transgéniques dans plusieurs pays Membres de I’OCDE. Des le départ, un des
objectifs-clés du Sous-groupe a été€ de promouvoir I’harmonisation internationale de la réglementation en
matiere de biotechnologie entre les pays Membres. L’harmonisation réglementaire vise a assurer que les
éléments d’information utilisés pour I’évaluation des risques et de la sécurité, ainsi que les méthodes pour
les collecter, soient aussi uniformes que possible. Elle peut conduire les pays a reconnaitre, voire a accepter
les informations provenant d’évaluations réalisées par d’autres. Les avantages de 1’harmonisation sont
évidents. Elle accroit la compréhension mutuelle entre pays, ce qui évite la duplication des efforts,
économise les ressources limitées et accroit 1’efficacité des procédures d’évaluation des risques et de
la sécurité. Tout cela a pour effet d’améliorer la sécurité, tout en réduisant les obstacles inutiles au
commerce (OCDE, 2000).

3. Pourquoi mener des activités d’harmonisation a ’OCDE ?

La création du Sous-groupe et de son programme de travail résulte d’une réflexion approfondie menée
par les pays Membres pour déterminer s’il convenait de poursuivre les travaux sur I’harmonisation en
biotechnologie dans le cadre de I’OCDE et, dans ’affirmative, ce que ces travaux impliqueraient. Cette
analyse a été conduite par le Groupe ad hoc sur les aspects environnementaux de la biotechnologie (créé
par la Réunion conjointe®), principalement en1994.

Le Groupe ad hoc a pris en considération et mis a profit les précédents travaux menés a I’OCDEdes le
milieu des années 80. Ces activités antérieures de I’OCDE étaient initialement centrées sur les
conséquences pour I’environnement et ’agriculture des essais au champ d’organismes transgéniques, mais
ont vite porté ensuite sur leur utilisation a grande échelle et leur commercialisation. (Un résumé de
ces travaux figure en Appendice 1.)

1. Le Sous-groupe s’appelait a I’origine le « Groupe d’experts pour I’harmonisation de la surveillance réglementaire
en biotechnologie ». Il est devenu un Sous-groupe de I’OCDE en 1998.

2 . La Réunion conjointe était I’organe de tutelle du Groupe ad hoc et qui a, au vu de ses résultats, établi le
Sous-groupe comme un organe subsidiaire. Aujourd’hui, son nom officiel est la Réunion conjointe du Comité des
produits chimiques et du Groupe de travail sur les produits chimiques, les pesticides et la biotechnologie.
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4. Principaux concepts et principes fondamentaux

Le Groupe ad hoc a pris en compte les précédents travaux sur 1’analyse des risques qui sont présentés
dans le document intitulé Considérations de Sécurité Relatives a la Biotechnologie : Passage a I’Echelle
Supérieure des Plantes Cultivées (OCDE 1993a). L’extrait suivant en donne un apergu : « L’analyse de
risque/de sécurité s’appuie sur les caractéristiques de 1’organisme, le caractere introduit, I’environnement
dans lequel I’organisme est libéré, les interactions de ces facteurs entre eux et l’utilisation prévue. »
Ces travaux ont servi de point de départ a 1’évaluation environnementale des risques et de la sécurité,
aujourd’hui acceptée mondialement. En examinant les possibilités d’harmonisation, le Groupe ad hoc s’est
intéressé€ a ces caractéristiques ainsi qu’aux informations utilisées par les évaluateurs des risques et de la
sécurité pour les examiner.

A cela s’ajoute le concept de familiarité, aussi décrit dans le document mentionné ci-dessus (OCDE
1993a). Ce concept «... est basé sur le fait que la plupart des organismes transformés génétiquement sont
développés a partir d’organismes comme les végétaux cultivés, dont la biologie est bien comprise ».
« La familiarité permet a 1’évaluateur de risques d’appliquer ses connaissances et son expérience de
I’introduction des végétaux et des micro-organismes dans I’environnement. » S’agissant des végétaux,
la familiarité tient compte d’un grand nombre d’éléments, par exemple, des connaissances et de
I’expérience concernant «les végétaux cultivés, y compris leurs caractéristiques de floraison et de
reproduction, leurs exigences écologiques et les expériences passées en matiere de sélection »
(OCDE 1993a — voir Appendice 1 pour une description plus détaillée). Cela montre bien le rdle des
informations concernant la biologie de 1’organisme hote lors de 1’évaluation des risques pour

I’environnement et de la sécurité.

Le Groupe ad hoc a également pris en compte le document décrivant les «Méthodes Traditionnelles de
Sélection des Plantes : un Apercu Historique Destiné a Servir de Référence pour I’Evaluation du Réle de
la Biotechnologie Moderne » (OCDE 1993b), qui met I’accent sur les organismes hotes. On y trouve des
informations sur 17 especes végétales cultivées qui sont (ou pourraient étre) utilisées en biotechnologie
moderne. Ce document comprend des sections consacrées aux aspects phytosanitaires du transfert de
matériel génétique, et aux utilisations actuelles de ces plantes cultivées. Une section détaillée est également
consacrée aux pratiques actuelles de sélection.

5. Une approche commune de I’évaluation des risques et de la sécurité

L’une des missions importantes du Groupe ad hoc était d’évaluer dans quelle mesure les pays
Membres €tudient les mémes éléments et mémes problemes lors de I’évaluation des risques et de la

sécurité. Des différences importantes indiqueraient des difficultés a rechercher une harmonisation ;
a I’inverse, de nombreuses similitudes indiqueraient un travail d’harmonisation plus aisé.

Deux études ont permis au Groupe ad hoc de répondre a cette question. La premiére concernait les
plantes cultivées (OCDE, 1995a; 1995b) et la seconde les micro-organismes (OCDE, 1995c; 1996).
Ces deux études €taient basées sur une enquéte aupres des autorités nationales chargées de 1’évaluation des
risques et de la sécurité. L’ objectif était d’identifier les questions couvertes par le processus d’évaluation
(selon la législation nationale, la réglementation ou les documents d’orientation) afin d’établir le degré de
similitude entre les autorités nationales. Ces études ont pris pour référence les éléments contenu dans
« Le Livre bleu » de I’OCDE sur les considérations de sécurité relatives a I’ ADN recombiné (OCDE 1986),
en particulier les sections relatives aux : i) Considérations scientifiques générales ; ii) Considérations
relatives a la santé humaine ; et iii) Considérations relatives a I’environnement et 1’agriculture (appendices
b, c et d). Les deux études ont permis de constater que les questions et problemes traités par les pays
Membres pour évaluer les risques et la sécurité présentaient un remarquable degré de similitude.
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6. Emergence du concept de « document de consensus »

Le Sous-groupe a donc ét€ établi en sachant que les questions et problemes traités par les autorités
nationales aux fins de I’évaluation des risques et de la sécurité présentaient de nombreux points communs.
I1 a également pris en compte les caractéristiques identifiées dans le cadre de cette évaluation (I’organisme,
le caractere introduit, et [’environnement), sur lesquels pouvaient se concentrer les activités
d’harmonisation.

Il a été ensuite reconnu qu’une majeure partie des informations utilisées dans 1’évaluation des risques
et de la sécurité concernant la biologie des organismes hotes (plantes cultivées, arbres, animaux ou micro-
organismes), étaient identiques ou presque dans toutes les évaluations portant sur une méme organisme. En
d’autres termes, les questions relatives a la biologie de I’organisme examinées dans le cadre de 1’évaluation
des risques et de la sécurité --par exemple, le potentiel de transfert de génes au sein d’une espece cultivée,
et entre especes apparentées, de méme que le caractere adventice potentiel-- sont les mémes pour chaque
demande impliquant une méme espece hote. C’est aussi le cas, dans une certaine mesure, pour les
informations relatives aux caracteres introduits.

En conséquence, le Sous-groupe a souhaité regrouper les informations communes utilisées dans
I’évaluation des risques et de la sécurité d’un certain nombre de produits transgéniques, et a décid€ de se
concentrer sur deux catégories particulicres : la biologie des especes hotes ; et les caracteres utilisés dans
les modifications génétiques. L’objectif était d’encourager le partage de I’information et d’éviter la
duplication d’efforts en permettant aux pays de ne pas traiter plusieurs fois des mémes questions
communes pour les demandes concernant le méme organisme ou le méme caractere. Il a été souligné que
des documents de consensus sur la biologie ou sur les caracteres pouvaient étre adoptés relativement vite
par les pays Membres (en quelques années). Ce processus de compilation a rapidement débouché sur la
rédaction de documents de consensus.

7. Objet des documents de consensus

Les documents de consensus ne prétendent pas se substituer a I’évaluation des risques et de la sécurité,
car ils ne concernent qu’une partie de I'information nécessaire. Cependant, ils devraient faciliter
grandement 1’évaluation environnementale des risques et de la sécurité.

Les documents de consensus visent a fournir un apercu des données courantes pouvant étre utilisées
dans le processus d’évaluation réglementaire des produits issus de la biotechnologie. Ils ne prétendent pas
offrir une source d’informations exhaustive sur I’ensemble des connaissances concernant un organisme
hdte ou un caractere particulier ; mais ils traitent, sur la base d’un consensus, des questions centrales jugées
pertinentes par les pays pour I’évaluation des risques et de la sécurité.

Ces documents visent a faciliter I’échange d’informations sur ces composantes clés des évaluations de
la sécurité environnementale afin d’éviter que les activités menées dans les pays ne fassent double emploi.
Ils sont destinés : a) aux demandeurs d’autorisation pour indiquer le type d’information a fournir aux
autorités de réglementation ; b) aux autorités chargées de la réglementation comme guide général et source
de référence pour leurs examens ; et ¢) aux gouvernements aux fins de 1’échange d’information, comme
références de recherche et pour I’information du public.

I a été déclaré initialement que les informations contenues dans les documents de consensus devaient
étre mutuellement reconnues ou mutuellement acceptées par les pays Membres de I’OCDE, bien que le
sens de ces expressions reste encore a préciser. L’expression acceptation mutuelle des données a été
étudiée pendant la période de mandat du Groupe ad hoc et le début du Sous-groupe (1993-1995). Cette
notion est empruntée au Programme des produits chimiques de I’OCDE pour désigner un ensemble de
Décisions du Conseil de I’OCDE qui ont un caractere contraignant pour les pays Membres. Dans le cas
des documents de consensus, il n’a jamais été obligatoire d’utiliser les informations y figurant, méme si

N

le Sous-groupe est intéressé a impliquer davantage les pays dans I'utilisation de ces documents.
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La participation des pays a 1’élaboration des documents, et leur intention d’utiliser les informations qu’ils
contiennent, sont présumées de bonne foi. On attend donc des documents de consensus qu’ils puissent
servir de référence dans les évaluations des risques et de la sécurité. Ces documents étant des outils d’acces
public, ils peuvent intéresser tout pays qui souhaite les utiliser dans des évaluations nationales.

8. Processus de développement des documents de consensus jusqu’a publication

La rédaction d’un document de consensus se fait en plusieurs étapes. Cela commence lorsqu’une
délégation, a I'occasion d’une réunion officielle du Sous-groupe, propose d’établir un document sur
un nouveau sujet, le plus souvent une espece cultivée ou un caractere. Si le Sous-groupe approuve la
proposition, un premier projet est préparé par un, ou deux ou plusieurs pays en collaboration (« approche
par pays pilote »). En général, le ou les pays pilote(s) possedent une expérience de la plante ou du caractere
visé et peuvent identifier des experts pour préparer une premicre version.

. RTIUY 5 I 3 . Lo

Cette version préliminaire est d’abord examinée par le Bureau du Sous-groupe” qui vérifie que le

document couvre bien tous les aspects généralement pris en compte par les documents de consensus, et que
sa qualité est suffisante pour le soumettre a I’ensemble du Sous-groupe.

Un premier projet est établi a la lumiere des commentaires du Bureau, puis présenté a 1’ensemble du
Sous-groupe. Chaque délégation peut ainsi étudier le texte et formuler des commentaires en fonction de
I’expérience de son pays. Ces commentaires sont pris en compte dans une deuxiéme version qui est
anouveau diffusée au Sous-groupe. A ce stade, le Sous-groupe peut étre invité a recommander la
déclassification du document. Cette demande intervient uniquement lorsque toutes les délégations ont
décidé d’un commun accord (consensus) que le document était complet et prét pour publication. Il arrive
cependant que le texte nécessite un troisiéme examen, voire plus, par le Sous-groupe avant qu’une

déclassification ne puisse étre envisagée.

Lorsque le Sous-groupe est convenu de recommander le document pour déclassification, il est transmis
a 'organe de tutelle, la Réunion conjointe, qui est invitée a le déclassifier. Une fois approuvé par la
Réunion conjointe, le document est publié.

Il importe de noter que I’examen des documents de consensus dépasse le cadre des réunions officielles
du Sous-groupe. De nombreux échanges de vues se font aussi par voie €lectronique, notamment dans le
cadre du site Web protégé dédié au Sous-groupe. Ceci permet a divers experts de compléter les projets.

Pour plusieurs des documents, il s’est révélé nécessaire d’inclure aussi des informations provenant de
pays non membres. Cet échange élargi d’expertise est devenu de plus en plus important ces dernieres
années avec le développement d’activités portant sur les especes tropicales et sub-tropicales. Cela s’est
produit notamment pour les plantes cultivées dont les centres d’origine et de diversité se trouvent dans un
ou des pays non membre(s). Le PNUE, ’ONUDI et la FAO ont alors contribué a la préparation des
documents en identifiant les experts appropriés des pays concernés. C’était le cas, par exemple, lors de
I’élaboration du document de consensus sur la biologie du riz.

9. Evolutions actuelles et futures pour le Sous-groupe
Le Sous-groupe poursuit ses travaux de préparation des documents de consensus, ainsi que

I’amélioration de I’efficacité de leur processus d’élaboration. Un nombre croissant de plantes cultivées et
autres especes hétes (arbres, animaux, micro-organismes) fait 1’objet de modifications, pour un nombre

3. Le Bureau comprend le Président et les Vice-présidents du Sous-groupe. Le Bureau est élu par le Sous-groupe
une fois par an. Au moment ou de la préparation de la présente publication - Vol. 3 et Vol. 4, le Président est
un délégué des Etats-Unis, les Vice-présidents sont du Canada, de la Finlande, du Japon et des Pays-Bas.
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croissant de caracteres transférés, et le Sous-groupe vise a satisfaire les besoins actuels tout en préparant
les sujets émergeants.

Lors de [latelier de I’OCDE consacré aux documents de consensus et aux travaux futurs
d’harmonisation, tenu & Washington D.C. en octobre 2003, le Sous-groupe a examiné comment établir un
ordre de priorité pour la préparation des documents de consensus parmi les nombreux classements
possibles. Les participants ont €galement reconnu qu’il pourrait étre nécessaire de périodiquement revoir
ou de mettre a jour les documents de consensus, pour veiller a ce qu’ils contiennent les informations les
plus récentes. Le Sous-groupe examine régulierement ces aspects lorsqu’il planifie son futur travail. Pour
faciliter I’élaboration des prochains documents, les participants a I’atelier ont jugé utile d’établir une
structure type de document de consensus. Le Sous-groupe a donc décidé de préparer des documents guides
listant les « points & examiner », tout d’abord pour les documents de consensus relatifs a la biologie, puis
pour ceux portant sur les caracteres. Le texte sur les documents de biologie, publié en 2006, figure en
section suivante de la présente publication.

10. Le Groupe d’étude de ’OCDE sur la sécurité des nouveaux aliments destinés a la
consommation humaine et animale

Le Groupe d’étude de I’OCDE sur la sécurité des nouveaux aliments destinés a la consommation
humaine et animale (Groupe d’Etude), établi en1999, traite des aspects de I’évaluation des aliments issus
des cultures transformées génétiquement et destinés a la consommation humaine et animale. L’objet
principal du travail du Groupe d’étude, similaire a celui du Sous-groupe, est d’assurer que les types
d’information utilisés lors de I’évaluation des risques et de la sécurité, ainsi que les méthodes utilisées pour
collecter cette information, sont aussi similaires que possibles entre pays. L’approche consiste a comparer
les cultures transgéniques et les produits qui en dérivent avec leurs homologues conventionnels qui sont
déja connus et considérés comme siirs du fait de I’expérience reconnue de leur utilisation. Les activités du
Groupe d’étude facilitent les méthodes harmonisées et un échange d’information.

Comme pour le programme sur la sécurité biologique, le produit principal du programme sur les
aliments est la Série de documents de consensus sur la composition des nouvelles variétés d’especes
cultivées. Les documents du Groupe d’étude compilent une base commune d’information scientifique sur
les composants essentiels des plantes cultivées tels que les principaux nutriments, toxiques, anti-nutriments
et allergenes. Ces documents constituent des outils pratiques pour les responsables de la réglementation et
les autorités en charge de I’évaluation des risques et de la sécurité de ces nouvelles variétés, en ce qui
concerne les aliments destinés a la consommation humaine et animale. A ce jour, 20 documents de
consensus on été publiés sur les especes cultivées majeures, et sur des aspects généraux visant a faciliter
I’harmonisation. Ils constitutent la Série sur la Sécurité des Nouveaux Aliments Destinés a I’ Alimentation
Humaine et Animale, également accessible gratuitement en ligne sur le site de I’OCDE
(www.oecd.org/biotrack).

La publication de I’intégralité de la Série sur les Nouveaux Aliments, rassemblée en un seul document,
est envisagée au cours de I’année 2011.

Le Sous-groupe et le Groupe d’étude mettent en oeuvre des programmes a la fois proches et
complémentaires, centré sur les aspects environnementaux pour le premier, sur les aspects d’alimentation
humaine et animale pour le second. Leur coopération sur des sujets d’intérét commun a résulté récemment
dans la publication du premier document de consensus élaboré conjointement par les deux instances,
intitulé « Consensus Document on Molecular Characterisation of Plants Derived from Modern
Biotechnology » (Document de Consensus sur la Caractérisation Moléculaire des Plantes issues de la
Biotechnologie Moderne)”, édité en septembre 2010. Ce document est reproduit dans le Volume III de la
présente publication.
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Appendice I

Principes et concepts de ’OCDE relatifs a la sécurité biologique,
établis antérieurement a la création du Sous-groupe (1986-1994)

Depuis le milieu des années 1980, ’OCDE a développé des approches harmonisées pour 1’évaluation
des risques et de la sécurité des produits de biotechnologie moderne. Avant la création du Sous-groupe,
I’OCDE a publié¢ plusieurs rapports d’experts portant sur des questions de sécurité, les concepts et
principes relatifs a I’évaluation des risques et de la sécurité, ainsi que sur la dissémination des plantes
transgéniques en champ, et sur la question des pratiques traditionnelles de sélection des especes cultivées.
Le présent appendice récapitule les éléments essentiels de ces travaux qui ont servi de point de départ a la
création du Sous-groupe et a I’élaboration des documents de consensus.

Principes scientifiques sous-jacents

En 1986, ’OCDE a publié ses premicres études sur la sécurité des organismes transgéniques (OCDE,
1986). Celles-ci comprenaient des questions intéressant la santé humaine, I’environnement et I’agriculture
qui pourraient &tre prises en compte dans I’évaluation des risques et de la sécurité. Dans
les recommandations pour les applications agricoles et environnementales, il était suggéré que les
évaluateurs des risques et de la sécurité :

e « Utilisent des données nombreuses sur les effets au niveau de 1’environnement et de la santé
humaine des organismes vivants afin de guider les évaluations des risques ;

e Assurent que les organismes formés de molécules d’ADN recombiné sont évalués pour
déterminer les risques possibles, préalablement a leur application dans I’agriculture et dans
I’environnement par un examen distinct des risques potentiels de facon ponctuelle ;

e Dirigent le développement d’organismes formés d’ADN recombiné pour des applications
agricoles et environnementales d’une maniere progressive, allant si approprié, du laboratoire
ala chambre de culture et a la serre, puis a des essais limités en conditions réelles, et
finalement a des essais au champ a grande échelle ;

e  Encouragent la recherche pour améliorer les prédictions, 1’évaluation et le suivi des résultats
des applications d’organismes formés d’ ADN recombiné. »

Réle du confinement dans les essais a échelle réduite

En 1992, ’OCDE a publié ses Bons Principes de Developpement (OCDE, 1992) pour la conception de
recherche sur le terrain a échelle réduite impliquant des végétaux et micro-organismes transgéniques.
Ce document décrit I'utilisation du confinement des essais de terrain. Le confinement comprend des
mesures pour éviter la dissémination ou I’établissement d’organismes a partir d’un essai de terrain, par
exemple les mesures d’isolement physique, temporel ou biologique (comme 1’utilisation de la stérilité).

Mise a Uéchelle des végétaux cultivés — « analyse des risques et de la sécurité »

A partir de 1993, I’attention s’est dirigée vers la mise a [’échelle des végétaux cultivés du fait que les
sélectionneurs commencaient a envisager la production a grande échelle et la commercialisation de plantes
transformées génétiquement. L’OCDE a publié les principes généraux pour la mise a [’échelle (OCDE,
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1993a), lesquels réaffirmaient que, « La sécurité en biotechnologie est réalisée par 1’application appropriée
de I’analyse des risques et de la sécurité et de la gestion des risques. L’analyse des risques et de la sécurité
comprend I’identification des dangers et, si un danger a été identifié, la gestion du risque. L’analyse des
risques et de la sécurité est fondée sur les caractéristiques de I’organisme, le trait caractéristique introduit,
I’environnement dans lequel 1’organisme est introduit, les interactions entre 1’environnement et
I’organisme de méme que I’application prévue. L’analyse des risques et de la sécurité est menée
préalablement a une action visée et est en général une composante de routine de la recherche, du
développement et des essais de nouveaux organismes, que ces actions soient effectuées en laboratoire ou
sur le terrain. L’analyse des risques et de la sécurité est une procédure scientifique qui n’implique ni
n’exclut une surveillance au niveau de la réglementation, et qui n’exige pas que chaque cas soit
nécessairement examiné par une autorité nationale ou autre » (OCDE, 1993a).

Role de la familiarité dans I’évaluation des risques et de la sécurité

La question de la mise a [’échelle a également mené a un concept important, la familiarité, qui est I'une
des approches stratégiques utilisées par la suite pour traiter de la sécurité environnementale des végétaux
transgéniques.

Le concept de familiarité est bas€ sur le fait que la plupart des organismes transformés génétiquement
sont développés a partir d’organismes comme les plantes cultivées dont la biologie est bien comprise. Il ne
constitue pas une évaluation des risques et de la sécurité en tant que tel (U.S.-NAS, 1989). Toutefois,
le concept facilite les évaluations des risques et de la sécurité parce que la familiarité suppose que 1’on
dispose de suffisamment d’éléments pour étre en mesure de poser un jugement sur la sécurité ou sur
le risque (U.S.-NAS, 1989). La familiarité peut aussi servir a identifier les pratiques de gestion appropriées,
comme par exemple déterminer si les pratiques agricoles usuelles sont adéquates ou si d’autres conduites
des cultures sont nécessaires pour gérer le risque (OCDE, 1993a). La familiarité permet a I’évaluateur de
risques d’appliquer ses connaissances et son expérience de l’introduction des végétaux et des micro-
organismes dans I’environnement, ce qui lui indique les pratiques de gestion appropriées. Comme la
familiarité dépend aussi de la connaissance de I’environnement et de ses interactions avec les organismes
introduits, I’évaluation des risques et de la sécurité effectuée dans un pays peut ne pas s’appliquer a un
autre pays, Toutefois, au fur et a mesure des essais en champ, I’information grandit sur les organismes
impliqués et sur leurs interactions avec divers environnements.

La familiarité provient des connaissances et de I’expérience disponibles pour analyser les risques et la
sécurité préalablement a la mise a I’échelle de toute nouvelle lignée végétale ou variété cultivée dans un
environnement particulier. Pour les végétaux par exemple, la familiarité tient compte, sans y &étre limitée,
des connaissances et de I’expérience au niveau (OCDE, 1993a) :

e «des végétaux cultivés, y compris leurs caractéristiques de floraison et de reproduction,
leurs exigences écologiques et les expériences passées en matiere de sélection des végétaux ;

e de I’environnement agricole et environnant du site d’essais ;

e du ou des trait(s) caractéristique(s) spécifique(s) transféré(s) a la ou les lignée(s) de
végétaux ;

e des résultats des précédents travaux de recherche fondamentale, notamment la recherche en
serre et a échelle réduite sur la nouvelle lignée de végétaux ou sur d’autres lignées présentant

les mémes traits caractéristiques ;

e de la mise a I’échelle de lignées de végétaux cultivés développés par des techniques plus
traditionnelles de sélection des végétaux ;
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e de la mise a I’échelle d’autres lignées de végétaux développées par la méme technique ;

e de la présence de végétaux apparentés (et sexuellement compatibles) dans I’environnement
naturel et des connaissances au niveau de la possibilité de transfert génique entre la plante
cultivée et la plante apparenté ;

e des interactions entre la plante cultivée, I’environnement et les traits caractéristiques et des
interactions au sein de la plante cultivée. »

Evaluation des risques et de la sécurité, et gestion des risques

L’évaluation des risques et de la sécurité suppose 1’identification des effets nocifs ou des dangers
possibles pour I’environnement et la détermination, lorsqu’un danger est identifié, de la probabilité qu’il se
produise. Si un danger ou un effet nocif sur la santé est identifi€, des mesures doivent étre entreprises pour
le minimiser ou I'atténuer. C’est ce que 1’on appelle la gestion des risques. La certitude absolue, ou
I’absence totale de risques, est impossible a obtenir en matiere d’évaluation de la sécurité. L incertitude est
donc un aspect inévitable de toutes les évaluations des risques et de toute gestion des risques (OCDE,
1993a). Par exemple, 1’on retrouve de I’incertitude en extrapolant les résultats des tests effectués sur
une espece pour identifier les effets possibles chez une autre espece. Les évaluateurs et les gestionnaires de
risques déploient donc des efforts considérables a traiter les incertitudes. Plusieurs des activités des
organisations gouvernementales, comme I’OCDE, tentent de déterminer des fagons de gérer ces
incertitudes (OCDE, 2000).
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Points to consider for consensus documents on the biology
of cultivated plants
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Introduction

Most environmental risk/safety assessments of transformed (genetically modified or engineered)
plants are based upon a broad body of knowledge and experience with the untransformed species based
on familiarity with the crop plant. The intent of the biology consensus documents is to describe portions
of this body of knowledge directly relevant to risk/safety assessment in a format readily accessible to
regulators. The document is not an environmental risk/safety assessment of the species. Rather,
the consensus document provides an overview of pertinent biological information on the untransformed
species to help define the baseline and scope (the comparator against which transformed organisms will
be compared), in the risk/safety assessment of the transformed organism. Consensus documents are not
detailed crop handbooks or manuals of agricultural or silvicultural practice or economic botany,
but rather focus on the biological information and data that may be clearly relevant to the assessment
of newly transformed plants.

This Points to Consider document is meant as a structured explanatory checklist, regarding both
order and contents, of relevant points to consider in preparing or evaluating a consensus document on
the biology of a cultivated vascular plant species or other taxonomic group of interest, in relation to
biotechnology and environmental risk/safety assessment. The general approach laid out in this document
may also be pertinent to non-vascular plants (for example mosses) as well as fungi and micro-organisms;
however, these groups are biologically and ecologically so different that further adaptation and
refinement of the general approach will be necessary.

The biology consensus documents that have been published to date, as well as most in preparation,
deal with crops, timber trees, and fruit trees [excepting the one on Pleurotus spp. (oyster mushrooms)
and several on micro-organisms]. The plants of interest that have been the subject of the documents are
primarily row crops, or trees managed silviculturally or grown in plantations or orchards. They are
vascular plants, either flowering plants (angiosperms) or conifers (gymnosperms).

The points to consider as covered in the present document create a basic format and scope to be used
for writing or reviewing new consensus documents and updating the earlier documents. While this Points
to Consider document is meant to provide a basic format and scope, it is not intended to be rigid or
inflexible. Of the biology consensus documents to date, some have addressed a particular point in depth,
others lightly, and some not at all, depending on the relevance of the point to the plant species or other
group of interest. Should additional points beyond those covered in this document be needed for
a particular plant, the additional information can be included in the body of the consensus document,
or in appendices. If a particular point is not covered in a consensus document, the text may briefly
explain why the point, in the particular case, is not relevant.

Authors of the draft of a plant biology consensus document should be familiar with this Points to
Consider document as well as existing consensus documents in the OECD Series on Harmonisation of
Regulatory Oversight in Biotechnology (SHROB), in order to develop the appropriate scoping and
presentation of information and data and for general editorial style. Existing consensus documents,
particularly more recent ones, may provide detailed examples (some noted below) that are helpful
models or thought-provoking for particular cases.

An understanding of the biology of the species or other group of interest will aid in determining
the kinds of information pertinent to the environmental risk/safety assessment. This Points to Consider
document provides an explanation of why the point (as enumerated below) is important in risk/safety
assessment of the transformed plant, and presents a rationale for how the information in the point relates
to risk/safety assessment. For a particular environmental risk/safety assessment, biological or ecological
information in addition to that presented in the consensus document may be needed to address
the regional environments into which the genetically engineered plant is proposed to be released.
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1. Species or taxonomic group

The focus of each biology consensus document has usually been a species, but in some cases
the focus has been a group of species or a genus, or just a subspecies or a cultivar group (examples are
below). The primary focus of this Points to Consider document also is the species of interest,
so appropriate adjustments will be necessary if the focus of the consensus document is more broad
Or Narrow.

1.1. Classification and nomenclature

Give the scientific name of the cultivated species of interest, with its authors, and pertinent synonyms
(i.e. actively used alternative scientific names, if any). If necessary to delimit the plant, also give
the horticultural name, e.g. the cultivar group (e.g. Beta vulgaris subsp. vulgaris Sugar Beet Group).
Provide main international common name(s) at least in English for the species of interest. Give
the taxonomic context of the species (family always, perhaps the order, and perhaps the subfamily, tribe,
subgenus or section). If the taxonomy is not settled, be relatively conservative in choosing the taxonomy,
and briefly explain the alternative(s). The latest taxonomic or nomenclatural study is not necessarily
definitive, and may need time for scientific consensus before it becomes adopted. A common name for
the crop species of interest can be introduced here, to be used in much of the document as a more
familiar name (aide-memoire).

Describe the taxonomic relationships of the cultivated species: related species, and related genera
particularly if there is good potential for spontaneous hybridisation or the generic limits are unsettled.
A list of related species (with brief ranges) should be given and include all the relatives with a potential
for hybidization (i.e. crossable relatives). This topic is dealt with in detail in Section IV. The listing here
may provide brief information on chromosome numbers and ploidy if these data are pertinent to
the taxonomic differentiation of the species, whereas a more complete coverage of the relevant details is
provided in Section Il or I'V.

Rationale: The scientific name enables an unequivocal understanding (i.e. a circumscription)
of the plant of interest, at the appropriate level, such as the species or the subspecies.
This addresses what the species (or other group) is and what it is called (i.e. circumscription
and name). The list of close relatives could help in subsequent analysis to form an idea of
the kinds of pertinent traits such as disease resistance or stress tolerance that may already
occur in these direct relatives of the cultivated plant, and may help elucidate how genes/traits
are shared and may move via gene flow amongst related populations. The list of close relatives
may aid in understanding the range of diversity and variability between the species and
its natually crossable relatives.

Examples: OECD Series on Harmonisation of Regulatory Oversight in Biotechnology
(SHROB) No. 14 (rice, Section I, pp. 12-14); No. 16 (poplars, Section II, pp. 15-18); No. 18
(sugar beet, Section I, pp. 11-12); No. 22 (eastern white pine, Section II, p. 12); and No. 31
(sunflower, Section I, pp. 11-13).

1.2. Description

Give a brief non-technical description of the species of interest, understandable to the non-specialist.
Provide the habit and general characteristics of the plant, for example that it is an annual, a long-lived
tree, or a biennial cultivated as an annual crop, and that it is, for instance, grown for fibre, fruit, or seeds.
Also provide a concise technical (taxonomic) description sufficient to make a positive identification of
the plant (or part). Illustration (a line drawing or black-and-white photo) may be useful. To clarify
distinctiveness, emphasise the practical diagnostic or distinguishing morphological or other characters.
Limit jargon, by the precise use of phrases and familiar words. A table of main differences or taxonomic
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key may be instructive (e.g. Oryza sativa and O. glaberrima in SHROB No. 14). If necessary,
for example when based on recent information or a new approach, present or reference the analytical
methods by which a differential identification of the similar plants (e.g. species) is now made.

Rationale: These descriptions provide broad orientation, and as well accurate identification.
They briefly explain how the species of interest is actually identified in relation to others.
Additionally, the description may give particular characteristics of the plant to aid in defining
the scope of a risk/safety assessment. Although an exact identification often is based on
experience (i.e.recognition) or on regional publications, rigorous or subtle analysis using
specialist resources sometimes is required.

Examples: OECD SHROB No. 8 (potato, Section IV, pp. 14-15) and No. 28 (European white
birch, Section I, pp. 12-13).

1.3. Geographic distribution, natural and managed ecosystems and habitats, cultivation and
management practices, and centres of origin and diversity

This subsection covers the primary or crop species of interest, including the plants that are wild or
free-living (whether native or naturalised) or weedy, and as cultivated or managed in the field. Crossable
relatives with the relevant information and data on their intraspecific and interspecific crossing are
discussed in Sections III and IV.

1.3.1. Geographic distribution

Describe the overall geographic distribution (if helpful including altitudinal range or climatic region),
indicating broadly where the species of interest is native (i.e. indigenous), where it has been naturalised
(introduced but free-living), and where it is in cultivation. A general map may be useful.

Rationale: Knowledge of the geographic distribution sets the context for understanding
the potential interaction of the species with its relatives and with the surrounding ecosystems.
For example, it is important to make a distinction between the species’ native and naturalised
occurrence when assessing the potential effects and the importance of gene flow.

Examples: OECD SHROB No. 8 (potato, Sections II & III, pp. 12-13); No. 13 (white spruce,
Section III, pp. 15-16); and No. 16 (poplars, Section I, pp. 15-18).

1.3.2. Ecosystems and habitats where the species occurs natively, and where it has naturalised

Indicate the natural and non-cultivated or non-managed ecosystems where populations of the species
of interest are native (indigenous) and where introduced and now naturalised (free-living) components of
the vegetation. Designated natural areas (e.g. protected reserves, parks) where the species may be
an invasive problem would be noted here. A species weedy in disturbed waste (e.g. abandoned) areas
would be included here, whereas the species weedy in intensively managed areas would be discussed in
the following subsection. Those ecosystems and habitats in which the species of interest occurs and
its abundance are indicated here, whereas its ecological interactions with biotic components of
the ecosystems and habitats are developed in Section V.

Rationale: The focus of this subsection is the relatively natural, self-sustaining context, rather
than the land areas strongly managed for plant production. Knowledge of where the species
occurs indigenously or is free-living provides baseline information for understanding the range
of habitats in which the species exists, the range of behaviours exhibited in those habitats, and
how characteristics of the species determine the range of habitats where it occurs.
This information provides an understanding of the species’ potential for interaction with
its relatives and surrounding habitats.
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Example: OECD SHROB No. 28 (European white birch, Section III, pp. 19-20).

1.3.3. Agronomic, silvicultural, and other intensively managed ecosystems where the species
is grown or occurs on its own, including management practices

Describe where the species is dependent on management for survival or persistence over several
years of usual conditions. Areas where the plant may be a weed problem would be discussed here. Areas
to be discussed could include habitats such as annual row crops or bordering areas, tree plantations,
orchards and vineyards, along regularly managed roadsides, rights-of-way, irrigation ditches, etc.
Identify the pertinent general agronomic or other practices, and if relevant, regional differences in
practices (including various practices within a region). Information might briefly encompass site
preparation after clear-cutting, tillage, sowing or planting, weed control, control of volunteers, harvesting,
plant protection practices during crop growth and after harvest, transport practices, and the use of
harvested materials (e.g. for silage). The relevant ecological interactions of the species with particular
organisms in these managed ecosystems are discussed in Section V.

Rationale: The focus of this subsection is on the plant’s survival in agro-ecological, silvicultural,
and other such managed areas, to provide the baseline environmental information on how the
plant responds to or is managed by accepted agronomic, silvicultural or similar intensive
practices. Identification of significant cultivation or management practices provides
an understanding of measures available to manage or control the plant.

Examples: OECD SHROB No. 7 (oilseed rape, Section III, p. 13); No. 14 (rice, Section VII,
pp- 26-27); No. 15 (soybean, Sections II & V, pp. 13 & 14); and No. 18 (sugar beet, Sections I
& 11, pp. 16-17).

1.3.4. Centres of origin and diversity

Describe the known or probable primary centre(s) of origin, as well as secondary centres where
additional important variability or biodiversity may occur, whether naturally (e.g. Beta) or through
the process of domestication (e.g. Zea mays, Solanum tuberosum subsp. tuberosum). The evolutionary
centres important for natural biodiversity should be mentioned, and the central areas of domestication
and landrace diversity, with indication of the centres’ relative importance. Genetic diversity is covered
in Section III. Provide a brief sketch of the history or extent of domestication including mention of
relevant domestication traits (e.g. non-shattering, loss of seed dormancy).

Rationale: The interaction of the cultivated plant with close relatives especially in a centre of
origin is an important consideration because gene flow, varietal competition, or a change
in cultivation practices may alter this especially rich and valuable diversity. If the plant is not
expected to be grown near a center of diversity, the absence of such relatives would also be
important. A brief review of domestication may provide insight showing the continuity of
modification of the species and the degree of the crop plant’s adaptation to or dependence on the
managed environment.

Examples: OECD SHROB No. 9 (bread wheat, Section IIl, pp. 13-16); No. 27 (maize,
Section IV, pp. 18-20); and No. 31 (sunflower, Section I, pp. 14-15.
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2. Reproductive biology

2.1. Generation time and duration under natural circumstances, and where grown or
managed

Important aspects of generation time and duration include the time to first flowering and total life
cycle of the plant, and time from planting to plow-down. Include the effects of agronomic, silvicultural,
and similar practices when describing generation time and duration of the cultivated plant. Important
differences within both the natural and the cultivated regions should be noted.

Rationale: The generation time and duration are indications of the terms in which
environmental effects may occur. Precocious generation times and shorter durations
in agriculture affect the likelihood of outcrossing with free-living (wild) relatives, and give
a general indication of when outcrossing may first occur.

Examples: OECD SHROB No. 14 (rice, Sections V & VII, pp. 21 & 26-27) and No. 18
(sugar beet, Section I, pp. 13-14).

2.2. Reproduction (production of flowers or cones, fruits, seeds, and vegetative propagules)

Include a characterisation of the key stages in the life cycle necessary for the plant to survive,
reproduce, and disperse. Particular attention is given to any uncommon survival structures or strategies
and their importance under natural and cultivation conditions, and to the dependence of survival and
reproduction on ecological and geographical factors.

Rationale: The reproductive capabilities of a plant determine the means by which the plant can
produce progeny and spread or disperse. Both the plant and its progeny may affect
the environment, including other organisms, and thus the time frame and geographic area
over which effects might occur.

2.2.1. Floral biology

Describe the general floral dynamics (e.g. flowering season, flowering time, anthesis, selfing and/or
outcrossing). Relevant genetic details of the outcrossing and/or selfing are addressed in Section III.

Rationale: This information will assist in understanding some of the factors that affect
the potential for gene flow, and in assessing particular management strategies for reducing gene
flow when outcrossing may occur. Such management strategies may include induced male
sterility or asynchronous flowering times.

Examples: OECD SHROB No. 8 (potato, Section VI, p. 17); No. 14 (rice, Section V, p. 21);
and No. 21 (Sitka spruce, Section III, p. 15).

2.2.2. Pollination (wind, insects, both, etc.), pollen dispersal, pollen viability

Describe observed modes of pollen dispersal, indicating the most prevalent way. Important insect or
other animal pollinators should be indicated. Give data on the range of pollen dispersal through the air
and/or by the animal vectors, if known. Note how climatic or regional (e.g. geographic) differences
can affect pollination. Provide available information or data on the influence of pollen quantity,
movement, viability, load and competition on outcrossing, which is discussed in Sections III and IV.
The details on pollination as they pertain to the plant are covered here, whereas details particularly
pertinent to the pollinator are covered in Section V.

SAFETY ASSESSMENT OF TRANSGENIC ORGANISMS: OECD CONSENSUS DOCUMENTS: VOLUME 3 © OECD 2010



POINTS TO CONSIDER FOR CONSENSUS DOCUMENTS ON THE BIOLOGY OF PLANTS - 33

Rationale: Pollen biology is an important component in the assessment of potential for
gene flow, and in the evaluation of a need for and the type(s) of pollen confinement strategies
such as buffer rows or isolation distances.

Examples: OECD SHROB No. 8 (potato, Section VI, p. 17) and No. 18 (sugar beet, Section 1V,
pp- 22-23).

2.2.3. Seed production, and natural dispersal of fruits, cones, and/or seeds

Briefly describe the sexual reproductive structures, including relevant morphological characteristics
of fruits (or cones) and seeds, and note any inherent means of dispersal (e.g. shattering, fruit splitting,
ballistic). Note the quantity of seeds produced by a plant (e.g. seeds per fruit and number of fruits).
Provide information on the means and range of dispersal (e.g. by gravity, wind, water, on and/or
in animals), and if there are several means indicate their relative importance. Cover apomixis below,
in Subsection 2.2.5.

Rationale: The number of seeds and seed/fruit dispersal mechanisms are factors to consider in
understanding the potential for establishment of free-living plants or populations, and thus
the time and geographic area over which environmental effects might occur. The range of
variability of these factors is also an important consideration.

Examples: OECD SHROB No. 15 (soybean, Section 1V, p. 14) and No. 28 (European white
birch, Section IV, p. 23).

2.2.4. Seed viability, longevity and dormancy, natural seed bank; germination, and seedling
viability and establishment

Discuss factors in the establishment of any seed bank, including its transience or persistence, and the
viability, longevity and dormancy of seeds under natural conditions. Note any special conditions that
affect dormancy and/or germination (e.g. depth of burial, light and/or temperature, passage through
an animal’s digestive tract, or need for fire) that might be particularly relevant. Note any special
requirements for the establishment and survival of seedlings (e.g. soil qualities or regime), as
the organism’s fitness may be revealed at this challenging phase in the life cycle.

Rationale: Seed viability is a key factor to consider in assessing the likelihood of survival of
non-cultivated plants. Natural seed banks are often the main source of weeds in cultivated fields,
whether they are previous-crop volunteers or non-crop weedy relatives. Whether seedlings
can establish usually is a primary limiting factor in continuing the life cycle.

Example: OECD SHROB No. 7 (oilseed rape, Section VI, p. 17).

2.2.5. Asexual propagation (apomixis, vegetative reproduction)

Take into account natural vegetative cloning (e.g. in grasses and poplars), the kinds of propagules
(special structures, and/or fragmented plant pieces), dispersal of the propagules, and their viability.
Discuss the relative importance of asexual reproduction for the plant, including any differences
dependent on habitat or region. For apomixis (non-sexual production of seeds), similarly consider
its relative importance and effectiveness.

Rationale: If a plant has a strategy that includes asexual propagation, this could be a means for
considerable or quite different dispersal or spread, and consequently may also affect the time
frame and geographic area over which environmental effects might occur.

Example: OECD SHROB No. 16 (poplars, Section IV, p. 23).
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3. Genetics

3.1. Relevant detailed genetic information on the species

Give a basic overview of the relevant genetic constitution and genetic dynamics of the species.
If more appropriate in a particular case, some basic genetic information (e.g. ploidy, ancestral/progenitor
genomes) may be more fully or instead discussed in Section IV. In this Section III (including subsections
as needed), cover for example and if appropriate cytogenetics (e.g. karyology, meiotic behavior), nuclear
genome size, possible extent of repetitive or non-coding DNA sequences, main genetic diversity or
variability (e.g. among or within populations or varieties, and of alleles at a locus), evidence of heterosis
or inbreeding depression, maternal and/or paternal inheritance of organellar genomes, and methods of
classical breeding (e.g. utility from employing mutagenesis with the species). The relevance of
the information to the species’ variability and the potential effects of transformation are paramount in
deciding what to include, as the focus is not to provide this genetic characterisation for plant
development.

Intraspecific crossing with both non-cultivated strains (e.g. weedy races) and among non-transformed
cultivars is appropriately covered here (perhaps with a table or diagram), including any genetic or
cytoplasmic constraints or limitations to crossing (e.g. cytoplasmic or nuclear sterility, incompatibility
systems). Interspecific crosses are addressed in the following section.

Rationale: The information in this section includes genetic and breeding data, such as details of
genomic or genetic stability (including gene silencing) and intraspecific outcrossing behaviour
and potential, only to the extent that such information describes parameters that influence how
genetic material (including new material) behaves in particular genetic backgrounds, and
in outcrossing. Interspecific hybridisation is in a separate section (which follows) because
intraspecific crossing is more likely (and familiar), and interspecific hybrids may bring
in broader or more extensive concerns.

Examples: OECD SHROB No. 9 (bread wheat, Sections III & V, pp. 13-17 & 20-24); No. 12
(Norway spruce, Section VI, pp. 21-23); No. 13 (white spruce, Section V, pp. 22-24); No. 14
(rice, Section VI, pp. 23-25); No. 24 (Prunus spp. — stone fruits, Section II, pp. 15-20); and
No. 31 (sunflower, Section IV, pp. 27-28).

4. Hybridisation and introgression

4.1. Natural facility of interspecific crossing (extent, sterility/fertility)

Describe interspecific (including intergeneric) crosses observed under natural conditions. Provide a
list and perhaps a diagram of the documented hybrids, i.e. the crossings that may occur unaided under
usual environmental conditions — if the crossable relatives (other species) might be present. The
information could include a discussion of ploidy (and ancestral/progenitor genomes). Provide an
indication or review of the likelihood of first-generation (F;) hybrids and later generations of these F;
hybrids, and as well whether the F; hybrids may be bridges for genes to cross into other (non-parental)
species. Rare plant species are considered here and in the following subsection. Indicate naturally
hybridising species that are weedy (including invasive) in the list of hybridising species (detailed
discussion of their weediness in a local environment would be covered in an environmental risk/safety
assessment).

Rationale: The ability of a cultivated species to hybridise with other cultivated or wild species
is a significant factor in determining whether genes or traits could be transferred to other species.

Examples: OECD SHROB No. 7 (oilseed rape, Section VII, pp. 18-21); No. 9 (bread wheat,
Section V, pp. 20-24); and No. 16 (poplars, Sections III & VI, pp. 20 & 28-29).
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4.2. Experimental crosses

Discuss the experimental data available on outcrossing under controlled conditions, and theoretical
possibilities for and barriers to outcrossing. This information is in contrast to that in the previous
subsection, which indicates the outcrossing to readily crossable relatives. Experimental data that is
the result of forced crosses employing special techniques (e.g. embryo rescue) would be relevant only if
such studies help to clarify degree of relatedness and likelihood of natural crossing. Theoretical
considerations or experimental information might be, for example, on cytogenetic data and meiotic
behaviour, or sexual incompatibility systems.

Rationale: Experimental data and theoretical considerations may broaden the understanding of
potential (or as yet unknown) unaided (natural) gene transfer. The information and data are only
relevant if unaided crossing in the field can occur.

Examples: OECD SHROB No. 8 (potato, Section VII, pp. 19-21); No. 13 (white spruce,
Section VI, pp. 25-26); No. 16 (poplars, Section VI, pp. 28-29); and No. 22 (eastern white pine,
Section IV, p. 17).

4.3. Information and data on introgression

Provide an indication or review of the likelihood of F; hybrids backcrossing into one or both parents.
Provide information on both natural and experimental introgression (extensive backcrossing), and on the
(types of) genes or the traits for which introgression has been demonstrated. For example, extensive
backcrossing and introgression may be only in one direction, rather than into both parental lines or
species’ populations. Information should include the extent of likely natural (i.e. unaided) introgression
or generations of experimental backcrossing, and the fertility and fecundity of the resultant plants.

Rationale: Of primary consideration is whether interspecific crossing will lead to the
introgression of genes. Interspecific crossing is a necessary but typically not a sufficient step for
considerable introgression to occur. Even if introgression occurs, it is not the presence but the
expression of the gene or trait that may be of primary importance.

Examples: OECD SHROB No. 7 (oilseed rape, Section VII, pp. 20-21); No. 24 (Prunus spp. —
stone fruits, Section II, p. 30); and No. 31 (sunflower, Section IV, pp. 28-29).

5. General interactions with other organisms (Ecology)

5.1. Interactions in natural ecosystems, and in agronomic, silvicultural or other ecosystems
where the species is cultivated or managed

Provide a general overview (including subsections as needed) of main functional ecological
interactions of the species of interest within these natural and managed ecosystems and habitats,
for example symbiotic relationships, food webs (e.g. fruit and seed consumers or predators),
noxious/toxic or other important interactions with insects (e.g. chemical defense) and other animals, and
with plants (e.g. allelopathy). Tritrophic interactions may also be considered. Subsections 1.3.2 and 1.3.3
list and briefly characterise the natural (unmanaged) and managed ecosystems and habitats in which the
species of interest occurs. The importance of a pollination system to the animal pollinator is detailed here,
whereas the importance to the plant is addressed in Subsection 2.2.2. A listing of pertinent pests and
pathogens (and diseases) may be presented as an appendix, with only those that are critically relevant
discussed here.

Rationale: The description of the basic general ecology of the species of interest is useful when
determining the scope of interactions that may be used as a baseline for understanding
the influences the cultivated plant may have on organisms that are in usual close contact.
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A general understanding of the interactions of the species with other organisms will aid
in determining whether any concerns may arise with a change in the genetics of the species.

Examples: OECD SHROB No. 7 (oilseed rape, Section VII & Appendix, pp. 21 & 29) and
No. 13 (white spruce, Section VII, pp. 28-31).

6. Human health and biosafety

6.1. Plant characteristics relevant for human health

Provide brief information on major natural toxicants and common allergenic or medicinal properties
of the plant. In some cases, it may be relevant to mention similar information from related species
(e.g. glycoalkaloids in crossable wild relatives of Solanum tuberosum subsp. tuberosum, potato).

Rationale: This theme can be regarded as human ecology, a subset of Section V that warrants
coverage separately. Baseline information is briefly described, relating to human health as
it might be affected by cultivation of the plant (e.g. levels of latex or psoralen). Potential effects
on human health would be thoroughly treated elsewhere, such as in an OECD plant
compositional consensus document for dietary issues.

Example: OECD SHROB No. 8 (potato, Section IV, p. 14).
7. Additional information

The possibility is expressly left open for topics of additional information that is pertinent to
environmental risk/safety assessment, as a section in the main text of the document, and/or as appendices.

8. References

As much as possible, the references should be peer-reviewed literature available internationally.
After the references directly cited in the text, this section could include a subsection on additional useful
references ‘for further reading’.

Example: OECD SHROB No. 7 (oilseed rape, Section IX, pp. 27-28).
Appendix I - Common pests and pathogens

Provide a list of causative organisms for diseases (pathogens) and pests that commonly occur in
the crop under agronomic, silvicultural, or equivalent conditions.

Rationale: Provide as considered useful for risk/safety assessment rather than usual production
management. Critically important organisms and ecological relationships (e.g. a virus disease
that is a principal management issue) are covered in Section V. The risk/safety assessment
would then consider whether the transformation in the crop would be of environmental concern.

Examples: OECD SHROB No. 18 (sugar beet, Appendix, pp. 32-37 and No. 31 (sunflower,
Section V & Appendices 1 & 2, pp. 31 & 37-47).
Appendix II — Biotechnological developments

General information on the kinds of traits being introduced into the species may be included. Provide
information directly necessary for defining the scope or detail of biological information that would be
useful. For example, transgenes under experimental development for a crop might result in a change
in environmental fitness or range and habitats of the plant or its relatives (e.g. disease resistance, and
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drought, frost or salinity tolerance). Other biotechnological developments (e.g. to assist in marketing)
may not be pertinent to address here.

Rationale: An overview of biotechnological developments may help to assure that
the biological information included in a consensus document is pertinent to the environmental
risk/safety assessments anticipated. Consensus documents that include the biotechnological
developments to bring traits into the crop can be quite useful in explaining the relevance of
assessing certain kinds of biosafety information.

Examples: OECD SHROB No. 14 (rice, Appendix III, pp. 42-45) and No. 27 (maize,
Appendix A, pp. 39-41).
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Part 1.

Consensus documents on the biology of trees
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Section 1.
Western white pine (Pinus monticola)

1. Taxonomy

The largest genus in the family Pinaceae, Pinus L., which consists of about 110 pine species, occurs
naturally through much of the Northern Hemisphere, from the far north to the cooler montane tropics
(Peterson, 1980; Richardson, 1998). Two subgenera are usually recognised: hard pines (generally with
much resin, wood close-grained, leaf fascicle sheath persistent, two fibrovascular bundles per needle —
the diploxylon pines); and soft, or white pines (generally little resin, wood coarse-grained, sheath sheds
early, one fibrovascular bundle in a needle — the haploxylon pines). These subgenera are called
respectively subgenus Pinus and subgenus Strobus (Little and Critchfield, 1969; Price et al., 1998;
Gernandt et al., 2005). Occasionally, one to about half the species (20 spp.) in subgenus Strobus
have been classified instead in a variable subgenus Ducampopinus.

Western white pine (Pinus monticola Dougl. ex D. Don) belongs to subgenus Strobus (Syring et al.,
2007). Pinus monticola was classified by Critchfield and Little (1966) as one of 14 white pines in section
Strobus, subsection Strobi, now call section Ouinquefoliae and subsection Strobus, respectively. Earlier
classifications have varied in the number of species assigned to subsection Strobus, but P. monticola has
consistently been grouped with the New World species P. ayacahuite, P. lambertiana, and P. strobus and
the Old World species P. wallichiana (synonym P. griffithii) and P. peuce (Critchfield, 1986).

A molecular phylogeny of the genus Pinus, based on the nuclear ribosomal DNA internal transcribed
spacer (nrITS), did not support separation of subsection Strobus from either subsection Cembrae or
subsection Krempfianae (Liston et al., 1999). While this study did not include P. monticola, it included
close relatives such as P. strobus. Recent research based on chloroplast DNA sequences recognises an
enlarged subsection Strobus (sensu lato) that absorbs subsection Cembrae, while retaining the Asian
subsection Krempfianae (Gernandt et al., 2005). The lack of clear differentiation between subsections
Cembrae and Strobus (sensu stricto) is also evident in the ability of P. monticola to hybridise with some,
but not all species in subsection Strobus, and some, but not all species in subsection Cembrae
(see Section V below). These two subsections had been separated primarily by the nearly wingless seeds
and their retention in cones in subsection Cembrae, but these bird-dispersal traits appear to have evolved
several times rather than once (Critchfield, 1986).

No subspecies or varieties are recognized for western white pine. Nonetheless, populations in the
Sierra Nevada, Klamath and Warner mountains in the southern portion of its range have been observed to
differ substantially from those farther north (Steinhoff et al., 1983).

2. Natural distribution

Western white pine is a commonly occurring Western North American species. It is distributed
mainly in the central and southern portion of the Cordilleran region and in the central portion of the
Pacific region (Klinka et al., 2000) (Figure 1). Western white pine grows along the west coast
from latitude 36°N in southern Tulare County, California, USA to 51°30"' N near Bute Inlet in southern
British Columbia, Canada.
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Along the west coast of North America the species grows on Vancouver Island, on the adjacent
mainland, southward through Washington and Oregon, and in the Cascade Mountains (Critchfield and
Little, 1966). It is also found in the Siskiyou Mountains of southern Oregon and northern California,
in the Sierra Nevada of California, and near Lake Tahoe, Nevada.

In the interior, western white pine grows from 52°30' N near Quesnel, British Columbia, southward
through the Selkirk Mountains of eastern Washington and northern Idaho, and into the Bitterroot
Mountains of western Montana. Its southernmost interior limit is in the Blue Mountains of northeastern
Oregon (latitude 44°14' N). Isolated populations are found as far east as Glacier National Park, Montana.
It attains its greatest size in the interior portion of the range, which includes northern Idaho and
the adjacent sections of Montana, Washington, and British Columbia (Wellner, 1965).

Figure 1. The native range of western white pine
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3. Reproductive biology

3.1. Reproductive development

Western white pine is monoecious. Reproductive buds differentiate during July and August;
then buds open and strobili appear in June of the following year. Male strobili are about 10 cm long,
borne in clusters of 15 to 25 on branches in the middle of the crown. Pollen is shed starting in late June,
and can continue until mid-July, but usually averages 8 days (Wellner, 1965). Female strobili are borne
on stalks in the upper crown. The erect seed cones are 1.5 cm to 4.0 cm long at the time of pollination,
and grow to 2.5 cm to 5.0 cm by the end of the first growing season.
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After wind dispersal, the saccate pollen grains initially adhere to lipid microdrops of the micropylar
arms of female strobili. A pollination drop is then secreted from the ovule, as in other pines, and
it accumulates pollen. The pollination drop can be enhanced through artificial misting. Pollen lands
on the drop and is withdrawn into the micropyle (Owens et al., 2001). After pollination, germination
occurs and pollen tubes penetrate approximately one third of the way through the nucellus.
The generative cell and tube nucleus move into the pollen tube, and the megagametophyte initiates
free division. The cones and pollen tubes then enter a dormant state around mid-July. Growth does not
resume until the following April, when pollen tubes complete growth, the generative cell divides
mitotically to produce two sperm nuclei, and fertilisation occurs by the end of May. Each ovule has
three to five archegonia (Owens and Bruns, 2000). Multiple fertilisation events can produce multiple
proembryos, but mature seeds typically contain only one embryo.

The timing of anthesis can vary up to 3 weeks, and is controlled by temperature during the previous
weeks. Anthesis is delayed about 5 days per 300 m increase in elevation, and by about 11 days
per degree Celsius below normal temperatures for May and June. In northern Idaho, good cone crops
occur every 3 to 4 years (Wellner, 1965). Warm, dry stress periods, during the early summer 2 years
before strobili emerge favour the differentiation of reproductive buds. In contrast, stresses in the late
summer when reproductive buds are forming or during the period of emergence depresses production
of reproductive buds.

3.2. Mating system and gene flow

Western white pine is a predominantly outcrossing species, typical of most conifers. Single and
multi-locus estimates of outcrossing over 3 years were all over 0.92 (El-Kassaby et al., 1993). Relatively
high rates of inbreeding depression, polyembryony and spatial separation of male and female strobili
all likely play a role in reducing effective self-pollination, although no phenological barriers to selfing
appear to exist (Bingham et al., 1972).

The strong differentiation between populations in the Sierra Nevada of California and the mountains
of southern Oregon and those in the remainder of the range indicates little gene flow occurs between
these regions (Steinhoff er al., 1983). The lack of strong differentiation among central and northern
populations might suggest high levels of gene flow, but may just reflect a common origin of
these populations from a single Pleistocene refugium (Critchfield, 1984).

3.3. Seed production

Cones of western white pine become mature during August and September of the second year after
reproductive buds differentiate. Ripe cones range from yellowish- to reddish-brown (Krugman and
Jenkinson, 1974). Mature cones are usually 20 to 25 cm long, although they can vary from 5 to 36 cm
(Graham, 1990).

Trees as young as 7 years of age can produce seed cones, and trees become more productive with
age. Cone production does not become frequent and abundant until trees are about 70 years.
Seed production increases with age and size until trees are about 50 cm in diameter. After that,
seed production depends on individual tree vigour, crown shape, and genetics (Wellner, 1965; Owens
and Fernando, 2007).

Individual cones can contain more than 300 seeds, but averaged 226 in an 18-year study (Bingham
and Rehfeldt, 1970). Western white pine seeds are relatively large for a temperate conifer, averaging
59,000 seeds per kg and ranging from 30,900 to 70,500 seeds per kg (Krugman and Jenkinson, 1974).
The seed rain per hectare can be high but variable. In northern Idaho, stand-level seed production varied
from 41,000 to 457,000 seeds per ha (Graham, 1990).
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Seeds are released by the flexing of cone scales from early fall through winter, with 15% shed before
September, 70% shed during September and October, and 15% shed during the late fall and winter.
The winged seeds are usually dispersed by wind, but squirrels, mice, and various birds also transport
seed. Most seeds fall within 120 m of the seed parent tree, but some have been known to travel over
800 m (Wellner, 1965).

Western white pine seeds can remain viable for a few years in the forest floor. Seeds have shown
40% viability after one winter, 25% viability after two winters, and less than 1% after 3 or 4 years in
the forest floor (Graham, 1990). When properly dried and cold stored, western white pine seeds
can remain viable for at least 20 years (Krugman and Jenkinson, 1974).

A number of cone and seed insects can cause partial to almost complete failure of cone crops in years
with poor or moderate crops. Substantial seed losses result from cone beetles (Conophthorus monticolae
and C. labertianae) and cone moths (Dioryctria abietivorella and Eucosma rescissoriana) (Furniss and
Carolin, 1977). Western white pine seeds are also eaten by both red squirrels (Tamiasciurus hudsonicus)
and deer mice (Peromyscus maniculatus).

3.4. Natural regeneration

Both fresh and stored seed require 30 to 120 days of cold stratification at temperatures of 1° to 5°C
to break dormancy and obtain good germination rates (Krugman and Jenkinson, 1974). Seed dormancy
appears to be controlled by the seed coat or nucellus as well as embryo or gametophyte physiology (Hoff,
1986a). Germination is epigeal, as in all pines. There is a strong genetic component to seed germination
(Graham, 1990). The nucellus and seed coat may limit water entry or gas exchange (Dumroese, 2000).
Clipping of a portion of the seed coat and nucellus can increase germination rate or reduce
the stratification requirement (Hoff, 1986a).

The seeds of western white pine usually germinate in the spring when soil is wet from melting snow.
Exposed mineral soil is a better seedbed than organic matter even though the forest floor may contain
many more stored seeds (Graham, 1990). Germination starts in April at lower elevations, and can
continue on exposed sites until July and on protected sites until August (Graham, 1990). Germination
begins and ends much earlier in full sunlight than in shade. Soil temperature appears to control
the initiation of germination, and dry mineral or organic soil can inhibit germination (Wellner, 1965).

During the first growing season, seedling mortality is high due primarily due to disease, but insects,
rodents, and birds can also cause mortality. Fusarium, the cause of a damping-off disease, and Neopeckia
coulteri, a snow mold, are major agents of mortality (Hepting, 1971). Rhizina undulate can kill seedlings
up to 5 years old. Abiotic stresses cause most seedling mortality late in the first growing season,
primarily to temperature and drought. For the most part, western white pine seedlings have low drought
tolerance (Minore, 1979). High surface temperatures result in seedling mortality on exposed sites,
and drought is sometimes problematic under shady conditions where root penetration is slow,
and therefore inadequate to capture adequate soil moisture.

On severe sites, partial shade promotes seedling establishment while on northern aspects and
more sheltered sites, full sun is preferable. Due to its relative shade intolerance, western white pine
grows best in full light on all sites once established (Wellner, 1965).

Early growth of western white pine seedlings, both above and below ground, is usually moderate.
In the first summer, the primary root grows from 5 to 50 cm, depending on light, nutrients and moisture.
Growth in height is much less than roots, with seedlings averaging 3 to 5 cm by the end of the first
growing season. In northern Idaho, open-grown western white pine seedlings reach a height of about
1.4 m in about 8 years (Graham, 1990).
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In northern Idaho, western white pine initiates both height and diameter growth in early May.
In British Columbia, shoot elongation usually ends by early August and buds are usually set by mid-
August (Schmidt and Lotan, 1980).

Western white pine is usually managed under even-aged silvicultural systems (Burns, 1983).
Clearcutting can be followed by natural regeneration, planting of seedlings, or a combination of both.
Although success of natural regeneration is high, the advantage of planting is in providing an excellent
opportunity for planting of genetically improved, rust-resistant stock and initial stocking control (Fins
et al., 2001). Successful natural regeneration requires adequate seed source, appropriate seedbed, and
suitable microsites.

3.5. Vegetative reproduction

Western white pine does not layer or sprout naturally. Stem cuttings from trees more than 4 to
5 years old root with poor success (Bingham et al., 1972). Auxin promotes rooting of stem cuttings,
and this effect can be further enhanced with sucrose. Needle fascicles from 2-year-old seedlings
have produced roots and some have produced shoots successfully (Graham, 1990) but fascicles lose
the ability to root with maturation of seedling donors (Andrews, 1980).

Western white pine grafts relatively easily with scions from trees of all ages collected from all parts
of the crown. Early spring grafting before flushing has the highest success rate. The majority of grafts are
compatible, although some incompatibility has been reported (Hoff, 1977). Grafting is generally more
successfully when conducted under greenhouse conditions than in the field. Interspecific grafting
has been accomplished on other five-needle pine rootstocks, such as eastern white pine (Pinus strobus),
sugar pine (P. lambertiana), and blue pine (P. wallichiana) (Bingham et al., 1972).

Western white pine has been cloned through tissue culture, both from bud slice explants and
via somatic embryogenesis. Bud explants have resulted in a relatively low multiplication rate due to
the production of relatively few shoots per explant (Lapp et al., 1996). Somatic embryogenesis holds
more promise. While relatively few lines that are initiated from single embryos become embryogenic,
methods have been developed that yielded at least one successful line per family. The multiplication rate
for the successful lines will be large (Percy et al., 2000).

4. Genetics

4.1. Cytology

Like other members of the genus Pinus, the haploid number of chromosomes is 12 in western white
pine (Saylor and Smith, 1966). Chloroplasts are inherited predominantly paternally, while mitochondria
are primarily inherited maternally, although some biparental inheritance of organelles can occur (White,
1990; Owens and Bruns, 2000). At the time of fertilisation, maternal plastids are excluded from
the neocytoplasm but maternal mitochondria remain. Paternal chloroplasts and a small number of
paternal mitochondria are released into the egg from the pollen tube with cytoplasm from the tube cell
and generative cell. Maternal mitochondria migrate to and aggregate in the perinuclear zone at the time
of fertilisation (Bruns and Owens, 2000).

4.2. Genetic variation

4.2.1.  Population-level variability

Populations of western white pine from the Sierra Nevada, southern Cascade and Warner Mountains
differ from populations farther north in morphology, growth rate and allozyme frequencies. Variation
among populations within these groups for molecular markers is typical for conifers, but surprisingly low

SAFETY ASSESSMENT OF TRANSGENIC ORGANISMS: OECD CONSENSUS DOCUMENTS: VOLUME 3 © OECD 2010



SECTION 1. WESTERN WHITE PINE - 45

for quantitative traits. Genetic distances and Gy, values among populations for allozymes are relatively
small among populations and regions except for those populations in southern Oregon and California
(Steinhoff et al. 1983). Genetic distances among populations excluding those in southern Oregon and
California were all less than 0.025, whereas the genetic distance between southern and northern
populations was 0.075. A subsequent principal component analysis of these data supported the lack of
genetic differentiation among regions for all but the southern populations (Guries, 1984),
as does variation in terpene composition (Zavarin et al., 1990). The lack of strong differentiation among
more northern populations for genetic markers may support the hypothesis that this species recolonised
the northern portion of its current range from a single glacial refugium in southern Oregon during the
last glacial period (Critchfield, 1984).

While the relatively low levels of variation among northern populations for selectively near-neutral
genetic markers may not be surprising given the glacial history of this species, the lack of differentiation
for quantitative, adaptive traits including cold hardiness, growth rate and phenology is unexpected for
a widespread conifer. The high levels of within-population variation argue against the lack of among-
population variation over most of the range generated by a demographic event, such as a bottleneck,
resulting in a lack of genetic variation to allow population differentiation. Numerous studies have found
little variation associated with provenance (Rehfeldt, 1979; Steinhoff, 1979a, 1979b; Rehfeldt er al.,
1984; Campbell and Sugano, 1989, Chuine et al., 2006). Trees originating from environments
as different as northern Idaho and Vancouver Island or the Olympic Peninsula show similar growth and
survival in reciprocal transplant studies and other genetic tests (Steinhoff et al., 1983). Populations from
the coastal and interior portions of the range differ only slightly for cold hardiness and growth, and
populations within these regions do not differ substantially for these traits (Thomas and Lester, 1992).
The late initiation of primary growth in spring, often not until June, and the very rapid predetermined
elongation after initiation may alleviate the need for adaptation of populations for traits relating to
phenology and cold hardiness to local climatic factors as is typical of conifers such as Douglas-fir
(Pseudotsuga menziesii) and lodgepole pine (Pinus contorta) (Chuine et al., 2006).

4.2.2.  Variation among individuals within populations

While variation among populations of western white pine is surprisingly low, within-population
variation is high for both genetic markers and for quantitative traits. Within-population variation
for allozymes revealed an average of 65% polymorphic loci, 1.7 alleles per locus, and expected
heterozygosity of 0.18 within populations (Steinhoff et al., 1983).

Within-population genetic variation is high for polygenic traits as well. Heritabilities have been
estimated for a variety of traits including white pine blister rust resistance and growth rate. Heritability
estimates for resistance based on the bark reaction mechanism are relatively low, with individual
heritability (hiz) estimated as 0.04, and family heritability (hfz) as 0.33 (Hoff, 1986b). The resistance
mechanism associated with a low number of needle lesions is under stronger genetic control, with h;’
estimated as 0.37 in Idaho (Hoff, 1986b) and as 0.77 in British Columbia (Meagher and Hunt, 1996).
Individual heritabilities for growth traits for seedlings growing in raised nursery beds in Oregon
were also moderate, ranging from 0.31 to 0.48 for height, and 0.44 to 0.46 for diameter (Campbell and
Sugano, 1989). Sapling-aged trees in field tests in British Columbia had an individual heritability of
0.36 for height, while 25-year-old trees in Idaho had much lower estimates for height and diameter
of 0.11 and 0.14 respectively (Rehfeldt et al., 1991; Bower and Yeh, 1988).

4.3. Inbreeding depression and genetic load

Like most conifers, western white pine has a fairly high genetic load. Self-pollination results in
an average of 47 seeds per cone, while control-pollinated outcrossing averages 88 seeds per cone
(Bingham and Rehfeldt, 1970). Western white pine exhibits relatively strong inbreeding depression
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for growth traits. Progeny resulting from self-pollination grow at 60 to 70% of the rate of progeny of
unrelated parents (Bingham et al., 1972).

5. Hybridization

Pinus monticola has been successfully hybridised experimentally with four species in
the subsection Strobus (as narrowly circumscribed by Critchfield and Little, 1966): P. parviflora,
P. peuce, P. strobus, and P. griffithii. Hybridisation has not been limited to within subsection Strobus
(sensu stricto). Filled seed have been produced in artificial crosses with three species in the sometimes-
recognised subsection Cembrae: Pinus albicaulis, P. cembra and P. korainensis (Bingham et al., 1972).
Seedlings have been grown from P. monticola x P. cembra and P. monticola x P. korainensis crosses,
but died before the crosses could be verified (Bingham et al., 1972). Hybrids have been verified between
P. monticola and both P. flexilis and P. strobiformis, species sometimes classified in subsection Strobus
and sometimes in subsection Flexiles (Critchfield, 1986). Natural hybrids between P. flexilis and
P. strobiformis have been reported where their native ranges overlap (Kral, 1993). Crosses with
P. armandii, the white pine least susceptible to blister rust and thus a potential source of genes conferring
resistance, have failed, as have crosses with P. parviflora (Bingham et al., 1972). Crosses to P. aristata
and P. balfouriana in section Parrya, subsection Balfourianae, have yielded little seed and no seedlings
(Bingham et al., 1972). Crosses with P. lambertiana as the female parent yielded no seed, but
the reciprocal cross did produce seed. However, the seedlings from the latter crosses did not exhibit
phenotypes intermediate to the parental species (Critchfield, 1986), and they are no longer considered to
have been interspecific hybrids (Fernando e al., 2005).

Pinus monticola x P. strobus seedlings are vigorous, and grow much more rapidly than P. monticola,
although the relative growth advantage is less for sapling-aged hybrids. Hybrids with P. griffithii,
P. flexilis and P. strobiformis have also grown well at Placerville, California (Bingham et al., 1972).

6. Ecology

6.1. Climate

Western white pine grows in a variety of wetter climates, both maritime and continental, ranging
from subalpine boreal (less frequent) to temperate (frequent) to mesothermal (frequent) (Klinka et al.,
2000). There are three major regions within the species range, differing in climate: 1) Vancouver Island
and the Cascade and Siskiyou Mountains; 2) the interior portion of the range, comprising northern Idaho,
northern Montana, northeastern Washington and southwestern British Columbia; and 3) the Sierra
Nevada of California.

Vancouver Island, the Cascade Mountains, and the Siskiyou Mountains have cool maritime climates,
with wet winters and dry summers. Precipitation varies considerably across this region with elevation
and the orientation of the mountain ranges. Latitudinal variation from Oregon through British Columbia
is relatively small (Shumway, 1979). Precipitation ranges from 1500 to 2010 mm on Vancouver Island
and in the Cascade Mountains to 510 to 1520 mm per year in the Siskiyou Mountains. Deep, heavy
snowpacks develop over 600 m in elevation. Temperatures range from a low of -18°C to a maximum
of 38°C (Graham, 1990).

In the parts of the Sierra Nevada where western white pine grows, mean annual precipitation ranges
from 760 to 1500 mm, and most of this falls as snow. The temperature averages -9°C in February
and 27°C in July and August, with maximum temperatures near 37°C.

Despite being 400 km from the Pacific Ocean, the climate of the interior portion of the range is still
under a maritime influence. Annual precipitation is between 710 and 1520 mm, with little of this during
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the summer. Snowfall averages 262 cm and ranges from 122 cm to 620 cm. Mean annual temperature
in the interior ranges from 4°C to 10°C with extremes from -40°C to 40°C (Wellner, 1965).

6.2. Soils

Western white pine, a calciphytic species, tolerates a relatively wide range of soil moisture
conditions, ranging from moderately dry to wet, and a somewhat narrower range of soil nutrient
conditions, ranging from medium to very rich soils. The most productive growth occurs on fresh
to moist, nitrogen-rich soils. Compared to other Pacific Northwest tree species, it does not tolerate water-
and nutrient-deficient soils, but can tolerate water-surplus and inundated soils (Krajina, 1969; Klinka
et al., 2000).

Many young western white pine trees suffer mortality in strongly leached, calcium-poor soils in
wet climates. When trees are already showing signs of calcium deficiency, their roots are readily killed
by summer drought. Plants experimentally subjected to calcium deficiency frequently wilt, even when
water is available. In other cases of calcium deficiency, western white pines die more slowly, from
the top down, exhibiting chlorosis and later necrosis (Krajina, 1969).

A variety of soils support western white pine along the Pacific Coast. The species grows best
on deep, well-aerated soils but is most common on coarse-textured soils. The soils are derived from
a variety of parent materials and are generally shallow to moderately deep with medium acidity.
Organic matter content is usually low to intermediate, and textures range from sandy loam to clay loam.
The majority of the soils in which western white pine grow are Spodosols.

The soils on which western pine grows in the interior portion of the range are also diverse and
predominantly Spodosols that have developed from weathered granite, schist, quartzite, argillite,
sandstone, and shale. Soil depths range from 25 to over 230 cm. The upper soil layer is often composed
of loess or loess-like material (Cooper et al., 1987). In British Columbia, soils have developed from
base-rich glacial materials (till, fluvial, or lacustrine deposits) (Wellner, 1965).

Western white pine grows from sea level to subalpine elevations, and on a variety of slopes and
aspects. It is most common on lower slopes, along creeks, northerly aspects and alluvial terraces
(Graham, 1990).

6.3. Synecology

Depending on site and disturbance history, western white pine grows predominantly as a minor
(infrequently as a major) species in even-aged, mixed-species stands, and is present in all stages of
secondary succession. Occasionally, it is a minor component in transition old-growth stands on calcium-
rich soils in cool temperate and cool mesothermal climates. As a moderately shade-tolerant species, it is
considered a persistent seral species which attains a dominant position in the stand only following
wildfires, using even-aged silviculture systems, or through stand treatments favouring the species
(Graham, 1990).

Associates of western white pine include Abies amabilis (amabilis fir), A. concolor (white fir),
A. grandis (grand fir), A. lasiocarpa (subalpine fir), A. magnifica (red fir), A. procera (noble fir),
Acer macrophyllum (bigleaf maple), Alnus rubra (red alder), Arbutus menziesii (Pacific madrone),
Betula papyrifera (white birch), Chamaecyparis lawsoniana (yellow-cedar), Larix occidentalis (western
larch), Libocedrus decurrens (incense cedar), Picea engelmannii (Engelmann spruce), P. sitchensis
(Sitka spruce), Pinus balfouriana (foxtail pine), P. contorta (lodgepole pine), P. flexilis (limber pine),
P. jeffreyi (Jeffrey pine), P. lambertiana (sugar pine), P. ponderosa (ponderosa pine),
Pseudotsuga menziesii (Douglas-fir), Thuja plicata (western redcedar), Tsuga heterophylla (western
hemlock), and 7. mertensiana (mountain hemlock) (Franklin and Dyrness, 1973; Eyre, 1980; Graham,
1990; Klinka et al., 2000).
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Western white pine is found in eighteen of the forest cover types of western North America (Eyre,
1980). It is the dominant species in the Western White Pine cover type (Type 215). The western white
pine component in this type is usually even-aged with an understory containing multi-aged trees of
the more shade-tolerant softwoods; occasionally, a minor component of other shade-intolerant softwoods
may also be present in the upper canopy. Western white pine is a common but minor component,
along with many other tree species, in seventeen other cover types: Mountain Hemlock (205),
Engelmann Spruce—Subalpine Fir (206), Red Fir (207), Interior Douglas-Fir (210), Western Larch (212),
Grand Fir (213), Lodgepole Pine (218), Western Hemlock (224), Coastal True Fir—Hemlock (226),
Western Red Cedar—Western Hemlock (227), Western Red Cedar (228), Pacific Douglas-Fir (229),
Douglas-Fir—-Western Hemlock (230), Port-Orford-Cedar (231); Interior Ponderosa Pine (237); Jeffrey
Pine (247), and California Mixed Subalpine (256) (Eyre, 1980).

The cover and composition of understory vegetation in all these cover types will vary depending
on site (climate and soil), associated tree species, stand developmental stage, and stand density.
Relative to other tree species, light interception by western white pine is low, thus providing favourable
light conditions for the development of diverse understory vegetation.

6.4. Stand dynamics

Western white pine is dependent on periodic wildfires. Rapid growth and longevity have enabled
western white pine to persist as a widespread element in Pacific Northwest forests. Without major
disturbances such as fire or timber harvesting, western white pine would be replaced over time by more
shade-tolerant conifers (Franklin and Dyrness, 1973; Graham, 1990). Trees are generally long-lived,
with many individuals living 300 to 400 years, and rarely up to 500 years. Old trees are often more than
180 cm in diameter and 60 m tall (Graham, 1990; Klinka et al., 2000).

Western white pine can be naturally regenerated using even-aged silviculture such as seed tree or
shelterwood systems. Adequate natural regeneration usually develops within 5 to 10 years of harvest.
Without a naturally blister rust-resistant seed source on a site, planting should be used to regenerate the
stand after harvest. In shelterwoods, growth will be markedly reduced if the overstory is dense and
its removal is delayed (Wellner, 1965).

The composition of mixed stands containing western white pine is determined during the first
30 years after regeneration (Graham, 1988; Jain er al., 2004). Young lodgepole pine and western larch
can grow considerably faster in height than juvenile western white pine. Lodgepole pine’s growth
superiority usually disappears by age 50, but western larch can usually maintain a height advantage over
western white pine. Grand fir can match western white pine’s height growth for the first 30 years, and
Douglas-fir has similar height growth. On northerly aspects and in shaded conditions, shade-tolerant
western hemlock can also equal the height growth of western white pine (Deitschman and Pfister, 1973).

6.5. Damaging agents

Western white pine has relatively thin bark, moderately flammable foliage and highly flammable
cones, making it intermediate in fire resistance among its coniferous associates (Minore, 1979),
yet it depends on fire or logging to remove competing conifers. As a result of both fire protection and
blister rust infection, the proportion of western white pine regeneration (planted and natural)
in northern Idaho, eastern Washington, and western Montana decreased from 44% in 1941 to 5% in 1979
(Graham, 1990). Between 1976 and 1996, approximately 100,000 ha in the Inland Northwest were
replanted with blister rust resistant stock from the Idaho breeding programme (Fins et al., 2001).

Dormant western white pine is, along with lodgepole pine, one of the more cold-hardy western
North American conifers. Needle desiccation can result from winds or sun causing excessive moisture
loss during times when soil is frozen or cold. Western white pine is quite tolerant of heat compared to
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most of its shade-tolerant associates. It is relatively wind-firm but snow breakage is common in
pole-stage stands (Graham, 1990).

The most serious of the diseases infecting western white pine is white pine blister rust, caused by
the pathogen Cronartium ribicola (Hepting, 1971). In northern Idaho and adjacent regions, a favourable
climate and abundant Ribes alternate hosts contribute to heavy losses. However, selection and breeding
of naturally rust-resistant parent trees for the planting of rust-resistant nursery stock has been successful.
Other stem diseases are of little consequence.

A physiological disorder called pole blight can result from extended periods of drought (Graham,
1990). Symptoms include yellow foliage, necrotic resinous areas on the trunk, and top or whole tree
death. This disease appears to be caused by root deterioration in soils restricting water uptake (Leaphart,
1958; Leaphart and Stage, 1971)

The principal root disease of western white pine is caused by Armillaria spp., resulting in dieback of
foliage, reductions in growth, resin exudates at the root collar, and black rhizomorphs. Heterobasidion
annosum and Phellinus weirii also cause some mortality. Phellinus pini, Heterobasidion annosum, and
Phaeolus schweinitzii are the most damaging butt rot fungi (Hepting, 1971).

The bark beetle Dendroctonus ponderosae (mountain pine beetle) is the most significant insect pest
of western white pine. Bark beetles kill groups of mostly mature trees weakened by blister rust (Furniss
and Carolin, 1977).

7. Forestry practices

7.1. Deployment of reforestation materials

Western white pine is grown within most of its range using even-aged silvicultural systems.
Clearcut, seed-tree, and shelterwood cuts result in adequate and diverse natural regeneration within 5 to
10 years of harvesting (Burns, 1983; Graham, 1990). If a natural white pine blister rust resistant seed
source is not present on the site, planting must be used to regenerate the species. When natural
regeneration of clearcuts is used for establishing mixed species stands which include western white pine,
it is common to regenerate 11,000 trees per hectare, 1,000 of which are western white pine.
Similarly, seed-tree cuts can produce 12,000 trees per hectare, 1,500 of which are western white pine.
Shelterwood harvesting produces more trees, but the proportion of western white pine is less than
for other silvicultural systems that produce higher light levels for regeneration (Boyd, 1969).
Western white pine is not sufficiently shade tolerant for individual-tree selection cuts. Group selection
cuts may have limited application.

The introduced pathogen Cronartium ribicola, which causes white pine blister rust, has driven
reforestation decisions for western white pine. Propagation and planting of resistant seedlings is
the primary method for regenerating western white pine. Techniques for collection, processing, testing,
and storage of seed are given in Krugman and Jenkinson (1974). The planting of either bare-root or
container-grown seedlings on appropriate sites can result in excellent survival and growth. Bare-root
stock appears to have better survival when planted in spring than in fall, but containerized seedlings have
high survival when planted during either season (Graham, 1990).

The vast majority of seed used for reforestation of western white pine comes from seed orchards
containing grafted ramets from white pine blister rust resistant ortets identified in breeding programs
in Oregon, Idaho, and to a lesser extent, British Columbia. The frequency of genotypes that are resistant
to this disease is very low in the wild, thus the success of plantations originating from wild seed lots
is low (Fins et al., 2001).
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Western white pine was introduced to Europe after 1825, where it was planted in arboretums and
parks. In 1880, it was included into a network of experimental plantations by the German Forest
Research Institute, but its use as a timber crop species in western and central Europe is very limited
(Hermann, 1987).

7.2. Provenance transfer

Western white pine is unusual for a widespread conifer in that it shows little evidence for
local adaptation of populations in seedling genecological studies or field provenance trials (Rehfeldt,
1979; Steinhoff, 1979a; Rehfeldt et al., 1984; Campbell and Sugano, 1989; Thomas and Lester, 1992).
While populations from the Sierra Nevada, California, and the Klamath and Warner mountains
in southern Oregon clearly differ from populations farther north, there is little variation among
the northern populations (Steinhoff er al., 1983). This has permitted large provenance transfers
both geographically and elevationally when deploying genetically selected blister rust resistant seed.
Although separate seed orchards were initially established for low, mid and high-elevation areas
in Idaho, there is little evidence to support management of more than one seed zone (Rehfeldt er al.,
1984; Mahalovich and Eramian, 1995). Campbell and Sugano (1989) recommended a total of five seed
zones for Washington and Oregon.

In British Columbia, there are two seed zones, one for the coastal portion of the range, and one for
the interior (Hunt, 1994). Seed imported from seed orchards in Idaho is routinely used for reforestation
in southern British Columbia up to 52°N latitude and 1450 m elevation. Seed from wild stand collections
in British Columbia in the coastal portion of the range have no provenance transfer limits. Collections
in the interior of the province can be transferred a maximum from the collection site to the planting site
of 2° latitude to the north, 1° latitude south, 3° longitude east or 2° west, and 700 m up or down
in elevation (British Columbia Ministry of Forests, 1995).

7.3. Breeding programmes

The oldest continual breeding program for western white pine was initiated in 1950 in eastern
Washington State and Idaho. This program was established as a result of the failed efforts to manage
white pine blister rust through the eradication of native Ribes spp., the alternate hosts of the disease,
and the observation that a small percentage of trees were able to survive in severely infected stands.
Phenotypically resistant parents were crossed, and the progeny tested for rust resistance.
Resistant seedlings were used to establish a breeding orchard at Moscow, Idaho. These selected trees
were then crossed to create the F2 generation for testing and selection. The original breeding orchard was
then converted to a seed orchard for seed production for reforestation (Fins et al., 2001). A similar
program, modelled after the successful Idaho approach, was initiated at Dorena, Oregon, in 1956
(Sniezko, 1996). A very early breeding program was initiated in British Columbia in the late 1940’s,
but was abandoned from 1960 until 1984, when a joint provincial-federal breeding program was
established (Meagher et al., 1990; Hunt, 1994).

Breeding programs typically screen for resistance to Cronartium ribicola through artificial
inoculation of seedlings with telia of the rust on Ribes spp. leaves. Infected leaves are either collected in
Ribes gardens maintained and inoculated for this purpose, or from plants in the wild. Two-year-old
seedlings are placed in a chamber with high humidity and temperatures of 12-18°C. Ribes leaves are
placed on screens above the seedlings, and sporefall is monitored. When spore fall reaches a threshold
level after a day or two, usually 6,000 per cm®, Ribes leaves are removed and the seedlings remain in
the chamber for an additional 36 hours to allow for spores to germinate (Mahalovich and Eramian, 1995).
Seedlings are then placed outside and monitored for rust resistance over a three to five-year period,
depending on the program (Hunt, 1990; Sniezko, 1996). Information is also derived from infection and
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mortality levels in field genetic tests (Fins et al., 2001). Assessments of growth rate are conducted
following screening for blister rust resistance (Mahalovich and Eramian, 1995).

There have been many, varied descriptions of rust resistant phenotypes (Hunt, 1997). Early selections
in the Idaho program are thought to have been resistant due to a few single-gene (vertical) mechanisms.
The emphasis in the program is now to select first for combinations of polygenic (horizontal)
mechanisms of resistance, and second for vertical resistance. The Idaho programme has identified
eight types of rust resistance in western white pine. Four of these are thought to be controlled
polygenically, conferring horizontal resistance: 1) low frequency of needle lesions; 2) early exhibition of
stem symptoms; 3) cankers that remain alive over a 3-year period following inoculation; and 4) a high
proportion of bark reaction in cankered seedlings 3 years after inoculation. The four remaining types of
resistance are thought to be vertical, controlled by single genes: 1) apparent immunity, with no needle
lesions following inoculation; 2) abscission of needles with lesions during the first summer
after infection; 3) retention of infected needles without the development of a canker; and 4) bark reaction
resulting in the termination of canker growth following inoculation. The Idaho program is focussing on
selecting families with more than one type of vertical resistance, and selecting individuals within
those families exhibiting horizontal resistance (Mahalovich and Eramian, 1995; Fins et al., 2001).
Families with particular combinations of resistance mechanisms will be grouped into breeding sublines
to manage coancestry. The types of resistance recognized in the Oregon and British Columbia breeding
programs are similar to the Idaho programme (Meagher et al., 1990; Sniezko, 1996). The Oregon
programme also plans to combine mechanisms of resistance into breeding lines.

Field genetic tests of F2 improved material in Idaho have mortality rates that average 42% lower than
controls (unselected seedlots) over sites with a wide range in blister rust severity. Operational trials of F2
versus unimproved stock have yielded similar results, with mortality rates of 7% for improved material
and 42% for unimproved stock. Tests have also shown that infection levels vary greatly from one site to
another (Fins et al., 2001). In coastal British Columbia, progeny of phenotypically selected and tested
trees had infection levels of 13% in field trials, while unselected trees had infection levels of 95% and
above (Hunt and Meagher, 1989).

The degree of resistance of genetically selected stock varies with site and with races and virulence of
Cronartium ribicola (Goddard et al., 1985; Hoff and McDonald, 1993). The instability of single-gene
resistance has been shown by Kinloch and others (1999). They established the single-gene basis of
a resistant phenotype with a hypersensitive bark reaction. This form of resistance has already broken
down in both Pinus monticola and P. lambertiana to a virulent race of blister rust in some limited
geographic areas in California and Oregon. Idaho F2 seedlings suffered relatively high levels of infection
on some sites in coastal British Columbia (Hunt and Meagher, 1989).

Biochemical and morphological differences between white pine blister rust resistant and susceptible
phenotypes have been investigated. Bark protein differences have been documented between slow canker
growth resistant and susceptible phenotypes (Davidson and Ekramoddoullah, 1997). A protein associated
with cold hardiness in western white pine (Pin mlll) has been found to be up-regulated by blister rust
infection, possibly reflecting a stress response (Davidson and Ekramoddoullah, 1997; Yu et al., 1997;
Ekramoddoullah ez al., 1998). Genotypes with the reduced needle lesion frequency form of resistance
appear to have smaller, less round stomata than susceptible genotypes (Woo et al., 2001).

The primary objective for breeding programs has been disease resistance, and comparatively little
attention has been paid to other traits of interest such as growth rate and wood properties. However,
considerable gains for increased growth rate are possible with this species (Rehfeldt er al., 1991).
As programs advance and high levels of resistance are achieved, more emphasis will be placed on
increasing growth rate as a secondary objective.
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7.4. Conservation of genetic resources

The level of mortality of young, naturally regenerated trees from wild populations are so high
that unlike most tree species in western North America, western white pine genetic resources will not be
well-protected in situ (Hunt et al., 1985; Mahalovich and Eramian, 1995; Fins et al., 2001).
Genetic conservation in this species will best be protected through a combination of the maintenance of
breeding orchards, seed orchards, clone banks and seed banks, and through the aggressive planting of
genetically improved, resistant genotypes throughout the natural range of this species. The three breeding
programs dedicated to this species all provide such ex situ protection of genetic diversity in this species.
Slight losses of genetic diversity in this species may occur through breeding and deployment. However,
any reductions in overall diversity are likely to be small, and much lower than if genetic conservation
relies on wild populations slowly evolve higher levels of resistance, suffering large reductions
in numbers of trees in the process and likely leading to the extinction of some populations.

In situ reserves will provide some secondary protection of genetic diversity in western white pine.
In British Columbia, a gap analysis of degree of protection of conifers found that this species is fairly
well represented in existing parks and ecological reserves, but that outlying populations in a few regions
deserved further attention (Lester and Yanchuk, 1996).

8. Summary

Although western white pine is a valuable timber species, it is, and will probably remain, only a minor forest
component in western North America. The major hazard limiting its wider application is white pine blister rust.
Western white pine is, however, a very productive and desirable species considering its rapid growth, clean bole
with minimum taper, narrow crown, and non-resinous wood. Across its range, western white pine functions
as a long-lived seral species. It is typically a minor component in the upper canopy of mixed-species, softwood
dominated stands at all seral stages. Compared to other pines, it does not tolerate water- and nutrient-deficient
sites. Western white pine grows in some of the finest western outdoor recreation areas and has considerable
aesthetic value.

Long-term, aggressive breeding programmes for western white pine have achieved substantial gains in resistance
to white pine blister rust. These programmes will continue to play a key role in the management of this species.
Breeding programmes will need to continue to select for a variety of types of disease resistance, and to emphasize
those mechanisms under polygenic control. The breeding programmes also have a major responsibility for genetic
conservation as wild populations in protected areas with a high incidence of blister rust may not maintain
high enough population sizes for maintenance of genetic diversity or even population persistence. The lack of
strong population differentiation or local adaptation, unusual in a widespread conifer, has facilitated
the deployment of genetically improved, blister rust resistant seed. Resistant western white pine can be widely
deployed to resume a variety of economic and ecological roles in forests in western North America.
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Section 2.
Jack pine (Pinus banksiana)

1. Taxonomy and use

1.1. Taxonomy

The largest genus in the family Pinaceae, Pinus L., which consists of about 110 pine species, occurs
naturally through much of the Northern Hemisphere, from the far north to the cooler montane tropics
(Peterson, 1980; Richardson, 1998). Two subgenera are usually recognised: hard pines (generally with
much resin, wood close-grained, sheath of a leaf fascicle persistent, two fibrovascular bundles per needle
— the diploxylon pines); and soft, or white pines (generally little resin, wood coarse-grained, sheath
sheds early, one fibrovascular bundle in a needle — the haploxylon pines). These subgenera are called
respectively subg. Pinus and subg. Strobus (Little and Critchfield, 1969; Price et al, 1998).
Occasionally, one to about half the species (20 spp.) in subg. Strobus are classified instead in a variable
subg. Ducampopinus.

Jack pine (Pinus banksiana Lamb.) and its close relative lodgepole pine (Pinus contorta Dougl.
Ex Loud.) are in subg. Pinus, subsection Contortae, which is classified either in section Trifoliis
or alarger section Pinus (Little and Critchfield, 1969; Price et al., 1998). Additionally, subsect.
Contortae usually includes Virginia pine (P. virginiana) and sand pine (P. clausa), which are
in southeastern USA. Jack pine has two quite short (2-5 cm) stiff needles per fascicle (cluster) and
lopsided (asymmetric) cones that curve toward the branch tip, and the cone scales often have a tiny
prickle at each tip (Kral, 1993). Non-taxonomic ecological or biological variants of jack pine have been
described, including dwarf, pendulous, and prostrate forms, having variegated needle colouration,
and with unusual branching habits (Rudolph and Yeatman, 1982).

1.2. Uses

Jack pine is one of the most important commercial tree species in Canada and the Lake States
of USA. Its wood is moderately hard and heavy, and relative to other softwoods, of intermediate strength
(Eyre and LeBarron, 1944; Hosie, 1979). It can produce merchantable stands on sites often too poor and
infertile for other tree species to thrive (Cayford and McRae, 1983). It has a number of commercial
applications, including pulpwood, general construction timber, railway ties, poles, pilings, mine timbers
and fuel (Rudolf, 1958; Hosie, 1979; Cayford and McRae, 1983; Law and Valade, 1994).
Other applications include the extraction of essential oils for aromatic agents in products such as
perfumes, cosmetics and cleaners (Marles et al., 2000).

There were a number of traditional aboriginal uses of jack pine (Marles et al., 2000), some of which
are: inner bark and needles processed to yield poultice to treat wounds and frostbite; pitch chewed
as a medicinal; dried cones used in tanning of hides; roots used to make baskets, and fish hooks made
from knots. The wood was used for cabins, boat planks, fishnet floats and fuelwood. Though less
effective than spruce (Picea) pitch, pine pitch could also be used for caulking.
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2. Natural distribution and migrational history

2.1. Natural distribution

Jack pine is widespread through northern North America from the Atlantic coast to the low
Rocky Mountains (Figure 1). With a mainly contiguous range, it is the most widely distributed pine
species in Canada, and grows farther north than any other North American pine (Cayford et al., 1967;
Rudolph and Laidly, 1990). The natural range extends from southeastern Canada in Nova Scotia,
Prince Edward Island and New Brunswick westward through much of south-central Québec,
central Ontario, Manitoba, Saskatchewan and Alberta and the extreme northeast of British Columbia
northward into the Northwest Territories (extending slightly into Nunavut). Toward the south, jack pine
extends into the Lake States (eastern Minnesota, northern Wisconsin and Michigan) and to northern
Ilinois and Indiana. Its southern limit in the eastern USA is mainly in northern New York, Vermont and
New Hampshire and central Maine, with an outlying population in eastern Pennsylvania (Rudolf, 1958;
Rudolf, 1965; Kral, 1993). In the Lake States jack pine generally occurs at elevations between 300 m and
460 m above sea level; in the eastern portion of its range, it grows from near sea level to 850 m
in elevation (Rudolf, 1965; Elias, 1980).

2.2. Centre of origin, evolution, and migrational history

The genus Pinus is ancient, believed to have originated in the early to mid-Mesozoic era about 180
million years ago, prior to continental separation in the Laurasian region that became eastern North
America and western Europe (Burdon, 2002). Approximately 150 million years before the present (BP),
Pinus diverged into hard pines (subg. Pinus) and soft pines (subg. Strobus) (Yeatman, 1967). Rapid
evolution, speciation, and migration occurred during the Tertiary prior to cooling climatic conditions at
its end (Mirov and Hasbrouck 1976). Lodgepole pine and jack pine might have evolved from a common
progenitor into western and northern species during the cooling of the late Tertiary (Pliocene), or may
not have diverged until the Pleistocene (Critchfield, 1984) — Dancik and Yeh (1983) estimated that they
diverged between 485,000 and 565,000 years BP.

During the Pleistocene, jack pine retreated southward ahead of the advancing ice sheet. It was
extirpated from northern regions prior to Picea (spruce), which could withstand the cooling temperatures
longer. A main glacial refugium for this species was in the Appalachian Highlands (southeastern USA).
Fossil evidence suggests that it also had at least two additional refugia in the American Midwest
(Critchfield, 1984, 1985). Although it has been hypothesised that jack pine was able to persist alongside
lodgepole pine in an unglaciated region between ice sheets in Alaska and the Yukon Valley (Mirov and
Hasbrouck 1976), conclusive evidence for a western refugium was lacking until recently (Yeatman,
1967; Critchfield, 1985). Recent mitochondrial DNA minisatellite analysis, which identified three
genetically distinct populations, has led to the inference that three distinct jack pine glacial refugia
occurred: one west of the Appalachian mountain range, one east of these mountains, and a third in
the unglaciated coastal region of eastern Canada (Godbout et al., in press). This work therefore concurs
with fossil evidence and supports the theory of a western refugium.

With the retreat of the last Wisconsin glaciation beginning about 18,000 years BP, Picea species were
the first coniferous postglacial colonisers, followed by northern migration of jack pine and lodgepole
pine, which were in turn followed by red pine (P. resinosa) and eastern white pine (P. strobus). Jack pine
expanded rapidly (350-500 m per year between 13,000-8,000 years BP) from the Appalachians to the
Great Lakes and the Maritimes (Davis, 1976). It advanced into southern Ontario between 10,500 and
9,500 years BP, and underwent rapid expansion during a warm, dry period (Fuller, 1997). The last part of
the Great Lakes area to be deglaciated was the north-central shore of Lake Superior (near Marathon,
Ontario), which today has one of the most genetically distinctive populations in central Canada
(Critchfield, 1985). Jack pine is estimated to have reached its northern limit in northwestern Québec
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near Hudson Bay (at 55° latitude) about 3,000 years BP, some 4,000 years after the region was
deglaciated (Desponts and Payette, 1993). The species is believed to have become established first
in sporadic stands, from which it was able to colonise additional sites after fire.

Figure 1. Main natural distribution of jack pine in North America
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Populations from one Midwestern refugium migrated to Lower Michigan, while populations from
the second refugium colonised Wisconsin and Minnesota (Critchfield, 1985). On prairie grasslands
in north-central Minnesota, jack pine advance was curtailed by competition for water until about
5,000 years BP, when increased fire frequency favoured jack pine forestation (Almendinger, 1992).

Jack pine did not reach southern Manitoba until about 12,000 years BP (Jacobson et al., 1987).
The species expanded northwestward rapidly, extending into north-central Saskatchewan by about
8,000 years BP (McLeod and MacDonald, 1997). The rapid spread may have been in part due to
the warm dry period with higher fire frequencies, favouring its regeneration. Further expansion
northward continued at a reduced rate, coinciding with cooler temperatures and lower fire incidence.
Jack pine reached its northwestern limit in the Northwest Territories (Upper Mackenzie River Valley)
around 4,150 years BP (McLeod and MacDonald, 1997). Whereas the limiting factors in the western
portion of the current range appear to be growing degree-days (>5°C) and dominance of peat soils,
the northern limit in the east appears to be caused by snow and the lack of sufficient fire (Despland and
Houle, 1997; McLeod and MacDonald, 1997; Hofgaard et al., 1999; Asselin et al., 2003).
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3. Reproductive biology

3.1. Reproductive bud differentiation

Jack pine is monoecious. It is a wind pollinated, cross-fertilising species, although some natural
selfing can occur. Ovulate (female) strobili or cones (“flowers”) are typically found on vigorous primary
and secondary branches in the upper crown, and staminate (male) strobili on the less vigorous tertiary
branches of the lower crown (Rudolph and Laidly, 1990). Like most other pines, jack pine has a 3-year
reproduction cycle. Staminate cone primordia are initiated in early or mid-July, ovulate cone primordia in
August (Curtis and Popham, 1972). Time of anthesis varies from year to year, ranging from mid-May to
early June, and is generally synchronised with female cone receptivity (Rudolph and Yeatman, 1982).
In southern Ontario, pollen shedding begins around the last week of May and continues for about a week
(Ho, 1991). Ovulate cones begin to emerge from bud scales in mid-May. When fully emerged, margins
of bracts are reflexed and cones at the peak of receptivity; this occurs about 25 May in Ontario
(Ho, 1991; Roussy and Kevan, 2000). Following pollination, pollen tube growth and ovule development
are initiated, but stop in mid-summer (Owens and Blake, 1985). They resume the following spring and
fertilisation occurs about 13 months after pollination. Cones and seeds mature late in the growing season
of the year of fertilisation (Rudolph and Laidly, 1990).

3.2. Natural seed production and dissemination

Jack pine is an early and prolific seed producer. Rudolph (1979b) observed ovulate strobili
on plantation trees only 17 months in age. Typically, cone production begins at 5 to 10 years of age
among open-grown trees and 10 to 25 years in closed stands; optimum seed production occurs between
40 to 90 years, varying with site and stand conditions (Roe, 1963; Rudolf, 1965). Annual seed production
varies (e.g. Houle and Filion, 1993); some seed is usually produced each year (Rudolph and Laidly,
1990), with good cone crops occurring every 3 to 4 years (Eyre and LeBarron, 1944; Roe, 1963).
A cone may produce 17 to 40 filled seeds (Roe, 1963; Cayford et al., 1967; Jeffers, 1972; Houle and
Filion, 1993; Greene and Johnson, 1999).

Over most of its range, jack pine bears serotinous cones, an adaptation that can result in significant
quantities of viable seed dispersal following fire. In the absence of fire, cones may remain closed
for more than 25 years (Roe, 1963). Seeds within closed cones maintain high viability for at least 5 years;
even after 20 years, average germination may reach 50% (Rudolf, 1965; Cayford and McRae, 1983).
In the southern part of its range, jack pine produces non-serotinous cones, which soon open without fire
(Ahlgren, 1974). Trees may have 10 or more annual cone crop cohorts (Greene and Johnson, 1999;
Greene et al., 1999). Consequently, jack pine can maintain a substantial aerial seedbank; estimates for
well-stocked stands range from 1 million to 4 million seeds per ha (Rudolf, 1965; Greene et al., 1999).
Fires of suitable intensity and duration cause the cones to open and release seed, while leaving most seed
undamaged and viable (de Groot et al., 2004). Seed may be released within the first few days following
fire (Eyre and LeBarron, 1944); the majority of seed is released within 3 or 4 years (Greene and Johnson,
1999), often leading to post-fire stands that are even-aged. The extent of early regeneration and
establishment on a site may correlate to the pre-burn basal area, reflecting the size of the aerial seed bank
(Greene and Johnson, 1999; Arseneault and Sirois, 2004).

3.3. Natural regeneration

3.3.1. Seedling regeneration

Jack pine seed does not require stratification (Yeatman, 1984). It has epigeal (aboveground)
germination. Favourable seedbeds include mineral soil, decomposed organic layers less than
a few centimetres thick, and burned or scarified duff (Rudolf, 1965; Cayford and McRae, 1983; Greene
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et al., 1999). Feather mosses and herbaceous, grass and shrub litter make poor seedbeds (Cayford,
1963a). Undisturbed surface humus may hinder seed germination and seedling survival (Chrosciewicz,
1970). Partial shade may enhance germination and early establishment (Eyre and LeBarron, 1944;
Rudolf, 1958; Cayford, 1963b); however, full sunlight is subsequently required for optimal growth
and survival (Rudolf, 1965). Most germination occurs promptly following seed dispersal, if temperature
and moisture conditions are suitable (Cayford and McRae, 1983). Establishment is better when seed
dispersal is in spring and early summer rather than autumn (Rudolf, 1958; Chrosciewicz, 1988b).
A proportion of seed may not germinate until one or two growing seasons after dispersal (Ahlgren, 1959;
Thomas and Wein, 1985); St-Pierre et al., (1992) found that 95% of seedlings were established within
3-years following fire.

Forest fire may enhance seedbed quality by reducing accumulated organic layers, reducing plant
competition and pest populations, and providing nutrients (Cayford, 1963b). Prescribed burns that reduce
surface litter and raw humus depth, while exposing mineral soil and reducing aerial parts of competing
vegetation, improve stocking and subsequent height growth (Chrosciewicz, 1970, 1988b). Scarification
to expose mineral soil and reduce the thickness of litter following harvesting may enhance germination
(Cayford, 1959). The level of rainfall can affect the quality of the seedbed in a manner that varies
with soil type and level of the water table (Rudolf, 1958; Chrosciewicz, 1988b); early seedling height
growth may be affected by vegetation competition and the soil moisture regime (Chrosciewicz, 1970).
The importance of an appropriate seedbed becomes more pronounced when weather conditions are less
favourable for germination and early growth (Benzie, 1977). Early seedling mortality due to heat and
drought can be substantial, particularly on dry sites, although mitigated by shade (Cayford et al., 1967).

3.3.2.  Vegetative propagation
Jack pine does not naturally reproduce through vegetative propagation (Rudolf, 1958).

3.4. Mating system and gene flow

Jack pine is monoeceous, with a mixed mating system. While it is mainly outcrossing,
self-pollination also occurs. Selfing rates of between 7% and 12% have been reported (Sittmann and
Tyson, 1971; Rudolph 1979a; Cheliak et al, 1985). Most of the genetic variation resides
within populations (regardless of the distance between sampled populations). Outcrossing rate estimates
generally range from 88 to 98% (Dancik and Yeh, 1983; Danzmann and Buchert, 1983; Cheliak et al.,
1985; Snyder et al., 1985; Ross and Hawkins, 1986; Misenti and DeHayes, 1988; Fu et al, 1992;
Gauthier et al., 1992; Godt et al., 2001; Saenz-Romero et al., 2001).

Very weak patterns of family substructuring have been observed in jack pine stands (Cheliak et al.,
1985; Xie and Knowles, 1991; Saenz-Romero et al., 2001). Dong and Wagner (1994) found
that maternally inherited mitochondrial DNA showed higher levels of population subdivision than
paternally inherited chloroplast DNA. No differences in isozyme variation were detected between natural
and plantation stands (Knowles, 1985).

Jack pine seed and pollen are windborne. Seed does not disperse beyond about 30 m from the
parent tree (Rudolf, 1965). However, gene flow through pollen dissemination is extensive. A jack pine
pollen grain is only about 50 um wide (including the two air-bladders) (Di Giovanni et al., 1995), and is
therefore able to travel long distances. Di Giovanni et al., (1996) obtained samples of its pollen 300 m
above the ground; in a steady wind of 5 m per sec, they estimated that the pollen could drift about 60 km.
Saenz-Romero et al., (2001) estimated gene flow to be more than 11 migrants per year whereas Godt
et al., (2001) obtained a rate of 16.9 migrants per year, both thus indicating that extensive migration has
a large influence on the species’ genetic structure.
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Xie and Knowles (1991) suggested that short seed dispersal distances may cause small-scale
non-random genetic spatial patterns but these would not occur over a large scale. They suggested
that high gene flow resulting from long-distance pollen migration overwhelms forces (such as genetic
drift) that promote subpopulation differences, and causes the lack of variation observed between
populations.

4. Hybridisation

Jack pine and lodgepole pine (P. contorta subsp. latifolia) share a sympatric region in Canada
in central and northwestern Alberta to the Northwest Territories. Genetic remnants of lodgepole pine
within the jack pine population in Saskatchewan have also been detected (Rudolph and Yeatman, 1982;
Dong and Wagner, 1993). Where the species coexist, natural hybridisation occurs. More widespread
hybridisation is prevented by phenological differences in female strobili receptivity and pollen shed
in these species, with jack pine flowering 2 to 3 weeks earlier (Critchfield, 1985). Some artificial F,
hybrids have high levels of pollen abortion, but F; to F; hybrids produced some sound seed (Critchfield,
1980). Zavarin et al., (1969) described the introgression of jack pine genes into lodgepole pine stands
150 km south of the hybrid zone, and lodgepole pine genes into jack pine stands 150 km north of
the closest lodgepole pine stand. Yet the genetic distance between jack pine and lodgepole pine
populations in Alberta based on allozymes averages 20 times greater than among populations within each
species (Dancik and Yeh, 1983). In the sympatric region, jack pine is xerophytic, and often found on
well-drained, sandy sites, whereas lodgepole pine is mesophytic, tolerant of heavier, wetter clay soils,
and more typical at higher elevations; hybrids commonly occupy intermediate sites (Wheeler and Guries,
1987; Yang et al., 1999).

Artificial hybrids reportedly have been made between jack pine and Virginia pine and loblolly pine
respectively. Artificial hybridisation has also been reported with Japanese black pine (P. thunbergii).
Nonetheless, the only artificial hybrid sufficiently verified is with lodgepole pine (Rudolph and Yeatman,
1982). Crossing between members of different Pinus subsections typically does not occur, because of
genetic barriers (Critchfield, 1975). Artificial crosses and backcrosses between jack pine and lodgepole
pine were carried out in many early programs in an attempt to combine the fast growth and relative pest
resistance of jack pine with the stem form of lodgepole pine.

Even though lodgepole pine is more genetically variable than jack pine (Dancik and Yeh, 1983), it is
more susceptible to sweetfern rust (Cronartium comptoniae) and western gall rust (Endocronartium
harknessii) and eastern gall rust (Cronartium quercuum) (Anderson and Anderson, 1965; Yeatman,
1974, Yang et al., 1998, 1999). Unfortunately, the pines’ hybrids were also more susceptible to western
gall rust than was jack pine (Yang et al., 1999). As lodgepole pine resistance to western gall rust,
needlecast (Davisomycella ampla), stalactiform blister rust (Cronartium coleosporioides), and Sequoia
pitch moth (Synanthedon sequoiae) increases clinally with proximity to the jack pine range (Wu et al.,
1996; Wu and Ying, 1998), it appears that introgressed jack pine genes are conferring resistance to
lodgepole pine. However, other explanations can be proposed for the clinal trends in lodgepole pine
resistance. Yang et al., (1997) have questioned whether the introgression interpretation is valid for
western gall rust; neither study sampled non-hybrid jack pines.

Numerous morphological traits such as needle length, cone characteristics and turpentine
composition appear intermediate in hybrids (Moss, 1949; Mirov, 1956; Keng and Little, 1961; Zavarin et
al., 1969; Rudolph and Yeatman, 1982). Rudolph and Nienstaedt (1962) found that hybrid resistance to
winter injury was intermediate between the hardy jack pine and less hardy lodgepole pine. Whereas early
hybrid growth and survival is considered generally to be intermediate to that of jack pine and lodgepole
pine (Lotan, 1967; Yeatman and Holst, 1972; Garrett, 1979; Yang et al., 1999), little difference
in performance was noted by age 15 to 20, which led Rehfeldt and Lotan (1970) to conclude that
lodgepole pine x jack pine hybrid breeding programs were not warranted.
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Hybridisation, backcrossing and introgression have been characterised by allozyme variation
(Wheeler and Guries, 1987; Dancik and Yeh, 1983) and randomly amplified polymorphic DNA (RAPD)
variation (Ye et al., 2002). Paternally inherited chloroplast DNA exhibits atypical, novel variants in the
zone of sympatry (Wagner et al., 1987, 1988, 1991; Govindaraju et al., 1988). Maternally inherited
mitochondrial DNA distinguished between each species and their hybrids, and was found much less
variable in jack pine than in lodgepole pine (Dong and Wagner, 1993).

5. Genetics

5.1. Cytology

The diploid (2n) chromosome number of jack pine (and all members of the genus Pinus) is 24. Saylor
(1972, as summarised by Rudolph and Yeatman, 1982) found that 11 of the chromosomes had
median centromeres, but the 12th and shortest chromosome was heterobrachial; the chromosomes varied
in length by a factor of 0.6. The diploid DNA genome size of jack pine has been estimated to be
29.8 picograms (Rake et al., 1980), with variability per cell and among genetic families (Miksche, 1968;
Wyman et al., 1997).

5.2. Inbreeding depression

Inbreeding depression caused by self-pollination has been expressed by lower seed set, mortality,
abnormal germination, abnormal phenotypes, chlorophyll deficiencies, lower water-use efficiency,
lower growth rates, delay in initiation of flowering, and lower fecundity (Fowler, 1965a, 1965b; Rudolph
1966a, 1981b; Blake and Yeatman, 1989). Rudolph (1981a) observed inbreeding depression in
tree height between 18 to 24% in selfed S, progeny.

Fowler (1965b) observed about 13% selfing in the upper crown and 26% in the lower crown of
seed orchard trees. However, many selfed progeny would not be expected to survive; Sittmann and
Tyson (1971) estimated an inbreeding rate due to selfing of 5% per generation for a population in Hardy-
Weinberg equilibrium. As jack pine retains its serotinous cones for years, comparisons can be made
between seed of the same tree produced in different years (Teich, 1970). Higher rates of selfed seed are
found in the latest seed (Cheliak er al., 1985; Snyder et al., 1985); it appears that selection against
inbred seed is occurring at a linear rate, with a loss of viability of selfed seed.

5.3. Genetic variation

5.3.1.  Population-level variation

Jack pine provenance testing has been carried out on a regional and a rangewide basis, and included
growth chamber, greenhouse, nursery, and field experiments. Besides being tested throughout its natural
range in Canada and USA, its seed has been distributed to Great Britain, The Netherlands, New Zealand
and Japan for testing (Rudolph and Yeatman, 1982). Numerous investigations have described a pattern of
clinal variation, usually associated with temperature (growing degree-days) and photoperiod (latitudinal)
effects, particularly where cold temperatures and growing degree-days are not limiting. When grown in
a common environment, northern provenances which originate in areas with colder temperatures and
fewer growing degree-days are typically smaller in height, diameter and volume than southern sources
(Schantz-Hansen and Jensen, 1952; Giertych and Farrar, 1962; Sweet and Thulin, 1963; Yeatman, 1974;
Canavera, 1975; Skeates, 1976; Hyun, 1979; Jeffers and Jensen, 1980; Rudolph and Yeatman, 1982;
Magnussen and Yeatman, 1988b; Bolstad et al., 1991; van Niejenhuis and Parker, 1996). This trend
was observed from the early seedling stage through to age 20, although differences lessened with age
(Yeatman, 1974).

SAFETY ASSESSMENT OF TRANSGENIC ORGANISMS: OECD CONSENSUS DOCUMENTS: VOLUME 3 © OECD 2010



64 - PART 1. CONSENSUS DOCUMENTS ON BIOLOGY OF TREES

Jeffers and Jensen (1980) found more variability in volume among sources than height, diameter or
survival; volume was not correlated with growing degree-days, unlike the other traits. Magnussen and
Yeatman (1979) observed a larger amount of within-population than between-population variation for
height. Survival was correlated to the similarity in climatic conditions between source origin and test site
(Jeffers and Jensen, 1980). Higher mortality resulted in less competition, and subsequently increased
growth rates (Jeffers and Jensen, 1980).

Seedling leaf, root, and total dry weights were also found to vary in relation to growing degree-days
of the source (Giertych and Farrar, 1962). Aboveground biomass was strongly related to water
availability, except for provenances from warmer climates suspected of being more tolerant to water
stress or having more efficient water usage (Strong and Grigal, 1987). There was greater variability
between provenances on more adverse sites. Dry weights of 4-month-old seedlings correlated with height
after 4 years (Yeatman and Holst, 1967).

Under environment chamber conditions, seed source differences between jack pine seedlings were
most readily observed under short photoperiods (Mergen et al., 1967). Northern provenances were more
responsive to changes in photoperiod than southern sources (Giertych and Farrar, 1962; Yeatman, 1974).
In field trials, more variability between populations in height growth was observed at milder test sites
(Jeffers and Jensen, 1980). Taller provenances were found to retain higher photosynthetic rates into
autumn than slower-growing sources (Logan, 1971). However, no provenance differences were detected
in stem respiration (Lavigne, 1996).

Southernmost provenances typically begin flowering at a younger age (Sweet and Thulin, 1963).
Western provenances bear smaller cones with fewer seeds (Jeffers, 1972; Schoenike, 1976). Most of
the total variation in cone and seed traits resided between populations. Climatic variables were related to
chemical components in embryo and megagametophyte, although environmental preconditioning may
have influenced nutrient levels in the megagametophyte (Durzan and Chalupa, 1968). Maternal effects of
seed weight have been observed on germinants, but diminished by the time seedlings were 3 months old
(Yeatman, 1974). No differences between sources were noted in timing or rate of germination (Yeatman,
1966). Seed weight is highest in populations from regions with longer and warmer growing seasons.

Southern provenances are slower to flush in spring, set bud at the end of the growing season,
and form secondary needles than northern provenances (Yeatman, 1974). Budburst is strongly associated
with colder mean January temperatures (Steiner, 1979). Coastal populations burst bud later than
more continental sources. Significant provenance differences have been observed in lammas growth
(second, late-season terminal shoot extension) and proleptic growth (second, late-season extension of
the lateral buds at the base of the terminal bud) (Rudolph 1964). Cessation of cambial activity was found
to be under strong genetic control, but there was less control over initiation of cambial activity
(Kennedy, 1971). Provenance differences have been noted in foliar nitrogen, phosphorus, potassium and
calcium (Mergen and Worrall, 1965; Giertych and Farrar, 1962; Strong and Grigal, 1987).
Foliar nitrogen content correlated with growing degree-days (Giertych and Farrar, 1962),
with northwestern provenances having the highest foliar nitrogen (Mergen and Worrall, 1965).
Strong and Grigal (1987) hypothesised that foliar macronutrient provenance differences were slight
because jack pine is efficient in using available nutrients.

Northern provenances develop winter foliage colouration more rapidly and attain a deeper hue
than southern provenances (Canavera, 1975; Rudolph and Yeatman, 1982; vanNiejenhuis and Parker,
1996). The purpling is attributed to at least five anthocyanin pigments, which are produced after the
first autumn exposure to freezing temperatures (Nozzolillo et al., 2002). Young seedling foliage turns
purplish in autumn, but as seedlings age, winter colouration becomes a yellow-bronze. Northern sources
are older than southern sources before making the transition between purple and bronze foliage
(Canavera and Wright, 1973). Northern provenances develop cold hardiness earlier in autumn (Yeatman,
1974). Sources from warmer climates have wider annual rings, wider early