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3rd NETWORK MEETING 1 

Third meeting of the EUFORGEN Populus nigra Network, a 
pioneer network for a pioneer tree species: growing up 

Fran{:ois Lefevre, Chair and Sven M.G. de Vries, Vice-Chair of the Network 

Prior to the establishment of the EUFORGEN Network, the advisory group of 
experts on Populus nigra genetic resources stated in February 1993: 

"Following the recommendations from the 19th Session of the International 
Poplar Commission (held in Spain, 1992), and in the framework of Strasbourg 
Ministerial Resolution 52, several European countries will collaborate in a 
conservation network on Populus nigra. An in situ conservation strategy will 
probably not be easy to define for this species, because riparian sites are much 
disturbed by human activity; interspecific hybrids are cultivated in the 
ecological zone of the natural stands; and this ecological zone is largely open 
to geneflow through seeds and pollen. In the urgency, the already existing ex 
situ conservation programmes will be coordinated. Meanwhile, the 
participants will initiate an in situ conservation network based on the present 
knowledge." 

Following two previous meetings in Izmit, Turkey and Casale Monferrato, Italy, 
the third meeting of the Network was held 5-7 October 1996 in Sarvar, Hungary. 
The meeting was attended by participants from 12 countries (see List of 
Participants). It was organized by the Hungarian national programme, in 
conjunction with the 20th Session of the International Poplar Commission of FAO, 
which was held in Budapest from 1 to 4 October 1996. The Network meeting was 
opened by Dr G. Holdampf of the Ministry of Agriculture from Budapest and Prof. 
E. Fuhrer, Director General of the Forest Research Institute. They welcomed the 
participants and wished them a successful meeting. Prof. C. Matyas, the national 
coordinator of forest genetic resources activities, stressed the role of efficient 
international collaboration for implementing gene conservation strategies in each 
country. Several representatives of the forest service, research institutions and 
nature-protected areas in Hungary attended the meeting as observers. 

The discussions during the meeting were divided into two major parts: 
updating and further planning of common tasks of the workplan as well as 
discussing the development of gene conservation strategies for the species (see 
Programme). 

After the meeting in Sarvar, the following observations were made: (1) a fair 
level of coordination in the Network has been achieved whenever the scientific 
basis for an optimal conservation strategy was available, in particular for ex situ 
conservation; (2) collaborative work is emerging in a number of areas and the 
participants from newly attending countries join the workplan tasks developed so 
far by the Network; (3) a constructive discussion is in progress for issues which still 
need research work, in particular the practical management of in situ conservation. 

The practical achievements of the Network are listed below (see Workplan): 
• Sixteen countries have actively participated in the Network so far, and 

national reports were published. A first synthesis has been made 
concerning the context for in situ conservation (see this volume). Further 
general synthesis is planned for updated reports; 
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• For inventories, our identification sheet seems to be very pop(u)lar, and 
is practically used to detect possible introgressive forms. A standardized 
description of native poplar stands is being prepared; 

• For ex situ collections, practical guidelines for safe conservation in the 
field or as seed banks were produced; 

• A database of the European collections is established, including passport 
data, and will be annually updated. Before the meeting, 1651 clones 
from 5 countries had been stored in the database, and it was found 
efficient for detecting the duplications among collections, or identifying 
accessions from a country; 

• For the characterization of the national collections, a standardized list of 
descriptors (see this volume) was produced and a set of 15 reference 
clones from unique stool-beds disseminated among the participants; 

• A EUFORGEN core collection of native P. nigra has been established and 
15 countries provided clones; others are expected from the whole 
distribution range. This collection will be distributed among the 
participants later, as a common set of clones to which the evaluation of 
national collections could refer. Preliminary observations reveal high 
levels of morphological variation among the clones; 

• A list of references related to P. nigra germplasm conservation is being 
annually updated (see this volume); 

• For public· awareness, which is considered as an important objective, 
audio-visual aids are prepared using slides and videos from the 
Network participants; 

• Research priorities are defined, and a joint proposal has been submitted 
for funding to the EU; 

• The most recent scientific results are turned into practical conclusions, 
e.g. guidelines for seed storage (see this volume). 

According to the national reports (see this volume and previous Reports of the 
Network meetings), all these outputs provided by the EUFORGEN Network seem 
to be an effective contribution to supporting research and implementing applied 
conservation at both the national and the European levels. 

An efficient strategy for gene resource conservation of black poplar needs to 
integrate several approaches: ex situ, in situ and dynamic population management. 
For the coming years, our efforts should focus on developing the methodology for 
in situ conservation. The focus will shift from the concept of 'natural monument' to 
the management of protected areas, or even the re-establishment of riparian forest. 
This is not an easy task, owing to the biology of the species and the characteristics 
of the riparian ecosystems, and also to the' administrative diversity' of institutions 
responsible for in situ management. One of the continuous tasks of the Network is 
to identify the most pressing research needs. 

During the third meeting of the Network, the population genetic viewpoint of 
P. nigra gene conservation was given particular emphasis (see Legionnet, this 
volume). As expected for a dioecious forest tree species, a fair level of genetic 
diversity is found with isozyme markers, mainly at the within-stand level; but some 
results suggest that geneflow among stands might be restricted, allowing for a 
certain level of differentiation for adaptive traits. The question of gene flow should 
be further investigated in order to optimize the sampling strategies within and 
between stands. In the same area, for example, the increase of diversity in older age 
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classes should also be taken into account when collecting material. Beyond the 
immediate question of sampling the diversity, given its present structure and past 
history, we need to predict its evolution in order, at least, to be able to assess the 
risks caused by anthropic factors. The metapopulation model should be taken as a 
useful reference for investigating these processes. Preliminary results of research 
were presented and discussed by the participants, but further investigations are 
needed in the fields of demography and population dynamics (migration, 
extinction, etc.). These research areas concern both geneticists, at the species level, 
and ecologists for the ecosystem. The evolution of genetic diversity is also 
determined by the genetic load and inbreeding depression. Their importance 
should be evaluated for P. nigra since they influence the susceptibility of the species 
to the fragmentation of populations which has steadily increased because of human 
activities. 

Another question debated was introgression, which is not "natural" for P. nigra 
but is due to the cultivation of exotic hybrid poplars. One can consider that the 
species needs to be conserved as an entity belonging to the overall biological 
diversity, and therefore attention should be paid to the risk of artificial modification 
of the natural genepool. In this case, it is a great responsibility to deal with the 
genetic implications of human activity (poplar cultivation). This is an ethical point 
of view. From another point of view, one can consider that introgressive types may 
be badly adapted owing to the breakdown of co-adapted gene complexes, in which 
case they do not represent a real threat for the species as a whole unless most of the 
natural regeneration occurs after genetic pollution. Introgression might even be 
considered to represent a chance for the species to increase its genetic diversity. 
This seems to be a more pragmatic point of view. It also sounds like a more 
fundamental debate between the biodiversity conservation approach based on 
taxonomic units, and the genetic approach which rather considers the complex 
genepool and its evolution. Beyond our discussions, the level to which we care 
about introgression in the in situ management may have important economic 
consequences: should we regulate the cultivation of hybrid poplars somehow? One 
conclusion was that we need more objective information about the effective amount 
of introgression and its possible effects in the long term. 

The issue of broadening the scope of the Network was also addressed during the 
meeting. The decision, however, was postponed to the next meeting, since much 
work is currently underway with P. nigra and efficiency is required. Participants 
agreed that broadening could eventually concern P. alba, one of the species also 
identified during the follow-up process to Resolution S2. 

The participants expressed their gratitude to Hungarian colleagues, particularly 
to Prof. B. T6th, Honorary Chairman of the Hungarian Poplar Commission, for 
kindly offering and providing local organization of this meeting. 

Fran<;ois Lefevre was unanimously re-elected Chair and Sven de Vries Vice-Chair 
of the Network for the next period of two years. It was agreed that a two-year period 
can be prolonged only once. Jos Van Slycken offered to host the next Network 
meeting in Geraardsbergen, Belgium, in October 1997. His offer was appreciated by 
all participants. 
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Workplan update1 

Exchange of reference clones 
Coordinator: J. Van Slycken 
Objective: to develop a list of well-known clones and circulate material to all 
interested countries for regeneration in their stool-beds and for comparison with the 
respective national collections 
Status: material sent to 10 countries in 1995 
Action and deadlines: Interested participants from newly attending countries will 
request the reference clones from J. Van Slycken by the end of 1996. He will 
distribute the material in February 1997. 

EUFORGEN core collection of clones 
Coordinator: L. Cagelli (S. Bisoffi) 
Objective: to set up a common basis for the characterization and evaluation of 
national clone collections 
Status: 15 countries sent cuttings in 1995 but the rate of success was very low and 
information in several cases incomplete 
Action and deadlines: Detailed requirements and conditions for the shipment of 
cuttings (at least 25 cuttings from each of the two representative clones per 
country), as agreed at the previous Network meeting, will be prepared by L. Cagelli 
and distributed to the concerned participants by J. Turok before 1 November 1996. 
J. Turok will contact potential donors (and recipients) of the collection from all 
other countries in the distribution area by 15 November 1996. Participants of the 
meeting will send the contact addresses of colleagues working with P. nigra they 
have in any of these countries to J. Turok before 1 November 1996. A reminding 
letter will be sent to all contributors before 15 January 1997. The material will 
ultimately be sent to each interested country on request. 

Passport data for the database 
Coordinator: L. Cagelli 
Objective: to create a tool for common activities including database, inventories 
and exchange of material 
Status: published in 1. Report and updated later 
Action and deadlines: The updated version will be sent to each participant from 
the newly attending countries along with the draft report of the meeting before 
15 November 1996 and will then be published in the final Report. J. Turok will 
receive a German translation from B. Heinze and will ensure the translation into 
French and Russian before 1 November 1996. The translated versions will be sent 
to the relevant countries. 

European database 
Coordinator: L. Cagelli (S. Bisoffi) 
Objective: to have an efficient tool" for information management, exchange of 
clones, detection of duplications among national collections and for better 
identification of accessions 
Status: files received so far from five countries 

1 This Workplan update results from, and was distributed at, the meeting. 
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Action and deadlines: S. Bisoffi will provide the existing database to J. Turok who 
will ensure its inclusion on the Internet before the end of the year 1996. Each 
interested participant will send a file according to the agreed passport data by 
1 February 1997. The minimum information is the clone name/number. Also 
foreign clones should be mentioned, as long as the original clone name/number is 
available. The inclusion of data, however, is restricted by the availability of existing 
accessions (cuttings, pollen, or seeds) except for the parents of available accessions 
which should be included (if maintained or not). For updating, a complete country 
file should be sent to replace completely the original one. 

Descriptor list for P. nigra clones 
Coordinator: J. Van Slycken 
Objective: to produce common minimum standards for characterizing clone 
collections in each country 
Status: published in 2. Report 
Action and deadlines: none 

Standardized minimum list of descriptors for inventories of P. nigra stands 
Coordinators: M. Hofmann and N. Alba 
Objective: to produce common minimum standards for characterizing and 
monitoring in situ genetic resources 
Status: new task 
Action and deadlines: A preliminary list was presented, briefly discussed and 
distributed at the meeting. Participants will send their comments and suggestions 
to N. Alba before 1 February 1997. N. Alba and M. Hofmann will develop an 
advanced version for discussion and approval at the next meeting. 

Identification Sheet 
Coordinator: J. Turok 
Objective: to facilitate the simplest possible identification of P. nigra from 
cultivated hybrids and possible introgressive forms in the field 
Status: published along with 2. Report 
Action and deadlines: Possibilities to produce the Identification Sheet in different 
European languages will be investigated by J. Turok. He will inform all 
participants about the production schedule and will ask for the translated versions 
by 1 February 1997. 

Synthesis of in situ gene conservation measures and activities 
Coordinator: S. de Vries 
Objective: to assess the current status of measures used and activities undertaken 
for in situ conservation of genetic resources of P. nigra 
Status: to be published in 3. Report and updated afterwards 
Action and deadlines: A table was presented and distributed during the meeting. 
All participants were asked to provide an input on their national activities and send 
the table back to S. de Vries by 1 November 1996. S. de Vries will compile the table 
for publication in the Report of the meeting (to be sent to J. Turok by 10 December 
1996). 
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Guidelines for ex situ field collections 
Coordinator: S. de Vries 
Objective: to provide a practical guide for the maintenance of ex situ field 
collections 
Status: published in 2. Report 
Action and deadlines: none 

Guidelines for ex situ gene conservation methods 
Coordinator: L. Cagelli (S. Bisoffi) 
Objective: to provide a practical guide for ex situ conservation of seeds and pollen, 
based on experimental data 
Status: to be published in 3. Report 
Action and deadlines: S. Bisoffi will send the document to J. Turok for publication 
in 3. Report before 10 December 1996. J. Turok will ensure the inclusion of final 
Guidelines on the Internet before the end of the year 1996. 

Review of literature 
Coordinator: F. Lefevre 
Objective: to provide regularly updated literature reviews for use by the Network 
Status: published in 1. and prepared for publication in 3. Report 
Action and deadlines: F. Lefevre will send the file to J. Turok by 10 December 1996, 
after having received corrections and additional references from the participants 
(before 1 November 1996). J. Turok will ensure input from the national focal point 
in the Russian Federation. This item output will also be available through the 
Internet. 

Public awareness 
Coordinator: S. de Vries 
Objective: to produce a universal collection for use by the Network members 
Collection of slides: More than 100 slides have been collected so far from four 
countries. Missing topics were identified and participants were requested to send 
their slides with captions to S. de Vries before 1 February 1997. J. Turok will find 
out the possibilities for the production of public awareness media in IPGRI. Among 
the missing topics were mentioned: 

• riparian ecological succession 
• wood patterns due to burls 
• buttresses 
• natural monumentslindividually protected trees 
• re-establishment of the riparian ecosystem 
• fodder for animals 
• particularly interesting landscapes (Hungary, North Africa) 
• biotechnologies 
• pollen 
• paintings, art 
• Identification Sheet. 

Leaflet production: After the slide collection has been completed, a leaflet will be 
produced to inform about its use and possible presentation modes. 
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Objective: to ensure regular exchange of information among the countries and to 
monitor the impact of international activities at the national level 
Status: regular task 
Action and deadlines: Each participant will send either an update or introductory 
report on the national activities by 1 November 1996 to J. Turok for inclusion in the 
Report of the meeting. A review article has been planned for a later stage. 

Molecular methods available for the characterization of P. nigra 
Coordinator: B. Heinze 
Objective: to review and develop modern methods for characterization of the 
existing collections 
Status: new task 
Action and deadlines: As a first step, an overview of the existing methods will be 
prepared for the next Network meeting. It is intended that molecular markers be 
used for genetic characterization of the EUFORGEN clone collection, and to ~st 
their performance on pedigrees from controlled crossings. 

Submission of joint research project proposals 
Coordinator: S. de Vries 
Objective: to launch a collaborative research framework on genetic diversity of the 
species 
Status: regular task 
Action and deadlines: The new proposal will be prepared for submission to the 
next call (deadline in March 1997). 

It was also agreed that each country indicates the mailing addresses and numbers of 
requested copies for the Network publications to be sent by IPGRI. 
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Passport data for Populus nigra 

Luisa Cagel/i 
Istituto di Sperimentazione per la Pioppicoltura, 15033 Casale Monferrato, Italy 

1. Clone name/number 
Name or number assigned when a clone is entered into the collection. It serves 
as a unique identifier and is assigned whenever a clone is entered into the 
collection. Letters should be used before the name/number to identify 
genebank or national system: 
ISP _NOOl for the material maintained at ISP (Casale Monferrato, Italy) 
ISP _Brisighella for the material maintained at ISP (Casale Monferrato, Italy) 
INRA_71002 for the material maintained at INRA (Orleans, France). 

In this way codes used by the different institutes involved in P. nigra genetic 
conservation (NOOlfor ISP Casale Monferrato, 71002 for INRA Orleans, etc.) can 
be preserved with letters before the clone name/number to identify institutes 
that maintain a clone. 

It is important to use letters that identify the institute and not just the country, 
because in some countries there might be more than one institute involved in 
genetic conservation. 

2. Country where maintained 
Country in which clone is maintained. International three-letter standard 
abbreviations (codes) should be used, according to ISO 1988, N. 3166. 

3. Institution where maintained 
Name of institution in which clone is maintained. Abbreviations adopted to 
identify institutions under "Clone name/number" should be used. 

4. Original clone name/number 
Codes assigned from the institution of origin. 

This is very important when the clone was obtained from another institution. It 
could be useful to identify duplicates held in different collections and should 
always accompany samples wherever they are sent. 

5. Collecting number 
Original number assigned by collector of the sample. 

This item could be useful to identify duplicates held in different collections and 
should always accompany samples wherever they are sent (this number may be 
different from the "Original clone name/number"). 
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6. Other name/number associated with the clone 
Any other identification numbers known for this clone. 
6.1 Other name/number 1 
6.2 Other name/number 2 
6.3 Other name/number 3 
6.4 Other name/number 4 
6.5 Other name/number 5 

7. Type of maintenance 
O. None 
1. Nursery stool-bed 
2. Adult plantation 
3. Pollen 
4. Nursery stool-bed and adult plantation 
5. Nursery stool-bed and pollen 
6. Adult plantation and pollen 
7. Nursery stool-bed, adult plantation and pollen 

8. Notes 
Any additional information should be specified here. 

9. Collecting institution 
Institution which originally collected the sample. 

10. Country of origin 
Country in which the sample was collected. International three-letter standard 
abbreviations (codes) should be used, according to ISO 1988, N. 3166. 

11. Province/State 
Name of the primary administrative subdivision of the country in which the 
sample was collected. 

12. Department/County 
Name of the secondary administrative subdivision (within a Province/State) of 
the country in which the sample was collected. 

13. Location of collecting site 
Name of the nearest town or village where the sample was originally collected. 

14. Collecting date of original sample 
Year in which the sample was originally collected (YYYY). 

15. Latitude of collecting site 
Degrees and minutes followed by N (North) 
(e.g. Casale Monferrato 45°07' North: 04507N) 

16. Longitude of collecting site 
Degrees and minutes followed by E (East) or W (West) 
(e.g. Casale Monferrato 8°30' East: 00830E) 

17. Elevation of collecting site 
Altitude above sea level (m). 



10 EUFORGEN: Po ulus ni ra NETWORK 

18. Sex 
1. Female 
2. Male 

19. Female parent 
When the female parent is known (clone obtained from artificial crossing or 
from seed collected from known genotypes), the "Original clone name/number" 
of the female parent should be specified. Include the parents in the database 
even if they are not currently present in stool-beds (the "Type of maintenance" 
should then be "none"). 

20. Male parent 
When the male parent is known (clone obtained from artificial crossing), the 
"Original clone name/number" of the male parent should be specified. Include 
the parents in the database even if they are not currently present in stool-beds 
(the "Type of maintenance" should then be "none"). 

General rules for compilation 

Material to be included in the database 
As poplar is propagated by means of cuttings it was decided to include in the 
database only the clones that are propagated in national collections. Three main 
types of clones should be included: 

• clones collected in the national territory 
• clones used as parents in controlled crosses: it is important to include the 

parents of the clones included in the database even if the parents are not 
currently present in stool-beds (in this case specify "none" in "Type of 
maintenance"), so as to have some information about the origin of the clones 
obtained by open-pollination or from artificial crossing 

• clones received from other countries if the original name is known. 

Type of sample originally collected 
Although, as already specified, only clones must be included in the database, two 
different types of samples might have been originally collected: cuttings, if the clone 
derives from vegetative propagation of a spontaneous tree, or seed if the clone 
derives from seed collected from a spontaneous tree or from artificial crosses. It is 
important to make this clear because a lot of the information to be included in the 
passport database is related to the original sample (collecting number, collecting 
institution, country of origin, province/state, department/county, location of 
collecting site, collecting date of original sample, latitude, longitude and elevation 
of collecting site). 

Exchange of data 
It is important to follow some specific rules so that the information from all the 
EUFORGEN members will be uniform. 

Characters 
Only the 26 CAPITAL LETTERS of the English alphabet should be used. This is 
very important because some particular accented letters existing in some alphabets 
are not available in computers. 
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File format 
The information to be included in the database must be forwarded in a file in ASCII 
format. The size of the fields is indicated in Table 1. If more characters are 
necessary for some particular fields (e.g. the field "Notes" reserved for additional 
information), they can be enlarged but with specification in the note. If there is 
more than one word in one field it is necessary to use an underscore L) between the 
words (e.g. CASALE_MONFERRATO). 

Alternatively, the information to be included in the database can be forwarded in 
a file in EXCEL format. 

Missing data 
Dash (-) should be inserted for every missing data: in some cases it will probably be 
possible to complete the data later (sex, etc.). 

Empty fields 
Dash (-) should be inserted also in those fields which are completely empty (such 
as, probably in many cases "Other name associated to the clone") so as to have the 
same file structure from every partner. 

Geographic coordinates 
The programme Arcinfo for the conversion of geographic coordinates used by 
different countries can b~ used. Every participant shall introduce latitude and 
longitude in the database according to the projection system adopted in the 
respective country (specifying in a note which system was adopted, e.g. in Italy the 
system used is UTM). It will be possible to convert the coordinates later if 
necessary. 

Table 1. Size of fields (maximum number of characters for each field). 

No. 
1 
2 
3 
4 
5 
6 

7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

Field name 
Clone name/number 
Country where maintained 
Institution where maintained 
Original clone name/number 
Collecting number 
Other name/number associated with the clone (1) 
Other name/number associated with the clone (2) 
Other name/number associated with the clone (3) 
Other name/number associated with the clone (4) 
Other name/number associated with the clone (5) 
Type of maintenance 
Notes 
Collecting institution 
Country of origin 
Province/state 
Department/county 
Location of collecting site 
Collecting date of original sample 
Latitude of collecting site 
Longitude of collecting site 
Elevation of collecting site 
Sex 
Female parent 
Male parent 

Max. number of 
characters 

20 
3 

15 
20 
20 
20 
20 
20 
20 
20 

2 
100 
20 

3 
20 
25 
25 

4 
6 
6 
4 
2 

20 
20 
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Guidelines for seed and pollen storage 

Luisa Cagelli 
Istituto df Sperimentazione per la Pioppicoltura, 15033 Casale Monferrato, Italy 

Pollen and seed storage is considered an alternative method for the ex situ 
conservation of genetic resources. The establishment of collections of pollen and 
seed represents in fact the most economical and easiest way to keep a very large 
genetic diversity. However, for pollen and seed collections to be used efficiently it is 
important to define the best conditions for their long-term storage. 

Seed 
Poplar seeds are very small (1000 seeds weight about 1 g) and seed germination 
decreases rapidly in 3-4 weeks. 

Many factors affect the variability of germination over time: the time of 
collecting, the period between collecting and the beginning of storage, the moisture 
content of seed and the temperature of storage. 

First of all it is better to collect seed as near as possible to its natural ripening 
period, when the fruits begin to open; if prematurely collected, the seed will not 
ripen and viability will be poor. 

The period between collecting and the beginning of storage must be as short as 
possible: the fruits have to be placed on a thin layer at room temperature and the 
seed must be extracted and separated from the cotton (using sieves and an air 
stream) within 1 week of collecting. 

Dehypration is a very important factor fdr storage: the seed can be stored 
successfully for some years at low temperatures if the moisture content is reduced 
to 6-8%. Sometimes black poplar seed reaches this moisture content naturally 
without any treatment. Otherwise the moisture content can be reduced in the oven 
at about 35°C for a short time (about 10-30 minutes depending on the initial 
moisture content). 

As for storage temperature, good results have been obtained at -18 to -40°c. As 
no differences of germination rate have been observed in this range, a temperature 
of -18°C, which can be achieved in a normal home freezer, can be suggested for 
long-term preservation of viability. 

Pollen 
As with seed, pollen viability is affected by many factors: the time and method of 
collecting, the period between collecting and the beginning of storage, the moisture 
content of pollen and the temperature of storage. 

However, whereas seed viabilty can be easily tested with reliable germination 
tests, with pollen things are not so easy. In fact, although viability can be evaluated 
with different methods, there is not enough information regarding the relationship 
between viability and seed-setting ability. 

Although male floral branches can be collected over all the winter period, 
generally a large amount of pollen is obtained from branches collected as near as 
possible to natural ripening and put in water pots in the greenhouse (about +20°C; 
70% relative humidity). 

Pollen can be collected in two different ways: directly when falling from the 
anthers or from completely developed catkins collected before the anthers open and 
put on a sieve for 24 hours (at about +25°C; 40% relative humidity). 
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As with seed, dehydration seems to be a very important factor for pollen storage: 
the pollen moisture content should be reduced to about 10%. 

Also as with seed, low temperatures (-18 to -40°C) are essential for long-term 
storage. 

Further studies are necessary to define the optimum moisture content and the 
best storage temperature. However, in many cases pollen stored at -40°C for up to 
4-5 years was used successfully for crossings; the seed obtained generally showed 
good germination capacity. 
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An overview of in situ gene conservation measures 

Sven M.G. de Vries 
Institute for Forestry and Nature Research, IBN/DLO "de Dorschkamp", 6700 AA 
Wageningen, The Netherlands 

One of the methods for preserving genetic diversity in the long term is dynamic 
conservation of genes in situ. With Populus nigra as a pioneer tree species of European 
riparian forest, an overview of the currently applied measures is presented taking into 
account the different in situ gene conservation management systems in different 
countries. 

Information was gathered from the participants of 13 Network countries with 
regard to the measures, methods and regulations for in situ conservation. Most data 
were extracted from country reports presented during the three Network meetings. 
Since some contributions are more detailed or differently focused than others, the 
overview has a preliminary and in some parts probably balanced character. A table 
was compiled before the third Network meeting, discussed and improved during that 
meeting. A blank field means no information is available. 

All countries participating in the Network make use of in situ conservation in some 
way. Populus nigra still occurs either as scattered individual trees (Belgium and UK) 
or forms either pure stands of P. nigra or is admixed with other species (see Table). 
Only Spain and France have pure P. nigra stands together with individual P. nigra 
trees as well as P. nigra in mixed stands. 

Re-introduction of P. nigra on the banks of rivers is taking place or is planned to 
take place in several countries (Austria, Belgium, Croatia, Czech Republic, Hungary, 
the Netherlands, Slovakia and the UK). Larger or smaller areas along the rivers are 
bought or dedicated for this purpose by either private nature conservancy 
organizations or by governmental institutions (see Table). 

Some countries use natural ways to re-introduce P. nigra in such areas (the 
Netherlands, UK, etc.) while other countries such as Croatia influence this process by 
seed-harvesting techniques. In both cases ex situ collections serve as the basic material 
for these re-introductions. All participating countries maintain ex situ collections, 
varying from 100 (UK) to 300 (France) accessions. A selection of both male clones and 
female clones is used for this purpose. 

Protection of areas is often based on specific regional regulations. Often there is a 
general law in which the different kinds of protected areas are described (natural 
parks, natural reserves, natural monuments or other areas of particular interest). 
Formalities for their designation, managing board, the instruments for management 
and the administrative sanctions are indicated. 

Most countries have a Forestry Act under which there will be a variety of 
possibilities to prevent cutting P. nigra either as individual trees or as part of 
plantations through their value, e.g. for the landscape. Only Spain and the UK have 
specific laws for the protection of P. nigra on a species level; other countries are able to 
protect P. nigra either as part of a specific type of forest ecosystem (Austria, Belgium, 
Czech Republic, Hungary, the Netherlands and Spain) for which Belgium also 
includes management rules. Most countries only have laws for the protection of 
certain areas or a specific location (see Table) for which France, Italy, Hungary and the 
Netherlands also indicate management rules. Austria has put P. nigra on the red list 
in some federal states. This list serves as a basis for legal protection. 



Status March 1997 
FR IT BE CR DE HU NL ES UK TR SK CZ AT 

Specific legislation for the protection of different aspects and at different levels: 
(a) P. nigra as species N N N N N N N N Y N N N 
(b) forest communities N N Y* N Y Y* Y N N Y Y 
(c) areas/habitats Y* Y* Y* Y* Y Y* Y* Y N Y Y Y* 
(* = with management role) 
(d) conservation practice excludes production due to the 

registration Y N Y Y Y Y 
(e) implemented at the regional level by government (g) or 

by private owners (p) g,p 9 g,p g,p 9 g,p 9 9 9 g,p 
(f) protection of individual trees (i) or trees in mixed stands 

(m) or trees in pure stands (p) i,m,p i,m m i,m i,m i,m i,m,p i,m i,m i,m 
Re-introduction carried out (or planned - p) N P P P Y N P Y Y Y 
Economic importance of P. nigra N N Y Y N N Y Y Y N 
Regulations on planting poplar hybrids in vicinity N N N N N N N N 
Occurrence of natural regeneration Y N Y Y Y N N 
Inventories carried out at a national (n) or regional (r) 
level, or are planned (p) p r n n,r n,r p n n 
Availabilit~ of ma~s for the in situ conservation areas Y Y Y Y Y Y Y Y 

Y = yes, available; N = no, not available. 
FR=France; IT =Italy; BE=Belgium; 
CR=Croatia; DE=Germany; HU=Hungary; 
NL=Netherlands; ES=Spain; UK=United 
Kingdom; TR= Turkey; SK=Slovak 
Republic; CZ=Czech Republic; AT =Austria. 
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In the UK there are no specific measures to safeguard P. nigra in an explicit way. 
Trees generally are protected under the Forestry Act while local authorities can place 
"Tree Preservation Orders" on trees to prevent their destruction, or to ensure that they 
are replaced. 

No specific laws exist, for instance, in the Netherlands and Italy to regulate the 
type of material to be (or not to be!) planted in the vicinity of protected areas. 
Relevant in this situation is the use of hybrid poplars and the use of P. nigra var. 
italica, a well-known ornamental male clone. 

For the establishment of plantations for the purpose of in situ conservation, the 
objective of conservation excluding commercial production has to be officially 
recognized in order to be able to grow umegistered material in nurseries. This is 
regulated in Austria, Czech Republic, the Netherlands and the UK. 

In Spain, a specific programme for the genetic conservation of P. nigra (and P. alba) 
was recently approved by the Ministry of Agriculture. Similar specific action is not 
known for any of the other participating countries. 

As for the related research activities, all participating countries make efforts 
towards inventories of P. nigra genetic resources at a national level (Belgium, Czech 
Republic, Slovakia) or regional (Italy) or both (Hungary, the Netherlands). France 
and Spain are currently planning the inventories. Maps of distribution are available 
for many areas in these countries. Plant material can thus be reproduced accordingly 
if required. Some countries indicated having used the descriptor lists developed by 
the Network for their inventories. 

In many countries, biochemical studies also take place in order to find out more 
about the extent to which P. nigra is still available as a pure species and the extent of 
introgression. 

Natural regeneration occurs in France, Hungary, Spain and the Netherlands. 
Presumably in many more countries too, but more detailed data would be needed for 
evaluating this development. Belgium, Czech Republic and Slovakia indicated 
having problems with natural regeneration of P. nigra recently. 
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Reports on the progress of activities in countries 

Hungary 

1. Overview of the progress made in the national gene conservation programme 

Bela T6th 
Honorary Chairman, Hungarian Poplar Commission, 4032 Debrecen, Hungary 

After the last meeting of the P. nigra Network (held in Casale Monferrato, Italy, in 
September 1995), the following steps were undertaken in Hungary: 

• search of pure P. nigra occurrences 
• survey of forest subcompartments holding P. nigra occurrences and 

registered in the national inventory of forests 
• investigation of species identity and purity 
• development of a gene collection 
• improvement of the registration and documentation process. 

The species description standards developed and agreed by the P. nigra Network 
were used. Furthermore, the registration list compiled for the meeting in Casale 
Monferrato as a recommendation was found very useful. 

Within the activity sphere of Sarvar Research Station (northwestern part of the 
country), the following activities have been carried out lately: 

• Designation of 52 P. nigra mean stems in populations preserved under in situ 
conditions. 9 plus trees were taken for ex situ conservation. 

• Establishment of a new plantation for ex situ gene conservation purposes, 
with the use of rooted plants raised of 33 P. nigra clones at 3 localities. 

• Contribution to the development of the Network's core collection of clones. 
After having sent 2 clones to the European collection in Casale Monferrato in 
1996, the Sarvar collection is ready to receive clones by the spring of 1997. 

• Resistance testing of leaf-attacking pests implemented by the Forest Research 
Institute. 

Furthermore, 18 P. nigra individuals were designated for the in situ gene 
preservation in the eastern part of the country and 5 plus trees for ex situ 
conservation. 

The introduction of the Network's registration system and particularly the 
common set of passport data for Populus nigra (elaborated by L. Cagelli) started. 
There is only one difficulty, namely that some data required are missing. The 
collection of these data is a task ahead of us. 

The National Institute for Agricultural Quality Testing (OMMI) in Budapest 
developed a registration system for the computerized registration of plus trees of 
forest tree species and clone collections in 1996. The registration data include: 
owner, taxonomy, morphological characteristics, site description, dendrometric 
data, genetic evaluation and other features. There are currently 98 P. nigra plus 
trees and 63 clones (preserved in stool-beds) included in that system. 

A DNA laboratory has been installed in the National Institute for Agricultural 
Quality Testing and the first important research task will focus on the genetic 
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polymorphisms of oaks. The equipment should be suitable for similar examination 
of the black poplar plus trees and clone collections. This type of investigation will, 
it is hoped, become part of our P. nigra Network research efforts (including RAPD, 
RFLP and other DNA marker examinations). It would be desirable for foreign 
institutes with experience in this field to exchange their methodologies with OMMI. 
In this case the new laboratory would be able to make examinations for the 
neighbouring countries too. 

The Hungarian Parliament enacted a new Nature Protection Law 1996 (see 
below). This law does not take P. nigra under protection as a species, but creates the 
possibility to protect plant communities with important components of P. nigra. 

The Hungarian national programme on P. nigra gene conservation will continue 
in the implementation of the aforementioned tasks (such as the inventories/search 
of pure P. nigra occurrences, examination of identity and purity, further 
development of ex situ and in situ gene conservation methods, registration and 
documentation systems, further development of the molecular investigations and, 
very importantly preservation of P. nigra occurrences by practical protection and 
conservation measures. 

A fundamental difficulty in the fulfilment of these tasks is the lack of sufficient 
financial means. As the country has many financial problems, it is a serious 
concern that the promising work will slow down or even temporarily stop. In order 
to avoid such unfavourable development, international support would be necessary 
(e.g. PHARE projects, EU programmes and other possible sources). 

2. Conditions of in situ conservation of Populus nigra in Hungary on the basis of 
the new Nature Protection Law 

Zoltan Gencsi1 and Sandor Bordacl 
1 National Park Hortobagy, 4024 Debrecen, Hungary 
2 National Institute for Agricultural Quality Control, 1024 Budapest, Hungary 

Various complex social problems have arisen in Hungary recently due to political 
and economical changes. The whole legal system had to be revised by the 
Parliament in order to modify the economic structure of the country. Three new 
laws of great importance - the Forestry, Wild Management and Nature Protection 
Laws - were passed by the Hungarian Parliament in 1996. The new Nature 
Protection Law states the conditions necessary to promote the in situ conservation 
of endangered species and ecosystems. This brief review interprets the most 
important and interesting points of this new Law. 

Paragraphs of general validity in connection with in situ conservation 
Based on the fundamental principles of the Law, natural resources in protected 
areas and sites (biotopes) can only be utilized to such an extent and in such a 
manner that their survival is not endangered. The Hungarian State cooperates with 
other countries and international organizations to protect the natural environment. 
In the absence of international contracts and conyentions, the State will respect the 
basic principles of nature protection (§5 of the Nature Protection Law). When 
utilizing the natural environment and natural resources, all natural conditions 
(water, soil, etc.) should be protected and preserved as far as possible (§6). The 
Ministry of Environment Protection and Regional Development is charged with the 
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compilation of a general National Nature Protection Programme (NNPP) laying 
down the general criteria for nature protection. The NNPP must include a strategy 
for conservation activities (§53). On the basis of the Law, all types of agricultural 
management conducted in a natural or a nature-friendly manner will be supported 
and sponsored by the Ministry, as will the reconstruction and (re)forming of 
autochthonous biotopes (§71). 

In situ conservation in non-protected areas 
The Law declares that wild biological organisms and associations of such (which 
are not used for farming purposes) should be protected together with their sites 
(biotopes). Black poplar (Populus nigra) is not a protected species in Hungary, so it 
will only be protected when its biotopes are preserved. These biotopes are listed as 
follows: 

• Willow-poplar forests (Saliceta albae-fragilis) along riverbanks and backwaters 
• Oak-ash-elm mixed forests (Querceto-Fraxineto-Ulmeta) 
• Hedges and ditches, previously farm borders, now uncultivated agricultural 

areas 
• Fords, where single old black poplars were left to show travellers and 

ferrymen the way. 
The Law states that, wherever possible, species must be preserved in natural 

areas. The utilization of natural areas is only authorized in specific, nature-friendly 
manners. In this respect the plant associations found alongside rivers and biotopes 
influenced by water bear great significance. For this reason, the status of such plant 
associations can only be changed with the prior permission of the designated 
Nature Protection Authority (NP A), for example a National Park (NP) or a Nature 
Protection Directorate. 

In situ conservation in nature protection (NP) areas 
The Law states that wild species, individual representatives of these species, 
associations of such and their biotopes can be granted protection. ~lant associations 
of black poplar (P. nigra populations) can thus be granted protection if this should 
prove necessary. Forests in NP areas do in any case possess a primary forest 
protection function. This fact has fundamental influence on all forest management 
practices and activities, including the choice of silvicultural methods, the term of 
logging activities, etc. In protected forests, nature-friendly methods must be 
employed in order to preserve the natural structure and the status of the species 
and its associations. In NP areas, reforestations can only be carried out with 
autochthonous species. The ecological conditions are decisive in determining 
which species can be planted at certain sites. This regulation will without any 
doubt alter the present overall role of the black poplar. There is likely to be an 
increasing demand for reproductive material so that black poplars can be used for 
the afiorestations in the NP areas. 

The described process can also be expected to influence the present system of 
procurement of reproductive material. Trees or groups of trees growing in NP 
areas and not included in the forestry register can only be cut down with the 
permission of the designated NP As. The NP As must be consulted in all cases of 
forestry management activities. No farming activities must be carried out in NP 
areas without authorization. The owners will be prosecuted for any unauthorized 
activities in NP areas. If ownership rights to NP areas are to be transferred, the 
State has priority for purchasing these rights. No NP areas already in the 
possession of the Hungarian State can be sold to other owners. 
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The extracts from the new Law may be of assistance in the development of 
projects for the in situ conservation of endangered species in Hungary. However, 
the paragraphs only provide the legal framework for the more efficient practical 
conservation efforts on the black poplar. The actual results will depend on how 
these possibilities are exploited. 
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Belgium 

J05 Van Slycken 
Institute for Forestry and Game Management, 9500 Geraardsbergen, Belgium 

The status of Populus nigra in Belgium has been discussed in the Report of the first 
meeting of the P. nigra Network, Izmit, Turkey, 1994. In the meantime, the 
following activities have been developed. 

Conservation activities 
The main activities focused on the conservation of the existing material in the 
genebanks. Those genebanks were established some 35 years ago and were 
managed for adult tree plots. They are now reaching maturity. 

Depending on the quality of the material, both cuttings and grafts were used for 
rejuvenation. More than 80 clones are involved. The material is conserved in the 
experimental nursery of our Research Institute and at the Walloon Forest Research 
Station. 

This programme will be continued next spring. The material will be used either 
to install new ex situ conservation plots (stool-beds and adult tree plots) or for 
identification purposes of the clones according to the EUFORGEN descriptor list. 

Furthermore, the collection is extended with some remnants of the species found 
as pollarded trees in the Maas and the Iezer valley. 

Documentation and establishment of the databases 
The collection of the EUFORGEN Passport data was started this year, as so far no or 
few data were available. Information on the ex situ collection of the Institute for 
Forestry and Game Management is checked in the field and missing data are 
assessed on existing in situ material. As suitable material will be available out of 
grafts and cuttings of the conservation programme, evaluation of the de scrip tors of 
nursery plants will be started for the coming years. 

Research 
A research programme funded by the Ministry of the Flemish Community start'ed 
in 1996, which includes a study of the genetic diversity of mainly Belgian P. nigra 
clones, and the study of introgression of P. euramericana, using controlled back-
crosses. Both isozyme and RAPD techniques will be used. 

Public awareness 
A study has been made on the legal possibilities to protect in situ material of P. nigra 
in Belgium. As a try-out a proposal was presented to the Flemish Administration 
responsible for Monuments and Sites, in cooperation with a local authority to protect 
a pollarded P. nigra tree as a monument. In this context also the press was mobilized. 

A training session for identification of P. nigra, using the EUFORGEN 
identification sheet, was held at the Institute for Forestry and Game Management 
for the landscape managers of the Flemish Land Company, which are in charge of 
the land management. 

This activity has resulted in the identification of some P. nigra specimens in the 
Iezer Valley and in their future legal in situ protection. The specimens were 
endangered by re-allotment activities of a large part of the Iezer valley. 

General articles on conservation of forest genetic resources in both forestry and 
nature conservation journals were published and received a good response. 
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/ Croatia 

Ante Krstinic and Davorin Kajba 
Faculty of Forestry, University of Zagreb,lOOOO Zagreb, Croatia 

The activities on conservation of the European black poplar (Populus nigra L.) 
genetic resources in Croatia started in 1993. In 1996, we continued with the 
selection of trees of the European black poplar in the western part of the Sava river 
and on the lower part of the Drava river. Another 27 old trees have been selected. 
In addition to 50 clones of the European black poplar selected in the last two years 
the total number of cloned trees thus amounts to 77. Selection was made in the 
regions longitudinally near the Sava, Drava and Mura rivers, the region of eastern 
Croatia (Sava, Drava, Danube rivers) being still inaccessible for us (UNTAES zone). 
As a rule, old trees of the European black poplar are present as individual trees, less 
often as groups of trees. 

Table 1 shows the total number of selected and propagated trees of European 
black poplar and their number included in the clonal archive. In March 1996, we 
established a clonal archive of poplars in which are included 34 clones. The clonal 
archive is near the Mura river in the northern part of Croatia and in the spring of 
1997 it will be successfully completed with another 43 clones. 

Table 1. Number of selected trees of European black poplar, 
propagated and included in the clonal archive. 

No. of selected Populus nigra trees 
Age (yrs) Propagated Included in clonal archive 
<15 12 12 
50 11 4 
70-90 44 12 
120 2 
~O 8 6 
Total 77 34 

Selection of good-performing individuals from young forest stands of the 
European black poplar is also very interesting since in this way it is possible to 
select new genotypes which will be well adapted to specific, local site conditions in 
which the silviculture of Eastern cottonwood (P. deltoides) and hybrid poplars P. x 
euramericana is problematic. 

In accordance with the decision of the Croatian Ministry of Agriculture and 
Forestry from 19 February 1996, on the lowland forest near the Drava river (Forest 
range office Slatina), 620.30 ha of natural mixed stands of European black poplar, 
white poplar and white willow are excluded from the regular forestry management. 
This decision is in agreement with the in situ preservation of genetic resources of 
natural broadleaved tree species in Croatia. 
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France 

F. Lejevri, A. Legionnet2, A. Valadon3 and M. Villar2 
1 INRA, 84000 Avignon 
2 INRA, 45160 Ardon 
3 CEMAGREF Domaine des Barres, 45290 Nogent s/Vernisson 

A national programme for Populus nigra conservation has been recently approved 
by the National Technical Commission for Forest Genetic Resources Conservation 
(Ministry of Agriculture). This is the general framework including objectives and 
practical considerations, while several tasks have already been in progress and 
specific means still have to be found for the remaining planned tasks. 

Justification and objectives 
Populus nigra is a particular model for gene resource conservation, as pioneer 
species of a 'perturbed' ecosystem (Herpka 1986; Zsuffa 1974). A high level of 
genetic diversity within populations is generally observed: this can be explained by 
some characteristics of the colonization process through seedling cohorts, with 
limited redundancy due to vegetative propagation at the adult tree level (Legionnet 
1996). Genetic differentiation among regions, or among stands within regions, is 
very low (Malvolti and Benedettelli 1993; Legionnet and Lefevre 1996), but not null 
in particular for non neutral traits (Legionnet 1996), and local adaptations are 
suspected. Theoretically, the introgression should be detectable (D'Ovidio et al. 
1991; Faivre Rampant et al. 1992a, 1992b), but the process still has to qe studied 
(Legionnet 1996). The taxonomy status of P. nigra is currently re-examined on the 
basis of DNA markers (Smith and Sytsma 1990; Faivre Rampant et al. 1995). 

Three factors are supposed to contribute to the genetic erosion of P. nigra: the 
diminution of the natural riparian ecosystem, the possible introgression with 
cultivated varieties (Cagelli and Lefevre 1996), and a rapid evolution of the parasite 
populations due to intensive poplar culture (Pinon et al. 1995). The first factor has 
led to almost an extinction of natural stands in some parts of the western margin of 
the distribution range of this species. The consequences of the two other factors still 
have to be clarified. 

The Ministry of Agriculture has supported research activities related to P. nigra 
conservation since the 1970s (Teissier du Cros 1977; Duval et al. 1993; Lefevre and 
Legionnet 1994; Lefevre et al. 1994, 1995; Legionnet 1996). One of the practical 
results is the clone collection currently maintained by INRA and administrative 
nursery in a stool-bed and a network of plantations (Table 1). The French breeding 
programme is also concerned with P. nigra germplasm (Villar et al. 1995). A more 
general study of the situation of poplar in the landscape was started by 
CEMAGREF (Le Floch 1995). In the international context, the ongoing pan-
European preoccupation about P. nigra and the collaboration within the 
EUFORGEN Network represent a new motivation for the implementation of a 
national programme. 

At the national scale in France (which is situated in the marginal part of the 
species' distribution range), the conservation of P. nigra has two objectives: 

• to maintain the various genepools that founded today's diversity 
• to maintain the particular local adaptations. 
The gene resource conservation of forest trees needs a long-term budgetary 

allocation, which is not necessarily linked with the economic interest of the species 
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considered. Therefore, different strategies should be combined from the beginning. 
Ex situ conservation is efficient in the short term, but it remains static. Dynamic 
conservation, potentially generating new diversity through recombination and 
selection, can be achieved either through in situ management, in natural conditions, 
or through breeding populations under recurrent selection: both rely on the long-
term approach. The cost of a breeding population has to be justified by the 
expected genetic gain of the new varieties. It seems more difficult to justify 
important financial support for in situ conservation; therefore this approach will 
rely mainly on the existing protected areas. Safe guidelines may be given for some 
aspects of ex situ, in situ or dynamic conservation, and research is still needed if we 
want to optimize the integrated conservation strategy. 

Table 1. Clone collection of POe.UIU5 nigra (accessions available in 1996). 
France Foreign Misc. Total 

Clones 347 59 3 409 
Progenies 75 0 0 75 
(clones) (772) (772) 
Controlled crosses 18 18 
Total sites or countries 117 6 

Resource inventory and characterization 
We lack basic information on the extent and spatial distribution of the remaining 
resource. This is partly because P. nigra is not individualized in the various forest 
inventories. We give the following objectives to the resource inventory: 

• describe the present situation, which would allow a follow-up 
• identify the drainage areas where the species has retreated 
• identify the drainage areas where important reservoirs of the species remain 
• characterize the species distribution (isolated trees, stands) 
• provide guidelines for completing the clone collection. 
A first inventory concerns remarkable trees (age and/or dimensions), either 

isolated or within natural stands. Priority will be given to the regions which are not 
represented yet in the clone collection, or where the risk of natural introgression is 
supposed to be high. The identification sheet from EUFORGEN will help to get 
information from various sources (natural reserves, ONF, associations); these data 
will be centralized and entered in a computerized database which has to be 
compatible with EUFORGEN recommendations (and will form a basis of those at 
the same time). 

Then, P. nigra stands should be localized and characterized (for black poplar, a 
stand can be defined as a group of adult trees from both sexes, producing seeds 
which are able to be regenerated in a suitable area). A typology of the stands is 
expected from the EUFORGEN Network as well. Preliminary information is 
available in the aerial pictures used by the National Forest Inventory. A second 
inventory 5 years later would give useful information about the possible evolution 
of the resource; then the interval between inventories should be adjusted. 
Information about remarkable trees might be recorded, and will have to be 
computerized as well. 

A regular survey of the pathogen population in the native stands, and in the 
network of populeta is proposed. This in fact has already started (INRA and 
CEMAGREF). 
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Ex situ conservation: clone collection 
A collection of clones with the best possible representation of the existing diversity 
will be conserved. Collecting stem cuttings rather than seeds is proposed in order 
to simplify the collection, to limit genetic redundancy, and to prevent screening 
introgressive forms in the progenies. 

The existing collection does not fulfil the two objectives previously mentioned, 
and it has to be completed. Today, we have no precise idea of the founder 
genepools; therefore the completion of the collection will focus on the objective of 
representing the various local adaptations, and sampling strategy will be stratified 
according to the geographic origin. Given the particular distribution of the species, 
with many small groups of trees and few extended stands, we propose to weight 
the representation of each collecting site according to the logarithm of the number 
of flowering trees rather than the effective number (Brown 1989). Finally the 
strategy will be as follows: 

• gather an initial collection of 1000 clones from the whole country: all will be 
maintained as adult tree plots, but only 500 of them, representing all the 
collecting sites, will be evaluated and maintained in stool-beds (active 
collection) 

• for each collecting site, the maximum number of clones in the collection is 
determined according to Table 2 

• the set of 500 clones for the active collection will be regularly updated, e.g. to 
incorporate particular phenotypes or to adjust the representation of certain 
collecting sites. 

Table 2. Representation of the collecting sites in the initial collection. 
No. flowering trees 

in the stand 
<10 

10-20 
20-50 

50 -150 
>150 

Maximum no. of clones 
in the collection 

1 
2 
3 
4 
5 

In a second phase, when more information is available on the founder genepools 
(in particular based on cytoplasmic DNA markers), zones of particular interest 
might be identified and new introductions necessary to complete the initial 
collection. 

The evaluation of the active collection, in nursery or laboratory, will follow the 
joint EUFORGEN guidelines: 

• adaptive traits of moderate to high heritability (phenology, resistance) 
• morphophysiological descriptors, and possible variants 
• simple biochemical markers (isozymes) 
• fine molecular characterization (marker of introgression). 
The ex situ conservation network will consist of a stool-bed of 500 clones, field 

plots containing all the 1000 clones, and any plantation trial linked with the poplar 
breeding programme. The effective number of ramets per clone will also follow 
EUFORGEN recommendations: 4 ramets in stool-bed, and 3 adult trees at a density 
of 200-400 trees/ha (8-15 ha for the 1000 clones). A stool-bed has to be renewed 
every 7 years, adult plots every 20 years. One can also think of cryoconservation 
since black poplar is probably one of the forest tree species for which the technique 
could be used. 
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In situ conservation 
The strategy would be first to benefit from existing protected areas which could 
include the conservation of P. nigra in their management objectives, and, second, to 
pay special attention to the regions of species retreat. In situ conservation of P. nigra 
is considered in the framework of the management of riparian ecosystem and 
differs from other in situ programmes in forestry. 

Various types of protected areas might be involved in that programme, 
depending on their longevity and their management rules. The French Natural 
Reserves (Ministry of Environment) would be the main operational structure: the 
inventory and characterization of the P. nigra resource is achievable, and part of the 
information is already available. For example, these Reserves have settled 300 
experimental plots in the riverside forests, where 10000 trees are individually 
observed (Pont 1994, 1995). Moreover, the management of these areas has been 
considered (Michelot 1995). There are other protected and managed areas (life 
programme, national or regional programmes) whose participation is required at 
least for the inventory task, but only perennial programmes could be involved in 
the in situ conservation network. This second type of protected area involves 
regional institutions and ONF. Finally, many other protected areas should not be 
included in the conservation network, generally because of the lack of management 
rules. 

In the drainage areas where the species has become rare owing to human 
activity, some 'relic' groups of flowering trees will be identified and protected, as a 
potential basis for new colonization. The nature of the protection still has to be 
defined. It is also possible to plant material of strictly local origin. 
Recommendations have to be given for favouring the re-establishment of poplar 
seedlings in the case of newly set-aside riverbanks. 

Dynamic management 
In 1995, INRA started a study on the best strategy for managing breeding 
populations of black and balsam poplars. In the breeding programme, P. nigra is 
only involved as a parent species for euramerican hybrid varieties. The recurrent 
selection strategy for that species is mainly aimed at maintaining a large genepool, 
and relationship is controlled through the follow-up of genealogies. Each family at 
generation (n) contributes to the next generation: clonal selection for the generation 
(n+ 1) essentially occurs within family. This strategy will start with a first set of 50-
60 genitors. The selection is made in two steps: first in the nursery for juvenile 
growth, resistance and wood specific gravity, then a stratification of the selected 
clones, based on fine components of the complex traits and phenology, will be used 
to identify the parents for interspecific hybridization. 

Another approach would be to set up a network of artificial plantations in the 
wild: the scientific basis for such an operation has to be completed, and it is 
considered as purely experimental. Adult tree plots would be installed in various 
contrasted conditions, at wide spacing (for better flowering). Silviculture will be 
reduced to the first 2-3 years, then adaptation to the environment will govern pollen 
and seed set of the trees. In the longer term, seeds could be collected in these 
artificial populations for a new generation (according to available means at that 
time). These populations should be maintained for at least 15 years. Costs are 
reduced to the first years. This is an opportunistic approach which could be 
integrated in the projects of re-establishment of riparian forests (various institutions 
involved). These plots can also be used for scientific studies, e.g. mating system, 
geneflow with local resources. 
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Research 
The first operations of the programme may start now. The level of precision 
):"equired for inventory and characterization of the resource under in situ 
conservation, as well as the stand descriptors, has to be clarified. For the rest, 
research needs in the short term correspond to the EUFORGEN Network 
recommendations: 

1. distribution of founder genepools (DNA markers with maternal inheritance) 
2. importance and consequences of the introgression process 
3. stand dynamics and geneflow, in relation to the global ecosystem 
4. risk assessment, modeling and experimental validation. 
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Spain 

N.Alba 
Area de Silvicultura y Mejora Genetica, CIFOR-INIA, 28080 Madrid, Spain 

Since last year the state of Populus nigra conservation has not changed significantly. 
We have been maintaining the collections ex situ and prospecting new areas. 

Conservation ex situ 
The collection at SIA-DGA (Zaragoza) is maintained as adult trees (arboretum): 
more than 110 clones from Ebro Valley. Forty-two clones from this collection were 
established in stool-beds (1 year old). 

Prospecting 
Twenty-three new clones have been collected from natural stands in the Ebro and 
Duero valleys. This collection is maintained in a greenhouse at CIFOR-INIA 
(Madrid). 

Conservation in situ 
Populus nigra in Navarra (Ebro Basin) is growing in Protected Areas. These stands 
are under protection for the conservation of the wildlife, so they have no 
management. 

In the Duero Valley, P. nigra stands are not protected and they are actually 
menaced. 

In order to obtain financial support to study natural populations from Ebro 
Valley and SIA and CIFOR collections, a joint proposal (SIA-DGA and CIFOR-
INIA) was presented to the National Programme for Investigation and 
Development. 
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Conservation of genetic resources of Populus nigra in the 
Czech Republic 

Jiri MottC, Vojtech Benetka1
, Martin Dubsk,!/, Kveta Vackovti and Ludmila 

Cizkovti 
I Research Institute of Ornamental Gardening, 25243 Pruhonice, Czech Republic 
2 Research Institute of Forestry Research Station, Kunovice, Czech Republic 

Present distribution and reasons for reduction 
In the Czech Republic the native black poplar (Populus nigra L.) is an endangered 
species. The original sites of black poplar are found in conditions along streams in 
inundation areas, from lowlands to uplands. From the original regional black 
poplar populations only isolated old trees or small groups have remained. Large 
parts of the landscapes are without this species. 

The loss of original sites by large landscape drainage and regulation of streams 
makes natural regeneration of this species almost impossible. Black poplar was 
displaced by the cultivation of fast-growing P. x euramericana cultivars. 
Spontaneous interspecific hybridization of black poplar with imported cultivars 
(Populus nigra L. var. italica, Populus x euramericana) threatens the genepool of the 
native woody plant in those few cases when its natural regeneration occurs (Mott! 
and Dubsky 1995). 

The vegetative propagation of old trees of P. nigra is problematic from the 
physiological point of view. A lot of old trees most likely originate from the 
vegetative propagation of cut-down trees. The lack of success in experiments in 
cultivation of vegetatively propagated old trees of P. nigra can be explained not 
only by the drainage of landscapes and the spread of diseases during the cultivation 
of hybrid poplars, but also by the old age of these clones. 

The conservation of our P. nigra genetic resources is possible by new 
generatively propagated populations obtained from the controlled crossing of 
'select' trees. Their plantation in various sites, from optimum to extreme, will 
enlarge the genetic diversity. 

History 
Conservation activities of the genetic resources of P. nigra began in the 1950s in the 
Research Institute of Forestry - Research Station Uherske Hradiste with prospecting 
and collecting of 'select' trees (trees selected according to the conservation of 
genepool and their production properties). Controlled intraspecific crossing of 
these trees was made and produced a large number of seedlings. These seedlings 
were planted in the central row of windbreaks in South Moravia. Because of the 
previous bad experiences with the cultivation of vegetatively propagated P. nigra 
old trees, no interest was shown in using these plants in forest planting. 

These experiences were confirmed in 14 trial plantations with various poplar 
clones established from 1953-67. Fifty-six clones of P. nigra were planted and 
positive results with several clones were obtained only at the optimum sites, which 
were sometimes flooded. 

By 1985, 78 select trees of P. nigra were collected in the clone archives in the 
Research Station Uherske HradiSte. 
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Present situation 

Select trees 
In 1985 more extensive research on the conservation of genetic resources of P. nigra 
started with prospecting other select trees and the evaluation of black poplars in the 
new windbreaks. 

In 1987 the Research Institute of Ornamental Gardening joined the programme 
with several research projects (from the Ministry of Environment, the Grant Agency 
of the Czech Republic and the Ministry of Agriculture). The work concentrated on 
three areas: windbreaks with P. nigra in South Moravia, the central Moravia Basin 
and the central Labe Basin. In these localities new select trees were prospected and 
detailed characteristics of their habitus (based on 17 criteria) were given. The trees 
are ready for incorporation into the Central records in the Research Station Uherske 
HradiSte. Since 1987,204 select trees have been marked in the field, described and 
put in the stand maps. 

In 1993 the investigation of the windbreaks planted with P. nigra seedlings in the 
1950s was finished. The total length of the windbreaks is 15.8 km, parts with 
P. nigra were registered in the length of 10 km. In particular parts of windbreaks 
the silvicultural measures were suggested to protect trees of P. nigra. Only a small 
part of the windbreaks is situated along streams. Most windbreaks were planted in 
an agricultural landscape with a lower level of groundwater (ex situ). In these sites 
P. nigra propagated by seed grows better than P. x euramericana cultivars. In the 
windbreaks, 97 select trees (46 f, 51 m) were chosen, of which 32 trees were 
vegetatively propagated and collected in the clone archives (Dubsky and Mottl 
1993). Five other clones were collected in the 1960s. It will be possible to use these 
clones with certain properties in programmes of reintroduction of P. nigra into the 
landscape, where it is not possible to use progenies propagated by seed, or in 
afforestations. 

In the central Morava Basin (the Litovelske Pomoravi Nature Preserve, the 
Reserve of the floodplain forest Zastudanci, the Bystrice Valley) 50 select trees (19 f, 
31 m) were chosen, of which 14 were vegetatively propagated to the clone archives 
(Mott! and Dubsky 1996). Besides these, other high-quality black poplars were 
found in the Svratka and Jihlava Valleys, in the Reserve Mlynisko and in the urban 
vegetation of Brno. 

In the central Labe Basin (small reserved areas, urban vegetation of Podebrady 
and Brandys) 42 select trees (19 f, 23 m) were chosen, of which 15 were vegetatively 
propagated to the clone archives. In the Vltava Basin (urban vegetation of Prague, 
streamside stands) there are 15 other select trees (8 f, 7 m), of which 4 are in the 
clone archive. 

Other quality trees were found in the Ohre and Bilina Valleys in southwestern 
Bohemia. In 1996 a country-wide investigation of extreme stands of P. nigra 
(uplands with altitude 400-750 m) was made and 18 black poplars (11 f, 7 m) were 
identified. Next year inventories of P. nigra distribution will be made in other parts 
of the Labe Basin, in South Moravian valleys and in the Moravian Carpathians. 

Besides vegetative propagation and collection into archival stool-beds, the select 
trees can be used for controlled interspedfic or intraspedfic crossings. 

By 1996, 160 clones of P. nigra from the Czech and Slovak Republics had been 
collected in the clone archives in the Research Station Uherske HradiSte. This 
Research Station takes part in the creation of an international clone archive, which 
was established in Casale Monferrato in Italy. 
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Ex situ and in situ plantations 
In 1989 an adult tree plot (with land area of 9.6 ha) containing a collection of poplar 
clones suitable for plantation into landscape was established in Pruhonice (ex situ). 
On the land area of 2.6 ha, 27 clones of P. nigra from stool-beds (collected in the 
1960s) were set out. The growth of 7-year-old black poplars is now very good and 
the differences in tree height, habitus and foliage of these clones are already 
perceptible. 

In 1994, 7 adult tree plots (with a total area of 4.7 ha) with 2-year-old seedlings of 
P. nigra were planted in the Litovelske Pomoravi Nature Preserve (in situ). Nine 
progenies from controlled crossings in greenhouse conditions and three progenies 
from open-pollination of three female trees used in the crossings were set out. As 
parent trees, select trees from all over the Czech Republic (windbreaks in South 
Moravia, Labe and Vltava Valleys) were used. Four plots with 1368 planted trees 
are evaluated each year. 

In the near future we plan to plant two in situ plantations with 2-year-old 
seedlings, one in 1997 which will be a small streambank stand (about 0.8 ha) in the 
Litovelske Pomoravi Nature Preserve with 8 progenies (about 250 seedlings) and a 
second in 1998 will be several forest plantations (about 10 ha) in small reserved 
areas in the Labe Valley with 13 progenies (about 4000 seedlings). Seedlings from 
the controlled crossings of parent trees from each regional population of P. nigra 
will be planted together with vegetatively propagated transplants of parent trees. 

It is planned to make additional controlled crossings in order to conserve 
regional populations (e.g. in the Moravia Valley, in uplands areas - the Ostravice 
Valley) and also to hybridize select trees from various areas to gain clones with 
good yield properties. Plantations of seedlings from these crossings can be used for 
genetic analysis of parent trees and, after 20 years, for the selection of new clones 
and select trees. Select trees of P. nigra will be also used for interspecific crossings 
with P. deltoides. 

Isoenzyme analysis of genus Populus 
To distinguish hybrids P. x euramericana from species P. nigra we use isoenzyme 
analysis, horizontal starch-gel electrophoresis. This method was used for species 
P. trichocarpa (Weber and Stettler 1981) and for species P. deltoides, P. x euramericana 
and P. nigra (Raj ora 1989). Our results are· partially different from the ·results 
described by Rajora. From applied enzyme systems (PER, IDH, MDH, PGI , 6-PGD, 
LAP, ACO) the best results were received with 6-PGD and LAP, which make 
possible a reliable and easy identification of hybrids P. x euramericana. 

It is possible to distinguish hybrids P. x euramericana from P. nigra according to 
morphological traits. That is why we concentrated on introgressive hybrids P. nigra 
x P. x euramericana, which can arise spontaneously and their identification is much 
more difficult. For this purpose we made several crossings. An isoenzyme analysis 
of 40 offspring from the crossing of P. x euramericana Marilandica x P. nigra (select 
tree 880044) was made. In both enzyme systems 6-PGD and LAP the segregation of 
both parent phenotypes in ratio 1:1 occurred. When using both systems together 
there is about 75% probability of identifying hybrids. These two enzyme systems 
do not distinguish P. x berolinensis and P. trichocarpa from P. nigra. 

We are going to use this information among others in the evaluation of progenies 
in sites with natural regeneration of poplars. The genetic analysis is mainly used 
for the evaluation of select trees of P. nigra included in the clone archives and used 
for crossings. By this method it is intended to also characterize regional 
populations of P. nigra in the Czech Republic. 
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Populus nigra in Austria: rare, endangered, not recognized? 

Berthold Heinze 
Institute of Forest Genetics, Federal Forest Research Centre, 1140 Vienna, Austria 

The situation 

Floodplains in Austria - natural P. nigra habitats and their deterioration 
In late 1984, conservationists prevented the construction of a hydroelectric power 
station in the middle of what is believed to be the last vast natural floodplain forest 
in Austria, along the Danube at Hainburg between Vienna and the Hungarian 
border. This fierce confrontation, which led to some violent scenes when the first 
(and last) trees were felled, had a tremendous impact on the public perception of 
floodplain forest conservation. It also helped to boost research funding in such 
areas - for a few years. Austria joined the Ramsar Convention (protection of 
waterfowl habitats) in 1983; 3 of the 4 areas included in this treaty have relevance to 
Populus nigra conservation (Danube/March/Thaya floodplains, Untere Lobau, 
Rheindelta/ Bodensee). The current construction of another hydroelectric station in 
Vienna is accompanied by a big public relations campaign. Nevertheless, emphasis 
in floodplain conservation efforts is first on water, then on forest ecosystems, and 
within them, on animal species. While hybrid poplars planted in blocks are widely 
seen as 'unnatural', P. nigra and its genetic problems are neglected by the general 
public and the major conservationist groups. 

Lazowski (1989) has summarized the occurrence of "Auen" (floodplains) in Austria 
(Fig. 1). Continuous major floodplain forests are still found along the Danube and 
March rivers (between Vienna and Hungarian/Slovak border), the Leitha and the 
Mur river at the Slovenian border. Altogether, floodplain forests comprise 1.1% of 
Austria's forests (426.6 km2, calculated from Schadauer 1994). Floodplain forest soil 
types cover 700 km2 (Kilian 1995). The biggest share of these areas is situated along 
the Danube river (300 km2), especially in the Lower Austrian part (230 km2, Ruhm 
1990). 

Black poplars (including hybrids) comprise only an insignificant share of 
Austria's forests in terms of area and individual trees. Distribution maps for 
P. nigra exist only for the Federal States of Salzburg (Wittmann et al. 1987) and 
Karnten (Hartl et al. 1992), but differential identification of P. nigra vs. hybrids is not 
always beyond doubt. Karnten is the only Federal State that has put P. nigra on the 
Red List (level 5; HartI et al. 1992). Botanical data indicate an occurrence of P. nigra 
in all Federal States (Fischer 1994); however, this includes ornamentals, windbreaks 
and single trees in parks, etc. A more exact estimate of the potential present 
distribution may be the map of (lowland) floodplains in Fig. 1. Almost certainly, no 
P. nigra stands are left outside of the remaining major floodplain areas, but single 
trees may be more widespread. The Karnten distribution map is remarkable as only 
very small patches of floodplain forests are left there, but P. nigra is indicated in 
what may be taken as its potential former distribution range, the lower river 
valleys. The only suitable region for P. nigra in Salzburg, a mountainous federal 
state, is the Salzach valley below the city of Salzburg. The upper river valleys in the 
Alps, as well as areas of higher elevation in the north of Austria (Miihl- and 
Waldviertel) are generally considered outside of the distribution range of P. nigra. 
Data from neighbouring Bavaria (GuIder 1996) confirm that the species reaches its 
vertical limits at an elevation of approximately 400 m in this climate zone. 
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Floodplain forests have always been close to human settlements; their intensive use 
is a consequence. In Austria, hunting has had (and still has) a major impact on 
these forests. Timber production took off only in the second half of the previous 
century, when fuel wood consumption declined. Hybrid poplars came in and 
replaced P. nigra on many suitable sites. A report from the beginning of this 
century claims that P. nigra has been deliberately removed from a Danube 
floodplain forest because of its poor wood quality (unsellable fuel wood; 
Wendelberger-Zelinka 1952a). The main hybrid cultivars have been successively 
Marilandica (the Danube poplar, Jelem 1974) and Robusta, followed by the Italian 
clone 1-214 and others. Reliable dated reports of hybrid introduction are 1860 for 
Zogersdorf/Stockerau (Marilandica, after Jelem 1974) and 1907 for the Wall see area 
(Wendelberger-Zelinka 1952a). 

Jelem (1974), in his description of the Danube floodplain forest sites, reports that 
P. nigra was still common in the Eferding Becken in the early 1960s (where today 
only a few trees can be found; F. Sternberger, pers. comm.), the region of 
Klosterneuburg (especially Korneuburg region) and the Untere Lobau. Of these, 
Untere Lobau is a region where many P. nigra trees are still found. Soil and site 
conditions along the Danube in Lower Austria were mapped by colleagues in our 
·Research Centre in the late 1980s (Mader/Margl Standortskarten). Of these, the 
areas of Wolfsthal, Mannsworth, Hainburg, Stockerau and upriver towards Tulln 
have only few potential P. nigra growing sites, while there are patches near 
Neuaigen, Langenschonbichl, Utzenlaa and Frauendorf/Winkl (opposite 
Zwentendorf) that are generally richer in P. nigra-compatible soil types. Ruhm 
(1990) compared actual and potential vegetation in this latter area: most of the sites 
suitable for P. nigra have been heavily planted with hybrids and other tree species. 

Hydroelectric power stations have been built covering almost completely the 
stretch of the Danube in Austria: approximately 250 km of 350 km are banked up 
(Donaukraft information leaflet, no date). These power stations caused major 
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changes to the landscape. In the remaining areas, flood dams prevent 'natural' 
floods except for sites very close to the river. About 110 km2 of floodplain forest are 
situated next to stretches of the river free from the direct impact of power stations 
(Lazowski 1989). Absence of floods allows intensive agricultural use of the fertile 
soils. The sudden drop in the groundwater table after such building measures 
leaves older trees without sufficient water supply. In the long run, poplar stands 
are succeeded by hardwood forests. The absence of regular floods also prevents 
favourable germination conditions for poplar seeds on newly exposed open soil and 
gravel. On the other hand, dense poplar regeneration is often observed on soil 
disturbed by building activities. Only very recent power stations along the Danube 
are providing 'water donation canals' for the forests. 

A special feature of floodplains upriver, but not too far west, are so-called 
'HeiBlands' (meaning 'hot embankments'). These are sites with gravel almost up to 
the topsoil formed by strong floods. Because of low water retention capacity, these 
sites are very dry and carry a shrubby or meadow vegetation. Populus nigra is the 
only autochthonous tree species that can endure such conditions. HeiBlands are 
common around Tulln, but are rare from Vienna downriver. One exception is the 
Untere Lobau in Vienna where 20% of the total area are HeiBliinds with P. nigra 
trees or stumps of poor growth. 

Western (upriver) floodplains of the Danube have a grater share of 'soft' soil 
types more suitable, in general, for poplars and willows. Wendelberger-Zelinka 
(1952b) reports of a former practice to harvest black poplar for fuel wood every 2 to 
5 years (similar to present-day 'energy forests'). 

Along the March/Thaya rivers, P. nigra is rare (Jelem 1975). Regulation 
buildings reduced suitable sites to a narrow band along the river edge. The lower 
March floodplains (Slovakian border) have harboured a WWF nature reserve since 
1970. There are not many P. nigra trees left; however, the influence of planted 
hybrids is also not very strong (P. Ebner, WWF Austria, pers. comm.). 

Other rivers 
Mur: H. OUo (Amt der Stmk. Lreg., pers. comm.) reports on the occurrence of 
P. nigra stands near Bad Radkersburg in southwestern Styria (Slovenian border). 
Gravel pitches are the main problem for conservationists;· some of them have been 
converted to recreational lakes. The land is owned by many small farmers who do 
not plant hybrids very frequently. Upriver, a single specimen can be found 
(Unzmarkt - Puxer Au, elevation approx. 750 m!). Near Judenburg (Thalheim), 
hybrid plantings have replaced native P. nigra because of a nearby paper factory. 

Rhein: The nature reserve of the Rhine Delta (Lake Constance) comprises 1270 ha 
(Gepp 1985). Single black poplars are left there; management plans suggest 
selective felling of hybrid poplars (01 Albrecht, Vlbg. Lreg., pers. comm.). 

Eastern Austria: The Leitha river is an example of black elder/common ash 
floodplain forests with less P. nigra (Lazowski 1986). Remnant floodplains occur 
along the Schwechat river near Traiskirchen, the Lafnitz river (Styria/Burgenland 
border), and very small remnants along the Raab shortly before the Hungarian 
border. All these areas are home to single individuals of P. nigra, as are the Kainach 
and the Sulm rivers in Styria (OUo, pers. comm.), and the Ybbs, Erlauf and Traisen 
rivers of Lower Austria. 
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Western Austria: Thirty-five km2 of floodplain forests are situated north of 
Salzburg (Salzach river). There are further patches of floodplain forests along the 
Inn, bordering Bavaria (GuIder 1996). Remnants of floodplains are found along the 
Traun in Upper Austria where gravel production is strong. 

Smaller rivers and brooks in agricultural land sometimes still support a narrow 
band of trees along their edges, where P. nigra trees can be found. A problem in 
this setting is that euramericana hybrids are also widely planted as windbreaks 
between fields, so that introgression becomes possible. Castles and large country 
homes in the east of Austria are often situated in former floodplain forest areas; 
sometimes their parks and gardens are still home to remnant original vegetation 
including trees (e.g. Laxenburg south of Vienna; Wendelberger-Zelinka 1960). 

There is currently no effort being made to conduct a comprehensive census or 
inventory of the species. Apart from a few stands in the Lobau, no P. nigra forests 
are known to us as yet. Single individuals, however, are quite common, but some 
uncertainty about introgression remains with these. 

All sorts of hybrids are often planted as ornamental trees. The variety italica is 
virtually ubiquitous, found even in some mountain valleys. Alleys of italica poplars 
are very popular, and another site where it is almost always found is the football 
ground of each village and town. 

Main current problems 

Identification of backcrosses and pure P. nigra 
The more generations of backcrosses have occurred, the more difficult 
morphological identification becomes. We also find it hard to identify F2 plants 
beyond doubt. This applies especially to young plants. We are therefore 
investigating molecular genetic techniques for distinguishing the species and 
hybrids. We are using published DNA markers (Bradshaw et al. 1994) and 
chloroplast DNA inter genic spacers, both with the peR technique. So far, we were 
successful in identifying a P. nigra allele for marker win3, a wound-inducible gene. 
The P. delta ides allele at this locus is different from P. nigra, P. trichacarpa and other 
balsam poplars. This marker does not allow the assessment of single individuals 
beyond the first generation of hybridization, but if applied to a whole population 
(e.g. seed or plants collected from a site) it is possible to estimate the percentage of 
hybrid poplar alleles in the plant material as a whole. 

Regeneration and establishment through seed 
We sometimes observe seedling establishment on disturbed sites, mainly after 
building work, but almost none in natural habitats because of the absence of floods. 

Introgression and remaining genetic variation 
Early reports (Wendelberger-Zelinka 1952a, p. 77) held that introduced hybrids, 
being mainly male, would not be able to regenerate through seed (this belief is in 
contradiction to the widespread use, at that time, of the Marilandica clone which is 
female). Nevertheless, planted hybrids do produce seed; there is no reason to 
believe that they do not produce pollen as well. All combinations of crosses are 
possible in the laboratory after the Fj generation (M. Villar, INRA Orleans, pers. 
comm.) - do they also occur under natural conditions? . 

We also lack information on genetic variation in the remaining stands and 
individuals. As a first hint, we observed both male and female flowering in the 
Lobau with its many P. nigra trees. 
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Conservation activities 
Conservation legislation is a matter of the Federal States, and therefore not uniform. 
A National Park is planned between Vienna and the Hungarian/Slovak border. The 
legal base of such a park would be a contract between the administrative authorities 
and landowners. This park would have great relevance to P. nigra conservation. 
Proposals for management plans consider a gradual eradication of hybrid trees and 
stands. However, this would give the hybrids a chance to pass on their genes. On the 
other hand, instantaneous removal of all hybrids would result in large clearcuts, 
which are also unwanted. A way out of this dilemma may be to use genetic markers 
to check regeneration sites of black poplars. 

The next level of protection is Natur- or Landschaftsschutzgebiete, which are the 
responsibility of the Federal States. Forestry may be practised in some of these 
areas, depending on the particular legislation of the Federal States. Larger 
protected areas with relevance to P. nigra are situated at the Rhine Delta and the 
lower Mur river. 

Local authorities in Vienna have declared single old trees to Nature Monuments. 
These include 17 single P. nigra and unspecified numbers along the Alte Donau, the 
former main river-bed, and at Toter Grund (lists in German on the Internet at 
address http://www.magwien.gv.at/ma22/nd/ndindex.htm) on the flood­
prevention dam Donauinsel, which is home to many younger P. nigra trees lining 
both embankments. The protected trees sometimes have a considerable age. We are 
interested in finding out how many clones these trees represent. Together with the 
areas of the Praterauen, the Lobau (see below) and the Auparks at Jedlesee and 
Floridsdorf, this makes Vienna a centre for black poplar conservation in Austria 
(Fig. 2). 

In the Untere Lobau region, two stands were indicated to us by foresters, each 
comprising between 30/40 and maybe even 100 individuals. The larger of those is 
130-140 years old, at a site that is now well inland, but used to be an island in the 
river when the stand was established. Sex distribution seems to be fairly equal, and 
seed is produced. The other stand is about 60 years old, also naturally established 
(as judged from the species mix with P. alba). Besides these two stands, there are 
numerous P. nigra trees of poor growth and form on dry sites in this area; the age of 
such trees cannot be estimated from their sizes. There are also hybrid stands closer 
to the river, inside of a flood prevention dam. Occasional rejuvenation can be 
observed on river banks (gravel) or from root sprouting. 

Collection of cuttings 
The Upper Austrian Forest Nurseries started collecting cuttings in the spring of 
1996. Around 20 clones have been obtained (W. Stockl, pers. comm.). Our own 
institute has at the same time started a limited collection in the Vienna area which 
shall be intensified. We plan to establish a reference collection of ±100 clones for 
Austria, trying to find local partners throughout the country that maintain denser 
collections of local clones. 

Current seed and plant trade regulations do not allow the use of vegetatively 
propagated poplar material for forestry purposes without testing for superior 
growth performance. 
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Fig. 2. Occurrence of Populus nigra in Vienna. 

Seed collection 
We are also experimenting with seed collected in different areas because this is a 
dynamic approach and because cuttings from old trees are difficult to root. We 
obtained several hundred seedlings in 1995 and 1996. The seedlings will be tested 
for P. deltoides alleles in our laboratory as outlined above. Before re-introducing 
"certified" P. nigra plants from seed, we would also like to test for relationship to 
var. italica, maybe with "genetic fingerprints" or microsatellites if such become 
available. 

The future 
We are concerned about the management of protected areas as mentioned above, 
having in mind that natural establishment of seedlings is difficult anyway in flood­
free areas. Equally important to us is the situation in unprotected areas. Forestry 
enterprises as well as farms are under enormous economic pressure, and 
conservation costs money that governments tend not to possess these days. We 
hope that a future National Park at the Danube may become a nucleus for further 
conservation activities. 
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Preservation and reproduction of black poplar in Slovakia 

Ladislav Varga 
Forest Research Station, L VU, 93005 Gabcikovo, Slovakia 

Of the softwood broadleaves, black poplar (Populus nigra) represents an important 
stablilizing element in forests on lowlands and uplands. In consequence of 
anthropogenic load the area of this species has considerably declined, so that it 
covers only 350 ha. It is necessary to stress the fact that black poplar does not form 
continuous stands but it usually occurs in the form of groups and individuals 
within the forest type: Querceto-Fraxinetum, Ulmeto-Fraxinetum carpineum and 
Fraxineto-Alnetum. 

In the early 1960s the programme for preservation of autochthonous black 
poplars was started in Slovakia. The basic task was to determine suitable 
morphological criteria, since spontaneous hybrids, which were in some cases hardly 
identifiable, occurred between autochthonous black and introduced american 
poplars. Model sample trees (buds, branches and leaves) and photodocumentation 
obtained from the region of upper Orava were chosen to be an objective reference. 
In that region, american clones of poplar do not occur. The occurrence of the 
parasite Viscum album L. is considered to be the most objective determining 
indicator of domestic black poplar. It follows from extensive research (during the 
years 1995-96) that mistletoe may occur only on autochthonous black poplars which 
grow on extreme sites, such as in pit-run gravel without contact with groundwater. 
Viscum album was registered on all regionalized and prospective clones of 
euramericana hybrids which were older than 20 years. A correlation between site 
and an occurrence of the parasite has not been confirmed. 

On the basis of phenotypic characters, 196 plus (sample) trees were selected for 
in situ preservation. The most valuable individuals were on alluvial soils of the 
Dunaj and Morava rivers, where some of them reach a height of 39 m. According to 
dominant phenotypic characters, the 196 plus trees were divided into two groups: 
shapable and production trees. Shapable types are characterized by a straight 
cylindrical stem, with narrow fan-shaped to pyramidal crown, with branches rather 
thin, set at a sharp angle (:::;45°). A natural branching out of individuals occurs in 
the canopy. 

Production types have in the lower part a straight, sometimes moderately 
corrugated full-boled stem; at approximately half the tree height, it changes to 
become a more spreading fan-shaped, semi-spherical crown. From all plus trees of 
P. nigra the reproduction material was obtained which underwent clonal tests in a 
central poplar nursery as well as on the permanent sample plots. Five clonal 
archives were established from clones which do not suffer from fungal diseases and 
pests and which formed a straight stem. Of all tested clones only the 'Baka' clone 
was equalled in an intensity of growth to the standard 'Robusta'. Because this clone 
also met other breeding criteria, from 1 January 1996 it has been included in the 
register of certified poplar clones in Slovakia. An important role in the protection 
and preservation of domestic black poplars by in situ conservation is played by 
fragments of gene bases - a set of stands represented by original tree species among 
which a continuous exchange of alleles still occurs. Populations are of a regional 
character. An area of gene bases varies from 5 to 25 ha and a total area of 153 ha of 
gene bases had been marked on the territory of Slovakia by 31 December 1995. 

In the stands of black poplars with high phenotypic value we have proceeded 
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with preservation in situ and reproduction by a generative method. In the places 
with stand density of about 0.6 as well as on margins of stands, grass detritus was 
mechanically removed to protect against seed invasion. The size of partial areas 
(established plots) was 1 x 1 m and they were laid out in a chessboard pattern. The 
areas were weeded three times during a growing season and were chemically 
treated against fungus of the Fusicladium genus. Control areas remained without 
intervention. At the same time the results were compared with sowing in poplar 
nurseries in the Research Station in Gabcikovo. The results obtained, shown in the 
following table, were from September 1996. 

Free areas Areas in the poplar nursery 
Areas Areas 

Assessed quantative and mechanically and Control mechanically and Control 
qualitative parameters chemically treated area chemically treated area 
Number of single trees/1 m2 15 0 79 0 
Average height (cm) 11 0 68 0 

Health condition t 3 0 0 

t Health assessed on a 0 to 4 relative scale, where 0 = undamaged and 4 = severely damaged. 

Based on the analysis of quantitative and qualitative parameters of 1-year-old 
seedlings, it follows that under the assumption of keeping the technological 
discipline, it is possible in natural conditions to reach good regeneration of black 
poplar. However, the quantitative parameters are minimally 5 times lower than for 
generative progeny in stool-beds in the poplar nursery. 

Ex situ rescue is also being supported by the generative method, as well as by the 
autovegetative method (poplar parent trees, clonal archives). From the plus trees 
that are isolated from Populus deltoides, or Populus x euramericana, seed was obtained 
and outplanted into the cold stool-bed. At the end of the growing season the 1-
year-old seedlings were sized and 10% of the tallest seedlings and seedlings with 
the highest quality were transplanted. 

The greatest height reached by seedlings at the end of the growing season was 
167 cm. The percentage of seedling distribution according to height classes was: 

Height classes (cm) 
1-40 41-80 81-120 121-160 +160 
31% 49% 11% 7% 2% 

The selected 1-year-old seedlings were transplated (spacing: 80 x 25 cm). During 
the second year the health condition was evaluated regularly and at the end of the 
growing season the selection was repeated. Twenty percent of seedlings which 
reached the greatest height showed good resistance, creating a straight stem, and 
were outplanted in the permanent research plots. The oldest plantings are now 
5 years old. Preliminary evaluation revealed that the analyzed populations have a 
mild or moderately heavy crooked stem with a considerable number of shoots in 
the lower part of the stem, a spherical crown and branches set at an obtuse angle. 
With the exception of some individuals, they are regularly attacked by fungal 
diseases and pests. In comparision with a standard poplar 'Robusta', they reach 
smaller growth parameters by 12%. 
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Conclusion 
In consequence of continual anthropogenic load, the area of domestic black poplars 
has considerably decreased. In the interest of forest stands stabilization in the 
lowland regions it will be necessary to: 

• continue in the preservation of the most valuable individuals from a 
genotype point of view 

• dedicate greater attention to and at the same time increase the area of gene 
bases 

• increase the number of regionalized clones, minimally 2 clones within 3 years 
• continue intra specific hybridization with emphasis on stem plasticity, 

growth intensity and resistance to biotic and abiotic factors where 
appropriate 

• proceed to the establishment of multiclonal stands within 5 years 
• participate in clonal archives with clones from Central and Eastern Europe. 
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The status of black poplar (Populus nigra) in Moldova 

Gheorge Postolache 
Institute of Botany, 277002 Chisinau, Moldova 

The forests of Moldova occupy 9.3% of the country's territory. The natural zonal 
forests consist of Querceta pertraea, Querceta pubescentis, Querceta roburis and Fageta 
sylvaticae formations. The azonal forests are represented by Saliceta albae and 
Papuleta albae typological formations. 

The surface of the poplar forests in Moldova is 4920.9 ha. It makes up 2.4% of 
the whole surface of our forests. The natural poplar forests occupy 2559.5 ha or 
60.1 %. The forest plantations spread on a surface of 1961.4 ha. 

Four species of poplar occur in the natural forests: Papulus alba, Papulus canescens, 
Papulus tremula and Papulus nigra. Most of this surface is covered with P. alba -
2999.8 ha (61.0%). Papulus nigra occupies a surface of 486 ha or 10% of the total area 
covered with poplar forests. Up to now, 187 ha of P. nigra natural forest have been 
preserved and 299.6 ha of poplar stands have been planted. At the same time 
1162.0 ha of Papulus deltaides and 72.8 ha of Papulus pyramidalis have been planted 
(Table 1). The poplar plantations show very good quality and growth properties: 
11 m3/ha at the age of 30 years. 

Table 1. Surfaces occupied by different species of poplar in Moldova. 

Species 
Populus alba L. 
Populus nigra L. 
Populus tremula L. 
Populus deltoides March 
Populus pyramidalis Rosier 
Total: ha 

% 

Natural forests (ha) 
2589.2 

187.0 
183.3 

2959.5 
60.1 

Planted forests (ha) 
410.8 
299.0 

17.0 
1162.0 

72.8 
1961.4 

39.9 

ha 
2999.8 

486.0 
200.3 

1162.0 
72.8 

4920.9 
100.0 

Total 
% 

61.0 
10.0 
4.0 

23.6 

100.0 

Papulus nigra is found in the natural waterside forests of the Nistru and Prut river 
valleys (Fig. 1). Solitary examples have been found in moist locations at the sources of 
small rivers (tributaries of the Nistru and Prut): Bic, Botna, Isnovet and Cogilnic. 

Papulus nigra grows in moist places with a medium and short duration of 
flooding, on alluvial soils. It is not found in places with salty soils. It is a 
component of the willow (Salix alba, Salix fragilis) and Papulus alba forests and more 
seldom is found in oak (Quercus rabur) forests. In these types of forests P. nigra is 
characterized by an insignificant abundance (1-2, according to the Hult scale). It 
rarely dominates. The period of vegetation (with leaves on the trees) is from the 
second half of April to November. Natural regeneration in populations is very 
weak (Postolache 1995). 

Up until 1958 plantations of P. alba, P. nigra, P. delta ides and P. pyramidalis had 
been created. After 1958 new species of poplar were introduced. Work on the 
selection and hybridization was begun, as well as the acquisition of new sorts of 
poplar at the Forest Station in Bender. This work, performed by G. Nicanorov 
(1970), indicated fast growth and resistance to pests and diseases under different 
environmental conditions. This study also aimed to obtain types of poplar with 
decorative qualities for use in urban plantings. 
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~ Fig. 1. The distribution of Papu/us nigra in 
Moldova. 

From different places in Moldova, 165 parent trees (65 female and 100 male) 
were chosen: P. alba, P. deltoides, P. bolle, P. pyramidalis and P. nigra; 293 crossings 
were made. The hybrids obtained from these crossings showed good growth with 
the exception of P. nigra and P. bolZe. The P. nigra hybrids are very different 
morphologically. It was observed that from the crossings of P. nigra with 
P. deltoides and P. pyramidalis the majority of· the offspring had qualities most like 
those of P. nigra. In crossing P. nigra with P. pyramidalis hybrids, all the stages from 
a pyramidal crown to a brunchy one were obtained. All the hybrids of P. nigra 
evidenced an improvement of the trunk quality. As a result of this work, four types 
of poplar were obtained: Nistrean, Merenesti, Bender and Moldovenesc. 

The elite samples of these kinds of poplars reach the height of 16-18 m at the age of 
9 years and have a diameter of 15-16 cm. The annual growth increment is 1.8-2.1 m. 

The actual state of many poplar plantations is unsatisfactory, as many of them 
were created in unfavourable conditions. As a result, many poplar plantations from 
the Prut river waterside are attacked by diseases at present. 

The investigations of the genetic resources of Populus nigra are stopped because 
of certain difficulties, but at the same time it must be mentioned that this problem is 
considered serious in our country. 

We have specialists who can undertake the following work: 
• inventory of the forest resources 
• the investigations of genetic diversity in different ecological conditions 
• identification and preservation of the precious plantations and natural 

populations 
• creation of new clones, sort collections, etc. 
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Black poplar in the Russian Federation 

Ivan 1. Popivshchy, Andrey E. Prokazin and lliodor V. Routkovsky 
Russian Tree Breeding Centre (CENTRLESSEM), 141200 Pushkino (Moscow), 
Russian Federation 

Range of black poplar in Russia 
The range of distribution of Populus nigra in Russia occupies the European part, its 
central and southern regions. Black poplar reaches to the north along the Severnaya 
Dvina river to 63°N latitude (Archangelsk), but also grows in the Northern 
Caucasus, and in Siberia, at the shores and in the lowlands of the Ob, Irtish, Tobol, 
Abakan, Enisei rivers and their tributaries (Fig. 1). Black poplar reaches 1500 m asl 
in mountain regions. In lowland forests, poplar grows on alluvium, on silty, sandy 
soils and on drained peat soils. Black poplar inhabits emerging sandy and drift­
gravel soils and promotes the deposition of alluvium and the formation of islands. 

The lowland poplar forests are very dense, especially in juvenile stages, because 
herbaceous vegetation is nearly absent. With gradual thinning, species such as 
Agrostis alba, Agropyron repens, Bromus inermis, Inula britannica, Lythrum salicaria and 
Mentha arvensis appear. In black poplar stands Salix alba is often present and 
sometimes Populus alba. Poplar forests tolerate up to 2 months of spring flooding. 
The considerable stand density and close herbaceous cover prevent seed 
regeneration and the yearly alluvial deposits lead to hydrology changes which 
promote the invasion of Ulmus laevis and P. alba, and a gradual shift from black 
poplar stands to elm and white poplar forests. In less-flooded lowlands, black 
poplar stands develop with a rich layer of shrubs (Prunus spinosa, Rosa cinnamonea, 
Rhamnus cathartica, Ribes nigrum and Tamarix). The highest lowland sites are 
characterized by developing black poplar stands with Calamagrostis epigeios 
prevailing in the layer of herbaceous vegetation. 

In the southern part of black poplar's range, on sandy dry soils, the stands form 
with Tamarix laxa and Tamarix ramosissima. Under human influence, natural black 
poplar stands with Bromus and Calamagrostis in the herbaceous layer are often 
replaced by coppice stands of black poplar with Glycyrrhiza and Carex spp. in the 
herbaceous layer. In the lowlands of the Ural river there are such coppice black 
poplar stands, with a well-developed shrub layer (R. cinnamonea, R. cathartica) and 
Rubus caesius, Aristolochia clematitis and Glycyrrhiza glabra prevailing in the 
herbaceous layer. The species composition of black poplar stands in the lowlands 
of the European Dnepr, Don, Volga and Ural rivers is very close to the composition 
of black poplar stands in the lowlands of the Siberian Ob, Irtish and Enisei rivers: 
the prevailing species are A. repens, B. inermis, A. alba, 1. britannica and Lysimachia 
vulgaris. 

Black poplar can form a robust root system. With flooding and burial in sandy 
deposits it can develop adventitious roots and form a multi-layered root system. It 
reproduces well from root shoots, and seedlings perform well only on fresh, bare 
sandy soils as a pioneer of lowland forests. Because under the forest canopy, 
generative regeneration is absent, and vegetative regeneration is difficult, shifts of 
black poplar stands in the European part of Russia occur (to white poplar and elm 
stands) and in Siberia (to birch forest types, sometimes with an admixture of P. alba, 
P. tremula, conifers, willows and other species) or to lowland meadows (see Anon. 
1977). 
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Black poplar is a fast-growing species, with a longevity of 200 years (according to 
some dates, even to more than 400 years; Shchepotiev and Pavlenko 1962). It is 
wind-resistant and tolerates higher flooding than P. alba. It reaches 30 m in height 
and a diameter of 1-2 m (up to 40-45 m high and 2-3 m in diameter) (Shchepotiev 
and Pavlenko 1962; Lavrinenko et al. 1966). This tree is anemo- and hydrochorous, 
more shade-tolerant than P. tremula, but less than P. alba; hydrophytic, oligotrophic, 
autochthonous species of lowland forests. It suffers less from heartwood rot than 
Populus x euramericana, but has relatively little salt resistance (Lavrinenko et al. 
1966). 

In the Caucasus, together with P. nigra, grows P. nigra var. Sosnovskyi, which 
was described by A Grossheim as an independent species Populus sosnovskyi, but 
this was rejected by A Macashvili as being within the range of the variety, the only 
different characteristic from black poplar being pointed tips of the leaves, which do 
not always occur. This variety grows at an altitude of 1200-1300 m asl in the river 
lowlands together with P. alba, Ulmus carpinifolia and other species. 

Black poplar is more resistant to different diseases and frost than other poplars. 
Stands occupy nearly 15 000 ha in river lowlands of Bashkiria. It is the fastest­
growing species among native forest trees, and 40-year-old trees have been reported 
to have a productivity of 500 m3/ha. Individual trees at 33 years can reach more 
than 31 m in height; at 35 years, 36 m and at 70 years, 45 m. 

In Bashkiria there is also a form of black poplar with yellow-grey bark, which 
grows considerably faster than the black-bark form, and at 40 years surpasses the 
latter by twice the volume and by a 31% greater diameter. In Tatarstan in the 
Vyatka river lowland, black poplar reached at 39 years of age the height of 34 m, 
diameter of 49 cm and the volume of 521 m 3 in a very dense stand. In the Volga 
river lowland (Ulyanovsk district) on the silt-sandy soils, at 32 years of age black 
poplar reaches 28 m height with 418 m3/ha of volume. 

Significance and role of black poplar in breeding in Russia 
Black poplar is widely used in different breeding programmes. Its wide 
compatibility with many other species threatens the existence of this species in 
some localities. Of worldwide catalogue of poplar clones, 63% derives from black 
poplar, mainly because of interspecific hybridization (Viart 1992). 

Black poplar has been used for the breeding of poplars in the former USSR and 
in modern Russia. Many elite forms and varieties of poplars were created by the 
breeders AB. Albensky, P.L. Bogdanov, AM. Berezin, AS. Yablokov, 
LA Kazartsev, S.P. Ivannikov, G.P. Ozolin, N.A Konovalov, P.D. Besschetnov, 
N.W. Starova, AP. Tsarev and others. 

According to research by W. Bakulin (1990), black poplars reproduce with 
difficulty by vegetative sprouting, so for forest establishment, shores, canals and 
ravine reforestation seedlings are used. S. Ivannikov (1980) found and selected the 
forms of black poplar that successfully reproduce vegetatively. For planting in 
towns and settlements, the fast-growing forms are used, which are reproduced by 
green shoots. Black poplar is moderately resistant against S02' NO-N02 and NH3 
(Nikolaevsky 1979). 

Of the collections of poplar at introduction centres, black poplar is present in 
Altaj botanical garden, in Leninogorsk, Barnaul, Gorno-Altajsk, Omsk, Novosibirsk, 
Tomsk, Krasnojarsk, Abakan, Irkutsk and others. Intersection hybrids, such as 
P. nigra x P. berolinensis 5, P. nigra x P. suaveolens 85, P. nigra x P. berolinensis 165, 
P. nigra x P. balsamifera, are held in Altaj and Novosibirsk. Their biology is studied 
in a series of forest culture tests. 
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The breeding of poplar was started in Russia in the 1930s. It was observed that 
from the wood of the hybrid P. nigra x P. berolinensis 5 it is possible to produce 
matches of as high quality as from the wood of P. tremula; the hybrid P. balsamifera x . 
P. nigra gives the best quality veneer. Hybrids of A. Berezin P. nigra x P. suaveolens 
85 and P. nigra x P. berolinensis 5 are recommended for establishing forest cultures in 
the zone of broadleaved forests; the same hybrids and P. nigra x P. pyramidalis 180 
are recommended for cultivation in the zone of forest-steppe, and P. nigra x 
P. berolinensis 5B in the steppe zone (Ivannikov 1971). As a result of breeding work 
by A.S. Yablokov on P. pyramidalis x P. nigra, Pioneer, Russky and Michurinets were 
obtained, which are. used in towns and settlements in the European part of Russia. 
The hybrid P. trichocarpa x P. nigra was called one of the best poplars for the 
Moscow region (Kazartsev 1965). 

In Siberia the mutants of black poplar are produced treating its seeds with X­
rays. The numerous genetic deviations obtained are widely used for hybridization, 
with selection of prospective forms for hybrid testing. Black poplar has the somatic 
chromosome number 2n=38 by haploid number n=19. But there is also known a 
natural polyploid with the type 3n=57 (so-called triploid black poplar). Black 
poplar also is used for generating the artificial polyploidy. 

In connection with the fast growth and resistance of black poplar against 
atmospheric pollutants, its use in the afforestation of industrial regions increases, as 
black poplar in those conditions maintains its properties better than other woody 
plants. So, in Tomsk district, only black poplar was recommended for afforestation 
of northern areas (Bakulin 1990). Black poplar is included in the afforestation for 
the Krasnojarsk, Altaj, Novosibirsk and Hakasia regions. With a sufficient quantity 
of available moisture in the soil, black poplar and its hybrids performed well in 
agricultural and protective afforestation (types Pioneer, Michurinets, P. nigra x 
P. berolinensis), surpassing Populus balsamifera by a growth increase of 6-20% 
(Bakulin 1990). 

Populus nigra var. italica is one of the two most widespread pyramidal poplars in 
Russia. Although the name seems to indicate an Italian origin, its real origin is 
unknown. It probably derives from a spontaneous mutation of P. nigra, [which] 
occurred in central Asia. It was introduced in Italy in the 18th century, and from 
the Po Valley it was spread all over the world (from which the common name 
Lombardy Poplar (Cagelli and Lefevre 1995). In the Northern Caucasus it reaches a 
height of up to 35 m; it is a fast-growing, but a warmth-loving tree, not sufficiently 
frost-hardy. In the natural forest stands this poplar is absent. In contrast, the native 
black poplar can tolerate -40°C and relatively inclement conditions and during a 
short summer can reach very good growth. For example, in Bashkiria near the city 
of Vfa, black poplar at 40 years reaches the height of 41 m. It reaches similar sizes 
on podzolic loamy soil near Moscow too, and has a high viability and longevity 
(Yablokov 1956). 

Conservation role of black poplar 
Besides being of breeding significance, black poplar plays a nature-protective role 
in Russia. It protects the soils of the river lowlands, slopes and bottoms of ravines 
against erosion, is used in agricultural .afforestation (in pure form and as a 
component of respective hybrid sorts and forms), has water-protective significance 
and participates in the formation of poplar stands in the Astrakhan semi-desert, 
which are irrigated with waste effluent from the Astrakhan pulp plant. 
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Black poplar, with its robust root system of many branch roots and offsets, is 
successfully used to create water-protective plantations in the river lowlands, 
shores of lakes and basins. In Bashkiria and on the Don, selected forms of black 
poplar, which are fast-growing, with a good stem form and high quality of wood, 
are used for mass-propagation and creation of productive plantations and for 
breeding. K.B. Losicky (1955) demonstrated that productivity of black poplar 
stands in the regions of Low and Middle Volga is not within the traditional, 
generally accepted quality scale of the site: its growth follows a line which 
surpasses the highest capacity class that sharply differentiates black poplar from all 
the other trees. 

In Kamishin (Volgograd region) AW. Albensky selected and successfully used 
in protection forestry the hybrid P. nigra var. pyramidalis x P. nigra. AS. Yablokov, 
from the same crossing system, developed the types Russky, Michurinets and 
Pioneer, characterized by fast growth, cold-resistance and decorativeness. AM. 
Berezin in Bashkiria created the hybrid P. nigra x P. berolinensis, which produces a 
volume 1600 m 3/ha at 30 years. At 10 years of age, poplar variety Russky, made by 
AS. Yablokov, in the forestry enterprise 'Obojan' in the central part of the forest­
steppe zone had a mean height of 18 m, mean diameter of 18 cm and volume of 300 
m 3/ha. Black poplar is most used for protection in the regions of Middle and Low 
Volga and Don rivers, North Caucasus, Central Chernozem zone and in Bashkiria. 

The research institute of forestry (VNIILM) collected more than 300 species, 
hybrids, types and clones of poplar; they were propagated and provided to 44 
forestry enterprises and to forestry research stations of Bashkiria, Tatarstan, Don, 
Northern Caucasus and Astrakhan, for establishing mother plantations and for 
testing. Black poplar from Bashkiria was used by breeders AS. Yablokov and AM. 
Berezin to develop exclusively fast-growing hybrids. Thanks to poplar plantations, 
the microclimate near the city of Astrakhan is changing, the city is protected against 
the hot winds which often carry scorching sand, and a beautiful recreation zone has 
been established (Ivannikov 1980). 

Black poplar drains the inundated lands due to enhanced transpiration through 
the canopy, prevents the irrigated fields from over-watering, strengthens the shores 
of rivers because of its high rooting offspring capacity and low demand for soil 
fertility; so it occupies one of the main positions in the afforestation of water-eroded 
waste lands and ravines in urban and production forestry. 

Current status and problems of conservation of the black poplar gene fund 
Black poplar occupies 250000 ha of forest territory in Russia. The work for target 
gene resource preservation of this tree species in Russia now is absent, but the 
above-mentioned preservation objectives are being achieved by the presence of 
poplar stands in some localities. In the bottomlands of Volga and Ahtuba rivers in 
the Volga delta the native black poplar stands (originated from seeds) at 25-40 years 
have a volume of 230-300 m 3/ha, with a mean annual increment of 7.5-16 m 3/ha; 
the,maximum occurs before 30-35 years (Ivannikov and Kazentsev 1975). 

Black poplar tolerates well long flooding (up to 80 days), but in this case its 
productivity decreases by 20-40% compared with stands exposed to short- and 
medium-duration flooding. Black poplar is resistant against chlorine-sulphate 
salinization (Kazantsev 1973). In the region of Orenburg the general area of bottom 
land forests is 146000 ha, mainly in lowlands of the Dral and Samara rivers. There, 
the poplar stands, mainly black and white ones, occupy 44 700 ha. Also occurring 
there ate plantations of balsam poplar, introduced in the 1930s (Kazantsev 1988). 

The natural distribution of black poplar on the Low Volga was restrained 
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formerly by the long flooding, but now, in connection with the regulation of Volga 
river, the duration of inundation is shortened by 1.2-3.0 times, and varies from 40 to 
75 days. Black poplar tolerates such flooding well. Ecologically suitable for the 
growing of poplar are 54500 ha of area in the Volgo-Ahtuba bottomland, but only 
30400 ha are occupied (Kazantsev 1970). 

Preservation of genetic resources of black poplar is also attained through stands 
in nature reserves, forest preserves, forest genetic reserves and national parks. 
There are 31 national parks in Russia, 29 of them under the Forest service, with the 
total area of 6 536 100 ha. Some of these parks also contain stands of black poplar. 

The national parks are: 
• Kenozersky (region Archangelsk, 139200 ha) 
• Meshchersky (region Rjazan, 103 000 ha) 
• Marij-Chodra (republic Marij-El, 36 800 ha) 
• Bashkiria (republic Bashkortostan, 98 400 ha) 
• Orlovskoje Polesje (region Orjol, 77700 ha) 
• Chavash-Varmane (republic Chuvashija, 25300 ha) 
• Zjuratkul and Taganaj (region Cheljabinsk, 86700 and 56400 ha, 

respectively) 
• Nizhnjaja Kama (republic Tatarstan, 26 100 ha) 
• Valdajsky (region Novgorod, 158500 ha) 
• Meshcheri (region Vladimir, 118 800 ha) 
• Smolny (republic Mordovija, 36 500 ha) 
• Samarskaja Luka (region Samara, 134000 ha) 
• Hvalinsky (region Saratov, 25 500 ha) 
• Sochinsky (region Krasnodar, 190000 ha) 
• Prielbrusje (republic Kabardino-Balkarija, 100 400 ha) 
• Shorsky (region Kemerovo, 418 200 ha) 
• Shushensky Bor (region Krasnojarsk, 39 200 ha). 
The nature reserve Astrakhansky has 80200 ha, including 32000 ha of forested 

area, 13% of which contains black poplar, with the mean volume of 116 m 3/ha. 
Black poplar is preserved also in the forest compartments and on the plots, 

which are used for breeding programmes, as seed stands and plus trees. There are 
54 plus trees and 19 ha of sustained seed plots of black poplar in the Povolgsky 
economical district, Astrakhansky region, in the Astrakhansky seed-breeding 
centre; 9 plus trees were certified in 1995. All trees were selected by phenotype. 
They grow in forest enterprises Ahtubinsky, Enotaevsky, Harabalinsky, 
Narimanovsky and Chernojarsky, and are present in artificial stands, coppice 
forests and seedling stands. Their age varies from 22 to 55 years, height is 18-36 m, 
diameter is 20-90 cm, the bark colour is from light to dark grey, the bark has light to 
middle 'cracking'. There are similar breeding stands in some forestry enterprises in 
Koursky, Belgorodsky, Orlovsky, Orenbourgsky and other regions. 

There are some unique native stands of black poplar in Russia, characterized by 
high productivity and stability and having unique potential for breeding and 
cultivation. Preventing the loss of this valuable genepool is of great interest not 
only for Russia, but for all mankind too. 
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Diversity and population biology of Populus nigra L.: 
relevant issues to the conservation of genetic resources 

Agnes Legionnet 
INRA, Station d'Amelioration des Arbres Forestiers, 45160 Ardon, France 

This contribution summarizes the main results of a doctoral thesis (Legionnet 1996), 
which was aimed at providing guidance to the conservation of genetic resources of 
Populus nigra in France. The results allowed us to define guidelines for strategies of 
sampling of genetic resources, and we also derived some precision useful for in situ 
conservation. In the first part of this presentation, I will report our results about 
genetic diversity and its organization, and discuss their consequences on sampling 
strategies. In the second part, I will discuss the possible evolution of genetic diversity. 

Present genetic diversity: consequences for sampling strategies 
Two different aspects of diversity were studied: first, the amount and organization 
of genetic diversity at isoenzyme loci, and second, the organization of diversity of 
an adaptive trait: the susceptibility to the foliar rust fungus Melampsora larici­
populina. This study was carried out on a collection of clones mainly representing 
France (Fig. 1). 

Neutral diversity: results obtained with isozymes 
The experiments and results are described in part in Legionnet and Lefevre (1996). 
The isozymes were extracted from buds and young leaves, and separated and 
stained on starch gels. Eight Mendelian polymorphic loci were scored. The amount 
of genetic diversity was assessed using the gene diversity index H as described by 
Nei (1973). An unbiased estimate of H and the variance of this parameter were 
computed according to Weir (1990). The results obtained over the P. nigra collection 
are shown in Figure 2, and comparisons with other species are listed in Table 1. In 
the P. nigra collection, the highest diversity is held by the set of clones representing 
foreign countries. Although little is known about the origin of these clones, this 
result suggests that gene diversity may be impoverished in the marginal part of the 
species range represented in France. Contrasted values are obtained for the 
different regions and stands, and great differences appear between neighbouring 
stands. Compared with the other angiosperm trees, P. nigra displays a gene 
diversity slightly above the mean. 

The differentiation was measured with Nei's G
ST 

index (1973), computed 
according to Nei and Chesser (1983) (Table 1). This index measures the proportion 
of diversity contained among divisions. Like the other species of the same family, 
P. nigra displays a low differentiation compared with the other angiosperm trees. 
Furthermore, angiosperm trees display a low differentiation compared with other 
plant or animal species. 

The high level of gene diversity and the low differentiation found in tree species 
is usually explained by considerable geneflow (Kremer 1994). In P. nigra, seeds and 
pollen are very small and easily dispersed, so that this explanation could be 
acceptable. However, we observed some features that make it questionable. 
Indeed, some alleles were found fixed in some places. The best example is the allele 
SDH-3, which is the only allele found at this locus in the stand Mallemort (over 50 
trees and 11 maternal progenies representing 200 individuals), whereas this allele is 
present in a site of the same river valley 10 km apart. These observations suggest 
indirectly that geneflow may be limited in this species. 
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Fig. 1. Collection of Populus nigra clones used for the evaluation of gene diversity at isoenzyme loci. 
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Fig. 2. Gene diversity index with 95% confidence interval over the Populus nigra collection. 
FC=Foreign Countries; Fr=France; AI=Alpes; Du=Durance; Lo=Loire; Rh=Rhone; LB=Les Brocs; 
M=Mallemort; Po=Pouilly; Ti= Tinte; 1 to 4 = zones 1 to 4 in Tinte. 
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Table 1. Gene diversity index (H) and differentiation 
comparison with other species. 

H (Nei 1973) 
Popu/us nigra Stands: 0.115 to 0.204 

Mean of angiosperm trees 
P. tremu/oides 
P. trichocarpa 
Salix viminalis 
A/nus g/utinosa 

France: 0.198 
Other countries: 0.251 
0.15 
0.22 to 0.29 
0.07 to 0.11 
0.12 to 0.24 
0.28 

index (GST) for Populus nigra, and 

GST (Nei and Chesser 1983) 
Between stands: 0.063 
Between regions: 0.033 

0.11 
0.068 
0.063 
0.072 
0.17 

Another point of interest is that the highest diversity found among stands was in 
Les Brocs, which is the stand where the oldest trees grow. This may be explained 
by natural selection favouring the most heterozygous genotypes. The hypothesis 
that the age of the trees found in one stand may influence the level of gene diversity 
should be further investigated. 

Organization of variation of adaptive traits 
A subset of the previous collection was used to study adaptive traits related to 
susceptibility to the foliar rust M. larici-populina (Legionnet et al. unpublished)!. The 
field susceptibility was measured in one field trial, and susceptibility was split into 
simple epidemiological components in laboratory tests. Monoracial inocula of races 
El, E2 and E3 of the pathogen were used, as well as controlled growing conditions. 
Seven components of susceptibility were measured on each individual: size of 
uredia for the three races, number of uredia after one cycle of the fungus for the 
three races, and length of the infectious cycle for the race El. The main results of 
this study are: 

1. The independence of the components of susceptibility, revealed by 
multivariate analysis. Indeed, similar levels of field susceptibility were 
found among individuals displaying very contrasted combinations of the 
individual components of resistance. 

2. The very low correlation between the components of rust susceptibility and 
geographical or meteorological data. 

3. The existence of significant differences between regions and between stands, 
revealed by the analysis of variance; but the proportion of variation found at 
the different hierarchical levels is very variable (Table 2). 

These results show that adaptive traits may show higher levels of differentiation 
among pOPulations than neutral traits, which confirms the relative restriction of 
geneflow. The differences in the scales of differentiation can be explained by differences 
in the time of appearance and rate of expansion of new, favourable gene or gene 
combinations. 

Consequences for sampling strategies 
In both analysis of neutral and adaptive diversity, we showed that most of the 
genetic variation was within stand; a considerable part of variation is at the level of 
individuals due to the high heterozygosity (which is close to gene diversity for 
outcrossing species). As a consequence, in the sampling of genetic diversity it 

j Legionnet, A, H. Muranty and F. Lefevre. Unpublished. Genetic variation of the riparian 
pioneer tree species Populus nigra L. n. Variation in susceptibility to the foliar rust 
Melampsora larici-populina Kleb. 
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Table 2. 

Fieldt 

1 
2 
3 
4 
5 
6 
7 

Organization of the genetic variance of adaptive traits at two hierarchical levels. 
Part of variance between region (%) Part of variance between stands (%) 
02 regionl(02 region + 02 clone (region» 02 stand/(02 stand + a" clone (stand» 

21 10 

16 22 
3 0.4 

10 13 
17 0.6 
2 8 

18 18 
W 17 

t Field=field susceptibility; 1 to 7=seven epidemiological components of susceptibility measured in 
laboratory tests. 

would be more efficient to collect a large number of individuals on a small number 
of stands rather than to prospect a large number of stands. 

The indication that heterozygosity may increase in ageing stands is in agreement 
with results reported for other species, and with a study of the evolution of gene 
diversity at young stages (Legionnet 1996; Legionnet and Lefevre, unpublished2

). 

As a consequence of this phenomenon, more diversity could be collected by 
sampling the oldest trees. 

The restriction of geneflow revealed in our study and the organization of 
adaptive variation show that some differentiation may exist, but the scale of 
differentiation is difficult to predict and may vary from one trait to another. 
Collecting germplasm should also take into account the potential local adaptations; 
thus an efficient sampling strategy should also consider the various geographic 
origins. The relative effort dedicated to within- and among-stand sampling still 
needs to be clarified. 

Possible evolution of gene diversity 
The evolution of genetic variation in a species depends on many intrinsic and 
external factors. The intrinsic factors are related to the biology of the species, e.g. 
mating system, migration, vegetative propagation, etc. The external factors are the 
interaction of the species with its environment, and in particular with other species 
(pathogens, competitors), and with humans (fragmentation of the species range, 
ageing of stands, decreasing regeneration, etc.). These are mainly factors affecting 
the demography. To predict the evolution of gene diversity, we need to use a 
model in which it will be possible to include as many factors as possible. Among 
the models available in population genetics, the only one that allows us to take into 
account genetic and demographic factors is the Metapopulation model. 

. The Metapopulation model 
In this model, a species is distributed on a fragmented range on N sites, each 
bearing a subpopulation. At any time, a site can bear a subpopulation, or be empty 
and available for colonization. Any population has a restricted duration, between 
its foundation. and its extinction. Between these two events, the subpopulation 
undergoes a demographic evolution, which implies that the subpopulations are not 
a demographic equilibrium. This is the major originality of this model, and this is 

2 Legionnet, A. and F. Lefevre. Unpublished. Genetic variation of the riparian pioneer tree 
species Populus nigra L. III. Evolution at early stages of natural stand installation. 
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what allows us to take into account demographic parameters, and to study genetic 
traits for which natural selection varies at different demographic stages. Migration 
events between subpopulations may be included in this model. 

Because it is very complete compared with other population genetics models, the 
Metapopulation model seems to be what will be needed to predict the evolution of 
gene diversity in a species. However, the use of this model requires a knowledge 
about characteristics of the species biology that may be difficult to have. As pointed 
out by Slatkin (1987), knowledge about colonization and extinction events may be 
very difficult to establish, because these events are rare and mostly due to chance. 
To use the Metapopulation model for P. nigra, here are some question that we 
should be able to answer: (i) What is the size of a subpopulation? (ii) What is the 
amount of migration? (iii) How does the demography evolve? (iv) How do 
foundation and extinction events occur? 

Some preliminary results were obtained in the work of Legionnet (1996). 

Observations and experimental results about the species biology 
Foundation events and evolution of gene diversity. Observations were done in a 
natural stand in Beaugency (Loire River valley) (see Legionnet and Lefevre, 
unpublished2

). In this stand, cohorts of various age classes could be found, and 
their genotypic composition was compared using four isozyme loci. The main 
results are as follows. 

We showed that the genotypic composition of seedling patches could be 
explained only by the participation of several male, and, in most cases, several 
female parents. Moreover, the establishment and survival of seedlings requires 
particular conditions of soil and water availability. The fluctuation of these 
conditions at a microgeographic scale (favourable sites may be as small as several 
square centimetres), together with the considerable differences in time of seed 
maturity between female trees, ensure that the recruitment of seedlings in a site is 
constituted of various origins. 

Although vegetative propagation is frequently observed in this species, we 
showed that adult stands were mostly of sexual origin and were mostly composed 
of different genotypes. This result was obtained in an adult cohort in Beaugency 
using DNA markers, and confirmed with isozyme markers on four other stands. 

This result was also obtained in Beaugency with the comparison of four age 
classes; it needs to be confirmed, because only two isozyme loci could be used for 
this purpose. However, we showed a significant increase of gene diversity between 
1- and 2-year-old seedlings. 

Geneflow. As a consequence of these experimental results, some knowledge may 
be derived about geneflow: various origins contribute to the foundation of one 
stand (not only the nearest neighbours provide seeds that settle in a given site), and 
crossings are not limited to the nearest neighbours (this is due to considerable 
differences in flowering phenology). The distance of dispersal of seeds and pollen 
remains an important question that should be answered. 

Evolutionary perspectives 
We made an evaluation of the present gene diversity that will be a reference point 
to study the further evolution of diversity in France. A similar study was done in 
Italy (Malvolti, pers. comm.), and gene diversity appears to be comparable in these 
two countries. A comparison with the other parts of the species range may be 
useful to detect possible zones of higher or lower diversity. 
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The further evolution of diversity could be predicted using a complete 
population genetics model, e.g. the Metapopulation model. For this purpose, more 
knowledge is needed about the different factors that may affect this evolution, in 
particular intrinsic factors like the scale of geneflow and the inbreeding depression, 
and external factors like the foundation events and the fragmentation of 
populations. This last factor should be of considerable importance, since P. nigra is 
a highly heterozygous species, and is therefore very likely to bear a heavy genetic 
load (because detrimental alleles are not eliminated by natural selection when they 
are 'masked' by another allele in heterozygotes). If the population size decreases, 
because of the fragmentation of the area and the restriction of geneflow among local 
populations, the inbreeding will increase. If the species has a strong inbreeding 
depression (as we can suppose owing to the genetic load), the fitness would then be 
affected and the species may be unable to support competition. Therefore the main 
questions that should be answered about the biology of the species are the scale of 
gene exchange (what density of stands would allow the local populations to 
exchange genes?) and the intensity of inbreeding depression. 

References 
Kremer, A. 1994. Genetic diversity and phenotypic variability of forest trees. Genet. 

Sel. Evol. 26 (Suppl. 1):105-123. 
Legionnet, A. 1996. Diversite et fonctionnement genetique des populations 

naturelles de Populus nigra L., espece pionniere des ripisylves europeennes. 
These de doctorat, Universite de Montpellier Il, France [French and English]. 

Legionnet, A. and F. Lefevre. 1996. Genetic variation of the riparian pioneer tree 
species Populus nigra L. I. Study of population structure based on isozymes. 
Heredity 77:629-637. 

Nei, M. 1973. Analysis of gene diversity in subdivided populations. Proe. Nat. 
Acad. Sci. USA 70:3321-3323. 

Nei, M. and RK. Chesser. 1983. Estimation of fixation indices and gene diversities. 
Ann. Hum. Genet. 47:253-259. 

Slatkin, M. 1987. Gene flow and the geographic structure of natural populations. 
Science 236:787-792. 

Weir, B.S. 1990. Genetic Data Analysis. Sinauer Associates, Sunderland, MA, USA. 



BIBLIOGRAPHY 59 

Bibliography 

F. Lefevre 
Unite de Recherches Forestieres Mediterraneennes, INRA, 84000 Avignon, France 

This review aims to be almost exhaustive on Populus nigra, with regard to the 
conservation of genetic resources. Some chapters also deal with related poplar 
species, as mentioned in the titles, but most of the literature concerning hybrid 
poplar breeding was discarded. Simple summaries were not retained. More 
general references about genetic resources should be found elsewhere. 

Language is indicated for each reference (underlined) and summaries. Titles 
were eventually translated in English, French or Spanish and given in []. 

Systematics and related Populus species 
Barnes, B.V. and F. Han. 1993. Phenotypic variation of.Chinese aspens and their relationships 

to similar taxa in Europe and North America. Can. J. Bot. 71:799-815. (English, French) 
Bergmann, F. 1981. [Differentiation between poplar clones using isoenzyme patterns]. Die 

Holzzucht, Dezember issue 24-27. (German) 
Bugala, W. 1967. Systematyka euroazjatyckich topoli z grupy Populus nigra L. [Systematics of 

eurasian poplars of the P. nigra L. group]. Arboretum Kornickie 12:45-219. (Polish, 
English, Russian) 

D'Ovidio, R, G.5. Mugnozza and A. Tanzarella. 1990. Ribosomal RNA genes structure in 
some Populus L. species and their hybrids. Plant Syst. Evol. 173:187-196. (English) 

D'Ovidio, R, G.5. Mugnozza and A. Tanzarella. 1991. rDNA cloning and rapid hybrid 
identification in Populus spp. (Salicaceae). Plant Syst. Evol. 177:165-174. (English) 

Dhillon, S.5. 1987. DNA in tree species. Pp. 298-313 in Cell and Tissue Culture in Forestry 
(J.M. Bonga and D.J. Durzan, eds.). Martinus Nijhoff Publishers, Dordrecht, The 
Netherlands. (English) 

Dillewijn, e Van. 1940. Cytological studies in the genus Populus L. Genetica 22:131-182. 
(English) 

Dong-Shilin. 1988. [Geographical distribution patterns of Populus in China]. J. Ecology China 
7:12-18. (Chinese, English) 

Eckenwalder, J.E. 1984. Natural intersectional hybridization between North American 
species of Populus (Salicaceae) in sections Aigeiros and Tacamahaca. 1 Population studies 
of P. parryi. Can. J. Bot. 62:317-324. (English, French) 

Eckenwalder, J.E. 1984. Natural intersectional hybridization between North American 
species of Populus (Salicaceae) in sections Aigeiros and Tacamahaca. 2 Taxonomy. Can. J. 
Bot. 62:325-335. (English, French) 

Eckenwalder, J.E. 1984. Natural intersectional hybridization between North American 
species of Populus (Salicaceae) in sections Aigeiros and Tacamahaca. 3 Paleobotany and 
evolution. Can. J. Bot. 62:336-342. (English, French) 

Eckenwalder, J.E. 1996. Evolution and systematics of Populus. In Biology of Populus and its 
Implications for Management and Conservation (RF. Stettler, H.D. Bradshaw, P.E. 
Heilman, T.M. Hinckley, eds). NRC Res. Press, Ottawa, Canada. (English) 

Faivre-Rampant, P. 1992. Reconnaissance d'especes, de clones et d'hybrides de peupliers 
grace au polymorphisme des genes nucleaires codant pour les ARN ribosomiques: 
hypotheses sur l'evolution du genre Populus. These de Doctorat, Univ. Clermont-Ferrand 
11, France, 81p. (French, English) 

Faivre-Rampant, P., R Bodergat and A. Berville. 1992. Une methode moleculaire de 
classement des clones de peupliers (Populus) dans les sections Tacamahaca, Aigeiros, 
Leuce et Leucoides par des fragments de restriction des unites ribosomiques. eR Acad. 
Sci. Paris, Serie 3, t315:133-138. (French, English) 



60 EUFORGEN: Po ulus ni ra NETWORK . 

Faivre-Rampant, P., S. Jeandroz, F. Lefevre, M. Lemoine, M. Villar and A. Berville. 1992. 
Ribosomal DNA studies in poplars: Populus deltoides, P. nigra, P. trichocarpa, 
P. maximowiczii, and P. alba. Genome 35:733-740. (English, French) 

Farmer, RE. Jr. 1996. The genecology of Populus. In Biology of Populus and its Implications 
for Management and Conservation (RF. Stettler, HD. Bradshaw, P.E. Heilman, T.M. 
Hinckley, eds.) NRC Res. Press, Ottawa, Canada. (English) 

Gaget, M., C. Said, C. Dumas and RB. Knox. 1984. Pollen-pistil interactions in interspecific 
crosses of Populus (sections Aigeiros and Leuce): pollen adhesion, hydration and callose 
responses. J. Cell. Sci. 72:173-184. (English) 

Gombocz, E. 1908. [Monographie du genre Populus]. Editions de l'Academie des Sciences de 
Budapest. (Hungarian) 

Greenaway, W., S. English, J. May and F.R Whatley. 1991. Chemotaxonomy of section Leuce 
poplars by GC-MS of bud exudate. Biochem. Syst. Ecol. 19:507-518. (English) 

Greenaway W., S. English and F.R Whatley. 1990. Phytochemical affinity of Populus 
angustifolia with sect. Aigeiros poplars established by GC-MS of bud exudate. Biochem. 
Syst. Ecol. 18:439-445. (English) 

Guries, RP. and RF. Stettler. 1976. Pre-fertilization barriers to hybridization in the Poplars. 
Silvae Genet. 25:37-44. (English, German) 

Hu, F.S., L.B. Brubaker and P.M. Anderson. 1993. A 12000 year record of vegetation change 
and soil development from Wien Lake, central Alaska. Can. J. Bot. 71:1133-1142. (English, 
French) 

Hu, c.c., T.J. Crovello and RR SokaI. 1985. The numerical taxonomy of some species of 
Populus based only on vegetative characters. Taxon 34:197-206. (English) 

Isajev, V. and A. Tucovic. 1993. [Causes and mechanisms of evolutionary changes of poplars 
section Aigeiros Duby in Serbia (Yugoslavia)]. Glasnik Sumarskog fakulteta 75-76:49-57. 
(Serbian, English) 

Keim, P., KN. Paige, T.G. Whitham and KG. Lark. 1989. Genetic analysis of an interspecific 
hybrid swarm of Populus: occurrence of unidirectional introgression. Genetics 123:557-565. 
(English) 

Khosla, P.K and D.K Khurana. 1982. Evolution of genus Populus L. and systematic 
placement of P. ciliata Wall. ex Royle. J. Tree. Sci. 1:81-87. (English) 

Komlenovic, N. and A. Krstinic. 1994. [Some physiological characteristics of certain poplar 
clones of sections Aigeiros and Tacamahaca]. Sumarski list, Zagreb, Croatia 5-6:147-151. 
(Croatian, English) 

Lemoine, M. 1988. Hybrides intersectionnaux chez le peuplier. Pp. 97-101 in Proc. Int. Poplar 
Commission Sess. 18. Beijing, China (IPCjFAO, ed.). FAO, Rome. (French) 

Levin, D.A. 1988. The paternity pools of plants. Am. Nat. 132:309-317. (English) 
Malvolti, M.E., A. Boccone, S. Fineschi and M. Paciucci. 1991. Biochemical markers in poplar 

taxonomy. Monti e Boschi 42:49-56. (Italian, English) 
Marie, D. and S.c. Brown. 1993. A cytometric exercise in plant DNA histograms, with 2C 

values for 70 species. BioI. Cell. 78:41-51. (English) 
Mejnartowicz, M. 1991. Inheritance of chloroplast DNA in Populus. Theor. AppI. Genet. 

82:477-480. (English) 
Me1chior, G.H. 1967. The occurrence of two hermaphrodite Poplars of the Section Aigeiros. 

Silvae Genet. 16:77-80. (German, English) 
Orlovic, S. 1994. [Number, size of stomata and intensity of transpiration of some poplar 

clones of the section Aigeiros Duby]. Sumarstvo 47:35-39. (Serbian, English) 
Orlovic, S. and V. Guzina. 1994. Variability of stomata number on the leaves of black poplars 

and their hybrids. Zbornik Matice srpske za prirodne nauke 86:63-68. (English, Serbian) 
Peto, LH. 1938. Cytology of poplar species and natural hybrids. Can. J. Res. 16:445-454. 

(English) 
Raj ora, O.P. 1989. Identification of some Populus deltoides Marsh. x P. nigra L. clones, 

developed in North America, with the aid of allozymes. Euphytica 43:207-213. (English) 
Rajora, O.P. 1989. Pollen competition among Populus deltoides Marsh., P. nigra L. and 

P. maximowiczii Henry in fertilizing P. deltoides ovules and siring its seed crop. Sex. Plant 
Reprod. 2:90-96. (English) 



BIBl..IOGRAPHY 61 

Rajora, O.P. 1990. Marker allozyme genes and alleles for differentiation of Papulus delta ides, 
P. nigra, P. maximawiczii, and their interspecific hybrids. Can. J. Bot. 68:990-998. (English, 
French) 

Rajora, O.P. and B.P. Dancik. 1992. Chloroplast DNA inheritance in Papulus. Theor. Appl. 
Genet. 84:280-285. (English) 

Rajora, O.P. and L. Zsuffa. 1986. Sporophytic and gametophytic gene expression in Papulus 
deltaides, P. nigra and P. maximawiczii. Can. J. Genet. Cytol. 28:476-482. (English) 

Rajora, O.P. and L. Zsuffa. 1990. Allozyme divergence and evolutionary relationships among 
Papulus deltaides, P. nigra, P. maximawiczii. Genome 33:44-49. (English) 

Rajora, O.P. and L. Zsuffa. 1991. Screening Papulus deltaides Marsh. selections by allozymes to 
assure species identity. Scand. J. For. Res. 6:471-478. (English) 

Rajora, O.P., J.W. Barrett, B.P. Dancik and C Strobeck. 1992. Maternal transmission of 
mitochondrial DNA in interspecific hybrids of Papulus. Curr. Genetics 22:141-145. 
(English) 

Rajora, O.P. and B.P. Dancik. 1995. Chloroplast DNA variation in Papulus. 2. Interspecific 
restriction fragment polymorphisms and genetic relationships among Papulus delta ides, 
P.nigra, P.maximawiczii, and P.xcanadensis. Theor. Appl. Genet. 90:324-330. (English) 

Raj ora, O.P. and B.P. Dancik. 1995. Chloroplast DNA variation in Papulus. 3. Novel 
chloroplast DNA variants in natural Papulus x canadensis hybrids. Theor. Appl. Genet. 
90:331-334. (English) 

Regnier, R 1956. Distribution geographique et origine des Papulus. Proc. 8th Intern. Botan. 
Congr. 3-6:184-186. (French) 

Ronald, W.G. 1982. Intersectional hybridization of Papulus section Leuce-Aigeiros and 
Leuce-Tacamahaca. Silvae Genet. 31:94-99. (English) 

Sabsch, M. 1992. [Investigations on inter- and intraspecific variation in cp DNA in the genus 
Papulus]. PhD Thesis, University of Goettingen, Germany. (German) 

Smith, RL. and KJ. Sytsma. 1990. Evolution of Papulus nigra (sect. Aigeiros): introgressive 
hybridization and the chloroplast contribution of Papulus alba (sect. Papulus). Am. J. Bot. 
77:1176-1187. (English) 

Stettler, RF., R Koster and V. Steenackers. 1980. Interspecific crossability studies in poplars. 
Theor. Appl. Genet. 58:273-282. (English) 

Villar, M. 1987. Incompatibilite interspecifique chez Papulus: approches physiologique et 
biochimique. These, Universite Claude Bernard Lyon I, France, 87p. (French, English) 

Villar, M., M. Gaget and C Dumas. 1989. Sexual reproduction in Papulus. 1. Some 
physiological and biochemical events of the pro gamic phase. Pp. 64-66 in Proc. Int. Symp., 
Forest Tree Physiology, Nancy, France. Elsevier. (English, French) 

Vornam, B., S. Herzog, R Preisig-Muller and H.H. Hattemer. 1994. Restriction fragment 
length polymorphisms of a chloroplast photo system II gene from poplar and their use for 
species identification. Genome 37:747-750. (English, French) 

Wright, J.W. 1952. Pollen dispersion of some forest trees. Sta. Pap. Ntheast. for Exp. Sta., No. 
46. 42p. (English) 

Biology and genetics (P. nigra) 
Brand, R and CJ. Venverloo. 1973. The formation of adventitious organs. H. The origin of 

buds formed on young adventitious roots of Papulus nigra L. 'italica'. Acta Bot. Neerl. 
22:399-406. (English) 

Daryphalos, J., K Karayiannakidou and Z. Tsianta. 1988. [Morphological and phenological 
characters of black poplar clones for northern Greece]. Das Erevna 3:215-268. (Greek, 
English) 

Duhme, H. 1966. [The occurrence of Papulus nigra in Lower Saxony]. Forst-u. Holzw. 
21:211-212. (German) 

Dzekov, S. 1959/1960. [The native P. nigra in Macedonia]. God. Zborn. Zemj. -Sum. Fak. 
Univ. Skopje 13:5-48 (+ 2 maps). (Macedonian, German) 



62 EUFORGEN: Po ulus ni ra NETWORK 

Dzekov, S. 1960. [The fastigiate poplar naturalized in Macedonia, Populus pannonica (=P. nigra 
var. thevestina, P. thracia)]. Rad. Istraz. Topola Jugosl. Nac. Kom. Topolu 1:89-126. 
(Macedonian, German) 

Dzekov, S. 1963. [Some peculiarities of naturalized Populus nigra var. thevestina in 
Macedonia]. God. Zborn. Zemj.-Sum. Fak. Univ. Skopje 16:5-23. (Macedonian, German) 

Fregoni, M. and A Roversi. 1969. Phenotypical characteristics in the nursery of Populus nigra, 
Populus delta ides and their Euramerican hybrids. Pp. 7-16 in 2nd World Consultation on 
Forest Tree Breeding, Washington, USA (English) 

Gaget, M., M. Villar, C Kerhoas and C Dumas. 1989. Sexual reproduction in Populus. 2. 
Information molecules of the pollen grain. Pp. 67-71 in Proc. Int. Symp. Forest Tree 
Physiology, Nancy, France. Elsevier. (English, French) 

Greenaway, W., W. English and F.R Whatley. 1990. Variation in bud exudate composition of 
Populus nigra assessed by gas chromatography-mass spectrometry, Zeitschrift fuer 
Naturforschung, Section-C,BiosCiences(Germany, F.R) 45:931-936. (English) 

Jovanovic, B: 1957. [A little-known poplar (P. nigra var. thevestina)]. Sumarstvo 10:63-70. 
(Serbo-Croatian, English, French) 

Jovanovic, B. and A. Tukovic. 1962. [An unusual occurrence of monoecism in Populus nigra 
L.]. Topola 6:46-50. (Serbo-Croatian, German)·· 

Kochkar, N.T. 1983. [Fruiting of Populus nigra and variation in seed quality with age]. Lesnoe 
Khozyaistvo 2:41-42. (Russian) 

Koukos, P.K. 1989. Wood density variation in black poplar (Populus nigra L. var pubescens 
Parlat) natural populations. Geot. Sci. Issue:44-47. (English) 

Kuligin, AA 1987. [Influence of temperature conditions on ripening of poplar and elm 
seeds]. Forestry journal 2:105-106. (Russian) 

Label, P., N. Imbault and M. Villar. 1994. ELISA quantitation and GC-MS identification of 
abscisic acid in stigma, ovary and pedicel of pollinated poplar flowers (Populus nigra L.). 
Tree Physiol. 14:521-530. (English) 

Lefevre, F., P. Faivre Rampant, A Legionnet and M. Villar. 1995. Comprehension de la 
dynamique des peuplements naturels de peupliers noirs. Pp. 7-10 in Rapport Final contrat 
DERF/INRA (E. Teissier du Cros, coord.). INRA, Avignon, France. (French) 

Lefevre, F. and A Legionnet. 1994. Populus nigra L.: bilan des connaissances actuelles, le 
programme national de conservation, la constitution d'un reseau europeen. Direction de 
l'Espace Rural et de la Foret, Reunion de la Commission Technique Nationale de 
Conservation des Ressources Genetiques Forestieres, 17p. (French) 

Lefevre, F., M. Villar, P. Faivre Rampant and A Legionnet. 1994. Diversite genetique, 
hybridations naturelles et conservation ex situ des res sources genetiques du peuplier noir 
(Populus nigra L.). Pp. 33-38 in Rapport Final Convention DERF/ AFOCEL/INRA 
No.9370B (M. Arbez, coord.). (French) 

Legionnet, A 1996. Diversite et fonctionnement genetique des populations naturelles de 
Populus nigra L., espece pionniere des ripisylves europeennes. These de doctorat, 
Universite Montpellier Il, France. 120p. (French, English) 

Legionnet, A and F. Lefevre. 1996. Genetic variation of the riparian pioneer tree species 
Populus nigra L. 1. Study of population structure based on isozymes. Heredity 77:629-637. 
(English) 

Legionnet, A., P. Faivre Rampant, M. Villar and F. Lefevre. 1996. Sexual and asexual 
reproduction in natural stands of Populus nigra. Botanica Acta (in press). 

Malhotra, R, J. Haurum, S. Thiel, J.C Jensenius and RB. Sim. 1993. Pollen grains bind to 
lung alveolar type II cells (A549) via lung surfactant protein A (SP-A). Biosci. Reports 
13:79-90. (English) 

Malvolti, M.E. and S. Benedetelli. 1993. Periodical activity report. In EEC/FOREST Contract 
CT910025 (E. Teissier du Cros, ed.). lOp. (English) 

Nicota, B. 1961. [The occurrence of bisexual flowers in Populus nigra var. thevestina], Topola 
Beograd (17-8) 5:22-23. (Serbo-Croatian, French) 

Panetsos, K.P. 1971. Hermaphrodism in Populus thevestina Dode. Inst. of Forest Research, 
Athens, Greece, Bull. 47:14p. (English) 



BIBI.i.IOGRAPHY 63 

Papaioannou, J. 1963. The geographical distribution of Populus nigra var pubescens Parlat, 
and of Populus thevestina Dode and their hybrids. In Proc. World Consultation on Forest 
Genetics and Tree Improvement, Stockholm, Sweden, Vol. 1. FAO, Rome. 18p. (English) 

Pichot, C. and E. Teissier du Cros. 1988. Estimation of genetic parameters in the European 
black poplar (Populus nigra L.). Consequences of the breeding strategy. Ann. Sci. For. 
45:223-237. (English, French) 

Pohl, Z. 1964. [Inheritance of pyramidal crown form by the hybrid progeny of Populus 
pyramidalis Roz]. Arboretum Korniczkie, Rocznik IX:199-222. (Polish, English) 

Rajora, O.P. and B.P. Dancik. 1995. Chloroplast DNA variation in Populus. 1. Intraspecific 
restriction fragment diversity within Populus deltoides, P. nigra and P. maximowiczii. Theor. 
Appl. Genet. 90:317-323. (English) 

Rajora, O.P. 1989. Characterization of 43 Populus nigra L. clones representing selections, 
cultivars and botanical varieties based on their multilocus allozyme genotypes. Euphytica 
43:197-206. (English) 

Raj ora, O.P. 1990. Genetics of allozymes in Populus deltoides Marsh., P. nigra L., and 
P. maximowiczii Henry. J. of Heredity 81:301-308. (English) 

Rajora, O.P. and B.P. Dancik. 1992. Allozyme variation and inheritance in leaves of Populus 
deltoides, P. nigra, P. maximowiczii and P. x canadensis in comparison to those in root tips. 
Silvae Genet. 41:289-292. (English) 

Saribas, M. 1989. [Recherches morphologiques sur les peupliers indigenes de la region 
Euro-Siberienne (Euxine) de Turquie]. Izmit Institute Bull. 148. 152p. (Turkish, French) 

Skvortsov, A.K. and V.D. Gadirka. 1987. [About Northern boundary of natural spreading of 
Black poplar in European part of USSR]. Bull. of Main Bot. Gar. AN USSR 146:30-36. 
(Russian) 

Teissier du Cros, E. 1977. Apen;u de la transmission hereditaire de quelques caracteres 
juveniles chez Populus nigra L. Ann. Sci. For. 34:311-322. (French, English) 

Tucovic, A. 1992. [Contribution to the study of extreme variability of domestic [Yugoslav] 
black poplar (Populus nigra L.)]. Sumarstvo 45:3-8. (Serbian, English) 

Tucovic, A. 1973. Study of the morphology of the root system of Black Poplar. Glasnik 
Sumarskog Fakulteta, Univerzitet u Biogradu, No. 44:117-129. (Serbo-Croatian, English) 

Villar, M., M. Gaget, C. Said, R.B. Knox and C. Dumas. 1987. Incompatibility in Populus: 
structural and cytochemical characteristics of the receptive stigmas of Populus alba and 
Populus nigra. J. Cell Sci. 87:483-490. (English) 

Villar, M., M. Gaget, M. Rougier and C. Dumas. 1993. Pollen-pistil interactions in Populus: 
beta-galactosidase activity associated with pollen tube growth in the crosses P. nigra x 
P. nigra and P. nigra x P. alba. Sex. Plant Reprod. 6:249-256. (English) 

Villar, M., M. Gaget and C. Dumas. 1987. The route of the pollen tube from stigma to ovule in 
Populus nigra: a new look. Ann. Sci. For. 44:259-264. (English, French) 

Wang-Zhan. 1988. Studies on ecological characteristics and rules of woodland establishment 
in poplar. Researches of Natural Resources (China) 2:39-43. (Chinese) 

Zhang-Xuesong, Jiang-Xinglin and Jiang-Haiyan. 1992. Researches on the genetical diversity 
of peroxidase isozyme of Populus ussuriensis. Forest Science and Technology (China) 2:28-
29. (Chinese) 

Zsuffa, L. 1964. Early diagnosis in the improvement of stem form in Black Poplars. In Proc. 
World Consultation on Forest Genetics and Tree Improvement, Stockholm, Sweden, Vol. 
2a (FAO, ed.). FAO, Rome. IIp. (French, English, Spanish) 

Zsuffa, L. 1974. The genetics of Populus nigra L. Annales Forestales, Zagreb 6/2:29-53. 
(English, Serbo-Croatian, German) 

Parasites (P. nigra) and environmental stress (P. nigra + hybrids) 
Allegro, G and L. Cagelli. 1996. Susceptibility of Populus nigra L. to the woolly poplar aphid 

(Phloeomysus passerinii Sign.). Forest Genetics 3(1):23-26. (English) 
Arru, GM. 1967. Resistance to insects in poplars grown in Italy. In Proc. XIV IUFRO 

Congress, Vol. III:861-866. (English) 



64 EUFORGEN: Po ulus ni ra NETWORK 

Bacigalova, K. 1994. Species of Taphrina on Populus in Slovakia. Czech Mycology 47:277-283. 
(English, Slovak) 

Ballach, H.J., J. Mooi and R Wittig. 1992. Premature ageing in Populus nigra L. after exposure 
to air pollutants. Angewandte-Botanik. 66:14-20. (English, German) 

Buecker, J. and H.J. Ballach. 1992. Alterations in carbohydrate levels in leaves of Populus due 
to ambient air pollution. Physiologia Plantarum. 86:512-517. (English) 

Cellerino, G.P., N. Anselmi, S. Bisoffi, A Giorcelli and A Belisario. 1986. Behaviour of 
Populus nigra L. coming from various sources towards Melampsora aZZii-populina Kleb. and 
Melampsora larici-populina Kleb. In Proc. Int. Poplar Commission Working Party on 
Diseases, Bordeaux, France (IPC/FAO, ed.). FAO, Rome. 4p. (English) 

Cervera, M.T., J. Gusmao, M. Steenackers, J. Peleman, V. Storme, A Vanden Broeck, M. Van 
Montagu and W. Boerjan. 1996. Identification of AFLP molecular markers for resistance 
against Melampsora larici-populina in Populus. Theor. Appl. Genet. 93:733-737. (English) 

Djingova, R, G. Wagner and D. Peshev. 1995. Heavy metal distribution in Bulgaria using 
Populus nigra 1talica' as a biomonitor. Science of the Total Environment 172:151-158. 
(English) 

Freer-Smith, P.H. and G. Taylor. 1992. Comparative evaluation of the effects of gaseous 
pollutants, acidic deposition and mineral deficiencies on gas exchange of trees. 
Agriculture Ecosystems and Environment (Netherlands) 42:321-332. (English) 

Guderian, R, J. Buecker, H.J. Ballach, C. Homberg and S. Franke. 1989. [Studies on the 
leaching of mineral substances and organic compounds of forest plants exposed to 
fumigation experiments in damaged forest stands]. [Final report on a research project]. 
Forschungsberichte zum Forschungsprogramm des Landes Nordrhein-Westfalen 
"Luftverunreinigungen und Waldschaeden" (Duesseldorf, Germany) 9:99p. (German, 
English) 

Hariri, E.B., G. Salle and C. Andary. 1991. Involvement of flavonoids in the resistance of two 
poplar cultivars to mistletoe (Viscum album L.). Protoplasma 162:20-26. (English) 

Hattori, M., Y. Sakagami and S. Marumo. 1992. Oviposition deterrents for the limabean pod 
borer, Etiella zinckenella (Treitschke) (Lepidoptera: Pyralidae) from Populus nigra L. c. v. 
Italica leaves. Appl. Entomo1. Zoo1. 27:195-204. (English) 

Lukaszewski, Z., R Siwecki, J. Opydo and W. Zembrzuski. 1993. The effect of industrial 
pollution on copper, lead, zinc and cadmium concentration in xylem rings of resistant 
(Populus marilandica) and sensitive (P. balsamifera) species of poplar. Trees 7(3):169-174. 
(English). 

Mertelik, J., B. G6tzova and A Lehovcova. 1992. [Detection of virus diseases in poplars] 
Zahradnictvi 3:177-188. (Czech) 

Moffat, AJ. and P.J.A. Shaw. 1993. Establishment of trees on mixtures of pulverized fuel ash 
and gypsum. I. Tree performance. Land Degradation and Rehabilitation 4(2):87-97. 
(English) 

Pinon, J. 1992. Variability in the genus Populus in sensitivity to rusts. Silvae Genet. 41:25-34. 
(English) 

Pinon, J., F. Lefevre, M. Villar and C. Pope. 1995. Structure et dynamique des populations de 
races de rouille du peuplier in Proc Semina ire INRA «Etude de la co-evolution des 
populations vegetales domestiquees, face a leurs agents pathogenes ou ravageurs », Paris, 
21/06/1995:123-133. (French) 

Sawidis, T., A Mamasidis, G. Zachariadis and J. Stratis. 1995. A study of air pollution with 
heavy metals in Thessaloniki City (Greece) using trees as biological indicators. Archives 
of Environmental Contamination Toxicology 28:118-124. (English) 

Shaw, P.J.A and AJ. Moffat. 1993. Establishment of trees on mixtures of pulverized fuel ash 
and gypsum. Part II: nutrition and trace elements. Land Degradation and Rehabilitation 
4:123.-129. (English) 

Tomovic, Z. 1990. [Variability and heredity of susceptibility of black poplars to bark canker 
(Dothichiza populea Sacc. et Br.)] Novi Sad. Institut za topolarstvo 105 p. (Serbian) 



BIBLIOGRAPHY 65 

Riparian ecosystem and in situ management 
Braatne, J.H., S.B. Rood and P.E. Heilman. 1996. Life history, ecology and conservation of 

riparian cottonwoods in North America. In Biology of Populus and its Implications for 
Management and Conservation. (RF. Stettler, H.D. Bradshaw, P.E. Heilman, T.M. 
Hinckley, eds.) NRC Res. Press, Ottawa, Canada. (English) 

Carbiener, R 1970. Un exemple de type forestier exceptionnel pour l'Europe occidentale: la 
fon~t du lit majeur du Rhin au niveau du fosse Rhenan. Interpretation ecologique et 
biogeographique. Comparaison a d'autres fon~ts thermophiles. Vegetatio. 20:97-148. 
(French) 

Carbiener, R 1991. La protection des fon~ts alluviales: un defi majeur confronte a de 
multiples blocages. Revue Forestiere Fran<;:aise XLIII:72-76. (French). 

Carbiener, R and A. Schnitzler. 1990. Evolution of major pattern models and processes of 
alluvial forests of the Rhine in the rift valley (France/Germany). Vegetatio. 88:115-129. 
(French) 

Cwynar, L.e. and RW. Spear. 1992. Reversion of forest to tundra in the central Yukon. 
Ecology 72:202-212. (English) 

Decamps, H. and E. Tabacchi. 1994. Species richness in vegetation along river margins. Pp 1-
20 (in Aquatic Ecology: Scale Pattern and Processes. (Giller P.5. et al., eds.). Blackwell. 
English) 

Decamps, H., A.M. Planty-Tabacchi and E. Tabacchi. 1995. Changes in the hydrological 
regime and invasions by plant species along riparian systems of the Adour river, France. 
Regulated Rivers 11:23-33. (English, French) 

Geilen, N. 1994. [Development prospects for floodplain forests in the summer bed of the 
Grensmaas]. Report of the project « Ecological rehabilitation of the river Meuse » RIZA, 
Arnhem (The Netherlands). EHM: 26/1994. (Dutch, English, French) 

Herpka, 1. 1986. A survey of development and possibilities of growing: natural forests of 
poplars and willows. Pp. 21-36 in Poplars and Willows in Yugoslavia. Poplar Res. Inst., 
Novi Sad. (English) 

Hespeler, B. 1994. Biotops instead of plantations of poplars. Niedersaechsischer Jaeger. 
39:265-268. (German) 

Ibanez, J.1., M. Martin and J. Laria. 1992. Programa de recuperacion de los sotos naturales de 
La Rioja. (A. Padro-Simarro. ed.). Ministerio de Agricultura, Pesca y Alimentacion, 
Madrid (Espana). Poplar and willow growing in combination with agriculture: 19th 
Session of the International Poplar Commission, Zaragoza, 22-25/9/1992. Proceedings, v. 
1. El cultivo de alamos y sauces, complemento de la agricultura: 19. Sesion de la Comision 
Internacional del Alamo, Zaragoza, 22-25/9/1992. Actas, v. 1. Salamanca (Espana). 
Edicion Tecnica de Congresos:531-541. (Spanish, English, French) 

Michelot, J.L. 1995. Gestion patrimoniale des milieux naturels fluviaux. Guide Technique. 
Reserves Naturelles de France. 67p. (French) 

Nolet, B.A., A. Hoekstra and M.M. Ottenheim. 1994. Selective foraging on woody species by 
the beaver Castor fiber, and its impact on a riparian willow forest. Biological 
Conservation 70: 117-128. (English) 

Peterken, G.F. and F.M.R Hughes. 1995. Restoration of floodplain forests in Britain. Forestry 
68:187-202. (English) 

Pisut, P. and E. Uhercikova. 1993. [Possibilities of floodplain forest restoration in the 
inundation area of the Danube from the viewpoint of present perspectives of natural 
reafforestation]. Zivotne Prostredie 27:124-129. (Slovak, English) 

Planty-Tabacchi, A.M., E. Tabacchi, RJ. Naiman, e. De Ferrari and H. Decamps. 1996. 
Invasibility of species-rich communities in riparian zones. Conservation Biology. (in 
press). (English) 

Pont, B. 1994. Elements bibliographiques en vue de la mise au point d'une methode de suivi 
a long terme de la dynamique forestiere spontanee des ripisylves. Reserves Naturelles de 
France. 15p. (French) 

Pont, B. 1995. Suivi a long terme de la dynamique forestiere spontanee des ripisylves - 10 

phase: mise au point de la methode et test sur 6 reserves naturelles - Rapport final. 
Reserves Naturelles de France. 12p (+ annexes). (French) 



66 EUFORGEN: Po ulus ni ra NETWORK 

Prater, AJ. 1993. Poplars and wildlife. Quarterly J. For. 87:314-318. (English) 
Rameau, J.c. 1995. Typologie phytosociologique des habitats forestiers et associes (landes, 

fruticees, pelouses (ou prairies) preforestieres) - Types simplement representatifs ou 
remarquables sur le plan patrimonial. Tome 2 - 1 Les complexes riverains. ENGREF, 
Nancy (France):175-428. (French) 

Shastin, AA 1987. [Forest-regenerative thinnings in spawning site protection forest strips on 
rivers Ural and Sacmara]. Lesnoje khozjajstvo 6:26-27. (Russian) 

Shul'ga, V.D. and AN. Maksimov. 1991. Effect of soil flooding on the condition of forests on 
the Volga-Akhtubinskaya floodplain. Soviet Soil Science (USA) 23:36-42. (English, 
Russian) 

Splunder,1. -van, H. Coops, L.AC.J. Voesenek and C.W.P.M. Blom. 1995. Establishment of 
alluvial forest species in floodplains: the role of dispersal timing, germination 
characteristics and water level fluctuations. Acta Bot. Neerl. 44:269-278. (English) 

Stromberg, J.c. 1993. Fremont cottonwood-Goodding willow riparian forests: a review of 
their ecology, threats, and recovery potential. J. of the Arizona Nevada Academy of 
Science 27:97-110. (English) 

Tabacchi, E. 1995. Structural variability and invasions of pioneer plants community in 
riparian habitats of the middle Adour River. Can. J. Bot. 73:33-44. (English, French) 

Tabbush, P.M. 1996. Native poplars and the restoration of floodplain forests. Quarterly J. F. 
90:128-134. (English) 

Tsanov, T. 1988. [Origin, development and strengthening of naturally regenerating stands 
along the Danube]. Gorsko Stopanstvo 44:17-19. (Bulgarian) 

Tsanov, T. 1992. [The flooded forests along the Danube riparian zone in Bulgaria]. Bulg. 
Acad. Sci., Sofia:55-58, 101-107. (Bulgarian) 

Veblen, T.T., K.S. Hadley, E.M. Nel, T. Kitzberger, M. Reid and R Villalba. 1994. Disturbance 
regime and disturbance interactions in a Rocky Mountain subalpine forest. J. Ecol. 
(Oxford) 82:125-135. (English) 

Walkowiak, H. 1991. [Afforestation along trenches - Review of a thirty-year record]. 
Feldwirtschaft 32:577-578. (German) 

Waiter, J.M. 1979. Etude des structures spatiales en foret alluviale rhenane. I Problemes 
structuraux et donnees experimentales. Oecol. Plant. 14:345-353. (French, English) 

Watters, RJ. and AG. Price. 1988. The influence of stemflow from standing dead trees on the 
fluxes of some ions in a mixed deciduous forest. Can. J. For. Res. 18:1490-1493. (English) 

Whitham, T.G, K.D. Floate, GD. Martinsen, E. Driebe and P. Keim. 1996. Ecological and 
evolutionary implications of hybridization: Populus-herbivore interactions. In: Biology of 
Populus and its implications for management and conservation. (RF. Stettler, H.D. 
Bradshaw, P.E. Heilman and T.M. Hinckley eds.). NRC Res. Press, Ottawa, Canada. 
(English) 

Willink, G. 1995. Inventorisation of black poplar (Populus nigra L.) in the floodplains of the 
upper-Rhine, Waal, and upper-Merwede. Ecologisch Adviesbureau STL rapport 95-
15:17p (Dutch) 

Biotechnology and ex situ conservation (P. nigra + hybrids) 
Bakulin, V.T. 1986. [Use of introducted polyploids of poplars for hybridization]. Izv. SO AN 

USSR, Ser. BioI. 6/1:3-11. (Russian, English) 
Bonner, F.T. 1990. Storage of seeds: potential and limitations for germplasm conservation. 

For. EcoI. Manag. 35:35-43. (English) 
Cagelli, L. 1992. Poplar seed germination and storage. In Proc. 19th Session of the 

International Poplar Commission, Zaragoza, Spain, 22-25/9/1992 (A Padro, ed.). (Poster). 
(English) 

Cagelli, L. 1994. Poplar pollen and seed storage for the establishment of strategic reserves. 
Intern. Poplar Commission, Working Party on Poplar and Willow Breeding, Sapanca, 
Turkey, 03-04/10/1994. (English) 



BIBLIOGRAPHY 67 

Catalan, G. 1991. Semillas de arboles y arbustos forestales. Pp. 300-304 in Coleccion tecnica, 
ICONA (MAP A), ed. (Spanish) 

Changtragoon, S. 1991. [The significance of nuclear and extranuclear genetic information for 
in vitro cultivation of poplars (Populus spp.)]. PhD Thesis, U. of Goettingen, Germany. 
101p. (German) 

Choi, W.Y. and KJ. Lee. 1990. Induction of tumors and teratomous shoots, and gene 
transformation of Pinus thunbergii and Populus Koreana x P. nigra var. italica by 
Agrobacterium tumefaciens. Seoul Nat. Univ. J. Agric. Sci.,15:1-6. (English) 

Confalonieri, M., A. Balestrazzi and S. Bisoffi. 1994. Genetic transformation of Populus nigra 
by Agrobacterium tumefaciens. Plant Cell Rep. 13:256-261. (English) 

Confalonieri, M., A. Balestrazzi, S. Bisoffi and R Cella. 1995. Factors affecting Agrobacterium 
tumefaciens-mediated transformation in several black poplar clones. Plant Cell Tissue and 
Organ Culture 43:215-222. (English) 

Douglas, G.C 1984. Formation of adventitious buds in stem internodes of Populus spp. 
cultured in vitro on basal medium: influence of endogenous properties of explants. J. Plant 
Physiol. 116:313-321. (English) 

Fialho, RC and J. Bucker. 1996. Changes in levels of foliar carbohydrates and myo-inositol 
before premature leaf senescence of Populus nigra induced by a mixture of 0 3 and S02. 
Can. J. Bot. 74:965-970. (English, French) 

Gaget, M., M. Villar and C Dumas. 1989. The mentor pollen phenomenon in poplars: a new 
concept. Theor. App1. Genet. 78:129-135. (English) 

Hausman, J.F., C Kevers and T. Gaspar. 1995. Auxin-polyamine interaction in the control of 
the rooting inductive phase of poplar shoots in vitro. Plant Sci. 110:63-71. (English) 

Hausman, J.F., C Kevers and T. Gaspar. 1995. Putrescine control of peroxidase activity in the 
inductive phase of rooting in poplar shoots in vitro, and the adversary effect of 
spermidine. J. Plant Physiol. 146:681-685. (English) 

Hausman, J.F., C Kevers and T. Gaspar. 1994. Involvement of putrescine in the inductive 
rooting phase of poplar shoots raised in vitro. Physiol. Plant. 92:201-206. (English) 

Hausman, J.F., O. Neys, C Kevers and T. Gaspar. 1994. Effect of in vitro storage at 4EC on 
survival and proliferation of poplar shoots. Plant Cell, Tissue and Organ Culture 38:65-67. 
(English) 

Ho, RH. and Y. Raj. 1985. Haploid plant production through anther culture in poplars. For. 
Eco1. Manag. 13:133-142. (English) 

Hrib, J. 1993. Effect of acid pH on organogenesis of poplar in vitro. Biologia, Bratislava 48:89-
92. (English) 

Iordan-Costache, M., KC Lowe, M.R Davey and J.B. Power. 1995. Improved 
micropropagation of Populus spp. by pluronic F-68. Plant Growth Regu1. 17:233-239. 
(English) 

Jorgensen, J. 1990. Conservation of valuable gene resources by cryopreservation in some 
forest tree species. J. Plant Physiol. 136:373-376. (English) 

Jouve, L. and T. Gaspar. 1994. Evaluation of polyamine level, superoxyde dismutase and 
catalase activity during in vitro and low temperature conservation of poplar. Pp. 205-213 
in Crop adaptation to cool climates (K Dorffling, B. Brettschneider, H. Tantau and K 
Pithan eds.). European Commission Publ., Luxembourg. (English) 

Jouve, L., C Kevers and T. Gaspar. 1996. Acclimatation of poplar to low temperature: early 
biochemical events. Arch. Intern. Physiol. Biochim. Biophys. (in press). (English) 

Jouve, L., J.G. Fouche and T. Gaspar. 1995. Early biochemical changes during acclimatation of 
poplar to low temperature. J. Plant Physiol. 147:247-250. (English) 

Kasai, Z., Y. Kawaguchi and K Sumiya. 1990. [Influence of inorganic nitrogen nutrient on 
growth and differentiation of poplar [Populus nigra L.] callus]. Memoirs of the Faculty of 
Agriculture of Kinki University (Japan) 23:33-38. (Japanese, English) 

Kim, CM., KW. Kwon and I.5. Lee. 1987. [Cell growth in suspension-culture of Populus nigra 
var. italica and the efficiency of micro-callus formation according to cell plating method]. 
Research Reports of Agricultural Science and Technology Chungnam National University 
(Korea Republic) 14:197-204. (Korean, English) 



68 EUFORGEN: Po ulus ni fa NETWORK 

Kim, S.H., M.W. Kim, Y.H. Kang and S.H. Lee. 1993. [Changes in endogenous polyamine 
levels during adventitious root regeneration from Populus leaf segments]. Kor. J. Plant 
Tissue Culture 20:329-335. (Korean, English) 

Kim, S.J., Y.H. Kang and M.W. Kim. 1991. [Effects of cations on adventitious bud formation 
on the mid vein of leaf segment in poplar]. Kor. J. Bot. 34:25-30. (Korean, English) 

Kim, S.H., Y.H. Kang, B.G. Kang, S.H. Lee and M.W. Kim. 1992. Effect of polyamines on 
adventitious shoot regeneration from Populus leaf segments. Kor. J. Bot. (Korean 
Republic) 35:17-23. (Korean, English) 

Lubrano, L. 1992. Micropropagation of poplars (Populus spp.).Pp. 151-178 in Biotechnology in 
Agriculture and Forestry (Y.P.S. Bajaj ed.). Springer Verlag, Berlin. (English) 

Maestro, C 1995. Poplar germplasm conservation: ex situ conservation methods under 
controlled conditions. Pp.11-14 in Populus nigra network. Report of the first meeting, 3-5 
October 1994, Izmit, Turkey (E.Frison, F.Lefevre, S.de-Vries and J. Turok, eds.). IPGRl, 
Rome (Italy). (English) 

Mohri, T. and K Miura. 1992. Plantlet regeneration from leaf protoplast of Populus nigra L. 
var. italica Koehne. Research Bulletins of the College Experiment Forests Hokkaido 
University (Japan) 49:261-275. (Japanese, English) 

Mohri, T., N. Yamamoto and K Shinohara. 1996. Agrobacterium-mediated transformation of 
Lombardy poplar (Populus nigra var. italica Koehne) using stem segments. J. For. Res. 1:13-
16. (English) 

Moon, H.K and J.H. Kim. 1987. Cold storage of Populus spp. shoot tips in vitro. Kor. J. Plant 
Tissue Culture 14:137-140. (Korean, English) 

Muller, C and E. Teissier du Cros. 1982. Conservation pendant 5 ans de graines de peupliers 
noirs (Populus nigra L.). Ann. Sci. For. 39:179-185. (French, English) 

Park, Y.G. and S.H. Son. 1988. In vitro organogenesis and somatic embryogenesis from 
punctured leaf of Populus nigra x P. maximowiczii. Plant Cell, Tissue and Organ Culture 
15:95-105. (English) 

Park, Y.G. and S.H. Son. 1992. In vitro shoot regeneration from leaf mesophyll protoplast of 
hybrid poplar (Populus nigra x P. maximowiczii). Plant Cell Rep. 11:2-6. (English) 

Park, Y.G., D.W. Shin M.S. Choi, E.P. Moon and H.J. Kim. 1991. Transformation of Cab gene 
into hybrid poplar (Populus Koreana x P. nigra) by Agrobacterium tumefaciens. Kor. J. Plant 
Tissue Culture 18:323-330. (Korean, English) 

Park, Y.G., J.H. Kim and S.H. Son. 1992. Induction of somatic hybrid by protoplast fusion 
between Populus Koreana x P. nigra var. italica and P. euramericana cv. Guardi. J. Kor. For. 
Soc. 81:273-279. (Korean, English) 

Park, Y.G., S.J. Park and S.H. Son. 1988. [In vitro selection for salty tolerance of Populus nigra 
X P. maximowiczii. Agric. Research Bulletin of Kyungpook National University (Korean 
Republic) 6:75-85. (Korean, English) 

Puri, S. and F.B. Thompson. 1989. Rooting of stem cuttings of Populus x euramericana under 
different water potentials. In Forest Tree Physiology (E. Dreyer et al. eds.). Ann. Sci. For. 
46:127-129. (English, French) 

Rajora, O.P. and L. Zsuffa. 1986. Pollen viability of some Populus species as indicated by in 
vitro pollen germination and tetrazolium chloride staining. Can. J. Bot. 64:1086-1088. 
(English) 

Raquin, C, L. Troussard and M. Villar. 1993. In-ovary embryo culture as a tool for popular 
hybridization. Can. J. Bot. 71:1271-1275. (English, French) 

Song, J.J., M.W. Kim, S.H. Lee, B.G. Kang and Y.H. Kang. 1993. Mechanism of polar 
differentiation of poplar: Endogenous hormone content and effect of NAA and polyamine 
on polar differentiation. Kor. J. Plant Tissue Culture 20:21-26. (Korean, English) 

Sumiya, K, T. Sunakawa, T. Ishimoto and Z. Kasai. 1988. Plant regeneration from long-term 
cultured callus of poplar (Populus nigra). J. Jap. Wood Res. Soc. 34:354-358. (English, 
Japanese) 

Tschaplinski, T.J. 1989. The role of sink demand in carbon partitioning and photosynthetic 
reinvigoration following shoot decapitation. Physiol. Plant. 75166-173. (English) 



BIBl...IOGRAPHY 69 

Tschaplinski, T.J. and T.J. Blake. 1989. Photosynthetic reinvigoration of leaves following 
shoot decapitation and accelerated growth of coppice shoots [rejuvenation]. Physiol. 
Plant. 75:157-165. (English) 

Villar, M. and M. Gaget-Faurobert. 1996. Mentor Effects in pistil-mediated pollen-pollen 
interactions. In Pollen biotechnology for Crop production and Improvement. (VK 
Sawhney and KR Shivanna eds.). Cambridge University Press (in press). (English) 

Wang, G., S. Castiglione, Y. Chen, L. Li, Y. Han, Y. Tian, D.W. Gabriel, Y. Han, K. Mang and 
F. Sala. 1996. Poplar (Populus nigra L.) plants transformed with a Bacillus thuringiensis 
toxin gene: insecticidal activity and genomic analysis. Transgenic Research 5:289-301. 
(English) 

Whitehead, H.C.M. and K.L. Giles. 1977. Rapid propagation of poplars by tissue culture 
methods. New Zealand J. For. Sci. 7:40-43. (English) 

Selection and germ plasm conservation (P. nigra) 
Alba, N. 1995. Conservation of forest genetic resources of Populus in Spain. Pp. 25-26 in 

Populus nigra network. Report of the first meeting, 3-5 October 1994, Izmit, Turkey (E. 
Frison, F. Lefevre, S. de-Vries and J. Turok, eds.). IPGRI, Rome (Italy). (English) 

Amels, C.W. 1974. [Black Poplar - the conservation of an indigenous species]. Nederlands 
Bosbouw Tijdschrift 46:200-211. (Dutch, English) 

Anonymous. 1971. Progress report on the populetum for temperate Europe, Cologne. Fao 
1971. Institute For Poplar Research, Hann. Muenden. In Proc. Int. Poplar Commission 
Sess. 14, Bucarest, Romania. (IPC/FAO eds.). FAO, Rome. 16p. (English) 

Anonymous. 1989. [Identification and classification of spontaneous P. nigra and P. alba 
individuals in Lombardy, for the creation of genetic reserves]. Istituto di Sperimentazione 
per la Pioppicoltura, SAF /ENCC, Casale Monferrato. (Italian) 

Anonymous. 1989. [Poplar cultivation in the regional parks]. Istituto di Sperimentazione per 
la Pioppicoltura, SAF /ENCC, Casale Monferrato. (Italian) 

Arbez, M. and F. Lefevre. 1996. Towards a European forest genetic resource programme: 
objectives and general conception - A case study concerning the black poplar (Populus 
nigra L.). In Proc. Workshop Council of Europe "Conservation of the Wild Relatives of 
European Cultivated Plants: developing integrated strategies", Neuchatel (Suisse). 14-
17/10/1993, Bocconea. (in press). (English) 

Avanzo, E. and G. Mughini. 1980. Populetum Mediterraneum: progress report (in Italy). In 
Proc. Int. Poplar Commission Sess. 16 Izmit (Turkey) (IPC/FAO, ed.). FAO, Rome. 29p. 
(English, Spanish, French) 

Becker, A. 1983. [Plant species care and protection programme: black poplar (Salicaceae: 
Populus nigra)]. Mitteilungen der Landesanstalt fuer Oekologie, Landschaftsentwicklung 
und Forstplanung Nordrhein Westfalen (Germany, F.R). Suppl. entitled: Merkblaetter 
zum Biotop- und Artenschutz 8:21-22. (German) 

Bisoffi, S. and U. Gullberg. 1996. Poplar breeding and selection strategies. In Biology of 
Populus and its implications for management and conservation. (RF. Stettler, H.D. 
Bradshaw, P.E. Heilman and T.M. Hinckley eds.). NRC Res. Press. Ottawa, Canada. 
(English) 

Bisoffi, S., G. Gemignani, M.A. Gras, S. May and G. Mughini. 1987. Establishment of Populus 
nigra genetic reserves in Italy. Genet. Agric. 41:105-114. (English) 

Cagelli, L. 1995. Proposal for passport data for Populus nigra. Pp. 15-17 in Populus nigra 
network. Report of the first meeting, 3-5 October 1994, Izmit, Turkey. (E. Frison, F. 
Lefevre, S. de-Vries and J. Turok, eds.). IPGRI, Rome (Italy). (English) 

Cagelli, L. 1995. Populus nigra genetic resources in Italy. Pp. 19-24 in Populus nigra network. 
Report of the first meeting, 3-5 October 1994, Izmit, Turkey. (E. Frison, F. Lefevre, S. de-
Vries and J. Turok, eds.). IPGRI, Rome (Italy). (English) 

Cagelli, L. and F. Lefevre. 1995. The conservation of Populus nigra and gene flow with 
cultivated poplars in Europe. Forest Genetics 2:135-144. (English) 



70 EUFORGEN: Ro ulus ni ra NETWORK 

de Vries, S.M.G. 1995. Populus nigra in the Netherlands. Pp. 46 in Populus nigra network. 
Report of the first meeting, 3-5 October 1994, Izmit, Turkey. (E. Frison, F. Lefevre, S. de-
Vries and J. Turok, eds.). IPGRI, Rome (Italy). (English) 

de Vries, S.M.G. 1996. Guidelines for maintenance and duplication of ex situ field collections 
of Populus nigra. Pp. 11-12 in Populus nigra Network. Report of the second meeting, 10-12 
September 1995, Casale Monferrato, Italy. (J. Turok, F. Lefevre, L. Cagelli and S. de Vries 
eds.). IPGRI, Rome (Italy). (English) 

Frison, E., F. Lefevre, S. de-Vries and J. Turok. 1995. Populus nigra network. Report of the first 
meeting, 3-5 October 1994, Izmit, Turkey. IPGRI, Rome (Italy), 52 p. (English) 

Gaal, G. 1985. [Resultats quinquennaux des recherches en conservation genetique forestiere]. 
Erdeszeti Kutatasok, Budapest (Hungarian) 

Gaal, G. 1986. [Conservation genetique des peupliers et saules indigenes]. Erdeszeti 
Kutatasok, Budapest (Hungarian) 

Gemignani, G. 1988. Populetum Mediterraneum: activity report. In Proc. Int. Poplar 
Commission Sess. 18. Beijing, China (IPC/FAO, ed.). 20p. (English) 

Giordano, E. and G. Mughini. 1988. 11 'Populetum Mediterraneum'. Scritti di selvicoltura in 
onore di Alessandro de Philippis, Istituto di Selvicoltura, Universita di Firenze:117-145. 
(Italian, English) 

Hobson, D.D. 1991. The status of Populus nigra L. in the Republic of Ireland. Watsonia 
18:303-305. (English) 

Koltay, G. and F. Kopecky. 1956. [L'amelioration des peupliers indigenes]. Erdeszeti 
Kutatasok, Budapest 2:65-86. (Hungarian) 

Kopecky, F. 1956. Problems of breeding black poplar in Hungary. Acta Agronomica 
(Hungary), 6/3-4:307-320. (English, Russian, German) 

Kopecky, F. 1956. [L'amelioration du peuplier noir en Hongrie]. Erdeszeti Kutatasok, 
Budapest 1:17-32. (Hungarian) 

Koster, R. 1977. Conservation and study of genetic resources of poplars. Pp. 45-60 in World 
Consultation on Forest Tree Breeding 3, Canberra, Australia. FAO, Rome. (English) 

Krstinic, A. and D. Kajba. 1994. [Clone collection of pure species and hybrids of poplars from 
section Aigeiros in the Republic of Croatia - their importance for the improvement and the 
silviculture] Sumarski list, Zagreb, Croatia 1-2:33-37. (Croatian, English) 

Krstinic, A. and D. Kajba. 1995. Conservation of poplar and arborescent willow genetic 
resources in Croatia. Pp. 29-36 in Populus nigra network. Report of the first meeting, 3-5 
October 1994, Izmit, Turkey. (E. Frison, F. Lefevre, S. de-Vries and J. Turok, eds.). IPGRI, 
Rome (Italy). (English) 

Krstinic, A., J. Gracan and D. Kajba. 1996. [Tree breeding of poplars and arborescent willows 
in Croatia]. Hrvatsko Sumarsko Drustvo, Zagreb, Croatia 229-237. (Croatian, English) 

Lefevre, F. 1995. Programme for the conservation of Populus nigra in France. In Populus nigra 
network. Report of the first meeting, 3-5 October 1994, Izmit, Turkey. (E. Frison, F. 
Lefevre, S. de-Vries and J. Turok, eds.). IPGRI, Rome (Italy):18. (English) 

Lefevre, F. and L. Cagelli. 1995. Towards the conservation of Eurasian black poplar, Populus 
nigra L. In Populus nigra network. Report of the first meeting, 3-5 October 1994, Izmit, 
Turkey. (E. Frison, F. Lefevre, S. de-Vries and J. Turok, eds.). IPGRI, Rome (Italy):10. 
(English) 

Lefevre, F., A. Legionnet, A. Valadon and M. Villar. 1996. Programme national de 
conservation de Populus nigra. Commission Technique Nationale de Conservation des 
Ressources Genetiques Forestieres (Ministere de l'Agriculture, Paris), INRA-Avignon. 
lOp. (French) 

Meikle, R.D. 1984. Willows and poplars of Great Britain and Ireland. Bot. Soc. of the British 
Isles, London. (English) 

Milne Redhead, E. 1990. The BSBI black poplar survey 1977-1988. Watsonia 18:1-5. (English) 
Mottl, J. and I. Marak. 1988. [Work on preservation of native black poplar in Czech Republic]. 

Zpravy lesnickeho vyzkumu 1:1-4. (Czech) 
Mottl, J. and M. Dubsky. 1995. [Preservation of native black poplar (Populus nigra L. ssp 

nigra) and its introduction intothe landscape]. Sbomik Dreviny - bohatstvi a krasa nasi 
krajiny, Mendelova universita Bmo.: 22-28. (Czech) 



BIBLIOGRAPHY 71 

Mottl, J. and M. Dubsky. 1996. [Select trees of black poplar (Populus nigra L. ssp nigra) in the 
central Morava Basin] Acta Pruhoniciana 63. (in press). (Czech) 

Nepveu, G., R. Keller and E. Teissier du Cros. 1978. Selection juvenile pour la qualite du bois 
chez certains peupliers noirs. Ann. Sci. For. 35:69-92. (French, English) 

Ozolin, G.P., KS. Shamsiev and V.V. Stipinsky. 1986. [Testing of poplar sorts in Middle 
Asia]. Bul.VNII Agroforestry 3/9:20-23. (Russian) 

Rogers, E. 1995. The Native Black poplar. Quarterly J. of Forestry 89:33-37. (English) 
Schalk, P.H. 1983. [Twenty years testing of clones of european black poplar, Populus nigra L.]. 

Populier 20:91-99. (Dutch, English) 
Schulzke, R. 1995. Populus nigra in Germany: a case study. Pp. 37-39 in Populus nigra network. 

Report of the first meeting, 3-5 October 1994, Izmit, Turkey. (E. Frison, F. Lefevre, S. de-
Vries and J. Turok, eds.). IPGRI, Rome (Italy). (English) 

Sekawin, M. 1963. Etude d'un peuplier tetraploide obtenu artificiellement et de sa 
descendance. In Proc. World Consultation on Forest Genetics and Tree Improvement, 
Stockholm, Sweden, Vol. 1. FAO, Rome. 11p. (French, English, Spanish) 

Slycken, J. van. 1995. Short note about Populus nigra in Belgium. In Populus nigra network. 
Report of the first meeting, 3-5 October 1994, Izmit, Turkey. (E. Frison, F. Lefevre, S. de-
Vries and J. Turok, eds.). IPGRI, Rome (Italy):40. (English) 

Slycken, J. van. 1996. Plant descriptors for Populus nigra. Pp. 13-24 in Populus nigra Network. 
Report of the second meeting, 10-12 September 1995, Cas ale Monferrato, Italy. (J. Turok, 
F. Lefevre, L. Cagelli and S. de Vries eds.). IPGRI, Rome (Italy). (EngUsh) 

Steenackers, V. 1986. The collection and distribution of seeds and cuttings of poplar species, 
hybrids and clones which are of importance for biomass production in energy plantations 
- Progress report CPB-13 (Populus nigra, Populus trichocarpa, Populus yunnanensis). Pp. 107-
110 in Proc. lEA/FAO Workshop, Research in Forestry for Energy, Rungstedgaard, 
Denmark, Vol. 1 (C.P. Mitchell, P.O. Nilsson and L. Zsuffa, eds.). Garpenberg, Sweden. 
(English) 

Tabbush, P. 1996. The status of black poplar conservation in Britain. Pp. 7-10 in Populus nigra 
Network. Report of the second meeting, 10-12 September 1995, Casale Monferrato, Italy. 
(J. Turok, F. Lefevre, L. Cagelli and S. de Vries eds.). IPGRI, Rome (Italy). (English) 

Tartarino, P. 1990. A plan for conservation and improvement measures for an agricultural 
and forested area, Comune di San Giovanni (near Foggia). Italia Forestale e Montana 
45:223-242. (Italian, English) 

Toth, B. 1995. Black poplar (Populus nigra): the situation in Hungary. Pp. 27-28 in Populus 
nigra network. Report of the first meeting, 3-5 October 1994, Izmit, Turkey. (E. Frison, F. 
Lefevre, S. de-Vries and J. Turok, eds.). IPGRI, Rome (Italy). (English) 

Tucovic, A. 1992. [Contribution to the study of extreme variability of domestic (yugoslav) 
black poplar (Populus nigra L.)]. Sumarstvo 45:3-8. (Serbian) 

Tun<;:taner, K 1995. Conservation of genetic resources of Populus nigra in Turkey. Pp. 41-44 
in Populus nigra network. Report of the first meeting, 3-5 October 1994, Izmit, Turkey. (E. 
Frison, F. Lefevre, S. de-Vries and J. Turok, eds.). IPGRI, Rome (Italy). (English) 

Tun<;taner, K 1993. [In situ and ex situ conservation of poplar and willow genetic resources in 
Turkey]. Izmit Institute Manuscript Document. 37p. (Turkish) 

Tun<;taner, K and KA. Zengingoniil. 1988. [Growth performances and frost resistances of 
poplar clones in central Anatolia]. Izmit Institute Magazine. (Turkish) 

Tun<;taner, K et al. 1983. [Results of the investigations on populeta established in Turkey]. 
Izmit Institute Bull. 19:221-293. (Turkish, English) 

Tun<;taner, K et al. 1987. [Possibilities of growing euramerican and black poplars in the 
region of Afsin-Elbistan]. Izmit Institute Magazine. (Turkish) 

Turok, J., F. Lefevre, L. Cagelli and S. de Vries. 1996. Populus nigra Network. Report of the 
second meeting, 10-12 September 1995, Casale Monferrato, Italy. IPGRI, Rome (Italy). 27p. 
(English) 

Tzanov, T. 1995. Bulgarian National programme project for the conservation of Populus nigra. 
Pp. 45 in Populus nigra network. Report of the first meeting, 3-5 October 1994, Izmit, 
Turkey. (E. Frison, F. Lefevre, S. de-Vries and J. Turok, eds.). IPGRI, Rome (Italy). 
(English) 



72 EUFORGEN: Po ulus ni ra NETWORK 

Viart, M. 1988. Bref historique des echanges internationaux de peupliers noirs (genre Populus, 
section Aigeiros). eR. Acad. Agric. France 74:55-62. (French, English) 

Wright, J.W. 1952. Pollen dispersion of some forest trees. Sta. Pap. Ntheast. for Exp. Sta., No. 
46. 42p. (English) 

Cultivation and use (P. nigra) 
Acar, O. 1980. Negative effects to black-poplar wood production due to use of branch 

cuttings instead of rooted samplings on poplar plantations of Savur district. International 
Poplar Commission. Sess. 16. Izmit, Turkey. 2-12 Nov 1980. 4 p. (English) 

Anonymous. 1992. Plant material for short rotation forestry - Canada. Handbook on how to 
grow short rotation forests. (S. Ledin and A Alriksson eds.). Uppsala (Sweden). Sveriges 
Lantbruksuniv 1.2.1-1.2.13. (English) 

Birler, AS., H. Usta and Y. Yiiksel. 1983. [Volume tables for asiatic black poplars]. Izmit 
Institute Bull. 19:153-169. (Turkish, English) 

Clerici, E. and A Asciuto. 1991. [The poplar culture in Piazza Armerina. Auxometric and 
economical aspects [Italy]]. Cellulosa e Carta 42:31-42. (Italian, German, English, French) 

Davel, M., H. Menoyo and O. Mombelli. 1993. Resultados preliminares de ensayos de 
cultivares de Populus nigra en cortinas protectoras de la zona de Esquel, Pcia. del Chubut. 
Congreso forestal argentino y latinoamericano. Parana, Entre Rios (Argentina). 6:441-450. 
(Spanish) 

FAO. 1980. Peupliers et saules dans la production du bois et l'utilisation des terres. Rome, 
FAO/CIP (Collection FAO: Fon~ts) 10:343 p. (French) 

Gadirka, V.D. 1989. [Short information about the culture of Black poplar (Populus nigra L.)]. 
Bot. Res. Kishinev (Moldova) 6:53-60. (Russian) 

Guzina, V. (ed.) 1986. [Poplar and willows in Yugoslavia (Populus spp., Salix spp.), Novi Sad]. 
Institut za topolarstvo 289p. (Serbo-Croatian or English) 

Guzina, V. 1987. [Variability of poplar clones in respect to their capability of rooting by 
cuttings]. Topola 31:13-24. (Serbo-Croatian, English) 

Guzina, V. (ed.) 1986. Poplar and willows in Yugoslavia (Populus spp., Salix spp.), Novi Sad 
(Yugoslavia). Institut za topolarstvo. 289p. (Serbo-Croatian, English) 

Krstanov, K., V. Fakirov, P. Ganchev et al. 1987. [Possibilities and perspectives of poplar 
forestry]. Gor. Stopanstvo 43:9, 3-6. (Bulgarian) 

Lenz, O. 1956. Le bois des principaux peupliers et d'un saule indigenes en Suisse. Institut 
Suisse de Recherches Forestieres, Zurich 32:203-227. (French, German, Italian, English) 

Mottl, J. 1989. [Poplars and their use in greenery]. Aktuality VSUOZ Pruhonice. (Czech) 
Mutibaric, J. 1962. [Increment and volume of native Black Poplar and Willow], Sumarstvo 

15:39-46. (Serbo-Croatian, French) 
Schoene, M. 1994. [Production of chlorine free bleached pulp from Picea abies L., Miscanthus 

sinensis Anderss. and Populus nigra L. by means of Formacell-process]. Hamburg Univ. 
(Germany). Fachbereich Biologie 165 p. (German) 

Tolay, U. 1980. The modem cultivation technique of producing sapling in the P. nigra regions 
of Turkey. International Poplar Commission. Sess. 16. Izmit (Turkey). 2-12 Nov 1980. 8p. 
(English) 

Tucovic, A 1954. [Populus nigra in Belgrade and its vicinity]. Sumarstvo 7:638-649. (Serbo-
Croatian, English, German) 

Wolterson, J.F. 1961. [Populus nigra in the Netherlands]. Ned. Bosb. Tijdschr. 33:281-297. 
(Dutch, English) 

Miscellaneous (P. nigra and relatives) 
Amoros, M., E. Lurton, J. Boustie, L. Girre, F. Sauvager and M. Cormier. 1994. Comparison of 

the anti-herpes simplex virus activities of propolis and 3-methyl-but-2-enyl caffeate. J. 
Natural Products 57:644-647. (English) 



BIBLIOGRAPHY 73 

Bankova, V.s. 1990. Synthesis of natural esters of substituted cinnamic acids. J. Natural 
Products 53:821-824. (English) 

Caraglio, Y., E. Elguero, L Mialet and H. Rey. 1990. Le peuplier : modelisation et simulation 
de son architecture (Populus nigra L. et cultivars, exemples des clones 145/51 et 1214). 
Centre de Cooperation Intemationale en Recherche Agronomique pour le 
Developpement, Montpellier (France). GERDAT. Laboratoire de Modelisation 163 p. 
(French) 

Greenaway, W., E. Wollenweber, T. Scaysbrook and F.R. Whatley. 1988. Esters of caffeic acid 
with aliphatic alcohols in bud exudate of Populus nigra. Zeitschrift-fuer-Naturforschung,-
Section-C,-Biosciences 43c:795-798. (English) 

Hafizoglu, H. and U.C Yildiz. 1990. Acetylation plus water-repellent treatment of wood in 
slate thickness. Holzforschung 44:245-248 (English) 

Hart, ED. 1976. Populus: A Bibliography of World Literature 1964-1974. South. For. Exp. Stn., 
New Orleans, La (USDA For. Serv. Res. Pap. SO-124) 227p. (English) 

Javier, D.L.R., A Abadia and J. Abadia. 1989. A new reversed phase-HPLC method resolving 
all major higher plant photosynthetic pigments. Plant Physiol. 91:190-192. (English) 

Le Floch, S. 1996. Le peuplier dans la peinture de paysage : esthetique et originalite d'un 
arbre ordinaire. Paysage et Amenagement (in press). (French). 

Le Floch, S. 1996. Regards sur le peuplier, un arbre entre champs et fon~ts. Du rationnel au 
sensible. These de doctorat de l'ENGREF: Sciences Forestieres, E.N.G.R.E.F., Cemagref. 
298 p. (French) 

Lee, S.W. and LS. Chung. 1993. Development of mass production system of anthocyanin by 
in vitro culture of plant cell - Optimization of culture conditions. RDA J. of Agric. Science 
(Korea Republic) 35:203-211. (Korean, English) 

Ostry, M.E. and F.L. Henderson. 1990. Populus: A Bibliography of World Literature 1975-
1988. North. Cent. For. Exp. Stn., National Agricultural Library, Beltsville, Mariland 
(USDA For. Serv. Bibliographies and Literature of Agriculture Number 104) 721p. 
(English) 

Terrasson, D. and S. Le Floch. 1995. Le peuplier, auxiliaire ou concurrent pour l'agriculture et 
l'elevage : importance historique et formes actuelles de leurs relations.- Revue Forestiere 
Fran<;aise, XLVII, 5:547-558. (French) 

Tomas-Barberan, F.A, C Garcia-Viguera, P. Vit-Olivier, F. Ferreres and F. Tomas-Lorente. 
1993. Phytochemical evidence for the botanical origin of tropical propolis from Venezueia. 
Phytochem. 34:191-196. (English) 

Tremolieres, M., J. Bieth and R. Carbiener. 1983. Purification et etude de quelques proprietes 
de la polyphenoloxydase de peuplier noir (Populus nigra). Pp. 142-145 in Groupe 
Polyphenols, Proc. Int. Meeting and General Assemblies, Toulouse, France. (French, 
English) 

Valadon, A, D. Terrasson and S. Le Floch. 1996. Questions environnementales et sociales 
relatives Et la culture et Et l'utilisation du peuplier et du saule. Rapport National de la 
France.- Commission Intemationale du Peuplier, XXe session, Budapest, Hongrie, 27/09-
04/10 (in press). (French) 

Villar, M. and M. Lemoine. 1993. Transfert de genes entre peupliers cultives et peupliers 
sauvages en France: risques lies Et la culture de peupliers transgeniques. Synthese 
bibliographique, Contrat INRA/MAF "Possibilites et limites pour la dissemination de 
peupliers genetiquement modifies en plantations artificielles", INRA Orleans, 20p. 
(French) 

Wood, CD. 1994. "A most dangerous tree": the Lombardy poplar in landscape gardening. 
Amoldia (USA) 54:24-30. (English) 



74 EUFORGEN: Po ulus ni ra NETWORK 

Programme of the meeting 

Saturday, 5 October 1996 
0800 Departure from Budapest by bus (Bus session: Review of literature) 
1100 Arrival in Sarvar, accommodation 
1200-1300 Lunch 
1330-1400 Introduction 
1400-1600 Brief presentations of the progress made in the national programmes 

1600-1630 
1630-1900 

1900-2000 

2030 

since the last meeting 
Coffee break 
Genetics and population biology of Populus nigra; consequences for 
practical gene conservation strategies 
Update of the workplan (session I). Tasks: 
Ex situ gene conservation methods in Populus nigra: common guidelines 
(S. Bisoffi/L.Cagelli) 
Dinner 

Sunday, 6 October 1996 
0800-1000 Update of the workplan (session 11). Tasks: 

1000-1030 
1030-1300 

1300-1400 
1400-1700 

1700-1730 

1730-1800 
1800-1900 

1900-2000 
2000-2100 
2100-2200 

Exchange of reference clones (J. Van Slycken) 
EUFORGEN clone collection update (S. Bisoffi/L. Cagelli) 
Database of the European collections (S. Bisoffi/L. Cagelli) 
Coffee break 
Update of the workplan (session Ill): 
Synthesis of current in situ conservation measures and activities 
(S. de Vries) 
Standardized list of descriptors for Populus nigra stands / stand typology 
Discussion and agreement on other Network tasks and activities 
Lunch 
Excursion: Experimental plantations maintained by the Sarvar 
Forest Research Station 
Building up of a national programme on forest genetic resources: 
the experience from Hungary 
Presentation of experimental results from the Sarvar Research Station 
Presentation of the joint "EUROPOP" research project proposal, 
discussion of further research needs and plans 
Broadening of the scope of the Network: discussion 
Dinner 
Communication, mailing lists 
Election of the Chair 
Next Network meeting 

Mon~ay, 7 October 1996 
0730-1130 Field trip to Populus nigra stands (Bus session: Information from other 

1130-1300 
1700 

EUFORGEN Networks) 
Farewell Dinner at a hunting lodge 
Arrival in Budapest 
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