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Belgium is “regionalised” with two relevant Regions for the Poplarand Willow  cultivation: 
Wallonia and Flanders. The administrative and politic differences of these Regions have obliged 
to work separately for the management and investigation tasks on those two species. There are 
also two Regional Commissions in Belgium that are joining there own results in this national 
report. When regional differences are necessary to be presented in this summary of the last four 
years activities and results, the chapter is separated specifying the Regions particularities. For 
each “article” the authors and institutions  are mentioned, together with the Region in which the 
result was achieved. The Flemish Commission is responsible for the common presentation of this 
report. 
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I. POLICY AND LEGAL FRAMEWORK 
The major developments in Belgian policies, laws or regulations which affected the cultivation or 
utilization of poplars or willows of planted forests are developed in this first chapter. The natural 
forests, and agroforestry systems are very insignificant in our cases. 

Relevant developments concerning growing, harvesting, marketing, transportation, utilization and 
trading of poplars and willows, including  "set aside" agricultural land; financial, fiscal or other 
incentives; environmental regulations which affect the growing of poplars and willows; and policies 
promoting the emerging use of poplars and willows for bio-energy, carbon sinks and other 
environmental uses. 

I.1 Walloon Region 

Ir. P. Mertens 
Département de l'Etude du milieu naturel et agricole,  

Direction du Milieu forestier  
Patrick.MERTENS@spw.wallonie.be 

Poplar cultivation does not benefit any more of government aid since the new legal forest code of 

2008. This decision was taken in compensation of the non-payment of the death duties for the forest 

growing stock. 

In a similar way to Flanders and the North of France, the tendency of the owners and managers is not 

to replant poplar stands after harvesting them. In Wallonia, the risk of rust infection is often mentioned 

as the reason of this non-replanting of poplars. However during the last decade, rust has not affected 

the stands of the many news commercial varieties. This situation possibly reflects a structure of 

communication which is not directed enough towards the institutions and professionals who 

accompany the owners and managers in the decision-making. The information is easily available on 

the web but probably not completely understood by the practitioners. 

In Wallonia, the share of poplar trees increases in the sales of broadleaf trees. In 2011, it represents a 

third of this market whereas the poplar cultivation area represents less than 7 % of the surveyed 

forestry points. This gap comes from the decreasing harvest of broadleaf trees, for sanitary reasons and 

from the conservation policy of the broadleaf forests. Associations of forest traders expressed their 

concern about this overdrawn situation of wood production. In response to their request for adapted 

outcome, the regional forest administration programmed the drafting of a document to recommend all 

the possible forms of multiplication of poplar cultivation, usable within the frame of the forest liable to 

the rules of public management. 

 

 

 



I.2 Flemish Region 
Jos Van Slycken 

Research Institute for Nature and Forest 
Jos.VanSlycken@inbo.be 

Tom Neels 
Agency for Nature and Forests 
Tom.Neels@lne.vlaanderen.be 

 
  

 1.2.1 Grants for poplar planting  

From the planting season 2003-2004 on, a new granting scheme entered into force together with the 
implementation of the E.U. regulation 1257/1999 and the subsequent Regulation  (EC) n° 1698/2005 
concerning community support for rural development. In these granting schemes grants are no longer 
available for afforestation or reafforestation with poplar cultivars .  

Granting of poplar cultivar planting is only available in the context of afforestation of agricultural 
lands as foreseen in the Flemish rural development programme under E.U. regulation 1257/1999 and  
regulation 1698/2005. The latest scheme became operational in November 2008. Public as well as 
private owners, and even tenants - on the condition that they have a written permission of the 
landowner - can apply for subsidies for afforestation of agricultural land on the conditions that:  

• the land has been exploited for agriculture at least 5 years before the application.  
• the minimum area to be planted is 0.5 ha 
• the afforestation is in line with the nature development plan in  the Flemish 
Ecological Netwerk and do not cause harm to the habitats and species which are to 
be protected in the Natura2000 network 
• the plantation can only be exploited from the age of 15 years onwards.  

If the planter wants to return to agricultural activities, the poplar plantation has to be exploited before 
the age of 23; otherwise it will be considered as a forest, on which the Forest Decree is applicable.  
The level of granting depends on a lot of factors and is higher for farmers than for non-farmers and 
depends on the tree species used. The total amount of subsidies is the sum of the planting grant, a 
maintenance contribution and an income compensation.  

 

 
1.2.1.1 The planting grant for afforestation of agricultural land  

For plantations with euramerican, interamerican and balsem poplars, the grant is 850 €/ha on the 
condition that the planting distance is 9 x 9 m (123 trees/ha).  

For Willow, Aspen and Grey poplar the amount is 2,000 € /ha, planting White poplar is granted with 
1,500  €/ha. However for Willow and Trembling aspen a planting density of 2,000 and 1,600 trees/ha 
respectively, is required.  

If an understory is used, the grant is 1,000 € per ha for the poplars and 500 € for the understory 
(applicable tree and scrub species are fixed, as well as their planting distances). If a woodbank of tree- 
and shrub species of at least 6 m wide surrounding the plantation is established then an extra subsidy 
is provided of 100 €/100 m.  

1.2.1.2 Maintenance  

For poplar a maintenance subsidy is provided for the first years of 220 €/ha & year.      



1.2.1.3 Income compensation   

As a farmer, an income compensation can be obtained of 375 €/ha each year during 5 consecutive 
years. For non farmer-appliers this amount is reduced to 150 €/year and ha.   

In the case of Trembling aspen and Gray poplar, as a farmer, an income compensation can be obtained 
of 665 €/ha each year during 15 consecutive years. For non farmer-appliers this amount is reduced to 
150 €/year and ha.   

 

However, the granting schemes were not at all successful, as is shown in table 1.   

 
Table 1. Results of the granting 

scheme for afforestation of 
agricultural land for the period 2008 - 

2011  under E.U. Regulation 
1698/2005 and the share of poplar in 

the Flemish Region*. 2008 2009 2010 2011 
Hybrid poplar with understory (ha) 1,52 3,31 0,8 
Hybrid poplar without understory (ha) 3,94 0,63 3,26
Grey Poplar (ha) 0,17 0,76
Aspen (ha) 0,06 0,3 
Willow (ha) 0,36 0,1 

 

 
1.2.1.4 The planting grant for afforestation on non-agricultural land and reforestation 

For plantations with Trembling aspen,  Grey poplar and Willow the grant is 1500 €/ha. The planting 
distance is 9 x 9 m (123 trees/ha) for Grey poplar,1600 trees/ha for Trembling aspen and 2000/ha for 
Willow. In the case an understory is established an additional subsidy of 500 Euro could be obtained. 
When recommended origins are used, an additional subsidy of 250 Euro could be obtained. 

 

 
 Table 2. Results in ha of the granting scheme for afforestation and reforestation under the Flemish 
Forest Act. 

 
Afforestation (ha)  2004  2005  2006  2007  2008  2009  2010  2011 
Grey Poplar 0  0  0  0,2  0  0  0  0 
Aspen  0  0  0  0  0,04  0  0  0 
Willow  1,1  0  0  0,8  0,25  0  0  0 
other broadleaves  5,44  1,31  1,64  8,43  5,24  0,12  0,96  0 
conifers  0  0  0  0  0  0  0  0 

 

 
Reforestation (ha)  2004  2005 2006 2007 2008 2009 2010  2011 
Grey Poplar 2,06  0,24 1,2 0,51 3,25 0,99 0  0,15 
Aspen  0  0,21 0 0 1,21 0 0  3,56 



Willow  2,14  0,07 0,22 0 2,46 0,87 3,97  6,06 
other broadleaves  105,3  96,52 113,3 65,2 177 71,35 51,17  118,05 
conifers  5,65  0 5,93 0,84 8,11 10,03 0  0,92 

 

 
1.2.2 Criteria for Sustainable Forest Management and the delineation of the Flemish Ecological 

Network 

A first phase of the delineation process of the Flemish Ecological Network has been finalized in 2003 
and represents the area of the Flemish territory where nature conservation has to be the absolute 
priority. By this first phase already 87,000 ha (of a total of 125,000 ha) are designated. 43 % of the 
Flemish poplar plantations are located in this network.  21 % of the forested area in this network 
consists of poplars. 

The Ecological Network is subject to a specific implementation Act of the Flemish Government which 
entails prohibitions and procedures in the use of tree species.  In principle planting of exotic species is 
not allowed, except if this is foreseen in an approved management plan and is in line with the vision of 
the nature development plan for that area. . 

Forests in this Ecological Network have to be managed according to the Flemish criteria of sustainable 
forest management (SFM). These criteria were approved by the Flemish Government in June 2003. 
This is also the case for poplar plantations, however these plantations have a somewhat specific status 
in comparison with other plantations and forest types consisting of mainly exotic tree species. The 
specific criteria for  poplar plantations are  : 

• an understory (managed as coppice) has to be present  
• poplar shares less than 80 % of the total stem number  
• 5 % of the area is devoted to nature development  
• 4 % of the standing volume consist of dead wood  

The use pesticide is also prohibited in the Flemish Ecological Network, except this is specifically 
licensed with a specific permit. The use of fungicides against leaf rust is thus possible, but must be 
licensed and can only be obtained for these products which are registered for the use in forestry, taken 
into account specific safety measures. 

 

 For each area of the ecological network a nature development plan can  be elaborated by the nature 
administration and must be approved by the Flemish Government. With these development plans a 
management vision can be approved for certain areas. This vision can eventually regulate the land use 
or can impose other measures on top of the criteria for sustainable forest management for certain forest 
types.  The main uncertainty for the forest owner will be, whether in the long term poplar plantations 
have to be transformed into forests composed of native species, or even in non-wooded areas, such as 
flower rich grasslands. At the moment 6  nature development plans are in force . 

In the meantime, the second phase of delineation of the Flemish Ecological Network (the remaining 
38,000 ha) is being implemented following an integrated approach together with the revision of the 
land use planning system in the so-called ‘open space areas’.. 

1.2.3 Short Rotation Forestry 

By a decree of the Flemish Government of June 20th 2006 short rotation forestry, defined as the 
cultivation of fast growing woody plants, from which the above ground biomass is periodically 
harvested with a maximum of 8 years after planting or previous harvest, is no longer considered as 
subjected to the Forest Decree, except in some land use categories which are considered to be 
vulnerable.. This means that SRF can be considered as a agricultural crop. Until than, areas stocked 
with trees or shrubs were considered as forest, meaning that establishment of a SRF - plantation on 



agricultural land turned it into forest land, and was lost for agriculture for the future. 

 

1.2.4 Agro-forestry 

 

On the 22nd of July 2011 the Flemish government approved an act for granting agro-forestry systems 
in the context of the Flemish rural development programme 2007-2013 

Farmers or owners of agricultural land can obtain a subsidy of 70 % of the eligible costs for the 
planting of trees, the purchase of the trees, the planting of the trees and their protection. Costs must be 
proved by an invoice and prove of payment. 

The minimum number is 30 and the maximum number is  200 trees per ha, the surface must be at least 
0.5 ha and the plantation must exist of minimum three rows. 

Trees must remain at least 15 years. 

In 2011-2012 legislative initiatives were initiated to exclude agro-forestry from the regulations and 
obligation of the Forest Decree. 

For the first call (end of 2011) 10 farmers applied. Two applications concerned poplar:  
one of 110 trees on 0.7 ha and one of 150 trees on 2,85 ha.  



 

II. SUMMARY STATISTICS 

 

 

I. Flemish Region 

Statistical and economical data 
L. DE BOEVER 

 J. VAN ACKER  
Laboratory of Wood Technology, University of Ghent, Coupure Links 653, 9000 Gent 

Joris.Vanacker@Ugent.be 

Lieven.DeBoever@ctib-tchn.be 

 

 

 The Poplar Wood Stream 

 

In 2000 the Laboratory of Wood Technology of the University of Ghent elaborated a 
poplar wood stream for Belgium. This poplar wood stream is given below. The results of 
a recent survey in 2012 to the most important processing companies and the largest forest 
exploitation companies are given further on. 



3.  

                         Poplar plantations

Oost-Vlaanderen            6 510  ha        total area (ha)
West-Vlaanderen              717  ha         of poplar plantations
Antwerpen                     4 724  ha         in Belgium :
Limburg                           6 794  ha         34 782  ha
Vlaams-Brabant              6 537  ha        mean annual
Waals-Brabant                1 160  ha        increment :
Henegouwen                  6 250  ha        370 000 m³ (stem)
Namen                             1 050  ha        (10,7 m³/ha.year); 
Luik                                     775  ha        167 000 m³ (branch)
Luxemburg                         265  ha         (4,8 m³/ha.year)

Export of poplar wood

Total  209 000  m³

35 - 43 %  to France
15 - 25 % to Italy

10 - 17 %  to The netherlands
  8 - 25 % to northern Africa

39 %

                National wood market
                       total  327 000 m³ 

                 Roundwood                      tree residues

      total             284 974  m³                      42 206 m³

Veneer                18  %                             41  %
sawn wood         56  %                             17  %
paper                   26  %                               1  %
other use              0  %                             41  %

                      Import of poplar wood
                           
                             total  228 000  m³

                                                       NL              F               
D
Veneer              10 600           91 %           7 %              2 
% Sawn wood      40 600           48 %           1 %            51 
%
paper               160 000           18 %          67 %            16 
%

Poplar processing industries
total  560 000  m³

61%

59 % 41 %

      Veneersector 
 (veneer-plywood-fruit   
   boxes- pallets)
mean   58 persons

       Raw materia l
mean   26 000 m³
total    77 500 m³  poplar

             Market
total   41 800 m³ product
local            66  %
export         34  %

    Sawn wood sector
   (pallets - fruit boxes -     
                    packaging)
mean   9 persons

        Raw material
mean      14 000  m³
total      202 200  m³  poplar

             Market
total    124 600  m³ product
local            92  %
export           8  %

      Pulp andPaper
             sector
   (paper - carton - pulp)
mean   833  persons

       Raw material
mean     125 000 m³
total      250 000  m³  poplar

             Market
total   710 000 ton product
local            49  %
export         51  %

     Other sectors
   (boardmaterial - fuel wood)

mean   65 persons

       Raw material
mean     50 000 m³
total      50 000 m³  poplar

             Market
total   70 000 m³ product
local            50  %
export         50  %

Residual wood
total  76 000  m³

Total of products on local market
177 000  m³ and 360 000 tons

Total of products for export
59 400  m³ and 350 000 tons

62  %

38  %

POPLAR WOOD STREAM (2000)

14  % 34  % 43  % 9  %

fuel wood
44 000 m³



Distribution and management of poplar stands 
, J. VAN SLYCKEN  M. STEENACKERS, B. MICHIELS 

Research Institute for Nature and Forest, Gaverstraat 4, 9500 Geraardsbergen 

Jos.VanSlycken@inbo.be 

 

P. MERTENS 
MRW – DGRNE, Centre de Recherche de la Nature, des Forêts et du Bois, Av. Maréchal Juin 23, 5030 Gembloux 

Surface of poplar plantations (ha) and annual harvest (m³)  

From a national inventory carried out in 2001 it appeared that the area of poplar plantations in Belgium 
amounts to 35,000 ha. These plantations yield a mean annual timber production of 537,000 m³, of 
which 370,000 m³ is log wood and 167,000 m³ branch wood. 

No recent data about the share of row plantations are available. The latest National Forest Inventory, 
including line plantations, dates from 1970. At that time the number of poplar trees out of the forest has 
been estimated at about 2,754,670. But it can be stated that the number is actually strongly reduced.  

Situation in Flanders 

The Forest Mapping (Division Forests and Green Areas, 2001) and the Forest Inventory of Flanders 
(Division Forests and Green Areas, 2001) show that poplar is an essential part of the Flemish forest 
(table 1). Moreover more than 85 % of the Flemish poplar forest is in private ownership. A new forest 
inventory started in 2009 and will last 10 years, so the here reported data are not updated since 2001 

Table 1. Share of poplar plantations compared to the forest area in the Flemish provinces. 
Province % of the total forest area  Surface in ha  
Antwerpen 7,8 4000 
Vlaams-Brabant 22,2 6000 
West-Vlaanderen 10,6 750 
Oost-Vlaanderen 29,4 5500 
Limburg 10,4 5500 
Flanders 13,8 21750 
The total annual wood harvest from poplar plantations is estimated at about 50 % of the total hardwood 
harvest. However precise figures lack. 

Another important fact is that poplar plantations, mainly established on agricultural land, contributed in 
an important way to the forest extension in Flanders.  

From the inventory in the Flemish region it appears also that the age of the plantations is unequally 
distributed and can disturb the future supply of poplar wood (figure 1). Indeed, out of the circumference 
distribution, it appears that  younger plantations (with a lower circumference) are clearly 
underrepresented.  

As a result the future supply of the poplar processing industry from Belgian plantations (330.000 m3) is 
really uncertain. As stated in the previous report of 2008, the classes 120-150 en 150-180 cm were 
rapidly exploited, decreasing  the supply out of Belgian poplar plantations significantly.  
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A survey to the most important poplar processing companies as well as the forest exploitation industries 
lead to the following overall conclusions: 

• Poplar veneer processing for plywood production has disappeared in Belgium. The last 
company producing a technical poplar plywood, mainly aiming at kitchen boards, closed down 
production in 2011. 

• On the other hand, poplar peeling for the production of packaging materials (mainly fruit 
boxes) increased. However, these companies are confronted with a shortage of raw materials. 
More than 35% is imported, mainly from Czech Republic.  

• The use for pulp and paper has remained stable. Although, prices for the bio-energy market has 
strongly pressurised these wood flows. An increasing demand is expected for the upcoming 
years. 

• No exact numbers exist for the bio-energy sector. Estimates from within the sector vary from 5 
to 15% of the total round wood volume harvested. 

• Sawn wood sector has remained stable. 

• Export has increased the last period (2008-2012). For 2011 the total exported volume exceeded 
350 000 m³ ! The logs are shipped mainly to China and India. Export to other European 
countries is less than 5%.Figure 1. Distribution of the number of stands according to 
circumference class in Flanders (forest inventory Flanders 2001). 
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Annual consumption by local industries  

In Belgium 550,000 m³ of poplar timber was processed in 2004 by local industries. More than half (59 
%) of it originates from the national lumber market, whereas the remaining 41 % is imported from the 
neighbouring countries France, Germany and the Netherlands. In 2010 the volume was estimated in 650 
000 m³, due to the more rapid harvesting of the old poplar stands, even with the significant larger export 
numbers. 

Pulp and paper are by far the main end products into which poplar timber is converted. 
ANNUAL CONSUMPTION : 555,000 m³ 2004 2010* 

Veneer (plywood, crates, …) 14 % 10 % 
Sawn wood (pallet board, crates) 34 % 30% 
Pulp (paper, cardboard) 43 % 45% 
Others (firewood,….) 9 % 15% 

*: Estimates based on survey with the most important poplar processing companies and forest 
exploitation companies. 

Annual imports (round wood)  

Each year Belgium imports 228,000 m³ of round wood from France, Germany and the Netherlands.  

This timber is processed by the veneer, sawn wood, paper and chipboard industries. 
IMPORT OF POPLAR WOOD (2004) 
IN TOTAL : 228,000 m³ 
 m³ The Netherlands France Germany 
veneer 10,600 91 % 7 % 2 % 
sawn wood 40,600 48 % 1 % 51 % 
paper 160,000 18 % 67 % 16 % 
chipboard 17,000 100 % 0 % 0 % 

A shift is noticed in the import of poplar wood. Today most of the wood comes from Czech Republic as 
when sawn wood and veneer is concerned. For the pulp and paper companies, France remains one of 
the most important resource countries. 

 

Annual exports (round wood) 

The annual export of poplar timber to France, Italy, the Netherlands and North Africa amounts to 
209,000 m³.  
EXPORT OF POPLAR WOOD (2004) 
IN TOTAL : 209,000 m³ 
France 35-43 % 
Italy 15-25 % 
The Netherlands 10-17 % 
North Africa 8-25 % 
The proportion between import and export indicates a net annual import of poplar timber in Belgium of 
about 20,000 m³, not only indicating that all poplars growing in Belgium should be processed by the 
national industries but also that they are essential for the industries relying on it. 

These enterprises, especially the veneer and sawn wood industries are highly dependent on poplar 
timber as a raw material, whereas other sectors such as the pulp, paper and plywood industry can rely 
on several feed stocks.  
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At present, poplar industries dread a local shortage of round wood in the near future. This feeling of 
uncertainty is pertinent as an inquiry revealed that one out of three poplar planters fears for an increase 
of the rust attacks and for an unfavourable legislation concerning the establishment of new plantings. 
Consequently, these growers seriously consider discontinuing planting poplar.  

Today (2011) most of the poplar timber is exported to China and India (Over 350 000 m³). 

 
Annual harvest 

The volume of harvested stands and trees is not available in the economic statistics of the Region. Even 
the achievement of approximate data is difficult because of the non regional transformation of the 
produced wood. The approximation of 80 000 m³ could be a good guess. 
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III. TECHNICAL INFORMATION 

 
 1. Identification, registration and varietal control 

 

Commercialisation of new Poplar varieties at the INBO (Instituut voor Natuur- en Bosonderzoek 
– Research Institute for Nature and Forest) 

 

Marijke Steenackers and Jos Van Slycken 
Research Institute for Nature and Forest, Gaverstraat 4, 9500 Geraardsbergen 

Marijke.steenackers@inbo.be 

 

 

 

Release of new varieties on short-term is foreseen. Selection within progenies of controlled crossings 
(1970, 1971)  P. deltoides x P. maximowiczii and P. deltoides x (P. trichocarpa x P. maximowiczii) is 
finished, including their evaluation of their wood quality. First steps for varietal protection on a 
European level will be taken. 

 

2. Production Systems and Cultivation 

 

 

(a) Nursery practices and propagation techniques including applications of 
biotechnology - particularly plant propagation, reproductive materials, use of 
GMOs etc. 

 
Poplar nurseries 

Data are available on the clonal distribution in the Flemish nurseries. Figure 2. shows the annual 
amount of poplar plants sold over the last four years. After a drastic drop during de planting seasons 
2008-2009 and 2009-2010, there is a slight recovery during the last season.  

Figure 3 shows the distribution of the sold plants over the different clonal groups. The number of plants 
of clones belonging to the group P. trichocarpa and P. interamericana hybrids dropped drastically  in 
comparison with previous periods, due to their sensibility to rust. 

The new Belgian euramericana clones ‘Muur’, ‘Vesten’ and ‘Oudenberg’  and the Belgian (TxD)xD 
clone ‘Grimminge’.take the largest part of the production. There is also a significant production of 
foreign clones such as ‘Koster’  

 

An interesting feature is that still an important number of plants belonging to old poplar varieties are 
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sold, such as ‘Robusta’ and ‘Marilandica’, the last one especially for landscaping purposes. 

Figure 2. Annual number of sets officially controlled in the nurseries in Flanders between 2007 and 
2011. 

 
 

 

 

Figure 3. Distribution of the sold plants over the clonal groups. 

 
 

(b) Planted Forests with emphasis on the experiences and experiments concerning 
the purpose, choice and preparation of site, the choice of cultivars, type of 
plants, spacing and layout of plantations; planting and tending (fertilization, 
irrigation, weeding, pruning, etc.); management (growth, rotation in relation to 
yields and industrial requirements, thinning techniques if practised, etc.). 
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P.Mertens 

The applied research since 2002 led to a diversification of the commercialised varieties. 

This diversity creates some difficulties for the growers and owners to select the right 

varieties for their purpose and land conditions. It had become necessary to give a 

progress report on the principal characteristics of 14 varieties currently marketed 

('A4A', ' Albelo', ' Blanc of Poitou', ' Degrosso' , ' Grimminge',  'Koster',  'Muur', ' 

Oudenberg',  ' Polargo', ' Soligo',  ' Triplo' , ' Bakan', ' Skado',  ' Vesten ').  These data 

are described in the “fichier écologique » Vol 3. 

http://environnement.wallonie.be/publi/dnf/fichier_ecolo_essences3.pdf. 

 

 

 (c) Indigenous Forests, with emphasis on experiences and experiments concerning 
silvicultural treatments, harvesting, management, protection and regenerating of 
natural forests. 

 
Hybrid fertility of cultivated Populus x canadensis enhanced by related native Populus nigra 

An Vanden Broeck 

 

Exotic gene flow from cultivated poplar plantations may have profound effects on wild populations. A 
potential consequence is the increased risk of extinction of the wild poplar species. If the cultivated 
poplars exhibit little or no reduction in fitness, they may become invasive thereby replacing the 
populations of the wild species (i.e. genetic assimilation). Furthermore, exotic pollen grains may 
interfere with the reproductive success of the native species thereby reducing the native seed-set. 
However, information about hybridization between cultivated tree species and their wild relatives is 
currently limited and the underlying mechanisms behind are poorly understood.  
 
Introgression of exotic genes in Populus nigra populations growing near the cultivated P. x canadensis 
had been found in previous studies, and prompted the need for a more detailed investigation of their 
crossing relationships.  

We investigated these crossing relationships by a series of pollination experiments in the greenhouse 
(Vanden Broeck et al. 2012). More specifically, we tested the effect of mixtures of pollen of P. nigra 
and of P. x canadensis on mating success in reciprocal crosses. In total, we analyzed the results of 75 
controlled crosses performed on 1415 pistillate inflorescenses.  

A remarkable result of this study is that in greenhouse experiments sterility of P. x canadensis can be 
overcome by the interaction with untreated pollen of the wild related P. nigra. This result suggests that 
also in the field pollen interactions may overcome mating barriers, thereby boosting the reproductive 
success of P. x canadensis. In the crossing experiments, unmodified pollen of the native P. nigra acted 
as a kind of “mentor pollen” in helping the otherwise infertile P. x canadensis in fertilizing its own 
flowers. The results have important implications for predicting the risk of exotic (trans)gene flow. 

 

Vanden Broeck A., Cox K., Michiels B., Verschelde P., Villar M. With a little help from my friends: 
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hybrid fertility of exotic Populus x canadensis enhanced by related native Populus nigra. Biological 
Invasions, online: 1-16.  http://dx.doi.org/10.1007/s10530-012-0180-6 

 

Willows in wallonia 

(P.Mertens) 

The consequence of the current limited distribution of willows in Wallonia and of the lack of 

commercial and conservation interests for this type of trees is that their biological diversity is not 

evaluated and that the evolution of populations of the non-hybrid species is less dynamic. Naturally, 

nine species of willows are potentially present in Wallonia (see figure below). 

 

A harvest campaign of willows along the main tributaries of Wallonia gathered a little less than 500 

trees in a collection which was evaluated to investigate its diversity. 

The large morphological variety observed on the collected willows shows their advanced degree of 

hybridisation. In our case, the identification of each hybrid is complex and unnecessary. The chosen 

option in this situation was to recognise the regional species involved in these crossings, for applied 

uses and for conservation of the most representative trees. Four criteria were observed: 

 Morphology of the flowers (binocular):  sex, nectarous gland, bract, pedicel and style - mark or 

gynaeceum; 

 Size and the type of inflorescence; 

Morphology of one year wintering branch: form and provision of the buds, straightness of the 

stem, section form, surface quality and the inter-nodes. 

S. alba

S. fragilis S. triandra

S. cinerea

S. viminalis S. purpurea

S. caprea

S. aurita

S. atrocinerea
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 Foliar morphology 

The morphology of the flowers and of the inflorescence is regarded as the most important criterion 

in this identification because it directs the reproduction capacity (between compatible trees). Floral 

morphology leads then to a first identification of possible species or hybrid. 

It is refined by considering the emergence order of flower and leaf buds and the morphology of the 

winter branches. The morphology of the leaves is very variable and often not very discriminatory; it 

varies according to the age and the position of the branch, the conditions of the environment and of the 

hybridisation. This criterion was shown proved rather weak in the identification of the willows. On the 

other hand the structure of branching can give a confirmation of the identification carried out. 

The one year old branches are collected in winter. The morphology is described and they are then 

placed in a greenhouse to obtain a fast flowering. These controlled conditions facilitate the comparison 

between trees. Unfortunately, all the branches do not flower each year. 

A tree is regarded as identified when at least the first three criteria converge to the same identification 

with the exception of Salix purpurea which is more easily identified by its sub-opposite position and 

the shape of the buds and the type of flower. 

By order of decreasing frequency, the given species are: Salix caprea, S. fragilis, S. purpurea, S. 

viminalis, S. triandra, S. alba, S. aurita,  Salix cinerea, S. atrocinerea, S. pentandra. A little more than 

one quarter of the given trees present high rank of hybridisation between Salix alba and S. fragilis. They 

are classified as hybrids. 

Dealing with dioeceous species, balance between female and male trees must also be described. It is, on 

average, in favour of the female trees which are twice more frequent than males. For Salix caprea, S. 

fragilis, S. pupurea and S. aurita, the female trees are largely dominant. 

In this representative collection of “stream” willows identified in Wallonia, 5% of the trees are of Salix 

elaeagnos cv ‘Rosemary’, also called draped willow. It is very similar to Salix viminalis, This 

ornamental variety introduced for horticultural purpose is invading the natural environment without 

control. This multiplication must be stopped and the destruction of those trees programmed. 

Research tasks around the willows 

The team of plant ecology (directed by A.L.  Jacquemart) has been focused since 1987 on sets of 

themes related to the plant reproduction by combining floral biology, ecology of pollination, 

reproductive systems and genetics of populations. 

The contribution of the vegetation analysis (phytosociological method) and its dynamics (dispersion, 
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banks of seeds, gene flow) makes it possible to approach the ecosystems globally. The dynamics of the 

pioneer species, as willow, was analysed and evaluated. The species of willows (in particular Salix 

caprea), accompanied by Populus tremula and Betula pendula are regarded as indicators of openings 

and are regenerated quickly even when no seed-tree is present within 250m. These follow-ups of 

regeneration and dynamics of pioneer plant including each time the willows were carried out in several 

types of environments. 

Communities of social pollinators (Apidea: wild bumblebees, bees domesticated and wild) are quickly 

affected by fragmentation and the area reduction of the environment. The big size species (Bombus 

lapidarius, B terrestris, B hortorum and B hypnorum), the specialists and the parasitic species of 

bumblebees (B campestris and B vestalis) disappear in the residual fragments of vegetation. The 

willows represent the key element for the installation of the colonies because they are the first to flower 

in this type of environment. Then, the colonies can pass on Vaccinium myrtillus (Erica) then to Cirsium 

palustre.   

Within the framework of a new project, the causes of the disappearance or decline of a series of species 

of bumblebees will be studied. The attractivity of the various species of willows (in peat bogs, Salix 

aurita, Salix cinerea and Salix X multinervis) will be analyzed for the bumblebees concerned, but also 

for their food values (quantity and quality on the level of pollen (sterols and acids amino) and of nectar) 

A few references 

1. Degen, T., Devillez, F. & Jacquemart, A.-L. 2005 Gaps promote plant diversity in beech forests 

(Luzulo-Fagetum), North Vosges, France. Ann. For. Science., 62: 429-440. 

2. Lhoir, P.  & Jacquemart, A.-L. 2002. Dynamique des milieux tourbeux : cas de la Réserve Naturelle 

Domaniale des Anciennes Troufferies de Libin. Annales de la Société belge de Dendrologie, 2002: 

6-14. 

3. Pairon, M., Petitpierre, B, Campbell, M., Guisan, A., Broennimann O., Baret, PV, Jacquemart, A.-

L., & Besnard, G. 2010. Multiple introductions boosted genetic diversity in the invasive range of 

Black Cherry (Prunus serotina, Rosaceae). Annals of Botany, 105: 881-890. 

4. Jacquemart, A.-L., Dufrêne, M. 2011. Mise en œuvre du réseau Natura2000 en forêt. Louvain, 188, 

29-30. 

5. Mayer, C., Michez, D., Chyzy, A., Bredat, E., Moerman, R., Jacquemart, A.-L. Population size of 

Vaccinium uliginosum (Ericaceae) affects bumble bee assemblages and pollen foraging behaviour. 

PlOS One, submitted December 15, 2011.  
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 (d) Agroforestry and Trees Outside Forests with emphasis on the experiences, studies 
and experiments in different growing mechanisms for trees outside forests and 
agroforestry systems and their effects on forest and agricultural crops or livestock 
and diversification of the landscape. 

 

Model-based scenario analysis of the land equivalency ratio for agroforestry in Flanders 

Forest & Nature Lab, Ghent University (contact: Kris.Verheyen@UGent.be) 

Department of Plant Production, Ghent University (contact: Dirk.Reheul@UGent.be) 

The Land Equivalence Ratio (LER) was calculated for a virtual agroforestry system in Flanders, using 
an agricultural parcel at the Agri-Vet Biocentre (Melle, East-Flanders). The agroforestry system 
consisted of Populus trees and a crop rotation with maize, winter corn, winter barley, peas, and spinach. 
Tree density was 83 ha-1, and the area with crops was 85 % of a standard crop monoculture field. Trees 
were pruned to a 6 m branch-free stem. Historic meteorological data and the model Plot-SAFE were 
used to model crop yields and wood production for a 20-year period.  

The simulated potential crop yields indicated that tree shade started to affect the crops after 5 years. 
Competition for water in the agroforestry system was smaller during the first 10 years and larger 
afterwards, compared to an agricultural field with similar crop rotation. Management measures such as 
pruning the trees and irrigating the crops strongly affected the crop yield. 

The Land Equivalence Ratio (LER) is a measure of productivity that compares the yield of an 
agroforestry system with the yield of a conventional agricultural or tree plantation system at the same 
land area. As such, the LER is also a ratio of land area, i.e., the area of land a conventional system 
needs to be as productive as the agroforestry system. The overall LER for the simulated 20-year 
rotation was 1.36, and the yearly LER decreased from 1.47 in year 1 towards 0.78 in year 20. Apart 
from years 19 and 20 of the yearly LER, the agroforestry system was more productive and thus required 
less land than separate cultures of crops and trees. In addition, the trees in the agroforestry system could 
contribute to carbon sequestration and the reduction of nitrogen loss via soil leaching. 

References 

Plot-SAFE (2006) http://www.cranfield.ac.uk/sas/cerf/plotsafe.html  

Tailleu R (2011) Agroforestry in gematigde streken: modelmatige scenarioanalyses voor opbrengsten en Land 
Equivalency Ratio's. Msc thesis. Faculty of Bioscience Engineering, Ghent University, Ghent  

 

 

 

3. Genetics, Conservation and Improvement 

 
Selection and Breeding program of Poplar at the INBO (Instituut voor Natuur- en Bosonderzoek 
– Research Institute for Nature and Forest) 

 

Marijke Steenackers 
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Research Institute for Nature and Forest, Gaverstraat 4, 9500 Geraardsbergen 

Boudewijn.Michiels@inbo.be 

 

A Traditional breeding at INBO (Research Institute of Nature and Forest, Geraardsbergen, 
Flanders - Belgium) 

During the 70th and 80th , the advanced hybridisation for the production of elite genotypes, focused on 
breeding and selection of P.deltoides x P.trichocarpa  (D x T) hybrids and backcrosses (P.deltoides x 
P.trichocarpa) x P.deltoides  ((D x T) x D).  Due to the breakdown of the resistance to leafrust 
Melampsora larici-populina  (Mlp) of  T x D clones at the end of the 80th,  interamerican hybrids are no 
longer commercialized.  Reason for this is that, after breakdown of total resistance, no general 
resistance could be identified for the T X D  hybrids.   

However, good general resistance remained after breakdown of resistance of  (P.deltoides x 
P.trichocarpa) x P.deltoides and P.deltoides x P.nigra (D x N) hybrids. 

• Pure species breeding archive – improvement 2008‐2012 

The INBO breeding population is composed of P.deltoides, P.trichocarpa, P.nigra and to a minor 
extend  P.maximowiczii.   Several of these basic collections, date from the seventies. To genetically 
improve this breeding archive, new seed collections were imported.  

In 1998, the P.deltoides breeding archive had been expanded with populations from several states in the 
USA (Iowa, Illinois, Minnesota,..) .  After first selection in greenhouse and nursery trials, 2 seed 
orchards  (clonal archive) have been established  with 120 highly selected genotypes.  In 2008, the first 
intraspecific ( interprovenance) F1 hybrids were produced  in order to improve morphological traits 
such as stem form and branchiness.   

Due to the evolution of virulence and aggressivity of the Mlp population on commercialized clones in 
nord-western Europe, the P.nigra base collection, assembled in the 60ths, and the intraspecific hybrids 
produced in the 70ths, became more and more susceptible.  Consequently, the P.nigra breeding archive 
has been enlarged and supplemented recently with new populations (Germany, Italy). Resistance tests 
towards Mlp, with different pathotypes,  were carried out both in the field and in the laboratory. Genetic 
improvement of the P.nigra base collection by intraspecific hybridisation among selected parents,  
started in 2012 and will be continued the coming years.  

In 2009, more than 30.000 seeds have been collected within a P.trichocarpa clonal archive (F1 and F2), 
installed by Vic Steenackers in Belgium in 1973.  The halfsib seedlings are now studied in clonal tests 
in  nursery trials.  

Because of the success of P.trichocarpa x P.maximowiczii (T x M)  hybrids  for both classical wood 
production and short rotation forestry (SRF) in Belgium,  it was decided to enlarge the base population 
of P.maximowiczii. More than 50.000 seeds (origin Hokkaido, Japan) were obtained, collected  from 
seed orchards installed at the Arboretum Lotbinière and the Populetum de Villeroy (Quebec, Canada). 
After five years of intensive selection for growth traits and resistance to Mlp and bacterial canker( 
Xanthomonas populi), a selection could be made of 40 superior genotypes.  

 
• Advanced generation hybridization for the production of elite genotypes 

During the period 2008-2011, 100 controlled crosses were performed.  

P.deltoides x P.nigra ( = P.euramericana) 

After breakdown of resistance of D x T cultivars, poplar growers and breeders became more interested 
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in D x N again.  D x N clones, selected from previous breeding years,  were tested for resistance to Mlp 
both in the field and the laboratory. Although total resistance of these clones had been broken down, 
several clones preserved good general resistance to the new pathotypes (vir 7 or vir 8).  These clones 
are now under selection in field trials.  

New D x N hybridisations led, after 5 years of observations in nursery fieldtests, to the selection of 300 
genotypes. Field trials will be installed the coming years.   

Interspecific crossing among selected parents to obtain hybrids between Populus deltoides , P. 
trichocarpa and  P. maximowiczii  

Although D x T clones all became very susceptible to rust after breakdown of resistance, these clones 
seem to be very promising as parent to create backcross (T x D) x D and three species hybrids (T x D) x 
M. Two (T x D) x M clones were selected to be commercialized within the near future. 

Backcross clones (T x D) x D selected from controlled crosses 1981-1982, were used as parents in 
second generation backcrosses with P.deltoides (((T xD) x D) x D).  Clones with high growth potential 
(height, diameter) and disease resistance could be selected. However, inbreeding depression was 
observed for traits such as thickness of branches and rooting capacity of cuttings. More than 100 well 
performing clones could be selected out of 50 controlled crosses. First field trials have been installed.  

Conclusion 

During the period 2008-2011, several hundreds of new hybrids were selected based on traits measured 
in nursery tests. A collection of 20 highly selected clones are under observation in multisite, monotree 
plots. By making next generation hybrids (backcrossings and three species crossings) we were able 
select hybrids with good general resistance to Mlp rust. These genotypes are now under selection in 
multisite, complete randomized blocks.  

Two new ( T x D ) X M clones will be soon realized on the market.  
J. VAN ACKER, D.VANSTEENKISTE, J. VAN DEN BULCKE, N. DEFOIRDT  

Laboratory of Wood Technology, Ghent University, Coupure Links 653, 9000 Gent 

Joris.VanAcker@UGent.be 

 

 

Development of high-throughput methodologies for wood quality evaluation in genetic 
experiments 

   

The Laboratory of Wood Technology of the Ghent University (UGent) acquired three devices 
that are used for high-throughput evaluation of the wood quality: an X-ray tomograph, a 
combined DSC-TGA device and an NIR spectroscope. 

 

X-ray Computer Tomography 
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The  Nanowood  multi‐resolution  X‐ray 
tomography  setup,  developed  at  UGCT 
(www.ugct.ugent.be),  consists  of  an  8‐axis 
motorized stage combined with two X‐ray tubes 
and two X‐ray detectors, specifically designed to 
permit  very  high  resolution  scans  as  well  as 
scans of  larger objects. Reconstructed voxel size 
can be chosen arbitrarily ranging from 200μm to 
400nm  with  maximal  scan‐efficiency. 
Transversal, radial and tangential 2D slice images 
from  anywhere  in  the  scanned  object  can  be 
visualized,  but  also  3D  renderings  are  possible. 
As structural and density  

 

differences are brought into vision the images can amongst others be used for tension wood 
assessment. 

 

▲
2D‐slice (transversal)

▲
3D‐rendering
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DSC/TGA device 

 

The DSC-TGA is a top-notch system for 
simultaneous and ultraprecise monitoring of 
both calorimetric (Differenctial Scanning 
Calorimetry) and gravimetric changes 
(Thermal Gravimetric Analysis) occurring 
in small samples upon heating (room 
temperature up to 830°C). The 3D DSC 
sensor technology inside is unique, as it 
captures up to 94% of all heat exchanges 
throughout the entire temperature range 
(compared to ca. only 25% in temperature-
dependent plate-type sensors) and detects 
changes as small as 0.4 μW. The high 
precision TGA balance has a resolution of 
0.03 μg. Images of a sample made with the 
X-ray scanner may help for guided sampling 
of e.g. tension wood compared to normal 
wood. 

The difference in composition of various tissues (e.g. mature vs. juvenile wood) may be 
studied. 

 

 

DSC graph 
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The more general energy content expressed as the higher 
heating value can be obtained with the Parr bomb 
calorimeter also available at the Laboratory of Wood 
Technology. The temperature change caused by ignition 
and sample burning is detected and used to calculate the 
HHV with the energy equivalent of the bomb and the 
sample mass. The robust set-up of this equipment allows 
a straightforward analysis of the energetic content of a 
material and is therefore vital in research regarding 
bioenergy from lignocellulosic biomass. 

 

 

Hemicellulose shoulder and 
cellulose peak 

Lignin peak
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NIR spectroscope 

By trajectory scanning (from core to bark) with a near infrared camera compositional 
differences of the wood are visualized. It is possible to show the images as such, with 
normalized values or by differential imaging. 

 

  
 

 

 
J. VAN ACKER, L.DE BOEVER 

Laboratory of Wood Technology, Ghent University, Coupure Links 653, 9000 Gent 

Joris.VanAcker@UGent.be 

 

Development of a model to predict the processing potential of new clones 

 

The proposed model was based on a study of 9 promising clones of two crossbreeding tests of 
P. deltoides x (trichocarpa x maximowiczii) and P. deltoides x maximowiczii on two different 
sites, 3 known poplar clones and 6 willow clones. For each clone one or two trees were 
sampled. 5.2 m was used to produce veneers in a plant that makes veneers for fruit cases. The 
veneer quality of every tree was assessed by professionals. Three logs per tree, sampled at 
different heights, were used to saw specimens for lab tests that provided data concerning the 
total tension wood proportion, tension wood diffusion coefficient, tension wood index, density, 
density variability coefficient, stability and stem form. To obtain a clear multicriteria analysis 
the three tension wood parameters were scaled into 5 categories that express a rather positive 
or negative impact concerning the processing potential: 
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Total Amount of Tension Wood [%] 

10 25 35 50 

++ + 0 - -- 

 

Tension Wood Diffusion Coefficient (TWDC) [%] 

10 15 25 35 

++ + 0 - -- 

 

Tension Wood Index (TWI) [%] 

1 5 15 25 

++ + 0 - -- 

 

The density together with the density variability index was translated in a similar assessment. 
The tension wood and density assessments resulted in the general assessment that gave a larger 
weight to the tension wood diffusion coefficient and tension wood index than to the density 
assessment and total amount of tension wood. 

 

 Tension Wood Parameter Density Veneer quality 

Clone Totaal TWDC TWI  Predicted Experiment 

a -/+ 0/+ ++/++ 0 0/+ 0 

b +/- 0/- +/- 0 0 0 

c -/+ 0/+ 0/++ 0 + + 

d + 0 ++ -/0 + 0/+ 

e - 0 ++ + 0 0 

f + -- - ++ - -/0 

g - 0 + 0 0 0 

h - - -- -/0 - -/0 

i - - ++ 0 - --/- 

Ref a - + - 0 -/0 0/+ 

Ref b + + ++ 0 + 0/+ 

Ref c + + ++ + + 0 

 

The latter assessment had good accordance with the professional assessment of the veneer 
producer, confirming the potential of this model. It is however recommended to use at least 
three trees per clone and ideally five trees per clone and to measure at least at three different 
heights. It was remarkable that the evaluation of the density parameters leaded to the same 
conclusions as the labour intensive stability tests. More details concerning the developed 
parameters will be published in the PhD thesis of Ir. Lieven De Boever. 
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 - 20 - 

J. VAN ACKER, D. VANSTEENKISTE, J. VAN DEN BULCKE, N. DEFOIRDT  
Laboratory of Wood Technology, Ghent University, Coupure Links 653, 9000 Gent 

Joris.VanAcker@UGent.be 

 

Phenotypic screening of poplars from field trials 

 

The field trial used for this screening is illustrated below: 

 
 

All 2.5 cm thick stem-disks of 1010 POP3a and 1095 POP3b were scanned with a 
flatbedscanner to obtain RGB colour images with a resolution of 254 dpi or 0.01 mm² per 
pixel. An image analyses algorithm was programmed in MATLAB® to determine the disk area 
of each stem-disk. The wet and dry mass of al disks were measured and with these data the 
absolute and relative moisture content as well as the wet and dry moisture content could be 
calculated. 

 

   
 

 

 

Short Rotation Forestry 
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Experimental plantations in Flanders: Lommel and Lochristi 

 

LOMMEL 
To realise an optimal synergy between biomass production and phytoremediation with short rotation 
coppice, INBO started a specific breeding program, based on the year-long breeding program for tree 
forming poplars and willows. A broad collection of willow and poplar clones made part of these 
screening effort: 

Poplar: 100 INBO-clones, 42 families in 3 groupes: selection directed to soil plasticity, fast biomass 
production and rust tolerance  

• Populus trichocarpa (T) 

• P. trichocarpa x trichocarpa (TXT): intraspecific crossings 

• P. trichocarpa x maximowiczii (TXM), including 2 back crossings with P. deltoides (D(TxM)) 

•  

Willow: 160 INBO-clones, 11 families in 3 groupes: selection directed to soil plasticity, fast biomass 
production and metal tolerance  

• Salix alba (A): a group composed of pure S. alba, intraspecific crossings S. alba x S. alba, S. 

rubens x S. alba en S. alba x S. fragilis, coming from the breeding program of tree forming 

willows  

• S. viminalis (V): coming from a selection of clones with high and low metal accumulation  

• S. viminalis x viminalis (VxV): crossings between above mentioned clones with diverse 

gradients of metal accumulation  

 

All clones were planted in duplicate. 

After the first growth year a phenotypic selection was performed. 26 of the poplar clones (26 %) and 56 

(35 %) of the willow clones were involved in further productivity research and eco chemical tests. 

Table X summarizes the productivity results of the INBO poplar clones after 4 years of growth. Most 

promising clones  can be found in the crossings Populus trichocarpa x trichocarpa. Several clones 

reached an productivity of more than 10 ton DM per year and per hectare. As well the crossing (P. 

trichocarpa x maximowiczii) with P. deltoides is successful, however just one clone was selected, 

giving no representative image. 

 

Table X. Biomass productivity (DM per year and per ha, mean, maximum and minimum) of 
the INBO-poplar clones after a 4 year rotation ranked by block and crossing type  
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Block Crossing type N 
clones 

DM / yr. ha 

Calculated on surface base 

DM / yr. ha 

Calculated on tree base  

Block I T 2 4.7 (4.3 – 5.2) 6.3 (6.2 – 6.4) 

 T x T 8 7.1 (4.6 – 13.1) 8.5 (6.1 – 14.7) 

 T x M 4 4.7 (3.5 – 5.8) 4.9 (3.8 – 6.2) 

 Dx(TxM) 1 10.1 9.9 

 Mean  6.3 7.3 

Block II T 3 5.9 (4.5 – 7.9) 6.5 (4.5 - 9.2) 

 T x T 15 4.4 (2.5 – 7.3) 4.6 (2.7 – 7.5) 

 T x M 1 4.8 5.1 

 Mean  4.6 5.0 

 

Table Y summarizes the productivity results of the INBO willow clones after 4 years of growth. Most 
promising clones  can be found in the crossings based on Salix alba, with a productivity level of more 
than 10 ton per year and per hectare. S. viminalis as well reaches satisfactory productivity levels. The 
hybrids S. viminalis x viminalis are performing weaker. Globally willow are less productive then 
poplars. 

 

Table Y. Biomass productivity (DM per year and per ha, mean, maximum and minimum) of 
the INBO-willow clones after a 4 year rotation ranked by block and crossing type  

Block Crossing type N 
clones 

DM / yr. ha 

Calculated on a surface base 

DM / yr. ha 

Calculated on tree base 

Blok I A 14 5.8 (3.5 – 10.0) 7.1 (3.6 – 15.6) 

 V 9 5.3 (3.6 – 7.5) 5.7 (3.6 – 7.8) 

 V x V 1 2.8 3.0 

 Mean  5.5 6.4 

Blok II A 7 4.1 (2.9 – 6.7) 4.5 (3.2 – 7.0) 

 V x V 5 3.9 (2.3 – 4.7) 4.2 (2.7 – 5.0) 

 Mean  4.0 4.4 

 

Tabel Z gives an overview of the Cd and Zn concentration in the 4 years old wood of the poplar and 
willow clones. Because of the iniquity of clones per crossing type it is not possible to take distinct and 
statistical sound conclusions from these results. Poplars seem to possess promising clones in all 
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crossing types. Crossing type S. alba x alba in willows  have the lowest metal concentrations. 

These data form the base for the real extraction opportunities of the different clones (Table ZZ and 
ZZZ). 

 

Tabel Z. Mean (Minimum-maximum) concentration (mg kg-1) of Cd en Zn in the 4 years old 
wood of the INBO poplar and willow clones after a 4 year rotation, ranked by block and 
crossing type  
 Crossing type Block N clones Concentration Cd 

wood 

mg/kg 

Concentration Zn 
wood 

mg/kg 

Po
pl

ar
 

T I 2 13.2 (9.9 – 16.4) 420 (409 – 431) 

T X T I 8 7.8 (5.8 – 10.3) 293 (220 – 382) 

T X M I 4 12.0 (6.6 – 19.7) 330 (227 – 501) 

D(T x M) I 1 8.8 271 

T II 3 14.4 (13.3 – 15.4) 422 (365 – 507) 

T X T II 15 15.2 (10.5 – 20.4) 393 (221 – 627) 

T X M II 1 19.3 403 

 I + II  12.7 396 

W
ill

ow
 

A I 14 7.1 (2.8 – 12.4) 283 (138 – 391) 

V I 9 20.6 (14.3 – 25.9) 549 (380 – 769) 

V X V I 1 18.9 597 

A II 7 7.1 (3.0 – 10.9) 250 (164 – 329) 

V x V II 5 22.5 (17.6 – 28.7) 632 (501 – 724) 

 I + II  13.1 403 

 

 

Table ZZ. Extraction opportunity of Cd en Zn in the 4 years old wood  (g / yr . ha, mean, 
maximum) of the INBO poplar clones after a 4 year rotation, ranked by block and crossing 
type  

Crossing type Block N clones Extraction Cd  

g / yr . ha (mean / max) 

Extraction Zn 

g / yr . ha (mean / max) 

T I 2 83 / 105 2649 / 2761 

T X T I 8 67 / 126 2552 / 4446 

T X M I 4 57 / 75 1573 / 1902 
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D(T x M) I 1 87 2693 

T II 3 95 / 142 2707 / 3370 

T X T II 15 69 / 101 1736 / 2951 

T X M II 1 99 2063 

 

Especially poplar clones in the TxT group combine high biomass productivity with a high Cd and Zn 
concentration. 

These extraction opportunity makes it possible to calculate the phytoremediation possibilities to sanitize 
a soil contaminated at a level of 5 ppm  Cd to the norm of 2 ppm by means of SRC. We calculated this 
for a depth of 25 cm and a bulk density of 1400 kg per m³ and an assumption of a linear decrease over 
time. The best performing clone of the TxT-group would require 83 years to reach these goal, omitting 
the opportunity of harvesting with leaves. 

 

 

 

 

 

Table ZZZ. Extraction opportunity of Cd en Zn in the 4 years old wood  (g / yr . ha, mean, 
maximum) of the INBO willow clones after a 4 year rotation, ranked by block and crossing 
type  

Crossing type Block N clones Extraction Cd  Extraction Zn  

A I 14 53 / 193 2051 / 5370 

V I 9 116 / 152 3116 / 4183 

V X V I 1 57 1785 

A II 7 30 / 57 1109 / 1760 

V x V II 5 92 / 110 2602 / 3226 

 

Especially willow clones in the  Salix alba (A) combine high biomass productivity with a high Cd and 
Zn concentration. 

These extraction opportunity makes it possible to calculate the phytoremediation possibilities to sanitize 
a soil contaminated at a level of 5 ppm  Cd to the norm of 2 ppm by the mean of SRC. We calculated 
this for a depth of 25 cm and a bulk density of 1400 kg per m³ and an assumption of a linear decrease 
over time. The best performing clone of the Salix alba-group would require 54 years to reach these 
goal, omitting the opportunity of harvesting with leaves. 
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LOCHRISTI 
 

In spring 2010 a 1 hectare plantation of experimental  INBO-clones was realized in Lochristi (Province 
of East-Flanders) in annex to a 18 hectare large experimental plantation of the University of Antwerp, 
investigating the total gas exchange of short rotation plantations (POPFULL project). 

We performed the plantation of the short rotation coppice by using cuttings of 20 cm. The planting 
design was the classic ‘Swedish’ design of twin rows with respectively 0.75 and 1.5 m distance. 144 
willow clones and 214 poplar clones were involved in the experiment. All clones were planted in 
duplicate. 

A great number of observations was performed after the first growing year: settling per cent, shoots per 
stool, rust observation, insect damage, measurements of height and diameter. These observations 
resulted in a first pre selection of clones for biomass productivity research of two growing years.  

 

Table XX. Overview of the crossing types and number of experimental and reference clones in 
Lochristi 

Species  Crossing type  N 

clones 

Reference clones  N 

experimental 
clones in pre 
selection 

Poplar  DxN  12  Muur,  Oudenberg, 
Vesten 

1 

  DxT  4    1 

  Back cross 1st gen.  5  Grimminge   

  Back cross 2 nd gen.  135    13 

  TxM  10  Bakan, Skado  4 

  TxDxM  9    5 

  T  19     

  Total  214  6  24 

         

Willow  S. alba  71    5 

  S. rubens  25  Belgisch Rood  1 

  S. alba x fragilis  1    1 

  S. rubens x alba  33    1 

  S. dasyclados    Gudrun, Klara   

  S. viminalis  14    2 

  S.  schwerinnii  x 
viminalis 

  Tora   

  Total  144  4  10 
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The selected clones were subject of repeated observations of rust and insect damage, height and 
diameter measurements and finally harvested after two growing years for weighted biomass production 
(December 2011). The results of these investigations are not yet available. 

 

 

Biotechnology 

III 3 6. Biotechnology  

A Identification of a nuclear targeted disease resistance type gene in Populus 
Group Boerjan and INRA-Orleans 
Department of Plant Systems Biology, Flanders Interuniversity Institute for Biotechnology, Technologiepark 927, 9052 Gent 

 

Genetic maps have been used to locate the locus conferring resistance to the most important fungal 
pathogen for poplar, Melampsora larici-populina. Using genome annotation and identification of 
disease resistance gene families in the Populus genome, NBS-LRR type disease-resistance genes were 
identified genome-wide in collaboration with INRA-Nancy. However, some of the identified disease 
resistance genes had a nuclear localization signal implying that at least some resistance proteins are 
translocated to the nucleus. The translocation of this special disease resistance protein to the nucleus 
was demonstrated by fusing the resistance gene to GFP, and analyzing its subcellular location in BY2 
cells (Kohler et al., 2008).  

 

Kohler, A., Rinaldi, C., Duplessis, S., Baucher, M., Geelen, D., Duchaussoy, F., Meyers, B.C., Boerjan, 
W., and Martin, F. Genome-wide identification of NBS resistance genes in Populus trichocarpa. 
Plant Mol. Biol., 66, 619-636 (2008). 

 

 

B Genetics 
Group Ceulemans, Group Boerjan and INBO 

Department of Plant Systems Biology, Flanders Interuniversity Institute for Biotechnology, Technologiepark 927, 9052 Gent 

 

Interspecific hybrids of Populus species are known for their superior growth. We have examined the 
effect of the genetic background and contrasting environmental conditions on growth and searched for 
quantitative trait loci (QTL) affecting growth traits. To this end, two hybrid poplar families resulting 
from controlled crosses, Populus deltoides ‘S9-2’×P. nigra ‘Ghoy’ (D×N, 180 F1) and P. deltoides ‘S9-
2’×P. trichocarpa ‘V24’ (D×T, 182 F1), were grown at two contrasting sites, Northern Italy and Central 
France. At the end of the second growing season, tree dimensions (stem height, circumference, and 
volume) were assessed. The performances of both families significantly differed within and between 
sites. Tree volume was significantly larger at the Italian site as compared to the French site. Genotype 
by environment interactions were significant but low for both families and for all growth traits. Tight 
correlations among the individual growth traits indicated that there may be a common genetic 
mechanism with pleiotropic effects on these growth traits. In line with previous studies, linkage groups 
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I, VII, IX, X, XVI, XVII, and XIX appeared to have genomic regions with the largest effects on growth 
traits. This study revealed that (1) both families have high potential for selection of superior poplar 
hybrids due to the pronounced heterosis (hybrid vigor) and the large genetic variability in terms of 
growth and (2) the choice of site is crucial for poplar cultivation. Furthermore, we (1) examined the 
extent of phenotypic and genetic variation in biomass production, ramification, resprouting, and 
phenology, (2) searched for genomic regions involved in productivity, and (3) determined the effect of 
the environment on the expression of these traits. The performance of both families differed within and 
among sites. A pronounced heterosis was observed in most cases. Moderate to high heritability values 
were found. Seventeen quantitative trait loci (QTL) for biomass production, 13 for ramification, ten for 
resprouting, 21 for bud burst, and ten for bud set were identified. Genetic correlations and QTL 
colocation showed that high wood production was associated with high allocation of wood into 
branches and with high production of resprouts after coppicing. Correlations and QTL collocation 
between biomass production and phenology traits were weak. Our study provides valuable information 
on genomic regions involved in biomass production, ramification, and phenology and on phenotypic 
and genetic relationships among these traits. 

 

 

 

Dillen, S.Y., Storme, V., Marron, N., Bastien, C., Neyrinck, S., Steenackers, M., Ceulemans, R., and 
Boerjan, W. (2009). Genomic regions involved in productivity of two interspecific poplar 
families in Europe. 1. Stem height, circumference and volume. Tree Genet. Genomes 5, 
147-164. 

 

Marron, N., Storme, V., Dillen, S.Y., Bastien, C., Ricciotti, L., Salani, F., Sabatti, M., Rae, A.M., 
Ceulemans, R. and Boerjan, W. (2010) Genomic regions involved in productivity of two interspecific 
poplar families in Europe. 2. Biomass production and its relationships with tree architecture and 
phenology. Tree Genet. Genomics 6, 533-554.  

 

C Wood formation 
Group Boerjan 
Department of Plant Systems Biology, Flanders Interuniversity Institute for Biotechnology, Technologiepark 927, 9052 Gent 

Lignin is an aromatic heteropolymer that is mainly deposited in the walls of secondary-thickened plant 
cells, predominantly wood cells. There is considerable interest in understanding the biosynthesis of 
lignin because of its agro-industrial relevance; it needs to be extracted during chemical pulping for the 
production of high-quality paper, and in the production of liquid biofuels, it needs to be degraded 
before the cell wall polysaccharides can be converted to glucose prior to fermentation to ethanol. On the 
other hand, lignin has high intrinsic energy content. Hence, reducing lignin content or altering its 
structure in plants may improve raw material for chemical pulping and conversion of plant biomass to 
liquid biofuels, whereas increasing its content may lead to a higher calorific value.  

We have generated transgenic poplar lines with defects in the gene encoding cinnamoyl CoA reductase 
(CCR) and have tested the quality of its wood in simulated pulping experiments and for the production 
to biofuels (Leplé et al. 2007; Custers, 2009, Vanholme et al., 2010). Analyzing the lignin of transgenic 
CCR downregulated poplar, a new lignin monomer, ferulic acid, was discovered (Leplé et al., 2007; 
Ralph et al., 2008). The discovery of this new unit opens perspectives to designing new lignin types that 
are more easily degraded during wood processing. These poplar trees, downregulated in CCR, were 
planted in an experimental filed trial under short rotation coppice culture at Gent. The trees are 
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currently in their third year of growth (Custers 2009) and will be harvested in winter 2012- 2013. 

 

We have also developed new mass-spectrometry-based tools to reveal the structure of individual lignin 
polymers. Within secondary-thickened plant cell walls, lignin forms from the combinatorial radical-
radical coupling of monolignols and many other less abundant monomers. This polymerization process 
leads to a plethora of units and linkage types that affect the physicochemical characteristics of the cell 
wall. Current methods to analyze the lignin structure focus only on the frequency of the major 
monomeric units and interunit linkage types but do not provide information on the presence of less 
abundant unknown units and linkage types, nor on how linkages affect the formation of neighboring 
linkages. Such information can only be obtained using a sequencing approach. We have developed a 
sequencing strategy for lignin oligomers using mass spectrometry. This strategy was then evaluated on 
the oligomers extracted from wild-type poplar (Populus tremula x Populus tremuloides) xylem. In total, 
134 lignin trimers to hexamers were observed, of which 36 could be completely sequenced. Based on 
molecular mass data of the unknown monomeric and dimeric substructures, at least 10 unknown 
monomeric units or interunit linkage types were observed (Moreel et al., 2010a). Furthermore, we have 
developed technology that helps elucidating the structure of aromatic compounds from plants. This will 
help in elucidating new pathways that can be engineered to the benefit of industrial needs (Morreel et 
al., 2010b). 

 

We have also developed a simulation model of in vitro lignin polymerization, based on the 
combinatorial coupling theory, which allows us to predict the reaction conditions controlling the 
primary structure of lignin polymers. Our model predicts two controlling factors for the beta-O-4 
content of syringyl-guaiacyl lignins: the supply rate of monolignols and the relative amount of supplied 
sinapyl alcohol monomers. We have analyzed the in silico degradability of the resulting lignin polymers 
by cutting the resulting lignin polymers at beta-O-4 bonds. These are cleaved in analytical methods 
used to study lignin composition, namely thioacidolysis and derivatization followed by reductive 
cleavage, under pulping conditions, and in some lignocellulosic biomass pretreatments (van Parijs et al., 
2010). 

 

Together with the group of Michele Morgante  at Udine, Italy, and the INRA in Orleans, France, we 
have used an Ecotilling approach to identify rare alleles for 5 lignin biosynthesis genes in a population 
of ~ 700 P. nigra trees. One of these alleles had an early stop codon in the HCT gene, resulting in a 
truncated protein lacking 70 amino acids of its carboxy terminal domain. The frequency of this allele 
was ~0.03 and one tree, homozygous for this rare allele was identified and is currently being 
characterized (Marroni et al., 2011). Analysis of the lignin of this natural mutant show that lignin is 
enriched in p-hydroxyphenyl units that are barely detectable in wild type plants, demonstrating that the 
natural allele affects lignin structure. The data show that next generation Eco-tilling is a promising 
approach to identify rare recessive alleles. Trees harboring such alleles can then be introduced in 
current breeding programs. 

 

 

 

Morreel, K., Kim, H., Lu, F., Dima, O., Akiyama, T., Vanholme, R., Niculaes, C., Goeminne, G., Inzé, 
D., Messens, E., Ralph, J. and Boerjan, W. (2010a) Mass spectrometry-based fragmentation as an 
identification tool in lignomics. Anal. Chem. 82, 8095-8105. 
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Morreel, K., Dima, O., Kim, H., Lu, F., Niculaes, C., Vanholme, R., Dauwe, R., Goeminne, G., Inzé, 
D., Messens, E., Ralph, J. and Boerjan, W. (2010b) Mass spectrometry-based sequencing of lignin 
oligomers. Plant Physiol. 153, 1464-1478.  

 

Ralph, J., Kim, H., Lu, F., Grabber, J., Leplé, J.-C., Berrio-Sierra, J., Mir Derikvand, M., Jouanin, L., 
Boerjan, W., and Lapieere, C. Identification of the structure and origin of a thioacidolysis marker 
compound for ferulic acid incorporation into angiosperm lignins (and an indicator for cinnamoyl 
CoA reductase deficiency). Plant J. 53, 368-379 (2008). 

Custers, R. (2009) First GM trial in Belgium since 2002. Nat Biotechnol. 2009  

van Parijs, FR., Morreel, K., Ralph, J., Boerjan, W. and Merks, RM. (2010) Modeling Lignin 
Polymerization. I. Simulation Model of Dehydrogenation Polymers.. Plant Physiol. 153, 1332-1344. 

 

 Marroni F, Pinosio S, Di Centa E, Jurman I, Boerjan W, Felice N, Cattonaro F, Morgante M. Large 
scale detection of rare variants via pooled multiplexed next generation sequencing: towards next 
generation Ecotilling (2011). Plant J. 4: 736-745     

 

D Molecular analysis of bud formation 
A. Rohde,  W. Boerjan 
Department of Plant Systems Biology, Flanders Interuniversity Institute for Biotechnology, Technologiepark 927, 9052 Gent 

 

The seasonal timing of growth events in trees is crucial to tree distribution and conservation. The 
seasonal growth cycle is strongly adapted to the local climate that is changing because of global 
warming. We studied bud set as one cornerstone of the seasonal growth cycle in an integrative 
approach. Bud set was dissected at the phenotypic level into several components, and phenotypic 
components with most genetic variation were identified. While phenotypic variation resided in the 
timing of growth cessation, and even so more in the duration from growth cessation to bud set, the 
timing of growth cessation had a stronger genetic component in both natural and hybrid populations. 
Quantitative trait loci (QTL) were identified for the most discriminative phenotypic bud-set components 
across four poplar pedigrees. The QTL from different pedigrees were recurrently detected in six regions 
of the poplar genome. These regions of 1.83-4.25 Mbp in size, containing between 202 and 394 genes, 
form the basis for further molecular-genetic dissection of bud set (Rohde et al., 2011a). 

We have also shown that in hybrid poplar, the critical day length for growth cessation and the duration 
of bud formation each vary with local climatic conditions in identical genotypes. The detailed 
dissection of bud set suggests temperature as one additional environmental factor that modifies the 
sensitivity to day-length signals at growth cessation and influences the duration of bud formation in 
poplar. The ability of perennial plants to integrate additional environmental signals with photoperiod 
signaling may add to short-term acclimatization to the predicted longer growing seasons in future 
climates (Rohde et al., 2011b). 

ROHDE, A., STORME, V., JORGE, V., GAUDET, M., VITACOLONNA, N., FABBRINI, F., 
RUTTINK, T., ZAINA, G., MARRON, N., DILLEN, S., STEENACKERS, M., SABATTI, M., 
MORGANTE, W., BASTIEN, C. (2011A). BUD SET IN POPLAR--GENETIC DISSECTION OF A 
COMPLEX TRAIT IN NATURAL AND HYBRID POPULATIONS. NEW PHYTOLOGIST 
189(1):106-21. 
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Rohde, A., Bastien, C and Boerjan, W. Temperature signals contribute to the timing of photoperiodic 
growth cessation and bud set in poplar (2011b) Tree Physiology 31 (5) 472-482 

E. Contribution to poplar genome annotation 
S. Rombauts, L. Sterck, W. Boerjan,  P. Rouze, Y. Van De Peer 
Department of Plant Systems Biology, Flanders Interuniversity Institute for Biotechnology, Technologiepark 927, 9052 Gent 

 

After the release of the Populus trichocarpa genome sequence in 2007, additional sequencing and a re-
assembly efforts have led to the release of version 2 of the poplar genome sequence. This work was 
mainly done by the DOE-JGI. The annotation currently available on the updated genome sequence is 
highly based on the initial annotation which was done in collaboration with our group using the EuGene 
gene prediction platform. This updated genome and accompanying gene annotations have been made 
available to the community through our online annotation platform BOGAS, allowing manual curation 
by expert annotators. 

 

F. Contribution to the Melampsora larici-populina genome project 

 

Lin, Y.-C., Van de Peer, Y., Rouzé, P.  

Department of Plant Systems Biology, Flanders Interuniversity Institute for Biotechnology, 
Technologiepark 927, 9052 Gent 

 

The bioinformatics group at VIB has been involved in the genome annotation and comparative genomic 
analysis of the poplar leaf rust fungus Melampsora larici-populina genome project. The genome paper 
was published in PNAS (2011) and the analysis of a large repertoire of effector-like small secreted 
proteins (SSPs) which are related to their obligate biotrophic life-style, in the Melampsora genome was 
subsequently published in MPMI (2012) 

 

Hacquard, S., Joly, D., Lin, Y.-C., Tisserant, E., Feau, N., Delaruelle, C., Legué, V., Kohler, A., 
Tanguay, P., Petre, B., Frey, P., Van de Peer, Y., Rouzé, P., Martin, F., Hamelin, R., Duplessis, S. 
(2012) A comprehensive analysis of genes encoding small secreted proteins identifies candidate 
effectors in Melampsora larici-populina (poplar leaf rust). Mol. Plant Microbe In. 25:279-293. 

 

Duplessis, S., A. Cuomo, C., Lin, Y.-C., Aerts, A., Tisserant, E., Veneault-Fourrey, C., L. Joly, D., 
Hacquard, S., Amselem, J., L. Cantarel, B., Chiu, C.-H., Couthinho, P., Feau, N., Field, M., Frey, P., 
Gelhaye, E., Goldberg, J., Grabherr, M., D. Kodira, C., Kohler, A., Kües, U., A. Lindquist, E., Lucas, 
S., Mago, R., Mauceli, E., Morin, E., Murat, C., L. Pangilinan, J., Park, R., Pearson, M., Quesneville, 
H., Rouhier, N., Sakthikumar, S., A. Salamov, A., Schmutz, J., Selles, B., Shapiro, H.J., Tangay, P., A. 
Tuskan, G., Henrissat, B., Van de Peer, Y., Rouzé, P., G. Ellis, J., N. Dodds, P., E. Schein, J., Zhong, 
S., C. Hamelin, R., V. Grigoriev, I., J. Szabon, L., Martina, F. (2011) Obligate Biotrophy Features 
Unraveled by the Genomic Analysis of Rust Fungi. Proc. Natl. Acad. Sci. USA 108:22. 

 

 

 

 



 
 

 - 31 - 

4. Forest Protection 

(a) Biotic factors including insects, diseases and other animal pests and outline economic 
aspects and success of control measures undertaken and damage prevention in the future 

 

To react to the poplar grower's concern related to Melampsora leaf rust disease, the Transpop 2 (Project 

Interreg IV) team keep up the former activity of informing about the diseases observed on poplar 

cultivated varieties, since 2002 (except for 2008 and 2009). The control plots include twenty six 

varieties : composed of seventeen commercialilised P. deltoides x P. nigra, five P. trichocarpa 

 x P. deltoides as control for maximun sensibility, one P. trichocarpa, two P. trichocarpa x 

maximowiczii and one backcross P. deltoides x P. x interamericana. 

The intensity of infection varies yearly and between plots, the scale of observation goes from 0 (non 

infected) to 5 (all leaves falling from tree). For the 2004-06 period the intensity of infection was 

significantly higher than for the years 2007, 2010-11. The results of 2011 clearly show that the previous 

selections 'Boelare', 'Beaupré', 'Hazendans' and 'Ogy' are to be avoided because of medium to high 

sensibility scores (>2,0) since the first of August. The average sensibility (score1 to 2) is observed for 

'Robusta', 'Ghoy', 'Oudenberg' and 'Isières'. The lower sensibility is observed for 'Vesten', 'Triplo', 

'Trichobel', 'Skado', 'Raspalje', 'Polargo', 'Grimminge', 'Gaver', 'Flevo', 'Koster' and the lowest for 

'Degrosso' 

Poplars related to clones or sites.  

For the geneticist and for the planter, information on sites, clones, and other factors, would be decisive 

to reduce insect damage on poplars. In this perspective, a study was done in eight field trials in Belgium 

and in Luxembourg, considering two types of leaf damage: "caterpillar-like", starting from the edge, 

and window puncturing in the leaf blade. They concerned 24 clones coming from Italy, Belgium and 

the Netherlands (Table 1).  

 

Table I - Clones, origin, genetic group, common parents, leaf surfaces (in cm2) 

N° Clone Country of 

origin 

Genetic group Common parents 

1 Isonzo Italy DxDN M2+P1 

2 71009/2 Belgium DT M4 

3 Timavo Italy DxDN M2+P1 

4 Beaupré Belgium TD M5 
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5 71015/1 Belgium DT M4 

6 Enza Italy DN  

7 Hoogvorst Belgium TD M5+P3 

8 Dvina Italy D?   

9 Koster Netherlands DN  

10 S681/84 Belgium DN M3 

11 Brenta Italy DN  

12 Mella Italy DN  

14 S683/24 Belgium DN M3 

15 Ellert Netherlands DN P2 

16 Lambro Italy DN  

17 Grimingen Belgium DDxTD  

18 I-214 Italy DN  

19 Taro Italy DNxTD M1 

20 Lena Italy D?  

21 71009/1 Belgium DT M4 

22 Hees Netherlands DN P2 

23 Soligo Italy DN M1 

24 Trebbia Italy DN  

25 Hazendans Belgium TD P3 

 

Key to the common parents Clones with the same mother: Mx; the same father: Px, the same mother 

and father: Mx + Px 

Damage limited to puncturing in the leaf area are infrequent. By way of illustration: for the most 

vulnerable clone on the most favourable site, 18 % of the foliar surface is destroyed by the first 

damaging agent,, but only 0,26 % for the other insects. Therefore, this damage type will not be 

considered here anywere. 

"Caterpillar-like" damage varied considerably, depending on the clones, sites, species and parental 

individuals. Clones ranks concord on the different sites; site ranks are similar for the various clones. 

Clones with same parents have similar levels of resistance (Fig. 1). The dispersal of the DN clones 

would suggest that several resistance mechanisms are implied. This evidence supports the hypothesis of 

a polygenic type of resistance. 
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Damage intensity 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 : Average surfaces damaged per clone (in cm2) for different genetic groups 

 

The similitude between clones having similar parents are illustrated in the Fig. 2 The clones with the 

same parents have similar resistance. This link between the susceptibility of the clones and the species 

or parental individuals means that our results can be extrapolated and applied to new crossings.  For the 

geneticist, resistance to insects can be a major element in the selection of new clones, all the more so 

because this resistance is at work in parallel in different stations.  Generally speaking, the clones with 

one P. trichocarpa are, on average and often significantly, more resistant to defoliators. .  

 

Average variation 
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Figure 2 : Average variations between clones with common parents (Com.par.) and those without 

them (No par.) 

 

Hybrids of P. deltoides x nigra show widespread variability (fig. 1); those with genetic material of P. 

trichocarpa are generally more resistant. The maximal differences are about 1 to 5 for the clones, and 1 

to 10 for the sites. But the most vulnerable clone on the most favourable site was damaged almost 70 

times more often than the opposite combination. The concordance between the clones and sites 

classifications also allows to draw a conclusion of special interest to poplar planters. The damage for 

the Lambro clone in Lintgen is 2.36 cm2, whereas it is limited to 0.03 cm2 for the Hazendans clone in 

Gembloux: there is a ratio of 62 to 1 between the two.   

In order to prevent insect damage the planting of a resistant clone on a site unfavourable to insects 

would reduce the attacks to an enormous extent..  

Parts of this research are published by Tomescu and Nef, Leaf eating insect damage on different poplar 

clones and sites. Ann. For. Sc., 54 , 99-108. 

———————————————. 

Relationship with soil characteristics 

The insect damage and the foliar surface are related to the foliar mineral content and to the soil 

characteristics. 

The insect damage is negatively correlated with the soil magnesium content, and with the iron foliar 

content. The iron foliar content is also comparable to magnesium.  

The foliar surface is positively related to the phosphorus soil content.  
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Other soil or foliar elements have less importance. 

——————————————— 

Other research, based mainly on the susceptibility to Phyllocnistis unipunctella, concerned the 

defensive and competition strategies of forest and pioneer poplars. The DxN group has much greater 

variability than the other groups (Figure 3) toward Ph.. unipunctella. 

 

Sensibility 

                                

Poplar groups 

Figure 3: Clonal relative sensibility of DxN, TxD and T groups 

A major feature is the foliar polyphenol content. For example, Fig. 4 illustrates the relation between  

polyphenols and the chrysalides weight. 

Chrysalides weight 

        

                % Polyphenol content 
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Figure 4: Average chrysalides weight (in mg) related to foliar polyphenol content,  for 3 

representative clones. 

——————————————— 

Other researches concerned different poplar growth characteristics. They demonstrated clearly that 

forest poplar, like P. trichocarpa, obviously diverge from the pioneer poplars like P. nigra or P. 

deltoides.  

The following conclusions can summarize those features : 

CHARACTERISTICS FOREST POPLAR PIONEER POPLAR 

Primary defense mechanisms : important more weak 

Secondary defense mechanisms : subordinate important 

Adaptation to attack risks 

 Phytophagous insects : high more weak 

Origin of phytophages : generalists more specific 

Leaf set : earlier later 

Growth period : longer shorter 

Basal area ibncrement : stronger  weaker 

Sensibility to shade : tolerant lesser tolerant 

Sensibility to wind : high  moderate 

This is published by Nef, in the Rev. For. Fr., LIX, 119-128 

 

(b) Abiotic factor including winds, floods, pollution and others , and outline economic aspects 
and success of control measures undertaken and damage prevention in the future 

5. Harvesting and Utilization 

 
Use of willow wood 
Willow wood is anatomically comparable the poplar wood. The principal difference is the presence of a 
greater quantity of tension wood in willow trees (15 to 50 %) in relation to poplar (5 to 10%) – tension 
wood depreciating the quality of the finished products. Nevertheless, willow can contribute in a 
sufficient way to the diversification of intensive wood production, which is until now restricted to poplar. 
Willow wood (once air-dried) is perfectly suitable for sawing : nice or common joinery, packaging 
material and loading-pallets. It can also be used in the rotary process : match making, veneer/plywood 
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production and light packaging (e.g. fruit boxes). It can moreover be used as raw materials for pulp and 
paper making industry and for fibreboard and particleboard industries. 

 

At the moment, a study concerning the wood quality of willow trees coming from an INBO experimental 
plantation is realized on a selection of candidates clones for future commercialization. In 2008-2009, it 
should be possible to bring these first selected clones on the market, as a blend of different clones in 
order to promote polyclonal willow plantations.  

Recent research at Ghent University on large willow clone collections lead to the following overall 
conclusions: 

• Willow clones generally have  lower average density then poplar clones. However, the 
variability within the stem is considerably lower.  

• Linked with the lower density, willow clones show lower average strength properties. 
Additionally, willow clones have lower strength properties as compared to poplar clones with 
similar average density. This is probably due to the shorter fibre length and the higher 
proportion in average tension wood occurrence. Visual grading of willow wood has been 
demonstrated to contain significant risks. Only within each clone, grading rules can be 
obtained. 

• Despite these differences, it is possible to select willow clones which can replace poplar clones 
in current production processes. 

 

  

(b) Utilization of poplars and willows for various wood products:  
Durability of thermo-treated poplar wood using the BMT® process 

By Dr Benoit Jourez and Cécile Verheyen 

Service public de Wallonie (SPW) 

Direction générale opérationnelle Agriculture, Ressources naturelles et Environnement (DGARNE) 

Direction du Milieu forestier  

Av. Maréchal Juin, 23 B - 5030 GEMBLOUX 

The durability of the thermo-modified poplar wood treated by the BMT® process was tested for 

resistance to basidiomycetes. When no specific norm exists to evaluate durability conferred by such a 

treatment, the “thermo-treated poplar wood” was considered as a new species. That's why a test was 

performed in accordance with NBN CEN TS 15083-1:2006, Durability of wood and wood-based 

products – Determination of the natural durability of solid wood against wood-destroying fungi, test 

methods – Part 1: Basidiomycetes,. 

A sample of twenty planks was taken out of five wood batches treated in three different sawmills. Half 

of the plank wasn't treated and was used as control parts, the other one was heated and fashioned into 

treated parts. All parts have been exposed for sixteen weeks to two wood-destroying fungi: Coniophora 
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puteana BAM Ebw.15 and Coriolus versicolor CTB863A. At the end of the test, the mass losses due to 

the fungi attack were determined. 

Thermic treatment of the poplar planks was done in a BMT® type oven and based on the Besson 

process (3rd generation oven). Maximum temperature reached 210°C. 

The thermo-treated poplar wood shows a comparable sensitivity against the two fungi with average 

mass losses lower than 1 percent, so it ranks in the class 1 of natural durability (very durable wood). 

The controls, with average mass losses higher than 30 percent, ranks the untreated poplar wood in the 

class 5 of natural durability (not durable wood). 

These performances allow the use of thermo-treated poplar wood in non-structural outside uses, 

exposed to outdoor climate, without preservative treatment with conventional fungicides. However, the 

long-term behaviour has to be checked. 

 

(c) Utilization of poplars and willows for bio-energy as a renewable source of energy. 

 
2.3.1. Application of the system in Flemish Region 

Linda Meiresonne 

Research Institute for Nature and Forest 

Gaverstraat 4 B 9500 Geraardsbergen 

Linda.Meiresonne@inbo.be 

 

 

Field experiments 

 

Since 2006 we started up a knowledge centre on short rotation forestry. This gave us the opportunity to 
follow- up and to establish some trial plots in Flanders. 

 

Actually INBO is involved in the following projects  

 

Demonstration plantation Rijkevelde:  
 Purpose: demonstration plantation of short rotation forestry on agricultural land, for farmers 
 established in 2004  
 first harvested in 2007 
 surface: 2 ha 
 planting material: commercialised clones (5 willow: Tora, Torhild, Tordis, Rappe and Olof; and 

4 poplar clones: Muur, Vesten, Oudenberg, Koster) 
 trial plots with different planting distances 
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 harvest results after one rotation: willow 6 – 15 ton dm per ha, poplar 0.5 – 6.5 ton dm per ha 

 

 

Experimental plantation Lommel 
 Trial plot of short rotation forestry for commercial and new selected clones of INBO on heavy 

metal contaminated land 
 Purpose: research on opportunities of phytoremediation by SRF and selection of suitable clones 
 Surface: 5 ha 
 Poplar: commercialised clones Muur, Vesten, Oudenberg, Grimminge and Koster, 100 INBO-

clones (P. trichocarpa, trichocarpa x maximowiczii, deltoides x trichocarpa x maximowiczii) 
 Willow: commercialised clones Tora, Inger, Loden, Jorr, Christiane, Zwarte Driebast, Salix 

alba and Belgisch Rood, 160 INBO-clones (S. viminalis, S. alba and S. alba x fragilis) 

 

 

Experimental plantation Lemberge: 
 trial plot of short rotation forestry for new selected clones of INBO. These clones are also 

present at the trial plot of Lommel (see above) 
 Poplar: 48 clones (P. trichocarpa, trichocarpa x maximowiczii, deltoides x trichocarpa x 

maximowiczii) and 4 families (P. deltoides x trichocarpa) 
 Willow: 57 clones of S. viminalis and the commercialised clones Rappe, Ulf and Orm 
 Surface: 2 ha 
 Purpose: wood chips for compost production 

 

Demonstration sites 

 

Pieter Verdonck 
Pieter Verdonckt  

Inagro vzw 
pieter.verdonckt@inagro.be 

T (0032)51/27 33 82 
  
Field experiments 
Since 2008 we are gathering knowledge and practical experience for planting short rotation coppice. 
With Inagro we focus mainly on the use of short rotation coppice in agriculture. During the last years 
we planted several hectares of short rotation coppice.   
Inagro is involved in the following projects: 
 
Plantation on a farm in Wervik: 

• Purpose: demonstration plantation on agricultural  land for farmers and the wood  is used on 
the own farm for heating a greenhouse. 

• Established in 2008 
• First harvest in autumn 2011 
• Surface 2 ha 
• Planting material: 6 willow clones  (Tora, Tordis, Olof, Loden,  Inger, Raamberger) and poplar 

(established in 2011) (grimminge) 
• Fertilization experiments were set up 
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• Harvest after one rotation: 12 ton dm/ha (willow)  
 

Plantation Zedelgem: 
• Purpose: demonstration plantation on agricultural land for farmers. The wood will be used for 

heating purposes. 
• Established 2010 
• First harvest is foreseen in winter 2012 
• Surface: 2 ha 
• Planting material: 3 commercial willow clones (Tordis, Gudrun, Klara) and 3 indigenous species 

(alder, willow and birch) 
 

Plantation Rijkevelde:  
 Purpose: demonstration plantation of short rotation forestry on agricultural land, for farmers 
 established in 2010 
 surface: 0,5 ha 
 planting material: maple, alder and ash 

 
Plantation at Beitem 

• Purpose; demonstration plantation on agricultural land for farmers. The wood will be used for 
heating purposes in the site of Inagro. 

• Established 2008 
• First harvest winter 2011 
• Surface 0,5 ha 
• Planting material 5 different clones (Tora, Tordis, Inger, Raamberger, Olof) 

 
Besides biomass production, short rotation coppice can be used for other purposes. With “Inagro” and 
“POM West-Vlaanderen” we want to put the multifunctional use of SRC in the picture. 
 
 
SRC and Biodiversity; 
 
Plantation at Zonnebeke 

• Purpose; demonstration plantation on agricultural land for farmers. The wood will be used for 
heating purposes. Indigenous plant material is used to improve biodiversity on the plantation. 

• Established in 2012 
• First harvest foreseen in winter 2014 
• Surface 1,5 ha 
• Planting material 3 willow clones (Klara, Tora and Tordis), 3 poplar clones (Grimminge, AF2 

and AF8), indigenous plant material (alder, hazel and willow) 
 
Plantation at Oostkamp 

• Purpose; demonstration plantation on agricultural land for farmers. The wood will be used for 
heating a greenhouse of a farmer nearby. Indigenous plant material is used to improve 
biodiversity on the plantation. 

• Established in 2012  
• First harvest foreseen in winter 2014 
• Surface 1 ha  
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• Planting material 4 willow clones (Klara, Tora, Olof and Tordis), indigenous plant material 
(alder, hazel and willow) 

 
 
SRC and chicken: 
 
Plantation at Poeke 

• Purpose; demonstration plantation on agricultural land for farmers. The wood will be used for 
heating purposes. In the field where chicken can run free 1 ha SRC is established. Besides 
providing cover for the chicken, the wood chips will provide an additional income for the 
farmer. 

• Established in 2012  
• First harvest foreseen in winter 2014 
• Surface 1 ha 
• Planting material 4 willow clones (Klara, Tora, Olof and Tordis) 

 
 
SRC and unused industrial grounds 
 
Plantation at Harelbeke 

• Purpose; demonstration plantation on industrial land. The wood will be used for heating 
purposes on the site of the company.  

• Established in 2012  
• First harvest foreseen in 2016 
• Surface 0,5 ha  
• Planting material 3 poplar clones (Skado, AF2 and AF8) 

 
Plantation at Gullegem 

• Purpose; demonstration plantation on industrial land. The wood will be used for heating 
purposes in a nearby company.  

• Established in 2012  
• First harvest foreseen in 2016 
• Surface 0,5 ha  
• Planting material 4 poplar clones (Skado, Bakan, AF2 and AF8) 

 
Plantation at Meulebeke 

• Purpose: demonstration plantation on industrial land. The wood will be used for heating 
purposes in the own company.  

• Established in 2012 
• First harvest foreseen in 2014 
• Surface 0,8 ha 
• Planting material 4 willow clones (Klara, Tora, Olof and Tordis)  

 
Plantation at Roeselare 

• Purpose; demonstration plantation on industrial land. The wood will be used for heating 
purposes.  

•  Established in 2012 
• First harvest foreseen in 2014 
• Surface 1,5 ha 
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• Planting material 5 willow clones (Tora, Klara, Tordis, Olof and Inger) and INBO clones (mix 
experimental clones) 
 

 
 
 

 

Hilde Muylle 

 

In 2007, ILVO installed a comparative trial of lignocellulosic Crops including miscanthus, switchgrass 
and SRC Willow on a sandy loam soil. The planting scheme of SRC was a typical SRC scheme with a 
three yearly harvest. Miscanthus and switchgrass were harvested annually. In Table 1, annual yields are 
presented for harvest March 2008, 2009, 2010 and 2011, In the same trial, annual crops and perennial 
grassland is included. Annual dry matter yield is compared over the three different groups of crops. The 
lignocellulosic crops are evaluated for their use in second generation bio-ethanol. Therefore the  cell 
wall composition was studied and can be found in table 2.  
Tabel 1: Dry matter yield of 7 crops in Spring 2008, 2009, 2010 and 2011.  

 
DMY2008 

(ton DM/ha) 

DMY2009 

(ton DM/ha) 

DMY2010 

(ton DM/ha) 

DMY2011 

(ton DM/ha) 

Crops Mean SD Mean SD Mean SD Mean SD 

Reed Canary Grass cv. ‘Palaton’ 4.00c 0.62 8.59b 1.25 0.833a 0.57 -  

Reed Canary Grass cv. ‘Bamse’ 5.64d 1.10 9.47b 1.42 0.76a 0.33 -  

Switchgrass cv. ‘CIR’ 2.52b 0.63 12.69c 1.10 8.75c 4.77 9.54c 0.11 

Switchgrass cv. ‘Kanlow’ 2.58b 0.53 12.90c 2.58 15.94b 0.97 13.96a 0.81 

Miscanthus x giganteus 3.31b.c 0.86 15.44d 0.68 25.72d 1.25 19.80d 1.55 

Miscanthus sinensis cv. ‘Goliath’ 0.49a 0.18 4.09a 0.55 13.98b 3.98 14.27a 4.04 

Phragmites australis 0.92a 0.25 3.72a 0.62 3.62a 1.38 4.15b 0.68 

Willow* -  -  12.50b,c 3.22 -  
a,b,c,d,e homogeneous subsets by use of Duncan’s multiple range test (p<0.05) 

*Willow was harvested once in 3 year. DMY in 2010 is calculated on a yearly basis.  

 

Tabel 2:Cellulose, hemicellulose, lignin and the non cell wall fraction of crops in percentage of adw (absolute dry weight)in harvest 2010. 

 
NDF 

(% of ADW) 

ADF 

(% of ADW) 

ADL 

(% of ADW) 

Rest 

(% of ADW) 

Crops Mean SD Mean SD Mean SD Mean SD 

Reed Canary Grass cv. ‘Palaton’ 33.4 a ± 0.6 34.4 c ± 0.7 7.8 a ± 0.4 24.4 c± 1.2 

Reed Canary Grass cv. ‘Bamse’ 32.7 a ± 1.7 35.3 c ± 0.9 7.9 a ± 0.8 24.1 c ± 1.6 

Switchgrass cv. ‘CIR’ 44.1 c ± 0.7 31.8 a,b ± 0.6 10.0 c ± 0.6 14.1 b ± 0.7 

Switchgrass cv. ‘Kanlow’ 43.8 b,c ± 0.6 33.1 b ± 0.3 8.2 a,b ± 0.3 14.9 b ± 0.6 

Miscanthus x giganteus 49.3 f ± 1.4 27.0 e ± 1.5 12.0 d ± 1.2 11.7 a ± 1.2 

Miscanthus sinensis cv. ‘Goliath’ 46.4 e ± 0.5 32.8 a,b ± 0.3 8.7 a,b ± 0.4 12.0 a ± 0.2 

Willow 39.1 d ± 0.7 14.7 d ± 0.5 13.4 e ± 0.5 32.8 e ± 1.9 
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Phragmites australis 42.4 b ± 0.4 31.5 a ± 0.4 9.2 b,c ± 0.6 16,9 d ± 0.8 
a,b,c,d,e homogeneous subsets by use of Duncan’s multiple range test (p<0.05) 

 

SRC willow yields less than Miscanthus in the third year of cultivation. However the trial is continued 
for at least three years in order to compare yields over a longer term. The cell wall composition is 
significant different compared to the monocot species. This is also found in the saccharification 
efficiency of willow compared to the monocot species (data not shown). 

 

R. Ceulemans  see annexes. 

 

 

6. Environmental Applications 
 

 

 Report on the application of new knowledge, technologies and techniques for cultivation 
of poplars and willows for: 

 

(a) Site and landscape improvement (bank stabilisation, combating desertification 
and salinization, shelterbelts and windbreaks, soil rehabilitation, urban and peri-
urban forestry for climate modification etc). 

 
The importance of short rotation coppice for the biodiversity of the countryside 

Forest & Nature Lab, Ghent University (contact: Kris.Verheyen@UGent.be) 

Terrestrial Ecology Unit, Ghent University (contact: Dries.Bonte@UGent.be) 

In 2010, short rotation willow plantations and maize fields were investigated at ten locations in Flanders 
and northern France.  The herb vegetation was inventoried, and invertebrates were sampled with pitfall 
traps at soil level and at 1 m above the soil. Both the herb layer and the invertebrate community differed 
between short rotation coppice plantations and maize fields, and the largest differences in diversity were 
found for the herb layer. 

The herb layer of the short rotation coppice parcels was more abundant, more heterogeneous and more 
species-rich than the herb layer in the maize fields. The species composition of the herb layer clearly 
differed between the willow plantations and the maize fields. In the short rotation coppice, herb species 
were found that are typical of nutrient-rich grasslands, fields, scrubs, and young forests. The vegetation 
of the short rotation plantations was characterized by more stress-tolerant and less ruderal species 
typical of moister and less nutrient-rich habitats. No typical forest herb species were found.  

The invertebrates showed higher activity and higher species richness in the short rotation coppice 
compared to the maize fields. More species and more individuals were found in short rotation coppice 
for the taxonomic groups Araneae, Opiliones, Diptera, and Hymenoptera. Only for the Coleoptera, 
slightly more species and individuals were found in maize fields. 

The higher structural complexity and less intensive management of short rotation coppice provide a 
more stable habitat compared to maize fields, which affects species diversity and composition. Planting 
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short rotation coppice in agricultural landscapes can improve the overall diversity of the area. 
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Soil acidification drives shifts in soil phosphorous fractions in post-agricultural forests 

Forest & Nature Lab, Ghent University (contact: An.DeSchrijver@UGent.be) 

Fertilization of agricultural land causes an accumulation of nutrients in the top soil layer, of which 
phosphorus (P) is particularly persistent. Consequently, soil P concentrations are often still elevated 
hundreds to thousands years after abandonment of agriculture (e.g. Wood et al. 1984; Plue et al. 2008) 
and are in fact excellent indicators of former agricultural practice.  Soil P occurs in many different 
inorganic and organic forms, which can generally be divided into three major pools (Stevenson and 
Cole 1999; Richter et al. 2006): (i) a labile P pool containing P available to biota within the course of a 
growing season, (ii) a slowly cycling active P pool from which P can relatively easily be converted to 
the labile P pool and (iii) an occluded P pool with P remaining in the soils for years without being 
available to plants and having very little impact on soil fertility. Changes between these P pools depend 
on net transfers of P from the mineral soil to the growing vegetation, as well as on physico-chemical 
and biological soil properties. 

We studied soil P fractions under different tree species in a post-agricultural forest in the northwestern 
part of Belgium (Mortagne forest, 50° 46’N, 3°21’E, 40 m a.s.l.). The forest’s lay-out was designed as a 
common-garden experiment planted in 1972 on former arable land with stands of several broadleaved 
tree species. For this study, seven tree species were studied: Alnus glutinosa L., Fagus sylvatica L., 
Quercus rubra L., Tilia cordata Mill, Prunus avium L., Fraxinus americana L. and Populus x 
euramericana (Dode) Guinier cv. Robusta.  Trees were 35 yr at sampling date (August 2007). 

After 35 years of forest development on former agricultural land, soil phosphorus fractions diverged 
significantly under the seven studied tree species. Also the percentages of soil organic carbon (SOC) 
and the soil pH values differed significantly under the tree species and varied strongly with depth. The 
large gradients in both percentage of soil C (ranging from 0.6 to 5.8) and soil pH (ranging from 3.9 to 
6.1) were used to reveal whether soil pH and SOC are of influence on the occurrence of P in the 
different soil P fractions. While the labile (so bioavailable) inorganic P fractions were best explained by 
SOC, the slowly cycling inorganic (Pi) and organic (Po) P fractions were strongly related to soil pH. 
We hypothesize that soil acidification drives P into less stable Pi fractions, making it available for biotic 
uptake (plants and microbiota) and for consequent transformation into organic P fractions. The soil 
under Populus was significantly less acid compared to the other tree species, causing significantly 
higher amounts of stable P and less amounts of organic Po. 
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Tree species effect on Cd and Zn mobility after afforestation of contaminated soils in the 
Campine region  

Forest & Nature Lab, Ghent University (contact: Lotte.VanNevel@UGent.be) 

Metal polluted soils pose serious risks for the ecosystem and public health, through leaching of metals 
to groundwater and dispersion in the food chain. Conventional soil sanitation techniques are technically 
and financially seldom feasible because of the spatial extent of metal pollution. Therefore, those 
degraded ecosystems are often afforested. Phytostabilization uses plants to minimize the mobility and 
bioavailability of pollutants in the environment, either by immobilizing them or by preventing their 
migration. Phytostabilization of metals using trees is often promoted, although the influence of different 
tree species on the mobilization of metals is not yet clear. Poplars (Populus spp.) and Salix spp. are 
known to take up cadmium (Cd) and zinc (Zn) from polluted soils and to accumulate these metals in 
their biomass, distinctly more than other tree species. 

On an afforested, metal contaminated site in Lommel (Waaltjesbos), we examined the effects of six tree 
species on the soil characteristics (pH, OC content and CEC) and on the redistribution of cadmium (Cd) 
and zinc (Zn). Soil and biomass were sampled in 10-year-old stands growing on former agricultural 
land. The tree species included were aspen (Populus tremula), silver birch (Betula pendula), oak 
(Quercus robur and Quercus petraea), black locust (Robinia pseudoacacia), Scots pine (Pinus 
sylvestris) and Douglas fir (Pseudotsuga menziesii).  

In the short period of 10 years, only aspen caused significant changes in the soil characteristics: topsoil 
pH, OC content and CEC were significantly higher than under most of the other species. Due to 
accumulation of Cd and Zn in its leaf litter, aspen increased the total Cd and Zn concentrations in the 
topsoil compared to deeper soil layers and to other tree species. Total Cd and Zn concentrations in the 
upper 5 cm were on average respectively 1.6 and 2 times higher than those at 20–30 cm depth and 
respectively 2 and 2.5 times higher than under the other species. However, ‘bioavailable’ CaCl2-
extractable concentrations under aspen appeared not to be elevated, due to the higher pH and CEC 
values in its topsoil. Nevertheless, given the risks of aboveground metal dispersion and topsoil 
accumulation, it is recommended that aspen should be avoided when afforesting Cd and Zn 
contaminated lands. 
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The environmental study of poplar cultivation in Wallonia took the option to associate two scales of 

observations: the traditional stand level and that of the territorial management evaluated on squares of 100 

ha (1 km²). This double approach reveals the multipurpose character of poplar cultivation. It derives from 

their farming antecedent, their location in the landscape according to the environment features and from 

the evolution of the socio-economic needs. 
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In the poplar cultivation environment of Wallonia, typicallly agrarian, the agronomic use of land competes 

with the extension of the rural infrastructures, which involves the rising value of the land. In this context, 

the productive function of poplar cultivation often becomes essential for its owners. 

The squares with less than 40% of wood groves, defined as half-open landscape, represent ¾ of the 

observed situations. The remaining quarter corresponds to the half-closed landscapes (with 40-89% wood 

groves). The non-closed feature of these landscapes is therefore largely established by those proportions. 

The poplar cultivation stands out in flat land and top of slope with almost 50% of the surveyed plots. Then 

comes in comparable proportions: 1/4 stands in slopes and 1/4 at the bottom of slopes. With this land 

distribution, those wood groves give deepness to the landscape with a changing appearance according to the 

seasons. They reveal their refuge function for the fauna from spring to autumn by their specific visual and 

chirping environment. 

The ground water table rises during the winter or is high all year round in practically 70% of the poplar 

stands. Those soils are in majority deep and loamy but a little less than one quarter of the other stands have 

slightly stony and dry loam. They are all fertile soils that reach the high growth performance. The poplar 

groves do not compete with the agricultural production because the land of actual stands were converted 

from grassland to woodland because of the shortage of marked output of cattle rearing (set aside 

agricultural land). On the other hand, the last decade depreciation of wood prices and the rise of urban land 

value are generating a conversion of the woodlands into urban infrastructure. 

The poplar cultivation system on the agricultural set aside lands supports the re-colonisation of local forest 

species in the understory because of the broad initial spacing between sets when planted. Those stand 

conditions lead to the formation of humus with fast decomposition (standard mull) which enriches the soil 

organic matter. The shallow layers of soil compacted by the previous cattle rearing are also improved with 

the root system expansion. It results in an aerated soil with better water capacity and in an increase organic 

matter content. Consequently, the natural accumulation, purification and ground flow of the water cycle is 

also maintained and stimulated under those stands. The protective function of hydrous resources therefore 

goes together with the poplar cultivation. The landscape functions, protection of the hydrous resources and 

of biodiversity must be looked at by the local authorities to keep the balance between the lucrative and the 

non-commercial functions of the land. 

The biodiversity will also be preserved under the canopy of this poplar cultivation system by the vegetation 

development in those widespread establishment conditions, in particular for the protected habitat “Moist or 

wet tall-herb and fern fringes and meadows” or “tall-herbs” community (Eunis Habitat 6430). They 

regenerate if the willows and black alders are continuously removed from the understory. 

 

(b)  Phyto-remediation of polluted soil and water (buffer zones, contaminated sites, 
waste water management/treatment etc). 

Poplar and willow for combined biomass production and remediation of 
contaminated soils 
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Globalization and increasing industrialization caused the introduction of toxic metals and organic 
xenobiotics in all environmental compartments. This contamination is detrimental for the environment 
as well as for human health. When, due to technical or financial reasons, conventional remediation 
technologies for soil are inapplicable, literature often suggests phytoremediation as an alternative 
remediation technology. Moreover, using biomass originating from contaminated land as a feedstock 
for energy production or for (chemical) industry may contribute to the reduction of carbon dioxide 
(CO2) emissions, compared to conventional remediation technologies, but also within the wider 
framework of the European Renewable Energy Directive. Phytoremediation is an eco-friendly 
remediation method that uses plants and their associated microorganisms to deal with polluted soil and 
groundwater. Although phytoremediation is a promising technology, not only technically, but also, and 
foremost, economically, it still faces some obstacles: the pollutants bioavailability is often too low, 
increased concentrations can cause phytotoxicity and volatile organic pollutants can be evapotranspired. 
These obstacles can be conquered by exploiting the potential of plant-associated bacteria. 

 

1. Field experiments on willow: combining biomass production and remediation on metal-
contaminated soils? 

 
1.1 Biomass production 

In the short rotation coppice (SRC) of willow field experiments, large differences were found in 
biomass production between eight different investigated commercial available clones after four years of 
growth. Zwarte Driebast exhibited the highest productivity level (~ 12 ton dry matter (DM) ha-1 year-1), 
followed by Loden (~ 4.3 ton DM ha-1 year-1). Yields of these clones were highly in contrast with the 
lowest biomass producing clones (Inger, 1.5 ton DM ha-1 year-1). Harvesting the woody biomass itself 
resulted in the removal of 72 g Cd and 2.0 kg Zn ha-1 year-1. Under normal conditions SRC is harvested 
in winter. However, as the leaves contain high amount of metals, it was concluded that when SRC is 
harvested with leaves, the extraction potential can be increased by 40%. When choosing for short 
rotation coppice, a multi-clonal plantation is preferred, as it creates a buffer against diseases or other 
unforeseen failures of a clone. For a final conclusion on selecting the optimal clones, regrowth and 
productivity levels during subsequent rotations should also be taken into account. Although data 
suggest promising results for the applicability of SRC, conclusions are based on a selection of willow 
clones originating from Swedish research experience and on the experience of other Belgian or Dutch 
breeding programs. Therefore it is suggested to further investigate the potentials of other clones, 
including their re-growht, and to breed/select clones that are not only specific for SRC, but also for 
phytoremediation and for the Campine soil characteristics (Van Slycken, 2011). 
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1.2 Economic implications of using willow for remediation 

To answer the question whether phytoremediation offers a multifunctional and sustainable alternative 
for conventional remediation technologies for functional repair or management of metal-contaminated 
agricultural sandy soil, an economic decision model was developed for the assessment of different crop-
conversion methodologies, based on a moderately metal-contaminated agricultural soil in the Campine 
region (700 km² in Belgium and the Netherlands). The strategic aim for this region is the restoration of 
Cd contaminated soils for conventional agricultural use by means of crops that remediate the soil, while 
generating an income. A crucial aspect when growing crops on contaminated soil is the fact whether the 
harvested crops will be classified as (hazardous) waste, or as biomass since this has an impact on the 
further utilization and valorization of the crop. For wood, the distinction between biomass and waste 
might actually become important for conversion, as different legislation will apply depending on 
classification, having implications on types of combustion installations and emission control. No 
reasons could be found for the harvested biomass not to be considered as biomass. Moreover, metals 
have no marginal effect on the energy conversion (technical) efficiency. Combustion of willow was 
compared with combustion of coal, cokes and other waste and it was decided that the marginal effect on 
metal emissions of replacing coal, cokes and other waste with contaminated willow would be 
negligible. The considered combustion installations have a deNOx electrostatic filter, a deSOx 
installation and a desulphurization installation. Also, no metals end up in the energy carrier, but get 
concentrated in the rest product (ashes). Unsafe use and disposal might lead to substantial risks for 
human health and the environment in general. Willow ashes have to be disposed of because metal 
concentrations are too high. The economic implications are negligible (Witters, 2011). 

Performing a Life Cycle Analysis (LCA), the energy and CO2 abatement potential was 
examined. An example is the conversion of willow to replace cokes based electricity generation, its “net 
CO2-net energy” ratio shows promising perspectives concerning its potential contribution to CO2 
abatement. This does however not mean that in the long run willow should not be used for combined 
conversion into heat and electricity, but only after all electricity installations with cokes have been 
converted into willow (or other biomass) based installations or have been replaced by a CHP turbine. 
Willow reaches the same energy production and same CO2 abatement per hectare per year as energy 
maize when its biomass yield is respectively 13 and 8.7 ton dm ha-1 y-1. These numbers have been 
reached by the non-commercial willow clone on the experimental field (Witters et al., 2012a, b). 

From the economic decision model, it could be decided that a raise in the biomass yield of 
willow results in willow to be chosen more often as the remediation crop compared to other studied 
crops (energy maize and rapeseed), but also results in willow to be suggested for higher contamination 
distances to be covered. To induce actual remediation in 50% of cases, the gross income of willow 
should at least be € 1,200 ha-1 year-1. This could not be reached by changing parameters separately, but 
a simultaneous increase in allowed rotation cycles, an increase in biomass yield, a reduction in costs, 
and the harvest of leaves might be able to realize this (Witters, 2011). 

Phytoremediation is in any case more cost-effective than conventional remediation, within 
limited contamination ranges. Conventional remediation cannot compete with SRC of willow, unless 
the cost of conventional remediation goes down drastically, or the potential income after remediation 
raises substantially. SRC of willow shows the physical and potential to sustainably remediate 
moderately Cd contaminated land within a period of 40 years, if the optimal cropping scheme as 
suggested by the model is employed, and within contamination ranges defined by the model (Witters, 
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2011). 

 

From these results, it is clear that time is the greatest disadvantage of trace element phytoextraction. To 
be realistic for the practical purpose, time should preferably not exceed 10 years or even shorter. So, 
there is an obvious need for enhancement of natural phytoextraction potential and several studies have 
addressed this problem. Metal availability, metal-uptake and -translocation, and phytotoxicity are the 
main limiting factors. Therefore, improvements are necessary. For this purpose, plant-associated 
bacteria can play an important role. 

 

2. A role for poplar and willow associated bacteria in remediation: potential of willows and 
poplars and their genetically engineered associated bacteria to improve remediation of Cd and 
mixed contaminations 

Field-scale application of phytoremediation still faces several obstacles such as phytotoxicity of the 
contaminants and evapotranspiration of volatile contaminants and/or their degradation intermediates via 
the leaves (Weyens et al., 2009a,b,c). To overcome these constraints, plant growth-promoting 
rhizosphere and endophytic bacteria with the appropriate characteristics can be used. 

Phytoremediation of organic contaminants, which are highly water soluble and volatile, is often 
not complete because plants cannot entirely degrade these compounds resulting in phytotoxicity and/or 
evapotranspiration of the organic contaminants and/or degradation intermediates to the ambient air. In 
previous work, we have successfully demonstrated that genetically modified endophytes, equipped with 
appropriate degradation pathways, can be used to overcome incomplete degradation. Because the 
pollutant is transported through the plant vascular system, endophytic bacteria, residing in these 
vascular tissues and possessing the genetic information required for the efficient degradation of an 
organic contaminant, can promote in planta degradation, resulting in decreased phytotoxicity and 
evapotranspiration. 

In the case of phytoremediation of metal-contaminated soils, metal availability, metal-uptake 
and -translocation, and phytotoxicity are the main limiting factors (see above). Here bioaugmentation-
assisted phytoextraction is a promising method. To improve phytoremediation efficiency of toxic metal-
contaminated soils, plant-associated bacteria can be equipped with pathways for the synthesis of natural 
metal chelators, such as citric acid, to increase metal availability for plant uptake, or with metal-
sequestration systems to reduce phytotoxicity and increase metal translocation to aerial plant parts 

 

First, we discuss the characterization of bacteria associated with both poplar and willow which have the 
potential to improve plant growth and metal resistance of the plant. Next, we go into further detail on 
the inoculation of bacteria to improve phytoextraction, with a focus on poplar. Finally, we discuss the 
promising results of the conjugation of successful Cd resistant bacteria with toluene degrading bacteria, 
with a focus on willow. 

 

2.1 Characterisation of bacteria 

Cadmium (Cd) is for many organisms a toxic metal, of which no physiological function is known. 
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Therefore, the demand for remediation of Cd-polluted areas is prominent. Traditional methods of 
decontamination have a negative environmental impact and are restricted to smaller highly polluted 
sites. Phytoextraction is an alternative decontamination method in which plants absorb pollutants and 
translocate them to harvestable parts. In recent years, research increasingly focused on this technique 
and how to improve its efficiency. Plant-associated bacteria can contribute to this process due to their 
unique relation to their host. To be precise, rhizosphere bacteria and endophytes that are resistant to Cd 
can (i) promote plant growth, (ii) increase Cd absorption by plants and/or (iii) enhance the translocation 
of the metal to harvestable plant parts. In other words, they offer the possibility to improve the 
technique’s efficiency. 

 

 Poplar 

First, we focus on the question whether bacteria with such advantageous properties are associated with 
poplar (Populus deltoides x (trichocarpa x deltoides) var. Grimminge) - a very suitable plant for 
phytoextraction – growing on Cd-polluted soil. Rhizosphere bacteria and endophytes were isolated 
from poplar and consequently characterised, which is the genetical identification of the bacteria and the 
search for any phenotypical characteristics useful in the phytoextraction process. The isolation of 
bacteria from the rhizosphere, the roots, the shoot and the leaves of a poplar grown on a Cd-
contaminated soil supplied a total of 28 different identified species from 4 phyla. The Actinobacteria 
phylum was most frequently represented (51.9%), followed by Firmicutes (38%), Proteobacteria 
(9.26%) and Bacteroidetes (0.83%). Regarding the number of genera, there was little difference 
between the phyla Actinobacteria, Firmicutes and Proteobacteria, the phylum Bacteroidetes only had 
one representative. A total of 20 different genera were found spread over the poplar. The different 
bacterial niches of the poplar of which the bacteria were isolated, showed a different degree of bacterial 
colonization. The number of colony forming units (CFU) of associated bacteria decreased from the 
rhizosphere to the leaves, with the shoot as an exception. Also the species composition varied between 
the niches. A number of species (of the genera Pseudomonas, Staphylococcus, and Veillonella) was 
found in a number of niches, while others were only found in a specific niche. The diversity in the 
rhizosphere and roots was much larger than those in the shoot and leaves. All bacteria were tested for 
their Cd-resistance, and their production of IAA, organic acids, and siderophores. Based on these 
results, 20 bacteria with a favorable combination of characteristics were selected, of which the 
production of ACC deaminase and potential for (im)mobilization of Cd was tested. Based on their 
tested characteristics, bacteria were chosen that might provide (i) an increased total uptake of Cd by the 
plant, (ii) an increased translocation of Cd in the plant and /or (iii) a reduced toxicity of Cd for the 
plant.  

Of the total number of bacteria, 12% was resistant to 0.4 mM Cd, 3.5% resistant to 0.8 mM Cd 
and 0.7% to 1.2 mM Cd. In the shoots, no bacteria with Cd-resistance were detected, while in the 
rhizosphere and in the leaves, a high percentage of the bacteria was resistant to 0.4 mM Cd. Resistance 
to the two highest Cd concentrations was only observed in the rhizosphere. A lot of bacteria were found 
to produce IAA and/or organic acids (resp. 80% and 85%), whereas only few bacteria produced 
siderophores (1.7%). The production of IAA was most strongly represented in the shoots and leaves, 
where all bacteria exhibited this trait, and to a lesser extent in the rhizosphere and roots. The production 
of organic acids was more evenly distributed across the niches, but also for this property the shoots and 
leaves exhibit the highest percentage. Bacteria that created siderophores were only found in the 



 
 

 - 51 - 

rhizosphere, and in the leaves. 

Of the 20 selected bacteria, 13 (rhizosphere, roots and leaves) produced the enzyme ACC-
deaminase. Both bacteria with mobilizing trends, and with immobilizing trends were found. Bacteria 
with a tendency to immobilization of Cd were all found in an endophytic niche. Of the 20 bacteria 
tested on their ACC deaminase production and Cd-(im)mobilization capacities, 5 were selected which 
were then used in inoculation experiments on hydroponics. The degree to which the bacteria, based on 
phenotypic characteristics, could provide (i) an increased total uptake of Cd by the plant, (ii) an 
increased translocation of Cd in the plant and/or (iii) a reduced toxicity of Cd for the plant, was then 
analyzed. Based on these considerations, four rhizosphere bacteria were chosen (Veillonella sp. A, 
Paenibacillus sp. 3, unidentified bacterium 6b (NG6b) and unidentified bacterium 16 (NG16)), and a 
root-endofyt (Staphylococcus sp. 1). 

 

 Willow 
Second, we focus on willow to answer the same question. More specifically, we analyzed 
whether or not there was a connection between the performance of willow clones on the field, 
and the phenotypic characteristics of their respectively associated bacterial populations. 
Bacteria were isolated from different parts - rhizosphere, root, stem and leaf - from 2 willow 
clones, a good performer (Belgian Red) and a less good performer (Tora). These bacteria were 
genotypically characterized by ARDRA and sequencing, and on phenotypic characteristics 
such as resistance to Cd and zinc, as well as on the production of organic acids, and the plant 
growth promoting auxine hormone indole-3-acetic acid (IAA) as explained below. 

In general, there is a downward trend in the number of successfully isolated endophytes 
with a potential for inocaluation, from the rhizosphere to the leaves. A number of species 
occurred fairly common in both willow clones, eg Bacillus pumilis and Paenibacilus lactis. 
Others were only found in one of the two clones, eg. Caulobacter sp. at Belgian Red or 
Micrococcus luteus in Tora. In Belgian Red more different species but a lower total number of 
colony-forming species were collected than in Tora. All isolated bacteria could be placed 
within 3 major bacteria phyla: the Firmicutes (class Bacilli), the Actinobacteria (class 
Actinobacteria), and the Proteobacteria, with representatives of three major groups that we 
find within the Proteobacteria: Alpha, Beta and Gammaproteobacteria. Due to the strong 
presence of Micrococcus luteus, the Actinobacteria represent the largest share, followed by 
Firmicutes (Bacilli). There were no differences between the two willows clones regarding the 
phenotypic characterization, the testing for metal resistance, and the production of IAA and / 
or organic acids. In both, only a limited number of Zn and Cd-resistant colonies were isolated. 

 

2.2 Inoculation of bacteria 

 Poplar 

Based on the characterization results with poplar, the influence of the in vitro tested characteristics 
were studied in planta. Therefore the bacteria were inoculated with Cd-stressed poplar cuttings 
(Populus deltoides x (trichocarpa x deltoides) var. Grimminge) in hydroponics under greenhouse 
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conditions. Several bacteria had interesting effects on their hosts, but two particular bacteria – an 
unidentified species and a Veillonella sp. – showed potential to be used in the process of 
phytoextraction, as explained below. 

The inoculation of the five selected bacteria caused some trends in the growth of the poplars 
that were apparent in the growth parameters. Statistically significant results were only found for the 
weights of the roots. When no Cd was added, the bacteria Paenibacillus sp. 3 and NG6b caused a 
statistically significant increase of the root biomass, and after Cd-exposure, the bacteria NG16 caused 
an increase in root biomass. The trends in the weight of the shoot and the leaves of the cuttings were far 
less pronounced, but again there was a slight tendency to increase after inoculation with some bacteria. 
The bacteria Paenibacillus sp. 3, NG16 and NG6b seem to increase the total biomass of the cuttings 
when no Cd was added, whereas Staphylococcus sp. 1, NG16 and NG6b induce the largest growing 
trend after Cd exposure. 

When determining the Cd content of the roots, the shoot and the leaves of the Cd-exposed 
cuttings from the inoculation experiment, trends could be observed caused by the inoculated bacteria. 
The Cd content in the roots was significantly increased after inoculation with the bacteria NG6b. The 
other bacteria, except the Staphylococcus sp. 1, resulted in a slightly increasing trend of the Cd content 
in the root. No significant effects could be established regarding the Cd contents in shoots and leaves. 
Yet, we could observe trends, similar in shoots and leaves: the bacteria Veillonella sp. and a 
Paenibacillus sp. 3 led to a rising trend of the Cd content, while the other three (NG6b, NG16 and 
Staphylococcus sp. 1) showed the tendency to reduce the Cd content. Based on the results of the growth 
parameters and the determination of the Cd contents, the amounts of Cd ending in the roots, shoots and 
leaves could be determined. All bacteria were found to exhibit a trend to increase  the total amount of 
Cd present in the roots, but only for the bacterium NG6b this effect was statistically significant. The 
amount of Cd in the shoots and leaves showed an increasing trend. This trend was greatest for the 
bacteria NG16 and Veillonella sp. a.  

 

2.3 Conjugation of bacteria 

Willow 

This part focuses on mixed (instead of single) contamination because plants in their natural 
environment are mostly confronted with mixed contaminations of toxic metals and organic 
contaminants. However, until now, phytoremediation of mixed contaminations is still hard to establish. 
Therefore, the aim was to improve the phytoremediation potential of willow for a mixed 
contamination of Cd and toluene by exploiting the characteristics of their associated bacteria.  

After cultivable willow-associated bacteria were isolated and characterized 
genotypically/phenotypically, a selection of the identified Cd-resistant bacteria, possessing the 
appropriate characteristics (siderophore-, IAA-, and/or organic acid production), were conjugated with 
the soil bacterium Burkholderia vietnamiensis, possessing the TOM plasmid coding for toluene 
degradation. The two resulting transconjugants (1 endophytic and 1 rhizospheric) were inoculated 
separately as well as together into willow cuttings, exposed to 0.4 mM CdSO4 and 250 mg/l toluene; or 
0.8 mM CdSO4 and 750 mg/l toluene during 4 weeks.  

The phytoremediation efficiency of these willow cuttings was investigated and compared to 
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non-inoculated willow cuttings. First, inoculation with both bacteria together had a positive influence 
on the biomass of the roots and the above-ground plant parts in willow cuttings exposed to the highest 
concentrations of Cd and toluene. In these willow cuttings, the evapotranspiration of toluene also 
decreased significantly. Second, in the leafs, a significant decrease in Cd uptake could be seen in willow 
cuttings inoculated with the rhizospheric transconjugant, exposed to the lowest concentrations and in 
willows inoculated with both bacteria, exposed to the highest concentrations of Cd and toluene. Since 
willow cuttings inoculated with both bacteria had more and larger leaves, the total Cd uptake was still 
similar as for the non-inoculated willow cuttings. In the roots and soil, no significant differences in Cd 
uptake were found. Last, activities of stress-related enzymes were measured. Both the exposures and the 
bacteria had different influences on the activities of these enzymes, mostly in the leaves. Almost no 
differences were found between non-inoculated willow cuttings and cuttings inoculated with both 
bacteria. These results support the hypothesis that the phytoremediation potential of willows for a 
mixed contamination can be improved, using plant-associated bacteria. However, further investigation 
on this topic is necessary. 
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Biomonitoring of air quality by using leaf characteristics of Salix alba L. (white willow)  

  Department of Bioscience Engineering, University of Antwerp; Forest & Nature Lab, 
Ghent University (contact: Tatiana.Wuytack@ua.ac.be) 

The adaptation of leaf characteristics of white willow to the ambient air quality were 
investigated at several locations in Belgium. To enable the correlation between changes in leaf 
characteristics and ambient air quality, white willow cuttings were planted in the near vicinity 
of  nineteen  air  quality  measuring  stations  of  the  Flemish  Environmental  Agency  (VMM), 
Institut  Scientifique de  Service  Public  (ISSeP)  and Brussels  Institute  for Management of  the 
Environment  (IBGE‐BIM).  The  cuttings  were  grown  in  uniform  potting  soil  and,  to  avoid 
drought stress, a semi‐automatic watering system was set up.  

Leaf  characteristics,  such  as  specific  leaf  area  (SLA),  stomatal  resistance  (RS),  fluctuating 
asymmetry, leaf hydrofobicity and chlorophyll fluorescence were measured. Our data analysis 
showed a clear relationship between SLA, RS and NO2/O3 concentration. At measuring stations 
with a higher NO2 concentration, leaves had a higher SLA and RS, indicating an adaptive 
mechanism to avoid stress. The other leaf characteristics were mainly influenced by the degree 
of shadow.  
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The current context of Wallonia (Belgium) reveals two important challenges: the increasing need for biomass 

production for energy and the necessity for managing the polluted sites. Those tasks are not easy to meet 

because of our high density populated region where all pieces of land tend to be used. In our Region, the 

potentially contaminated sites (limited in area) add up to thousands. Among the contaminants present on 

these sites, most alarming are certainly the metal element-traces which are accumulated in the ground and 

threaten the environment and the human health. 

A biomass market and its energy valorisation already exist, it should increase during the next years. Taking 

advantage of polluted sites offers an appropriate use of contaminated zones without entering in conflict 

with the forest sector, whose quality products can find high value markets. In the same way, one avoids new 

sites contamination and the diversion of agricultural surfaces from their first function. It is important to 

optimise the Walloon land use because the constrained development of our region is dependent on food and 

wood importation. The energy production through biomass combustion is often an industrial activity by itself, 

but smaller structures tend to develop. In this last case, it is necessary to produce non contaminated 

biomass to avoid the use of the expensive smoke filtering systems. 

The investigation prepared during the last three years and its results (Ecolirimed-Interreg IV, CRWP, 

GRAPP) lead to an applied industrial evaluation of phytoremediation based on a very short rotation coppice 
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(TtR) system producing willows for biomass. The trees will be planted on a stream dredging mud deposit 

containing metal element-traces. 

This project meets a need for information in terms of feasibility and interest in order to develop such a 

system on polluted sites and get to the stage of a phytostabilisation of the sites and mud imports, 

associated with a production of a controlled quality biomass. This project is also based on the knowledge of 

the interactions between ligneous family and the ground micro-organisms in environment contaminated with 

metal element-traces. 

This kind of project also aims to reduce the environmental impact of such a system by using: - i the optimum 

small local scale based on only abandoned and contaminated industrial grounds, – ii the proximity between the 

cultivation and energy production to limit the needs for transport and - iii afforestation of abandoned 

industrial grounds that improves the local landscape and rural environment. 
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IV. GENERAL INFORMATION 

 

1. Administration and functioning of the National Poplar Commission 

P. GATHY 
President of Walloon Regional Poplar Commission, 5 Basse Colète, 4190 Ferrières 

, 
J. VAN SLYCKEN 

President of the Flemish Regional Poplar Commission 
Research Institute Institute for Nature and Forest, Gaverstraat 4, 9500 Geraardsbergen 

As it was already mentioned in the report of 1996, the structure of the Belgian commission has changed 
in the beginning of the nineties, as forestry changed from a national competence to a regional one. 
Since then, the Belgian Poplar Commission is composed by two regional poplar commissions, one for 
Flanders and one for the Walloon Region, those commissions were in fact working groups within the 
regional superior forest councils.  

Both commissions are independent in their activities and functioning, but co-operate to represent the 
Belgian Poplar Commission. 

It was agreed upon that the president of the national poplar commission will be the president of one of 
both regional commissions, alternating in periods of 4 years. From October 1997 till the end of 2001 , 
this function was taken by Mr P. Gathy, president of the Walloon Regional Commission. Mr. J. Van 
Slycken, president of the Flemish Commission takes this function since 2010. 

Flemish region 

Functioning of the Flemish Regional Commission 

The Flemish regional poplar commission met 2 times since the last report. 

The main themes discussed were: 
  
• The results of research on selection and inventory of genetic material available in Flanders.  
• The resistance of poplar cultivars for Melampsora sp and Discosporium sp and the 

improvement of these resistance by selection.  
• The possibilities of marketing clones op P. nigra ,P. canescens and tree forming willows in 

the context of  the Directive 1999/105/EG Of the Council of  December 22 1999 on the 
commercialisation of forest reproductive material. 

 

Together with the Netherlands (Probos) The Flemish Poplar Commission launched an initiative to 
promote poplar planting, and organised several excursions 

A video and a leaflet have also been produced to stress the environmental benefits op poplar 
plantations.  

www.Populierenland.com 

 

Walloon region 
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The Belgian National Commission was established on August 5th, 1950. National and international attributions 

of this national Commission are described in 15 points in Article 2 of the AR of June 4, 1976. 

The Walloon Regional Poplar Commission (referred as CRWP in the following lines) was created on ministerial 

request during the meeting of December 9th , 1994. This institution depends on the Walloon High Council of 

Forest and of Wood Chain (referred as CSWFFB in the following lines). 

The main expertise of the CRWP was to deliver its outlooks on all the matters relating to the Populus trees, 

to advise the Minister, to define and to support the research topics as well as the ad hoc organisations and 

to ensure the registration and the promotion of new cultivars in order to increase genetic diversity in 

cultivation. 

The forest legal code was completely renewed in 2008 on the basis of current forest organisation, also 

involving a widening of the CSWFFB composition to all the users and managers in the broad sense (socio-

economic, conservation and protection of natural resources and leisure function) of the forest resources. 

Due to the reorganisation of this Council, the CRWP (Regional poplar commission) had to be re-included and 

newly recognised as one of the relevant parties of this extended CSWFFB. After many meetings, an updated 

description of the responsibility and working procedure of the CRWP was submitted to the CSWFFB. At the 

end of this long transitional period, the CRWP has newly been attached to the CSWFFB, since the meeting 

of this Council of May 19th 2011. However, it was suggested to improve the institutional attachment of the 

CRWP in order to ensure its regional future. 

The CRWP management is structured on the basis of the IPC working groups by the appointment of each 

member in order to contribute to one of the following matters : 

• Production systems and cultivation, stand productivity, 

• Entomology, phytopathology, 

• Harvesting and utilisation, 

• Environmental use, 

• Experimental field, tree improvement, taxonomy. 

For the environmental use, new members have to be recruited, and for the “Harvesting and utilisation” 

(Wood chain) the members are to be renewed. 

Since 2008, the willow is also considered in the working groups which only reported information relating to 

the poplar until that year. 

The turning presidency of the Belgian Commission was transferred in mid 2010 to the Flemish regional poplar 

and willow commission for the next 4 years period. The Walloon Commission took the responsibility for the 

National Commission from 2006 to 2010. 

The presidency of the CRWP was taken from 2008 to 2011 by Patrick Mertens. The Chair will be renewed in 

2012 by a traditional election process. Meanwhile, the board of the commission will be revised, by the 

proposal of new members because of the current board ageing. 
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(b)  Report briefly on meetings, congresses and study tours, and on other activities of a 
general nature organized by the Commission at the national level. 

 

(c)  Indicate also the difficulties encountered by the Commission in the course of its 
work and any lessons learned 

 

2. Literature 

 
Bulletin du CPH 

N°3 – 2009 : Transpop 2 : « Démonstrations de déroulage de 4 cultivars euraméricains » 

N°4 – 2009 : Transpop 2 : « Dynamisation de la filière populicole transfrontalière » 

N°3 – 2010 : Transpop 2 : « Suivi phytosanitaire au 15 août » 

   « Excursion populicole de printemps à Ormeignies et Wiers » 

N°4 – 2010 : Transpop 2 : « Commentaires des observations « rouilles » pour l’année 2010 » 

N°4 – 2011 : Transpop 2 : « Commentaires et  résultats  des observations rouilles pour l’année 2011 » 

 

Lettres d’information « Transpop » 

N°1 Février-Mars 2010  http://www.portailbois.org/Portail-Bois/fr/Espace%20d'information/335-le-
programme-transpop-2.html  

N°2 printemps – Eté 2010  http://www.portailbois.org/Portail-Bois/fr/Espace%20d'information/335-le-
programme-transpop-2.html  

N°3 Septembre 2010 – Mai 2011  http://www.portailbois.org/Portail-
Bois/fr/Espace%20d'information/532-le-programme-transpop-2.html  

 

Les Infos de RND (1er Trimestre 2011) 

« À la manière d’un «conte de faits», la nouvelle vie du peuplier » http://www.valbois.org/ 

 
2011 Mertens P. Ordenación territorial y desarrollo de los cultivos de álamos y sauces 

Nuevas potencialidades del cultivo de álamos en la Patagonia, http://www.minagri.gob.ar/new/0-
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Since more than 50 years national tree breeding programmes have been developed in many 
European countries. Consequently, huge collections of trees and vast networks of 
experimental trials have been built up for most economical important tree species. In addition, 
an original methodology has been developed to test, evaluate, select and mass-produce 
forest tree species. Together with specific equipment and facilities, this represents an unique 
infrastructure.  
However, reduction of manpower and funds results in loss of critical mass and in a reduced 
maintenance and/or follow-up of experiments. Moreover, sub-optimal collaboration between 
and ditto complementary of research teams inevitably leads to redundancy in research work 
and to doubling of efforts.  

  

TREEBREEDEX is a Co-ordination Action within the EU 6th Framework Programme. The 
project was set off on June 1st 2006 for a period of four years, units 28 partners from 19 
countries and is co-ordinated by Dr. Luc E. Pâques from INRA, Orléans (F)  

  

The project aspires to remedy the above-mentioned inadequate and ineffective situation by 
creation of a Virtual Tree Breeding Centre (VTBC), which even beyond the project duration 
will act as a   

-          key scientific, technical and training platform for forest tree breeders and 
geneticists  

-          showcase and contact point for the forestry wood chain, stakeholders policymakers 
and the general public  

  

The main objectives of the VTBC are  

-          to create meta-databases of tree breeding infrastructures (biological collections and 
facilities) and facilitate access to these infrastructures  

-          to enhance the exchange of information, knowledge and expertise through creation 
of a web-site and organisation of seminars, workshops, training sessions and visits of 
experimental facilities  
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-          to sep up methodological standards for design of trials and for assessment, storage 
and analysis of data  

-          to identify gaps in knowledge and research needs.  

  

Project objectives, tasks and deliverables are clustered into six Activities, each one of them 
co-ordinated by two partners of the consortium  

1. Management of the project   
2. Creation of a Virtual Tree Breeding Centre: for a better integration, education and 

dissemination of forest tree improvemend R&D activities   
3. Geographical structure of genetic diversity of species: towards the delineation of 

adaptive environments and breeding zones at European level   
4. Structure, organisation and long-term management of forest tree breeding material: 

towards a joint management of breeding populations   
5. Optimisation of breeding strategies: networking breeders’ experimentation tools and 

methodology for a joint development of breeding activities and genetic research   
6. Optimisation of improved variety mass-production and deployment in forests: share of 

expertise for a more efficient dissemination of varieties.  

  

The project focuses on five coniferous tree species and four hardwood species, among which 
cultivated poplars.  
 

 

 
The program Interreg IV Transpop 2 " Dynamisation of the trans-border Poplar wood chain", "Dynamisation 

de la filière populicole transfrontalière" focuses on the development of the poplar wood chain, by studying 

development pathways for all its actors, from the nursery (upstream) to the wood industry of poplar 

(downstream), without neglecting the services to the poplar growers. More specifically in the Walloon 

Region, Transpop 2 focuses on : 

1) the less accepted continuity of poplar cultivation because of the past years rust disease and the marked 

dullness of the marked (low price offered to the owners); 

2) working out of an objective synthesis on the environmental functions of the poplar cultivated stands and 

on the economic importance of the poplar wood; 

3) the improved periodic update of the wood resources statistics in order to be able to forecast the medium 

and long term industrial supply needs of quality wood; 

4) the backing of the wood chain on the basis of technological exchanges and research of new poplar wood 

products. Indeed, those new products open the market and develop the "know-how" which must offer a 

larger stability to the industrial partners. 

Some continuity comes from the project Transpop 1, namely activities concerning the development of the 

wood chain upstream: 
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1) continuation of the experimental network of cultivated or new varieties in relation to growth, adaptability 

and Melampsora rust sensibility; 

2) development of the poplar SIG to update and improve the knowledge on this wood resource. 
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4 CRWP 

Since the 23rd session of the C.I.P. in October 2008, the Walloon regional Commission of Poplar (and willow) 

met in 8 meetings. 

During those meetings, the board (i) worked on the way to stimulate its actions on the basis of the 

recommended ICP’s orientations and (ii) was informed of the achievements or initiatives which were 

discussed or developed at the start of the CRWP. 

Let us raise here: 

 The technical records of the applied use of the cultivated varieties which is based on the experimental 

plots established in the Walloon region and in the North-east of France, within the framework of the 

inter-regional “Transpop II” programme; 

 The willow cultivation to fix stream banks, for phytostabilisation or phytoremediation; 

 The programme and achievements of the “Propopulus” European association for poplar promotion and 

development; 

Those meetings also gave to the board the opportunity to give regularly a progress report on research tasks, 

on the wood market situation and on pests and diseases progress. 

The Commission also gave high priority during its meetings (more than one day meeting) to define its new 

general and specific objectives and procedures. This useful work was especially undertaken to re-associate it 

to the new Walloon high forest and wood chain council which is its regional state supervisor. 

This contact gave the Commission the opportunity to present regional poplar cultivation to the Council board 

represented by : public and private owners, representatives of the wood chain, associations of environmental 

protection, associations of the leisure social-function of forest, etc… It was also pointed out that CRWP is a 

relevant body of ICP to show the international links of our regional commission and that the Working parties 

are structured like the ICP ones. 

During this period, a common meeting of the Walloon and Flemish Commissions was organised to exchange 

information on each other's respective achievements and working difficulties, as well as to coordination 

efforts in order to produce the next national report. 

 

4. Innovations not included in other sections 

 


