
²

Engineered Wood Products based on poplar/willow woo d

Paradores, Léon, Spain, 8-10 September 2016

Early assessment of poplar and willow wood 
properties: selection of parameters and their 

predictability 

Lieven DE BOEVER1,2, Jan VAN DEN BULCKE2, Joris 
VAN ACKER2

1WOOD.BE, Hof-ter-vleestdreef 3, 1070 Brussels
2Ghent University (UGent), Laboratory of Wood Technology, 

Coupure Links 653, 9000 Gent, Belgium. 



²

Engineered Wood Products based on poplar/willow woo d

Paradores, Léon, Spain, 8-10 September 2016

OUTLINE

• Introduction 

• Bringing together 20 year of research

• Bringing science closer to industrial reality

• Selected features 

• Stem form

• Tension wood

• Density

• Early assessment

• Veneer based products
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    Tree shape  factor  λ0.9   
 
 

Clone * 

 MAI 
[cm/year] 

Yield  
time 

[year] 

 
Total tree 

Lower 
stem 
part 

Upper 
stem 
part 

Ovality  Heartwood 
proportion 

[%] 
‘Robusta’ DN 0.94 (0.09) 27 0.51 (0.02) 0.60 0.53 0.92 (0.02) 48  (9) 
‘Gaver’ DN 1.14 (0.13) 25 0.42 (0.06) 0.61 0.43 0.88 (0.01) 43  (5) 
‘Gibecq’ DN 1.03 (0.09) 24 0.55 (0.05) 0.68 0.33 0.95 (0.05) 49  (7) 
‘Ghoy’ DN 1.38 (0.15) 18 0.55 (0.02) 0.60 0.52 0.95 (0.04) 52   (9) 
‘Ogy’ DN 0.91 (0.12) 29 0.49 (0.02) 0.63 0.56 0.85 (0.02) 46  (13) 
‘Primo’ DN 1.13 (0.09) 23 0.51 (0.03) 0.55 0.51 0.84 (0.02) 48  (14) 
‘Tardif’ DN 0.93 (0.09) 27 0.52 (0.05) 0.51 0.49 0.79 (0.03) 46  (7) 
‘Muur’ DN 1.26 (0.13) 21 0.49 (0.03) 0.53 0.52 0.85 (0.02) 31  (5) 
‘Vesten’ DN 1.43 (0.17) 18 0.49 (0.05) 0.53 0.58 0.85 (0.06) 42  (5) 
‘Oudenberg’ DN 1.15 (0.12) 23 0.49 (0.02) 0.52 0.58 0.85 (0.05) 40  (5) 
‘Hoogvorst’ TD 1.44 (0.23) 17 0.58 (0.02) 0.63 0.65 0.90 (0.02) 32  (6) 
‘Hazendans’ TD 1.05 (0.14) 26 0.45 (0.03) 0.57 0.52 0.90 (0.03) 42  (7) 
‘Beaupré’ TD 1.47 (0.14) 17 0.52 (0.01) 0.63 0.40 0.90 (0.01) 31  (5) 
‘Trichobel’ T 1.20 (0.14) 23 0.45 (0.05) 0.51 0.44 0.82 (0.05) 36  (7) 
‘Fritzi Pauley’ T 0.80 (0.07) 33 0.48 (0.02) 0.56 0.40 0.89 (0.02) 24  (7) 
‘Grimminge’ D(TD) 0.93 (0.09) 29 0.48 (0.03) 0.62 0.45 0.76 (0.05) 33  (7) 
‘Bakan’ TM 1.24 (0.15) 19 0.60 (0.03) 0.71 0.59 0.85 (0.02) 24  (5) 
‘Skado’ TM 1.25 (0.17) 20 0.55 (0.03) 0.59 0.56 0.85 (0.03) 24  (6) 
DTM1 DTM 1.27 (0.14) 19 0.57 (0.03) 0.63 0.63 0.91 (0.01) 30  (7) 
DTM2 DTM 1.49 (0.21) 17 0.56 (0.05) 0.61 0.59 0.85 (0.05) 40  (8) 
DTM3 DTM 1.29 (0.14) 19 0.55 (0.04) 0.63 0.65 0.78 (0.04) 40  (10) 
DM1 DM 1.13 (0.14) 21 0.59 (0.03) 0.64 0.69 0.83 (0.07) 51  (8) 
DM2 DM 1.28 (0.12) 19 0.55 (0.04) 0.61 0.57 0.84 (0.04) 50  (7) 
‘grey poplar’  0.85 (0.69) 27 0.65 (0.05) 0.66 0.58 0.68 (0.05) 27  (10) 
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Clone * 

 MAI 
[cm/year] 

Yield  
 time 
[year] 

Total tree  Lower 
stem 
part 

Upper 
stem 
part 

Ovality  Heartwood 
proportion 

[%] 
Sem_1 A 0.89 (0.12) 29 0.50  0.56 0.54 0.87 19 
Sem_2 R 1.12 (0.08) 25 0.43  0.59 0.50 0.89 14 
Sem_3 A 0.86 (0.05) 36 0.36 0.50 0.56 0.84 19  
Sem_4 A 0.65 (0.14) 44 0.42  0.60 0.56 0.89 15 
Sem_5 A 1.27 (0.08) 20 0.52  0.60 0.54 0.91 16 
Sem_6 A 0.79 (0.07) 36 0.42  0.54 0.49 0.82 10 
Sem_7 A 0.77 (0.05) 34 0.50  0.80 0.52 0.92 9 
Sem_8 A 1.19 (0.09) 19 0.67  0.64 0.54 0.93 16 
Sem_9 R 0.76 (0.11) 39 0.38  0.54 0.50 0.81 17 
Sem_10 R 0.79 (0.06) 36 0.42  0.54 0.53 0.83 17 
Bon_1 A 1.05 (0.02) 22 0.63  0.63 0.71 0.83 58 
Bon_2 A 0.83 (0.02) 27 0.68  0.75 0.74 0.94 47 
Bon_3 A 1.28 (0.03) 18 0.61  0.71 0.65 0.88 47 
Bon_4 A 1.30 (0.05) 17 0.69  0.74 0.69 0.90 66 
Bon_5 A 1.03 (0.04) 22 0.68  0.71 0.68 0.84 53 
Bon_6 A 1.00 (0.04) 23 0.63  0.72 0.79 0.93 51 
Bon_7 A 0.93 (0.02) 24 0.68  0.74 0.71 0.88 31 
Bon_8 A 1.21 (0.03) 19 0.62  0.71 0.70 0.89 53 

Bree A 0.60 (0.06) 44 0.48 (0.07) 0.48  0.48 0.82 (0.08) 40 (6) 
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TENSION WOOD
• Pioneer character of poplar and willow

• Fast growing

• More biomechanical flexibility

• ALWAYS presence of significant amounts of tension wood
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TENSION WOOD

• Clones are ranked by tension wood occurrence

• Different structure (S2 layer)

• Different Wood properties (sawing, drying, finishing,…)

• Tension wood is expressed as:

• Surface percentage

• Volume percentage 
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Determine parameters who can provide 

a direct and useful link

• Translating tension wood occurrence 

to envisaged application

•Provide a feedback to the selection process

“early assessment”
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METHODOLOGY – DISCUSSION
Classic approach

• Macroscopic staining - Zn-Cl-I-solution 

• Rapidly on full stem discs (freshly cut !)  

• Accuracy ? – Up scaling ?
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METHODOLOGY – DISCUSSION
Evaluation distribution

• No mean values ! – Distribution with tail analysis !

• Use individual tension wood zones ! (per height – tree – site)  

• Linking to outcome of veneer production (after drying)

• Differential shrinkage -- > Waviness
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METHODOLOGY – DISCUSSION
Tension wood diffusion coefficient (TWDC)

• Aiming at spatial parameter that :

• Can express the an accumulating and diffusion character of tension 
wood occurrence.

• Be linked towards an application at hand (peeling, sawing, 
pulping,…)
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METHODOLOGY – DISCUSSION

Two disc with the same amount of tension wood :  20  %
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METHODOLOGY – DISCUSSION
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METHODOLOGY – DISCUSSION
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METHODOLOGY – DISCUSSION

I II III IV Average Stdev

Disc 1 90 15 0 15 30 41

Disc 2 20 18 18 48 26 15

Two disc with the same amount of tension wood :  20  %

(surface percentage)

quadrant
V

_
minmax VVVquadrant −=

quadrantVDWTC σ=
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RESULTS

 
Clone 

 TWDC100 
[%] 

Standard deviation  
[%] 

Minimum  
[%] 

Maximum  
[%] 

‘Robusta’ DN 33 13 5 62 
‘Gaver’ DN 25 10 7 46 
‘Gibecq’ DN 38 14 22 68 
‘Ghoy’ DN 30 21 0 62 
‘Ogy’ DN 18 14 0 46 
‘Primo’ DN 22 16 4 53 
‘Tardif’ DN 27 10 9 46 
‘Hoogvorst’ TD 27 12 7 45 
‘hazendans’ TD 24 14 4 48 
‘Beauprez’ TD 18 9 0 35 
DTM1 DTM 31 14 6 49 
DTM2 DTM 22 12 4 42 
DTM3 DTM 26 12 4 44 
DM1 DM 34 15 12 58 
DM2 DM 37 17 15 52 
‘grey poplar’  16 6 7 24 

 



²

Engineered Wood Products based on poplar/willow woo d

Paradores, Léon, Spain, 8-10 September 2016



²

Engineered Wood Products based on poplar/willow woo d

Paradores, Léon, Spain, 8-10 September 2016

DENSITY  - more than an average

 Mean density  
 

[kg/m³] 

Mean weighted 
density 
[kg/m³] 

Standard 
deviation 

[-] 

Skewness  
 

[-] 

Excess 
Kurtosis 

[-] 

Density 
range 

[kg/m³]  

‘Robusta’ 440 443 44 0.73 0.65 145 
‘Gibecq’ 463 487 79 0.38 -0.99 261 
‘Beaupré’ 429 423 63 0.46 -0.69 208 
‘Hoogvorst’ 389 393 34 -0.04 -1.01 112 

 



²

Engineered Wood Products based on poplar/willow woo d

Paradores, Léon, Spain, 8-10 September 2016

DENSITY  - more than an average
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DENSITY  - more than an average

• Density and its distribution (Weibull - kurtosis and skewness)

• Density Uniformity Index (DUI)

• The determining ‘personality’ of a clone by its DUI can be found 
based on core samples as well as outer samples (highly correlated)

• BASIS FOR EARLY SELECTION

• Density Variability coefficient (DVC)
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Poplar and willow wood as source for veneer 
based products: possibilities and limitations 

Lieven DE BOEVER1,2, Jan VAN DEN BULCKE2, Joris 
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1WOOD.BE, Hof-ter-vleestdreef 3, 1070 Brussels
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Solving the puzzle 
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Case study “Veneer trial” willow

• More

•



²

Engineered Wood Products based on poplar/willow woo d

Paradores, Léon, Spain, 8-10 September 2016

Case study “Veneer trial”
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Case study “Veneer trial”

Willow with 
promising wood 
quality in regard 

veneer production.

High variability in 
natural regenerated 

stands !
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Parameters

• Predetermined yield loss

• Stem form

• Amount of (false) heart wood

• Ability to prune, growth vigor and influence during growth

• Process ability

• Distribution of moisture

• Distribution of tension wood (average, TWDC and TWI)

• Distribution of density � correlated to shrinkage (DUI and DVC)



²

Engineered Wood Products based on poplar/willow woo d

Paradores, Léon, Spain, 8-10 September 2016

Example

• Hoogvorst – Hazendans - Beaupre

 Growth ovality heartwood Tension wood Density 

Hoogvorst 1,44 0,90 32 12 400 

Hazendans 1,05 0,90 42 12 450 

Beaupre 1,47 0,90 32 12 425 
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Example

• Hoogvorst – Hazendans - Beaupre

 TWI TWDC Density DUI DVC 

Hoogvorst 14 27 400 0,8 2 

Hazendans 13 24 450 0,4 9 

Beaupre 9 18 425 0,2 10 
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METHODOLOGY – DISCUSSION
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CONCLUSIONS

• Fingerprinting poplar and willow clones lies within understanding 
variation of basic properties

• Each clones has as such his own  ‘personality’

• The ‘personality’ determines its suitability for a given end-use application

• Only the density Uniformity index (DUI) was found to give valid ranking 
information in an early stage of the selection (6-8 years).
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