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OBJECTIVE OF THE STUDY

To assess drying properties of seven hybrid poplar
clones using kiln-drying schedules adapted for the
production of value-added wood products for
interior end-use applications. 



INTRODUCTION

Populus
spp.

Increasing commercial value

Products:
Pulp and paper
Wood based panels

Genetically improved
hybrid poplar
program

In Canada

Yield: 
8-12 m3 / yr / ha

Short rotation = high proportion juvenile
wood = high longitudinal shrinkage = 
warping deformation

Secondary wood
processing
requires adapted
kiln drying
schedules

Minimize lumber 
drying degrades



EXPERIMENTAL

Wood procurement:

7 Clones x 3 Sites x 5 Trees
x 2 Log 
position

131 Platon 17 years old bottom log

3230 St-Ours 15 years old mid log 

3565 Windsor 15 years old

3570

3586

4813

915508

Board dimensions: 34 mm (thick) x 70 – 215 mm (wide) x 2450 mm (long)



Step
Mean MC

[%]

Dry-bulb 
[oC]

Time
[h]

Wet-bulb
[oC]

RH
[%]

EMC
[%]

Conventional schedule (CT)

Heating up 60.0 3 58.0 90.4 18.0
1 > 60 60.0 55.5 79.4 13.4
2 60-40 65.5 57.5 67.2 9.9
3 40-25 71.0 60.0 59.0 8.0
4 25-15 77.0 60.5 46.0 5.9
5 15-7 82.0 57.0 30.5 4.0
Equalizing 82.0 15 66.0 48.9 5.9
Conditioning 82.0 4 76.0 77.5 11.0

Elevated temperature schedule (ET)

Heating up 60.0 3 58.0 90.4 18.0
1 > 60 60.0 55.5 79.4 13.4
2 60-40 65.5 57.5 67.2 9.9
3 40-25 71.0 60.0 59.0 8.0
4 25-15 82.0 66.5 50.0 6.1
5 15-7 90.0 65.0 33.3 3.9
Equalizing 90.0 15 74.5 52.4 5.9
Conditioning 90.0 4 84.5 80.3 11.0

High temperature schedule (HT)

Heating up 99.0 5 98.0
Pre-steaming 95.0 6 95.0
1 > 45 105.0 94.0 66.8 7.0
2 45-7 115.0 90.0 40.5 3.5
Cooling 90.0 2 74.5 57.3 6.0
Equalizing 90.0 15 74.5 57.3 5.9
Conditioning 90.0 4 84.5 80.3 11.0

Drying tests: Kiln drying schedules

RH, relative humidity; EMC, equilibrium moisture content



Drying tests:

Drying characteristics

Top restrain
loading

3.8 kN/m2

Air velocity 3.5 m/s

Flow 
direction

reversed every 2 h

Matched
loads

6

Full load

105 boards

(3 sites x 7 clones x 5 
trees x 1 board)

6 sample boards (2 x 1.22 m)

Fix moisture probesPeriodic weighing

Basic density : 329 kg/m3

10 mm diameter cores for initial MC 

Wood drying quality parameters

1
. 
Final MC

2
. 
Shrinkage

3
. 
Warping (after planing all pieces to 
31.5 mm thickness)

4
. 
Surface checks

5
. 
End checks

6
. 
Casehardening (transverse section)

7
.
Color measurements (Portable BYK-
Gardner spectrophotometer)



RESULTS AND DISCUSSION

Position
Drying 

schedule
Drying time

[h]

IMC
[%]

FMC
[%]

Bottom log
CT 195 122 (29) 6.5 (0.5)
ET 152 115 (27) 6.6 (1.0)
HT 96 120 (25) 6.5 (0.4)

Mid log
CT 195 102 (25) 6.7 (0.6)
ET 152 97 (25) 7.9 (1.6)
HT 100 122 (29) 6.6 (1.0)

Drying time and the mean values of the initial moisture content (IMC) and 
final moisture content (FMC)

Standard deviation between parentheses (%)



EVOLUTION OF DRYING CURVE
Mean drying curve for the three drying 

schedules of the boards coming from the 
bottom log
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DRYING QUALITY Shrinkage, checking and warping assessment 
values (Means and standard deviation)

Position
Drying 

schedule

Thickness
shrinkage

[%]

Width 
shrinkage 

[%]

End 
checks

[%]

Surface 
checks

[%]

Bow
[mm]

Crook
[mm]

Twist
[mm]

Bottom
log

CT 4.4 (1.4) 5.4 (1.4) 20.0 12.4 2.8 (1.9) 4.1 (3.3) 1.6 (2.0)

ET 5.2 (1.8) 4.9 (1.4) 13.3 18.1 3.1 (2.0) 4.1 (2.9) 1.3 (1.4)

HT 6.2 (1.9) 5.0 (1.2) 79.0 23.8 3.1 (2.0) 4.0 (2.4) 1.9 (1.9)

Mid log

CT 4.5 (1.8) 5.2 (1.4) 35.0 13.2 2.6 (2.8) 4.7 (4.2) 2.4 (2.6)

ET 4.7 (2.9) 4.9 (4.1) 71.0 15.9 2.1 (1.9) 5.4 (4.3) 2.6 (2.5)

HT 6.7 (2.0) 5.2 (2.5) 68.3 16.5 3.8 (2.9) 5.4 (4.8) 2.0 (1.6)



Color (lightness) change due to drying 
(Means and standard deviation)

DRYING QUALITY

Position
Drying 

schedule

Lightness

Before drying
After drying
and planing

Bottom log

CT 79.9  (8.4) 82.3  (3.6)

ET 76.9  (6.6) 80.7  (5.9)

HT 80.2  (6.5) 72.5  (3.3)

Mid log

CT 79.6  (7.8) 81.9  (3.9)

ET 73.3  (8.8) 80.7  (3.2)

HT 72.8  (7.7) 72.1 (3.3)



EFFECT OF DRYING TREATMENT, SITE, CLONE 
AND POSITION ON DRYING QUALITY

Summary of the results of ANOVA (α = 0.01) and interactions

Dependent 
variables 

Global analysis

IMC
Site; Clone; Position; Drying; Site*Clone; 

Site*Drying

FMC Site; Clone; Position; Drying; Position*Drying 

Thickness 
shrinkage

Clone; Drying

Width shrinkage Clone; Drying

Bow Position; Drying; Position*Drying

Crook −

Twist Position; Position*Drying

Lightness  change Position; Drying



EFFECT OF DRYING TREATMENT ON THICKNESS
AND WIDTH SHRINKAGES

Comparisons of thickness and width shrinkage means  by drying 
treatment (sites, positions and clones pooled)

Drying
treatment

Width
shrinkage [%]

Thickness
shrinkage [%]

CT 5.3 C 4.5 A

ET 4.9 A 5.0 A

HT 5.1 B 6.4 B
Means within a column followed by the same letter are not significantly 

different at the 1% probability level.



EFFECT OF CLONE ON THICKNESS AND WIDTH
SHRINKAGES

Clone code
Clone 3570 131 915508 3586 3230 3565 4813

Width shrinkage 
Mean 4.6 A 4.6 A 5.1 A 5.2 A 5.2 A 5.2 A 5.7 B

Thickness shrinkage
Mean 4.7 A 4.9 A 5.1 A 5.5 B 5.6 B 5.6 B 6.0 B

Means within a row followed by the same uppercase letter are not significantly different at the 1% probability level 

Comparisons of thickness and width shrinkage means by clone (all 
drying schedules pooled)

Means of basic density of the seven hybrid poplar clones (all sites and 
drying treatments pooled)

Clone 4813 3565 915508 3570 131 3586 3230 Average

Basic
density
(kg/m3)

360 348 324 321 321 316 315 329



EFFECT OF DRYING TREATMENT AND LOG 
POSITION ON WARP (BOW AND TWIST)

Position
Drying

treatment
Bow
[mm]

Twist
[mm]

Bottom
Log

CT 2.8 Aa 1.6 Aa

ET 3.1 Ab 1.3 Aa

HT 3.1 Aa 1.9 Ba

Mid
Log

CT 2.6 Aa 2.4 Ab

ET 2.1 Aa 2.6 Ab

HT 3.8 Ba 2.0 Aa

Comparisons of bow and twist means by drying treatment for each log 
position

Means followed by the same letter are not significantly different at the 1 percent 
probability level. Within a column, upper case letters are for drying treatment 
comparison within the same log position and lower case letters are for log position 
comparison within the same drying treatment



CONCLUSIONS

� Drying performance was generally affected in decreasing 
order by kiln-drying treatments, log position, and clones. 

� Crook was the main warping defect for the CT, ET, and HT 
schedules. 

� There was a log position effect on IMC, FMC, bow, twist, and
lightness change.

� Thickness shrinkage of the HT schedule was found 
significantly greater than that of the CT and ET schedules. 



� The high initial moisture content of poplar boards combined
with their low density and apparent variable permeability
made them prone to end checking and collapse, especially
during HT drying.

� The ET and CT drying schedules were more suitable to
minimize shrinkage in thickness, checking and color change.

� Clones 3570 and 131 performed best for thickness and
width shrinkages.

� In short, the kiln drying of hybrid poplar for value-added
products for interior end-use applications can be a successful
process if an appropriate drying schedule combined with top
restraint loading is used.

CONCLUSIONS



TWO POTENTIAL INTERIOR END USES

Natural grade flooring Table top with character marks
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Thank you for your
attention!

Questions??


