Achievements in the utilization of poplar wood -
guideposts for the future!
by John J. Balatinecz?, David E. Kretschmann? and André Leclercq?

From an early status as a “weed tree,” poplar has become an important commercial genus in North America during the past 20 years.
The many and varied uses of poplar wood now include pulp and paper, lumber, veneer, plywood, composite panels, structural com-
posite lumber, containers, pallets, furniturecomponents, match splints and chopsticks. The high celluloseand relatively low lignincontent
make poplars well suited for pulp and paper products. The wood can be pulped by all commercial pulping methods, such as mechan-
ical, semi-chemical, sulphate and sulphite processes. Poplar pulps are utilized in fine papers, tissues, paperboard, newsprint and pack-
aging papers. Poplar kraft pulps, when blended with softwood kraft, are particularly well suited for fine paper manufacture because
of inherently desirable properties, such as excellent sheet formation, high opacity, good bulk and good printability. While poplar wood
continues to be an important raw material in the traditional lumber, veneer and plywood industries, the most remarkable recent achieve-
ment in poplar utilization is the phenomenal growth of the oriented strandboard and structural composite lumber industries in North
America during the last decade. The future for poplar utilization is bright. On the resource production side, opportunities for geneti-
cally modifying important wood properties, such as chemical composition, fibre quality and natural durability of wood, can now be
realized. On the resource utilization side, high-value engineered composites and high-yield pulp and paper products will represent the
strongest growth sectors for poplar fibre during the coming decades.

Key words: poplar wood, utilization, pulp and paper, oriented strandboard, fibre properties

A I’origine, une espéce « indésirable », le peuplier est devenu un genre important en terme commercial en Amérique du Nord au
cours des dernieres 20 années. Les usages multiples et variés du bois de peuplier comprennent maintenant la pate et le papier, le bois
d’ceuvre, le déroulage, le contre-plaqué, les panneaux composites, le bois d’ingénierie pour les charpentes, les conteneurs, les
palettes, les composantes de meuble, les allumettes et les baguettes. Le fort contenu en cellulose et la relativement faible portion de
lignine font en sorte que les peupliers sont recherchés pour la production de pate et de papier. Le bois peut étre transformés en pate
selontous les procédés commerciaux de mis en pate qu’il soit mécanique, semi-chimique, au sulfate ou au sulfite. Les pates de peuplier
sont utilisées dans les papiers fins, les papiers hygiéniques, les cartons, le papier journal et les papiers d’emballage. Les pates kraft
de peuplier, lorsque mélangées a de la pate kraft de résineux, sont particulierement intéressantes pour la fabrication de papier fin par
suite des propriétés inhérentes recherchées, comme I’excellente formation de feuille de papier, la grande opacité, une masse adéquate
et une bonne qualité typographique. Méme si le bois de peuplier continue d’étre une importante source de matiére brute pour le bois
d’ ceuvre traditionnel, le déroulage et le contre-plaqué, la plus remarquable réalisation récente dans I’ utilisation du peuplier réside dans
la croissance phénoménale des industries de panneaux a lamelles orientées et dans le bois d’ingénierie pour les charpentes en
Amérique du Nord au cours de la derniere décennie. L’avenir de I’utilisation du peuplier est intéressant. Du c6té de la production de
laressource, les possibilités entourant la modification par voie génétique des principales propriétés du bois, telle la composition chim-
ique, la qualité des fibres et la durabilité naturelle du bois, peuvent étre maintenant mises en fonction. Du c6té de I’utilisation de la
ressource, les composantes d’ingénierie a grande valeur et les produits de pate et de papier a haut rendement constitueront les secteurs
de croissance les plus importants pour la fibre de peuplier au cours des prochaines décennies.

Mots-clés : bois de peuplier, utilisation, pate et papier, panneaux de lamelles orientées, propriétés des fibres

Introduction

To satisfy the increasing
demand for forest products,
fast-growing trees such as
poplar grown in managed plan-
tations are being seriously con-
sideredfor future supply needs.
This review paper discusses
the properties of poplar that
make it appealing for a num-
ber of different utilization
options and the characteris-
tics that cause it to have some
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unique drawbacks. The information presented is primarily based
on the North American experience with utilization of poplar
wood from natural forests as well as with research on fast-grow-
ing poplar hybrids. Since there is an intimate relationship between
basic wood characteristics and product suitability, the prop-
erties of poplar wood will be discussed first.
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The genus Populus includes trees that are commonly called
“poplar.” The genus has a very wide distribution in North Amer-
ica, with various species inhabiting a triangular region stretch-
ing from Louisiana to Newfoundland to Alaska. The best known
species of Populus include trembling aspen (P. tremuloides),
bigtooth aspen (P. grandidentata), balsam poplar (P. balsamifera),
eastern cottonwood (P. deltoides), and black cottonwood (P.
trichocarpa). All of these species can be characterized as fast-
growing, moisture-loving, and shade-intolerant, medim to large
trees with a short life span. The most frequently used and wide-
ly distributed commercial species are trembling aspen and big-
tooth aspen.

In the past, poplar trees were regarded as weed trees that need-
ed to be removed from timber stands. Most harvested aspen
was used for pulp, lumber, hardboard, and insulation board.
With the introduction of waferboard and oriented strand-
board (OSB), aspen utilization exploded, increasing threefold
from 1975 to 1989 (Youngquist and Spelter 1990), with a uti-
lization level today almost four times greater than in 1975. The
utilization level has increased so much that there is a concern
that the aspen cut will exceed growth and the aspen supply will
not be adequate to support the growing solid wood, compos-
ite, and paper industries in the Lake States region of the U.S.
Similar concern has been expressed in Canada across the
aspen belt, from British Columbia to the Maritimes (Morley
and Balatinecz 1993).

Properties

The wood of all poplar species has relatively low density
and diffuse porous structure. The average relative density (i.e.,
specific gravity) of species grown in natural forests in North
America, as well as of hybrid poplars, is in the range of 0.30
to 0.39. The strength properties of poplars are relatively low.
However, in bending strength and stiffness they compare
favourably with common construction species such as spruce,
pine, and fir. Considerable variation exists in properties
between different geographic locations (e.g., note the differ-
ences for trembling aspen and balsam poplar from natural stands
in Canada and the U.S., Table 1). Standing poplar trees have
high moisture content, typically about 100%, with only minor
differences between sapwood and heartwood. Seasonal fluc-
tuations exist, with summer values being somewhat lower than
winter values. These high moisture levels make the wood suit-
able for cutting strands or wafers without steaming. Consid-
ering their low density, poplar species have high volumetric
shrinkage (11% to 12%). Poplars also have a high ratio of tan-
gential to radial shrinkage, which is the main cause of form
defects during drying (such as cupping and diamonding).

The volumetric composition of poplar wood is dominated
by the relatively high proportion of fibres (53% to 60%), fol-
lowed by vessel elements (28% to 34%), ray cells (11% to 14%),
and a negligible proportion of axial parenchyma (0.1% to 0.3%)
(Panshin and de Zeeuw 1980). The relative density of wood
is most strongly influenced by the vessel-to-fibre ratio, as well
as the diameter and wall thickness of fibres and vessel elements.
Notably, the aspens, which have slightly higher relative den-
sity than the cottonwoods, are characterized by vessels with
smaller diameters and fibres with slightly thicker walls. Fibre
length increases with age and position in the tree in both
hybrid and indigenous poplars (Fig. 1, Koubaa et al. 1998).

The average length of vessel elements in mature poplar wood
is in the range of 0.58 to 0.67 mm, whereas average fibre length

ranges from 1.3 to 1.4 mm (Panshin and de Zeeuw 1980). The
“paper-making fibres” (that is, tracheids) of softwoods are con-
siderably longer (3 to 4 mm long). These fundamental differences
in fibre length explain why softwood pulps have better prop-
erties, especially in tear, burst, and breaking length. On the other
hand, the vessel elements of poplar significantly enhance
the smoothness and opacity of sheets, making poplars well suit-
ed for printing papers.

The chemical composition of poplar wood is characterized
by high polysaccharide content (approximately 80% holocellulose,
made up of 50% cellulose and 30% hemicelluloses) and low
lignin content (about 20% or less). Consequently, sulphate pulp
yields are in the range of 52% to 56%, which is considerably
higher than the 44% to 46% yields achieved for most softwoods.
The extractives content of poplar toxic to fungi is low, which
makes the wood susceptible to decay.

Poplars also possess a number of characteristics that pre-
sent challenges to utilization. Poplars in general are known
to have stems with wet wood pockets, which makes uniform
drying difficult. Poplar stems are susceptible to discoloration
and decay. Discoloured and decayed wood can be a major defect
that limits the value of wood for most end uses, especially for
cabinetry and mouldings. Research by Eckstein et al. (1979)
suggests that the compartmentalizing capacity (the ability of
a stem to restrict spread of discoloration or decay) of hybrid
poplar trees is under genetic control. They suggested that select-
ing clones based on conducting tissue may be an effective strat-
egy for breeding trees for use in secondary lumber manufacture
where colour is important (e.g., millwork and cabinets).

Poplars develop tension wood quite readily (Isebrands and
Parham 1974, Holt and Murphey 1978). Tension wood is reac-
tion wood that is formed on the upper sides of branches and
the upper, usually concave, side of leaning or crooked stems.
Itis characterized anatomically by the lack of cell wall lignification
and often by the presence of a gelatinous layer in the fibres.
Tension wood is also higher than normal in cellulose and ash
content but lower in lignin and hemicellulose.

The machining, bonding, and finishing properties of poplars
are quite good, making the wood well suited for a variety of
conversion technologies, from sawing to veneer peeling and
flaking. The relative density of a wood species determines the
ideal peeling and flaking temperatures. For poplars, because
of their low density, the projected “ideal” peeling and flaking
temperature is in the range of 16° to 20°C, but acceptable results
can be achieved between 7°C and 30°C. Consequently, poplar
requires little or no preconditioning, because of both low
density and high green moisture content. The low wood den-
sity is also an advantage in bonding of flakes and particles dur-
ing the manufacture of composite panels because moderate pres-
sure will bring the individual flakes and particles into intimate
contact, thus ensuring amedium-density board with good strength.
The pores in poplar wood are generally small enough to
allow surface finishing without filler treatment.

Utilization options

Poplar wood is used for the manufacture of a large number
and variety of primary and secondary forest products in
North America, Europe and elsewhere in the world. These prod-
ucts include pulp and paper, lumber, veneer and plywood, com-
posite panels, structural composite lumber, pallets, furniture
components, fruit baskets, containers, match splints and
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Table 1. Average specific gravity and flexural properties ofindigenous North American poplar species, ahybrid poplar (Wisconsin-5),and a few select-

edsoftwoods?.
Species Specific gravity Modulus of rupture (MPa) Modulus of elasticity (GPa)
Aspen, Trembling (US) 0.35 35.0 5.9
Trembling (Canada) 0.37 38.0 9.0
Bigtooth (US) 0.36 37.0 7.7
Cottonwood, Eastern (US) 0.37 37.0 7.0
Black (US) 0.31 34.0 7.4
Balsam poplar (US) 0.31 27.0 5.2
Balsam poplar (Canada) 0.37 34.0 7.9
Hybrid poplar (Wisconsin-5) 0.36 32.2 7.1
Black spruce 0.38 42.0 9.5
Jack pine 0.40 41.0 7.4
Balsam fir 0.33 38.0 8.6

1 The properties are for green wood. Source: Forest Products Laboratory (1999).

chopsticks. The wood-using industries have turned more to indige-
nous poplar resources, both in the United States and Canada,
during the past thirty years because of the rapidly escalating
costs of softwood fibre and the broad availability of poplars
at a much lower cost. The same utilization possibilities exist
for hybrid poplars. Hybrid poplars will have the added advan-
tage that they can be produced closer to user industries and mar-
kets and perhaps be genetically engineered with quality traits
for specific products. Hybrid poplarshave the potential to be
a major source of wood fibre in the next century (Boerjan 2000,
Dinus 2000).

Pulp and Paper

One of the major uses of the indigenous poplar resource is
for pulp and paper products. Poplar wood can be pulped by all
commercial pulping methods. Mechanical, semi-chemical,
kraft (or sulphate), and sulphite processes are now being used.
Pulp mills designed for hardwood pulping can use up to 100%
poplar. The major uses of poplar pulp fall into three categories:
e specialty paper products, such as napkins, tissues, towels,

fine paper, paper board for packaging, and roofing felt;
¢ building boards, such as insulation board, ceiling tiles,

and hardboard;
¢ general purpose pulp, including groundwood, kraft, semi-
chemical, and bleached sulphite.

Poplar kraft pulps are particularly well suited to fine paper
manufacture because of inherently desirable properties such
as excellent sheet formation, high opacity, good bulk, and good
printability. Poplar kraft pulps can, however, have large
amounts of fines and debris. Poplar kraft pulps are not made
directly into paper; rather they are first blended with long-fibred
softwood pulp to facilitate the development of wet web
strength on fast-running paper machines. Poplar sulphite
pulps (mainly from aspen) have been produced in North
America for nearly 40 years. These pulps are used mainly in
admixtures with bleached softwood kraft for the manufacture
of high-quality printing and writing papers. Relatively recent
technical advances in anthraquinone-catalyzed sulphite pulp-
ing are helping to increase pulp yield and strength properties
of paper (Wong 1987).

The suitability of different poplar clones for papermaking
has been investigated by Labosky et al. (1983) and Law and
Rioux (1997). Their work suggests that, in general, hybrid poplars
have a high proportion of very short cells (<0.2 mm) and high
lignin content compared with trembling aspen. The chemither-

momechanical pulps that were produced from this material were
of acceptable quality but may require more energy for refin-
ing than aspen. Growth rate of short-rotation poplar can be
increased without concern that fibre length may be nega-
tively affected (DeBell et al. 1998). Research by Zarges and
Neuman (1980) indicated that selected hybrid poplars have kraft
pulp properties similar to those of native poplar.

Lumber

Sawmills in the aspen belt of Canada and the United States
have been manufacturing poplar lumber for the past several
decades. Production volumes, however, remained quite low
mainly because of economic factors. Due to small log diam-
eters and the high incidence of decay, the average cost of saw-
ing aspen is generally higher than for other hardwoods and is
much higher than for softwoods. Markets for poplar lumber,
while diverse, are also limited by strength properties and
grade. The huge residential construction market in North
America has always been dominated by softwood. Visually
stress-graded poplar dimension lumber (including native
aspens, cottonwoods, and balsam poplar) is acceptable for fram-
ing applications. It is classified under the Northern Species goup
in Canada and as cottonwood or aspen in the United States and
has lower allowable design stresses than the predominant
S-P-F (Spruce—Pine—Firkpecies group, thus putting poplar
at a disadvantage (Table 1). Non-stress-graded poplar lumber
is used in a broad range of applications and products (pallets,
crates, boxes, hidden furniture components, and lumber-core
panels).

Hall et al. (1982), Hernandez et al. (1998), and Kretschmann
et al. (1999) investigated the use of hybrid poplar for lumber.
Hybrid poplar clones have mechanical properties similar to native
cottonwood but slightly lower than those of aspen. Poplar clones
have been shown to have a distinctive juvenile wood period.
Strength-related properties increase with distance from the core.
Therefore, the longer a poplar stand is allowed to mature, the
more high-strength material will be available (Bendtsen et al.
1981). There is aweak but significant negative correlaton between
growth rate and density, and mechanical properties at breast
height. Significant differences in mechanical properties have
been found between various clones. This finding suggests the
potential for genetically selecting higher strength clones
specifically for structural lumber use. The most significant draw-
back to the use of hybrid poplar for lumber is its tendency to
warp. Special drying is required to improve the yield of
material cut.
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Fig. 1. (a) Average trend line for fibre length as a function of annu-
al ring breast height; (b) trend line for fibre length as a function of
stem height for various annual rings (plots created from data of Koubaa
et al. 1998).

Composite products

A composite is any combination of two or more materials
in any form and for any use. Composites take advantage of the
beneficial characteristics of each component material and
often have more useful properties than any of the constituents
on their own. This broad definition includes a wide range of
wood products, from composite panels (particleboard, fibre-
board, waferboard, OSB, and even plywood) to composite lum-
ber (laminated veneer lumber (LVL), PSL, laminated strand
lumber (LSL), and composite wood I-beams). Depending
on the type of adhesive system used in the manufacture of these
products, they may be destined for “interior” (generally dec-
orative) or “exterior” (generally structural) applications. One
of the many advantages of composites is that they use wood
fibre more efficiently than sawn lumber. Typical conversion
efficiencies are in the range of 52% for LVL, 64% for PSL,
76% for LSL (Nelson 1997), 80% to 90% for OSB, and 85%
to 95% for particleboard and fibreboard, whereas that of sawn
lumber is around 40%.

The manufacture of all wood-based composite products requires
the initial conversion of logs into smaller elements (veneers,
wafers, strands, flakes, particles, and fibres) that are subsequently

reassembled and bonded into efficient structural shapes and
sizes (panels and lumber-lie profiles) with appropriate adhe-
sive systems. The end result is increased product yield,
improved product uniformity, and enhanced fibre value.
Composites are more flexible and tolerant of wood property
variation than sawn lumber, but their manufacture and prop-
erties are nevertheless influenced by wood quality. For exam-
ple, the high incidence of tension wood has a negative impact
on all wood machining operations involved in the manufac-
ture of composites (veneer peeling, flaking, stranding, and sand-
ing). Similarly, if the proportion of weak juvenile wood in the
log furnish is high, the mechanical properties of the end
product will be reduced.

The historical development of waferboard and OSB and their
manufacturing processes was reviewed recently by Lowood
(1997). The first OSB plant was built in Edson, Alberta, in 1982,
and since then, OSB has become a global industry. OSB is made
from long, narrow strands (flakes) of wood. It is made of sev-
eral layers of these strands, with the strands in each layer aligned
parallel to one another. Adjacent layers of strands are per-
pendicular to one another, like the cross-laminated veneers of
plywood. This unique mat construction gives OSB strength
and stiffness properties equivalent to plywood.

The manufacture of OSB includes the following main pro-
cess steps: debarking oflogs, cutting and drying of strands, blend-
ing of strands with synthetic resin and wax, mat forming, hot
pressing, and finishing. Markets and applications of OSB
are broad and diverse. The product can be used in virtually any
structural or non-structural application where a large, thin, uni-
form, and dimensionally stable panel is needed. While its prin-
cipal markets are in residential construction (floor, roof, and
wall sheathing, siding), OSB is used in many other industries
for numerous applications, including concrete forms, packaging
and crating, chair seats and backs, hardwood floor core,
stress skin panels, structural insulated panels, I-joist webs, pal-
lets, shelving and display racks, and furniture frames. The con-
tinuing growth of the OSB industry will provide a major
market opportunity for hybrid poplar wood from actively
managed plantations. Hybrid poplar has been successfully used
as a substitute for aspen in a number of structural panel prod-
ucts in the United States and Canada (Geimer and Crist 1980,
Zhou 1990). Hybrid poplar clones have been shown to have
similar properties to products made completely of aspen.
However, differences in specific gravity may require some pro-
cess adjustments.

From the family of structural composite lumber products,
LVL and LSL deserve special mention because of the suitability
of poplar wood for the manufacture of these products. Nelson
(1997) provided an excellent overview of the manufacturing
processes for LVL and LSL.

In a typical LVL process, rotary-peeled dried veneers coat-
ed with a waterproof structural adhesive are laid-up into a thick
sandwich with parallel grain orientation between all layers of
veneer. The veneer sandwich is consolidated into a solid bil-
let under heat and pressure. LVL is manufactured to either a
fixed length using a stationary or staging press or to an indef-
inite length in a continuous press. The solid billets exiting the
press are cut into desired widths and lengths. The process facil-
itates the placing of lower grade veneers into the core and high-
er-grade veneers on the faces. Trials and tests undertaken in
Canada have shown that LVL made from industrial-grade poplar
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veneer was nearly as strong and stiff as LVL made from
Douglas-fir veneer. Veneer from poplar has shallower lathe
checks than those that occur when dense softwoods are
peeled. This reduces adhesive penetration and produces a more
uniform bond. The advantages of LVL over sawn lumber include
greater product uniformity, predictability of performance,
broader range of available sizes, dimensional stability, and preser-
vative or fire retardant treatability.

In the manufacture of LSL, long and slender dry strands (more
than 300 mm long) of wood are coated with waterproof adhe-
sive and formed into a thick mat with parallel grain orienta-
tion between strands. The mat is consolidated into a thick (up
to 140 mm), wide (2.4 m), and long (up to 15 m) billet,
which is subsequently sawn into desired structural sizes. The
principal advantage of LSL is the ability to convert small-diam-
eter (even crooked) logs. Other advantages are similar to
those of LVL.

Conclusionsand future prospects

From early status as a “weed tree,” poplar has become an
important commercial genus in North America during the past
20 years. With the introduction of waferboard, OSB and
LSL, aspen utilization has dramatically increased. Indigenous
and hybrid poplars, however, present their own challenges, such
as high discoloration potential, difficulty in drying, and high
tension wood content. Further research is needed for improved
selection of clones to ensure that desirable physical and
mechanical qualities of poplar wood are produced for the antic-
ipated site location and final utilization. To date, the most promis-
ing utilization possibilities for hybrid poplar appear to be in
the pulp and paper, LSL, and structural panel industries. The
mechanical properties of structural lumber cut from hybrid poplar
will only compete in the stud market. Structural composites
such as OSB and LSL made from indigenous and hybrid
poplars can, however, be used effectively in other engineered
structural applications.

Future prospects for poplar utilization appear bright. With
the increasing global population and industrialization, the
demand for wood fibre is growing at an annual rate of over 60
million tonnes. Much of the new supply will come from
intensively managed plantations of fast-growing trees, such
as poplars. Recent progress in biotechnology and genetic
transformation provide new opportunities to enhance not
only growth rate and disease resistance but also some impor-
tant wood properties (such as chemical composition, fibre qual-
ity and natural durability of wood) of hybrid poplars in new
plantations (Boerjan 2000, Dinus 2000). New process tech-
nologies in pulping and composites will continue to improve
conversion efficiencies of the fibre resource, as well as the ser-
vice performance and the ultimate recycleability of finished
products.
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