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ABSTRACT The traditional poplar cultivation does not represent the only way to produce poplar wood: new market opportunities and
new more sustainable cultivation models are appearing on the international scene. We are only reconsidering past solutions in a mo-
dern key and with new knowledges and technologies able to improve the productions through more sustainable, resilient, cultivation
models for the adaptation to climate and market changes. In this note three alternative models (to traditional poplar growth) suitable
for production of plywood, packaging, panels, pulp for paper, biomass and for environment services, are described and discussed:
high-density model (HD), polycyclic plantation model (PP) and agroforestry (AF).
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Introduction

Poplar (Populus spp.) form one of the main resourc-
es for productive plantation forestry worldwide with
thousands of hectares planted, about 31.4 million hect-
ares (Marchi et al. 2022). The largest plantations occur
in Canada and China, followed by Europe, with France
and Italy being the Countries where these cultivations
are mainly widespread. In Italy, about 43,400 hectares
of poplar plantations are located in the Po valley (Corona
et al. 2018), mainly issued for plywood and roundwood
production. Specialized poplar plantations are character-
ized by a layout with a spacing of 36 m? for each tree,
with a rotation period of 10-20 years. They have con-
tributed to the development of important economic and
productive sectors such as paper, wood-based plywood
and furniture, by providing high-quality raw materials.
Historically, specialized poplar plantations in Northern
Italy have continued to be grown due to the cultural de-
pendence of expert knowledge and tradition (Marchi et
al. 2022). Currently, the production of poplar wood has
a particular importance in the internal wood for furniture
sector that ask for highest-quality material.

However, the traditional poplar cultivation does not
represent the only way to produce poplar wood and the
market is now interested in developing different types of
products (mainly for packaging purposes) and new mate-
rials (bio-materials for plastic replacing). No less import-
ant is the need to develop innovative, more sustainable,
resilient, cultivation models for the adaptation to climate
and market changes.

Poplar is a fast growing pioneer tree, able of reproduc-
ing rapidly through vegetative way. This genus is repre-
sented by many species and hybrids covering the North
hemisphere. For these reasons, it has been the object over
the years of an intense breeding and selection activity
(Bisoffi et al. 1996, Joshi et al. 2011) that has brought us
today to ever shore genotypes with characteristics of high
yields capacity and resistance to diseases (Carletti et al.
2016, Coaloa et al. 2020). These new clones are suitable

both for traditional and innovative cultivation models,
such as mixed, polycyclic and agroforestry models. In
this paper we describe some alternative cultivation mod-
els suitable for poplar considering the new market op-
portunities and the advantages deriving from the choice
of clones with High Environmental Sustainability (HES).

Brief introduction to High Environmental
Sustainability (HES) clones

In recent years, in Italy, thanks to the activity of clon-
al selection, new poplar clones have been put on the mar-
ket, mainly belonging to the species of P. Xcanadensis.

These new clones are characterized by high resistance
to the main fungal diseases typical of poplar (Marssonina
brunnea (Ell. Ev.) Magnus and Melampsora spp.) and to
woolly aphid (Phloeomyzus passerinii Sign.) and conse-
quently to all the physiopathies deriving from weakness
(Corona et al. 2018). This resistance allows to cultivate the
new clones with a considerable reduction of chemical treat-
ments responding to the objectives of greater sustainabili-
ty (also provided for by the PEFC protocol); furthermore,
they may have grown also in environments characterized
by climatic conditions favorable to the development of
diseases. However, the new clones are characterized by
a high wood density, higher than ‘I-214°. This character
can represent a problem for the plywood industry mainly
linked to the production of interiors for campers, caravans
and ships, or in the production of pallets; however, it can
represent an advantage in new areas such as construction
or the production of innovative materials.

High Density Model (HD-model)

The traditional Short Rotation Coppice (SRC) (5-7
years rotation time) is a well-known model, as it was
widely studied and recommended to produce biomass
for energy purposes. In Italy over time, it has been pre-
ferred over the very High Density Model (vHD-model)
with two-year coppicing, as it has numerous advantages
including:
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(i) possibility of plantation,
(ii) coppicing and harvesting with the methods and ma-
chines used in traditional poplar cultivation,

(iii) easy weeds control and greater flexibility of coppic-
ing times which allows to wait for favourable market pe-
riods,

(iv) possibility of producing different assortments even of
higher quality than wood chips (such as packaging, OSB,
paper pulp) and better quality of the wood chips due to a
lower percentage of bark.

Some results obtained in experimental fields in North-
ern Italy (Fig.1), have also shown a greater wood produc-
tion of the five-year HD-model, compared to the two-year
vHD-model (Facciotto et al. 2020, Bergante and Facciot-
to 2015), and a higher ability in soil carbon storing, prob-
ably due to higher amount of annual litter and to fine roots
inputs (Ferrée et al. 2021).

Figure 1 - Short Rotation Coppice, high density model (SRC, HD-
model) with poplar clone ‘Imola’ in Casale Monferrato (AL — Italy).
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This model is particularly suitable to produce wood
for packaging, such as crates, food containers and pallets.
Furthermore, currently wood is considered an interesting
substitute for plastic, both used as it is, and as a raw ma-
terial to produce innovative compounds, with advanced
technological characteristics, but sustainable and biode-
gradable (Liao et al. 2020). It must also be considered
that, if the target is reaching this market niche, this model
allows to have assortments that can be sold in just 4-5
years, with all the advantages related to the shorter time of
lands occupation and to risks due to climatic changes and
extreme events. The introduction of HES clones would
make possible to further lowering cultivation costs, by
reducing the phytosanitary treatments required. However,
it should be noted that these clones have greater wood ba-
sic density than the most popular genotype, clone ‘1-214°
(Bergante et al. 2013) and this aspect could represent a
problem for certain types of assortment (packaging), but
also an advantage for other types (pulp for paper or inno-
vative components).

In an experimental trial grown in the ‘Mezzi’ farm of
CREA- Forestry and Wood Research Centre, in Casale
Monferrato with different poplar clones, we measured the
girth at breast height each year during the cycle and at the
end of five year we estimated the amount of total abo-

veground volume and the volume of main assortments
(OSB/saw, pulp for paper, chips for energy). Results are
reported in Figure 2 and 3.

Figure 2 - Casale Monferrato (AL- Italy). Girth trend of three poplar
clones: Baldo (P, deltoides), Imola and Orion (P xcanadensis)
during five years of growth in SRC, HD-model.
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Figure 3 - Estimation of share of assortments (in percentage of
total aboveground volume) in an experimental SRC, HD-model
trial with poplar at the end of cycle.
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At the end of five years the average girth for all clones
reached 52.6 cm, corresponding to an average production
per hectare at the end of cycle of 82 Mg of dry matter.

Polycyclic Plantation model (PP)

In recent decades, in some European Countries (Ita-
ly, France, Spain) and North America, many mixed-tree
farming plantations have been established with walnut
(Juglans spp.), poplar (Populus spp.) and other valuable
broadleaved species combined with nurse species, mainly
N-fixing trees or shrubs (e.g., Alnus spp., Robinia pseudo-
acacia L. and Elaeagnus spp.) (Rivest et al. 2010, Pelleri
et al. 2013). With the introduction of Short Rotation Cop-
pice (SRC) models, in such mixed plantations (Morhart
et al. 2014) it is possible to grow noble hardwood spe-
cies for high quality timber production with fast growing
species for energy purposes, having the advantage of a
periodical income from the harvest of SRC.

In Italy, these models are called “polycyclic planta-
tions” (PP); is estimated that they cover between 200-400
ha (Pra et al. 2019) mainly in the areas of North and in
the Po valley and have been defined as tree farming plan-
tations where main crop trees with different cultivation
cycles coexist in the same plantation (Buresti et al. 2014),
(Fig. 4).

In such plantations, at least two types of the following
kinds of crop trees must be present:

(i) very short rotation crop trees for biomass and ener-
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Figure 4 - Polyciclyc Plantation (PP) in Meleti (LO-Italy).

gy production (corresponding to vHD-model and/or
HD-model, from 2 to 5-6-year rotation), with the advan-
tage of a periodical income. The more common species
for biomass and energy production are poplar (Populus
spp.), willow (Salix spp.), black locust (Robinia pseu-
doacacaia L.), elm (Ulmus pumila L.), plane (Platanus
spp.) and hazel (Corylus avellana L.);

(ii) short-rotation crop trees for plywood production
(poplar clones), 8-15 years;

(iii) medium-long-rotation crop trees (30-35 years) for
valuable timber production (walnut, oak, or other valu-
able broadleaved species).

Crop trees are intercropped with nurse trees or shrubs
(often N-fixing species) and with tree species playing a
double role of nurse for main crop trees and production
of biomass for energy purposes (Plutino et al. 2022). In
such type of plantations poplar is one of the main spe-
cies, dedicated to production of plywood and saw and
can be harvested within 10 years, thus ensuring a first
income for the farmer.

Some benefits are recognizable due to the conso-
ciation of several species and the dense cover due to
the introduction of several shrubby species. For exam-
ple, the presence of weeds is reduced, thanks to a rapid
canopy coverage, the structure of the stems of the main
plants has improved, with greater apical dominance and
reduced ramifications, the cooler microclimate also re-
duces evapotranspiration to the soil, protecting it from
erosion and decreasing water requirements (Paris et al.
2014). Probably due to higher spacing, poplar generally
Figure 5 - Poplar genotypes in PP model trial in San Matteo del-

le Chiaviche (MN- ltaly), DBH trend between 6th and 9th year.
Graphic reworked from Pelleri et al. (2013).
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shows fast growth in PP model and reaches commercial
volumes in 7-9 year, faster than in traditional model (Pra
et al. 2019, Mori et al. 2017); in a trial conducted in San
Matteo delle Chiaviche (Mantova, Italy), with poplar,
walnut and other species, different poplar genotypes
reached a commercial size between 7 and 9 years after
plantation (Pelleri et al. 2013) (Fig. 5).

This increased growth has multiple economic advan-
tages, in fact Castro et al. (2013) demonstrates that the
volume of veneers for plywood increases, in percentage
more than proportionally compared with the increase of
stem volume (Fig. 6).

Figure 6 - Veneers (from peeling) volume increment (%) compared

with stem volume increment (%), based on Dbh (from Castro et
al. 2016).
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Also, in this model the introduction of HES clones
would allow to avoid many chemical treatments, that in
such design can be difficult due to the size of the ma-
chines, contributing to a more sustainable management
of the plant also suitable for promoting biodiversity.

Agroforestry model (AF)

To address global climate change and food security
whilst maintaining or improving the environment, inter-
national researchers and policy makers are increasingly
promoting agroforestry. Agroforestry is a land use prac-
tice integrating woody perennials (trees or shrubs) with
crops and/or animals on the same land unit (Fig. 7).

Figure 7 - Agroforestry model with poplar, walnut and shrubs rows.
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In Europe, it is both a traditional land use and a focus
for innovation (Paris et al. 2019). Italy has the fourth larg-
est area of agroforestry in Europe and due to the variabil-
ity of its pedo-climatic environments and its agricultural
realities, it hosts different types of agroforestry systems,
from sylvopastoral systems to the sylvoarable systems
(Agnoletti 2013, Camilli et al. 2018). In this last mod-
el, poplar represent a solution for fast wood production
in consociation with food-feed crops like corn (Zea mais
L.), wheat (Triticum spp.), horticultural crops or others.
It is generally planted with wide space (e.g. 8 x 8 m) or
in rows along the edge of fields; some experimental plots
on poplar-oak silvoarable systems, set up within the AG-
FORWARD project (www.agforward.eu), demonstrated
that the initial timber quality of poplar trees is not nega-
tively affected by the wide tree spacing required by agro-
forestry (Paris et al. 2016). The evaluations about pop-
lar are at an early stage in Europe, but already in 2021
Thomas et al. (2021) have demonstrated, in an experi-
mental plant conducted in France, the greater growth of
poplar grown in agroforestry model compared to poplar
in monoculture (Fig. 8).

Figure 8 - Trend of poplar DBH (mm) in three different cultural mo-
dels: monocolture (traditional poplar stand), AF= agroforestry and
forestry mixture (mixed plantation). Data are in mm because the
trial started from poplar cuttings ad plantation material. Graphic
reworked from Thomas et al. (2021).
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The introduction of trees and particularly of poplar,
as fast growing tree species in arable systems, requires
addressing and solving some challenges, three of which
are particularly important: (i) the effect of shade on annu-
al crops, (ii) the competition for water and nutrients, (7ii)
the sensibility of poplar to chemical additions. In 2021
Rosso (Rosso et al. 2021) published a paper reporting
old and new results of Italian trials with poplar consoci-
ated with rice (Oryza sativa L.), on rice fields edge rows
and wheat and demonstrates that a correct orientation of
rows of trees can reduce the shading of annual crops and
that their eventual yield reduction, due to competition
for light and nutrients, can be balanced with the wood
income. Furthermore, in the future, a reduction in yield
loss can be avoided through the selection of crop varieties
more tolerant to shading.

Among the woody species, poplar, subject of genetic
studies and intense selection, offers the possibility of se-
lecting some physiological and phenological characteris-
tics more suitable for cultivation in intercropping: for ex-

ample, a crown with tapered shape or leaves with a small
area or a clone with a short vegetative period to reduce
the shading period.

As for its sensitivity to herbicide chemicals, up to now
it has not been possible to carry out in-depth studies but
only to record the many cases and the different reactions
that have occurred on some occasions. Currently, this
issue could be limited by reducing the use of chemical
products, which is desirable in the future, or by develop-
ing suitable products, but poplar does not seem to repre-
sent a crop of interest for the industry of pesticides.

Conclusions

New market opportunities and new more sustainable
cultivation models are appearing on the international
scene. We are only reconsidering past solutions in a mod-
ern key and with new knowledges and technologies able
to improve the productions. The poplar has spanned the
centuries but continues to be the ‘plant of the people’ and
thanks to its plasticity it continues to be an interesting
opportunity in the wood production sector (Facciotto et
al. 2014).

Some new cultivation models may apparently show
more disadvantages than advantages, if we consider, for
example, the costs and difficulties of planting and man-
agement, but if we want and must begin to affect envi-
ronmental value in the calculation, the balance becomes
positive: CO, absorption, soil protection, resource opti-
mization, biodiversity and pesticide reduction are among
the most important environmental advantages that these
new models offer in the face of work, now in progress, of
fine-tuning optimal cultivation methods and techniques.
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