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Abstract: Coppice management is an ecologically important silvicultural practice to provide the quicker and higher
potential of wood biomass production for industrial demands. Understanding morphological and anatomical responses
of coppiced trees could help to determine the quantity and quality of wood and thus provide better management of coppiced tree plantations for short-time biomass production. However, there is a little investigation in morphological and
anatomical adaptation in different fast-growing tree species. The present study, therefore, studied how morphology and
anatomy vary between two fast-growing coppices of Populus nigra L. (black poplar) and Salix alba L. (white willow). Each
coppiced tree was grown in a similar habitat and was at a similar age. However, each coppiced tree showed different morphological and anatomical plasticity in their stems in response to environmental factors. Poplar coppices showed better
anatomical properties due to greater vessel diameter, fibre length, fibre width, fibre wall thickness, and ray height; however
willow coppices had better morphological plasticity which had higher average stem height and ring width. The results
suggest that willow coppices had the greater height growth potential even at 2 years of age than poplar coppices.
Keywords: coppicing; fast-growing species; wood cell anatomy; plant morphology

Environmental and ecological conditions directly
affect tree growth and development in different
ways. The process of rapid industrialization and
globalization also has substantial environmental impacts on the forest ecosystem because the vast majority of forest biomass and resources is often used
for domestic and industrial purposes. Therefore, deforestation and forest degradation may increase day
by day to meet the wood energy demands, which
also significantly impairs forest biomass and bioenergy (Barua et al. 2014; Wu et al. 2016; Jeelani et al.
2017; Xu et al. 2017; Zalesny Jr., Bauer 2019). Previous researches have shown that only traditionally
managed forest stands or natural forests could not
satisfy the massive biomass and ecosystem demands
(FAO 2009, 2010, 2016; Spinelli et al. 2019). Therefore, it is crucial to offer sustainable forest management systems to respond to an inexpensive, feasible,
and high production potential.
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Coppicing is one of the potentially important reforestation options to provide more efficient and
quick forest management inputs (Evans 1992; Fujimori 2001). The principle of coppicing is to cut
trees just above the ground level on a regular rotation (every 5–35 years) and then new shoots will
regrow from the cut or damaged stumps (Wilson
1968; Blake 1980, 1983; Kauppi et al. 1988; Fuller,
Warren 1993; Rinne et al. 1994; Dickmann et al.
1996). The coppiced trees could regrow rather
faster than the unmanaged trees since stems use
soil nutrients and minerals directly, therefore they
produce an extensively developed root system that
makes the hydraulic resistance lower to the leaves.
Coppicing thus could be considered as the renewable energy sources to meet the current increasing requirements for the wood biomass since
coppicing ensures the required size of stems for
particular purposes in short waiting time and in-
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tervals (Hardesty 1987; Buckley 1992; Kennedy
1998; Fenning, Gershenzon 2002; Jarman, Kofman
2017). However, not all tree species have the ability of coppicing; coppiced stems are naturally regenerated by mainly the hardwood tree species.
Poplar and willow are the most promising tree
species for coppicing plantations due to their key
roles in the ecosystem which are to provide global
plantation, fast-growing, coppicing ability and harvested on a short rotation, great renewable energy
potential, valuable forest products, soil stabilization, rehabilitation of degraded land and erosion
control on the river (Wilkinson 1999; Licht, Isebrands 2005; Tsarev 2005; Kuzovkina, Volk 2009;
Weih 2009; Isebrands et al. 2014).
The success of coppice management however
depends on the type of tree species, growing site,
and environmental conditions. The environmental factors can affect the growth and development
of tree species by changing morphological and anatomical cell properties. Trees are living organisms
and the body of a tree is generated in two phases
which are the growth and development in length
(primary growth) and diameter (known as secondary growth). Morphologically, height growth and
growth rate are both considered to be good indicators of a tree to reflect the environmental adaptivity
or vitality of a tree (Dobbertin 2005). Hence, when
light, soil water, and nutrients are less than ideal,
the growth of a tree is limited and thus the height
growth rate may be reduced (Sands, Mulligan 1990;
Craine, Dybzinski 2013).
At the anatomical level, the vascular cambium
is the key growth tissue in a tree that is responsible for the secondary growth (known as an increase in diameter or radial growth). Secondary
growth in a stem and secondary growth in a root
are interconnected axial and radial vascular systems. In the axial system, the vascular cambium
is seen as a continuous cylinder of the meristematic layer between xylem and phloem. The function
of the xylem is to conduct water and the phloem
is responsible for sugar conduction up and down
through the axis of a tree. Wood is also produced
by the accumulation of the secondary xylem and
therefore wood formation, quality, and biomass
are the product of the activity of vascular cambium
(Murmanis 1970; Panshin, de Zeeuw 1980; Larson
1994; Chaffey 1999). In the axial vascular system,
secondary xylem or wood are made up of different types of tree cells. In angiosperms, the wood

xylem is made up of fibres, vessels, rays, and parenchyma cells (Crang et al. 2019). The function
of the cells is to support and protect the stem,
conduct water and minerals, storage, and cavitation recovery (Tyree, Sperry 1989; Brodersen et al.
2010; Crang et al. 2019). All of those cells can show
alterations in their geometry, distribution, number,
size, lumen width, and wall thickness depending
on the ecological and environmental conditions.
Under limited conditions (i.e. low water availability), the dimension of the cell decreases, and the cell
wall thickness increases (Levitt 1980; Pitman et al.
1982a, b; Guerfel et al. 2009). The annual growth
ring is also one of the important characteristics
of the cambial activity which provide favourable
information related to how trees develop and grow
in a year growing period (Fritts 1976; Fritts 2001;
De Luis et al. 2011a, b; Biondi et al. 2014). Trees
generally exhibit wider annual growth rings when
the water conditions are ideal; while the tree ring
width decreases with the limited access to water
(Fritts 1976; Schweingruber 1996; Hallinger et al.
2010). The processes of wood cell development are
also responsible for the variation in wood density.
Wood density is known as the physical property
of wood which shows the amount of wood substance per wood volume, therefore higher density
means more total wood biomass (Thomas et al.
2007; Nam et al. 2018). Density is mostly affected
by the changes in the environment. A previous
study by Thomas et al. (2007) showed that wood
density increased with the increase in growth temperature (max. 30  °C), while density decreased
at 35 °C. Morphology and anatomy together can
therefore give significant clues of the growth and
development success of the tree species and also
show adaptive responses of coppice trees to the effect of local environmental changes (Schweingruber 1996; Hallinger et al. 2010; Gartner-Roer et al.
2013; Novak et al. 2013).
The specific objective of this study was, therefore,
to investigate how two different fast-growing tree
species exhibit variations in their morphological
plasticity and wood cell anatomical characteristics
under the same climatic conditions. Understanding morphological and anatomical characteristics
of poplar and willow may help to ensure better
processes of growth, development, and life history
function in coppicing management so providing
survival and ecological strategies. Furthermore, it
advances to maintain the sustainable plantation
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and nursery management of these species for a renewable source of biomass demands.
MATERIAL AND METHODS
Study area. The study area is located in the northwestern part of the Kastamonu province, Turkey
(33°24‘E; 41°28‘N). The altitude was 984 m a.s.l.
The study was particularly conducted on this location due to the following reasons: (1) traditional
and extensive regeneration of poplar and willow
coppicing populations; (2) coppice populations
grown near the lake (along waterways, but not
waterlogged); (3) similar age and the same growth
demands; (4) having the same porosity. The climate was continental, with an average annual
air temperature of 9.6 °C and total precipitation
of 494.4 mm·year–1, recorded by the nearest
weather station. The distance between weather station and research plot was approximately 4.2 km.
The soil type was classified as sandy loam.
In this study, Populus nigra L. (black poplar)
and Salix alba L. (white willow) were selected due
to their successful coppicing ability. Poplar and
willow are also known as fast-growing tree species because they occur naturally and grow faster
in height. Poplar more likely grows better in highly
moist soils close to the water source, while willow
can grow both along waterways and in damp stony
upland areas (Fung et al. 2001; Sulaiman 2006).
Tree sampling. In June 2019, coppice stems
of poplar and willow were harvested at 3 cm above
the ground level and one stem was collected from
each coppice stump. To eliminate the effect of neighbourhood competition, coppice stems were produced
2 m away from each individual. Each cutting had
2-years-old shoots. A total of thirty-five coppice stems
for each tree species (i.e. 35 stems for poplar and 35
stems for willow) was cut and all cuttings were produced from dormant shoots. All cuttings were then
wrapped in wet paper and kept in closed plastic bags
to prevent dehydration until tests.
Morphological and anatomical measurements.
Each stem was individually sampled to measure
morphological traits such as stem height, stem basal diameter, pith proportion (%), xylem proportion
(%), and bark proportion (%). The stem height was
measured using a metric folding ruler. The stem basal diameter was performed at the base of the stem
(near the ground level). The stem diameter measurements were taken over the bark in the plane
398

and perpendicular plane to the stems using a digital calliper. After stem diameter measurements,
the bark was removed from the stem, and then
the remaining diameter was measured (including
xylem and pith portions). The diameter of the pith
(at the centre of the stem) was then measured both
in the plane and perpendicular plane to the stems
using a digital calliper. To specify the proportions
of each segment (pith, bark, and xylem) in the total stem diameter, the first areas of segments were
calculated. The areas were assessed using the area
of a circle formula since each coppice stem was
nearly circular in cross-section, i.e. the ratios in diameter between parallel and perpendicular planes
were less than 1.2%. Therefore, the transverse geometry of stems could be considered as circular
(Niklas 1992). Finally, the areas of pith, bark, and
xylem were divided by the total stem area (over
bark diameter) to indicate the proportion of each
segment (Özden, Ennos 2018). To determine average tree ring width, small cross-sections were taken
from each coppice stem.
For cell anatomical observations, harvested stems
were transversely cut into small pieces (around 1-cm
length). To cut thin slices or sections, the sticks
were softened in boiling water, then kept in equal
parts of water, glycerol, and ethanol (Yaltirik 1971).
Softened specimens were then prepared in both
cross and tangential sections of the thickness
of 20–25 µm using a sliding microtome. In softened specimens, vessel diameter (VD) was measured in cross-sections; ray height (RH) and ray
width (RW) were measured in tangential sections.
Ten individual stems were used for both poplar and
willow coppices and thus measurements were performed on total twenty stem samples for fibre cell
measurements. To measure the fibre cell anatomical characteristics, the sticks were cut into small
strips, then the strips were macerated using Franklin’s (1945) method (1 : 1 equal parts of hydrogen
peroxide and concentrated glacial acetic acid).
Macerated pieces were then stained with safranin
to measure fibre properties (fibre length – FL, fibre
width – FW, fibre wall thickness FWT, and fibre lumen width – FLW). For each anatomical cell characterization, twenty-five measurements were done
(IAWA 1989). All cell measurements were done using a light microscope (Leica DM750 photomicroscope, Leica Microsystems Ltd., Switzerland) and
digital photographs were obtained by Leica LAS EZ
Image Analysis Software (Version 3.4.0., 2016).
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Wood density. To calculate basic wood density,
the most common method is to divide the oven-dry
weight of wood by its green volume (or water-saturated volume) (Phillips 1965b; Britt 1967). In this
study, therefore, first harvested fresh stems were
cut into small pieces of around 2-cm length, and
then all specimens were immersed in a closed container containing liquid water until all hydrated. After that, the water displacement method was used
to measure the green volume of wood: each specimen was placed in distilled water utilizing a needle in a beaker standing on an electronic weighing
balance that gave the mass of water displacement.
Finally, water-saturated specimens were ovendried at 103 °C. The ratio of the oven-dry weight
of the specimen to its green volume gave the basic
wood density (Phillips 1965b; Britt 1967; Simpson
1993; Barnett, Jeronimidis 2003).
Statistical analysis. Statistical analyses were designed to test the effects of tree species (poplar vs.
willow) on the morphological (stem height, stem
diameter, pith%, xylem% and bark%), ring width
and cell anatomical properties (vessel diameter,
fibre length, fibre width, fibre lumen width, fibre
wall thickness, ray height, and ray width) and wood
density traits using SPSS 19.0 statistical software
package (Windows, 2010). One-way ANOVA test
was used to assess whether there are any statistically significant differences between the means
of morphological, anatomical, and wood density
parameters between poplar and willow coppices
at the α = 0.05 level. The relationship between different properties of two coppice stems was also
quantified using the linear regression tests.
RESULTS AND DISCUSSION
Stem morphological characteristics. Although
each coppiced tree was grown in the same habitat
and was two years old, the morphological characteristics of poplar and willow showed different patterns in their coppice stems (Figure 1). One-way
ANOVA results indicated that willow coppices
had significantly greater stem heights than poplar
coppices (F1, 69 = 5.08; P < 0.05). The stem height
was on average 118.6 cm in willow coppices and
105.5 cm in poplar coppices (Figure 1). This finding is consistent with that of Hussain et al. (2009),
who also studied the growth performance of poplar
(P. deltoides × P. nigra ‘Dudley’) and willow (S. matsudana × S. alba ‘Tangoio’) species at the juvenile

stage. They found that the stem height was significantly greater in willow trees than in poplar trees
in the second year of the plant growth, i.e. average
stem height was found to be 190 cm in willows and
135 cm in poplars. Stem diameter was also found
to be significantly higher in willows than in poplars
in the same study. This differs from the findings presented here because average basal stem diameter
did not differ significantly between poplar and willow coppices (P > 0.05), that is poplar had on average 9.4 mm stem diameter and willow had on average
9.3 mm stem diameter. The variation in the growth
potential of poplar and willow could be related
to the management of the harvesting period since
the coppice stems were harvested from 2-years-old
shoots in this study. These results however seem
to be consistent with other researches that revealed
that willow coppices showed faster growth than
poplar coppices in the young stage of their growth
(Christersson 2008; Mola-Yudego, Aronsson 2008;
Dimitriou, Rosenqvist 2011; Dimitriou, Rutz 2015).
A study by Dimitriou and Rutz (2015) also suggested harvesting willow coppices after a short period (i.e. short rotations of 3–6 years) while poplar
coppices require a longer coppice rotation period
(i.e. 10–15 years). The difference in height growth
between poplar and willow coppices could also
be due to root growth and the concentrations of organic carbon. In a forest ecosystem, roots are a crucial part of the tree since they facilitate the vast
majority of the carbon cycle and therefore provide
a great contribution to total tree biomass (Keyes,
Grier 1981; Fogel, Hunt 1983; Jackson et al. 1996;
Schlesinger 1997; Meinen et al. 2009). Phillips et al.
(2014) studied the root growth in poplar and willow species at the young growth stage (3 years old).
Their study showed that young willows had
greater lateral growth than poplars. The greater
proportion and depth of roots may therefore help
to take up more water and minerals from soils for
plant growth, so plants grow better in height and
could have a longer lifespan (Jackson et al. 2000;
Schenk, Jackson 2002). The higher rate of height
growth in willow could also be related to the concentrations of organic carbon in the soil. A study
by Dimitriou and Mola-Yudego (2017) investigated the concentration of soil organic carbon in poplar and willow. They found that
the concentration of organic carbon was greater
in young willows than in young poplars. It could
be concluded that willows in the juvenile stage
399
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have a better lateral root system which advances
to reach soil sources more quickly, so willows
grow better than poplars. In this study, therefore
it could be suggested that willow coppices had
the higher growth potential than poplar coppices
within a few years after harvesting.
The % of pith, xylem, and bark were also measured between two coppiced trees (Figure 1). However, statistically, pith%, xylem% and bark% did not
show any significant differences between poplar
and willow (P > 0.05). Pith is one of the inner tissues
that are located in the central region of the stems.
The main function of pith is to provide nutrient
140
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storage and conduction throughout the stem for
internodal elongation growth and development
(Kraus 1867; Brown et al. 1995). Brown et al. (1995)
studied the role of pith in intermodal growth and
development of American sweetgum. Their study
suggested that the pith volume positively affects
the internode length that is increasing in the proportion of pith and makes the internode growth
greater. In this study, however, no significant relationships were found between average pith% and
stem height (P > 0.05). Therefore, more studies are
required to prove the positive effect of pith proportion on the intermodal length growth.
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Figure 1. Average morphological and basic wood density traits (stem height, basal stem diameter, pith%, bark% and
xylem%) in poplar and willow coppices. A standard error is shown by the error bars
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Tree ring width, wood cell anatomical properties and basic wood density
Anatomical variations and basic wood density
in poplar and willow coppices were examined. Average tree ring width (TRW), vessel diameter (VD), fibre length (FL), fibre width (FW), fibre lumen width
(FLW), fibre wall thickness (FWT), ray height (RH),
and ray width (RW) are shown in Table 1.
Among the poplar and willow coppices, tree
rings were found to be significantly wider in willow coppices than in poplar coppices (F1, 69 = 4.23;
P < 0.05); the average ring width was on average
1.43 mm in willow coppices and 1.22 mm in poplar coppices (Table 1). Annual ring width is one
of the key indicators to understand the relationship
between climate and growth of a tree and show
how trees adapt or respond to their water availability. In general, wider annual rings show a fastergrowing season with higher water availability, while
smaller rings indicate there is limited water to grow
(Fritts 1966). In this study, wider annual rings were
observed in willow coppices than in poplar coppices. It could be suggested that willows had a higher
ability to use water sources than poplar coppices,
therefore the activity of the cambium cell production was greater which provides wider tree rings.
Poplar and willow coppices also showed different cell anatomical properties to their local environments (Figure 2). One of the key characteristics
to determine tree adaptation to environmental
conditions is xylem anatomy. The xylem of angiosperms is made up of vessels, fibres, rays, and other
cell types. Vessels belong to the important conductive tissues and are responsible for sap or water

transport (Panshin, de Zeeuw 1980; Larson 1994;
Pfautsch 2016). Poplar and willow are both also
diffuse to semi-diffuse species which have nearly
the same vessel diameter throughout the annual
growth ring (Figures 1 and 2). The anatomical measurements showed that the diameter of vessel cells
was significantly higher in poplar coppices than
in willow coppices (average 25.1 µm for poplar and
20.8 µm willow) (P < 0.001). This finding is in agreement with the results of a previous study by Panshin and de Zeeuw (1980), who also investigated
the difference in the size of vessels between poplar and willow. In general, the size of vessels plays
a key role to understand xylem vulnerability or risk
to cavitation by water stress (Sperry et al. 1988;
Cochard, Tyree 1990; Davis et al. 1999; Cobb et al.
2007; Morán-López et al. 2014). Previous works
showed that larger vessels more likely cause xylem
embolism. It could be therefore suggested that poplar coppices could be more vulnerable to droughtor-freeze-induced stresses due to their larger vessel
size, thus hydraulic conductivity of a stem may decrease. However, willow coppices may show greater cavitation resistance to embolism due to their
smaller vessels.
The fibres also belong to the important xylem tissues in angiosperms that provide mechanical support to a tree. In general, the fibres are considered
to be a mechanical contribution to wood quality,
however, the fibres may also give ecologically better
insights into how trees respond to environmental
changes (Hacke et al. 2001; Arend, Fromm 2007;
Fonti et al. 2013; De Micco et al. 2016). Previous
researches have found that the dimension of wood

Table 1. Main descriptive variables obtained for the poplar and willow coppices considering ring width and wood cell
traits; the one-way analysis of variance (ANOVA) was used to assess whether there are any statistically significant
differences in anatomical characteristics between poplar and willow coppice stems
Morphological and anatomical parameters
Average tree ring width

poplar
mm

Vessel diameter

26.5 ± 0.93***

Fibre length

Fibre wall thickness
Ray height
Ray width

µm

willow
1.43 ± 0.07*
21.1 ± 1.10

1 018.1 ± 38.3*

897.2 ± 40.9

4.1 ± 0.21ns

4 ± 0.18

36.7 ± 1.73*

Fibre width
Fibre lumen width

1.22 ± 0.06

Mean ± SE

2.72 ± 0.12***

294.4 ± 19.3**
25.2 ± 1.06

32.5 ± 2.17
2.19 ± 0.10

234.7 ± 17.8

29.7 ± 1.78*

*P < 0.05; **P < 0.01; ***P < 0.001; ns – non-significant
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Figure 2. Light microscopy images showing the general cross-section of the stem of poplar and willow coppices; (A) crosssection of the stems of poplar coppices (4×), (B) cross-section of the stems of willow coppices (4×), (C) vessel distribution in the cross-section of the stems of poplar coppice (10×), (D) vessel distribution in the cross-section of the stems
of willow coppice (10×), (E) fibre element in macerated material of the stems of poplar coppice (10×), (F) fibre element
in macerated material of the stems of willow coppice (10×)

fibre cells is interestingly sensitive to the environmental changes like vessels; that is the dimension
of wood fibres decreases with low water availability and drought-induced changes (Arend, Fromm
2007; de Micco et al. 2016). In this study, the fibre
traits were therefore determined for each coppice
stem to show whether there are any variations in fibre dimensions between poplar and willow coppices (Table 1). The anatomical analyses revealed that
poplar coppice stems had longer and wider fibres
than willow coppices: fibre length (FL) varied between 130 µm and 1 450 µm in poplar coppices, and
from 70 µm to 1 230 µm in willow coppices; fibre
402

width (FW) varied between 21.3 µm and 60 µm
in poplar coppices, and from 17.4 µm to 60 µm
in willow coppices (Table 1). One-way ANOVA
results also indicated that average FL and FW were
significantly greater in poplar coppices than in willow coppices (P < 0.05). These results are in line
with those of previous studies which showed that
poplars had longer fibres than willows (Panshin, de
Zeeuw 1980; Hernández et al. 1998; Schoch et al.
2004). Average FLW and FWT values showed differences related to the type of coppice species. Each
coppice stem (poplar vs. willow) showed approximately similar average FLW values in their stems,
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so no significant difference was found in the values
of FLW between poplar and willow coppices (average FLW was 4.1 µm in poplar coppices and 4 µm
in willow coppices) (P > 0.05). However, a statistically significant difference was observed in average
fibre wall thickness (FWT) between poplar and
willow coppices. Poplar coppice stems had significantly greater FWT values than willow coppices
(P < 0.05): the average FWT was 2.71 µm in poplar
and 2.26 µm in willow. Cobas et al. (2013) compared
wood cell traits in poplar and willow juvenile
woods. However, they did not find any significant
differences in average FL, FW, FLW, FWT, and VD
between poplar and willow juvenile woods. This
study partly agreed with the study of Cobas et al.
(2013) because the average FLW did not differ significantly between poplar and willow coppices.
The characteristics of the rays were also investigated (Table 1). Rays of poplar coppices were homocellular in stem wood, while rays of willow coppices
were heterocellular in stem wood. The ray height
varied between eight and twenty-two cells in poplar coppices and it ranged from five to twenty cells
in willow coppices. The average RH of poplar coppices was significantly greater than the average RH
of willow coppices (on average 294.4 µm in poplar
and 234.7 µm in willow) (P < 0.05). However,
the average RW values showed opposite results, i.e.
willow coppices had a significantly greater average
width of rays than poplar coppices (P < 0.05) (on
average 29.7 µm in willow coppices and 25.2 µm
in poplar coppices) (Table 1).
Basic wood density was also measured for each
coppice stem. Interestingly, wood density did not
differ significantly between poplar and willow coppice stems; that is average density was 0.42 g·cm–3
in poplar coppices and 0.43 g·cm–3 in willow coppices (P = 0.926). No difference between the two
species may be explained by similar growth conditions since each species was grown in the same
environment (i.e. the same air temperature and
rainfall). Klašnja et al. (2013) also studied the wood
densities in poplar and willow species. In their studies, the wood density was found to be 0.33 g·cm–3
in poplar and 0.34 g·cm–3 in willow. Their study also
showed no significant differences in wood densities
between poplar and willow species. The present
study showed rather higher wood density values
than the results of Klašnja et al. (2013), the difference between mean values could be related
to the difference between study sites.

CONCLUSION
This study shows differences in morphological traits, cell anatomical properties, and tree
ring widths in poplar and willow coppices under the same environments. Here, the findings
showed that willow coppices had greater height
growth than poplar coppices. This may suggest that
willows had a higher ability for coppicing than poplars and therefore willows could be more useful for
short rotation coppice management since willows
produced quite taller stems even at the juvenile stage
(2-year age). Poplar and willow also showed specific
anatomical characteristics of ring width formation
and wood cell development. The size of xylem cells
was greater in poplar coppices than in willow coppices, whereas annual tree ring width and RW were
greater in willow coppices. The anatomical results
provided valuable signs about the response of each
coppice that stems from environmental changes.
This study thus clearly showed that different coppice trees that were grown in a similar habitat and
were of similar age could improve species-specific traits in their morphological and anatomical
structure. Particularly, the difference in anatomical properties of two coppiced trees may provide
a better understanding of how poplar and willow
will cope with future environmental conditions.
In the present study, it may be suggested that willows may more likely survive to feature unpredictable changes in the environment (drought-induced
or freezing stresses) more easily than poplars due
to their smaller vessel size which provides a lower
risk of cavitation.
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