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Abstract

The aim of the study was to determine the density of oven dry stemwood (moisture content 0%) of two fast-
growing tree species, grey alder (4/nus incana (L.) Moench) and hybrid alder (4/nus hybrida A. Br.), growing on abandoned
agricultural land. The study is based on two 16-year-old experimental stands located in Southern Estonia (N 58°32 E
27°12 ). The average stemwood density of grey and hybrid alder was 396+32 kg m~ (average + st. error) and 427+29

kg m3, respectively.

For grey alder, the impact of stem height section on stemwood density was significant in all cases (p<0.005); it was
higher in the upper stem sections. A similar trend was revealed for hybrid alder.
There was no correlation between breast height diameter and average stemwood density either for grey alder or for

hybrid alder.
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Introduction

Considering the limited reserves of fossil fuels but
also the need to reduce CO, emissions, more exten-
sive utilization of biofuels, among them wood, has
been discussed worldwide. In the conditions of con-
tinuously rising prices of fossil fuels, energy forestry
and renewable energy will gain more importance in the
nearest future. The long-term development plan of the
Estonian energy industry foresees a reduction in the
use of fossil fuels (primarily oil shale) and an increase
in the share of biofuels.

In connection with the more intensive use of
woody biomass, the issues of biomass production and
short-rotation forestry have been added to the agen-
da. In recent time several research projects have been
carried out and new data about the biomass produc-
tion of different tree species have been reported.
Among them several studies demonstrate that grey
alder (4. incana (L.) Moench) is a promising fast-
growing tree species for short-rotation forestry in the
Nordic and Baltic countries (Granhall and Verwjist 1994,

Saarsalmi 1995, Rytter 1996, Telenius 1999, Miezite 2008,
Uri et al. 2002, 2009). According to several research
results this species is highly productive both on min-
eral and organic soils (Granhall and Verwjist 1994,
Saarsalmi 1995, Lohmus et al. 1996, Rytter 1996, Tul-
lus et al. 1998, Telenius 1999, Uri et al. 2009).

However, in scientific publications the values of
biomass production are usually expressed in weight units
(t ha''; kg ha'') while in practical forestry stem volume
units (m3 ha'') are applied. For converting data from mass
units to volume units, or conversely, determination of
an appropriate wood density value is essential.

Data on grey alder wood densities are highly var-
iable; the values reported by Nordic authors are quite
low (Hakkila 1970, Bjorklund and Ferm 1982, Johansson
2005) compared with those reported from the Baltic
countries (mainly Latvia) (Table 3). The empirical val-
ues of grey alder wood density from Estonia are prac-
tically missing with the exception of only a few prelim-
inary results (Keedus and Uri 1997). Thus there is a need
for empirically substantiated values of grey alder stem-
wood density which is inherent in the local region.
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While grey alder and black alder (4. glutinosa)
are widespread tree species in the northern hemisphere,
hybrid alder (4lnus incana x Alnus glutinosa) is rather
rare in the nature in Estonia as well as in the other
Baltic countries with only a few reported habitats
(Hainla 1971, 1979, Pirag 1962, Kundzins 1969). Data
on the growth and yield of hybrid alder are also quite
scarce in the literature. However, some results show
that its growth in natural conditions can be more rap-
id than the growth of grey alder or black alder (Pirag
1962, Kundzins 1969). Granhall (1982) suggests that
hybrid alder can be considered a promising species in
short-rotation forestry. Hybrid alder might also be
potentially interesting for timber industry, as the qual-
ity of its wood is intermediate between that of grey
alder and black alder, while the increment of the wood
is larger compared with that of black alder (Pirag 1962).

(Uri et al. 2002, 2009). When the expression “stemwood
density” is used in current paper, oven dry (moisture
content 0%) stemwood density is considered.

Estimation of wood density

The stem diameter at breast height (D, ,) of all trees
was measured in both stands in the September of 2009.
The trees were divided into five classes on the basis
of D , and a model tree was selected randomly from
each class. An additional tree was felled from two class-
es with a larger number of trees in order to have a more
representative sample and valid data. Altogether sev-
en model trees were felled from both stands. The stems
of the model trees were divided into five sections: the
fifth section at a height of 0 to 1.3 m, the fourth sec-
tion from a height of 1.3 m up to the living crown. The
living crown was divided into three layers of equal

e | ocati Area, Age, dStar‘]td - 5 Height, Basal Table 1. Description of the study
pecies  Location ensity, Ol 13, M area, sites (average =+ st. deviation)
ha m” ha
Grey
alder 58°3" 0.1 6 5400 Eutric 9.3+2.9 13.942.1 35.2
'1{(5’2:’ 27 02 3600  o0ZOMVISOl g i34 131107 248

In the last decade some experimental plantations of
hybrid alder were established in Estonia, on the basis
of which the growth dynamics and biomass produc-
tion of this tree species have been described (Uri and
Tullus 1999, Uri et al. 2003). Regarding stemwood den-
sity, only a few results have been reported about hy-
brid alder until recent time (Pirag 1962) and this issue
has not been studied earlier in Estonia.

Establishment of plantations of fast-growing tree
species for biomass production, preferably on aban-
doned agricultural land, will be the prospect of the
nearest future. Thus studies focusing on grey alder
stands growing on abandoned farmland represent in-
novative research.

The main aims of the present study were:

— to estimate knot free stemwood density in young
grey alder and hybrid alder stands growing on former
agricultural land;

— to analyse the effect of tree height section and
breast height diameter on stemwood density of grey
alder and hybrid alder.

Material and methods

Stem samples of grey alder and hybrid alder were
collected from two plantations established in 1995 and
1996, respectively. Both stands are growing on fertile
former agricultural land (Table 1) and the results about
their biomass production have been published earlier

length; the sections were numbered from three to one,
as the third section being the lowermost. For estimat-
ing wood densities of different stem sections, subsam-
ples with a length of 50 cm were sawn from the middle
part of stem sections 5, 4 and 3. The height of the third
section was dependent on the beginning of the living
crown. It was slightly higher for grey alder than for
hybrid alder, varying from 7.9 to 10.0 m and from 7.0 to
9.2 m, respectively. The stem samples were sawn into
board in a wood processing laboratory and dried at room
temperature until the moisture content equilibrium of the
indoor air which was detected by the successive weight-
ings until reaching the constant mass. After the sam-
ples were planed and calibrated, as many knot- and bark-
free test pieces (3x2x2 cm) as possible from each test
subsample were sawn in accordance with ISO 3129-1975
(E), ISO 3131-1975 (E). All test pieces were identified
with a number, then dried in the oven at 102°C until con-
stant dry mass. The test pieces were measured with an
electronic caliper to 0.01 mm and weighed to 0.01 g. The
volume (1) and density (2) of each oven dry test piece
was calculated as follows:

V=abc, (N
where a, b and ¢ are the dimensions of test pieces (mm),

p=V/m, @)
where V is the volume of the test pieces (cm?®) and m
is the mass of test pieces (g).
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Statistical methods

Normality of data was tested with the Lilliefors and
Shapiro-Wilk tests. Repeated Measures Analysis of
Variance was used for checking the impact of stem sec-
tion on stemwood densities. The assumptions of ANO-
VA were full filled in all cases. The Tukey HSD test in
the case of unequal samples size and Ficher‘s LSD test
were used for multiple comparison of means. Linear and
allometric models were employed for estimating relation-
ships between tree dimensions (D, ;) and wood densi-
ties. The software STATISTICA 7.1 was employed and
the significance level a=0.05 was accepted in all cases.

Results

Average stemwood density and effect of tree
height section

The average stemwood densities of hybrid alder
were significantly higher than the respective values
of grey alder (p<0.05; Unequal N HSD test).

The stemwood density of grey alder and hybrid
alder was 396+32 kg m™ and 427429 kg m, respective-
ly. Average difference between the stemwood densi-
ties of the two species was 7.3%.

The wood density of hybrid alder can be consid-
ered vertically more homogeneous compared to grey
alder. The intersectional variance of hybrid alder stem-
wood densities is roughly half as big as for the same
values of grey alder (Table 2). The breast height di-
ameter of sample trees had no effect on wood densi-
ties for either species.

For grey alder, the effect of stem section was sig-
nificant (p<0.0001). The analysis also indicated that
effect of repetitions is not significant (p>0.9), i.e. there
are no differences between repeated measurements
within one section.

Table 2. Stemwood densities

- Species Stem section N

of grey alder and hybrid alder I
in different height sections. ~ Greyader  464a":9 24
Section V - 0 to 1.3 m; Sec- Hybridalder 460 |?/i 16 2
tion IV - 1..3 to the living G aer  405bzx 19 83
crown; Section III - the low-  Hybridalder 429 ax 25 89

ermost third of the living v
crown Grey alder 376c+19 117
Hybridalder 415 b+ 26 108

*- Letters indicate significant
difference (p<0.05)

According to the Tukey HSD test average stem-
wood densities differ significantly between the sec-
tions. The highest wood densities were determined in
the highest measured section (section no. 3) of the
stem and the lowest densities were found in the low-
ermost part of the stem (Table 2). All differences be-

tween the wood densities of different sections of grey
alder are significant (p<0.05).

Stem section did not affect wood densities of
hybrid alder (p=0.07). Wood density was only signif-
icantly different between section 3 and section 5
(p<0.05; Fisher’s LSD test) (Figure 1). Differences be-
tween the sections in percentages are approximately
twice smaller for hybrid alder than for grey alder.
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Figure 1. Average stemwood density of grey alder and hy-
brid alder in different stem sections (section 3 is the highest
and section 5 is the lowest)

Effect of tree dimensions

Linear regression analysis was applied to study
the effect of tree breast height diameter on stemwood
densities. The breast height diameter did not affect
stemwood density. The study failed to demonstrate any
evident trend in stemwood densities for trees belong-
ing to different diameter classes (Figure 2).

Discussions

The average stemwood densities of grey alder
found in this study are in good accordance with ear-
lier results reported in the literature (Table 3). Wiemann
and Williamson (2002) suggested that the mean wood
specific gravity of angiosperms gradually increases
with decreasing latitude. Average wood densities re-
ported from Nordic countries (Finland, Norway, Swe-
den) are lower than those reported from more south-
ern countries (Latvia) (Table 3), which is most proba-
bly related to higher mean annual temperature and the
longer vegetation period.

Data about the stemwood density of grey alder
are relevant for biomass research. In recent time, sev-
eral studies on the biomass productivity of grey alder
have been carried out in Estonia. However, as a rule,
all scientific estimates in these studies are expressed
in mass-based units (t ha' or kg ha™'). For comparing
the obtained biomass estimates with the data of the
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Figure 2. Average stemwood density of grey alder and hy-
brid alder trees with a different breast height diameter

Table 3. Average

Country Density kg m™ Author
stemwood densities  Norway 369 Stemsrud (1964)
of grey alder on the 365 Nagoda (1966)

basis of different
literature sources

340 (324...358) Vadla (1999)

Sweden 359 (230...440) Johansson (2005)
Finland 361 Hakkila (1970)
353 Bjorklund & Ferm (1982)
Estonia 384 Keedus, Uri (1997)
Latvia 432...574 Vanins (1950)
420 Pirag, 1962
420...630 Draudins$, Bekeris (1979)
432...458 Klevinska, Bikova (1999)
447 (388...506) Miezite (2008)

average increment of Estonian grey alder stands, or
with the data of yield tables, an appropriate stemwood
density value is required. Already quite slight varia-

bility in the density value used affects the obtained
result considerably. For example, the annual current
production (CAI) of stem mass in a 15-year-old grey
alder stand studied by us was 14.2 t DM ha™ yr.
When converting this result to volume units and us-
ing the oven dry stemwood density value obtained in
this study (396 kg m?), the annual stand stemwood
increment will be 35.8m’ ha'. However, when using the
wood density value reported from Sweden (359 kg m™),
CAI would be 39.5 m® ha'!, and basing on oven dry
grey alder wood density data from Latvia (Miezite and
Dreimanis 2006) CAI would be 30.9 m* ha'.

In published literature, the data about oven dry
wood density are scarce; mostly the data of basic
density are reported. Still, results of oven dry wood
density of common alder, silver birch and European
aspen, reported in the Estonian wood science hand-
book (Puiduteadus 2006) are 490, 600 and 470 kg m>,
respectively.

Current study reports the results about the wood
densities of grey- and hybrid alder which are estimat-
ed on the basis of one stand per species. Both stands
are thoroughly investigated and the results have been
published throughout the years (Uri and Tullus 1999,
Uri 2000, Uri et al. 2002, Uri et al. 2003ab, Aosaar and
Uri 2008, Uri et al. 2009). However, no studies about
wood properties have been carried out. In the case of
hybrid alder only few planted stands are growing in
Estonia at all. Due to the restraint of single sample area
per species, the present results are applicable mainly
on a regional level. While previous data for grey- and
hybrid alder wood density for Estonia are practically
missing, the results are valuable both for practical and
scientific aspects.

In both grey alder and hybrid alder, stemwood den-
sities increased in the upper stem sections. However,
the difference in densities between the stem sections
was statistically significant for grey alder but not for
hybrid alder. The highest densities occurred in the upper
part of the stem, which is in good accordance with the
results of other studies (Nagoda 1968, Bjorklund and
Ferm 1982, Miezite 2008). One possible reason for this
may be the gradual change in the proportions of late-
and earlywood. In younger age the width of the annu-
al rings was large due to rapid tree growth and the rel-
ative proportion of less dense earlywood was big com-
pared to the proportion of denser latewood. Later on,
when the rate of tree growth started to decelerate, the
share of latewood in the annual rings increased and also
wood density started to gradually increase.

Data about the wood properties of hybrid alder
in the literature are scarce (Pirag 1962). Earlier studies
have pointed out that the wood properties, including
wood density, of this tree species are intermediate
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between the parental species (grey alder and black
alder) (Pirag 1962). According to Pirag (1962), stem-
wood density was 420 kg m> for grey alder and
520...540 kg m> for black alder; the density of hybrid
alder wood was 500 kg m™.

In hybrid alder, the distribution of wood densi-
ties is vertically less variable than in grey alder. A
statistically significant difference was only revealed
between the third and the fifth sections, i.e. the low-
est and the highest trunk sections studied. The growth
strategy of hybrid alder differs from that of grey al-
der. Hybrid alder achieves its maximum stemwood in-
crement later than grey alder, hence, changes in the
proportions of early- and latewood are not so drastic.
This could explain the more homogeneous vertical
wood density distribution in hybrid alder.

In the present study no correlation was found
between average stemwood densities and breast
height diameter for either studied tree species. Also,
the same average density values would be appropri-
ate both for small and large trees, which would sim-
plify the practical use of average wood density value.

Conclusions

Average stemwood density of hybrid alder is sig-
nificantly higher than that of grey alder’s. Stemwood
densities determined of grey alder increase gradually
from the stump towards the crown, but not that of
hybrid alder. The wood of hybrid alder is vertically more
homogeneous than the wood of grey alder. There is
no correlation between breast height diameter of tree
and stemwood densities. For Estonian forestry prac-
tice, the recommended oven dry stemwood density
would be 396 kg m* for grey alder and 427 kg m™ for
hybrid alder.
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IJIOTHOCTHh CTBOJOBOW APEBECHHBI B MOJIOJAbIX JPEBOCTOSIX CEPOIl
(ALNUS INCANA (L) MOENCH) U TUBPUJIHOM OJIXU (ALNUS HYBRIDA A. BR.),
PACTYIIUX HA 3ABPOLIEHHBIX CEJIBCKOXO3SIIICTBEHHBIX 3EMJISIX

H. Aocaap, M. Bapuk, K. Jeoxmyc, K. u B. Ypu

Pesiome

OCHOBHOI1 TIeTbI0 HCCIIENOBAHNS OBLIO ONPENEeNHTh IIOTHOCTh aOCONIIOTHO CYyXOil CTBOJIOBOIT APEeBECHHBI (BIaXXHOCTD
0%) mByx OBICTPOpPACTYNINX APEBECHBIX MOPOJA, cepoit ombxu (Alnus incana (L.) Moench) u rubpunnoit onsxu (Alnus
hybrida A. Br.), pacTymux Ha 3a0pOIICHHBIX CENbCKOXO3IHCTBEHHBIX 3eMelsix. VcenenoBanue npoBoAUIOCh B ABYX 16-1eTHUX
JKCIIEPUMEHTAIIBHBIX APEBOCTOSIX, pacroiokeHHbIX B FOxxHOit Dctonuu (N 58° 3 E 27° 1°). CpenHsist INIOTHOCTH a0COIIOTHO
CyXOil CTBOJIOBOH JIpeBECHHBI cepoil oabxu Obuia 396 + 32 kr M~ CpeaHsis IIIOTHOCTh CTBOJIOBOM JPEBECHHBI THOPHUAHOM
OJIbXH TIPEBBICHIIA COOTBETCTBYIOMIEE 3HaUEHHE cepoil 01bXH. CpenHssl INIOTHOCTh a0COIIOTHO CyXOH THOPHIHOM ONbXH OblIa

427429 xr M.

VY cepoii 0JbXH IUIOTHOCTH CTBOJIOBOH JIpeBECHHBI OblIa OOJbIIE B BEPXHUX YacTsX cTBosia. CTaTUCTHYECKU 3HAYMMAsT
3aBHCHMOCTH IIOTHOCTH JPEBECHHBI OT PACIONOXKEHHUS CEKIMU CTBOJIA HaOmojanach Bo Bcex caydasx (p <0,005).
AHanornvHasi TCHICHIMS ObLTa BBISABICHA NIl THOPUIHOHW ONBbXHU, OJHAKO CTATHCTUYCCKHUE PAa3IUYMs MEKIY Pa3HBIMH

CEKIUAMHU CTBOJIAa HE TOATBEPAUINCE.

Bennunna nuaMeTpa Ha BBICOTE TPYAH HE MMela CyIIECTBEHHOTO BIMSHUS Ha MIIOTHOCTH JPEBECHHBI BO BCEX CITydasX.
Koppensuu Mexmay THaMeTpoM Ha BBICOTE TPYIH U CPEIHEH IUIOTHOCTBIO APEBECHHBI HU y CEPOil M HU y THOPUAHOHN ONIBXU

He 0O0HapyKEHO.
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