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stands of silver birch (Betula pendula Roth.) growing on abandoned farmlands in central Poland.
Research material based on 181 sample trees, which were gathered in 20 pure silver birch stands
in 5 locations. The age of the trees varied from 1 to 16 years. Coarse roots biomass of the inves-
tigated trees ranged from 0.7 to 4305.5 g/tree (422.6 g/tree on average) showing great variability
(coefficient of variation equals 185%). A clear dependence of belowground biomass on the age
and size of a tree was observed. Root-to-shoot ratio values vary from 0.1 to 1.0 with evidence of
a tendency to decrease with increasing age, diameter at the breast height and height of analysed
trees. An allometric equation was elaborated for the estimation of belowground biomass based on
height or diameter at breast height of young silver birches. The suitability of this formula should
be considered for the estimation of biomass accumulation and carbon sequestration by young
successional silver birch stands growing on abandoned agricultural lands.
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1 Introduction

Forests are considered to have an essential role in the mitigation of global climate change effects
because they are capable of carbon assimilation and sequestration in living tissues (Lorenz and
Lal 2010). Accounting for 90% of vegetative carbon in terrestrial biomes and absorbing 67% of
total CO,, they are large carbon stores (Gower 2003). Forests being carbon sink or source depends
on the balance between this element sequestration and release (Spalding et al. 2012). Managing
the forests, and to a greater extent the whole afforested area, plays a crucial role in both of these
processes (Carroll et al. 2012). Afforestation/reforestation of abandoned agricultural land is the
most common and simple way of increasing the amount of available carbon pools, nevertheless
its efficiency under various ecological settings is debated (Guo and Gifford 2002; Uri et al. 2007;
Hodgman et al. 2012). The shift in land use from the agricultural field to the forest results in changes
affecting different parts of this kind of ecosystem. Such transitions affect the species composition,
the biomass of the vegetation, soil properties and carbon sequestration in growing biomass and
in the soil (Vesterdal et al. 2007; Hodgman et al. 2012). The transformation of post-agricultural
lands towards plantations or forest areas may well be a valuable source of biomass production
for energetic purposes or CO; sequestration. It is crucial therefore to gain knowledge about the
possible productivity of such areas.

Changes that occurred in the politics and the economy of Central and Eastern Europe at the
end of last century caused a rapid increase in areas of abandoned agricultural lands. Such areas
are very often afforested naturally by fast growing pioneer species, e.g. silver birch (Karlsson et
al. 1998; Zajac and Gil 2003). Taking into account the extension of this phenomenon, it seems to
be important as well as urgent to understand how to manage/maintain such areas.

Although silver birch (Betula pendula Roth) is widely distributed in Eurasia, it is most
abundant in northern Europe, where birches are the most important commercial broad-leaved tree
species (Hynynen et al. 2010). In the Baltic and Nordic countries, the proportion of birch in the
total volume of the forest growing stock varies between 11% and 28% (Uri et al. 2012). Silver
birch is also an important tree species in Poland, where it occupies ca. 7.5% of the total area of
forests (Central Statistical Office 2011).

Quantifying belowground biomass is important for the understanding and estimating of net
primary production, biomass partitioning, belowground competition as well as carbon accumula-
tion in forest ecosystems. A review of literature on the biomass of silver birch reveals that studies
focus mainly on aboveground biomass (cf. Repola et al. 2007). Malkonen (1977) analysed the total
aboveground biomass production for a forty-year-old birch stand in Finland. In turn, Ferm (1993)
evaluated the potential of birch for biomass production in countries with Nordic climate. Johansson
(1999) studied the biomass of birch stands growing on abandoned farmland in Sweden. Claesson
et al. (2001) elaborated functions for the calculation of biomass in birch stands of high density.
Individual tree models for the crown biomass distribution for birch were developed by Tahvanainen
and Forss (2008). Recent studies on birch biomass were conducted in Estonia (Kuznetsova et al.
2011; Uri et al. 2007, 2012; Varik et al. 2013) and Finland (Hytonen and Aro 2012). Only a few
authors have published functions that allow the estimation of the biomass of belowground com-
ponents for birch (Petersson and Stédhl 2006; Johansson 2007; Repola et al. 2007; Uri et al. 2007,
Repola 2008; Varik et al. 2013). So far there have been no studies on carbon sequestration in birch
forests growing on post-agricultural lands in Poland.

The working hypotheses of the presented study assumed that (i) age and size of trees have a
significant impact on amount and allocation of belowground biomass of young silver birch stands,
and (ii) inclusion of height in allometric equations gives better fit of the biomass estimates. To
test these hypotheses, our objectives included (i) assessment of the amount of biomass stored in
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the belowground parts of young birches growing on post-agricultural lands in central Poland, (ii)
elaboration of equations for the estimation of belowground biomass of young birches, and (iii)
analysis of the effect of tree age and size on the allocation of biomass to roots.

2 Material and methods
2.1 Study sites

Our study included 20 stands growing on former agricultural lands in five locations in central
Poland (Table 1). Plots were established in pure silver birch stands that were supposed to have
successional origin. The former farmland status of the selected localities as well as the cessation of
agricultural use was checked and confirmed by either the local forest or national park administra-
tion. All the investigated stands originated from natural regeneration that started after the farming
use was abandoned and remained free from any silvicultural treatments by the time the sample
material was collected. The actual stand density was very variable as well as age-dependent, and
equalled from ca. 1.55x10° trees/ha in the youngest stands to ca. 3.5x103 trees/ha in the oldest ones.

All study sites were located within a transition zone from the maritime to continental climate
(Martyn 2000). The annual average temperatures are a little bit higher at Kampinoski National Park
(KPN1 and KPN2) sites, where it amounts to 7—8 °C, whereas at Dobieszynl, Dobieszyn2 and
Kozienice sites it reaches 67 °C. January is the coldest month with average temperatures slightly
below -2 °C all over central Poland. The highest temperature is recorded in July and ranges from
16-17 °C at southern sites (Dobieszynl, Dobieszyn2, Kozienice) to 17-18 °C at northern ones
(KPN1, KPN2). The investigated region has very poor precipitation and suffers from occasional
droughts. The average annual rainfall rarely exceeds 550—-600 mm. Soils that developed on glacio-

Table 1. Characteristics of study sites and mean values of basic sample trees attributes.

Lp.  Site Location Soil types Age [yrs] dbh [mm] h[m] BGB [kg/tree]
1 Dobieszynl 51°35'N, 21°10'E Podzols & luvisols 2 0.2 1.03 0.015
2 Dobieszynl 51°35'N, 21°10'E Podzols & luvisols 5 7.0 2.20 0.027
3 Dobieszynl 51°35'N, 21°10'E Podzols & luvisols 9 28.2 4.97 0.499
4 Dobieszynl 51°35'N, 21°10'E Podzols & luvisols 13 58.2 8.61 1.771
5 Dobieszyn2 ~ 51°33'N, 21°09'E Podzols & luvisols 4 0.0 0.64 0.003
6 Dobieszyn2 ~ 51°33'N, 21°09'E Podzols & luvisols 6 13.9 3.26 0.073
7 Dobieszyn2 ~ 51°33'N, 21°09'E Podzols & luvisols 7 29.1 5.15 0.241
8 Dobieszyn2 51°33'N, 21°09'E Podzols & luvisols 12 64.1 10.24 2.141
9 Kozienice 51°24'N, 21°26'E Podzols & luvisols 4 0.0 0.73 0.004
10 Kozienice 51°24'N, 21°26'E Podzols & luvisols 3 20.6 3.10 0.322
11 Kozienice 51°24'N, 21°26'E Podzols & luvisols 12 36.8 5.95 0.326
12 Kozienice 51°24'N, 21°26'E Podzols & luvisols 13 56.3 9.33 1.038
13 KPNI 52°21'N, 20°43'E Luvisols & cambisols 3 0.0 0.44 0.002
14  KPNI1 52°21'N, 20°43'E Luvisols & cambisols 6 16.7 3.64 0.093
15 KPNI 52°21'N, 20°43'E Luvisols & cambisols 11 35.1 5.75 0.533
16  KPNI1 52°21'N, 20°43'E Luvisols & cambisols 12 60.9 8.30 1.510
17  KPN2 52°20'N, 20°41'E Luvisols & cambisols 4 1.0 1.37 0.014
18  KPN2 52°19'N, 20°40'E Luvisols & cambisols 5 16.0 3.08 0.110
19 KPN2 52°19'N, 20°39'E Luvisols & cambisols 7 25.5 498 0.181
20  KPN2 52°19'N, 20°39'E Luvisols & cambisols 12 46.2 8.28 0.556

dbh — diameter at breast height, h — height, BGB — dry biomass of coarse roots
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fluvial melt water sands, glacial tills, clays as well as peats (KPN1 and KPN2 sites) are in general
poor in nutrients and therefore not very fertile.

2.2 Biomass estimation

2.2.1 Fieldworks

At each of five locations we selected four stands of increasing ages assessed on the basis of tree-
ring analyses. All of them grew on similar soils (Table 1). Furthermore, we randomly chose ten
trees according to the diameter range in the stand so that all size classes were represented. The age
of the selected trees varied from 1 to 16 years. The average diameter at the breast height (dbh) of
the analysed birches ranged from 0.0 to 64.1 mm, whereas the height varied from 0.44 to 10.24 m
(Table 1). These trees were dug out together with their root systems. The base level was marked
at the bark prior to excavation to distinguish aboveground part of the tree from belowground
one. We used pruning scissors and saws to divide each tree into the following components: stem,
leaves, branches and roots. Root system was separated from the stem at the previously marked
base level and thus included also the root crown (belowground part of a stump). Only coarse (i.e.
d>2 mm according to Snowdon et al. 2000) roots were collected. Soil and other organic materials
were carefully cleared from the dug-out root systems with compressed air and brushes. All parts of
the individual trees were weighed in the field using precise portable scales (accuracy of the most
precise ones amounted to 0.01 g).

We took samples from each of the investigated components from every tree to determine
the relationship between their fresh and dry biomass. In the laboratory, samples were oven-dried
in 105 °C until they reached a constant weight and weighed to 0.01 g. The dry biomass of various
components was calculated for each tree on the basis of corresponding fresh to dry mass ratios
(Snowdon et al. 2000, 2002; Uri et al. 2007, 2012). Empirical material consisted of the data from
181 trees in total. As stated by Snowdon et al. (2002), this number is sufficient to determine reli-
able allometric equations.

2.2.2 Calculations

The direct measurement of the biomass of a tree and/or its components (usually expressed as dry
weight of the stem, crown, stump or roots) is labour intensive, time-consuming and expensive,
therefore allometric equations are developed to determine biomass as a function of easily measur-
able tree variables. This approach is based on the assumption that the above- and belowground
development of the tree stays in an allometric balance (Drexhage and Colin 2002; Zianis et al.
2005; Muukkonen and Makipédéa 2006; Johansson 2007). Such formulae enable quick estimation
of the biomass of subject components both in the scale of single trees and a whole stand.

To follow the above-mentioned concept we looked for the parameters of the model that would
estimate the coarse roots biomass on the basis of dbh or/and the height of a tree. We assumed that
such a relationship could be illustrated by one of the following formulae:

BGB=a+b-d¢ @
BGB=a-db (2)
BGB=a-h? 3)
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BGB=a-(d?-h)® )

BGB=a+b-(d? -h) ®))

BGB=a+b-(d-h) (6)
a-ht for d=0

BGB = @)
a-13b+c-d¢ for d>0

BGB=a-hb+c-de¢ 8)

where BGB — belowground biomass of a single tree; a, b, ¢, e — equation parameters; d — tree
diameter at breast height; 4 — tree height.

Majority of selected forms of the allometric equations is widely used in biomass estimation
as reviewed by Zianis et al. (2005), Muukkonen and Makipaéd (2006) and Repola et al. (2007).
One can also find models that use log-transformation of both the belowground biomass and the
independent variables. Such formulae were elaborated for birch by Santantonio et al. (1977) and
Mailkonen (1977). We decided however, not to use this type of model as a reverse transformation
of the obtained equation in order to directly calculate the value of dependent variables instead of
its logarithm, results in a biased estimation of it (Meyer 1944).

We estimated the parameters of the Eqs. 1-8 and compared them with the use of the widely
recognised measures of model’s goodness-of-fit, i.e.: root mean square error (RMSE), mean square
error (MSE) and coefficient of determination (R?). Additionally, to find out the most accurate one,
we analysed the distribution of percentage errors (PE) of elaborated equations. PE [%] for indi-
vidual equations were calculated according to the following formula:

_ BGB,,

BGB,

- BGB,

~.100% )

where BGB,,, —belowground biomass estimated with a given equation; BGB, — observed biomass.

We analysed the influence of tree’s size and age on the amount of accumulated belowground
biomass. For those relationships that were of a non-linear character, the coefficient of determina-
tion (R?) was used to describe their strength.

Allocation of the biomass within a tree can be described by the means of R/S (root-to-shoot)
ratio that expresses the belowground biomass as a fraction of the aboveground one (Mokany et
al. 2006). We calculated R/S values for each of the analysed sample trees. To recognize how the
portion of biomass that a plant invests in its stability as well as nutrient uptake changes with the
increase of its size and over time, we correlated the calculated R/S values with the age, aboveground
biomass, dbh as well as height of analysed birches. Similarly with the bulk belowground biomass,
these relationships turned on to have a non-linear character and we used R? to assess their strength.

3 Results

Root systems of the analysed young birches constituted mainly of roots with lateral and lateral-sinker
types and had a rather flat, but spread out architecture. Coarse roots biomass of the investigated
trees ranged from 0.7 to 4305.5 g/tree (422.6 g/tree on average) showing great variability (stand-
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Table 2. Basic descriptive statistics of coarse roots biomass (BGB) and root-to-shoot (R/S)
ratio for analysed young birches growing on post-agricultural lands in central Poland

(n=181).
min m me max sd cv
BGB [kg/tree] 0.0007 0.4226 0.1234 4.3055 0.7829 185
R/S 0.091 0.245 0.193 1.015 0.154 63

min — minimum, m —mean, me —median, max — maximum, sd — standard deviation, cv — coefficient of variation [%].
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Fig. 1. Relationship between coarse root biomass and dbh (A), height (B) and age (C) of a tree in young
successional silver birch stands on post-agricultural lands in central Poland.

ard deviation=783 g/tree) and asymmetry of distribution (Table 2). It stayed in a close-to-linear
relationship with the aboveground biomass of these trees (r=0.979; p<0.01). A clear dependence
of this attribute based on the age and size of a tree was found (Fig. 1). The younger or smaller the
tree, the less, in terms of weight, coarse roots it had (r=0.679, 0.799 and 0.854 for age, height and
dbh, respectively). The variability of the estimated biomass also depended on the age and size of
the trees (Fig. 1). This relationship however seems to be more evident in the case of age.

In general, all the applied allometric equations fit the empirical data well, which is confirmed
by the high values of the coefficient of determination (Table 3). Only estimates from Eq. 3 seemed
to be less reliable than those obtained from other formulae. This model related to the highest
RMSE value as well. It was also noted that in the case of all equations MSE values did not deviate
significantly from 0 (p<0.01). Percentage error analysis revealed a greater diversification among
analysed formulae. Eq. 7 turned out to be the most accurate, with the lowest PE value (4% for the
whole material, —6% after the trees with no dbh were excluded from the analysis). This formula,
however, characterises with very high coefficient of variation, which is probably due to the splining
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Table 3. Goodness-of-fit measures for analysed allometric equations.

Eq. R? RMSE MSE m PEall sd PEall cvPEall mPEnd0 sd PEnd0 cv PEnd0
1 0.943 0.188 0.002 202 546 270 31 267 854
2 0.943 0.189 0.016 —40 50 123 22 43 191
3 0.849 0.308 0.039 -39 56 141 -23 54 231
4 0.938 0.197 0.024 —44 49 113 =27 44 164
5 0.939 0.195 0.002 321 833 259 54 406 751
6 0.929 0.211 0.002 390 997 256 68 486 715
7 0.943 0.189 0.011 4 52 1201 -6 35 558
8 0.943 0.188 0.001 108 247 229 23 109 466

Eq. — number of analysed equation, R? — coefficient of determination, RMSE — root mean square error, MSE — mean square
error, PEall — whole range of dbh included in percent error calculation, PEnd0 — only trees with dbh>0 included in percent error
calculation; m — mean, sd — standard deviation, cv — coefficient of variation [%].

of two different functions within one model. The exclusion of trees with dbh=0 from PE analysis
gives similar results although in general error values are smaller (Table 3). Additionally, PE given
for Eq. 7 shows no age-dependency (r=0.08; p<0.01), whilst this is not the case for other formulae.
Finally, allometric equations for the assessment of coarse root biomass of young birches growing
on the post-agricultural lands takes the following form:

0.008978 - h1536221  for g =0
BGB = 10)

0.013435+0.012511-d2615227  for d >0

where BGB — belowground biomass of a single tree [kg]; d — tree diameter at breast height [cm];
h — tree height [m].

On average, the analysed birches allocated to the roots biomass an amount which equalled
almost 25% of the aboveground amounts (Table 2). The share of the belowground biomass in
relation to aboveground part of the plant varied from 10 to 100% indicating that some of the trees
(especially younger ones) developed root systems that weighed as much as the stems and foliage
together. We found an evident tendency of a decrease in the share of roots in the aboveground
biomass of the analysed trees with increasing age (r=-0.613, p<0.01), dbh (r=-0.545, p<0.01)
and height (r=-0.582, p<0.01). One can observe stabilisation of the R/S ratio at level of ca. 0.17
at certain values of these parameters. The variability of R/S values is strongly reduced for dbh>4
cm or for h>6.5 m (Fig. 2). The relationship with age is of a more sophisticated character.

4 Discussion

Belowground part of the forest ecosystem is estimated to sequester ca. 50% of carbon annually
accumulated by terrestrial plants (Waisel et al. 1991; Vogt et al. 1996; Lorenz and Lal 2010). Despite
the significant impact of belowground pools in the carbon budget, studies on quantification and
its role are rather rare (Mokany et al. 2006; Lorenz and Lal 2010; Tyrrell et al. 2012). Available
allometric models usually omit biomass of that part of plants or substitute information about it with
a value calculated based on very general ratio suggested by e.g. IPCC. Such situations undoubtedly
result from the fact that the determination of root and soil biomass is very laborious and expensive
(Snowdon et al. 2000). The elaboration of allometric equations to model belowground biomass
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Fig. 2. Relationship between R/S ratio values and dbh (A), height (B) and age (C) of a tree in young
successional silver birch stands on post-agricultural lands in central Poland.

based on measurements of parameters of aboveground parts of trees has recently gained wider
interest, thus more and more formulae are presented (e.g. Petersson and Stahl 2006; Johansson
2007; Repola et al. 2007; Uri et al. 2007; Repola 2008; Varik et al. 2013 for birch).

Studies on root system biomass suffer from a lack of clear definition that can allow distin-
guishing different root fractions. The literature review provides various threshold values. The most
widely used division into fine and coarse roots, sets the diameter usually at 2 mm (Gifford 2000;
Retzlaff et al. 2001; Mund et al. 2002; Snowdon et al. 2002). Further delimitation into coarse root
fractions is based on the diameter that varies from 5 to 300 mm. In addition to this, some authors
distinguish root crown as a separate part of the upper part of the root system (e.g. Snowdon et al.
2002). Another important issue is that various authors quite arbitrarily include individual fractions
in the total root biomass determination. Fine roots are the most frequently omitted and are either
not included in biomass calculation at all, or are assigned to the soil pool. The omission of some
parts of root biomass (especially fine roots) causes an underestimation of the total belowground
biomass of up to 10% (Mund et al. 2002). The estimation of different fractions of roots requires
different methods, which are hard to combine at one time of fieldworks. Coarse roots need to be
excavated as a whole, while fine roots require also a proper sampling scheme and the use of e.g.
soil corers (e.g. Snowdon et al. 2000, 2002).

Allometric models available for silver birch usually omit belowground biomass or substitute
it with either a general ratio (IPCC 2006) or with values/equations elaborated for other species
(Marklund 1988). Our results fill the gap in that field, allowing to estimate the belowground biomass
pool for birch stands growing on post-agricultural lands as such works have previously been rather
limited (Petersson and Stahl 2006; Johansson 2007; Repola et al. 2007; Uri et al. 2007; Repola
2008). Almost all the tested models estimated coarse root biomass well. We chose the equation of
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spline type (Eq. 7) as it fits the empirical data the best. Since very young trees don’t have dbh, the
model has to be based on another easily measurable variable to provide sufficient estimation of
belowground biomass. Basing the estimation of the biomass of the smallest trees on their height
meets that demand and the equation manages to cover the whole range of analysed trees sizes.

The estimation of belowground biomass with the proposed equation cannot be directly com-
pared to the results from the application of functions elaborated on by other authors (e.g. Petersson
and Stahl 2006; Johansson 2007; Uri et al. 2007; Repola 2008). This is because a number of sample
trees and the range of their dimensions vary greatly among the studies. In our study root biomass
was determined based on the data from 181 trees. Meanwhile, Repola (2008) used 39, Petersson
and Stahl (2006) — 13 and Uri et al. (2007) — only 5 model trees. Johnsson (2007) analysed four
different spacings at two various soil types and each such combination was represented by ca.
80 trees. According to Snowdon et al. (2002) reliable allometric equations can be elaborated on
sample material consisting of more than 20 trees. Repola (2008) applied roots of minimum diam-
eter up to 10 mm, while Petersson and Stahl (2006) included stumps and roots to a diameter of
5 mm. Johnsson (2007) investigated roots with diameter >1 mm. Our equation utilizes also trees
that haven’t reached breast height. Coverage of the range of variables used in the determination of
biomass equations is crucial in terms of their comparison. As shown by Bijak and Zasada (2007),
who applied nine various functions from the literature for estimation of belowground biomass of
Scots pine stands, results can vary significantly regarding the formulae. Wang et al. (2002) found
large discrepancies between measured data and estimates based on the previously published equa-
tions. They suggest careful checks of the equations taken from the literature for their applicability
in local conditions. Similar recommendations were discussed by Mokany et al. (2006) regarding
the use of R/S ratio values.

Belowground parts of the investigated young birches were constituted mainly of lateral
and lateral-sinker roots and had rather a flat, spreading out character. This stays in accordance to
findings of Kostler et al. (1968) who stated that birch trees develop typically a heart root system.
Kalliokoski et al. (2008) observed similar pattern for birches in southern Finland, especially on
poorer soils, and suggested that soil conditions are crucial factor affecting roots architecture. On
the contrary, our results are opposite to the findings from young birch stands in Sweden (Johans-
son 2007) and Estonia (Uri et al. 2007; Varik et al. 2013). Diverse soil conditions might have
significantly influenced the opposite type of the root systems development. The biomass of ana-
lysed coarse roots however, was similar to reported by other authors for birches of the same age
(Johansson 2007; Uri et al. 2007; Varik et al. 2013). It also turned out to be highly dependent on
the size and age of trees. This finding is consistent with previous reports for silver birch (Johansson
2007; Uri et al. 2007) and various other species. Such patterns were observed for example with
Scots pine (Makkonen and Helmisaari 1999; Bijak and Zasada 2007; Jagodzinski and Katlucka
2010), Norway spruce (Mund et al. 2002; Vesterdal et al. 2007; Berja et al. 2008), beech (Huet et
al. 2004; Claus and George 2005; Genet et al. 2010) and oak (Claus and George 2005; Vesterdal
et al. 2007; Genet et al. 2010).

Biomass allocation within a tree changes over time. Increasingly larger amount of biomass
and carbon are allocated in the stems as trees get older (Mund et al. 2002; Law et al. 2003; Peichl
and Arain 2006). We also found evidence of a tendency for a decrease in the share of root biomass
in relation to the aboveground biomass of the analysed birches with the increasing age and size of
a tree. Seedlings store relatively more biomass and carbon in roots than trees in the poles and old
growth stand development stages do. This is because at the first stage of development it is more
crucial for the plant to produce a sufficiently spread out root system than to invest in stem growth.
It gives a greater possibility for the effective uptake of nutrients by fine roots. Competition among
specimens in young stands characterised with high stocking is great and one can observe specific
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‘investment’ in belowground biomass that provides plants with water and nutrients (Casper and
Jansen 1997; Jagodzinski and Oleksyn 2009). Variability of R/S values is also an effect of root
system architecture as well as dimensions of aboveground part of a tree. Other features that influ-
ence biomass of the roots include environmental conditions such as soil texture, soil fertility and
site properties as well as climate (Jackson et al. 1996; Cairns et al. 1997; Snowdon et al. 2000;
Brown 2002; Mokany et al. 2006; Tyrrell et al. 2012).

Mokany et al. (2006) found that the use of R/S ratios instead of allometric equations based
on aboveground biomass was, in general, a more accurate method for predicting root biomass.
For calculating the belowground biomass IPCC (2006) recommends the application of a single
R/S value dependent only on tree type (coniferous or deciduous) and vegetation zone. Mokany
et al. (2006) suggest a more diversified protocol, in which this factor is based on vegetation type
and the amount of aboveground biomass. Although dimensions and volume (thus biomass) of
aboveground parts of trees is directly related to their age, it is advisable, as the presented study
shows, to include the age of a specimen into the determination of belowground biomass as well,
especially when the investigation deals with very young trees. Straightforward implementation of
IPCC recommendations may lead to biased estimation of the biomass.

5 Conclusions

The elaborated coarse root biomass equation for individual silver birch trees can be applicable to
young (up to 15 years of age) Betula spp. stands as it is based on variables commonly measured
in forest inventories and is formulated so that biomass estimation covers the widest possible range
of the dbh and height values. Although the equation was determined using data from subjectively
selected sample plots, they represent typical conditions for the majority of post-agricultural lands
in central Poland and hence its applicability should be considered.

Age and size of the trees are the most important factors that influence the amount of below-
ground biomass and its allocation to coarse roots in cases of the analysed birches. This observation
is consistent with current knowledge about the distribution of biomass in forest tree species. High
dependency of the observed R/S ratio values on the tree’s age however, suggest that this feature
should be included in determination of belowground biomass, especially where very young speci-
mens are concerned.
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