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Abstract — The increasing demand for forest products, diminishing forest land areas, and general
concern about the long-term effects of deforestation have increased the need for multipurpose tree
species with rapid growth rates. Consequently, information on renewable energy resources is
becoming increasingly crucial, and forest biomass determination is becoming a significant part of
forestry. Black locust (Robinia pseudoacacia L.) is a fast growing, nitrogen fixing, stress tolerant
species with durable and high quality wood that can be used for many purposes including wall
panelling; vine props; furniture; pulp and paper; animal feed stock; bee forage; and biomass energy.
This article presents the above-ground biomass of black locust, both for individual trees and for
stands. Information concerning wet and absolute dry wood for stem, merchantable (d,s > 5 cm) and
small (d 13 <5 cm) wood, and for other tree parts (foliage, bark) for individual trees and for black
locust stands are detailed in dendromass tables by six yield classes.

black locust / Robinia pseudoacacia L. / forest biomass / dendromass

Kivonat — Akac (Robinia pseudoacacia) fak és faallomanyok fold feletti biomasszaja. Az erdészeti
termékek iranti n6vekvo kereslet, a csokkend erdéteriiletek és az erddirtas hossz( tdva hatdsai miatti
altalanos aggodalom megndvelte a gyors novekedésli, tobbcélu fafajok iranti igényt. Tehat a
megujithato erdei energiaforrasokra vonatkozo informaciok egyre fontosabbak, ennélfogva az erdei
biomassza meghatarozasa fontos részévé valik az erd6gazdalkodasnak. Az akac (Robinia
pseudoacacia L.) egy gyorsan novo, nitrogénmegkdtd, stressztiird faj, mely szamos célra alkalmas
(lambéria, szdlokaro, butor, celluldoz €s papir, allati takarmany, méhlegelé és biomassza energia),
tartos €s jo mindségl faanyaggal rendelkezik. Jelen tanulmany az akac faegyedek és allomanyok fold
feletti biomasszajat mutatja be. Nedves és abszolut szaraz torzsre, vastag (di3 > 5 cm) és vékony fara
(di3 <5 cm) és a fak egyéb részeire (levél, kéreg) vonatkozoan, az egyes fak, illetve allomanyok
adatait szemlélteti dendromassza tablazatokban, hat fatermési osztalyba sorolva.

fehér akac / Robinia pseudoacacia L. / erdei biomassza / dendromassza
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1 INTRODUCTION

Between 1610 and 1620, black locust (Robinia pseudoacacia L.) became the first forest tree
species imported to Europe (France) from North America (Bartha 2016). Since then, the
species has experienced periodic vicissitudes in terms of interest and enthusiasm for its
cultivation and utilization. Over the last twenty years, interest in the species has grown in an
increasing number of countries. The reasons for this are as follows: (1) the energy crisis has
stimulated research into fast growing, nitrogen-fixing trees such as black locust and has
introduced new growing techniques (Short Rotation Forestry) for them; (2) countries such as
Hungary, Romania, France, Slovakia, Bulgaria, Korea, and China are vigorously developing
the species; (3) from both practical and biological research standpoints, the species has many
desirable characteristics (durable wood, easy regeneration); (4) the species is resilient to
climate change and air pollution.

Forest biomass (dendromass) is fundamentally different from other forms of biomass
such as agricultural biomass. In this paper, we employ the following definitions: Dendromass:
the total organic production of the trees in forest stands including foliage and volume of
stumps and roots (above-ground dendromass lacks the latter components). Forest growing
stock, which is the above-ground total volume without leaves in broadleaved stands and with
needles in coniferous stands, provides an overwhelming portion of biomass. We use above-
ground volume and biomass in this study.

This study aims to provide data on the above-ground biomass of black locust trees and
stands.

2 MATERIALS AND METHODS

To investigate the structural distribution of the above-ground biomass of black locust in
Hungary, we took detailed measurements of 65 trees of different origins, ages, and diameters
ranging from 7 cm to 35 cm, with the average diameter being 18.6 cm. We separated the trees
into height and growing space classes. Detailed measurements were taken for data on stem
volume, merchantable wood and small wood volume, and other tree parts. Using these data,
different biomass components can be accurately determined. The data is summarised in a
table containing the following entries:

tree number,

height class,

growing space class,

breast height diameter (cm),

tree height (m),

crown proportion (%),

merchantable volume (diameter > 5 cm) (volume over and under bark) (m°),

stem volume (m®),

small (unmerchantable) wood volume (diameter < 5 cm) (m3),

10. above-ground total volume (7+9) (volume over and under bark) (m®),

11. bark volume (m3),

12. raw foliage volume (m?),

13. green mass of merchantable wood (kg),

14. green mass of unmerchantable wood (kg),

15. green mass of above ground total volume (kg),

16. green mass of the raw foliage (kg),

17. mass of bark (kg),

wCoNoOR~wWNE
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18. bulk density of the merchantable volume under bark (kg/m?),
19. bulk density of unmerchantable volume over bark (kg/m)
20. bulk density of raw foliage without bark (kg/m°)

We used stem analysis in 2m sections to determine merchantable volume. We
determined small wood volume by water displacement, and green foliage and mass data with
weight measurement. In addition to our data, we utilized the data and research results of
Fekete (1937) and Sopp (1974) to determine bark proportion. The green bulk density (green
mass divided by volume) of the black locust trees we investigated was

merchantable volume:  pwetmercn = 971 kg/m®,

small wood volume: Pwetnmerch = 913 kg/m®,

Absolute dry bulk density based on laboratory measurements:
merchantable volume:  paymerch = 727 kg/m®,
unmerchantable volume:  paryunmerch = 700 kg/m®,

3 RESULTS

There are several approaches to determine foliage biomass. One approach determines the
entire crown biomass including branches. Another method determines the biomass of foliage
and branch components separately. Using these data, we can develop relationships to estimate
raw foliage mass in terms of various tree parameters (breast height diameter, tree height etc.).
In this study, we treated foliage as a separate biomass component, and ascertained its mass as
a function of breast height diameter. We used the mass data of foliage specified in the
materials and methods section. The following linear regression was fitted to the data:

Muetfoliage = —2.25130 + 0.68785 x dy 3,

where:
Muetfoliage = green foliage biomass,
r? = 0.811. In addition to green foliage mass, we calculated the absolute dry mass of

foliage.

Green volume, green mass and absolute dry mass of foliage are shown as a function of
breast height diameter in Table 1. In addition to breast height diameter, foliage weight is also
influenced by other factors (crown closure, height class of the tree, genetic factors, etc.).
Previous studies also found breast height diameter as the most reliable estimator of foliage
mass. In addition to our data, we also used those of Sopp (1974) to estimate bark volume.
We prepared a mass table for black locust (Table 2) providing the mass in green and
absolute dry state of single trees by merchantable and small wood, the foliage mass and total
mass in green and absolute dry state. The table is based on the following equations (equation
form and independent variables are based on Forress (1969)):
Merchantable volume Vimerch = 0.09236 — 0.00076871 x d;3 + 0.0027454x h +
+0.00037522 x di3° + 0.000024513 x h x d;3° —
—0.020365 x In(h x dy5?)

Total volume Viotal = 0.066731 + 0.0016704 x d;3 + 0.001685897 x h +
+ 0.00038029 x dy3°+ 0.000024291 x h x dy3* —
—0.016587 x In(h x dy5?)

Unmerchantable volume  Viypmerch = Viot — Vimerch

Wet merchantable mass Myetmerch = Vmerch X Pwetmerch

Wet unmerchantable mass Mwetwunmrch = Vunmerch X Pwetunmerch
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Wet total mass Muettotal = Mwetunmrch T Mwetmerch
Dry merchantable mass Mgrymerch = Vimerch X Pdrymerch
Dry unmerchantable mass mdryunmrch = Vunmerch X Pdryunmerch

Dry total mass mdrytotal = mdryunmrch + Irndrymerch

Wet foliage mass Muetfoliage = —2.25130 + 0.68785 x dy 3
Dry foliage mass Maryfoliage = Muwetfoliage X 0.52874

Wet total mass Mwettotal = Mwettotal + Muwetfoliage

Dry total mass Mdrytotal = Marytotal T Maryfoliage

Table 1. Black locust single tree foliage volume and mass as a function of breast height
diameter (DBH)

Raw green Mass of foliage Raw green Mass of foliage
DBH volume of DBH volume of
foliage =~ Rawgreen Absol. dry foliage ~ Rawgreen  Absol. dry
(cm) (M) (t) cm)  (m) (t)

4 0.0006 0.0005 0.0001 23 0.0192 0.0136 0.0035
5 0.0016 0.0012 0.0003 24 0.0261 0.0142 0.0037
6 0.0026 0.0019 0.0005 25 0.0211 0.0149 0.0039
7 0.0036 0.0026 0.0007 26 0.0221 0.0156 0.0040
8 0.0045 0.0032 0.0008 27 0.0231 0.0163 0.0042
9 0.0055 0.0039 0.0010 28 0.0241 0.0170 0.0044
10 0.0065 0.0046 0.0012 29 0.0251 0.0177 0.0046
11 0.0075 0.0053 0.0014 30 0.0261 0.0184 0.0048
12 0.0085 0.0060 0.0016 31 0.0270 0.0191 0.0050
13 0.0095 0.0067 0.0017 32 0.0279 0.0197 0.0051
14 0.0105 0.0074 0.0019 33 0.0289 0.0204 0.0053
15 0.0114 0.0081 0.0021 34 0.0299 0.0211 0.0055
16 0.0123 0.0087 0.0023 35 0.0309 0.0218 0.0057
17 0.0133 0.0094 0.0025 36 0.0319 0.0225 0.0058
18 0.0143 0.0101 0.0026 37 0.0329 0.0232 0.0060
19 0.0153 0.0108 0.0028 38 0.0339 0.0239 0.0062
20 0.0163 0.0115 0.0030 39 0.0348 0.0246 0.0064
21 0.0173 0.0122 0.0032 40 0.0358 0.0252 0.0065
22 0.0183 0.0129 0.0033

Using single tree dendromass data, we analysed the above-ground dendromass of black
locust stands by using the mass table for the average tree for each entry in the yield table. As
a basis, we used the Hungarian black locust yield table by Rédei (1984).

In Table 3, we present the volume of black locust by small wood volume and
merchantable volume; foliage green volume; absolute dry above-ground mass of small wood
volume, merchantable and total volume; mass of foliage; and total dendromass for the first
three yield classes of the yield table. The ratio of small wood volume and merchantable
volume was based on Burjan (1976). The figures presented are for the total stand. The values
in the table are good estimates of the composition and mass of the above-ground dendromass
of black locust stands.
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4 DISCUSSION AND CONCLUSIONS

In many countries and regions there is an increasing need to express the productivity of
forests in terms of weight, particularly in plantation forests that are managed for the
production of industrial timber. A similar situation arises when trees are planted or natural
forests are managed to produce wood energy, since mass rather than volume is a measure to
quantify the production of wood for energy.

Biomass data is also important in carbon sequestration and balance studies because biomass
tables provide additional data and information that conventional timber volume tables lack.

According to our yield table (Rédei 1984), the total stand volume varies between 80 and
280 m*/ha in function of yield classes at the age of 30 years, which is the average rotation age
for black locust stands in Hungary.

Yield Class I-11 black locust stands are treated with a rotation of 35-40 years, and a mean
annual increment of total production of 12—14 m*/ha/yr. can be expected. Yield Class I11-1V
stands have a rotation of 30 years with an MAI of 8-9 m*/ha/yr. Finally, the poorest stands
(Yield Class V-VI) have a rotation of 2025 years and an MAI of 4-6 m*/ha/yr. The growing
stock, increment, and health of first generation coppice stands are similar to those in high
forests.

A large proportion of high quality saw logs is the aim of final felling in yield class I and
Il stands. In yield classes Ill and 1V stands, the production of some saw logs with a high
proportion of poles and props is the goal. Yield class V-VI stands are expected mainly to
yield poles, props, other industrial wood products of smaller dimensions, and fuelwood.
Primarily these forests serve a protective function.

Single black locust tree raw green volume of foliage (m®) ranging from 0.0006 m® to
0.0358 m° related to the breast height diameter (ranging from 4 to 40 cm) can be seen in Table 1.
Mass of foliage (raw green) values range from 0.0005 t to 0.0252 t, and the absolute dry mass
of foliage values range from 0.0001 t to 0.0065 t.

Weight and volume tables regarding single black locust trees and black locust stands
presented in this study are unique and, therefore, fill a knowledge gap that currently exists in
the international literature.

Table 4. Volume and dendromass data for black locust stands at the age of 30

Number Total stand
Site class Height Diameter of stems Absolute Green
dry mass mass
(m) (cm) m? (t) % (t) %
| 24.4 24.9 505 304 194.8 100 264.4 100

I 21.8 22.3 574 252 158.5 81.37 216.0 81.69
Il 19.2 19.7 663 204 148.8 76.39 203.1 76.82

Vv 16.7 17 781 162 111.9 57.44 153.6 58.09
\Y 141 14.4 946 124 85.0 43.63 117.7 44.52
VI 11.5 11.8 1191 90 70.4 36.14 98.2 37.14
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