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Abstract: some important for fuel production feedstock properties of stem wood of 
juvenile black locust trees and clones, hybrid black poplars and Paulownia clones were ana-
lyzed. a tendency to bulk density increase with age was manifested and for the studied poplar 
clones this parameter reached values of 300-400 kg/m3. the bulk density of black locust was 
around 450-650 kg/m3 and the highest across all ages and species. the poplar wood showed 
the highest calorific value, but the contents of cellulose, lignin and ash were in most favour-
able proportion in the stem of Paulownia trees. 
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INTRODUCTION

interest in chemical composition of biomass feedstock has been 
increasing as specific crops are grown for energy purposes in many countries. 
While in past years biomass was mainly considered a means to produce 
heat and/or electricity, recently, due to new available technologies as well 
as the increasing cost of oil, many traditional energy crops are also seen 
as a way of producing liquid biofuels (e.g. bioethanol) (guidi et al., 2009). 
the biomass is found to be a suitable energy source that can be converted 
into higher energy content fuels through direct combustion, thermochemical 
conversion, or biochemical conversion processes.

Bioenergy from plants would make a substantial contribution to alleviation 
of global problems in climate change and energy security if high yields can be 
sustained (Fang et al., 2012). the biomass fuels, in their diverse forms, have 
been recognized as useful and cost effective alternative sources of energy, which 
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are advantageous to the fossil fuel due to various environmental concerns. 
they contribute less to carbon dioxide levels of atmosphere than other fuels, 
because plants release it through respiration and when their biomass is burnt, 
but while growing, plants absorb carbon dioxide during photosynthesis, which 
prevents aggravation in global warming. Particular material properties become 
important during subsequent processing, according to the energy conversion 
process selected. the main feedstock properties of interest are: moisture 
content (intrinsic and extrinsic), calorific value, proportions of fixed carbon 
and volatiles, ash content, alkali metal content, and the ratio cellulose:lignin. 
numerous studies on short-rotation forestry crops have showed that the 
physical and chemical feedstock traits of biomass depend on the species, 
clone, age and tissue type. other investigations reported that the chemical 
composition of wood changes according to the nitrogen supply and between 
different locations (Kaakinen et al., 2007; Pitre et al., 2007).

the aim of this study is to analyze some important for fuel production 
feedstock properties of juvenile black locust trees, hybrid black poplar and 
Paulownia clones. the investigated traits included bulk density, calorific value and 
cellulose, lignin, ash, carbon, hydrogen and nitrogen content in the stem wood 
of the surveyed plants. the effect of age, breast height tree diameter and tree 
height as covariates of the genetic factor - species or clone - was also analyzed.

MATERIALS AND METHODS

collection of poplar and black locust data and samples took place in 1- 
to 5-year-old plantations for timber production, established through planting 
of one-year-old ramets (for poplars) or one-year-old seedlings (for black 
locust), i.e. the total plant age ranged from 2 to 6 years. Fifteen permanent 
sample plots were installed in hybrid black poplar (Populus deltoides×P. 
nigra) plantations along the banks of rivers danube (northern Bulgaria) and 
maritsa and its tributaries (south-eastern Bulgaria). Four permanent sample 
plots were set in black locust plantations along the banks of river maritsa 
and three plots, each comprising an open-pollinated progeny of a selected 
black locust clone, were established in a 5-year-old experimental plantation 
in northern Bulgaria. two to six trees were sampled in the vicinity of each 
plot considering the pooled diameter distribution determined from the plot. 
Paulownia data originated from an experimental plantation established on 
nursery land using one-year-old in vitro propagated plant material (gyuleva, 
2010). the plantation is situated in south-eastern Bulgaria and was created 
in 2010 in randomized complete block design with three replications, using 
square 4 ´ 4 m spacing (gyuleva et al., 2012a; gyuleva et al., 2012b). the 
entire plantation was coppiced in march 2012 and trees from 3 out of the 
10 represented in the experiment Paulownia clones (2 trees per clone) were 
sampled in 2013 (table 1).
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Table 1. data set of juvenile broadleaves, used for evaluation of bulk density (kg/m3)

Species/clone
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Populus eur. ‘agathe’ 2 Parvomay 3 267.35 101.96 170.75 373.93

Populus eur. ‘agathe’ 4 svishtov 3 372.78 16.43 363.03 391.75

Populus eur. ‘I 214’ 5 Parvomay 4 298.26 28.38 265.71 334.64

Populus eur. ‘I 214’ 6 Parvomay 6 302.62 32.59 265.70 357.82

Populus eur. ‘I 214’ 2 Parvomay 2 238.95 9.05 232.55 245.35

Populus eur. ‘I 214’ 6 svilengrad 4 312.84 6.99 308.47 323.28

Populus eur. ‘I 214’ 5 svishtov 3 380.17 34.36 346.54 415.22

Populus eur. ‘I 214’ 2 svishtov 3 342.09 15.97 332.74 360.53

Populus eur. ‘I 214’ 6 svishtov 3 378.49 33.33 356.29 416.82

Populus eur. ‘I 214’ 4 svishtov 3 333.06 18.82 313.13 350.53

Populus eur. ‘I 45 51’ 5 Parvomay 3 371.28 41.43 328.92 411.72

Populus eur. ‘I 45 51’ 5 svishtov 3 384.65 34.74 363.74 424.76

Populus eur. ‘I 45 51’ 3 svishtov 3 339.33 10.96 326.79 347.03

Populus eur. ‘MC’ 3 svishtov 5 361.75 15.75 336.58 377.34

Populus eur. ‘NNDV’ 2 svishtov 3 374.68 12.65 360.70 385.34

Paulownia tomentosa 2 1 svilengrad 2 295.38 150.64 188.87 401.90

Paulownia elongata x 
fortunei “07_3” 1 svilengrad 2 231.90 40.92 202.96 260.83

Paulownia elongata x 
fortunei “07_21” 1 svilengrad 2 233.03 26.22 214.50 251.57

R. pseudoacacia  
‘Roszin Varga’ 5 svishtov 6 580.94 52.28 503.30 652.28

R. pseudoacacia  
‘Karaysen’ 5 svishtov 6 649.11 63.85 559.85 746.02

R. pseudoacacia  
‘Tsarevets’ 5 svishtov 4 655.57 50.11 584.08 699.65

Robinia pseudoacacia 6 haskovo 4 461.89 93.73 342.40 571.39

Robinia pseudoacacia 2 haskovo 4 445.79 37.96 403.26 493.58

Robinia pseudoacacia 3 haskovo 3 462.66 20.46 439.03 474.91

Robinia pseudoacacia 4 haskovo 5 524.29 125.42 306.55 626.43
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each sample tree was cut to the ground at 5 cm maximum stump height 
and its stem, branches and leaves were separated and weighted in situ with 
0.005 kg precision. stem length was measured with 1.0 cm precision and the 
trunk was divided into 2 m-long sections, starting from the base. the diameters 
at breast height (1.3 m from tree base, dBh), at the base of the uppermost 
stem section, and at the middle of the other sections were measured with 0.1 
cm precision. Five stem samples were assembled for each poplar and black 
locust tree from discs extracted on three places along the trunk: from middle 
stem, at 1 m distance from the top, and tree base. one stem sample per 
Paulownia sapling was collected. Fresh weight of the samples was measured in 
the field; they were packed in paper bags and transported to the laboratory. 
the samples were oven-dried at 105°c to constant weight, which was measured 
with 0.001 kg precision. Proportion of dry sample mass relative to its fresh 
weight was used to extrapolate dry biomass of entire stems. stem volumes were 
calculated according to huber’s formula, using stem length, diameters at the 
middle of the 2 m sections and at the base of the uppermost stem section. Bulk 
density of each tree was estimated as the dry stem biomass to stem volume 
ratio. eighty nine trees provided data for analysis of bulk density (table 1) 
and 21 from them were selected for analysis of other feedstock properties: 
cellulose, lignin and ash content (%), wood calorific value (KJ/kg), content 
of c, h and n (%) (table 2). these samples were ground and fractionated, 
and the fraction of particle size 0.6-1 mm was used in the analyses following 
the established standards: taPPi t-17m-55 for cellulose content, Bulgarian 
state standard (Bss) iso 2144:1999 and Bss iso 1762:2003 for ash content 
and taPPi t-13m-54 for lignin content. the content of c, h, n (%) was 
determined using euroVector euro ea 3000 elemental analyzer. calorimeter 
with electrical ignition Kl-3 type and standard calorimetric bomb was utilized 
to measure the wood calorific value according to taPPi standard t684 om-11.

Variation of the principal feedstock properties among the studied 
broadleaved species was analyzed by mann-Whitney-Wilcoxon and Kruskal-
Wallis non-parametric statistical tests. Where the sample was sufficiently 
large (i.e. for bulk density), the comparison was preceded by analysis of 
covariance (ancoVa) to investigate the effect of age, breast height tree 
diameter and tree height as covariates of the genetic factor - species or clone. 
if significant, the covariate was used to distinguish groups of genotypes and 
the comparison was carried out within these groups.

RESULTS AND DISCUSSION

Bulk density
Bulk density is an important characteristic of biomass that influences 

directly the quality of fuel, delivery costs and storage area (miao et al., 
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Table 2. data set of juvenile broadleaves, used for evaluation of wood composition  
and calorific value

species/clone
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Robinia pseudoacacia 6 haskovo 3

c
el
lu
lo

se
, %

44.65 1.01 43.89 45.79
Robinia pseudoacacia 2 haskovo 2 47.44 2.30 45.81 49.06
Robinia pseudoacacia 3 haskovo 2 48.40 0.65 47.94 48.86
Robinia pseudoacacia 4 haskovo 2 47.81 0.19 47.67 47.94
Populus eur. ‘I 214’ 6 Parvomay 3 47.27 0.99 46.28 48.25
Populus eur. ‘I 45 51’ 5 Parvomay 3 48.14 1.24 47.39 49.57
Paulownia tomentosa 2 1 svilengrad 2 42.39 0.50 42.03 42.74
Paulownia elongata x 
fortunei “07_3” 1 svilengrad 2 42.59 2.04 41.14 44.03

Paulownia elongata x 
fortunei “07_21” 1 svilengrad 2 42.65 0.23 42.49 42.81

Robinia pseudoacacia 6 haskovo 3

li
gn

in
, %

27.44 0.98 26.79 28.57
Robinia pseudoacacia 2 haskovo 2 22.64 1.72 21.42 23.85
Robinia pseudoacacia 3 haskovo 2 23.64 0.41 23.35 23.93
Robinia pseudoacacia 4 haskovo 2 22.19 1.38 21.21 23.16
Populus eur. ‘I 214’ 6 Parvomay 3 25.39 1.53 24.02 27.04
Populus eur. ‘I 45 51’ 5 Parvomay 3 24.44 1.08 23.23 25.31
Paulownia tomentosa 2 1 svilengrad 2 26.56 2.06 25.10 28.01
Paulownia elongata x 
fortunei “07_3” 1 svilengrad 2 24.27 3.39 21.87 26.66

Paulownia elongata x 
fortunei “07_21” 1 svilengrad 2 26.16 2.69 24.26 28.06

Robinia pseudoacacia 6 haskovo 3

a
sh

, %

2.47 0.29 2.30 2.81
Robinia pseudoacacia 2 haskovo 2 1.87 0.28 1.67 2.07
Robinia pseudoacacia 3 haskovo 2 1.92 0.05 1.88 1.95
Robinia pseudoacacia 4 haskovo 2 2.17 0.25 1.99 2.35
Populus eur. ‘I 214’ 6 Parvomay 3 1.29 0.08 1.20 1.34
Populus eur. ‘I 45 51’ 5 Parvomay 3 1.66 0.25 1.45 1.94
Paulownia tomentosa 2 1 svilengrad 2 1.16 0.07 1.11 1.21
Paulownia elongata x 
fortunei “07_3” 1 svilengrad 2 1.13 0.14 1.03 1.23

Paulownia elongata x 
fortunei “07_21” 1 svilengrad 2 1.37 0.09 1.30 1.43
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Robinia pseudoacacia 6 haskovo 3

c
al
or

ifi
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va
lu
e,
 K

J/
kg

19120 846 18300 19990
Robinia pseudoacacia 2 haskovo 2 19105 502 18750 19460
Robinia pseudoacacia 3 haskovo 2 18320 594 17900 18740
Robinia pseudoacacia 4 haskovo 2 18630 820 18050 19210
Populus eur. ‘I 214’ 6 Parvomay 3 19907 172 19770 20100
Populus eur. ‘I 45 51’ 5 Parvomay 3 19707 175 19560 19900
Paulownia tomentosa 2 1 svilengrad 2 19165 375 18900 19430
Paulownia elongata x  
fortunei “07_3” 1 svilengrad 2 18435 658 17970 18900

Paulownia elongata x  
fortunei “07_21” 1 svilengrad 2 18385 545 18000 18770

Robinia pseudoacacia 6 haskovo 3

c
, %

45.28 1.75 43.26 46.29
Robinia pseudoacacia 2 haskovo 2 43.44 5.45 39.58 47.29
Robinia pseudoacacia 3 haskovo 2 44.53 1.03 43.80 45.25
Robinia pseudoacacia 4 haskovo 2 45.56 0.88 44.93 46.18
Populus eur. ‘I 214’ 6 Parvomay 3 41.22 1.50 39.52 42.38
Populus eur. ‘I 45 51’ 5 Parvomay 3 41.84 0.35 41.56 42.23
Paulownia tomentosa 2 1 svilengrad 2 39.55 3.54 37.05 42.05
Paulownia elongata x  
fortunei “07_3” 1 svilengrad 2 44.28 1.04 43.54 45.01

Paulownia elongata x  
fortunei “07_21” 1 svilengrad 2 41.63 7.30 36.47 46.79

Robinia pseudoacacia 6 haskovo 3

h
, %

5.50 0.74 4.74 6.22
Robinia pseudoacacia 2 haskovo 2 5.61 1.27 4.71 6.50
Robinia pseudoacacia 3 haskovo 2 6.44 0.08 6.38 6.50
Robinia pseudoacacia 4 haskovo 2 4.15 0.77 3.60 4.69
Populus eur. ‘I 214’ 6 Parvomay 3 12.67 1.32 11.22 13.80
Populus eur. ‘I 45 51’ 5 Parvomay 3 6.65 2.14 4.22 8.24
Paulownia tomentosa 2 1 svilengrad 2 2.35 0.50 1.99 2.70
Paulownia elongata x fortu-
nei “07_3” 1 svilengrad 2 2.08 0.96 1.40 2.76

Paulownia elongata x fortu-
nei “07_21” 1 svilengrad 2 2.12 0.42 1.82 2.41

Table 2. continued
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2012). the species having higher density are preferred as fuelwood because 
of the high-energy content per unit volume and the slow-burning property 
(abbot et al., 1997).

of the three analyzed covariates (tree age, dBh and tree height) only 
age showed significant influence on stem bulk density. in an investigation 
on the feedstock properties of a Eucalyptus hybrid, Acacia auriculaeformis 
and Casuarina equisetifolia, кumar et al. (2012) also found variation in 
the bulk density values according to age and among the compared tree 
species. results, revealing age-related variation in bulk density, are reported 
by githiomi et al. (2011) for Eucaliptus grandis as well. the observed in our 
study age tendencies (Fig. 1a, 2) derive that euroamerican hybrid poplars 
and black locust have more favourable as a feedstock property (i.e. higher) 
bulk density above 3 years of age (table 3). under this perspective, the 
choice of longer harvesting cycles can be recommended, since they would 
likely result in larger total amount of biomass yield of higher bulk density.

the estimated bulk density of black locust was around 450-650 kg/m3 
and was significantly higher than that of the hybrid black poplars across all 
ages (table 3). For the poplar hybrids of our study this parameter was around 
300-400 kg/m3 and an investigation on the wood bulk density of white poplar 
in Bulgaria showed that it exceeds that of euroamerican hybrid poplars by 15-
30% (Kolarov, 1977). higher variability in bulk density among the black poplar 
clones was observed at early plant age (table 3), which is in agreement with 
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Robinia pseudoacacia 2 haskovo 2

n
, %

0.76 0.15 0.59 0.85

Robinia pseudoacacia 3 haskovo 2 0.86 0.37 0.60 1.12

Robinia pseudoacacia 4 haskovo 2 1.27 1.13 0.47 2.07

Populus eur. ‘I 214’ 6 Parvomay 3 0.70 0.04 0.67 0.72

Populus eur. ‘I 45 51’ 5 Parvomay 3 0.72 0.04 0.68 0.75

Paulownia tomentosa 2 1 svilengrad 2 0.70 0.09 0.62 0.79
Paulownia elongata x 
fortunei “07_3” 1 svilengrad 2 0.34 0.05 0.30 0.37

Paulownia elongata x 
fortunei “07_21” 1 svilengrad 2 0.36 0.05 0.32 0.39

Table 2. continued
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the study by shengzuo et al. (2012) where statistically significant differences 
in nursery stage were established. the selected plant material of Robinia 
pseudocacia grown near danube showed substantially higher bulk density than 
the other plant material from the same species (Fig. 2). We can deduce that 
the manifested superiority is due to the genetically improved plant material 
grown near danube, rather than to site differences, if we consider that the 
relationship between biomass (numerator in the estimation of bulk density) 
and volume (denominator in the estimation of bulk density) is isometric, 
i.e. biomass ~volume1.0 (White, 1981). the saplings of Paulownia tomentosa 
showed higher bulk density than those of both Paulownia elongata x fortunei 

Fig. 1. Bulk density of hybrid poplar clones. a. By age; B. By clone.
*standard error is indicated with bars
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hybrids. the ones obtained for the tested in Bulgaria Paulownia clones are 
comparable with the values published by madjid Kiaei (2013) for Paulownia 
tomentosa, P. fortunei and P.elongata, but Paulownia here underperformed the 
other two investigated species on this trait (table 3). 

Calorific value
the quality of fuel is known by the amount of heat generated from 

a unit mass of fuel (mJ/kg). the calorific value is the most important 
parameter for deciding and comparing the effectiveness of any fuel (Kataki, 
Konwrer, 2001; senelwa, sims, 1999). For wood it is largely dependent 
on major biochemical components, i.e. cellulose, hemi-cellulose, lignin, 
extractives and other ash forming minerals. since their proportion varies 
with age and tree species, it is important to evaluate the difference in fuel 
properties at different ages, when grown under short rotation plantation.

sannigrahi, ragauskas (2010) found that the average calorific value of 
hybrid poplar species is around 19.38 mJ/kg (KJ/g). the results of shengzuo 
et al. (2012) showed that for one-year-old stems of the investigated poplar 
clones it ranged from 18.51 to 19.11 kJ/g. slightly higher estimates were 
obtained for the poplar clones of our study (i 45 51 and i 214), which 
revealed average calorific value of 19.81 kJ/g at 5-6 years of age (tables 2, 
4). the average ones determined for black locust and Paulownia trees, on 
the other hand, were 18.83 kJ/g and 18.66 KJ/g, respectively (table 4). in 
a study on the feedstock properties of trihybrid clone Paulownia fortunei x 
tomentosa x elongata lopez et al. (2012) found that its gross heating value 

Fig. 2. Bulk density of juvenile black locust
*standard error is indicated with bars
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Table 3. Bulk density comparison of juvenile broadleaves according to age

Age Species/Clone Number of 
trees Bulk density (kg/m3)*

1 year
Paulownia elongata x fortunei “07_3” 2 231.90
Paulownia elongata x fortunei “07_21” 2 233.03

Paulownia tomentosa 2 2 295.39

2 years

Populus eur. ‘Agathe’ 3 267.35 a
Populus eur. ‘I 214’ 5 300.84 a
Populus eur. ‘NNDV’ 3 374.68 aB
Robinia pseudoacacia 4 445.79 B

3 years
Populus eur. ‘I 45 51’ 3 339.33 a

Populus eur. ‘MC’ 5 361.75 a
Robinia pseudoacacia 3 462.66 B

4 years
Populus eur. ‘Agathe’ 3 372.78
Populus eur. ‘I 214’ 3 333.06

Robinia pseudoacacia 5 524.29

5 years

Populus eur. ‘I 214’ 7 333.37 a
Populus eur. ‘I 45 51’ 6 377.97 a

R. pseudoacacia ‘Roszin Varga’ 6 580.94 B
R. pseudoacacia ‘Karaisen’ 6 649.11 B
R. pseudoacacia ‘Tsarevets’ 4 655.57 B

6 years
Populus eur. ‘I 214’ 13 323.27 a

Robinia pseudoacacia 4 461.89 B
*different letters indicate statistically significant difference 

Table 4. Wood composition and calorific value compared for the studied species 

Variable
Species

Populus x euroamericana Paulownia sp Robinia pseudoacacia

cellulose, %
47.71 42.54 46.80
B A B

lignin, %
24.91 25.66 24.36

ash, %
1.47 1.22 2.15
A A B

calorific value, KJ/kg
19807 18662 18830
B A A

c, %
41.53 41.82 44.76
A AB B

h, %
4.40 5.27 6.02
A A B

n, %
0.71 0.36 0.88
B A B

*different letters indicate statistically significant difference 
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was 20.3 mJ/kg, which makes the wood of this hybrid suitable for use as 
solid biofuel.

in our investigation, the poplar wood showed the highest calorific 
value, but the contents of cellulose, lignin and ash were in most favourable 
proportion in the stem of Paulownia trees (table 4).

Cellulose, lignin and ash
cellulose and hemicelluloses with their higher level of oxidation have 

lower heat content values in comparison with lignin and extractives that 
increase the calorific values of the biomass (nordin, 1994). the ash is another 
important parameter, which directly affects the quality of fuel. Biomass 
having low ash content is considered better feedstock (Kenney et al., 1992).

in this sense, the black locust stems revealed the least appropriate as 
a fuel feedstock (table 4). additional correlation analyses showed significant 
decrease in the cellulose content and increase of ash and lignin with age for 
the black locust (spearmann correlation coefficient -0.75 for cellulose, 0.75 
for ash, and 0.59 for lignin). at the opposite, a decreasing with time and 
stem size ash content was distinguished for the investigated poplar clones 
(spearmann correlation coefficient -0.88 with age, -0.94 with diameter).

guidi et al. (2009) estimated chemical traits of short-rotation poplar 
coppice biomass under three different harvesting cycles. they found that the 
longer the rotation, the higher the biomass yield and cellulose content. the 
best proportion of cellulose (42.5%) and lignin (22%) of the studied poplars 
was found under 2-year rotation. slightly increased proportions were found 
for the poplar clones of our study, which showed 47.7% average value of 
cellulose and 24.9% of lignin at 5-6 years of age. the investigations on the 
chemical composition of hybrid black poplar clones in Bulgaria by Kolarov 
(1974) showed that the quantity of the cellulose increases with age and is 
4-10% higher at 6-10 years of age. the opposite tendency, in agreement 
with our findings, was distinguished for the ash content, which attained the 
highest values in 1-5-year-old poplar stems.

Carbon, Hydrogen and Nitrogen
during the combustion process, when the biomass is heated, the 

volatiles escape first and burn in gaseous state leaving behind the fixed 
carbon as char, which burns later in solid state. high fixed carbon content 
adds to high-energy value of plant material. higher proportion of oxygen and 
hydrogen in the biomass, on the other hand, reduces the energy value of the 
fuel since the major energetic bonds are the carbon-carbon bonds (gominho 
et al., 2012). the lower percentage of nitrogen in the species is important 
from environmental point of view (Kumar et al., 2011).

our study revealed that the contents of carbon (44.76%), hydrogen 
(6.02%) and nitrogen (0.88%) were the highest for R. pseudoacacia in 
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comparison with the other investigated species (table 4). however, the 
carbon content was lower than that determined by geyer, Walawender (1994) 
for energy plantations of 7-year-old black locust and smaller than the usual 
for the forest biomass amount (reed, das, 1988) and for Paulownia and 
poplar clones tested, too (meier, Vetter, 2004). these differences probably 
were due to the early age of the trees analyzed.

CONCLUSION

some important feedstock properties (bulk density, calorific value, 
cellulose, lignin, ash, carbon, hydrogen and nitrogen content) of black 
poplar hybrids wood, Paulownia clones and black locust trees were studied, 
exploring also the effect of age, dBh and tree height as covariates of the 
genetic factor species or clone. the results showed that only age (2-6 years) 
had significant influence on stem bulk density compared to the other tested 
covariates. the black poplar hybrids of our study (‘i-214’, ‘agathe’, ‘mc’, 
‘nndV’) revealed comparable bulk density, while the black locust had the 
highest bulk density of all species and clones across all ages. the poplar 
wood showed the highest calorific value, but the contents of cellulose, lignin 
and ash were in most favourable proportion in the stem of Paulownia trees. 
the results unambiguously confirmed that the wood of the studied species 
and clones at early growth stage can be considered a suitable energy source 
to be converted into higher energy content fuels using different approaches. 
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анаЛиЗ на няКОи ГОриВни КаЧеСТВа на ДърВеСнаТа 
СУрОВина ОТ БърЗОраСТящи ширОКОЛиСТни ВиДОВе 

За енерГийни КУЛТУри

Пр. Димитрова, В. Гюлева, Т. Станкова, М. Глушкова, 
Институт за гората – софия
Българска академия на науките

С. Ненкова, Ив. Вълчев, Т. Андрейкова, Ст. Петрин
Химико-технологичен и металургичен университет - софия

(реЗЮМе)

Целта на проучването е да анализира някои горивни качества 
на дървесната суровина от бяла акация, хибридни черни тополи 
и пауловния в ранна възраст. Изследваните параметри включват 
обемната плътност, калоричността и съдържанието на целулоза, 
лигнин, пепел, въглерод, водород и азот в стъблената дървесина на 
пробните дървета.

данните и пробите са събрани от 2-6-годишни дървета, растящи 
в тополови и акациеви култури по поречието на дунав, марица и 
техни притоци, и в експериментална култура от пауловния, създадена 
на разсадникова територия в Югоизточна България.

от трите анализирани коварианти (възраст, диаметър и 
височина на дървото) само възрастта показа статистически 
значимо влияние върху обемната плътност. наблюдава се тенденция 
на нарастване на обемната плътност с възрастта в изследвания 
времеви диапазон, която за изследваните тополови клонове достига 
стойности 300-400 kg/m3. тя обаче остава сравнително ниска в 
сравнение с обемната плътност, установена за бялата акация (400-
650 kg/m3).  тополовата дървесина показа най-висока калоричност, 
но съдържанието на целулоза, лигнин и пепелни вещества е в най-
благоприятни пропорции при пауловнията. съдържанието на въглерод 
(44.76%), водород (6.02%) и азот (0.88%) е най-високо при Robinia 
pseudoacacia l. в сравнение с другите проучвани видове.

Ключови думи: обемна плътност, състав на дървесината, калоричност, бяла 
акация, черни хибридни тополи, пауловния


