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INTRODUCTION

The concerns about the condition of natural 
environment have contributed to an increased 
interest in the renewable energy sources. The 
demand for alternative energy is an inevitable 
consequence of the economic development [Ka-
lembasa et al. 2003] and fossil fuels will even-
tually be replaced by renewable energy sources, 
out of which the raw materials produced in the 
agricultural sector have aroused the greatest ex-
pectations [Meller, Bilenda 2013]. An increase in 
the use of wood and wastes obtained from wood 
processing, originating from rural areas, is one of 
the ways to gradually increase the share of ener-
gy from renewable resources [Wrzosek, Gworek 
2010]. Wood ash is a waste product obtained 
from the combustion of wood [Kajda-Szcześniak 
2014, Regulation…2014]. In agriculture, plant 

ashes are frequently used as mineral fertilisers. 
The ashes which are regarded as the most valu-
able are those obtained from the combustion of 
deciduous tree wood. The fertilisation value of 
ash depends on the type of combusted material 
and the type of wood [Ciesielczuk et al. 2011]. 
The physical and chemical properties of ashes 
lead to the improvement of the structure of heavy 
soils and the fertiliser components contained in 
them are easily absorbed by plants [PN-EN 2004, 
Regulation…2004].

Ashes contain significant amounts of basic 
oxides [Symanowicz, Kalembasa 2004, 2005] 
which deacidify the soil [Arvidsson, Lundkvist 
2003, Ciesielczuk et al. 2011]. A study carried 
out by Meller, Bilenda [2012, 2013], Kowalczyk-
Juśko [2017] and Piekarczyk et al. [2017] indi-
cated an increase in alkalinity, and in the level of 
macro- and micronutrients in the soil, following 
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ABSTRACT
The aim of the study was to determine the agricultural usefulness of the ashes obtained following the combustion 
of wood of fourteen tree species (pear tree, apple tree, aspen, ash, alder, birch, poplar, hornbeam, pine, common 
walnut, oak, hazel, bird cherry and spruce) in home fireplaces. The following physical properties of the ashes were 
determined: colour, solubility, porosity, absorbability, compression strength, degree of fineness, moisture content 
and spreadability. In the ashes obtained from the combustion of wood in a fireplace furnace, the following param-
eters were determined: pH H2O, pHKCl (1 mole dm-3 KCl), pHCaCl2 (0.01 mole dm-3 CaCl2) and total alkalinity in terms 
of the suitability of ashes as a liming agent. The contents of Ctot. and Ntot. were determined with a CHNS/O elemen-
tal analyser by Perkin-Elmer and the contents of other elements (macronutrients and heavy metals) were specified 
using the method of atomic emission spectrometry with inductively coupled plasma ICP-AES. Wood ashes are a 
source of macronutrients for plants. Their contents can be presented in the following series of decreasing values: 
Ca > C > K > Mg > P > S > N. Out of 1 t of wood ash, approx. 160 kg C, 6 kg N, 20 kg P, 98 kg K, 302 kg Ca, 
39 kg Mg and 18 kg S can be introduced into the soil. The content of heavy metals in the analysed ashes was low, 
and exceeded the acceptable standards for their content in waste materials intended for liming soils. The analysed 
ashes exhibit good physical and chemical properties. They can be suitable for use in agriculture as a liming agent 
to be applied on medium and heavy soils.
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the application of ashes from biomass. Given the 
high contents of potassium, phosphorus and mi-
cronutrients, ash can also be used as a potassium-
phosphorus fertiliser [Kalembasa 2006, Kabata-
Pendias 2011]. Baran et al. [2015] indicated the 
possibility for using the ash from heat and power 
stations for composting sewage sludge and the 
obtained composts for soil reclamation. 

The issues concerning wood ashes are still 
valid, as rural inhabitants continue to use fire-
wood to a large extent. If we assume that 1.5 
million families combust wood, and that each of 
them can accumulate approx. 100 kg ash annu-
ally, the amount of this fertiliser will be 150 thou-
sand tonnes, containing 8.3 thousand tonnes K 
and 1,100 tonnes P [Statistical yearbook 2015]. 
The results of analyses pertaining to wood ashes 
indicate low levels of heavy metals (cadmium, 
lead, zinc, copper, chromium and nickel), which 
prevents the contamination of the soil and plants 
[Regulation…2002, 2008, 2010, 2013].

The aim of the study was to determine the 
agricultural usefulness of ashes obtained follow-
ing the combustion of wood of fourteen tree spe-
cies (pear tree, apple tree, aspen, ash, alder, birch, 
poplar, hornbeam, pine, common walnut, oak, 
hazel, bird cherry and spruce) in home fireplaces.

MATERIAL AND METHODS

In order to assess the fertiliser value of wood 
ashes, fourteen ashes obtained from the combus-
tion of wood in a fireplace furnace were analysed. 
The ashes obtained from the combustion of pear 
tree, apple tree, aspen, ash, alder, birch, poplar, 
hornbeam, pine, common walnut, oak, hazel, bird 
cherry and spruce were used. 

The following physical properties of the ash-
es were determined: colour, solubility, porosity, 
absorbability, compression strength, degree of 
fineness, moisture content and spreadability. 

In order to determine the amount of ash in 
particular types of wood, mineralisation was car-
ried out at 600° C for three hours in a muffle fur-
nace and then further combustion was carried out 
at the same temperature for another hour [Xiao et 
al. 2011]. In the ashes obtained from the combus-
tion of wood in a fireplace furnace, the follow-
ing were determined: pH H2O, pHKCl (1 mole dm-3 
KCl), pHCaCl2 (0.01 mole dm-3 CaCl2) and total 
alkalinity in terms of the suitability of ashes as a 
liming agent. The contents of Ctot. and Ntot. were 
determined with a CHNS/O elemental analyser by 
Perkin-Elmer and the contents of other elements 
(macronutrients and heavy metals) were specified 
using the method of atomic emission spectrom-
etry with inductively coupled plasma (ICP-AES). 
Different colours of the ashes obtained following 
the combustion are presented in Figure 1.

The data on the content of ashes, macronutrients 
and heavy metals were compared statistically using 
the Statistica software, Ver. 12, StatSoft 2017.

RESULTS AND DISCUSSION

The analysed ashes had different colours, 
from ashen to grey and light-brown. They were 
characterised by good solubility as well as high 
porosity and absorbability. The wood ashes ob-
tained from the combustion of wood in a home 
fireplace exhibited a complete lack of compres-
sion strength and dispersed in water. The degree 
of fineness of the ashes varied due to incomplete 
combustion of wood. Most ashes were character-

Figure 1. Wood ashes: a – alder, b – birch (photo: B. Symanowicz)

a) b)
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ised by a fine fraction with a granulometric com-
position of ordinary dust (ord. dst), and a very 
low moisture content. The above-mentioned fea-
tures indicate the possibility for the application of 
ash on soils in windless weather. 

Low ash content (0.31-1.53%), compared to 
ashes from brown coal [Xiao et al. 2011] and ash-
es from triticale straw [Ciesielczuk et al. 2011], 
indicates its usefulness in agriculture. 

The pH value of the ashes under analysis was 
defined as strongly alkaline, based on the pH de-
termined in distilled water, in mole.dm-3 KCl and 
in 0.01 mole.dm-3 CaCl2 (Table 1). As reported by 
Arvidsson, Lunkvist [2003], wood ash alkalises 
the soil and increases both the exchange capacity 
and the degree of saturation with alkaline cations. 
The determined pH value of the ashes was ap-
prox. 1.5 times higher than that of typical calcium 
and calcium-magnesium fertilisers and of the ash 
following the combustion of hard coal [Antonkie-
wicz 2014]. The total alkalinity of wood ashes 
ranged from 38.7 to 53.7% as a total of CaO and 
MgO. When deciding on the use of these ashes 
for soil deacidification, it should be borne in 
mind that calcium and magnesium are present in 
the oxide (fast-acting) form. They can be applied 
on medium and heavy soils. Given the rapid re-
action with the soil, small doses of approx. 1 t.

ha-1 should be applied during each treatment. The 
ashes obtained following the combustion of ash, 
poplar, hornbeam and common walnut do not 
meet the requirements (they contain below 54% 

CaO+MgO and cannot be used in agriculture). 
However, Kowalczyk-Juśko [2009], analysed 
the ash obtained from various energy plants and 
identified the total alkaline compounds (Fe2O3, 
CaO, MgO, Na2O, K2O, and P2O5). Wacławowicz 
[2011] studied the use of ashes from the combus-
tion of biomass (including oak wood) in agricul-
ture, and found a positive effect on the decrease 
in the amount of toxic exchangeable aluminium. 
The ash originating from furnaces with a granu-
lometric composition of ordinary dust, obtained 
from the combustion of hard coal and used in a 
study by Antonkiewicz and Wiśniowska-Kielian 
[2014], was characterised by worse parameters of 
chemical composition compared to wood ashes. 

The analysed ashes were characterised by a 
large amount of total carbon (Table 2), including 
carbon in organic compounds remaining after the 
incomplete combustion of wood. This can have 
a favourable effect on improving the physical 
properties of soil. Coal will also eliminate the 
negative effect of fast-acting ashes on changing 
the soil structure. The determined amounts of ni-
trogen in ashes were at a level similar to the val-
ues obtained in other studies, which also analysed 
willow chips [Kalembasa et al. 2003]. Significant 
levels of phosphorus, potassium, calcium, mag-
nesium and sulphur should be regarded as a po-
tential source of these ingredients for plants. Out 
of 1 t of wood ash, approx. 160 kg C, 6 kg N, 20 
kg P, 98 kg K, 302 kg Ca, 39 kg Mg and 18 kg 
S can be introduced into the soil. The ash used 

Table 1. Selected properties of wooden ashes
Specification (wood) Ash (%) pHH2O pHKCl pHCaCl2 General alkalinity (%)

Pear tree
Apple tree
Aspen 
Ash 
Alder 
Birch 
Poplaer
Hornbeam
Pine 
Common walnut 
Oak 
Hazel 
Bird cherry
Spruce 

0.40
0.46
0.33
0.34
0.39
0.41
0.62
0.47
0.38
0.36
0.31
0.42
0.51
1.53

13.1
13.4
13.1
13.5
13.6
13.0
13.5
13.7
13.0
9.6

13.5
13.4
13.7
13.0

12.7
12.9
12.7
13.1
13.3
12.6
13.1
13.4
12.6
9.1

13.4
13.0
13.2
12.5

12.3
12.5
12.3
12.7
12.9
12.0
12.5
13.0
12.1
8.6

12.6
12.5
12.7
12.0

47.5
48.1
51.0
41.6
53.7
45.7
38.9
42.5
49.2
38.7
49.6
50.6
47.8
46.3

Mean
Minimum
Maximum
SD 
CV (%) 

0.49
0.31
1.53
0.31
0.63

-
-
-
-
-

-
-
-
-
-

-
-
-
-
-

46.5
38.7
53.7
4.56
0.10
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in a study by Ciesielczuk et al. [2014], obtained 
from the combustion of oak wood, contained the 
amounts of Ca and Mg that were similar to the re-
sults obtained in the author’s own study. Accord-
ing to Kołodziej et al. [2016], the ash following 
the combustion of energy grass (reed canary grass) 
fertilised with sewage sludges, contained small 
amounts of calcium and magnesium (Ca-1.42 g.kg-

1, MgO-0.5 g.kg-1). Kalembasa [2006] analysed 
macronutrients and found the greatest amount of 
calcium was determined in the ash from Virginia 

fanpetals and Chinese silver grass (Miscanthus si-
nensis), and the highest amount of potassium was 
found in the ash from basket willow. 

The contents of heavy metals in wood ashes, 
determined and presented in Table 3, do not re-
strict the possibilities for their use in agriculture, 
in accordance with the PN-EN 12944-3 standard 
[2004]. Large amounts of zinc and manganese 
indicate the possibility for using the ashes in the 
cultivation of plants requiring fertilisation with 
these micronutrients.

Table 3. Contents of heavy metals in the wood ashes (mg.kg-1 D.M.)

Specification (wood) Cd Pb Zn Cu Mn Ni Cr
Pear tree
Apple tree
Aspen 
Ash 
Alder 
Birch 
Poplaer
Hornbeam
Pine 
Common walnut 
Oak 
Hazel 
Bird cherry
Spruce 

9.9
9.3
2.4

14.0
10.4
3.3

10.1
12.5
9.3
4.4

10.4
11.9
9.9
4.2

n.d.
1.5
n.d.
45.8
n.d.
n.d.
n.d.

113.3
n.d.
15.2
n.d.

131.0
n.d.
n.d.

608.0
353.0
614.4
698.1
206.2
252.6
878.6
1160.7
2220.4
118.9
592.2

1017.7
1920.3
2055.7

232.9
581.0
119.4
201.7
175.3
209.8
93.7

169.7
132.1
12.0

197.6
179.9
208.4
188.7

307.5
137.2

1049.7
1207.3
421.5
919.2
236.5
334.0
641.7
141.3
840.2
210.2

1012.2
945.7

15.3
3.8

26.2
29.2
83.2
91.3
13.4

132.4
82.2
6.4

32.8
86.0
5.8

74.4

14.4
10.2
18.2
32.6
26.3
48.6
12.3
36.9
33.6
11.2
27.3
13.0
59.5
56.8

Mean
Minimum
Maximum
SD 
CV (%) 

8.7
2.4

14.0
3.6
0.4

21.9
0.0

131.0
44.4
2.0

906.9
118.9

2220.4
696.9

0.8

193.0
12.0

581.0
125.7

0.6

600.3
137.2

1207.3
384.2

0.6

48.7
3.8

132.4
41.4
0.8

28.6
10.2
59.5
16.9
0.6

Table 2. Contents of macronutrients in the wood ashes (g.kg-1 D.M.)

Specification (wood) Ctot. Ntot. P K Ca Mg S
Pear tree
Apple tree
Aspen 
Ash 
Alder 
Birch 
Poplaer
Hornbeam
Pine 
Common walnut 
Oak 
Hazel 
Bird cherry
Spruce 

148.3
134.1
210.7
135.6
160.5
132.8
186.7
130.5
149.1
174.8
190.3
136.7
161.6
189.5

4.5
3.8
11.8
4.2
3.1
1.5
8.3
4.7
7.9
8.1
8.7
3.5
2.7
8.1

23.1
21.2
28.4
13.7
20.9
38.6
15.0
23.8
7.8
8.8

22.9
23.0
3.9

24.2

108.8
141.3
166.3
133.8
106.7
108.2
148.7
90.6
27.2
4.5

127.7
105.4

5.1
92.6

305.0
291.3
285.9
325.9
312.2
408.1
316.4
360.3
275.3
52.9

268.8
340.9
373.9
318.4

32.9
26.4
29.2
37.4
40.6
92.6
31.3
41.6
63.6
5.1

34.9
39.9
28.5
47.1

13.3
12.1
18.3
18.1
26.0
33.4
9.2

20.6
16.4
1.4

24.3
19.9
22.1
19.6

Mean
Minimum
Maximum
SD 
CV (%) 

160.1
130.5
210.7
26.3
0.16

5.8
1.5
11.8
3.0
0.5

19.7
3.9

38.6
9.1
0.5

97.6
4.5

166.3
51.2
0.5

302.5
52.9

408.1
81.7
0.3

39.4
5.1

92.6
20.0
0.5

18.2
1.4

33.4
7.7
0.4
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The ash obtained from the thermal conver-
sion of biomass (oak wood), used in a study by 
Ciesielczuk et al. [2014], was characterised by 
the levels of Zn, Cu, Ni and Cr that were similar 
to the results obtained in the author’s own study. 
On the other hand, the ash from the combustion 
of hard coal, used in a study by Antonkiewicz, 
Lošák [2007] contained smaller amounts of zinc, 
copper and cadmium as compared to the contents 
of these elements in wood ashes. The determined 
amounts of heavy metals in wood ashes were also 
greater than those determined in the ash obtained 
following the combustion of Polish waste brown 
coals [Symanowicz et al. 2013]. The contents 
of heavy metals in the ashes obtained from the 
combustion of wood were determined, to a large 
extent, by the origin of the wood, location and 
soil conditions under which trees were grown. 
Ciesielczuk et al. [2011] demonstrated that the 
acceptable standards for the contents of zinc, 
cadmium and manganese in a pine ash were ex-
ceeded. The proper use of the tested and certified 
ashes poses no hazard and they can be used in 
agriculture. This was confirmed by Gibczyńska et 
al. 2014], who, following the application of ash 
from biomass at a dose of 1.5 t.ha-1, found no sig-
nificant increase in the levels of heavy metals in 
the biomass of spring barley and spring wheat; 
moreover, the threshold content of heavy metals 
in the soil was not exceeded.

CONCLUSIONS

1. Wood ashes are a source of macronutrients for 
plants. Their contents can be presented in the 
following series of decreasing values: Ca > C 
> K > Mg > P > S > N.

2. The content of heavy metals in the analysed 
ashes was low, and exceeded the acceptable 
standards for their content in waste materials 
intended for liming soils.

3. The analysed ashes exhibit good physical and 
chemical properties. They can be suitable for 
use in agriculture as a liming agent to be ap-
plied on medium and heavy soils.
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