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INTRODUCTION

The aim of sustainable fertilization is quite 
significant, not only from the point of view of 
ecological cultivation. The application of re-
sidual biomass and the mineral wastes instead 
of traditional mineral or organic-mineral ones 
allows for reducing the production costs, con-
tributing to a decrease of landfill waste emplace-
ment at the same time. The residual biomass that 
comes from the food industry is an attractive 
form of raw material used for biogas produc-
tion that can be also used as a fertilizer, after its 
slight modification. Extracted coffee wastes are 

produced in large quantities because of the con-
siderable coffee consumption. The annual coffee 
consumption in Poland is constantly increasing 
and today it amounts to 3 kg/person. However, 
this number, is a few times smaller than in the 
Scandinavian countries, where the consumption 
reaches up to 12 kg/person/a (Ciesielczuk et al. 
2015). In households, these wastes are discarded 
to containers with mixed wastes or directed to the 
containers with biodegradable fraction. Extract-
ed coffee (CSG) contains a wide range of valu-
able organic compounds, including for example 
tannin, cellulose, hemicelluloses, polyphenols 
and organic acids; therefore, it is often used for 
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ABSTRACT
Optimization of the biodegradable wastes management is one of the main goals of the activities taken up in the 
European Union. The aim of the present paper is to define the possibilities of supporting the process of golden rod 
yield (Solidago canadensis L.) by using different mineral-organic fertilizers, in a form of granulated substances, 
produced from extracted coffee wastes (CSG) as well as from ash which is the result of woody biomass combus-
tion. Golden rod, as a potential energetic plant, is very easy to grow because it covers the grounds which are not 
utilized agriculturally or the ones localised in the close neighbourhood of industrial areas. For certain experimental 
purposes, a field experiment was conducted. Six experimental plots constituted its basis, two experimental fertil-
izers based on the extracted coffee wastes (in the amount of 100g/m2), ash from the process of thermal biomass 
transition and two commercial fertilizers were applied. After 160 days of the experiment, the golden rod harvest 
was submitted to quantitative-qualitative analysis. An analysis of basic soil parameters (pH, EC, TOC) was also 
carried out and the content of significant elements, as far as fertilizers are concerned, N, P, K, Ca, Mg was analysed 
too. As a result of the conducted experiment, the yield rise was observed, both in the case of the plants fed with 
commercial fertilizers as well as the ones cultivated on the basis of the extracted wastes. Using fertilizers does not 
only allow for management of the wastes produced in farm areas but also enables to increase the achieved amount 
of golden rod crops as well as to boost energy that is sourced in the process of biomass used for energetic purposes.
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biochar production, for composting as a sorbent 
and for biodiesel as well (Ballesteros et al. 2014, 
Mussato et al. 2011, Sampaio et al. 2013). How-
ever, these are high-priced technologies demand-
ing the use of significant quantities of fossil fuels 
(Caetano et al. 2014, Pujol et al. 2013). 

Using the CSG waste for fertilizing purposes 
is hardly ever practiced for the reason of its toxic 
character in relation to the seedlings of cultivated 
plants and difficulties in easily putrescible materi-
al management. The material is quite problematic 
when it comes to its collection in the amount that 
is sufficient to fertilize plants in the camp crops 
effectively. Nevertheless, due to the possibility of 
mixing it with an alkaline ash from biomass burn-
ing and forming it into granules, it can be used as 
a fertilizer with high content of organic substanc-
es (Ciesielczuk et al. 2017). Applying a fertilizer 
in the area of single-species golden rod popula-
tion provides the possibility of a crop increase, 
which is very beneficial as far as using golden rod 
biomass as solid fuel is concerned. It also consti-
tutes the alternative for fossil fuels and the woody 
biomass (Ciesielczuk et al. 2016).

The aim of the present paper was to use the 
combination of a CSG waste with ash from ther-
mal biomass transition to fertilizing purposes. 
The process of fertilizing the field of Canadian 
golden rod (Solidago canadensis L.) growing on 
the wasteland was supposed to boost the crops 
of a dry golden rod mass and finally to reach a 
greater energy amount during the thermal trans-
formation in a central heating boiler.

MATERIAL AND METHODS

In order to test the effectiveness of fertiliza-
tion with a mixture of CSG and ash from the 
thermal incineration of biomass, experimental 
fields were established. They were carried out 
on uncultivated lands, where the local golden 
rod (Solidago canadensis L.) had appeared there 
spontaneously many years earlier. The studied 
area has not been cultivated for many years and 
the single-crop population of Canadian golden 
rod is an invasive species there. In order to de-
fine the basic soil characteristics, before the start 
of the experiment and after the vegetation period 
(March), the arable layer (25 cm) was sampled in 
3 places selected at random, on the area intended 
for experimental fields. At each of the selected 
sites, 10 single samples were taken and combined 
to form an aggregate sample. In the soil samples, 

the pH (CP – 315 pH meter) and electrolytic con-
ductivity (CC – 102 Elmetron) were determined. 
Additionally, the following parameters were mea-
sured: TOC, TN, (CHNS Elementar analyser), 
TP (according to norm PN-Z-15011–3;2001), 
potassium, calcium and sodium (FES method 
with BWB-XP analyser) and magnesium (AAS 
method after wet microwave mineralisation with 
aqua regia). Morphological differentiation was 
also determined in the samples by means of the 
sieve analysis.

In the field experimentation carried out, se-
lected commercial fertilizers were used, biomass 
ash and two types of granular fertilizers produced 
in the laboratory, including CSG waste and bio-
mass ash in its composition.

Commercial autumn fertiliser available on the 
market, for experimental purposes was marked 
with the NJ symbol, commercial non-nitrogen 
phosphorus fertilizer (S), ash from thermal bio-
mass treatment (P), experimental fertiliser (K10) 
and experimental fertiliser (K13). The method of 
K10 and K13 fertilizers production was presented 
in detail in the publication of Ciesielczuk et al. 
(2017). The chemical characteristics of the ap-
plied fertilizers are presented in Table 1. 

The fertilizers were applied in spring (April) 
and spread evenly in the amount of 100 g/m2 in 
three independent repetitions. Three plots of land 
without fertilization were used as a blank. As cal-
culated, the applied dose corresponded to 1000 kg 
of fertilizer per ha of field. The fertilizers sown 
were not mixed with the top soil layer. The field 
experiment was conducted for 160 days. On the 
last day of the experiment, goldenrods were har-
vested from the experimental plots by determin-
ing the yield of fresh mass (60 individuals were 
randomly chosen, then they were measured and 
weighed as fresh and completely dry) and by ana-
lyzing the content of C, H, N, S (CHNS Elemen-
tar analyzer) of the surface part (shoots) of the 
collected plants. Moreover, the combustion heat 
was determined by means of a calorimetric bomb.

RESULTS AND DISCUSSION

Fertiliser characteristics

The main difference in the composition of 
applied fertilizers is over 90% content of or-
ganic matter in the K10 and K13 fertilizers and 
its small amount in the other applied fertilizers. 
High electrolytic conductivity, which may have 
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a toxic effect on the crop, is characteristic basi-
cally for commercial fertilizers and ash (Golcz 
and Komosa 2006). The minerals released into 
a solution in large quantities can be washed out 
by precipitation in a short time, so commercial 
fertilisers and ashes should be divided into 2–3 
doses and also used in a form of top dressing to 
avoid the losses on the way of eluting. The fertil-
isers used in the experiment have diversified pH. 
The NJ fertiliser is acidic, the S – slightly alkaline 
and the P – strongly alkaline. The experimental 
fertilizers K10 and K13 were designed in such 
a way that their pH is close to neutral (Ciesielc-
zuk et al. 2017). Due to a small amount of nitro-
gen in K10 and K13 fertilisers (mainly derived 
from organic matter), nitrogen-free commercial 
fertilisers (NJ and S) intended for autumn use 
were chosen for comparisons.

Granulometric composition 

The granulometric composition of the tested 
soil (Table 2) qualifies it for sandy clays. The 
pH of soil on the experimental plots ranged from 
slightly acidic to a neutral, and the soil was char-
acterized by permeability, which facilitates the 
process of nutrients leaching deep into the pro-

file. The use of K10 and K13 fertilisers with a 
high content of organic matter derived from CSG 
should improve the buffer properties and increase 
the capacity of a sorption complex of soil.

The effect of the one-off fertilisation on the 
soil properties, after 160 days from the moment 
of the fertiliser’s dose application, is particu-
larly interesting. A slight increase in the electro-
lytic conductivity was observed in the tested 
soil samples (Table 3), but with the exception of 
the K10 fertilizer. 

The highest conductivity was observed in 
the field where the experimental fertilizer K13, 
containing a significant amount of magnesium 
sulphate, was applied. This fertilizer is character-
ized by a relatively high salinity of 3.32 mS/cm 
(in comparison to K10, the conductivity of which 
was approximately half as high), and such salinity 
is found only in some types of composts produced 
under shelters or mineral fertilizers (Cesaro et al. 
2015, Ciesielczuk et al. 2017, Golcz et Komosa 
2006); therefore, it could have contributed to a soil 
conductivity increase in this experimental field. 
The highest conductivity was shown by commer-
cial fertilizers (NJ and S); however, their compo-
nents were incepted by goldenrod after 160 days 
of the experiment or were washed away (with 
precipitation) due to the lack of organic matter in 
their composition which could effectively absorb 
biogens (Mazur et al. 2011). A positive effect of 
the experimental fertilizers (K10 and K13) appli-
cation was an increase in the content of organic 
matter, which increases the water capacity of soil 
on the one hand, as well as increases the capac-
ity of the sorption complex and redoubles the soil 
microorganisms activity on the other (Poulsen et 
al. 2013). Moreover, no influence of the applied 
fertilisation on soil composition was observed 

Table 1. Characteristics of fertilizers used in field experiment

Specification K10 K13 P NJ S
pH H2O 7.04–7.07 7.15–7.20 11.45–11.49 4.21 8.70
pHKCl 6.97–7.07 6.31–6.45 11.31–11.36 4.24 9.05
EC [mS/cm] 2.42 (0.05) 4.23 (0.10) 12.13(0.04) 59.0 56.1
Organic matter [%] 91.6(0.4) 92.7 (0.06) 2.4(0.2) 1.3(0.2) 10.1(0.7)
TOC [%] 46.6 (3.12) 45.15 (3.03) 0.02(0.01) 0.52(0.04) 7.8(0.6)
Kiejdahl nitrogen [%] 3.36 (0.38) 4.18 (0.65) 0.02(0.01) 2.25(0.3) 0.05(0.01)
C/N 13.9 10.8 0.4 0.23 156
CaO [g/kg dm] 14.9 (0.36) 10.3 (1.27) 343.1 (4.6) 129.3 5.456
MgO [g/kg dm] 7.76 (0.06) 16.6 (0.2) 46.7 (4.1) 452(26) 147(21)
Na2O [g/kg dm] 0.37 (0.04) 0.94 (0.06) 1.98 (0.6) 0.48(0.2) 7.57(0.4)
K2O [g/kg dm] 9.97 (0.08) 5.28 (0.26) 82.2 (3.6) 177.7 586.5
P2O5 [g/kg dm] 7.35 (0.09) 7.99 (0.11) 16.7(1.8) 89.8 263.2

Table 2. Granulometric composition of soil samples 
from experimental area

Grain diamiter 
[mm]

Share of granulometric fractions [%]
1 2 3

>2.0 4 6 5
>1.0 15 17 14

>0.500 28 31 34
>0.250 33 28 30
>0.100 16 15 14
<0.100 4 3 3
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with the exception of phosphorus, the amount of 
which increased from 20 to 114% in comparison 
to the control, but the content of this element in 
the previous season was lower by 0.1% in com-
parison to the control. Perhaps, the phosphorus is 
likely to be washed out slowly. The soil samples 
were taken in March before the experiment and at 
the end of August – after the experiment.

On the plots where biomass ash was used, it 
was expected that the reaction would increase and 
that the content of calcium, potassium and phos-
phorus would increase significantly too, which 
was confirmed in the field studies with miscan-
thus; however, this effect was observed at much 
higher doses (Demeyer et al. 2001, Meller and 
Bilenda 2012). The lack of a clear effect of ash 
fertilisation should be explained not only by the 
relatively small one-off dose, but also by the use 
of biogens during the growing season (160 days) 
and the washing up with precipitation water. 

The composition of goldenrod shoots was 
similar for all fertilizers applied, except for ni-
trogen, which amount was found to be higher 
in the biomass taken from the NJ and S plots, 
which may suggest synergistic effects of high-
ly concentrated mineral fertilizers applied 
on uncultivated soil (Table 4). 

There were also slight differences in the sul-
phur content. The lowest was noted in the control 

sample, which is quite important in the case of 
biomass use for heating purposes and sulphur di-
oxide emission, but the content of this element in 
the surface part of this species may reach much 
higher values ranging to nearly 0.2% (Ciesielczuk 
et al. 2016). The value of combustion heat was 
also similar in all the analysed samples with the 
exception of biomass coming from the K13 and S 
plots; however, they still did not exceed 0.1 MJ/
kg in relation to the control sample. In the case of 
the plot where the simplest solution was applied, 
i.e. biomass ash, the value of combustion heat was 
the same as in the control sample, and in the case 
of K10, it even dropped by 0.2MJ/kg. The record-
ed values are slightly lower (by about 1.0–1.5 MJ/
kg) in comparison to those obtained from woody 
biomass, which, however, does not eliminate 
goldenrod to be used as a source of cheap energy, 
especially for small farms owning or leasing set-
aside areas. In the case of the goldenrod from a 
rich site, the calorific value was higher by almost 
0.5MJ/kg (Ciesielczuk et al. 2016).

The most interesting indicator pertaining to 
the effectiveness of the applied fertilisation is 
yielding (Table 5). 

In comparison to the control sample, where 
slightly more than 9.6 Mg/ha was recorded, the 
yield was higher than 15–17% in the cases of K10 
and P to 28–29% in the cases of NJ and S, re-

Table 4. Basic characteristics of plants from field experiment

Specification N [%] C [%] H [%] S [%] Combustion heat [MJ/kg]
Control 0.551 44.4 5.48 0.021 17.558(0.006)

K10 0.585 44.0 5.47 0.033 17.353(0.069)
K13 0.615 44.5 5.47 0.029 17.624(0.015)

P 0.502 44.5 5.51 0.029 17.558(0.028)
NJ 0.744 44.0 5.62 0.043 17.572(0.011)
S 0.665 44.7 5.49 0.030 17.603(0.014)

Table 3. Characteristics of soil samples before (A) and after experiment (B)

Specification A
B

Control K10 K13 P NJ S
pH (KCl) 6.67–6.75 6.30 6.18 6.25 6.22 6.20 6.27
pH (H2O) 6.84–6.92 6.59 6.47 6.55 6.50 6.43 6.61
EC [uS/cm] 98.9 110 104 144 131 129 123
OM [%] 6.33 6.23 6.45 6.83 5.92 5.90 6.08
TOC [g/kg] 25.5 22.9 25.2 23.7 22.1 25.5 22.8
TN [% N] 0.33 0.22 0.19 0.29 0.2 0.28 0.24
Phosphorus [% P2O5] 0.24 0.35 0.56 0.47 0.42 0.65 0.75
Potassium [% K2O] 0.16 0.16 0.14 0.18 0.19 0.20 0.17
Calcium [% CaO] 0.062 0.058 0.030 0.062 0.056 0.053 0.077
Sodium [% Na2O] 0.049 0.016 0.013 0.016 0.018 0.018 0.019
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spectively. Despite small fertilizer doses and no 
significant differences in the elemental composi-
tion of goldenrod biomass, the increase in yields 
on plots was considerable. It should be stressed 
that this was the first fertilization applied in the 
area, to which plants reacted positively. Never-
theless, it is likely that the next fertiliser doses 
should be higher, but due to the light soil, it 
should be mineral-organic fertilisation (K10 and 
K13 fertilisers). The use of organic and mineral 
wastes used in the production of K10 and K13 
fertilizers is part of the circular economy and 
sustainable fertilizer management aimed at the 
protection of groundwater quality (Powlson et 
al. 2011, Rosik-Dulewska et al. 2007 Roy et al. 
2013). Yielding on a plot where K13 fertilizer 
was applied is of a particular interest. Although 
the obtained yield of almost 11.6 Mg of fresh 
plant matter was higher than the control by 20%, 
a significant share of magnesium in this fertilizer 
should cause an even higher yield increase, which 
was not observed. The plants from this plot ob-
tained the highest mass of a single shoot, which 
points at the positive influence of this fertilizer on 
plants growth. The use of ash , which caused an 
increase in yield by almost 17% and the energy 
obtained exceeded 197GJ/ha, was surprisingly 
positive, but the use of such a fertilizer in practice 
is difficult due to its dusty character. The highest 
amount of energy, as expected, was obtained from 
the plants which grew on the NJ and S plots; how-
ever, the applied commercial fertilizers should 
be purchased, which, unlike other applied meas-
ures, decreases the economic effectiveness of the 
obtained energy from the process of goldenrod 
burning. Similar energy efficiency was achieved 
in the study of the Virginia fanpetals L., which 
shows the appreciable potential of goldenrod that 
is not perceived as an energy plant (Szempliński 
et al. 2014). The demonstrated effectiveness of 
experimental fertilizers K10 and K13 in combi-
nation with low load of heavy metals predestines 
them to be used also as far as edible crops are 

concerned (Ciesielczuk et al. 2017, Lopes et al. 
2011, Rosik-Dulewska et al. 2008).

CONCLUSIONS

In the field experiment carried out, small 
doses of two experimental fertilizers, ash bio-
mass and two commercial fertilizers were used. 
The applied fertilization, regardless of the type 
of fertilizer, resulted in an increase in yielding by 
almost 29% compared to the control sample, and 
thus an increase in the amount of energy obtained 
from the collected goldenrod. Such an unusual 
increase in yield was probably caused by the lack 
of fertilization in a particular area and the barren 
top layer of light soil which is susceptible to nu-
trient leaching. Despite the fact that with the use 
of experimental fertilizers it was not possible to 
achieve a similarly strong increase of goldenrod 
yield as in the case of commercial fertilizers, their 
production, based on the use of waste generated 
within the farm, fits into the circulation economy 
and goldenrod yield increase was of 15–20%. Ad-
mittedly, the cheapest solution is ash from bio-
mass, nevertheless its components are strongly 
alkaline, which demands high precision of dos-
ing, top sieving of fertilizers is not recommended 
because of the possibility of plants burns and ad-
ditionally, in the case of light soil its components 
are susceptible to leaching, unlike the experimen-
tal fertilizers K10 and K13, which consist in over 
90% of organic matter and their granulated form 
favours a slow release of components, which ad-
ditionally protects groundwater against pollution.
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