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INTRODUCTION

In the era of greater care towards the high 
quality of crops, sustainable agriculture is becom-
ing an essential kind of cultivation of plants in the 
world (Chang et al. 2010). 

Such crops require fertilisation, which on the 
one hand should provide optimal amount of nutri-
tion elements, improve the water-air relations in 
soli and should not endanger the quality of under-
ground water. The organic fertilisers are prefer-
able, as they not only act slowly, but also increase 

the water capacity of soils and positively influ-
ence the absorbent complex. 

The organic substance contained in the waste 
of food industry is directed to the production of 
feed or biogas installations; however, they could 
be used as a source of valuable nutrients in the 
plant production. The volume of waste per capita 
in Poland is relatively insignificant and in 2016 it 
amounted to 303 kg/capita/year, while the aver-
age of 28 EU countries at the same time equalled 
481 kg, up to 50% of which may constitute the bi-
odegradable waste (Eurostat, Statistical Yearbook 
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ABSTRACT
Organic matter contained in the waste of food industry or occurring in the households, in the absence of contami-
nation with other kind of waste, may be used to create a “fertiliser”, which could be even reused in the organic 
production of arable crops. Particular attention is drawn to the fertilisers which may be applied in the case of 
amateur cultivation of pot plants and in the allotment gardens. The paper presents the results of research regard-
ing the dynamics of the release of nutrients from tablets created with the help of encapsulation of the mixture 
manufactured from solvent extraction waste of coffee (SCG), modified by the ash obtained from low temperature 
burning of biomass. In this study, the mixture was determined as a fertilizer. Collagen, polyvinyl acetate, polyvinyl 
alcohol, shellac as well as sodium water glass have been applied as testing membranes in order to slow down the 
elution of the components from a fertilizer into solution. The durability tests have been carried out according to 
PN-EN-13266 standard over 118 days at the temperature of 25°C. The obtained results indicate significant dif-
ferentiation with regard to the leaching of nutrients and organic matter from the tablets depending on the applied 
membrane. Strong inhibition concerning leaching of the components through membranes and from shellac and 
polyvinyl acetate has been observed. The remaining membranes did not inhibit the leaching of nutrients in the 
long-lasting manner; however, even they may be applied in the agricultural practice. 
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of Environmental Protection 2017). The selective 
collection of fractions of biodegradable waste 
carried out at the source creates a possibility to 
obtain the high quality fertiliser. It also concerns 
the solvent extraction waste (SCG) occurring af-
ter preparation of drinks from coffee beans. This 
waste is produced in substantial amount due to 
growing consumption of this beverage that start-
ed to be consumed over one thousand years ago 
(Mussatto et al. 2011). The annual consumption 
of coffee in Poland is growing and it currently 
approximates 3 kg/capita/year. However, this 
amount is several times lower than in the Scan-
dinavian countries. In the case of households, 
the produced waste is placed in the containers 
for mixed waste or goes to the biodegradable 
fraction containers. 

SCG material contains a wide range of valu-
able organic compounds, among others consist-
ing of: tannin, cellulose, hemicellulose, polyphe-
nols and organic acids, and thus they are used to 
produce biocarbon, for composting as a sorbent 
and to obtain biodiesel; however, these are costly 
technologies forcing the consumption of substan-
tial amounts of fossil fuels (Caetano et al. 2014, 
Pujol et al. 2013). An alternative and cheap way 
to reuse the solvent extraction waste of coffee 
(SCG) is its processing into fertiliser. After mix-
ing it with ash from the combustion of biomass, 
this waste may be manufactured autonomously, 
which not only allows saving financial resources 
spent for fertilisers, but also to lower the mass of 
deposited biodegradable waste. In this way, the 
non-contaminated organic matter may constitute 
a valuable source of nutrients for organic crops. 
Such fertilisers manufactured at the place of its 
usage are cheap because the costs connected with 
its purchase and transport are not incurred. The 
quality of fertilisers obtained in such way is high, 
and moreover – on the contrary to sewage sludge 
and bottom sediments – they do not contain ex-
cessive quantities of heavy metals, which enter 
the food chain (Lopes et al. 2011, Strzebońska 
et al. 2015). The fertilisers made up of the sol-
vent extraction waste of coffee (SCG) could be 
applied in the case of organic crops governed by 
the regulation of the European Commission No. 
354/2014 as of April 8th 2014, (amending the 
regulation concerning the change and correction 
of the regulation (WE) no. 889/2008 establishing 
detailed implementation principles regarding the 
regulation of the Council (WE) no. 834/2007) on 
ecological production and marking of ecological 

products with regard to ecological production, 
marking and control. 

The objective of this study was to determine 
the release rate of nutrients and organic matter 
from encapsulation of tablet fertilisers, manufac-
tured on the basis of solvent extraction waste of 
coffee (SCG) modified with the help of the ash 
obtained during low-temperature thermal conver-
sion of biomass. The tablet fertilisers containing 
an identical composition as the series of K10 fer-
tiliser have been prepared in order to be used in 
the study. (Ciesielczuk et al. 2016), but the mem-
brane slowing down the action of fertiliser in soil 
has been modified. 

It should be stressed that the examined mem-
branes are tested for the first time, and the data 
regarding the usage of the means prepared in such 
way which support the crop were not described in 
the available literature.

MATERIALS AND METHODS

The solvent extraction waste (SGG) obtained 
after the preparation of coffee beverage (under 
the pressure of 15 bar) as well as the ash coming 
from thermal conversion of oak biomass (wood 
together with bark) were used in the leaching test 
(Ciesielczuk et al. 2014). In order to obtain the 
ash, the oak wood was combusted together with 
bark at the temperature of 600°C for 3 hours in 
the open hearth, and then the material obtained in 
such way was burned at the same temperature for 
1 hour in the muffle furnace (Xiao et al. 2011). 
The ash was passed through a sieve with 2 mm 
mesh, and then was dried into constant weight.

After conducting initial research, 6 series of 
tablet fertiliser with identical composition as the 
series of K10 fertiliser have been prepared for the 
experimental purposes (described by Ciesielczuk 
et al. (2016). The fertiliser tablets were covered 
by membranes, having differentiated composi-
tion, the task of which is to slow down the elu-
tion of nutrients and organic matter into the soil 
solution (Table 1). 

The way in which the tablet fertiliser is manu-
factured was precisely described in the publica-
tion of Ciesielczuk et al. (2014). 

The tablet fertilisers were manufactured from 
identically prepared SCG coming from the same 
sort of coffee and the same sort of ash. All the 
examined tablets were covered with 2 layers of 
membrane in order to slow down the leaching 
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of nutrients from a fertiliser into soil solution. 
The second layer of membrane was applied af-
ter a complete drying of the first layer. The con-
trol sample constituted the tablet fertilisers K10 
without membrane. In such manufactured tablet 
fertilisers marked element involved the content 
of organic substances with the help of weigh-
ing method after roasting in the temperature of 
600°C for 3 hours. The pH value was measured 
for the tablets ground in the hammer mill, using 
solutions of H2O and 1M KCl in the ratio of 1:10 
(v/v). The content of total organic carbon (TOC), 
total nitrogen, hydrogen and sulphur was marked 
in infrared by CHNS Vario Macro Cube analys-
er made by Elementar company. The content of 
phosphorus was measured with titration method 
after mineralisation with sulphuric acid. The con-
tent of sodium, potassium and calcium was deter-
mined in the wet mineralisates by means of the 
FES method with the use of BWB XP apparatus. 
The content of magnesium and heavy metals such 
as: zinc, copper, lead, nickel, chromium, cadmi-
um was determined by spectroscopy of atomic 
absorption with the use of iCE Thermo 3500 ap-
paratus after microwave wet mineralisation in 
aqua regia by the w Mars-X apparatus. 

In order to determine the release of nutrients, 
the water extracts have been carried out accord-
ing to PN-EN-13266 standard. These water ex-
tracts were examined after: 24 hours, 3 days, 1 
week, and then in weekly intervals. The following 
elements have been marked for the obtained ex-
tracts: pH value, electrolytic proper conductivity 
(EC) by the electrometric methods, content of to-
tal organic carbon (TOC) and total nitrogen (TN) 
by the detection of non-dispersive absorption in 
infrared (NDIR), after mineralisation of the sam-
ple in the temperature of 850°C. The content of 
phosphate and ammonium ions, nitrite and nitrate 
ions, sulphate, potassium and calcium ions was 
determined by means of IC ion chromatography 
method with Metrohm 850 Professional IC An-
Cat – MCS ion chromatograph. The obtained 
results are an average from three independent 
extraction experiments. 

The water extracts from the examined fertilis-
ers have been made under cover at the tempera-
ture of 25°C without the access to light in the wa-
ter of class 3. The ratio of fertiliser to water was 
1/50 (m/m). In order to conduct the physicochem-
ical analysis, the obtained extracts were filtered 
through a quartz wadding, and the experimental 
containers were immediately supplemented with 
a precise amount of fresh water. 

RESULTS AND DISCUSSION

Characteristics of tablet fertilisers 

All discussed fertilisers contain a significant 
share of SCG with stabilising addition of ash 
from biomass, which enables their application 
in the case of light soils, without the concern for 
decreasing the content of organic carbon and ni-
trogen in the soil, which takes place in case of 
fertilising with sole ash from biomass (Demeyer 
et al. 2001). The proposed type of tablet fertiliser 
K10 is an example of mineral-organic fertiliser, 
which is the most beneficial for cultivated plants. 
(Ludwig et al. 2011). Comprehensive fertilising, 
providing plants with necessary components, in 
particular N, P, K, Ca and Mg, for a longer pe-
riod of time, which takes place in the case of the 
described tablet fertilisers constitutes a basis for 
sustainable fertilising in order achieve optimal 
yield (Cole et al. 2016).

Despite the application of identical compo-
nents to make the tablet core and identical way 
of placing matrices, the examined tablet fertilis-
ers are characterized by different mass. It is the 
result of the layer thickness connected with the 
membrane slowing down the release of nutrient 
components and its nature itself – among others, 
deep penetration of pores regarding the core of 
fertilising tablet, viscosity and the content of or-
ganic substances. The highest mass was recorded 
for a fertiliser with OW membrane, whereas the 
lowest one was recorded for a type of PW mem-
brane. The membrane thickness may influence 
the total content of nutrients, which is available 

Table 1. Used membrane types for K10 fertilizer

Type Membrane Type Membrane
KR Fish collagen (fish bladder) OW Polyvinyl acetate
KK Skin collagen (swine skin) SZ Shellac
PW Polyvinyl alcohol SW Sodium silicate (water glass)

C – Control samples (without membrane)
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for plants after the application of fertiliser. It is 
particularly important in the case of the applica-
tion of fully biodegradable organic matrices (KR, 
KK and SZ). Moreover, the membrane slows 
down the moistening process of the tablet core. 
The tablet fertilisers without a membrane tested 
in this study, under the conditions of insufficient 
soil moisture may therefore act faster, which may 
be essential at the beginning of the vegetation pe-
riod. Particularly important are also the drought 
periods, which significantly limit the disintegra-
tion process of fertiliser tablets in the surface 
(Table 2). The K10 fertiliser is a universal mate-
rial with neutral pH, which can be applied for the 
majority of pot and garden plants. 

In the case of SW-type tablets, the mem-
brane significantly increases the pH value (up 
to the value above 10) as well as the value of 
proper electrolytic conductivity (almost 3700 
uS/cm). It may have a negative impact towards 
the growth of plants, especially in the case 
of seedlings. Such conductivity is as high as 
granulates made of sewage sludge and coal ash 
(Rosik-Dulewska et al. 2008). 

Pure SCG waste is characterized by acidic 
pH; however, in the mixture with alkaline ash, the 
obtained pH values were close 7. The examined 
series of fertilisers (except the above-mentioned 
fertiliser of SW type) were characterized with the 
value of (pHKCl) from 7.06 up to 7.98 and (pHH2O) 
from 7.05 up to 8.15. The only factor influencing 
the pH value is the kind of the applied membrane, 
and stability of this pH value is an important fea-

ture increasing the buffering of soil environment. 
The results of pH value for SCG are confirmed by 
other authors (Kim et al. 2014). High value with 
regard to electrolytic conductivity of SW type is 
worrying; however, disintegration of the fertiliser 
delivered in the form of a tablet is going to be very 
slow, which prevents a sudden release of compo-
nents into the soil solution. However, it should be 
kept in mind that significant salinity (occurring 
even locally), may be dangerous for plants. The 
remaining fertilisers are characterized by a lower 
salinity (1158–1845 uS/cm), and therefore it is 
predicted that there is going to be no toxic influ-
ence on the growth of seedling. 

The examined fertilisers, due to significant 
share of SCG, are characterized by a high con-
tent of organic substances, unprecedented in other 
kinds of natural organic fertilisers such as com-
post, manure or slurry (Boruszko 2011, Cesaro 
et al. 2015). Its marked quantity negatively cor-
relates with the number of ash from biomass ap-
plied in the process of manufacturing of fertiliser 
(Ciesielczuk et al. 2016). The applied membranes 
slightly decrease the content of organic matter 
(nevertheless, it still exceeds 90%). The excep-
tion is the SW type in which non-organic mem-
brane is made from water glass causing a substan-
tial decrease in the value of this parameter, reach-
ing up to 77.5%). The composition of organic 
substance contained in SCG constitutes mainly 
of polysaccharides, proteins and fats, which guar-
antees a slow release of nutrients from disinte-
grating organic matter (Ballesteros et al. 2014; 

Table 2. Basic characteristics of the investigated fertilizers (n=3)

Specification C KR KK PW OW SZ SW
Mass of fertilizer [g] 7.76(0.23) 7.61(0.47) 7.45(0.45) 6.39(0.13) 12.54(0.35) 6.42(0.19) 7.53(0.13)
Reaction (pHKCl) 7.32–7.58 7.42–7.50 7.06–7.14 7.96–7.98 7.08–7.09 7.52–7.58 10.31–10.35
Reaction (pHH2O) 7.08–7.45 7.05–7.09 7.10–7.21 7.91–8.15 6.99–7.07 7.60–7.72 10.42–10.46
EC [uS/cm] 1158(32) 1845(28) 1213(52) 1191(56) 1520(156) 1354(57) 3690(226)
Organic substances [%] 98.5(1.2) 92.6(1.1) 92.5(0.8) 92.2(0.9) 95.5(1.04) 91.6(1.4) 77.5(1.5)
TOC [%] 33.5 21.6 22.6 29.1 26.1 23.4 26.1
N [%] 1.82 5.51 6.52 3.45 1.44 3.38 2.38
C/N 18.4 3.9 3.5 8.4 11.2 6.9 11.0
P2O5 [g/kg dw] 4.85(0.12) 4.10(0.24) 5.02(0.31) 4.81(0.80) 2.63(0.32) 4.95(0.07) 4.24(0.46)
K2O [g/kg dw] 15.6 11.7 9.30 14.9 8.94 14.0 13.0
CaO [g/kg dw] 39.9 15.0 13.9 17.5 10.0 15.4 16.2
MgO [g/kg dw] 143 102 79.0 93 105 105 136
Na2O [g/kg dw] 1.24 2.08 4.09 0.80 1.16 0.50 56.7
Zn [mg/kg dw] 112.1 77.60 85.86 93.0 40.76 71.47 82.01
Cu [mg/kg dw] 25.4 19.93 20.12 22.38 13.29 22.23 20.37
Fe [mg/kg dw] 176.7 158.2 175.1 179.0 92.27 166.2 158.6
Cr [mg/kg dw] 0.853 1.55 1.63 1.78 1.41 1.80 1.05
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Mussatto et al. 2011). The fat content in SCG 
is high and reaches 15%, on average (Mussatto 
et al. 2011). However, the authors’ own studies 
indicate that there is significant influence of the 
way the coffee is brewed towards its content in 
this material. The content of organic carbon in the 
examined fertilisers is comparable to a good qual-
ity manure or cattle slurry (Poulsen et al. 2013; 
Powlson et al. 2011). 

In the examined fertilisers, the high content 
of nitrogen, which was characterized in detail 
in the study of Ciesielczuk et al. (Ciesielczuk at 
al. 2016), is particularly valuable. High content 
of calcium and magnesium arises from the share 
of biomass ash. Similarly as in the case of po-
tassium and phosphorus content, their quantities 
fulfil legal requirements concerning organic fer-
tilisers (Regulation of Minister of Environment 
119 pos. 765).

Release of nutrients 

The durability of membrane is the most es-
sential factor, which determines the suitability of 
a given material needed to make the membrane. 
The most durable membrane turned out to be vi-
nyl acetate (OW), which was biodegradable in a 
slight degree and remained non-dissolved until the 
end of an experiment. The membrane made out of 
shellac (SZ) was the one which was characterized 
by medium durability. It became disintegrated af-
ter 4 weeks of experiment. From the point of view 
of durability, the collagen membranes (KK and 
KR) as well as the one from polyvinyl alcohol 

(PW), which disintegrated after the first day, were 
the worst. According to the observed durability 
of membranes, the fastest release (just after 24 
hours) of organic substances occurred in the case 
of KR and KK membranes (Figure 1). In the case 
of PW the membrane made out of polyvinyl alco-
hol, which is water soluble, disintegrated within 
the 4 days time; however, the amount organic car-
bon coming from the membrane that got inside 
the solution was lower due to small thickness of 
PW membrane. In the remaining kinds of ferti-
lisers, this release was occurring at different rate 
and depended on the dissolution speed regarding 
the membrane surrounding the tablet. It is par-
ticularly evident in the case of shellac membrane 
(SZ) and the one from water glass, where organic 
substances were released only when the solution 
infiltrated into the tablet. 

Organic carbon released from fertiliser tab-
lets in the form of macromolecular residues of 
cellulose and lignin biodiversity. Dynamics re-
lated to the release of nitrogen (Figure 2) is close 
to the curves recorded for organic carbon. Very 
high concentrations within the first 24 hours for 
KR and KK indicate the release of protein from 
membranes. Its disintegration may generate am-
monium nitrogen, which may be used by plants, 
but its significant concentration causes the threat 
of being washed away outside the root zone. Sim-
ilar characteristics of changes regarding concen-
tration of nitrogen was recorded in the case of C 
type (without membrane); however, the highest 
values occurred within the 4 days of the experi-
ment. Gelatine, which was released into solution 

Figure 1. Dynamics of total organic carbon (TOC) release from tested fertilizer tablets in 118 days 
period at 25°C
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disintegrated through a microbiological process 
constituted a probable source of nitrogen. Slow 
biodegradation of membrane or/and tablet core 
guarantees low leaching of nitrate ions, which had 
been described in detail in the study of Ciesielc-
zuk et al. (2016). Leaching of mineral nitrogen 
was also slow in the experiment with wood chips 
soaked with ammonium nitrate, in which case 
only half of nitrogen was washed away from the 
chips after 32 days (Ahmed et al. 2011). Com-
pletely different results were achieved for mineral 
fertilisers with a controlled release of components 
in the pot experiment. The concentration maxima 
were recorded only on 120th day; however, the 
applied surface, frequency of watering and grow-
ing temperature that ranged from 22 up to 30°C 
had a determining influence on the release of 
nitrogen (Cabrera 1997). 

One of the most essential nutrient elements, 
i.e. phosphorus, was characterized by different 
characteristics with regard to its release into solu-
tion (Figure 3). On the first day, the highest con-
centrations were recorded for SW, PW and KK. It 
was connected with disintegration of membrane, 
which occurred just after the first day of the ex-
periment. Non-durable membranes from water 
glass and polyvinyl alcohol did not fulfil their 
roles; therefore, their application is unjustified. 
Sudden elution of phosphates almost just after the 
application of fertiliser causes a threat that these 
ions may be leached inside the soil profile. The 
remaining tested fertilisers were slowly releasing 
phosphates and only crack/disintegration of mem-
brane caused the release of phosphorus contained 
in the biomass ash. Higher concentrations (reach-

ing even up to 50 mg/dm3) have been recorded in 
the extracts from mineral fertilisers available in 
the trade. High concentrations have been main-
tained for up to 12 months from the time the fer-
tilisers had been applied. (Soti et al. 2015). How-
ever, a fertiliser with slow-release components 
must operate only for 90 days, which is correlated 
with the time of intensified demand for nutrients 
in the vegetation period (Cole et al. 2016).

Potassium turned out to be an extremely ac-
tive ion, because after maxima of concentrations 
(Figure 4) recorded from the first until fourth day 
(in which they were comparable to the obtained 
ones in the case of application of mineral fertiliser 
tablets), its concentrations decreased significant-
ly. Merely in case of KR type there was a slight 
growth on the 56 day. (Soti et al. 2015). All tested 
fertilisers indicated a similar rate with regard to 
the release of this ion, whereas the highest con-
centrations were recorded for the C type, which 
may be explained by the lack a membrane, and the 
lowest ones – were recorded for the types of SZ 
and OW, i.e. in the case of the most durable mem-
branes enabling leaching of biologically available 
fraction of potassium from the tablet core. 

The release of calcium (Figure 5) proceeded 
in changeable pace with three recorded maxima 
of concentrations. Particularly interesting was 
the release of calcium from the OW tablets in the 
third phase of experiment despite the fact that 
there was no disintegration of the membrane. One 
of the highest concentrations was recorded for the 
PW type – with maximum elution after 7 days 
and for the SZ type with maximum elution on the 
28th day, which was correlated with slow disinte-

Figure 2. Dynamics of nitrogen release from the tested fertilizer tablets in 118 day period at 25°C
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gration of shellac. Long-term release of calcium 
is important from the point of view of pH regu-
lation and bioavailability of many chemical ele-
ments, which is connected with it. The release of 
calcium in the elongated time horizon has crucial 
importance in the regulation of pH of the surface 
and in order to ensure appropriate possibilities of 
development and operation of cell membrane and 
cell wall of plants (Cole et al. 2106). 

The release of magnesium (Figure 6) was 
strongly differentiated and reached the maxima 
from 1 up to 7 days for the C, PW and KR types 
and on the 28th day for the SZ and SW types. The 
source of magnesium in the tested fertilisers is the 

ash from biomass and in the experiment it was 
being released together with calcium; however, 
without the third maximum in the third phase 
(42 and 56 day).

The uptake of magnesium through plants may 
be correlated with the availability of phosphates, 
which stimulate the growth of roots. Therefore, 
magnesium available in significant quantities 
even on the 35th and 42nd day of experiment should 
constitute an essential source feeding the synthe-
sis process of chlorophyll (Cole et al. 2016).

Maxima of concentrations for sulphate ions 
were recorded in the first phase of experiment 
(Figure 7). It indicates that there is its significant 

Figure 3. Dynamics of orthophosphate (PO4
3-) release from the tested fertilizer tablets in 118 days period at 25°C

Figure 4. Dynamics of potassium (K+) release from tested fertilizer tablets in 118 days period at 25°C
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participation in the KK, KR, PW and SW mem-
branes; thus, it mostly concerns collagen mem-
branes and slightly less in the polyvinyl acetate 
and water glass. From the remaining types of tab-
lets, sulphates were being released in significant-
ly smaller volumes, positively correlated with the 
time elapse. Despite the increased concentrations 
of these ions recorded in the solution in the first 
days of experiment, their general amount is not 
substantial, which does not constitute the threat 
of excessive salinity or acidification of the sur-
face especially in front of results obtained in ex-
periments with sewage sludge – ash granulates 
(Mazur et al. 2013, Rosik-Dulewska et al. 2006). 
The lowest amount of released sulphate ions was 
recorded for the type of shellac membrane, which 
definitely confirms that covering of tablets with 
such barrier is the best of all tested materials. 

The low content of heavy metals contained 
in tested fertilisers, which is sufficient to obtain 
appropriate growth and development of plants, 
is worth noting. While it does not constitute a 
threat for natural environment, which may occur 
in the case of using composts from the munici-
pal waste or bottom sediments (Lopes et al. 2011, 
Strzebońska et al. 2015).

CONCLUSIONS

The tested membranes, which were applied 
in order to slow the leaching of nutrients from 
tablet fertilisers, fulfilled their function to a 
various extent. The most durable membrane 
made out of vinyl acetate due to its significant 
stability, to a fundamental extent prevents the 

Figure 5. Dynamics of calcium (Ca2+) release from tested fertilizer tablets in 118 days period at 25°C

Figure 6. Dynamics of magnesium (Mg2+) release from tested fertilizer tablets in 118 days period at 25°C
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release of nutrients from the core of fertiliser 
tablet. The collagen membranes, as well as 
polyvinyl alcohol and water glass, which are 
the most vulnerable to leaching, act for too 
short in order to effectively slow down the elu-
tion process of nutrients into the soil solution. 
Moreover, water glass causes excessively sud-
den growth of electrolytic conductivity of solu-
tion, which may have an unfavourable impact 
on the seedlings of sensitive plant species. The 
best results have been achieved in the case of 
shellac membrane, which underwent disinte-
gration after about one month from the time it 
was applied. In addition, the natural character 
and ease of use predispose this material to be 
applied as the membrane in the production of 
organic-mineral tablet fertilisers. 

In conclusion, the obtained results indicate 
that there is a possibility to use shellac as an ad-
ditive slowing down the release of nutrients from 
independently manufactured cheap organic-min-
eral tablet fertilisers, which may be applied not 
only in the case of organic crops but in broadly 
defined gardening.
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