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INTRODUCTION

ABSTRACT

Organic plant cultivation, especially those intended for human consumption, poses new
requirements for gardening. It is recommended to use organic slow-action fertilizers,
which provide doses of nutrients essential for plants for a long time. Particularly valu-
able fertilizers are those that arise within the household, due to their high quality and the
absence of costs associated with their purchase and transport. Organic matter contained
in the food industry waste or arising in households, in the absence of contamination by
other types of waste, can be used for self-production of organic fertilizer. The paper
presents the results of testing organic fertilizers, which you can make yourself, destined
for the cereal plants. The experimental fertilizers were made from coffee spent grounds
(CSG) and ash from the thermal conversion of biomass (A), and the components limit-
ing the amount of pests in the form of leaves and flowers of tansy (Tanacetum vulgare
L.). The fertilizer can be used at the time of planting and sowing, because of the slow re-
lease of nutrients. Moreover, the addition of leaves and flowers of tansy helps to protect
the seedling due to the content of essential oils. As a comparison, the horse manure and
rabbit droppings fertilizers were used. Such fertilizers can be prepared independently,
which leads not only to reducing the weight of biodegradable and mineral waste, but
also provides the ability to generate financial savings of the household and promote or-
ganic gardening. Fertilizers made from a mixture of CSG and A support the implementa-
tion of good agricultural practice and sustainable development.
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nearly 2 million Mg, and almost 65 thousand Mg
of pesticides [Statistical Yearbook of Agriculture

Soil improvement is a necessary procedure
designed to provide essential nutrients to plants.
Not only the occurrence of diseases, pests and
drought, but also a shortage of nutrients in the soil
can cause a loss in a crop. Because of the slow
effect, it is particularly important to provide the
nutrients in the form of organic or organic-min-
eral fertilizers. An organic matter derived from
biodegradable waste is valuable, and cumulated
in a landfill is a source of methane emissions
into the air. In Poland the annual consumption of
mineral fertilizers (NPKCa in pure component) is
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2015] is sold. In organic agriculture, pests can
cause significant losses of seedlings and the use
of commercially available synthetic pesticides
is prohibited due to the human health issues and
environmental pollution. Thus, fertilizers in ad-
dition to the providing the necessary nutrients
function, should also reduce the losses caused by
fungal and bacterial diseases as well as pests.
The most useful organic fertilizers are: ma-
nure, slurry, liquid manure, green fertilizers, waste
from biogas production and composts. Biodegrad-
able waste can be disposed in various ways, but
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rarely can be used in unprocessed form [Kazimi-
erowicz 2014]. Such fertilizers (especially com-
posts from municipal waste and manure), may ap-
ply to the soil a significant amount of metal ion
impurities, which can be absorbed by plants. Poor
quality of this type of materials is caused by the
addition of highly contaminated components such
e.g. waste from sweeping the streets [Adamiec et
al. 2016; Fekri and Kaveh 2013]. Another factor
is the cost associated with the time needed to ob-
tain compost and the need to periodically drafting
of heaps. The use of organic-mineral fertilizers in
the form of pellets simplify the use of fertilizers
in a gardening production as well as in private
household gardens and potted plants. However, to
achieve effective fertilization process, the protec-
tion against diseases and pests has to be provided,
through the use of a natural additive — biocide. The
fertilizer, which uses a combination of mineral ma-
terial (A) with the organic phase of post-extraction
coffee waste (CSG) and the dried leaves or flow-
ers of tansy (Zanacetum vulgare L.), is a solution
that can fundamentally contribute to balanced fer-
tilization and crop protection, also by unqualified
persons. Tansy contains essential oils, having not
only bacteriostatic function, but which may also
have neurotoxic impact (due to the content of a
and b-thujone) on animal organisms, including soil
zoo-pathogens [Moricz et al. 2015]. As a mineral
biogens source the ashes formed after combustion
of biomass can be applied. At present, the biomass
is widely used as an energy source, which is as-
sociated with the formation of significant quanti-
ties of ash. Polish energy policy for the next years
assumes a steady increase in the share of energy
produced from renewable sources, which will also
increase the amount of ash, including the burn-
ing of straw. The agricultural sector in Poland
produces about 200-300 million Mg of biomass,
including about 25 million Mg of straw [Bzdawka-
Pigtkowska 2007; Kwasniewski 2008]. We can get
about 740 thousand Mg of ash from burning it,
which can be used in the production of fertilizers.
For the purposes of organic agriculture on small
scale, produced ash should be limited to biomass
boilers with low power (up to 30-50kW), in which
the fuel has good quality, because the ash from
power boilers can contain significant amounts of
PAHSs, which in the case of application ash into soil
migrate in the food chain [Poluszynska 2013].
Similar attempts were made in relation to the
ashes from coal-fired furnaces [Antonkiewicz
2009, Rosik-Dulewska et al. 2013, Roszyk et al.

2004]. The use of nutrients from the ashes derived
from the combustion of biomass has already been
known for many years, but right now it is essen-
tial to provide a thorough inspection of ash derived
from burning energy plants fertilized with sew-
age or sewage sludge [Bielicka et al. 2007]. The
essence of sustainable crop production is the use
of mineral and organic fertilization integrated with
plant protection based on ingredients of natural or-
igin. The optimal solution would be fertilizer with
repellent, which can be used at the time of sowing,
planting or replanting, and also can be prepared
independently in the household. For many years,
the work continued on defining the impact of using
organic waste as a fertilizer (sewage sludge, food
industry waste) on the quality of soils and obtained
crops, also in terms of the use of granular fertiliz-
ers. However, the combination of repellent and fer-
tilizer features is found only in the case of mineral
fertilizers commercially available in the form of
sticks to use in amateur crops, and is based on the
conventional pesticides, slowly releasing into the
soil solution [Barbera et al. 2013, Ociepa-Kubicka
and Pachura 2013, Rosik-Dulewska et al. 2009;
Rosik-Dulewska et al. 2013]. The fertilizers with
natural repellent function proposed here can be
used even in the organic vegetable cultivation, and
in addition they are safe for people applying them
and are produced on one’s own which reduces the
costs associated with the purchase of fertilizers. A
similar solution, but for which professional isola-
tion process of bacteria adversely affecting the
growth of pathogenic fungi, was proposed for the
cultivation of pepper [Wu et al. 2015].

MATERIALS AND METHODS

For the production of granulated fertilizers, the
post-extraction waste of coffee (CSG) was used as
a result of coffee beverage preparation, dried in the
sun and dried again to constant weight at 105 °C.
The binder was gelatin commercially available. The
gelatin solution was performed by soaking 10 grams
of gelatin in cold deionized water, and then the ob-
tained gel was transferred into boiling deionized wa-
ter and boiled. As a mineral supplement the ash was
used, derived from biomass combustion of burning
oak wood with bark in the form of particles, at 600
°C for 3 hours in a muffle furnace, and then re-com-
busted at this temperature for 1 hour [Ciesielczuk et
al. 2015]. The obtained ash (A), was sieved through
a mesh of 2 mm, and then dried to constant weight.
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The composition of various types of fertiliz-
ers made on the basis of CSG and A are shown in
Table 1. Fertilizer K10 was made using the pro-
portion of the mass given by Ciesielczuk et al.
(2015), but a granular form was used, without the
collagen integument. As fertilizer with deacidifi-
cation properties the type K20 was selected, with
a larger share of biomass ash.

BOTANIC CHARACTERISTIC

Tansy (Tanacetum vulgare L.) occurs through-
out the country and is a plant with a characteristi-
cally unpleasant odour. Its flowers contain essential
oils, including thujone, which due to its properties
has been used for the treatment of parasitic dis-
eases. These properties mean that it has also been
used in folk medicine. The plant spreads rapidly
by rhizomes and seeds. In autumn and winter, it is
a source of food for wintering bird life in Poland

PREPARATION OF ORGANIC ADDITIVES

The leaves and flowers of tansy (Tanacetum
vulgare L.) were collected carefully so the roots
and plants rhizomes were not destroyed. After
transportation to the laboratory, the plants were
cut and dried on filter paper at room temperature.
Leaves and flowers of tansy were dried sepa-
rately, turning from time to time in order to avoid
mould growth. The dried plant parts were milled,
sieved through a 1 mm mesh and stored in the
dark at a temperature of <20 °C.

THE METHOD OF MAKING FERTILIZER
GRANULES

CSG, dried to constant weight, were mixed
thoroughly with the ash Ain a9 : 1 proportion (Ta-

ble 1) and with the additive typical for each type of
fertilizer — tansy flowers or leaves. Then a solution
of gelatin was added, cooled to room temperature.
After mixing the components precisely, the mass
was pressed through a die with a mesh diameter
of 2 mm. The obtained pellets were dried at room
temperature. Horse manure pellets were made the
granulator with a die having a mesh diameter of 2
mm and dried at room temperature. Rabbit drop-
pings, obtained in the form of natural pellets of a
7-8 mm diameter, were only dried in a room tem-
perature without converting them in a granulator.

In the tested fertilizers it was determined: the
organic matter content by gravimetric method af-
ter ignition at 600 °C for 3 hours. The pH value
was determined with H O and 1M KCI. Electri-
cal conductivity (EC) and pH were determined
by electrometric methods. The organic carbon
content was determined by TOC Cube analyzer
with a infrared detection function from Elemen-
tar. The nitrogen content was determined by
Kjeldahl method. The phosphorus content was
determined by titration after mineralization with
sulfuric acid. The contents of sodium, potassium
and calcium were determined in the samples af-
ter mineralization by the FES method using a
BWB XP instrument. The contents of magnesium
and heavy metals were determined by atomic
absorption spectroscopy using a ICE Thermo
3500 after microwave mineralization with aqua
regia in the Mars-X device.

RESULTS AND DISCUSSION

All tested types of fertilizers were character-
ized by a dark brown-black color, and the ob-
tained results of analyzed types: HM, RD, K10,
K20, KWL and KWK were shown in Table 2.

The tested fertilizers are a light material
(tab.2), which simplifies transport and creates
no difficulty during fertilization. The granular

Table 1. Mass proportion of components in fertilizer granules

. Horse Rabbit Tansy
Coffee spent Biomass ash . Tansy leaves .
manure droppings flowers Gelatin
grounds (CSG) (A) (HM) (RD) (TL) (TF)
HM 0 0 10 0 0 0 0
RD 0 0 0 10 0 0 0
K10 9 1 0 0 0 0 1
K20 8 2 0 1 0 0 1
KWL 8 1 0 0 1 0 1
KWK 8 1 0 0 0 1 1
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form of fertilizers allows to avoid losses resulting
from dusting. The pH of the proposed fertilizer is
neutral or slightly alkaline (types HM and K20),
which is advantageous in case of deacidifying
and stabilizing effect the soil pH. The electrical
conductivity indicates that the amount of easily
leached salts is the highest in HM type and such
a fertilizer can cause a temporary salinity of the
soil solution, which may adversely affect plant
growth. However, the EC values found in manure
may be much higher and reach almost 18mS/cm
[Fekri and Kaveh 2013]. In other types of fertil-
izers EC value does not exceed 3.5 mS/cm, which
guarantees no negative impact on young seedlings
of most crops [Mazur et al. 2013]. Organic mat-
ter content (defined as loss of ignition), was very
high in the examined fertilizers (well-nigh 67%
for HM, and more than 90% for RD and K10),
which is particularly important for fertilizing san-
dy soils where the water retention time is small,
and the organic matter contained in fertilizers in-
creases the water capacity. The content of organic
matter in good composts is lower and rarely ex-
ceed 50% s.m. [Meller et al. 2015; Poluszynska
et al. 2012]. The fat content in the applied fertil-
izers involving CSG can increase water retention
in the soil, which was confirmed by field studies
using wastewater from olive oil mill [Barbera et
al. 2013]. A big advantage is also high organic

carbon content (over 32%), which is comparable
to the amount in manure, and much higher than
that found in composts [Poluszynska et al. 2012;
Poulsen et al. 2012]. Fertilizers containing tansy
tissues are characterized by high and even organ-
ic carbon content (approximately 40% dm). Poor
soils (for which tested fertilizers are dedicated)
used in the gardening production allow to reduce
manufacturing costs, and the proposed organic
fertilizers help to reduce the consumption of non-
renewable peat resources. The gelatin, used in the
fertilizers production process, plays a key role not
only in the process of slowing down the leaching
of biogens into the soil solution, but is also the
source of organic material and finally nitrogen in
the form available for plants. Organic matter from
HM, RD, CSG, WL, WK and gelatin, slowly min-
eralizating, releases biogens into the soil solution
in a sustainable way which prevents over-fertiliz-
ing and significantly extends the fertilizer effect.
As a result, the expected duration of a dose of
fertilizer is 1.5-2.5 months. Using components so
rich in organic matter, not only maintains but also
increases soil fertility [Piwowar 2013].

Nitrogen content is high (2.69—3.83%) and
meets the requirements of the Regulation of the
Minister of Agriculture and Rural Development
on the implementation of certain provisions of the
legislation on fertilizers and fertilization [RMARD

Table 2. Basic characteristics of investigated fertilizers granules and comparison with data obtained to law

requirements for organic fertilizers

HM RD K10 K20 KWL KWK RMARD 236
Bulk density 326.0 2457 4226 440.1 417.8 419.8 -
[g/dm?]
oH o 823825 | 719-723 | 7.04-7.07 | 897-922 | 763765 | 7.60-7.62 -
PH. 8.11-8.18 | 618-621 | 697-7.07 | 885895 | 7.586-7.61 | 7.48-751 -
734 161 242 3.42 3.19 2.66
EC [mS/cm] (0.08) (0.01) (0.05) (0.05) (0.04) (0.01) -
Organic matter 66.8 89.3
o e 92902) | 916(04) | 80.7(0.2) 000) 89.5(0.2) >30
323 383 46.6 371 412 39.9
0, -
TOC [%] (0.3) (0.3) (3.12) (0.9) (0.11) (0.05)
Kiejdahl 3.60 2.69 3.36 3.06 383 3.75 03
nitrogen [%] (0.11) (0.26) (0.38) (0.23) (0.18) (0.29) :
CIN 8.9 142 13.9 12.1 108 106 -
Ca0 14.9 472
e 251 0.42 050) o) 28.0 276 ;
MgO 7.76 11
e 7.65 1.79 000) (158) 4.45 443 -
Na,0 0.37 0.58
o] 5.06 0.55 004 000) 0.49 0.53 -
K.0 9.97 202
o am] 27.0 3.57 008 o18) 165 16.2 >2.0
P.O 7.35 7.91
. 229 122 009 02 7.90 7.16 >2.0

SD value in the brackets
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236]. Kjeldahl nitrogen content is similar in all 6
series of examined fertilizers (the lowest in the
K20 because of an essential share of biomass ash).
Good quality compost contains a similar amount
of nitrogen to organic fertilizers examined here,
but its production is extremely slow, and composts
coming from professional composting plants may
contain higher levels of heavy metals which elimi-
nates them from gardening practice [Ciesielczuk
et al. 2011]. Furthermore, composts produced in
private farms may contain more than three times
lower amount of nitrogen (about 0.9—1.0%) due
to the addition of ash from wood-fired boilers or
fireplaces [Kurola et al. 2011]. The presence of
this element in the organic form ensures its even
and slow release into the soil solution, which is
not only advantageous to the long-term fertiliz-
ing process (preventing chlorosis of leaves), but
also prevents it from leaching into groundwater
[Wojcik et al. 2014]. In opposition there are en-
capsulated fertilizers with controlled release of
biogens, which especially in the first period after
their application, release too many ions of nitro-
gen to the soil solution [Golcz and Komosa 2006].

The calcium content (Table 2) is the highest
in the K20 type, providing proper deacidification
of the cultivation ground, and the lowest in the
RD manure (only 0.42 g/kg sm.), which is a dis-
advantageous not only in the case of stabilizing
the pH, but also plant nutrition. The main source
of calcium in the K10, K20, KWL and KWK
fertilizers is the biomass ash, which mixed with
CSG and bound by gelatin will be relatively re-
sistant to quick leaching, which will favor the
stabilization of the soil pH, contributing to the re-
duction of the heavy metals availability to crops,
but also the activity of exchangeable aluminum
[Ciba et al. 2007, Hermann and Harasimowicz-
Hermann 2005]. Liming is one of the most im-
portant treatments allowing to maintain a proper
pH and soil structure which helps obtaining high
crops [Arvidsson and Lundkvist 2003; Krzyszto-
forski 2010]. In case of using only the ash from
biomass as a source of calcium, the humus layer
of soil is too alkalized (biomass ash pH is about
10.95-13.00) and the ash components are too
quickly leached into the soil profile [Poluszynska
and Slezak 2015]. The pH stabilization process
is an important element of cultivation due to the
reduction of heavy metals absorption, however,
too rapid change in soil pH (e.g. through the use
of the biomass ash or lime fertilizer in the form of
oxide), affects the microflora adversely so that it
is not recommended for organic farming.
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In the analyzed samples with the mixture of A
and CSG fertilizers, the source of magnesium is
biomass ash and, to a lesser extent, organic mat-
ter. Ions Mg?" are particularly important because
of the essential role of this element in the con-
struction of chlorophyll and also its susceptibility
to leaching [Gransee and Fuhrs 2013]. Pellets sta-
bilized by gelatin provides a slow release of mag-
nesium to the soil solution which prevents losses
caused by leaching into the soil profile.

The potassium content is high in all the tested
types of fertilizer, except RD (3.57 g/kg of dm).
Most of this element — 27 g K O/kg dm was found
in the HM fertilizer and K20 — here due to the
high content of A. In all examined series of fertil-
izer, potassium content corresponds to legal re-
quirements considering organic fertilizers.

The phosphorus content is similar in experi-
mental fertilizers series, however, the highest
(as potassium) in HM manure. Bioavailability
of phosphorus from natural fertilizers (e.g. ma-
nure) is high, while the phosphorus contained in
the biomass ash is poorly soluble in water and,
therefore, its bioavailability is limited. However,
in case of fertilizers containing CSG, the content
of organic phosphorus will significantly comple-
ment potential shortfall of this element [Demeyer
et al. 2001]. The phosphorus content in the ana-
lyzed fertilizer granules meets the requirements
of the Ordinance [RMARD 236].

The results of heavy metals content (Table 3),
indicate that ash is the primary source of micro-
elements. In particular, zinc, copper and iron are
necessary (in relative high amounts) for plant me-
tabolism [Kucharski and Jastrzgbska 2005]. Their
amount is medium and rest of investigated met-
als — low, so that there is no risk of soil and crops
contamination by toxic elements (Pb, Ni, Cr, Cd
and Hg), even in the series with the highest share
of biomass ash (K20). Therefore, there is a possi-
bility of using these granules in vegetables crops
intended for direct consumption. The Regulation
of the Minister of Agriculture and Rural Develop-
ment on the implementation of certain provisions
of the legislation on fertilizers and fertilization
[RMARD 236] clarify the maximum content of
nickel, cadmium, chromium, lead and mercury
for organic fertilizers. Recorded concentrations
do not even come close to acceptable levels con-
tained in the Regulation. Compatibility of tested
fertilizers (except for HM with exceeded levels
of zinc and copper, and K20, with exceeded zinc
level), with the requirements of organic crops
should be underlined.
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Table 3. Semi total content of heavy metals investigated in granulated fertilizers and composts and maximum
levels for organic fertilizers and organic farming [mg/kg dm]

Compost CIR
HM RD K10 K20 KWL KWK [Ciesielczuk | RMARD 236 | (EU) No
2011] 354/2014
Zn 297.6 68.1 79.1 232.4 147.0 145.1 277-1756 - 200
Cu 122.9 12.3 15.1 31.9 26.09 25.54 36.3-283 - 70
Ni 20.44 7.21 3.13 1.4 5.67 3.97 11.3-217 60 25
Pb 3.94 <0.05 1.58 3.14 1.59 1.22 24.6-545 140 45
Cd 0.016 <0.012 0.13 0.389 <0.012 <0.012 <0.5-4.28 5 0.7
Cr <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 22.4-79.8 100 cc;;:\%(()(T)?(()))
Mn 398.8 721 447 1297 856.2 864.1 - - -
Fe 2724 498.1 126 3415 209.6 163.1 - - -
Hg 0.1015 0.0444 0.0052 0.0114 0.0055 0.0058 2 0.4

Organic fertilizers such as manure can con-
tain, depending on the origin, increased amounts
of these elements (including horse manure HM
studied here), which may pose a potential threat
to crops [Fekri and Kaveh 2013; Tella et al.
2013]. Although the horse manure examined
here has slightly higher concentrations of zinc,
copper, nickel and lead, it still fully meets the
requirements of the law, but it is not possible to
use it in organic crops. This validates the use of
analyzed granulated fertilizers (K10, KWL and
KWK) based on materials almost free from con-
tamination with metal ions. It is assumed that the
amount of bioavailable forms of metals in the
tested fertilizers will comprise up to 40-50% of
their total content, which must be confirmed or
ruled out with specific tests [Rosik-Dulewska et
al. 2008; Rosik-Dulewska et al. 2013]. Moreover,
the addition of a significant amount (10% m/m)
of dried leaves or flowers of tansy, will have a
positive impact on plant growth and development
due to their fungicidal and insecticidal effect
[Akpulat et al. 2004].

Selective collection of biodegradable waste,
even carried out with particular care, does not
always give an expected results. Well-sorted
“bio” wastes are mixed with a waste from vari-
ous sources in a composting plant, and the level
of contamination by other groups of waste is still
significant. The final result is bad — compost con-
taminated with huge amounts of plastic, glass
cullet and heavy metals. Such a compost is often
eliminated from fertilizer use as off-specification
[Boruszko 2011; Poluszynska et al. 2012]. Com-
posts produced on the farm may be contaminated
with the feces of animals (dogs, cats, martens)
penetrating the heap of compost so that there is a
probability of contaminating the compost with an-

imal endoparasites (eg. Toxocara spp.), which can
retain invasive activity up to 10 years [Ktape¢ and
Cholewa 2012]. On the other hand, biodegrad-
able CSG waste managed without composting, is
not exposed to pollution and their quality allows
to use them in organic crops. CSG and A waste,
generated in the household, are available for free
and have high quality. The only costs of fertiliz-
ers produced in the house is the energy for heat-
ing the water to form a solution of the gelatin and
the gelatin itself. To avoid those costs, a different
binder can be used — rice starch, remaining in wa-
ter after boiling the rice [Ciesielczuk et al. 2016].

CONCLUSION

Granulated fertilizers, extremely popular in
amateur and professional gardening production,
usually occur in the leading gardening compa-
nies products and have a relatively high price.
An important alternative would be the ability
to produce them on one’s own or in small fam-
ily businesses operating on the local market. The
significant parts of a fertilizer in the granulation
process are problematic and easily decaying cof-
fee spent grounds (CSG) Production of granu-
lated fertilizers made on the basis of CSG and
ash from the thermal conversion of biomass and
plant additives, not only allows to reduce the vol-
ume of waste going to landfill, but also can be
a factor boosting the productivity of soils. These
fertilizers with a high content of organic nitro-
gen and potassium, calcium, and organic matter
decompose slowly, which is important from the
point of view of availability of nutrients. Nitro-
gen occurring in the examined fertilizers only in
the organic form allows to use the fertilizers at
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the time of sowing or planting, and its slow re-
lease in plant-available forms prevents the loss of
this element. The slow decay of granules extends
the operating time of the fertilizer that releases
biogens gradually, in line with the principles of
sustainable development. Lower heavy metal
content than this occurring in composts and ma-
nure indicates a high quality of tested fertilizers
which allows their use in organic crop. These fer-
tilizers used in professional or amateur gardening
production, can cause a significant reduction in
cultivation costs, due to the possibility of fertil-
izing at the time of sowing or planting. This is
particularly important for the plant production in
containers when the use of poor mineral soil can
contribute to lower the manufacturing costs and
reduce pressure on the environment by reducing
the exploitation of peat — a material commonly
used in the production of organic soils. Literature
reports indicate, that the addition of dried leaves
and flowers of tansy should have a positive im-
pact on the growth of crops, through bacterio-
static, fungicidal and insecticidal effect. This is
particularly relevant for organic farming, which
cannot use the traditional pesticides.
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