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results indicate the lack of toxic effect of the tested fertili-
zation doses on the germination of the test plants, with the 
exception of cress. There was, however a strong inhibition 
of seedling growth during 72 h in samples containing 10% 
of the tested fertilizers, especially when they showed sig-
nificant salinity and high pH. The most sensitive species 
used for doses of fertilizer was cress, and the least sensi-
tive was cucumber, for which there was a strong stimula-
tion of root growth already at 5% share of tested fertilizer 
in the substrate. EI shows particular individual character of 
tested species using fertilizer based on SCG. The inhibition 
of wheat roots elongation was observed even in 2.5% ferti-
lizers fare.

Keywords Spent coffee grounds · SCG · Acute toxicity · 
Organic fertilizer · Sustainable agriculture

Introduction

Separate collection of biodegradable waste fractions, 
carried out at its source, enables not only to channel it 
to the process of composting or biogas production, but 
also to obtain high-quality fertilizer. This also applies to 
the waste solvent extractable materials generated after 
the preparation of beverages from coffee beans. These 
wastes are formed in large quantities due to the increas-
ing consumption of this beverage [1]. The annual coffee 
consumption in Poland has been increasing and currently 
stands at 3 kg per capita, however this is a number sev-
eral times lower than in the Scandinavian countries. In 
large part these wastes are directed to biodegradable frac-
tion containers. In practice, however, the containers con-
tain significant amounts of non-compostable waste and, 
even if a compost is produced, its quality will be low. 

Abstract Sustainable agriculture places new demands 
on agricultural practice and, in particular, plant protec-
tion treatments and fertilization. Therefore, an increase in 
demand for organic fertilizers of good quality is expected. 
In particular, the organic matter contained in the waste of 
the food industry or generated in households, in the absence 
of contamination, can be used for the production of “ferti-
lizer”, which could be used in organic crop production. The 
paper presents basic characteristics of tested mixtures and 
the results of testing for acute toxicity of the mixture made 
from spent coffee grounds (SCG) modified with ash aris-
ing from the low-temperature combustion of biomass or 
magnesium sulphate and blood meal. The plant tests were 
conducted on: mustard (Synapis alba L.), wheat (Triticum 
sp. L.), cucumber (Cucumis sativus L.) and garden cress 
(Lepidium sativum L.).Toxicity tests were carried out using 
a standard 72  h procedure using the Phytotoxkit microbi-
otest platelet involving fertilizer 2.5, 5 and 10% (v/v). The 
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This causes not only the loss of organic matter, but also 
the time and effort necessary to carry out the composting 
process. Spent coffee grounds (SCG) material includes a 
wide range of valuable organic compounds which con-
tain, among others, tannic acid, cellulose, hemicellulose, 
lipids, organic acids and polyphenols and therefore it is 
used for the production of biochar, for composting as a 
sorbent and for the preparation of biodiesel [2–4]. SCG 
has been also considered as valuable source of polyphe-
nols and galactomannans for application in medicine, 
cosmetics and food industry [5]. Attempts were also 
made to produce alcohol from the SCG, but the process 
requires a significant energy input [6].

An alternative way to use SCG is their processing into 
fertilizer without costly and lengthy process of compost-
ing. In this way, organic matter unencumbered by pol-
lution can be a valuable source of nutrients for organic 
farming, acting in support for the dissemination of the 
principles of sustainable agriculture. The quality of the 
resulting fertilizer is high and does not pose a threat with 
heavy metals transmitted into the food chain [7, 8]. An 
additional advantage is that the production of these fer-
tilizers is so simple that it is possible to process them in-
house with the guarantee of obtaining the highest quality 
product. Only because of the phytotoxic nature of SCG 
it is necessary to determine the maximum dose that will 
not adversely affect the vegetation [1]. On the other hand, 
data obtained after using pre-composted fresh SCG con-
firm better lettuce plants elements composition (com-
pared with lower yield) after use of high doses of this 
substratus [2].

Fertilizers produced on the basis of SCG could be used 
in organic crops cultivation regulated by the European 
Commission Regulation No. 354/2014 of 8 April 2014 
(amending and correcting Regulation (EC) No. 889/2008 
and laying down detailed rules for the implementation of 
Council Regulation (EC) No. 834/2007) on organic pro-
duction and labelling of organic products with regard 
to organic production, labelling and control. Currently, 
organic farming in Poland occupies an area of 580.7 
thousand hectares, and the use of the proposed fertilizers 
on a wider scale could contribute to the increase of this 
area (Eurostat 2016).

The aim of the study was to determine the acute toxic-
ity of fertilizer products based on spent coffee grounds, 
modified with the addition of ash formed during low-tem-
perature burning of biomass and other organic and min-
eral additives. For the purpose of the study “tableted fer-
tilizers” were dissected. It should be emphasized that the 
examined fertilizers are tested for the first time, and the 
data about the use of such prepared conditioners have not 
been described in the available international literature.

Materials and Methods

Material

The study was conducted on SCG generated after the 
preparation of coffee beverages (under pressure of 15 
atmospheres) and the ash derived from the thermal con-
version of oak biomass (wood with bark). Additional 
components of the experimental fertilizers were chemi-
cally pure magnesium sulphate (MS) (POCH company) 
and/or blood meal (BM) [9]. All components of experi-
mental fertilizers were dried in 105 °C prior to use.

After preliminary testing, for experimental purposes 
five series of tableted fertilizer were prepared: K0, K10, 
K12, K13 and K20, of varying composition and destina-
tion (Table 1).

The method of making a tablet fertilizer was particu-
larly described by Ciesielczuk et al. [10].

Organic content was determined by weight after igni-
tion at 600 °C for 3  h. The pH value was determined in 
 H2O and in 1M KCl using 1:10 solutions. The content of 
organic carbon, Kiejdahl nitrogen, hydrogen and sulphur 
was determined with the use of a CHNS Vario Macro 
Cube analyzer (Elementar). The phosphorus content was 
determined by titration after digestion with sulphuric 
acid. The content of sodium, potassium and calcium were 
determined in wet mineralisates with the FES method 
using the BWB XP device. The content of magnesium 
and heavy metals such as zinc, copper, lead, nickel, 
chromium, and cadmium were determined by an atomic 
absorption spectroscopy using the Thermo iCE 3500 
device after microwave wet digestion with aqua regia in 
the Mars-X device.

In order to determine the initial release of nutrients, 
aqueous extract was made according to PN-Z-15009 
(16 h shaking, 4 h rest, 2 h shaking, filtration). Further-
more pH, an appropriate electrolytic conductivity (EC) 
with electrometric methods, the content of organic car-
bon and total nitrogen by detecting a non-dispersive 
infrared absorption (NDIR), after the mineralization of 

Table 1  Mass proportions of components in fertilizer tablets in total 
dry state

Fertilizer 
type

Spent cof-
fee grounds 
(SCG)

Ash (A) Mag-
nesium 
sulphate 
(MS)

Blood 
meal 
(BM)

Gelatine

K0 10 0 0 0 1
K10 9 1 0 0 1
K12 9 0.1 0.9 0 1
K13 8 0.3 0.7 1 1
K20 8 2 0 0 1
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the sample at a temperature of 850 °C were determined in 
the extracts. The content of phosphate ion and nitrate was 
determined by IC, using the high performance ion chro-
matograph Metrohm 850 Professional IC AnCat - MCS, 
and potassium and calcium content was determined in 
wet mineralisates with the FES method using the BWB 
XP device.

The acute toxicity of the examined fertilizer was deter-
mined based on a plants germination test. It was made 
with: wheat Triticum sp. L. (T), ground cucumber Cucumis 
sativus L. var. ‘Krak’ (C), white mustard Synapis alba L. 
(S) and garden cress Lepidium sativum L. (L) Germination 
plates (Phytotoxkit microbiotest). The experimental tests 
included further grounding and sieving, through a sieve 
having a mesh of 1 mm, of fertilizers K0, K10, K12, K13 
and K20, which were mixed thoroughly with the peat-sand 
(1/1 v/v d.m.) substrate. The addition of fertilizer to the 
substrate was 2.5, 5 and 10% (v/v). The prepared substrate 
was moistened with water (WZ) of pH 7.06, EC 239 uS 
 cm−1, mineralization 180 mg dm−3. Peat-sand mixture was 
used as control sample.

Each plate was seeded with ten seeds of the test plants, 
which were then incubated in the dark at a temperature of 
25 ± 0.5 °C for 72  h [11]. After this time, photographs of 
the test plates were taken and root length was determined 
using the  ImageTool® programme. The germination rate 
for a series of experimental and control groups was calcu-
lated from the equation GI = Ge/Gk × 100, where GE and 
Gk are the number of germinated seeds in the experimental 
and control series, and the elongation rate was calculated 
from the equation EI = Le/Lk × 100, where Le and Lk are 
the length of test plants in mm. It was assumed that the lack 
of difference in the range from 90 to 110% is considered as 

no effect of fertilization. The one-way analysis of variance 
(ANOVA) was carried out using the statistical package 
PQStat. An analysis of variance was performed separately 
for each species of test plants.

Results and Discussion

Characteristics of Tableted Fertilizers

The examined fertilizers had a pH ranging from 5.92 to 
9.15  (pHKCl) and from 5.61 to 8.77  (pHH2O) (Table 2). The 
results obtained for the SCG are confirmed by other authors 
[12]. Our own results indicate that even the series of a tablet 
fertilizer without the addition of ash from biomass are not 
highly acidifying fertilizers. The K0 and K12 series exhibit 
a slight acidifying effect, K10 and K13 can be considered 
as neutral fertilizers; only the K20 series are de-acidifying. 
It should be noted that some other results for pH  (pHH2O) 
were obtained in the case of aqueous extract of the exam-
ined fertilizers, for which the results are presented later in 
this work. This is due to the different methodology for the 
determination of pH in fertilizers and in aqueous extracts. 
From the soil salination point of view, very disturbing is the 
high value of electrolytic conductivity in the K12 and K13 
series (respectively 5.18 and 4.23 mS/cm). Even though the 
breakdown of fertilizer delivered in the form of tablets will 
be very slow (even without the cellulose and collagen coat-
ing), such a significant salinity (occurring even locally) can 
be dangerous for plants. Other fertilizers have a lower salin-
ity (0.89–2.60 mS/cm), and therefore it is not expected that 
they will exhibit a toxic effects on seedling growth.

Table 2  Basic characteristics of SCG and investigated fertilizers (n = 3)

SD value in brackets

SCG K0 K10 K12 K13 K20

Reaction  (pHKCl) 5.96 (0.06) 5.92 (0.18) 8.23 (0.24) 6.11 (0.11) 7.17 (0.28) 9.15 (0.16)
Reaction  (pHH2O) 5.64 (0.05) 5.61 (0.21) 7.15 (0.26) 5.89 (0.15) 6.39 (0.14) 8.77 (0.14)
EC (mS/cm) 0.95 (0.11) 0.89 (0.06) 1.97 (0.13) 5.18 (0.54) 4.23 (0.10) 2.60 (0.12)
Organic substances (%) 98.5 (0.03) 97.9 (0.06) 89.5 (0.54) 93.6 (0.63) 92.7 (0.06) 80.8 (0.8)
TOC (%) 53.3 (3.57) 52.05 (3.49) 46.6 (3.12) 45.9 (3.08) 45.15 (3.03) 43.4 (2.91)
NKiejd. (%) 2.45 (0.38) 3.83 (0.59) 3.33 (0.52) 3.32 (0.51) 4.18 (0.65) 3.09 (0.48)
C/N 21.75 13.59 14.00 13.82 10.80 14.04
CaO (g/kg dw) 0.57 (0.12) 1.20 (0.30) 14.3 (1.22) 4.71 (0.17) 10.3 (1.27) 29.7 (0.86)
MgO (g/kg dw) 7.24 (1.5) 7.54 (2.87) 7.71 (0.08) 157.9 (12.5) 86.6 (4.2) 7.73 (1.56)
S (%) 0.132 (0.022) 0.135 (0.022) 0.234 (0.038) 2.47 (0.405) 2.19 (0.359) 0.334 (0.055)
H (%) 7.78 (1.43) 7.88 (1.45) 6.75 (1.24) 7.24 (1.33) 7.09 (1.30) 6.33 (1.16)
Na2O (g/kg dw) 1.30 (0.16) 0.60 (0.004) 0.47 (0.004) 0.86 (0.03) 0.94 (0.06) 0.99 (0.04)
K2O (g/kg dw) 3.05 (0.18) 5.05 (0.33) 9.92 (0.22) 4.48 (0.12) 5.28 (0.26) 23.8 (0.22)
P2O5 (g/kg dw) 5.27 (0.01) 3.78 (0.16) 7.22 (0.09) 3.78 (0.21) 7.99 (0.11) 9.28 (0.23)
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The tested fertilizers, due to the large share of SCG 
(over 72%), are characterized by a very high organic con-
tent (organic carbon content exceed 50% for the SCG 
and K0, and exceeding 40% for the remaining fertilizer 
series), which is unprecedented in other types of natural 
organic fertilizers, except good quality manure or slurry. 
The composition of organic matter includes mainly poly-
saccharides, proteins and fats which guarantee the slow 
release of nutrients from decaying organic matter [13, 
14]. The content of fat in SCG is high, with an average 
value of 15% [1], but our own research shows the signifi-
cant influence of the method of coffee making on the con-
tent of fat in the SCG.

The nitrogen content in the tested fertilizer series is high 
and exceeds 3%. An exception is SCG without addition 
of other compounds, where the nitrogen content is 2.45% 
and the C/N ratio is 21.7, which is also confirmed by other 
authors [1, 13]. The established content is comparable to 
the amount of nitrogen in liquid manure, and higher than 
those recorded in composts and manure [14] and in sam-
ples of SCG given by other authors [4].

The calcium content correlates strongly (corr. coef 0.98) 
with the participation of ash from the biomass. The K20 
series has nearly 25 times more of this element than K0 
with no ash added. A similar correlation coefficient (0.97) 
was reported for potassium content which, like calcium, is 
supplied with ash. It should be emphasized that both these 
elements are present in a form easily absorbable for plants 
[15, 16].

The magnesium content is particularly high for the K12 
series, where the additive of magnesium sulphate was used 
(Table  1). In the remaining samples, the Mg content is 
lower, but the addition of BM also raises the magnesium 

content by more than 2× as compared to the fertilizer with-
out this addition.

Minor differences in sodium, potassium and phosphorus 
is comparable to the values obtained in earlier studies [10].

Aqueous Extracts of the Tested Fertilizers

Aqueous extracts obtained from K0 and K12 have an acidi-
fying reaction (Table  3), and the fertilizer stabilizing pH 
is K10. Material K20, from which the alkaline extract was 
obtained, has pH similar to the one obtained from the water 
extracts derived from mixtures of sludge and ash from 
coal combustion [8]. This may be particularly important in 
the case of acid soils, or soils susceptible to acidification, 
which require regular liming. A worrying phenomenon is 
the strong salinity of the solution, particularly pronounced 
in the case of the K12 and K13 series. In both cases it is the 
effect of the addition of a significant amount of magnesium 
sulphate (respectively 8.2 and 6.4% by weight) to supple-
ment the deficiency of this nutrient in the soil. The sensitiv-
ity of plants to salinity depends on the specific species, but 
research carried out for cucumbers show a toxic effect only 
at the level of conductivity of 6–8 mS/cm [17].

Particularly important is the release of particular forms 
of nitrogen into the soil solution. In the obtained extracts 
from fertilizers having a small share of ash (K0, K12 and 
K13), dominates the ammonium form, which is greater than 
the concentration of nitrates in K0 by almost 12 times. In a 
series of fertilizer with higher amounts of ash (K10) this 
advantage is small, and the ratio of  NH4

+ to  NO3
− is 1.4:1. 

On the other hand, in the case of the K20 series the nitrate 
form dominates. Definitively higher amounts of ammonium 
ions exceeding 230  mg/dm3 were found in water extracts 

Table 3  Characteristic of water 
extract of investigated fertilizer 
tablets

SD value in brackets
*In this case a ground SCG were used (not in tablet form)

SCG* K0 K10 K12 K13 K20

Reaction (pH) 5.70 5.88 6.90 5.69 7.24 8.69
EC (mS/cm) 1.12 0.62 1.84 5.85 3.32 2.45
NKiejd (mg/dm3) 152.7 (1.27) 165.1 (2.60) 140.6 (1.57) 320.0 (1.33) 122.8 (0.54) 110.0 (0.39)
NH4

+ (mg/dm3) <0.05 4.37 (0.78) 3.09 (0.55) 7.82 (1.4) 8.16 (1.5) 0.115 (0.02)
NO2

− (mg/dm3) 0.900 (0.14) 0.221 (0.033) 0.658 (0.099) 1.49 (0.23) 1.92 (0.3) 1.31 (0.20)
NO3

− (mg/dm3) 0.204 (0.02) 0.368 (0.028) 2.23 (0.17) 1.82 (0.14) 2.26 (0.2) 2.91 (0.2)
PO4

−3 (mg/dm3) 87.7 (18) 49.3 (9.9) 19.0 (3.8) 80.6 (16) 30.5 (6) 2.83 (0.6)
SO4

−2 (mg/dm3) 9.99 (2) 49.5 (9.9) 166 (33) 5411 2555 (504) 407 (80)
Na+ (mg/dm3) 98.4 (11) 46.3 (5.3) 29.8 (2.3) 15.8 (1.8) 58.6 (7) 49.9 (6)
K+ (mg/dm3) 405 (25) 146 (9.1) 602 (38) 412 (26) 325 (20) 1105 (69)
Ca2+ (mg/dm3) 82.1 (15) 14.6 (2.7) 50.9 (9.3) 114 (19) 138 (25) 158 (29)
Mg2+ (mg/dm3) 79.5 (9) 9.37 (1.1) 38.7 (4.5) 1280 (146) 532 (62) 9.72 (1.1)
Cl− (mg/dm3) 4.15 (0.3) 10.1 (0.78) 15.5 (1.2) 3.18 (0.25) 24.7 (2) 17.0 (1)
TOC (g/dm3) 3.12 (0.39) 1.72 (0.63) 1.75 (0.53) 3.02 (1.32) 1.18 (0.34) 1.49 (0.38)
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obtained from mixtures of sludge and ash from coal com-
bustion, which could pose a threat to crop seedlings [8].

Rich in easily soluble phosphorus compounds are the 
SCG fertilizers (87.7 mg/dm3) and K12 (80.6 mg/dm3). At 
a pH higher than 6–7, phosphorus in the soil can be immo-
bilized, which would be extremely detrimental to the effi-
ciency of fertilization as it is a necessary component in the 
life of plants. A small amount of phosphorus released into 
solution is a characteristic feature of K20 fertilizer as it is 
as much as 30 times lower than in the case of SCG.

The high content of sulphate ions in the water extracts 
from K12 and K13 fertilizers is due to the addition of mag-
nesium sulphate. The SCG, in turn, has a relatively low 
content of these ions.

The content of calcium in the water extracts from fer-
tilizers is different due to ash content. The amount of cal-
cium in the soil from an agricultural perspective would 
be very favourable because, when causing coagulation of 
the soil colloids, it positively affects the creation of lumpy 
structure of the soil and increases the pH.

A very high content of easily soluble potassium com-
pounds were determined in K20 fertilizer (1105  mg/dm3) 
and K10 (602  mg/dm3), which is associated with a sub-
stantial share of ash. Large amounts of potassium are not 
an obstacle for plants because they can retrieve it, even 
in excessive amounts - it is so-called “luxury uptake”. 
Potassium increases the nurture of plants, stimulates the 
growth of new ones, and improves resistance to all kinds 
of diseases.

Acute Toxicity

The SCG as raw plant waste is characterized by a strong 
phytotoxic impact, associated inter alia with caffeine, tan-
nins and polyphenols content [1, 18], but other authors [19] 
have shown no direct relationship between pH, EC and the 
content of polyphenols, and the toxic effect on plants, sug-
gesting interaction with other compounds e.g., fatty acids. 
The high level of toxicity of SCG was not confirmed in 
neither pot experiment nor field trials using lettuce, which 
in combination with high levels of antioxidants gives the 
possibility for extensive use of this fertilizer in horticul-
tural practice [2]. The amounts of tested fertilizers were 
relatively high (equivalent to doses of manure, respec-
tively 6.25, 12.5 and 25  dm3/m2 with plowing to a depth 
of 25 cm, or 50, 100 and 200 Mg of manure per ha), and 
additionally the powdery form in which they were applied 
ensures a maximum impact of the fertilizer on the soil solu-
tion and germinating plants as a result of the huge contact 
area of fertilizer and soil solution. Under the conditions of 
use of a fertilizer in the form of tablets coated with a mem-
brane made of cellulose and collagen, its impact will be 
much slower. Germination rates varied for each test plant 

species and series of fertilizer (Table 4). The lowest rates 
were recorded for the germination of cress (Lepidium).

This species (Lepidium) showed a high sensitivity, par-
ticularly in the trials with K10 and K12 fertilizers. The 
lowest amount of germinated seeds of the test species was 
observed with a 10% additive of K10 fertilizer (GI = 40%) 
and K12 (GI = 70%), which in the case of K10 is defined as 
a significant inhibition of germination [20].

Other species tested (T, C, and S) germinated well and 
reported no direct correlation between the GI index and 
the applied level of fertilization. A significant reduction in 
germination was expected for samples with the addition of 
SCG because, when using this fertilizer as a substrate in the 
preliminary experiments carried out, the Lepidium seeds 
did not germinate. What was also expected were smaller 
quantities of germinated seeds in the case of a substrate 
containing a series of K12 fertilizer because of its high 
conductivity, but in practice a decrease of germinated seeds 
was observed only in the case of Lepidium. Other species 
of plants germinated well, even at maximum doses of the 
fertilizer.

Elongation Indicators (EI)

In the case of the L plant there was a significant spread 
of root length measured in the 72  h of the experiment 
(Table  5). A particularly high dispersion was obtained 
in the control series, both within the group and between 
groups. Particularly surprising is the strong inhibition of 
the growth of roots in the case of a 5% addition of neu-
tral K10 series fertilizer. These results are comparable with 
those obtained for this species (L), and for a 10% additive 
in the case of the highly salinating K12 and K13 series. In 
a similar study, the species showed no decline in the germi-
nation until the EC 2.4 at pH 4.2, but in these conditions a 
strong inhibition of root elongation in the 72 h of the test 
was observed [19].

For the T species, very good results were obtained from 
the addition of the series of fertilizers in quantities of 2.5% 
(Table 4). The addition of 5% of SCG caused stimulation of 
root growth. For other test series, fertilizer additive in the 

Table 4  Germination index (GI) of tested plants species at 2.5; 5 and 
10% fertilizers fare

Lepidium Triticum Cucumis Synapis

SCG 100/129/80 111/100/90 100/100/100 80/100/100
K0 114/129/80 111/100/100 100/100/111 100/100/111
K10 114/100/40 111/100/100 100/100/100 100/100/100
K12 128/143/70 111/90/100 100/100/111 90/100/89
K13 100/143/90 111/100/100 100/100/111 90/100/111
K20 114/100/90 111/100/100 100/100/111 100/100/111
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amount of 5 and 10% reduced the rate of root growth, but 
the differences were relatively small.

In case of C seedlings, the increase in the share of 
SCG in the substrate resulted in increasingly stronger root 
growth and length. The addition of the K0, K10 and K13 
fertilizer series in the amount of 2.5% caused neither the 
stimulation nor the inhibition of root length, but with an 
increased dose, a decrease in root length was recorded in 
each case of addition of the tested fertilizers series.

Interesting results were obtained for the S species 
(Table  5), where the root growth was inhibited only after 
application of 10% of the fertilizer to the substrate; the 
addition of 5% resulted in a strong stimulation of growth. 
In experiments with pure SCG conducted on lettuce a low 
yield were obtained only for very high doses of SCG (20 
and 30% pre-composted with soil fresh SCG) [2].

Statistical Analysis

One way analysis of variance (ANOVA) showed a statistical 
difference between the obtained average. Although the dif-
ferences occurred—both statistically significant and highly 
significant—between the experimental groups, in which the 
substrate was modified with additives of the studied series 
of fertilizer, in this paper only the statistical differences 
that occurred between the control group and experimen-
tal groups within a species and at a given level of fertili-
zation are presented. In the case of the Lepidium species, 
the strongest inhibition was observed for substrates with 
a 10% addition of K10 and K12 fertilizers—respectively 

50.2 and 55.7%. Only in the tests with a 2.5% addition of 
fertilizers did no highly significant statistical differences 
(α = 0.01) occur between the control and fertilized groups, 
while in the other tests (for substrates with a 5 and 10% 
addition of fertilizer) for this species, such differences 
occurred (Table 6). An even more significant influence of 
the used fertilizer doses was recorded for the Triticum spe-
cies where, in the case of K13 and K20 fertilizers, inhibi-
tion amounted to 71.2 and 63.6% respectively. In this case 
a highly significant difference was observed only for ferti-
lizer added in the amounts of 5 and 10%. A similar sen-
sitivity was demonstrated for plants of the Cucumis spe-
cies, wherein the strongest inhibition of root growth was 
observed at the level of 44.1 and 47.5% respectively for 
the K13 and K20 series, and highly significant differences 
for the tests with a 10% dose were reported for the same 
series of fertilizers as for Triticum. Similarly strong growth 
inhibition of Lepidium seedlings was obtained on substrates 
with a 6% addition of sewage sludge and composts from 
these deposits [21].

The least sensitive species is Synapis for which the 
addition of fertilizers (except K0) in the amount of 2.5% 
resulted in stimulation of root growth by 44%; however, sta-
tistically significant differences (α = 0.05) for this level of 
fertilization were observed only between the control group 
and the K20 series. Two-time quantitative growth of addi-
tives of the SCG, K12, K13 and K20 series to 5% caused 
further stimulation of root growth, which in the case of the 
SCG, K13 and K20 was almost twice as long as the control 
ones. At that dose of fertilizer, a high statistical significance 

Table 5  Longitude of roots of 
tested plants with 2.5; 5 and 
10% fertilizers fare (%) (n = 10)

SD value in brackets
*The results of control series (base substrate without fertilizer additives) were obtained separately for each 
experimental series

Control* SCG K0 K10 K12 K13 K20

Lepidium (Lepidium sativum L.)
2.5% 5.4 (2.1) 6.1 (1.4) 4.3 (0.5) 3.6 (0.8) 3.9 (1.9) 3.6 (1.0) 3.8 (1.9)
5% 4.5 (2.0) 3.6 (1.0) 2.4 (0.9) 1.6 (0.3) 4.2 (0.9) 2.9 (0.8) 4.3 (0.9)
10% 3.2 (0.9) 4.5 (1.0) 1.5 (0.8) 2.1 (0.2) 1.4 (0.6) 1.3 (0.3) 2.5 (0.6)
Triticum (Triticum sp. L.)
2.5% 5.2 (1.5) 4.7 (1.6) 4.8 (1.0) 3.7 (1.6) 4.8 (1.7) 4.8 (1.6) 4.8 (0.8)
5% 4.4 (1.2) 5.3 (1.9) 4.0 (1.6) 2.2 (1.2) 1.9 (0.9) 1.7 (0.5) 1.9 (1.3)
10% 6.1 (1.5) 5.7 (1.7) 3.3 (1.3) 2.9 (0.8) 2.6 (0.9) 1.7 (0.4) 2.2 (1.0)
Cucumis (Cucumis dativus L.)
2.5% 6.3 (1.3) 6.6 (1.7) 6.4 (0.7) 6.5 (0.5) 5.6 (1.4) 6.0 (0.6) 5.4 (1.9)
5% 6.1 (2.2) 7.1 (0.6) 4.5 (0.6) 4.8 (0.2) 5.1 (0.3) 5.0 (0.6) 6.0 (0.5)
10% 7.0 (1.1) 7.5 (1.0) 5.0 (0.8) 4.2 (0.5) 4.1 (0.5) 3.9 (0.5) 3.6 (0.9)
Synapis (Synapis alba L.)
2.5% 4.7 (2.6) 5.5 (2.1) 4.8 (2.1) 5.9 (1.4) 6.0 (2.3) 5.4 (2.1) 6.8 (1.4)
5% 2.9 (0.9) 5.3 (2.6) 2.3 (0.6) 3.1 (0.6) 4.8 (0.7) 5.2 (1.3) 5.1 (2.0)
10% 4.4 (2.6) 6.3 (2.1) 2.8 (0.6) 2.1 (0.7) 3.0 (1.0) 2.1 (0.9) 2.9 (1.4)
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was recorded for the differences between the control and 
the series with additions of SCG, K12, K13 and K20. In 
this case there is an “acute stimulation” of root growth. An 
inhibiting reaction was observed only in the case of a 10% 
addition of fertilizers, but the addition of SCG continued 
to support the development of Synapis seedlings; however, 
at this level of fertilizing with K12 additive there were no 
significant differences.

To sum up, described experiments show that GI parame-
ters do not have real influence of tested fertilizers on plants 
seedlings. Only combination of GI and EI indexes can be a 
good characteristic of first 3 days of plant growth on ferti-
lized substratum.

Conclusions

Tests of germination and growth of test plant roots in the 
first 3 days after sowing have become increasingly impor-
tant indicators of phytotoxicity. This study shows varied 
levels of acute toxicity of tested fertilizers in relation to test 
plant species. The highest investigated level of fertilizers in 
a powdered form, based on SCG with additives (especially 
K10 and K12), inhibited the germination of plants of the 
Lepidium species, without having such an effect on other 
tested plants. Fertilization with such high doses of ferti-
lizers also resulted in inhibition of root growth of the test 
plants. The strongest inhibitory interaction was observed 
when using the highest applied dose of the K13 and K20 
fertilizer series for seedlings of Triticum and Cucumis. 
However, in the case of Lepidium such an impact was 
recorded for the K12 and K13 series, and the Synapis plants 
species was inhibited the most by a 10% addition of K10 

and K13 fertilizers. Surprisingly, a 5% additive of K12, 
K13 and K20 fertilizers and the addition of SCG strongly 
stimulated the development of the species’ roots, therefore 
the best mixtures seems to be K12 and K13, but used in 
low fares. The recorded differences that were statistically 
significant and highly significant confirm both inhibition 
and stimulation of the development of the roots of the test 
plants by the fertilizer additives.

In summary, these results indicate the possibility of 
using SCG and ash from biomass as the main components 
of cheap fertilizers that may be used in organic crop culti-
vation, contributing to the use of organic compounds in the 
tested waste and mineral compounds contained in the ash 
from biomass. It is worth emphasizing that the production 
of tableted fertilizer can be carried out by persons engaged 
in gardening as a hobby and also, that by changing the par-
ticipation of both the above-mentioned basic ingredients, 
it is possible to adjust the pH of the produced fertilizer 
depending on momentary needs.

Open Access This article is distributed under the terms of the 
Creative Commons Attribution 4.0 International License (http://
creativecommons.org/licenses/by/4.0/), which permits unrestricted 
use, distribution, and reproduction in any medium, provided you give 
appropriate credit to the original author(s) and the source, provide a 
link to the Creative Commons license, and indicate if changes were 
made.
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