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of manure and other organic fertilizers, are produced. The 
use of manure as an organic fertilizer greatly improves the 
soil structure, enriches both microorganisms and nutri-
ents and stimulates the formation of humus.

According to The European Commission Decision of 
correcting the list of waste pursuant to Directive 2008/98/
EC (European Commission, 2014) manure is considered 
to be waste and treated off-site, code − 02 01 06. The ma-
nure should be utilized so that it is used by livestock own-
ers as a fertilizer for crops, thereby reducing environmen-
tal pollution. But not treated and stabilized manure can 
be harmful for the environment etc. soil, ground water. 
Major environmental problems can be caused by failure 
to comply with the requirements of organic waste used 
as organic fertilizer. Surface water can be contaminated 
by scouring substances from manure into ditches, lakes, 
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Abstract. In recent years, the European countries recycle only 5−7% of bio-waste. One activity of the biological waste 
disposal is granulation. The production of fertilizer from animal manure with supplement represents an important area 
of environmentally friendly bio-fertilizer production. This paper presents an investigation of estimation manure compost 
physical-mechanical properties for reuse of organic waste − cattle and cow manure, sugar production waste − molasses 
through new technology pellets production and of granulated fertilizer impact on soil. The experimental manure samples 
produced by industrial methods and samples produced in the laboratory from the time period of 2014 to 2017 were in-
vestigated. The following physical – mechanical characteristics were estimated: biometric indicators (dimensions, mass), 
volume and density of raw material and pellets, material and pellet’s humidity and pellets strength. Experiments results 
have shown that the difference in limit strength between experimental and industrial organic compost pellets was about 
5%. Experiments of fertilizers on the impact on soil shown that the amount of nutrients added to the soil depends on the 
rate of the granulated compost fertilizer. As the norm increases, organic carbon, humus, mobile phosphorus and potas-
sium increase in soil. Increases in soil fertility, improved agrochemical properties, soil organic matter accumulation and 
humus increase. Granulated compost fertilizers have no effect on soil acidity. The presented results could be helpful to the 
development of the fertilizing process by the granulated compost fertilizer for improvement of soil quality in small farms.

Keywords: manure compost fertilizer, organic waste management, raw material, granulation, physical-mechanical proper-
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Introduction

Due to a significant decrease in the number of livestock 
in Lithuania, many farmers began to fertilize only with 
mineral fertilizers, this created a problem of soil degrada-
tion: lack of humus and nutrients, microbiological activ-
ity, deterioration of soil aggregates, and soil calcination 
began to acidify due to calcium and magnesium leach-
ing (Baniūnienė & Žėkaitė, 2005). The quality of the soil 
and environment is very important for the production of 
agriculture (Roeper, Khan, Koerner, & Stegmann, 2005). 
The increasing problem of soil degradation requires a new 
revision for the use of organic fertilizers in agriculture. 
The solution of this problem is primarily due to the en-
richment of soil with humus and the use of various or-
ganic compounds for fertilizing. In addition, beside the 
traditional organic fertilizers, new kinds, such as granular 
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rivers, etc. Pollutants such as nitrates, salts, pathogens can 
easily pollute not only surface but also groundwater. In-
tensive livestock farms can face a number of environmen-
tal problems, such as soil degradation or water pollution 
(Abelha et al., 2003; Bolan, Wong, & Adriano, 2004).  

Currently, only 5−7% of all bio-waste generated in 
European countries have been recycled. In case more bio-
logical waste was processed into more valuable products, 
it could replace up to 30% of mineral fertilizers based on 
phosphates. European countries import about 6 million 
tons of phosphate per year from other countries, however 
up to 30% of this amount could be converted from sewage 
sludge, biodegradable waste or manure produced fertiliz-
ers (European Commission, 2016). Based on the statisti-
cal data during the years 2010–2016 in Lithuania, agricul-
ture, forestry and fishery industries produced about 3468 
thousand tonnes of solid fraction manure and about 1496 
thousand tons of slurry (Official Statistic Portal, 2017). Of 
this only a very small part of manure is composted. In 
the production of anaerobic biogas, only very small (about 
3%) mixture of slurry and manure is currently treated 
(Brazas, 2012). 

One of the many manure treatment ways is compost-
ing. Composting an active organic part in solid biologi-
cal wastes makes it a stable product that can be used as a 
source of plant nutrition and as a conditioner for improv-
ing soil physical properties. The compost can improve soil 
structure, increase soil organic matter, inhibit soil path-
ogens and increase plant growth (Chen & Inbar, 1993), 
while un-stabilized or immature compost application to 
agricultural soil may cause phytotoxicity and adversely af-
fect the environment (Miikki, Senesi, & Hanninen, 1997; 
Vandecasteele, Reubens, Willekens, & De Neve, 2014). The 
European circular economic concept also appears in com-
posting. The modification of the waste in agriculture with 
a quantitative reduction has become available with the re-
alization of the economic competitive advantage based on 
the biodegradation of waste (Fogarassy, Czikkely, & Tóth, 
2018).

Recycling manure into valuable products is a more 
worthwhile than disposing it with the current methods 
(Lima & Marshall, 2005). Recycling organic waste is a 
complex process, the final stage of which is granulation. 
Manure-based granulated fertilizers do not have patho-
genic microflora, weed seeds, pathogenic ova or larvaes. 
Better physico-mechanical properties are acquired in the 
granular form: increased density of materials, volumetric 
density, mechanical durability, static strength, etc. Granu-
lated products are easier to handle, transport and use in 
various technological processes such as spreading in soil. 
Such products have no expiration date, do not sow, are 
easier to spread in the soil and remain in the soil for long-
er time. One of the main advantages of granular organic 
fertilizers is the fact that much less fertilizer is required 
compared to traditional compost and biological humus. 
When the amount of nutrients in granular manure in the 
soil microflora is optimal, it quickly dissolves in water and 

is easily absorbed by plants. Thus, the main task for gran-
ulating materials is to improve the quality of the pellets 
(Pocius, Jotautiene, Pekarskas, & Palsauskas, 2016; Jasins-
kas, Pekarskas, Kucinskas, & Aboltins, 2016; Bhattacharya, 
Sett, & Shrestha, 1989).

Organic granular fertilizers in agriculture are mostly 
used by organic farming and small farms, but granular 
organic fertilizers also could be used in traditional agricul-
ture along with mineral fertilizers. In addition, it should 
be easy to spread granules by standard fertilizer spreading 
equipment. Granules can also be implanted into soil with 
sowing seeds (Pocius et al., 2016).

Manure granules can be successfully used not only 
in crop production, but also for growing vegetables and 
fruit. It is important to note that in order to improve plant 
nutrition in the initial stages of vegetation, complex fer-
tilizers are added to organic fertilizer. However, the use 
of granulated manure for fertilizing plants is still under 
investigation. It is important to evaluate the effectiveness 
of various organic fertilizers produced from bird and cat-
tle manure for agricultural crops and their effects to the 
soil agrochemical properties by comparing the efficiency 
with the impact of mineral fertilizers on plants and soil.

There still exist problems to produce good quality 
granulated fertilizers from biological wastes whose densifi-
cation characteristics are unknown. Thus, methods how to 
make strong and durable granulated products are needed. 
As mentioned earlier, the physical-mechanical properties 
are very important for the quality of the pellets. Based on 
scientific research, breaking strength is the most common-
ly used method for measuring the hardness of fertilizer 
pellets. For fertilizers, this is a necessary trait for predict-
ing fertilizer use and storage properties (Latifian, Liu, & 
Mattiasson, 2012). For comparison to the other research-
er’s organic granules compressive strength tests shows that 
compost granules formed using municipal solid wastes 
was 44–113 N (Zafari & Kianmehr, 2014). Granules made 
from composted pig solid fraction with biochar, whose 
compressive strength was 200–400 N (Pampuro, Baga-
giolo, Priarone, & Cavallo, 2017). Compressive strength 
of food waste compost granules the values were above 
200 N (Chew et al., 2018). For higher granule strength 
and quality is it possible to use supplements like molasses, 
which are wastes too. According other authors the benefits 
of molasses addition can be reduced energy consumption, 
higher pellet strength, higher pellet density and bulk den-
sity, and lower moisture content (Mišljenović, Čolović, 
Vukmirović, Brlek, & Bringas, 2016).  

Investigations shows that on farm granulation of swine 
manure solid fraction composted with different organic 
waste materials can turn into organic fertilizer formula-
tions. Investigation results enhance the importance of 
composting as a way to increase livestock farming sus-
tainability and produce better manure compost for wider 
agricultural uses (Romano et al., 2014).

This paper is based on an investigation that aimed of 
determining physical properties of organic agricultural 



Journal of Environmental Engineering and Landscape Management, 2019, 27(3): 153–162 155

waste (cattle, cow manure compost, molasses) through 
new technology granules production and of granulated 
fertilizer impact on soil.

1. Materials and methods 

There were investigated ten selected variants of cattle ma-
nure granules were produced by new method in industrial 
technology (from the time period of 2014 to 2017) and the 
laboratory conditions. 

The five samples (6 mm diameters of granules without 
supplements) produced by industrial methods were: IP1 
(production of 2014), IP2 (production of 2015), IP3 (pro-
duction of 2016), IP4 (production of 2016 new technology 
of compost), IP5 (production of 2017). Since each year the 
production technology has improved, the characteristics 
of the granules belong to the company ownership. Granu-
lated beef cattle compost fertilizers were made from the 
Angus and Angus-Simental cross-breed manure compost 
matured with special technology developed by ASU re-
searchers. Cattle were fed only with haylings, giving some 
kind of lychees (lime salt). Concentrated feed and various 
protein additives were not used for feeding. Meat cattle 
manure was composted in a closed room (in a specially 
equipped building) to minimize the environmental im-
pact of the composting process. The manure is stacked in 
racks and is turn over by the MENART 4800 SP (Belgium) 
turner. Compost stacks were turn over up to 10 times and 
observed the temperature in the compost stack. After roll-
ing of the compost in the stack, the temperature rises to 
65  °C, as temperature begins to fall, the compost stack 
starts rolling again. The compost is prepared as its tem-
perature variations in the composting process are stable. 
Thereafter, the aging stage of compost, which lasts until 
30 days, was followed. Prepared compost was milled and 
granulated by the pelletizer developed by ASU researchers.

For experimental granules productions in laboratory 
conditions there was used the same cattle manure compost 
(from 2015 production year) as it was used for industrial 
granules productions (named GA series) and farmer’s cow 
manure compost (named KA series). The farmer’s cow ma-
nure compost (KA series) samples were dried naturally up 
to 42% moisture for the raw material samples preparation. 
Subsequently, the samples were dried till 28% moisture in 
laboratory ventilation ducts for 48 hours and exposed to 
slowly heated airflow. Afterwards the prepared materials 
were placed in a hammer mill, where it was grinded to a 
flour-like fraction. Before the granulation, flour samples 
made by the laboratory conditions were moistened by 
spraying them with water emulsions. The first sample was 
moistened by spraying it with water containing no addi-
tives and the sample was named GA1. Other samples were 
moistened by spraying a water emulsion using molasses as 
an additive. The raw materials made of mixed water and 
molasses with ratio 1:1 was called GA2, and the emulsion 
with ratio 1:2 was called GA3. KA1 samples were obtained 
from straw and manure compost without any additives. 

The KA2 samples were moistened by spraying the emul-
sion, which had a water-molasses ratio of 1:1. 

In order to produce granules a small capacity granula-
tor with horizontal matrix and 6 mm diameter channels 
were used. After granules cooled down their biometric 
parameters were evaluated, including their dimensions, 
moisture, volume and density.

The flour fractional composition and milling quality 
was determined using 8 different test sieve set RETSCH 
(Germany). Each test sieve body dimensions 200×50 mm 
and it meet the requirements of ISO 3310-1. Diameters of 
test sieve holes respectively were 0 mm, 0.25 mm, 0.5 mm, 
0.63 mm, 1 mm, 2 mm, 3.15 mm, 4 mm and 5 mm. By 
sieving a 100 g mass sample with a RETSCH AS 200 (Ger-
many) sieve shaker, the following parameters were set: 
height − 1 mm, sifting time − 1 min, interval − 10 s. After 
sifting, the remaining mass was weighed and the percent-
ages of the sample particles were calculated. Each test for 
every sample was repeated 5 times.

The granules biometric parameters were determined 
and granules volume was calculated by measuring their 
length and diameter. It was used digital vernier caliper 
LIMIT 150 mm (PRC). It meets the requirements of DIN 
863 (accuracy to 0.01 mm). For experiments were ran-
domly picked 10 granules to obtain the average value and 
error. The weight of the granules was evaluated by KERN 
ABJ (Germany) scales (accuracy to 0.001 g or 0.1 mg). Af-
ter determination of pellet volume and weight there were 
calculated the density of all investigated granules samples 
(Pocius et al., 2016). 

The moisture content of the flour and granular samples 
was determined by standard methods. The samples were 
weighed and dried at 105 °C for 24 hours in a drying tube 
and the moisture content of each sample was calculated 
as a percentage. Calculations were performed according 
to standard methodology (Lithuanian Standards Board, 
2007). By knowing the moisture content of the granules, 
the quantity of dry matter (DM) of each type of organic 
fertilizer granules was calculated.

The density of the samples was determined by using 
an empty 6 dm3 cylinder. The cylinder was filled up with 
prepared flour or granule up to the upper edge, then the 
cylinder’s weight was measured and using the results the 
density of the material was calculated. Bulk density was 
determined according to the standard methodology (Lith-
uanian Standards Board, 2002).

Granular strength tests were performed with the 5 kN 
capacity Instron 5965 test machine (Illinois Tool Works 
Inc. (ITW), USA). Table model 5965 load frames meet 
the requirements of EN61236-1 (2006) Equipment for 
Measurement Control and Laboratory Use (Industrial 
Locations) using CISPR 11 (2004) per Class code A. Re-
ceived parameters were saved to the Instron Bluehill® test 
control software (version 3.11.1209). Static load velocities 
of 20 mm∙min−1 and movement limit were also selected. 
Experiments with the samples of granules were carried out 
in a horizontal plane. Each test was performed for 5 times 
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per granule type sample. The granules were selected for 
testing, with a ratio of height and diameter greater than 
2:1. The experiment results were recorded every 0.1 sec-
onds until the granule was disintegrated. Measurement er-
ror was 0.02%. The statistical mathematical methods were 
used for processed the obtained data. The average values 
and their confidence intervals (CI) were calculated at a 
probability level of 0.95. 

Experiments on the impact of granular fertilizers on 
the soil were conducted in Aleksandras Stulginskis Uni-
versity Test Station. The soil was a medium loamy loam 
in a gleyy, a carbonated loam (Endocalcaric Amphigleyic 
Luvisol (Endoclayic, Drainic, Episiltic)). Investigations 
have been conducted for summer wheat plants. The size 
of the total field was 18 m2 (6×3), the size of test field was 
11 m2 (5×2.2). Fields were selected for a random order. 
Samples of the soil were taken with a soil drill in 0−20 cm 
layer of the soil before the summer wheat fertilization and 
after harvest. The experiments were repeated three times. 
Granulated compost fertilizers were applied before sowing 
by cultivating them into the soil. Soil was fertilized with 
granular fertilizers with a diameter of 6 mm.

Granular organic fertilizers tests on soils impact was 
made in spring of 2014 and 2015. Meteorological condi-
tions in 2014 after summer wheat sowing were friendly 
for biodegradation of granular organic fertilizers in soil. 
In April an average precipitation was 21.3 mm. The tem-
perature of the day was more than 10 °C. In May was 
2.2 °C colder and there was 21.6 mm more precipitation 
than the perennial average. The summer wheat field was 
very wet. In June, it was 3.0 °C colder and precipitation 
was 31.8 mm less than the perennial average.  The aver-
age temperature in July was 20.6 °C, it was even 4.0 °C 
higher than the perennial average. The precipitation was 
only 52.5 mm per month, which is 27.8 mm less than the 
perennial average. Spread out organic fertilizers has been 

slow to dissolve due to lack of moisture, and their total 
amount has not melt, which has affected their influence 
on spring wheat.

Summer wheat was sown on the test area on May 5 
of 2015. By the beginning of sowing, only 9.9 mm of pre-
cipitation was within 17 days and moisture was absent in 
the arable soil layer. In May was 0.9 °C colder and pre-
cipitation was 10.0 mm below the perennial averages. The 
lack of moisture has had a negative effect on the biodeg-
radation of granular organic fertilizers in the soil and the 
release of nutrients from them. In July, precipitation was 
to 72.4 mm and the average monthly temperature was 
17.4  °C. It was 8.8 mm and 0.2 °C below to the values 
of perennials averages. Inserted organic fertilizer gran-
ules disintegrated and the nutrients were absorbed by the 
plants. In August was a little rainy, and it was only 4.0 mm 
of precipitation till to wheat harvest, average temperature 
was 20.6 °C. Dry weather was negative to the degradation 
of organic fertilizer granules and the nutritional relaxation 
from fertilizers.

Soil samples were analysed at Agrochemistry Research 
Centre laboratory of Lithuanian Centre for Agrarian and 
Forest Sciences. The pH of the soil was determined by po-
tentiometric (Lithuanian Standards Board, 2005), organic 
carbon − dry combustion (International Organization for 
Standardization, 1995), humus − multiplication of organic 
carbon by the coefficient 1.724, mobile phosphorus (P205) 
and potassium (K2O) − Egnerio-Rimo-Domingo A-L 
method (LVP D-07: 2015 6th edition).

2. Results and discussion

Fractional composition of raw material influences gran-
ulated fertilizers quality characteristic presented in Fig-
ure 1. The largest amount (65.2±2.3%) of manure compost 
for industrial production (Figure 1a) mass accumulated 

     a)     b)
Figure 1. Particle size of fractional composition of the raw material (mill)  
a) for granules IP and GA production and b) for granules KA production 
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fraction range 0−0.25 mm in diameter on a sieve. When 
compost samples was sieving, a bigger quantity of dust 
was obtained. These results prove that milling the compost 
by using industrial milling devices results in a fine mill 
fraction. After evaluating the farmers cow compost mill 
(KA) fractional composition (Figure 1b), the maximum 
of mill fraction accumulated on the range 1−2 mm holes 
sieve (22.17±1.6%). 

A smaller quantity of flour fraction accumulated on 
the sieves range with 0.25−0.5 mm holes (19.83±1.93%) 
and with 0.63 − 1 mm holes (19.77±0.28%). Farmer’s cow 
compost mill (KA) particles size distribution is bigger and 
industrial production mill particles were closer to the dust 
fraction. 

It has been determined, that granules diameter of fer-
tilizers produced by industrial methods (IP series) was in 
the range of 5.69±0.5 mm. Binders were not used for gran-
ulating. This technology differs from other organic ferti-
lizer production technologies because it helps to produce 
granular fertilizers of the same length and without bind-
ers. The average granules weight was about 0.33±0.15  g 
and average length of 9.7±0.12 mm. 

The farmers cow manure and straw compost granules 
produced in laboratory conditions (GA and KA series) 
had the granules diameter in the range of 5.55±0.9 mm. 
The average experimental granules weight was about 
0.48±0.15 g and the average length of 13.9±1.6 mm. Gran-
ulating organic raw material with a traditional granulator 
with horizontal matrix produced a larger scattering gran-
ules length.

Humidity has a significant influence on interactions of 
plasticizer and enhances granule. Tolerable granule density 

is possible to achieve at lower moisture of raw material, 
but the compressive strength of pellet will be considerably 
lower. With increasing humidity, the capacity of pelletiz-
ing is reduced. The farmer’s cow manure compost (KA) 
samples natural humidity was about 42%, that’s why it was 
dried till 28% humidity in a ventilation canal. After grind-
ing the humidity of raw material was 16.90±0.46% for in-
dustrial production granules (IP series) and 22.53±1.91% 
for experimental granules production (KA series) (Fig-
ure 2). The granules humidity of industrial production (IP 
series) was from 12.09±1.18 to 14.87±1.48% and experi-
mental granules (GA and KA series) varied from 9.3±0.43 
to 10.40±0.23% (Table 1). 

It was estimated that the mechanical properties of or-
ganic fertilizers depend on the amount of water used in 

Figure 2. The comparison of raw material humidity for 
industrial and experimental granules a) Raw material for 
industrial pellets (IP) production and b) Raw material for 

experimental pellets (KA) production
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Table 1. The humidity, density and bulk density of organic fertilizer granules

No. Granules kind Average humidity, % Density; (D.M.), kg.m−3 Bulk density, kg.m−3

Industrial production

1 IP1 (production of 2014) 12.09±1.18 1278.07±58.71; 
1123.56±58.71 D.M. 813.9±18.07

2 IP2 (production of 2015) 14.66±2.06 1217.46±64.37; 
1038.98±54.93 D.M. 749.3±19.92

3 IP3 (production of 2016) 14.84±0.30 1183.71±45.04;  
1008.06±45.04 D.M. 729.4±26.69

4 IP4 (production of 2016, new 
technology of compost) 12.25±0.98 1116.81±54.33; 

979.96±54.33 D.M. 751.2±45.51

5 IP5 (production of 2017) 14.87±1.48 1255.90±67.01;  
1069.16±67.01 D.M. 714.2±20.37

Experimental production

6 GA1 (without additives) 10.40±0.23 1315.30±125.9; 
1178.51±125.9 D.M. 751.7±15.37

7 GA2 (with water to molasses 
emulsion rate 1:1) 9.5±0.33 1434.65±40.55;  

1298.36±40.55 D.M. 722.7±2.80

8 GA3 (with water to molasses 
emulsion rate 1:2) 9.3±0.43 1450.03±30.02;  

1315.18±30.02 D.M. 751.8±9.14

9 KA1 (with water to molasses 
emulsion rate 1:1) 10.13±0.58 1317.89±118.89; 

1184.40±118.89 D.M. 662.7±2.80

10 KA2 (with water to molasses 
emulsion rate 1:2) 9.66±1.20 1374.81±44.78; 

1242.01±44.78 D.M. 631.8±9.14
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irrigation and the particle size of the raw material. Bulk 
density of raw material was 556.4±5.81 for IP and GA se-
ries granules and 552±19.3 for KA series granules produc-
tion.  The origin of organic raw materials had a negligible 
influence. From the data of Table 1, it can be seen that 
the average density of all IP series granules after granu-
lation was 1210.39±73.07 kg.m−3. The average density of 
experimental granules (GA and KA series) after granula-
tion was 1378.54±72.57 kg.m−3. Largest density is of GA 
and KA series experimental granules (from 1315.30 to 
1450.03 kg.m−3). 

The granular bulk density was bigger of the gran-
ules produced by industrial IP series (from 714.2 to 
813.9 kg.m−3) then experimental KA series (from 
631.8 ±9.14 to 662.7±2.80 kg.m−3) methods. Density of ex-
perimental granules (from 1178.51 to 1315.18 kg.m−3) of 
dried material (DM) was largest then produced in indus-
trial method (from 979.96 to 1123.56 kg.m−3) (Table 1).

The crushing strength test of industrial cattle manure 
compost (IP series) curves is shown in Figure 3 and exper-
imental granules (GA and KA series) curves in Figure 4. 
In both granules series there were picked one average in-
herent curve from 5 samples on purpose to show the char-
acter of the force variation in granules crushing strength 

test. In the curves noticed granules breaking points, which 
are showing points where granule disintegrated mechani-
cally. Maximum crushing load test results from 5 samples 
on each granules series and the average values and their 
confidence intervals (CI) showed in Figure 5. 

Analysing the deformation curves it can be observed 
that the maximum crushing force achieved at 304.17  N 
and deformation was in range from 0.216 mm in IP1 gran-
ule case (Figure 3). Those granules series showed greatest 
resistance to mechanical load. The maximum crushing 
load test results with confidence intervals is shown in Fig-
ure 5 a). Maximum crushing loud force meanings were 
collected from Instron Bluehill test control software data. 
There was picked points from which force started to de-
crease for each sample. Average IP series granules crush-
ing strength was 283.7±49.01 N. Granules do not disinte-
grate immediately, because of their elasticity properties. 
The manure compost granules (IP1) with static stability 
of 357.1±105.9 N were found to be the most mechanically 
stable. The static stability of IP2, IP3, IP4 and IP5 ranged 
from around 245.2 to 272.6 N. The smaller resistance to 
crushing load of granules was more suitable for dissolving 
fertilizers into soil. 

The experimental granules test (GA and KA series) 

Figure 3. The strength test of industrial cattle manure compost granules IP1, IP2, IP3, IP4, IP5  
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Figure 4. The strength test of experimental manure compost pellets GA1, GA2, GA3, KA1, KA2   
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results show that the maximum crushing force achieved 
more than 681.44 N and deformation was in range of 
0.185 mm in GA3 granules case (Figure 4). Stronger gran-
ules show sharper fracture of deformation curve. Using 
the same crushing force on granules, the different deflec-
tion of the granules material is due to unequal raw mate-
rial particle size and raw material density distribution in 
the granulation process. That’s why deformation is quite 
different comparing KA to IP series granules.

The experimental granules test (GA and KA series) 
results show that the maximum crushing force achieved 
more than 681.4 N and deformation was in range from 
0.18  mm in GA3 granules case. It was determined that 
biggest part of experimental granules under a force of 
around 500 N totally disintegrated (Figure 4). Increas-
ing the concentration of molasses has shown stronger 
binding properties of the granules. The average strength 
of granules with molasses additives GA2 (rate 1:1) was 
478.3±55.9 N (Figure 5b). The average strength of gran-
ules with molasses additives GA3 (rate 1:2) was about 
713.8±112.1 N. The average strength of KA1 granules 
without any supplement was more than 500 N. The aver-
age strength of KA2 granules (sprinkling water with mo-
lasses emulsion rate 1:1) did not differ significantly (Figure 
5b). Average of all GA and KA series granules crushing 
strength was 577.4±110.2 N. The strength of manure com-
post pellets with molasses additives increased from 6% to 
9%. A higher strength was obtained from experimental 
pellets (GA and KA series) than from granules produced 
by industrial methods (IP series). This may be attributed 
to the addition of supplement Molasses and raw material 
particle size.  

All tested granules are sufficiently resistant to oper-
ating loads, are easy to transport, to store and it can be 
mechanically spread and inserted into the soil. It can be 
said that compost is highly humified and this is suitable as 
a raw material for the production of other bulk, granular 
and liquid organic fertilizers. The experiment results have 
shown that the limit strength of experimental and indus-
trial organic compost granules varied from 5% to 10%. 

The chemical composition of cattle compost granular 

fertilizers is given in the table below (Table 2). Accord-
ing to other researches the low C/N ratio signifies that 
the compost fertilizers is readily matured and can provide 
good mineralization in the form of accessible nitrogen for 
the plants to uptake and a high C/N ratio will promote 
nitrogen immobilization, which means that the accessible 
nitrogen would be taken up by microorganisms prevent-
ing the plants from absorbing them (Al-Bataina, Young, & 
Ranieri, 2016). In our case we got quite high C/N ratio of 
cattle compost granulated fertilizers. 

Table 2. Chemical composition of cattle compost granulated 
fertilizers production of 2014 (IP1)

Indicator Granulated compost fertilizer

Dry matter, % 87.2
Organic materials, % 72.0
C/N 17
pH 8.5
N, % 2.76
P2O5, % 1.34
K2O, % 5.44
Mg, % 0.58
Ca, % 2.07
Fe, % 0.16
S, % 0.39

Tests of impact on soil were performed according to 
the following scheme: 1) not fertilized with organic fertil-
izers; 2) fertilized with N30 rate; 3) fertilized with N60 rate; 
4) fertilized with N90 rate. The fertilizer rate for compos-
ted beef cattle compost is calculated on the basis of nitro-
gen content in organic fertilizers. The data is presented in 
the Table 3. 

The amount of nutrients entering into the soil de-
pended on the rate of fertilizer applied. With the N30−90 
granular compost fertilizer rate into the soil was inserted 
1087.0−3261.0 kg of granular fertilizers with physical 
weight, 782.6−2347.8 kg of organic matter, 14.6−43.8 kg 
of P2O5, 59.1−177.3 kg K2O, 6.3−18.9 kg Mg, 22.5−67.5 kg 

 a)  b)
Figure 5. Maximum crushing load test results for a) Industrial granules IP and b) Experimental granules GA and KA
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Ca, 1.7−5.1 kg Fe and 4.2−12.6 kg S (Table 3).
Fertilization with organic fertilizers is limited by the 

Nitrates Directive and it is not possible to fertilize fertil-
izer norms higher than N 170. By fertilizing organic fertil-
izers without nitrogen, various amounts of other nutrients 
are added to the soil. Knowing the amount of nutrients 
that can be added can be adjusted to other mineral or 
trace element fertilizers and thus significantly save money 
(Table 4).

It was found that an application of granulated compost 
fertilizers restores degraded soil and improves the physical 
and chemical properties of the soil. Due to the high degree 
of humification of compost, the amount of humus in the soil 
could be restored gradually. If the amount of humus in the 
soil is less than 1.5%, mobile phosphorus and potassium less 
than 100 mg.kg−1, the amount of humus, phosphorus and 
potassium in the soil will increase within a few years after 
continuous fertilization with granular fertilizers (Table 4). 

The efficiency of granular fertilizer depends on the 
rate of fertilization and the soil. It was found that granu-
lated organic compost fertilizers have a long-term effect 

on soil. Granulated compost fertilizers do not affect soil 
pH values and do not affect the changes in its acidity. 
As the amount of phosphorous and potassium fertiliz-
ers added with granular compost increased (Table 3), the 
amount of mobile phosphorus and potassium in the soil 
increased. Mobile phosphorus was significantly (15.0−18.0 
and 16.0−22.0 mg.kg−1) increased in both research years, 
when fertilized with N60–90 fertilizer rate, as compared to 
non-fertilized soils. When fertilizing the N30 rate, only the 
trend of mobile phosphorus growth in soil was observed. 
With granular compost fertilizers potassium is signifi-
cantly more than phosphorus added into the soil. It has 
a significant effect on the changes in mobile potassium in 
soil. In the course of fertilizing with all granular fertilizer 
rates N30−90, in both research years significantly 16.0−34.0 
and 9.0−23.0 mg.kg−1 increased in mobile potassium soil 
compared to non-fertilized soil. Organic materials in-
corporated with granular compost fertilizers significant 
increased the amount of organic carbon and humus in 
the soil. The purpose of composting cattle manure was 
to maximize humification of compost so that the organic 
matter content is as strong as possible to the soil organic 
matter. According to the data of two years of research, all 
the rates of incorporated granular compost fertilizers es-
sentially (0.12−0.29 and 0.10−0.21%) increased organic 
carbon (0.21−0.50%) and humus content (0.17−0.36%) 
in soil comparing to non-fertilized soils and comparing 
the rates of granular fertilizer with each other (Table 4). 
With increasing organic carbon and humus and mobile 
phosphorus and potassium content in soil, soil fertility in-
creased, the values of agrochemical properties improved, 
soil organic material began to accumulate.

Conclusions

1. By analysing the granules produced by the industrial 
method it was found that the average IP series granules 
crushing strength was 283.7±49.01 N. Industrial granules 
had diameter of 5.69±0.5 mm a range and an average 
length of 9.7±0.12 mm. The average density of granules 
after granulation was 1210.39±73.07 kg.m−3. 

2. Average crushing strength of experimental (GA and 
KA) series granules was 577.4±110.2 N. Produced gran-
ules had diameter of 5.55±0.9 mm a range and an average 
length of 13.9±1.6 mm. The average density of experimen-
tal granules after granulation was 1378.54±72.57 kg.m−3. 
These granules were harder than those industrially pro-
duced. The maximum crushing force of experimental pel-
lets was more than 500 N. By increasing concentration 
of molasses, it is possible to achieve high strength pellets 
(713.8±112.1 N). This means that these pellets were easy 
to transport and to spread or to insert mechanically into 
the soil by fertilizing.

3. The amount of nutrients added to the soil depends 
on the rate of the granulated compost fertilizer. As the 
norm increases, organic carbon, humus, mobile phospho-
rus and potassium increase in soil. Increases in soil fertil-
ity, improved agrochemical properties, soil organic matter 

Table 3. The amount of nutrients entering in the soil by 
fertilizing with different cattle manure compost granulated 

fertilizers

Indicator N30 N60 N90

Fertilize by physical 
weight, kg 1087.0 2174.0 3261.0

Organic materials, kg 782.6 1565.2 2347.8
N, kg 30.0 60.0 90.0

P2O5, kg 14.6 29.2 43.8
K2O, kg 59.1 118.2 177.3
Mg, kg 6.3 12.6 18.9
Ca, kg 22.5 45.0 67.5
Fe, kg 1.7 3.4 5.1
S, kg 4.2 8.4 12.6

Table 4. The influence of granulated cattle manure compost 
fertilizer (IP1) rates on soil biodegradation processes

Fertilizing 
rates pH P2O5, 

mg.kg−1
K2O, 

mg.kg−1
Organic 

carbon, %
Humus, 

%

Results of year 2014
N0 7.6 201 111 0.79 1.36
N30 7.5 206 127 0.91 1.57
N60 7.5 216 136 1.00 1.72
N90 7.6 219 145 1.08 1.86
R05 0.17 7.42 6.24 0.06 0.05

Results of year 2015
N0 7.1 196 121 1.01 1.74
N30 7.1 202 130 1.11 1.91
N60 7.2 212 138 1.18 2.03
N90 7.1 218 144 1.22 2.10
R05 0.16 8.41 4.22 0.05 0.04
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accumulation and humus increase. Granulated compost 
fertilizers have no effect on soil acidity.

4. When fertilizing granular compost fertilizers, 
14.6−43.8 kg P2O5, 59.1−177.3 kg K2O were added, due 
to the fact that the N60−90 fertilizer increased significantly 
the amount of mobile phosphorus in the soil, and the 
amount of mobile potassium increased significantly when 
fertilized with N30−90 782.6−2347.8 kg of organic matter 
is added with granulated compost fertilizers, which is re-
sponsible for the significant increase in soil organic car-
bon and humus content. It was found that the granulated 
organic compost fertilizers have a long-term effect on soil.

5. It can be concluded that the presented results could 
be useful to the development of the fertilizing process by 
the granulated compost fertilizer for improvement of soil 
quality in small farms.
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