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One of the most important fractions of soil organic matter which has
significant environmental and agricultural importance is humus. The
specific humus compounds of soil include the complex of amorphous
organic humic substances which include humic acids, fulvic acids and
humins. The effectiveness of the natural formation of active humic sub-
stances during composting processes depends on the chemical compo-
sition of organic residues and the environmental conditions influencing
the development and activity of native microorganisms. The aim of the
project was to build innovative composting boxes for chicken manure
that allow to effectively obtain a fertilizer with the highest possible con-
tent of humic acids, by creating perfect and controlled conditions for
the rapid development of indigenous thermophilic microorganisms and
by combining it with the owned bio-acceleration technology. For per-
fect conditions (temperature, humidity, oxygen, pH) for the controlled
growth of microorganisms, an algorithm of the dependence of the box
operation parameters on the course of the biological process, was built.
The product obtained after composting is an easily digestible complex
organic fertilizer of brown-black colour, pH 7.5-8.0 and NPK 5:3:4 and
a high content of native humic acids. Its use increases the growth of
green mass of plants and improves soil fertility, which has been proved
by the conducted pot research.

! Prepared as — a part of a project co-financed by EU funds, POIR.01.01.01-00-1492\19. "Devel-
opment of technology for the production of safe organic fertilizers with the highest possible content of
active humic acids with the use of poultry droppings and other types of animal manure for the purposes
of agricultural use and restoration of the appropriate properties of agricultural land."
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Introduction

Poland is the European leader in poultry production. The herd population for 2019 was
estimated at 178,342 hens, including 53,190 laying hens (Statistical Yearbook of Agriculture,
Central Statistical Office, Warsaw 2020). It is believed that the weight of manure excreted
by birds during the day is about twice as much as the weight of the feed given. It is shown in
Table 1 “The approximate weight and humidity of manure excreted by one hen”, considering
the standards of technological design in the poultry industry.

Table 1.
Number of droppings and humidity.

Poultry groups by production Average manure output Manure moisture,
purpose / litter per day, (9) (%)
Laying hens 189 71-73
Meat hens 288 71-73

Hen’s manure is biologically and chemically contaminated (Potapov and Kurochkin,
2018). It contains enormous amounts of pathogenic microorganisms, such as bacteria,
viruses, fungi, and eggs of intestinal parasites of humans and animals. Soil fertilization with
non-composted manure causes its pollution, which leads to microbiological contamination of
the growing crops. It happens because the microorganisms contained in non-composted
chicken manure are characterized by a long survival period (Ktape¢ and Cholewa, 2012).
Furthermore, manure can contain significant amounts of toxic heavy metals such as arsenic,
copper and zinc and NH; emission (Finzi et al., 2019; Kopiec et al., 2014). Excess of these
elements may be toxic to plants, adversely affect organisms which feed on these plants and
leak into water systems through the surface runoff and eluviation of soil (Zbytek and Talar-
czyk, 2008). Feed additives in the form of veterinary drugs and growth stimulants which are
used to increase production efficiency also contaminate the environment, including soil and
surface waters.

Thereby, the proposed resolution is the production of organic fertilizers with a high con-
tent of humic acids from waste materials (chicken manure) using a composting method in
intelligent composting boxes for the purpose of intensifying plant growth, enriching and fer-
tilizing the soil, improving its structure and biological activity, and additionally for reclama-
tion of highly degraded agricultural soils.

The innovative technology of fertilizer production is based on the concept of controlled
and accelerated composting of hen’s manure using own preparation KOMPRE and designed
intelligent composting boxes. KOMPRE preparation as a catalyst intensifies the development
of a specific group of aerobic, thermophilic microorganisms and its enzymatic activity,
whereas the intelligent boxes allow adjusting the conditions of the composting process to the
changing needs of the multiplying microflora. During the composting process, the number of
bacteria, able to decompose difficult dissolving compounds and cellulose, increases.
KOMPRE belongs to preparations that actively stimulate biosynthesis of humic substances.
At the same time, the enzymatic activity of the substrate increases the mobility of nutrients
and binds heavy metals and toxins. The use of KOMPRE leads to a significant acceleration
of organic waste processing in environmentally safe forms and at the same time provides
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production of a comprehensive organic fertilizer with a high content of humic acids.
KOMPRE preparation is a complex organic composition, obtained by fermentation of sugars
(it is not possible to present the composition due to the policy of confidentiality and the com-
pany’s know-how).

Humic acids are one of the most important components of soil humus. It can be divided
into humic acids, fulvic acids and humins. Humic acids are able to bind different insoluble
nutrients and slowly release them along with the plant’s requirement. The presence of humic
acids in the soil forms optimal conditions for the development of beneficial microorganisms,
responsible for the lumpy structure of the soil, which lead to an improvement of the water-
air balance of the soil. The water capacity of the soil increases, which reduces the risk of
drought. The sorption capacity improves significantly mainly due to the action of fulvic acids,
which are responsible for retentive nutrients in the sorption complex, leading to better avail-
ability of nutrients for plants. Fulvic acids also limit the eluviation process of soils. It should
be remembered that beneficial microorganisms develop in soils when the soil structure and
abundance of air are suitable. Humic acids increase the biological activity of soils, optimize
the pH, and enrich the soil with organic and mineral substances (Pikuta, 2016).

Materials and methods

Research material. Three types of chicken manure were tested (Table 2). The raw mate-
rial was purchased from local farmers.

Table 2.
Parameters of chicken manure from several types of farms.

Raw material

Parameters Cultivation: 6 weeks on a 20-25 cm Cultivation: 40 days

long straw bedding on straw pellets of low granulation
Humidity, (%) 47-48 50-52
Density, (kg-m™) 460+21 534432
Smell ammonia ammonia
Colour straw yellow straw yellow
pH 45 5.0
Sanitary cleanliness ofptrhee'zS ?:Z??;rzhh; amngssfa?ﬁct)ﬁgﬁa, presence of the bacteria of the coli
of the substrate local presence of mould group, local presence of mould and

and there are parasite eggs there are parasite eggs

The presence of
antibiotics and other not identified confirmed
inhibitory substances

Intelligent Composting Boxes. The special composting boxes equipped with an automatic
system of mixing, oxygenating, and spraying were used for the composting process. Initially
the raw material was shredded using the homogenizer. Then the pre-prepared manure was
weighted by operator and transported into the box chamber. During the composting process
mixing was carried out two times per day. The manure humidity of the manure inside the
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composting chamber was maintained at the level of 55-60%. The oxygen concentration was

ca.

10-20%. The measurement of the temperature was made 24 hours a day constantly.

As a composting accelerator KOMPRE agent was used. It is a natural preparation which
enhances the process of compositing.

The range of laboratory analyses. To get accurately acquainted with the transformation

processes of organic matter and indigenous mineral components that occur during biomass
composting and to determine the resulting compost, the following was indicated:

1.

2
3.
4

o

10.

11.

12.

13.

Moisture in percentage by weight-dryer method.

. Density in kg per cubic meter by weight-volume measurement.

pH by potentiometric method.

. Determination of the organic carbon content by the dry combustion method at 800°C and

the wet combustion method by the method of Tiurin.

Determination of the total phosphorus by the titration method.

Determination of the total potassium by the method of flame photometry.

Determination of the total mass fraction of nitrogen and mass fraction of ammonium
nitrogen by the distillation method of Kjeldahl.

The content of heavy metals Cd, Cr, Ni, Pb, As, Cu, Zn — subcontracted to a certified
research unit.

Quantitative fractional composition of humic substances in differently matured composts
according to the modified Schnitzer and Nikitin methods. The determination of the frac-
tional composition was made by separating individual groups of organic compounds. For
this purpose, the possibility of extracting compounds from the sample with the use of
appropriate reagents acting as solvents was used.

Presence of live eggs of intestinal parasites Ascaris spp., Toxocara spp., Trichuris spp. by
isolation, incubation, and microscopic observation. Presence of Coli and Salmonella bac-
teria — plate test. The presence of antibiotics and other inhibitory substances - plate test.
Organoleptic evaluation of raw materials. Before the experiments started, the colour,
smell, appearance, and structure were determined by organoleptic methods. More than
three samples were tested by three different researchers independently.

Biological test with the use of cress (Lepidium sativum L.), for determining the effect of
water extracts from differently matured composts on the germination of cress seeds. The
plant germination and growth test were carried out pursuant to the applicable standard
(PN — EN I1SO 11269-1: 2013-06). Water extracts prepared in the proportion of compost
and distilled water were used to assess the germination power and development of cress
seedlings. During the preparation of the solutions, the samples were mechanically mixed
on a shaker at the speed of 300 rpm for 30 minutes. The extracts prepared in this way
were filtered through a membrane filter. 50 grains of cress were placed on a paper-lined
glass petri dish and sprinkled with the filtrate until the entire surface of the paper was
wetted. The cultivation was carried out at the temperature of 25°C, the number of germi-
nated seeds was counted after 48 hours. For control purposes cress seeds sown on blotting
paper moistened with distilled water were used.

Experiment on micro-plots (60x40x12cm) with the use of diverse types of plants,
assessing their growth and development under controlled lighting conditions and temper-
ature of 25°C. For the control purpose universal subsoil without the addition of compost
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was used for each species. For all tests, the same type of universal subsoil prepared on
peat basis, pH 5.5-6.5, was used, which allowed to note all the differences.

Results and discussion

The composting process is a natural method of neutralizing waste, consisting in the bio-
degradation of organic matter in the presence of oxygen involving microorganisms. Interact-
ing process parameters, the appropriate values of which determine the expected final result,
are influenced by the process course and its efficiency. The resulting product, in most cases,
is an ecological fertilizer used to enrich the soil without harming the environment.

The course of the process can be written using the equation:

chicken manure + microorganisms + O, — stabilizer + H,O + CO; + heat

Correctly running composting process can be divided into four stages:

1. Mesophilic phase (called as the pre-composting stage) lasts from several hours to several
days. An intense increase in temperature, during which mesophilic organisms take part in
the decomposition of organic matter is during the first several tens of hours.

2. Thermophilic (intensive composting) phase is characterized by the rapid degradation of
proteins, fats, complex carbohydrates, cellulose, and hemicellulose. The increase in tem-
perature to over 55°C causes the lysis of most organisms pathogenic for humans and an-
imals and inactivation of weed seeds.

3. Transformation phase - the temperature decreases and the hardly decomposing com-
pounds such as: lignin, waxes, fats, resins break down in this phase.

4. Maturating phase, determined as secondary composting, the material is cooled down dur-
ing this phase. The resulting stable compost fraction (humus) is the end product of the
process (Jedrczak, 2007).

The duration of the individual phases may differ from each other depending on the com-
posting technology used. To improve the composting process, innovative compost boxes
were built, which by creating perfect and controlled conditions, allow for the rapid develop-
ment of family microorganisms and multiplied acceleration of the thermophilic phase and
the phase of transformation. For their proper functioning, an algorithm of the process was
created depending on the given biological parameters of the substrate (temperature, oxygen
content, humidity). The first stage of processing is the preparation for composting which
consists of very precise dosing of the water solution of KOMPRE into the poultry droppings
and its distribution in the entire volume of the material. The preparation is added with the use
of a mobile mixing device set with a control system and operating parameters, making the
flow of the process dependent on moisture, density, and weight of the entry material.

This set of devices as a machine at the first stage of conversion allows for:

— preparation of technological water

— thorough mixing of the preparation with technological water

— process air preparation

— substrate weight measurement

— measurement of the amount of technological water

— dosing of KOMPRE preparation to the pressure device

— control of the fluid dispensing process.
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Each delivery of chicken manure is placed separately in one compost box to prevent con-
tamination and to keep the material homogeneous until reaching the end of the composting
process.

At the next stage of processing, the material is being transferred to the intelligent compost
boxes. The main elements of the compost box construction are shown in Figure 1.

temperature
measurement

air supply system

> gases
measurement

\_. ATOMIZERS wiater dust

water supply waler

system

NOZZLES

moisture
measurement

oxygen content
measurement

Figure 1. Main elements of intelligent composting boxes.

To create perfect conditions (temperature, humidity, oxygen) for the controlled growth of
microorganisms, an algorithm for the dependence of the box operation parameters on the
course of the biological process was developed. Each of the given parameters was controlled
and monitored by a relevant device.

1. OXYGEN. Aeration system - nozzles. The nozzles are positioned over the entire perim-
eter of the boxes, the technological air is provided into the composted material at a con-
stant pressure in aeration channels. The system works in a positive aeration system. The
capacity of the working nozzles is selected accordingly to the composting phase, the cur-
rent oxygen content, and the temperatures in the box. During the process it is necessary
to provide the microorganisms with the optimal amount of oxygen because it is extremely
important to ensure adequate air exchange to keep the process at the same level regardless
of time. But too much air also causes the waste to dry out quickly and the process to stop.
If the dried material is stored in open air, there is a risk of anaerobic decomposition after
wetting the waste, which in turn results in a lot of odours. The designed aeration system
eliminates all hazards related to aeration. The aeration nozzles are designed and
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constructed in such a way that the composted material has a constant supply of oxygen
and at the same time, they also act as a leachate drainage system. Determining the activity
of microorganisms and thus the quality of the obtained product, the aeration process is
extremely important for maintaining an appropriate level of oxygen in the composted
heap and providing appropriate conditions for thermophilic microorganisms. The optimal
level of aeration in the piles ranged from 10 to 20% and was adjusted to the appropriate
stage of microbial development.

HUMIDITY. Two ways of applying technological water.

3. Humidity is a critical parameter of the composting process that directly affects the air
content in the compost pores, the activity of microorganisms and the temperature of the
process. The optimal moisture content for composted waste should be in the range of 55-
60% (Bernal et al., 2009; Wang et al., 2015). The oxygen flow in the compost pores be-
comes impeded, resulting in the formation of anaerobic conditions conducive to the waste
rot as the humidity exceeds 65%. Respectively humidity has a major influence on the
transport of soluble nutrients for microorganisms in the composted material.

4. TEMPERATURE. The temperature is being monitored by sensors at various levels of the
deposited material in a constant mode 24 hours a day.

o

Temperature is a parameter easy to measure and monitor during the process. Its values
not only determine the speed of decomposition by microorganisms of organic material, but
also destruction of pathogens. An excessive level may inhibit the growth and activity of ni-
trifying bacteria; thus, its value should not exceed 75°C due to the possibility of the microbial
population disappearance, which would lead to inhibition of the composting process (Onwosi
etal., 2017).

From the moment of starting the process, with increasing temperature and, accordingly,
the number of microorganisms, the pH increased, and the moisture of the material decreased.
After exceeding the temperature of 60°C, the organic matter decomposes rapidly and the
humic substances are actively formed, and when the temperature exceeds 75°C, the thermo-
philic microorganisms die.

The change of pH is an important parameter that, like the temperature, influences the
amount and activity of microorganisms in the composting process (Sundberg, 2005; Zhang
et al., 2010). The medium reaction changes from acidic (4.5-5.0) in the initial phase, via
neutral to alkaline (7.5-8.0) in the maturation phase during composting.

The obtained data show that the ready material in the form of an organic fertilizer meets
all the standards for organic fertilizers in the context of heavy metals content per kilogram of
dry matter (Table 3). After 3 days of composting, the sanitary cleanliness of the product was
obtained, i.e., no living eggs of intestinal parasites Ascaris spp., Toxocara spp., Trichuris spp.
and no bacteria E. Coli and Salmonella were found (Figure 3).
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ACCELERATED COMPOSTING PROCESS
with the use of KOMPRE

K

Temperature in °C

DAYS

Figure 2. Temperature changes in intelligent boxes during the composting process.

Table 3.
Comparison of the content of heavy metals in the sample with the requirements for organic
fertilizers

Element Cd Cr Ni Pb As Cu Zn

Unit (mg-kg™) dry matter
PFC requirements for organic fertilizer 15 200 50 120 40 300 800

The values obtained in the study 0.37 663 7.08 257 0.60 116.92 630.60
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Figure 3. Test for the presence of coliforms and Salmonella in the material after 3 days of
composting.

The organic compounds contained in the compost or formed as decomposition products
of other compounds are subject to the humification process (Siebielska, 2013). Therefore, as
a result of resynthesis by thermophilic microorganisms, humus compounds are formed, cre-
ating humus, which is the main component of the soil. In the fertilizer obtained after 7 days
of composting, the total content of active humic substances is up to 45%, of which 16-19%
are fulvic acids and 21-26% humic acids. It is an easily digestible complex organic fertilizer
of brown and black colour, pH 7.5-8.0 and NPK 5: 3: 4. Another effect of composting is the
reduction of the material volume down to about 12-13% and its weight to 9-10%.

In phytotoxicity tests, different doses of the fertilizer from 2g-L* to 5g-L"* were tried to
determine whether the obtained product after composting did not contain any substances that
inhibit germination and the initial growth and development of Lepidium sativum L. plants.
Figure 4 clearly shows no toxic effects were recorded.
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with the addition of fertilizer 0.2g-100ml | with the addition of fertilizer 0.5g-100ml*

Figure 4. Biological tests for phytotoxicity with cress (Lepidium sativum L.): 3 replicates and
control.

In subsequent experiments carried out on the effect of the obtained fertilizer at a dose of
30g-m on the increase of distinct types of garden plants in green mass (Table 4), a positive
effect was noted. The highest increase in green mass (almost 50% was recorded for Radish
and Basil).

Table 4.
Comparison of the growth and increase in green mass of various plants under laboratory
conditions with the addition of fertilizer in the amount of 30 g-m™.

Plant species Control Experience Increase

P (g:5g™) seeds (g-5g™) seeds (%)
Radish
(Raphanus sativus) 740 1460 49
Calendula
(Calendula officinalis) 155 245 37
Dill

4 7 1

(Anethum graveolens) 8 0 3
Parsley
(Hordeum vulgare) 68 106 36
Carrot
(Daucus carota) 159 245 35
Basil 840 1690 -

(Ocimum basilicum)

Conclusions

Chicken manure contains a significant amount of organic matter which can be success-
fully used in the production of a fertilizer. The manure composting process in innovative
boxes with the use of KOMPRE allows for easy and quick development of family aerobic
thermophilic microorganisms. For perfect conditions (temperature, humidity, oxygen) of the
controlled growth of microorganisms, an algorithm of dependence of the box operation pa-
rameters on the course of the biological process was developed.
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The composting process, carried out with the participation of KOMPRE and intelligent
composting boxes, will result in rapid disintegration and re-synthesis of intermediate prod-
ucts into biologically active substances, i.e., humic and fulvic acids and humins.

The end product is an easily digestible complex organic fertilizer of brown-black colour,
pH 7.5-8.0 and NPK 5:3:4, it is a source of active humic substances (up to 45%). During the
conducted tests, it was shown that the obtained fertilizer substances based on chicken manure,
which are the subject of the research, showed a positive effect on the growth of green mass
of plants (up to 50%). Systematic fertilization of soils with this innovative organic fertilizer
in a longer period will lead to the growth of organic matter and humus, which will contribute
to the improvement of the physical and biological properties of the soil.

The presented technology of obtaining organic fertilizer with a high content of humic
acids from chicken manure and its effect on plants can be considered innovative and pro-
ecological, which will help to intensify the processing of waste from large farms in shortened
terms (up to 7 days).
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INNOWACYJINA TECHNOLOGIA PRZYSPIESZONEGO
KOMPOSTOWANIA ODCHODOW KURZYCH W CELU
UZYSKANIA NAWOZU ORGANICZNEGO O WYSOKIEJ
ZAWARTOSCI KWASOW HUMUSOWYCH

Streszczenie. Humus jest jedna z najwazniejszych frakcji materii organicznej gleby, ktora ma istotne
znaczenie dla srodowiska i rolnictwa. Poszczeg6lne sktadniki prochnicy obejmujg grupe amorficznych
substancji prochnicznych, w tym kwasy humusowe, fulwowe i huminy. Skuteczno$¢ naturalnego two-
rzenia si¢ aktywnych substancji prochnicznych podczas procesu kompostowania zalezy od sktadu che-
micznego osadow organicznych i warunkow srodowiskowych, ktdre maja wplyw na rozwdj i aktyw-
no$¢ natywnych mikroorganizméw. Celem projektu byto zbudowanie innowacyjnych skrzyni
kompostowych na odchody kurze pozwalajace na skuteczne uzyskanie nawozu o mozliwie najwyzszej
zwartos$ci kwasow humusowych poprzez stworzenie idealnych i kontrolowanych warunkéw dla szyb-
kiego rozwoju miejscowych mikroorganizméw termofilnych oraz poprzez potaczenie ich z wlasng
technologia bio-akceleracji. Dla uzyskania idealnych warunkow (temperatura, wilgotnosc, tlen, pH) dla
kontrolowanego wzrostu mikroorganizméw, stworzono algorytm zaleznosci parametréw operacyjnych
skrzyni. Produkt uzyskany w drodze kompostowania jest tatwo rozktadalnym ztozonym nawozem or-
ganicznym o brazowo-czarnym Kkolorze, pH 7,5-8,0 oraz NPK 5:3:4 i wysokim poziomie natywnych
kwasow humusowych. Jego zastosowanie pozytywnie wplywa na wzrost zielonej masy roslin
i poprawia zyzno$¢ gleby, co zostalo udowodnione przeprowadzonymi badaniami.

Stowa kluczowe: odchody kurze, kompostowanie, bakterie tlenowe, inteligentne skrzynie, fazy termo-
filne i transformacyjne, kwasy humusowe, kwasy fulwowe, nawoz.
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