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Abstract: A methodology of the study of the process of composting plant and livestock breeding residues has been proposed. Wheat 

straw and poultry manure are used to study the composting process. The main factors that are most relevant to the composting process are 

the following: compost humidity, the carbon-nitrogen ratio and the straw-cutting size. A chemical analysis of the straw and poultry manure 

was determined before and after the experiments. 
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INTRODUCTION 

Maintaining a positive balance of humus in arable land is 

one of the most important and difficult problems in agricultural 

production. In recent years worldwide has been experiencing a 

shortage of traditional organic fertilizers. About 74% of the 

agricultural land in southern Europe is occupied by areas with less 

than 2% organic carbon in the layer 0-20 cm [12]. In order to 

increase the humus content of the soil it is necessary to 

systematically introduce organic fertilizers. The use of plant 

residues, manure, compost and organic sludge in arable land is one 

of the measures to limit soil degradation [6]. 

Pre-treatment of these wastes in the soil creates in some 

cases the risk of contamination by heavy metals and pathogenic 

microorganisms, as well as the immobilisation of nutrients and 

phytotoxins in the soil. These adverse effects can be avoided by pre-

composting the waste products from agricultural production [1,5]. 

Composting is the most popular and widely applicable 

method that allows more than 50% of organic waste to be dumped. 

Besides being an environmentally friendly process, composting is 

also valuable from an agronomic point of view. In practice, it 

imports an organic substance that can be used to recover lost in 

normal farming [8]. Composting is therefore a solution for two 

interrelated problems - the recovery of plant and livestock waste and 

the creation of a product with a high content of organic soil fertilizer. 

 

OBJECTIVE AND METHODS OF THE STUDY 

The purpose of the study is to justify and develop a 

methodology for the study of the composting process of the residues 

from plant and livestock breeding. 

The subject of the study is the composting process for the 

residues from plant and livestock breeding. 

The process of composting plant residues in a mixture with 

livestock manure was studied by many authors [2,4]. The results of 

these studies are outlined in the literature. In our study, the 

composting process will be considered in terms of shortening the 

process time without the use of different chemical accelerators. 

An in-depth study of the composting process is due to the 

unknown nature of its process, which is the so-called "black box". 

For this, the cybernetic approach was used to conduct the study. A 

great number of factors influence the process. Some of them can be 

managed in a planned multifactor experiment and the rest should be 

used with the best possible values in it. 

The most important factors affecting the composting 

process are: carbon-nitrogen ratio C / N, humidity, temperature, 

medium pH, aeration, particle size and others [11]. Knowledge and 

proper use make the process of decomposition of organic waste 

accelerated and the quality of the final product improved. 

 

Carbon-nitrogen ratio C/N. 

The degree of decomposition of organic waste depends on 

the appropriate balance between carbon and nitrogen. Rapid 

composting is achieved when the waste has a carbon / nitrogen ratio 

of C/N ratio of between 15 and 35 [10]. Lower ratios can affect 

ammonia loss, while higher ones slow down composting speed. If 

the original C/N ratio is higher than 35, the microorganisms have to 

go through multiple life cycles, oxidizing excess carbon until they 

reach a more appropriate C/N ratio for their metabolism. 

Higher values mean that there is not enough nitrogen for 

optimal growth of microbiological populations, so the compost will 

remain relatively cold and decomposition will continue slower. Low 

values will lead to nitrogen loss through the evaporation of 

ammonia, especially at high pH and temperature. 

 

Humidity of compost. 

Maintaining optimum humidity during composting is a very 

important factor for good microbiological activity. Drought and 

over-humidation aggravate the development of microorganisms and 

retard ripening of compost. Water is released during the 

microbiological decomposition of organisms, and increased 

microbiological activity is also a cause of elevated temperature and 

hence increased evaporation [9]. The moisture content and aeration 

content are closely related to the air flow in the processes. Optimal 

moisture content in composting varies and depends largely on the 

physical state and size of the particles and the composting system 

used. Too low means an early dehydration of the pile, which stops 

biological processes. Conversely, too much moisture prevents 

aeration by sticking the pores. 

The decrease in moisture content during the composting 

process can be explained by the heat release resulting from the 

microbiological activity causing increased drought. If the moisture 

content is below 40%, the decomposition is aerobic but slow. At a 

humidity below 30% of the total mass, the rate of biological 

processes sharply drops, and below 20% they almost cease. The 

compost humidity below 30% will restrict microbiological activity, 

as there will be insufficient water to dissolve the nutrients, which 

will slow organic processes and lead to physically sustainable but 

biologically unsustainable compost [7]. 

 

Size of straw cutting. 

Microbiological activity takes place on the surface of organic 

particles. Reducing the particle size to a certain extent, increasing the 

free surface, stimulates the activity of the microorganisms and the 

degree of decomposition. Particle sizes are closely related to 

humidity and aeration of compost. Larger ones are better aerated, but 

they dry faster. Smaller particles in turn increase the moisture-

retaining ability. However, when the particles are too small, they 

become clogged and hamper the access of oxygen, carbon and 

nitrogen to micro-organisms and hamper their activity. Wide wooden 

cuttings, for example, are a good filler that provides good aeration 

through the pile, but they provide less accessible carbon than if they 

are in the form of shavings or sawdust 

Initially, decomposition takes place on or near the particle 

surface where the diffusion of oxygen in the aqueous film coating 

the particle is suitable for aerobic metabolism and the substrate itself 

is readily available to microorganisms and their cellular enzymes. 

Small particles have a larger surface area per unit mass or volume 

than large ones, so if aeration is appropriate, small particles will 

decompose more quickly. Attempts suggest that digesting materials 
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can double the degree of decomposition. The recommended particle 

size of 13 to 76 mm, the lower values refer to forced aeration or 

constantly stirred systems, and the higher for windrow and other 

static aerated systems. The optimal size for composting systems with 

agitation and forced aeration is 12.5 mm, and for fixed piles with 

natural aeration - 50 mm. 

In the present study, wheat straw and poultry manure are 

used as plant and livestock residues respectively. Table 1 shows the 

chemical analysis and humidity of straw and bird fertilizer prior to 

the experiment. 

 

Table 1:  Chemical analysis and humidity of straw and bird fertilizer prior to the experimen 

 

 

Indicators 

 

Strow 

Bird manure 

Total N, % 0.343 2.552 

Total C, % 37.5 19.06 

Mineral N, mg/kg - 509 

Phosphorus, % 0.17 - 

Potassium, % 0.85 - 

Accepted phosphorus, mg/100 g 78.9 4.7 

Accepted Potassium , mg/100 g 2195.7 27.9 

Ash, % 4.8 17 

Humidity, % 7.25 54.85 

 

Preliminary studies have shown that the most important 

influence on the composting process is due to the following factors: 

compost humidity, %; carbon-nitrogen ratio and straw chopping, 

mm.The length of the straw influences the composting process. It 

will be one of the driving factors in our research. The slice is pre-cut 

on three levels: 32.8 mm, 53.3 mm and 78.3 mm. To obtain the upper 

level, the straw was cut by hand with sheet metal shears and the 

average value was lsr = 78.3 mm. The other two grouts were 

obtained by cutting the straw with a straw cutter. The average level 

of the size was obtained by cutting the straw with a knife on the 

cutter and the average particle size of lsr = 53.3 mm and the lower 

level of the groove was realized by cutting the straw with two knives 

of the cutter drum - lsr = 32.8 mm. 

The average particle size of straw is determined by the 

following formula: 
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where lср  is the average particle size of the straw, mm; 

 

li  - the mean particle size of the particle in the respective class, mm, 

for the different size classes of 0-1, 1-2,2-3 ... 5-6,6-9,9-16 mm; 

mi  - mass of particles in the relevant class, g. 

To determine the humidity of the mixture, the classical 

method was applied by drying in a drier at 60° C for one day and 

calculated using the formula: 
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where W is the moisture content of the material,%; 

Wвл  - the moisture content of the sample before drying,%; 

Wсух  - the moisture content of the sample after drying in the 

drier,%. 

The humidity of a mixture of straw and fresh poultry 

manure is determined by knowing the humidity of the two 

components separately by the following formula: 
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where Wсм  is the humidity of the resulting mixture,%; 

mсл
вл - the mass of the wet straw in the mixture, kg; 

пт
вл  - the mass of the poultry manure in the mixture, kg; 

Wсл l - the moisture content of the straw prior to mixing,%; 

Wпт - the moisture content of the poultry manure before 

mixing,%. 

To determine the amount of water added to achieve the 

required humidity for each experiment in the experiment plan, the 

following formula is used: 
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where mдв  is the quantity of water added, kg; 

 mсм
вл  - the amount of moisture mixture, kg; 

 mсм
сух  - the amount of absolutely dry substance in the 

mixture, kg; 

 Wi  - required humidity for the test,%. 

To determine the C/N ratio of straw and poultry manure, the 

formula shall be applied: 
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where С:N is a carbon-nitrogen ratio; 

100-а  - organic matter,%; 

а - the ash content in the dry matter,%; 

В - Carbon content in dry matter,%; 

А - the nitrogen content in the dry matter,%. 

To determine the C:N ratio of the mixture prepared for the 

tests, the formula: 
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Where mпт is the masses of the poultry manure and the 

straw have been and are, kg; 

Wпт and Wсл – the humidity of poultry manure and straw,%; 

Впт and Всл - the carbon content of poultry manure and 

straw,%; 

Апт and Асл – the nitrogen content in poultry manure and 

straw,%; 
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апт and асл - the ash content in poultry manure and straw,%. 

For the purposes of the experiment, a container with a 

capacity of about 70-80 l was built into which the mixture of 

poultry manure and straw was mixed. 

The material of each test was placed in a plastic bag with a 

capacity of about 25-30 l. The bags are arranged in rows, each 

attempt being three times repeatable. The bags are placed in the Soil 

Channel of the Laboratory of Soil Machines of the Mechanization 

and Hydromelioration Department of the “N.Pushkarov” Soil 

Science Institute, Sofia. 

The rule is that the repeatability "one" of the experience is 

located on the side of the formed path between the two rows of 

bags, in the middle there is repeatability "two" and on the side of 

the walls the repeatability number "three". 

Temperature measurement is done every day for the first 10 

days, then for 3 days and finally for one week, until the product 

temperature and room temperature of the room are not even. During 

the first days after measuring the temperature every three days 

aeration of the product was made and after the 20th day of each 

week. For each aeration, the sample moisture level is monitored 

and, if necessary, adjusted by adding the required amount of water 

to maintain the sample moisture content in accordance with the 

experimental plan. Every day the room temperature is also 

measured. The temperature is measured with an electronic soil 

moisture meter, which is also capable of measuring temperature. 

For controlled factors, which have a significant influence on 

the studied parameters of the composting process, are adopted: 

- X1 (W) is the compost humidity,%; 

- X2 (C:N) - the carbon-nitrogen ratio; 

- X3 (n) - the straw chopping capacity, mm. 

Intervals of change of manageable factors are taken from 

literary data. Based on this information, the following intervals were 

established: 

- for X1 - from 40% to 80%; 

- for X2 - 20 to 40; 

- for X3 - from 32,8 to 78,3 mm. 

To evaluate the composting process, the following initial 

parameter was adopted: 

- YT - the average temperature of the compost during the 

test, oC. 

The temperature is determined for each experiment in three 

times repeatability. 

 

Temperature is not a sufficient indicator to assess the 

composting process, but it can be used to determine the stage of 

fermentation. There are enough indicators for the quality of compost, 

such as the quantity of the various chemical elements, N, P, K, etc., 

but the stage of the composting process indicates the ratio of humic 

to fulvic acids. This will be the subject of the next, in-depth study. 

 

CONCLUSION 

 Sustainable management of ever-increasing amounts of 

waste is one of the most serious challenges facing modern society. 

Waste management is carried out in order to prevent, reduce or limit 

their harmful effects on human health and the environment. 

In this study, a methodology has been developed to study 

the process of composting the residues of wheat straw and poultry 

manure, such as straw pre-sifted for the needs of the experiments. 

Preliminary studies have shown that the most important influence 

on the composting process is: humidity of compost; carbon-nitrogen 

ratio and straw chopping. 

 For an adequate assessment of the impact of each of the 

manageable factors considered, it is necessary to choose such 

criteria, which in the measurement show unambiguous results from 

the very beginning of the process. 
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