
 

 

 

Abstract— The dynamics of changes in pH, temperature, and EC 

when composting the biomass of fish by-products along with 

sawdust, straw, bark and lignite were analysed in the experiment. The 

experiment comprised two series: I– composts at a dose of 1 g of 

compost per pot, and II – composts with 0.5 g of urea. The treatments 

were conducted on the following types of composts: compost 1: fish 

waste (80% d.m.), sawdust (20% d.m.); compost 2: fish waste (80% 

d.m.), straw (20% d.m.); compost 3: fish waste (80% d.m.), bark 

(20% d.m.); compost 4: fish waste (79.3% d.m.), sawdust (19.7% 

d.m.), lignite (1% d.m.); compost 5: fish waste (79.3% d.m.), straw 

(19.7% d.m.); lignite (1% d.m.); compost 6: fish waste (79.3% d.m.), 

bark (19.7% d.m), lignite (1% d.m). Over the course of the 

composting processes, pH values increased up until week four, and 

reached maximum values in the compost with the addition of straw. 

All composts were characterized by a systematic increase of EC, with 

maximum values reached in the last week. The highest values of this 

parameter were observed in compost with the addition of bark and 

lignite. The highest crop yield of the tested plant was noted in the 

case of applying compost containing fish by-products and straw with 

the addition of lignite, and with bark and lignite. 
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I. INTRODUCTION 

N countries of the European Union, the by-products 

generated by the fishing industry amount to a total of 5.2 

million tonnes
.
year

-1
 [1]. The Regulation of the European 

Parliament and of the Council on Health Rules concerning 

animal by-products not intended for human consumption 

requires products derived from aquatic animals, including fish, 

to be removed, e.g. by incineration or co-incineration, 

fermentation, composting or transformation into biogas. 

Animal waste, which includes the by-products of the fishing 

industry, may be an excellent component for compost 

production. 

Composting is one of the most effective methods of 

recycling waste made up of organic matter, with possible uses 
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in agriculture [2]. The application of organic waste products to 

soil by first turning them into composts has, above all, 

economic as well as ecological value, and is regarded as being 

environmentally friendly. Moreover, it represents a cost-

effective method of recycling nutrients and carbon in 

agriculture. Animal by-products of the fishing industry, half-

dead fish, or products derived from the processing of fish for 

consumption purposes can be applied in agriculture and 

gardening as fertilizer, upon having first been subjected to 

proper processing; they can be composted and used along with 

other organic materials [3]. 

The objective of this work is to prove the value of by-

products of the fishing industry as a good component of 

compost. The study also aims to determine the dynamics of 

changes in some parameters of composts produced from fish 

by-products, containing different variants of additives in 

accordance to the study method and their influence on crop 

yield.  

II. MATERIAL AND METHODS 

This study was conducted in open air at the Faculty of 

Environmental Management and Agriculture at the University 

of Warmia and Mazury in Olsztyn, Poland. 

A. Substrates and composting mixtures 

The basic substrate for obtaining compost was the biomass of 

fish by-products taken from Lake Kortowskie (Olsztyn, 

Poland): the bleak (Alburnus alburnus), common roach 

(Rutilus rutilus), common bream (Abramis brama) and white 

bream (Blicca bjoerkna). The effect of composting depends 

largely on the quantity and proportions of the components; 

wheat straw, which is a basic additive applied to composts, 

was applied as a structural additive. Other substrates included 

waste products of the foresting industry, i.e. sawdust, due to its 

ability to absorb moisture and structure ensuring adequate 

compost porosity, and pine bark. A variant with the addition of 

lignite was also tested. Lignite caused an increase in the 

amount of organic substance, i.e. a more favorable C:N ratio. 

After being ground up, all substrates were placed in layers. 

The top layer always consisted of organic substances, which 

were used in order to protect the compost from excessive 

drying and the effect of atmospheric conditions in the first 

weeks of the composting process. Table I presents the 

chemical composition of components used during the 

composting process. 
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TABLE I 

CHEMICAL PROPERTIES OF SUBSTANCES USED FOR COMPOSTING (G
.
KG

–1
 D.M.) 

Parameter Sawdust Straw Bark Lignite 

Organic carbon 566.2± 7.3 422.6± 9.1 410.0± 8.2 705.0±12.2 

Total N 1.92 ± 0.1 5.53± 0.2 7.04± 0.3 8.40±0.4 

Phosphorous 0.40 ± 0.0 1.12± 0.1 0.62± 0.1 1.16 ± 0.1 

Potassium 0.94 ± 0.1 12.44± 0.6 1.05± 0.1 0.3 ± 0.0 

Magnesium 1.12 ± 0.1 1.16± 0.0 1.32± 0.2 2.9 ± 0.1 

Calcium 1.22 ± 0.1 2.62± 0.3 1.51± 0.2 12.4 ± 0.5 

The data are indicated by mean ± standard deviation for triplicate 

determinations. 

B. Monitoring and chemical analyses 

Approximately 200 g of homogenized compost samples 

were collected on days 14, 28, 42, 56 and 70 of the 

composting process for chemical analyses. Before being 

subjected to chemical analysis, the samples were air-dried and 

crushed using a high speed muller, and then sieved through a 1 

mm nylon sieve and stored in polyethylene bottles. The 

moisture content of the composting mixtures was determined 

by oven drying at 105°C until a constant weight was reached 

[4]. Total nitrogen and organic carbon were determined using 

the Kjeldahl and Turin methods, respectively [5]. The pH and 

electrical conductivity (EC) of composting mixtures was 

measured in water extracts using a pH/conductivity meter 

(Handylab pH/LF 12 Schott, Germany). Temperature was 

monitored with a Termometr PT-411 type thermometer 

(Elmetron, Poland) by taking measurements three times a day 

from the centre of the compost, in three different locations 

along the middle of the compost crates, over the entire course 

of the composting process. Phosphorus and potassium contents 

were determined using Egner-Riehm‟s method [6], and 

magnesium – using atomic absorption spectroscopy (AAS) 

through extraction with Schachtschabel‟s method [7]. N-NH4
+
 

was determined using Nessler‟s reagent, and N-NO3
−
 using 

phenoldisulfonic acid [8].  

Before setting up the experiment, the following parameters 

were determined in the collected soil samples: pHKCl, Corg., 

Ntot., P, K, Mg, HAC using Kappen‟s method [9], total 

exchangeable bases (TEB - K
+
, Na

+
, Ca

2+
, and Mg

2+
) using 

Kappen‟s method [9], cation exchange capacity (CEC) from 

the formula: CEC=HAC+TEB, and percentage base saturation 

(V) from the formula: BS=100
.
TEB/CEC

-1
. 

C. Composting experiment set-up 

Six compost trials (C1-C6) were carried out in specially 

constructed wooden compost crates measuring 0.5 x 0.6 x 0.6 

m (WxLxH), and made from wooden boards, approx. 10 cm in 

width. The experiment was carried out on the following types 

of mixtures (Table II). Two replications for each type of 

compost mixture were conducted. The optimal moisture for 

efficient composting is generally 40-60% [10]. During the 

composting process, the humidity of the materials was 

maintained at a constant level of approx. 60%, and the 

compost mass was mixed once a week to aid aeration.  

 

 

TABLE II 

TYPES OF MIXTURES (DRY MASS) 

Compost 1 fish by-products (80%) sawdust (20%) - 

Compost 2 fish by-products (80%) straw (20%) - 

Compost 3 fish by-products (80%) bark (20%); - 

Compost 4 fish by-products (79.3%) sawdust (19.7%) lignite (1%) 

Compost 5 fish by-products (79.3%) straw (19.7%) lignite (1%) 

Compost 6 fish by-products (79.3%) bark (19.7%) lignite (1%) 

TABLE III 

CHEMICAL CHARACTERISTICS OF THE APPLIED COMPOSTS C1-C6 (DRY MASS) 

Property C1 C2 C3 C4 C5 C6 

Corg. g.kg-1 425.7 418.

6 

382.8 413.4 428.7 369.9 

Ntot. g.kg-1 9.21 12.1

3 

11.4 9.93 12.5 12.2 

C:N  46.2 34.5 33.4 41.6 34.1 30.3 

P mg.kg-1 2.59 2.61 2.59 2.58 2.59 2.58 

K mg.kg-1 3.90 3.99 3.87 3.89 3.99 3.89 

Mg mg.kg-1 1.00 1.03 1.01 1.01 1.04 1.02 

Na mg.kg-1 0.30 0.31 0.33 0.31 0.34 0.35 

Ca mg.kg-1 4.90 4.97 4.92 4.92 4.99 4.95 

Composting was carried out over a period of 76 days. The 

characteristics of the composts have been presented in Table 

III. 

D.  Pot experiment 

The vegetation pot experiment was conducted at a steady 

temperature of 22
o
C±2

o
C in a greenhouse. PCV pots filled 

with 9.5 kg of soil mixed with composts in accordance to the 

study procedure were used for this purpose. Soil used in the 

experiment was characterized by a granulometric composition 

of 86% sand (2.0–0.05 mm), 11.2% silt (0.05–0.002 mm) and 

2.2% suspended fraction (< 0.002 mm); the soil was collected 

from the arable layer of a farm field. The soil samples were 

air-dried and passed through a 5-mm sieve prior to the 

greenhouse pot experiment. Agrochemical parameters of the 

soil used have been shown in Table IV. 

TABLE VI 

AGROCHEMICAL PARAMETERS OF THE SOIL 

Parameter Unit Value 

pH  5.7 

Hydrolytic acidity (HAC) mmol(+) .kg-1 21.30 

Sum of exchangeable bases (TEB) mmol(+) .kg-1 100.00 

Cation exchange capacity (CEC) mmol(+) .kg-1 105.60 

Base saturation (BS) % 83.30 

Organic carbon g.kg-1 6.30 

Total nitrogen g.kg-1 0.54 

Ammonia mg.kg-1 15.40 

Nitrate (V) mg.kg-1 4.02 

Phosphorus mg.kg-1 84.76 

Potassium mg.kg-1 57.89 

Magnesium mg.kg-1 76.37 

 

When applying organic fertilizers, all essential plant 

nutrients are introduced into the soil. However, their release 

into mineral forms is usually slower than in their absorption by 

the vegetative and physiological development of plants. This 

refers especially to the forms of nitrogen assimilable by plants. 
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As a result of this, the scheme of the experiment accounted for 

fertilization with either only the analyzed composts or along 

with mineral fertilization. 

The experiment consisted of two series, each conducted in 

four replications. In the first, the composts were applied in the 

amount of 1 g of compost per pot. In the second series, 0.5 g 

of mineral N in the form of urea was additionally applied to 

the compost. The control pots did not contain compost 

additives. Additionally, a pot containing fertilizer consisting of 

animal manure was added to the series. Brassica napus L. was 

the crop of choice for the experiment because of its high 

biomass yields and the fact that it represents a commonly 

cultivated crop in the study area. The experiment was 

conducted at a density of 10 plants per pot, maintaining the 

moisture content at 60% of the maximum water capacity. Rape 

of the Feliks variety was harvested in the flowering phase, and 

plant material samples collected for laboratory tests. 

E. Statistical analysis 

The results were subjected to statistical calculations using 

the Statistica 10 software package (StatSoft Inc. 2010), with 

results of each series subjected to statistical analysis using 

Tukey‟s analysis of variance. The series were compared with 

the t-test for dependent variables, assessing differences 

between the average results. 

III. RESULTS AND DISCUSSION 

The physiochemical parameters of the analyzed composts 

were affected by the type as well as composition of materials 

used for composting. Temperature is one of the most 

representative parameters of the composting process [11]. 

changing depending on the rate and degree of organic matter 

mineralization as well as the intensity of microbiological 

processes [12]. The changes in temperatures recorded in the 

compost mass and air have been presented in Fig. 1.  

 

Fig. 1 Changes in temperature during the composting process (oC) 

The temperature in the bins at the commencement of the 

experiment averaged 23
o
C. During the following days of 

composting, a significant increase in temperature was 

observed, reaching maximum values in the first and second 

week of the process. An initial rise in temperature occurs 

regardless of environmental conditions and is the result of the 

rapid breakdown and mineralization of simple organic 

compounds [13]. The composting process consists of a 

mesophilic, thermophilic, cooling and curing phase. In the 

thermophilic phase, the temperature inside the compost matter 

can reach up to 80
o
C [14]. Compost with the addition of 

sawdust was characterized by the highest temperature (56
o
C) 

within the compost mass. The parameters obtained in our 

experiment can be confirmed by studies conducted by Liao et 

al. [15], in which compost with sawdust added as a substrate 

for the breakdown of fish by-products reached a temperature 

of 55
o
C during the first week of the process. The increase in 

temperature was the lowest in the case of compost to which 

straw and lignite had been added, with the maximum value of 

38
o
C reached on the 8th day of composting. Biochar can be a 

habitat for microorganisms due to its large surface area and 

microporosity [16]. After three weeks of composting, the 

temperature was lower and oscillated in the range of 25
o
C for 

the following two weeks. A decrease in temperature signifies a 

decreasing number of hemophilic bacteria and indicates a drop 

in assimilable organic substances, along with an increase in 

mineral compounds [17]. After seven weeks of composting, 

the temperature in all analysed objects fell again, becoming 

closer to the atmospheric air temperature, which may indicate 

the completion of the composting process.  

The pH of the composting mass can be a good indicator of 

the state of the curing process. The mineralization of organic 

substances and decrease in the pH of the environment may be 

accompanied by the release of mobile forms of metals which, 

upon having undergone biosorption, can create organic 

complexes with newly created humic substances [18]. Values 

of pH between 6.7 and 9.0 ensure a proper course of 

microbiological processes, whereas optimal pH falls into the 

range of 5.5 to 8.0 [19]. During the analyzed composting 

process, pH values increased up until week 4 of the process, 

and reached maximum values of 8.2 in the compost with the 

addition of straw (Fig. 2). A fall in pH was observed in all bins 

after the fourth and fifth weeks of the process, with final values 

of 6.6-7.9. 

 

Fig. 2 Changes in pH during the composting process (oC) 

The value of electrical conductivity (EC) is a measure of the 

intensity of changes taking place, as well as an indicator of the 

rate at which assimilable forms of mineral components are 

activated. A decrease in specific conductance can signify a 

prevalence of processes binding mineral components with the 
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sorption complex, whereas an increase indicates a greater 

intensity of processes in which mineral forms of components 

are released. In all composts, a systematic increase in the value 

of specific conductance occurred, reaching the maximum value 

in the last week of the process (Fig. 3). The values of specific 

conductance were the highest in compost with the addition of 

bark and brown coal as compared to the remaining 

experimental variants, reaching a maximum value of 7.30 

mS
.
cm

-1
. 

 

Fig. 3 Changes in electrical conductivity during the composting 

process (mS.cm-1) 

By improving the physical, chemical, and biological 

properties of the soil, composts may stimulate crop yields [20]. 

The influence of variable organic fertilization on the crop yield 

of maize has been confirmed by the studies of Sieling, Christen 

[21], Ren et al. [22] and Millar et al. [23]. The crop yield of 

Brassica napus L. indicated a clear differentiation and was 

influenced by the type of compost (C1–C6) as well as mineral 

fertilization (Fig. 2). In the control treatments (without and 

with manure fertilization), the yield of the tested plant was 

lower than in the treatments in pots with compost (C1–C6).  

The average crop yield of the above-ground parts of B. napus 

 

Fig. 4. Effect of fertilizer application on the yield Brassica napus L., 

g d.m. per pot. mean ± SD, n=3; Columns marked with different 

letter indicate significant differences between members of the same 

set (Tukey test, P<0.05).WF-without fertilization; AM-animal 

manure 

in the series without additional mineral N fertilization was 

48.83% higher, and in the mineral N series - 48.34% higher 

when compared to the control objects. Authors Sikora and 

Enkiri [24] noted that when an N fertilizer was present in a 

blend with compost, the compost provided a higher crop yield. 

The highest crop yield of B. napus was noted in the case of 

compost containing straw with the addition of lignite. Compost 

with bark and lignite also produced a positive, although 

weaker, effect. The addition of lignite (composts C4–C6) 

significantly influenced the crop yield of the above-ground 

parts of B. napus as compared to composts without lignite 

(C1–C3). This yield increase seems to be caused mainly by 

improved soil structure and enhanced nutritional status of the 

plants [25]. 

IV. CONCLUSIONS 

The addition of organic substrates to the compost biomass 

had a significant influence on the dynamics of its changes in 

the composting process. The obtained results indicate that the 

addition of straw to compost mass containing by-products of 

the fishing industry resulted in the highest temperature during 

the course of the process when compared to composts with the 

addition of other organic substrates. This suggests that the 

appropriate compost substrates were chosen, which facilitated 

the presence of high temperatures that are essential for the 

hygienization of the by-products. The pH parameter recorded 

in mature composts indicates good compost quality and the 

possibility of using it as fertilizer under domestic conditions. 

The yield of Brassica napus L. depended on mineral N 

fertilization as well as the type of compost mixtures applied to 

the soil. The average crop yield of the above-ground parts of 

B. napus L. in the series without mineral fertilization and 

series with mineral N fertilization was higher compared to the 

control series. The highest crop yield of tested plant was noted 

in the case of applying compost containing fish by-products 

and straw with the addition of lignite, and with bark and 

lignite. 
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