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A pot experiment was carried out at the Vytautas Magnus University Agriculture Academy in Lithuania to examine the possibilities of 

fish processing wastes to improve soil properties. The fish bones powder (FBP) was mixed with the soil, it was placed into the special 

vegetative pots of 5 l in volume up to the thickness of 25 cm. The soil type was Endocalcaric Endogleyic Luvisol (WRB 2014, update 

2015) and according to granulometric composition was medium heavy loam. The experiment has designed in 4 variants and 6 

replications. Soil samples were collected from the substrates in the vegetative pots 360 days (twelve months) after the application of 

fish processing by-products. 

The results obtained show that FBP application has significantly influenced the increase of organic carbon, available phosphorus, 

potassium and calcium contents in tested soil. The amount of FBP application didn’t show any noticeable impact on soil pH value, 

magnesium and sulphur content in medium heavy loam soil. Although the total nitrogen and mineral nitrogen contents have increased 

in soil a significant changes were found only after use of 6.5 t ha-1 FBP rate.  

The FBP application has significantly influenced the increase of microbiota abundance, microbial biomass C and microbial biomass N 

in tested soil. The microbial biomass C and N directly depended on the (FBP) rate. 
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INTRODUCTION 

 

Sustainable management of food waste is one of the most important issues facing the world today (Garcia-Garcia et 

al., 2017). The use of organic wastes in agriculture provides the opportunity to simultaneously increase soil productivity and 

contribute to the sustainable management of organic waste (Eden et al., 2017). Depending on the type of transformation, the 

waste may represent between 30 and 45% of the initial weight of the product (Illera-Vives et al., 2015).  

Fish waste may be processed for food, feed, technical and pharmaceutical purposes. Fish waste that does not meet 

relevant standards for food or feed, may be used for energy production or fertilizers (Ghaly et al., 2013; Ahuja et al., 

2020). Many organic wastes contain nutrients and organic matter that may benefit plant growth and soil productivity. 

Recycling these materials onto land captures nutrients that would otherwise be lost, and helps sustain our resource base 

(Chatterjee et al., 2017). Fish waste can be processed into stabilized liquid or solid forms of fertilizers and be combined 

with other materials to produce fish compost or applied as a substrate in anaerobic digestion (Ahuja et al., 2020). 

The fisheries wastes contain nitrogen, phosphorus, potassium, calcium, magnesium, sulfur and microelements 

making it an excellent broad-based organic fertilizer (Illera-Vives et al., 2015; Radziemska et al., 2019). Numerous studies 

have been carried out around the world confirming that the use of fish waste can not only improve the physical and 

chemical properties of the soil, but also increase the productivity of plants (Abbasi et al., 2006; Mondini et al., 2008; 

Pranckietienė et al., 2013; Thendral Hepsibha, Geetha, 2017; Radziemska et al., 2019). Studies have shown that the use 

of fish waste may potentially help to improve or sustain soil health at relatively low application rates, through stimulating 

biological activity, enhancing nutrient and carbon cycling in the soil and potentially increasing the amount of organic 

carbon in the soil (Mondini et al., 2008; Tahat et al., 2020). Studies have proven that fish waste products improve soil 

microbiological properties (Doran, Zeiss, 2000; Leskovar et al., 2016). Microbial communities contribute to fundamental 

processes that provide stability and productivity of agroecosystems (Meena et al., 2016).  
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The aim of this work is to analyze and identify changes in agrochemical soil characteristics and soil microbiota 

biomass properties 12 months after the fish bones powder application. 

 

MATERIALS AND METHODS 

 

Soil characteristics. The amount of soil necessary for the experiment of amendment with fish processing by-

products was collected from the plowing soil layer (Ap horizon) of the Endocalcaric Endogleyic Luvisol at the 

Pomological Garden of VMU Agriculture Academy. Soil texture was defined as medium heavy loam with pHKCl 6.7, 

concentration of organic C – 8.81 %, total nitrogen – 0.620 % and following concentration of available nutrients: P2O5 – 

104 mg kg-1, K2O – 49 mg kg-1, Ca – 7820 mg kg-1, Mg – 652 mg kg-1, S – 3.6 mg kg-1.  

Potting experiment design. Fish bones in a powder form (FBP) have been received from the Nutrimar AS (Norway) 

company and contained essential amounts of macro and micro elements, including: total N 64040 mg kg-1; total P 100223 

mg kg-1; total K 1750 mg kg-1; Ca 12 %; Mg 0,29 %; S 2,93 mg kg-1. Fish bones powder was dried at 105°C and milled 

to 1.5 mm size particles to get a suitable form to apply in the soil. FBP was mixed with the soil and placed into vegetative 

pots of 5 l in volume up to the soil thickness reached 25 cm. The effect of increasing FBP doses (respectively, 0; 2.5; 4.5; 

6.5 t ha-1 or 0; 18; 32; 46 g of fish bones powder into the vegetative pot) was compared to the control treatment (without 

any fertilization). The moisture of substrates was 70% of water holding capacity. Vegetative pots have been transported 

into the open environment to create outdoor conditions as natural for arable soil in the selected locality. The potting 

experiment has been implemented in 6 replicates.  

Soil sampling and analysis. Soil samples were collected from the substrates in the vegetative pots 360 days (twelve 

months) after the application of fish processing by-products. Substrates from each vegetative pot were mixed and 

homogenized in a separate vessel. Then about 150 g soil was collected from each pot and used for the analysis of soil 

chemical microbiological properties. Soil pH, concentration of organic C and total N, content of mineral N and available 

P2O5, K2O, Ca, Mg and S have been analyzed in the Agrochemical Research Laboratory of the Lithuanian Research 

Centre for Agriculture and Forestry.  

For the evaluation of microbial abundance, 10 grams of each soil sample were added to 95 mL of 0.1 % (w/v) 

solution of sodium pyrophosphate. After homogenization for 30 min, the solution was decimally diluted (10−1 to 10−7) 

and aliquots of the resulting solutions were plated on agarised nutrient media (Plate-Count-Agar/standard methods agar 

(Annand et al., 2003). After incubation at 25 or 30°C, for up to 10 days, the colony forming units (CFU) were counted.  

Soil Cmic and Nmic were determined by the chloroform fumigation extraction method (Brookes et al., 1985; Vance et al., 

1987). Cmic was calculated from the flush in K2SO4- extractable organic C following CHCl3- fumigation with a 

proportionality factor of 0.38. Total N in the extracts was determined by an automatic procedure and Nmic was calculated 

from the flush in K2SO4- extractable total N following CHCl3- fumigation with a proportionality factor of 0.54.  

Statistical analysis. The data were statistically processed using the analysis of variance (ANOVA). The significant 

differences between the means were established by the least significant difference at a significance level of p ≤ 0.05 

(Raudonius, 2017). Data of microbiological analysis were systemized and analysed using the computer software 

Microsoft Excel, 2010 and statistical software Statistics 7.0 and SPSS 10.0. Correlation coefficients and relationships 

between the indicators tested were determined using the software STATISTICA 7 (Hill, Levicki, 2005).  

 

RESULTS AND DISCUSSION 

 

After analyzing the data of agrochemical studies of the soil after 12 months it was observed that FBP did not affect 

soil pH (Table 1). However, the product used had a crucial effect on the organic C changes in the soil. Soil organic carbon 

has increased significantly by 7.13 - 21% depending on the applied FBP rate. This was confirmed by the performed 

correlation regression analysis (Fig. 1), since a reliable linear equation was obtained: y = 8.5469 + 0.2957x (R2=0.958; 

P≤0.05). Illera-Vives with co-authors (2015) argues that C mineralization in seaweed and fish waste compost was slow 

because the organic matter in the compost was very stable and its amount in the soil depended on the rate of fertilizer 

used. Asare (2019) argues that significant effects of bone meal were observed on organic matter content. 

In fact, the largest amount of total nitrogen was found in soil that was fertilized with a maximum FBP rate of 6.5 

t ha-1. Very similar changes in the soil occurred after the study of the content of mineral nitrogen. A significant increase 

in soil mineral nitrogen content was also found with fertilization using a maximum FBP rate of 6.5 t ha-1 (Table 1).  

 
Table 1. Soil chemical properties in fish bones powder (FBP) treatments in potting experiment  

Treatment 

t ha-1 

pH Organic C Total N Mineral N P2O5 K2O Ca Mg S 

% mg kg-1 

Control 6.8 8.55 0.647 46.55 101 50 8176 668 3.1 

2.5 6.8 9.16* 0.635 46.19 596* 56 9100* 706 2.9 

4.5 6.8 10.12* 0.649 49.98 419* 59* 10086* 742 2.6 

6.5 6.8 10.35* 0.712* 65.28* 577* 60* 9424* 706 2.9 

Note: * – significant at p ≤ 0.05 

Analysis of total nitrogen and mineral nitrogen in the soil in other variants did not show significant changes. Our 

previous experiment showed that the amount of mineral nitrogen in the soil of all treatments was significantly higher than 
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in the control after 1 and 4 months after the application of the FBP (Pranckietienė et al., 2013). It is likely that in this 

study, 12 months after the inclusion of FBP and without growing the plants, mineral nitrogen was transformed into other 

forms of nitrogen (evaporated or leached). 

The scientific literature states that fish waste products are rich in P, K, Ca, Mg and microelements (Illera-Vives et 

al., 2015; Radziemska et al., 2019). The soil was moderately rich in phosphorus prior to FBP incorporation. Studies have 

shown that the application of different FBP rates has increased available phosphorus content in soil, respectively: 5.9 

times after FBP 2.5 t ha-1 was used; 4.1 times after FBP 4.5 t ha-1 was used and 5.7 times after FBP 6.5 t ha-1 was used. 

This shows that the phosphorus present in the FBP product easily migrates into the soil solution and remains in it for a 

long time. This was confirmed also by correlation regression analysis. A quadratic equation was obtained: y = 

137.1+175x-17.7x2 (R2= 0.727; P≥0.05). Silva et al., (2016) stated that that the use of organic amendments increases P 

solubility, which could respond to an effect of organization of P associated with biological activity and formation of a 

complex of organic compounds. 

The content of mobile potassium in the soil was low before fertilization. The use of the investigated measure 

increased the amount of available potassium in the soil and a significant increase of this indicator was found when 

fertilizing 4.5 and 6.5 t ha-1 FBP. Larkin (2020) found that when fishmeal was used to fertilize the soil, the amount of 

potassium in the soil also increased significantly. Correlation regression analysis showed that the amount of potassium 

directly depends on the amount of FBP used. The results obtained are best reflected in the resulting linear equation: y = 

51+1.56x (R2=0.999; P≤0.05). 
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Figure 1. The relationship between organic carbon (y, %) and fish bones powder (FBP) content 

 

Studies have shown that the amount of Ca in the soil also significantly increased by 11.3 – 23.4 % after the 

application of FBP. Correlation regression analysis showed that Ca content in soil increases with the increase of FBP 

content in soil (y = 8096+704x-74.2x2; R2=0.889; P≤0.05). R. Larkin (2020) showed that Fish meal increased Ca content 

in soil more effectively compared to compost and mineral fertilizers. 

Mg content in soil increased from 38 to 74 mg kg-1 however these changes were insignificant. According to Larkin 

(2020) fish meal significantly increased the amount of Mg in the soil. Vaisvalavičius et al. (2014) found a significant 

increase of Mg amount in the soil after 4 months when fish bones were applied at the 1-5o C temperature regime. Sulfur 

is also a vital element for plants, being part of some amino acids and involved in the process of photosynthesis (Zhao et 

al., 2002). However, the FBP product used in this experiment did not affect sulfur changes in the soil. 

Soil microbial abundance could be the key in determining the degree of soil quality (Stevenson, Cole, 1999). 

Enzyme activities have been associated as indicators of biogeochemical cycles, degradation of organic matter, soil 

remediation processes, thus, in complex with physical or chemical properties can indicate the soil quality. The FBP 

application has significantly influenced the increase in microbiota abundance in soils (Table 2). The abundance of 

microbiota has been significantly increasing along with fish bones application rate, as from 2400 to 12000 thousand CFU 

g-1. The data of the correlation regression analysis showed very strong correlations between the abundance of microbiota 

and FBP rate (y = -312.7 + 1687.7x; R2=0.999; P≤0.05). 

The mean values for microbial biomass C ranged from 119.7 to 305.5 g C g-1 in soil (Table 2). The results of the 

soil microbial biomass analysis indicate that the amended soils (FBP) contained significantly 1.6 – 2.6 times higher 

microbial biomass C than in the Control pots. Correlation regression analysis confirmed that the amount of microbial 

biomass C depends on the amount of FBP incorporated into the soil (y = 120.4+30x; R2=0.981; P≤0.05).  
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Table 2. Soil microbiota mean total abundance and soil microbiota biomass C and N under fish bones powder (FBP) treatments in 

potting experiment 

Treatment 
Abundance of microbiota  

± SD 

Microbiota biomass ± SD 

C N 

t ha-1 thousand CFU g-1 (DM) µg C g-1 µg N g-1 

Control 1031.1 ± 33.3 119.7 ± 5.8 13.3 ± 0.6 

2.5 2395.0 ± 258.2 187.2 ± 7.1 26.7 ± 1.0 

4.5 5938.0 ± 397.8 273.5 ± 12.4 45.6 ± 2.1 

6.5 12169.5 ± 25.3 305.5 ± 9.2 50.9 ± 1.5 

Note: SD – standard deviation of the mean 

The same tendencies could be determined by estimating the microbial biomass N in soil. The mean values for 

microbial biomass N ranged from 13.3 to 50.9 g N g-1 in soils (Table 2). The microbial biomass nitrogen directly 

depended on the (FBP) rate. This was confirmed also by correlation regression analysis because a statistically reliable 

linear equation was obtained: y = 13.4+6.1x; R2=0.971; P≤0.05). 

 

CONCLUSIONS 

 

Studies have shown that fish bones powder can improve the agrochemical and microbiological soil properties. The 

treatment used significantly increases the amount of organic carbon, available phosphorus and potassium contents as well 

calcium content in the soil. Only the rate of 6.5 t ha-1 fish bones powder significantly increased the amounts of total and 

mineral nitrogen in the soil. The treatment used did not have a decisive effect on the magnesium and sulfur content of the 

soil. Fish bones powder application has significantly influenced the increase in microbiota abundance and soil microbiota 

biomass C and N. 
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