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Abstract 

The aim of this study was to verify the hypothesis that meat and bone meal, 
added to soil as fertilisers, may pose a hazard to the aquatic environment. 
Fertilisation with meat and bone meal and with manure resulted, on average, in 
an increase in mineral nitrogen concentration in underground water. It is 
noteworthy that phosphorus concentration in underground water on the plot 
fertilised with the highest dose of MBM increased by 79%, as compared to the 
variant without fertilisation. The results achieved in the experiment indicate that 
supporting MBM fertilisation with potassium did not result in an increase in its 
concentration in underground water. On the contrary, the lowest concentration of 
potassium was determined in the underground water taken from the plots where 
1.5 t and 2.5 t of MBM had been applied. Such results may be the consequence 
of a lack of potassium balance necessary to satisfy the nutritional needs of the 
crops. Introducing organic matter to soil as manure and MBM resulted in an 
increase in magnesium and calcium concentration in underground waters. 
Keywords: meat and bone meal, MBM, farm yard manure, agricultural 
ecosystems, aquatic environment, fertilization. 

1 Introduction 

Nitrogen content in water at various stages of its hydrological circulation affects 
not only the productivity of soils, but also the eutrophic potential of water. Its 
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level in underground waters depends, for example, on the substances released to 
the environment by agriculture and introduced with atmospheric precipitation 
[5]. The environmentally safe utilisation of organic waste is still a topical issue, 
despite numerous studies and recommendations based on their results. The 
amount of waste is constantly growing. What is changing is its mass within 
particular groups, which depends on the development tendencies and economic 
growth rates as well as social changes. One of the possibilities of utilisation of 
waste is its use for the improvement of soil fertility [3, 17]. The most frequently 
applied solution in the utilisation of meat and bone meal (MBM) is its 
incineration in cement plants and brickyards. However, this manner of waste 
utilisation is disputable due to its environmental aspects – hazards related to the 
emission of noxious gases during incineration. When applied to soil, MBM, as 
well as other organic fertilisers, improves its fertility, thereby positively affecting 
its physical, chemical and biological properties [1, 16]. Transformations of 
organic fertiliser give rise to products of humification and mineralization, which 
in natural conditions affect the circulation of nutrients and stability of 
ecosystems. Microbes make nutrients available to roots in a suitable form and in 
sufficient amounts, and the balanced nutrition of crops ensures their correct 
growth, which translates into high, good quality yield [2, 13]. The mass of 
organic fertilisers applied to soil affects the amount of mineral nitrogen available 
to plants [10, 15], as well as the organic carbon content [9, 12]. 
     The aim of this study was to verify the hypothesis that MBM, added to soil as 
fertilisers, may pose a hazard to the aquatic environment. 

2 Materials and methods 

The results presented in this paper were achieved in a static field experiment, set 
up in a randomised blocks arrangement, conducted in the years 2007-2008 at the 
Production and Experimental Station in Balcyny near Ostroda. The experiment 
was set up in autumn 2005, in the landscape of ground moraine, within the 
Lubawski prominence in an area shaped during the period of Pomeranian 
glaciation of the Vistula River [8]. The experimental plot of 0.25 ha was situated 
in a slightly undulated area, with an inclination of about 3% and a north-eastern 
exposition. The experimental plot was characterised by low soil variability. The 
dominant type was grey-brown podsolic soil with the pseudogley sub-type, 
formed from light clay, and acid brown soil with the grain distribution typical of 
light clay. According to the soil quality classification, the soil was included in 
class IIIa (good arable land), while according to the soil agricultural 
classification it was classed as complex 4 – wheat-rye and, in a small part, as 
complex 2 – good wheat complex. The chemical analyses of the arable layers 
revealed that it was poor humous soil (1.58%), acidic (pH inKCl- 6.5), with low 
nutrient content (N – 0.91%; P – 9.27 mg·100g-1; K – 17.8 mg·100g-1; Mg – 5.72 
mg·100g-1; Ca – 56.0 mg·100g-1). 
     The study was conducted in a four-course crop rotation, with the following 
crop sequence: spring wheat, faba bean, winter wheat, winter rape. Winter wheat 
was grown in 2007 and winter rape – in 2008. 
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     The following variants of fertilisation were applied: 1) “0” - control (without 
fertilization); 2) “FYM” – farm yard manure (10 t·ha-1, per year); 3) “MMB-1.0” 
- MBM 1.0 t·ha-1; 4) “MMB-1.5” – MBM 1.5 t·ha-1; 5) “MMB-2.0” - MBM 2,0 
t·ha-1; 6) “MMB-2.5” - MBM 2.5 t·ha-1 (per year). The following amounts of 
nutrients were added per 1 t of MBM: 66.5 kg·ha-1 N; 39.8 kg·ha-1 P; 4.1 kg·ha-1 
K; 2.0 kg·ha-1 Mg i 19.0 kg·ha-1 Ca. 
     Due to the very low amounts of potassium in MBM, mineral potassium 
fertilisation was applied as 50% potassium salt at 50 kg·ha-1 K. The following 
were added to the soil with 10 t of manure (fresh mass): -  
     Ground water for analyses was collected in 1 month cycles (from March to 
October) from piezometric boreholes. The following were determined in each: 
pH value – potentiometrically; electrical conductivity - conductometrically; dry 
residue content – after evaporation and drying at 105ºC and ash content – after 
incineration in a muffle furnace at 550ºC; mineral nitrogen (as the sum of nitric 
nitrogen (V) – colorimetrically with disulphophenolic acid, nitric nitrogen (III) – 
colorimetrically with sulphanilic acid and ammonium nitrogen – colorimetrically 
with Nessler’s reagent), total phosphorus – after mineralization with ammonium 
molybdenate and tin (II) chloride as the reducer, magnesium – colorimetrically 
with titanium yellow, and potassium, sodium and calcium – by atomic emission 
spectroscopy. 
     The rainfall during the period of the study (2007-2008) varied, both from year 
to year and from month to month within a year (Fig. 1).  
     This affected the level of underground waters. The total rainfall in 2008 was 
similar to that in the period 1961-1995. Much more rainfall was recorded in 2007 
– it was over 30% higher than in the period 1961-1995 and in 2008. 
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Figure 1: Rainfall distribution on the Meteorological Station at Balcyny. 
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3 Results and discussion 

Fertilisation with MBM resulted in a 21% increase in the mineral nitrogen 
content in the underground water (Fig. 2). However, the effect of particular doses 
of MBM was not so clear. Its application at 1.0 t and 1.5 t resulted in an 18% 
decrease in mineral nitrogen as compared to the control. However, the 
application of MBM at 2.0 t increased the mineral nitrogen content in water by 
8% as compared to the control. The application of 2.5 t of MBM resulted in a 
111% increase in mineral nitrogen concentration in underground water. This is a 
consequence of the application of 166 kg of nitrogen each year. The nitrogen is 
biologically bound and it becomes available to plants only after it has been 
transformed by microbes in soil. Nitrogen abundance in soil is correlated with 
the content and availability of organic matter [10], fertilisation with mineral 
nitrogen [7] and plants’ ability to take it up from soil [5]. Therefore, it is not 
surprising that the nitrogen content in the underground water on the plots 
fertilised with organic fertilisers is higher. According to Maćkowiak [12], 
nitrogen in meals of animal origin is in an organic, slow-acting form. He 
assumed a weaker fertilising action of MBM than that of manure, adopting the 
equivalent =20. For example, the content of total nitrogen in 5 tonnes of an 
improver is 350 kg, which is equivalent to 70 kg of active nitrogen. 
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Figure 2: The effect of fertilisation with MBM on the content of mineral 
nitrogen in underground waters. 

     Applying large amounts of biological nitrogen (43.3kg of N per ha per year) 
to a plot fertilised with 10 t·ha-1 of manure resulted in an 81% increase in the 
mineral nitrogen content in the underground water. The mass of organic 
fertilisers applied to the soil determines the amount of mineral nitrogen, 
available to plants [2, 14]. The results indicate an increase in the mineral 
nitrogen content in the underground water on the plots where MBM was applied, 
which confirms the findings of Jeng et al. [6]. They observed that the application 
of animal meal increased the amount of absorbable forms of nitrogen, which 
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forms the sorptive complex. Blatt and McRae [1] also claim that when applied 
regularly, animal meal produces an increase in organic matter and total nitrogen 
content in soil. 
     According to Maćkowiak [12], MBM contains 2.6-4.7% phosphorus in 91.3-
97.0% air-dry matter. The chemical analyses conducted in this experiment have 
shown that the highest amount of phosphorus of 99.5 kg·ha-1 reached the soil 
with 2.5 t·ha-1 of MBM (Fig. 3). This was reflected in the amount of phosphorus 
filtering through to the underground water. A noteworthy value is the 79% 
increase in phosphorus content in the underground water on the plot fertilised 
with the highest dose (2.5 t·ha-1) of MBM, as compared to the variant without 
fertilisation. There are no available data on the effect of MBM on phosphorus 
content in underground water; however, as comparable results achieved by Blatt 
[1] show, the application of meal results in an increase in absorbable forms of 
phosphorus in soil. Different results were achieved on the plot where 2.0 t·ha-1 of 
MBM was applied; the phosphorus content was the lowest in the entire 
experiment, including the plot with no fertilisation. However, the differences 
were statistically insignificant. 
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Figure 3: The effect of fertilisation with MBM on the content of total 
phosphorus in underground waters. 

     The concentration of potassium in the underground water from the 
experimental plots was completely different from the corresponding values for 
phosphorus, as its highest content was determined on a plot where no fertilisation 
had been applied (Fig. 4). As was mentioned in the experiment methodology, 
due to the low concentration of potassium in the MBM, additional potassium 
fertilisation was applied at 50 kg·ha-1 K. The results indicate that even when the 
MBM fertilisation is supported with a potassium fertiliser, no increase in 
potassium content in the underground water is observed. On the contrary, the 
lowest potassium concentration was determined in the underground water taken 
from the plots fertilised with MBM at 1.5 t·ha-1 and 2.5 t·ha-1. A lower 
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concentration, by 0.25 mg·dm-3, was determined in variants with 1.0 and 2.0 t of 
MBM per ha. Such values may result from a lack of balance of the potassium 
needed to satisfy the nutritional needs of the crops (winter wheat and winter 
rape) [4]. The same explanation may be adopted for the plot fertilised with 
manure, which added 54.3 kg of K per ha per year, where the potassium content 
was also found to be lower than on the control plot. Therefore, these are the 
amounts of potassium which are insufficient to satisfy the nutritional needs of 
the crops.  
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Figure 4: The effect of fertilisation with MBM on the content of total 
potassium in underground waters. 

     The addition of organic matter to soil as manure and MBM resulted in 41% 
increase in magnesium concentration in underground water, on average (Fig. 5). 
The lowest, a 32% increase, was observed when the lowest dose of 1.0 t of 
MBM per ha was applied. Further increasing the dose of MBM to 1.5 t resulted 
only in a 4% increase in magnesium concentration as compared to the dose of 
1.0 t. The MBM dose of 2.0 t·ha-1 resulted in a 13% increase in magnesium 
concentration as compared to the lowest dose. The results of chemical analyses 
show that 2 to 5 times more magnesium is introduced to the soil with manure 
than with the lowest dose of MBM. However, this did not result in a higher 
extent of magnesium leaching from the plot fertilised with manure. The average 
concentration of magnesium in underground waters on the plot fertilised with 
manure was lower than on that fertilised with MBM. However, the difference 
was only significant after higher doses of MBM (2.0 and 2.5 t·ha-1) were applied. 
     A comparison of the average values shows that organic fertilisation resulted 
in an irregular increase in calcium concentration in the underground water  
(Fig. 6). The average values were about 50%. The highest amount of calcium – 
47.5 kg, was introduced to the soil with the largest dose (2.5 t·ha-1) of MBM. The 
calcium concentration on the plot was found to have increased by 94% as 
compared to the plot with no fertilisers. The second highest concentration of 
calcium was found in the water taken from piezometers situated on the plot 
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fertilised with MBM at 1.0 t·ha-1. This result slightly deviated from the principle 
according to which the higher amount of calcium added, the higher amount of 
calcium leached from soil to water. Evidence of this is a lower concentration of 
calcium on the plots fertilised with 1.5 t and 2.0 t·ha-1 than on the plot fertilised 
with the lowest dose of MBM, with the lowest amount of calcium introduced to 
the soil with the fertiliser. Application of manure also increased calcium leaching 
to underground water by 44% as compared to the control plot. However, the total 
value was lower than on the plot fertilised with MBM. The dose of MBM 
comparable to the effect of manure on calcium leaching was 1.5 and 2.0 t·ha-1.  
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Figure 5: The effect of fertilisation with MBM on the content of total 
magnesium in underground waters. 
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Figure 6: The effect of fertilisation with MBM on the content of total 
calcium in underground waters. 
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4 Conclusions 

1. Fertilisation with MBM and with manure resulted, on average, in an increase 
in mineral nitrogen concentration in underground water. 

2. It is noteworthy that phosphorus concentration in underground water on the 
plot fertilised with the highest dose of MBM, increased by 79% as compared 
to the variant without fertilisation. 

3. The results achieved in the experiment indicate that supporting MBM 
fertilisation with potassium did not result in an increase in its concentration in 
underground water. On the contrary, the lowest concentration of potassium 
was determined in the underground water taken from the plots where 1.5 t·ha-1 
and 2.5 t·ha-1 of MBM had been applied. Such results may be the consequence 
of a lack of potassium balance necessary to satisfy the nutritional needs of the 
crops. 

4. Introducing organic matter to soil as manure and MBM resulted in an increase 
in magnesium and calcium concentration in underground waters. 
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