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Abstract: Meat bone meal contains considerable amount of nutrients (on average 8% N, 5% 

P, 1% K and 10 % Ca). Therefore, it can be used as fertilizer for different crops. Whether meat 

bone meal (LL) can achieve similar effect in increasing the grain yield and grain quality of oat 

as meat bone meal mixed with biotite (LB), meat bone meal mixed with blast furnace slag (LB) 

and meat bone meal mixed with lime (LK) or not were analyzed in this study. Two field 

experiments: one in Viikki experimental farm, and other in suitia experimental farm of the 

University of Helsinki were carried out in the summer of 2005.  LL, LB, LM, and LK were 

applied in three N levels: 60, 90 and 120 kg N ha-1 in Viikki and Suitia experimental farms. In 

both experimental farm, oat grain yield, oat grain test weight, and oat 1000-grain weight did 

not differ between the fertilizer types. In Suitia experimental farm, oat grain yield and 1000-

grain weight increased with increasing the N-levels but not oat test weight whereas in Vikki 

experimental farm, oat grain yield, oat test weight, and oat 1000-grain weight did not increase 

with increasing the N levels. Since the N/P ratio of meat bone meal is considerably narrower 

than the normal nutrient uptake ratio of cereals, hence, if it is applied to meet the N demand of 

crops then P in soil would be surplus. Therefore, due to the P residual effect, it is recommended 

not to use meat bone meal in the following year or even for the whole crop rotation but 

recommended to grow green manure crops as for nitrogen resources to organic farms after 

using meat bone meal. Since K content of meat bone meal is rather low therefore, to balance 

the nutrient contents in meat bone meal, some of the most viable alternatives for additional K 

such as biotite, vinasse, potassium sulphate could be added to meat bone meal to achieve meat 

bone meal-NPK contents more optimal for crops. 
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1. INTRODUCTION 

1.1 NITROGEN AND PHOSPHORUS FERTILIZERS 

Mineral nitrogen and phosphorus fertilizers 

Nitrogen is a crucial part of amino acids, enzymes, nucleic acids and chlorophyll. Since 1950’s, 

it has been considered as a major contributor for the crop yield increment (Robertson & 

Vitousek, 2009). Its supply is crucial not only for the growth and development of root but also 

for an uptake of other nutrients as well as the use of carbohydrate in plants.  

 

 

                 

  Assimilation 

 

     

    

    

     

 

 

          Ammonification 

         Nitrification   

  

 

Figure 1. Nitrogen Cycle in soil-plant system (Source: Brady & Weil 2002, modified). 
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Vast amount of molecular nitrogen (non-reactive nitrogen) is found in the atmosphere but 

plants cannot use it directly due to the strong triple bond between two nitrogen atoms. Plant 

roots generally take up nitrogen from the soil solution as (NO3)
–and (NH4

+ ) ions (Figure 1), a 

mechanisms to transform gaseous dinitrogen into(NO3)
 - and NH4

+ ions is essential (Brady & 

Weil, 2002, p. 544-547). 

Natural mechanisms with which gaseous dinitrogen converted into plant useable reactive 

nitrogen (Nr) include N fixation by symbiotic and non-symbiotic microorganisms, and to some 

extent lightening. The symbiotic N fixation requires symbiosis between nitrogen fixing bacteria 

(Genera: Rhizobium and Brady rhizobium)and plants (legumes mostly but also some non-

legumes),whereas non-symbiotic nitrogen fixation requires certain free-living microorganisms, 

from genera Azotobacter and Clostridium, which are not directly connected to the higher plants 

(Brady & Weil, 2002, p. 564-572). 

In the beginning of the 20th century, it was too hard to meet the humankind’s growing demand 

for food and fiber only with using the traditional approaches of crop production (crop rotations 

including leguminous species, use of leguminous green manure and recycling of organic 

wastes), hence the alternative options were looked for. Finally, the chemical process of 

converting the atmospheric N2 to NH3 as invented by F. Haber in 1913 and further development 

by C. Bosch solved the problem (Galloway & Cowling, 2002, Galloway et al. 2002).)(2 

The most commonly used N-fertilizers in Europe are ammonium and calcium ammonium 

nitrate. The production of ammonium nitrate is done with neutralizing of nitric acid to 

anhydrous ammonia (European Commission, 2006; EFMA, 2000a), whereas the calcium 

ammonium nitrate is produced by mixing of Ammonium nitrate (AN) solution to dolomite, 

limestone, or calcium carbonate (European Commission,2006). The larger scale ammonia 

production was possible since 1910’s with the discovery and implementation of Haber-Bosch 

process and then after use of reactive nitrogen was rapid. Smil (2000) reports that 

manufacturing of nitrogenous fertilizers was rocketed after second world war and over 40% of 

the world’s current dietary fiber production is rested to the  Haber-Bosch synthesis of ammonia. 

According to IFA2013, World current nitrogen fertilizer production amount is more than 110 

million tons per year, and the developing countries hold two thirds of total and are the biggest 

consumers. While in case of developing countries, the use of nitrogen fertilizers is in negative 

trend, it is as due to the legal restriction and numerous benefits from organic farming although 
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the demand of nitrogen fertilizer in these countries increases with more than threefold in 

previous thirty years. 

As like nitrogen, phosphorus is one of the three essential macronutrients for plants. Its function 

in the plant cannot be substituted with other nutrients. The inadequate supply of phosphorus in 

plant restricts optimum growth and reproduction of plants, and as well as the transfer of genetic 

information from plant to seed and photosynthesis process is affected. Plant roots absorb 

phosphorus dissolved in the soil solution as phosphate ions (HPO4
-2- and H2PO4

-), and 

additionally some soluble organic phosphorus compounds are also taken up (Brady & Weil 

2002, p. 592-602). The quantity of phosphorus in the soil is generally small, which often limits 

plant growth, this is why phosphate fertilizers often applied on the farmland.  
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  Figure 2. The Phosphorus cycle in soil (Source: Brady & Weil 2002). 
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For the agricultural sector, inorganic phosphate rocks which contain phosphorus are the major 

resource mined to produce phosphate fertilizers. They are the limited resources and the 

scientists now are calming that a peak phosphorus will occur in 30 years and if the resources 

of phosphorus are used up at current rates then the reserves will be depleted in the next 50-100 

years (Lewis 2008). 

The phosphorus cycle is much simpler compared to nitrogen cycle as because of rare 

connection of phosphorus to the atmosphere and is less subjected to biological transformation 

(Busman et. al.1997). In land, most phosphorus is found in rocks and minerals. Over time, rain 

and weathering causes rocks to release inorganic phosphate and other minerals to the soil. The 

inorganic phosphate which is distributed into soils and water is taken up by plants and these 

plants are consumed by animals. In plants and animals, the inorganic phosphate is incorporated 

into organic molecules such as DNA. When the plants and animals die and decay then the 

organic phosphate returns back to the soil. Whereas the organic forms of phosphorus which is 

not usable for plants within the soil is made available to plant useable inorganic form namely 

orthophosphates by bacteria through the process known as mineralization (Fig.2). The 

phosphorus in the soil ends up in waterways and finally to oceans. 

DAP, MAP, and APP are the most commercially available inorganic P fertilizers, and these 

fertilizers are highly soluble in water (≥ 90%) and have high plant nutrient content. By the mid-

19th century, the traditional method of crop production using natural phosphorus levels present 

in soil together with organic manure was thought unfeasible to cope the feeding need of the 

growing population, hence the crop production with using guano and mined phosphate 

contained rocks was initiated (Neset et al. 2008). But, later in the beginning of the 20th century, 

with the decline of the guano and mining phosphorus containing rocks stocks and difficulty for 

long distance transport again the use of P rich organic manure increased significantly. 

Although it is noted that phosphorus containing rocks are in limited stocks and considered as 

the most critical raw material in the world (FAO, 2006) but the depletion of current 

economically exploitable deposits is estimated somewhere from 60 to 130 years and 

unavoidable peak depletion is predicted by year 2033 (Steen 1998, Cordell 2009). Steen (1998) 

also reports that the demand of phosphorus will be about 50-100% higher by 2050 as to fulfill 

the food demand of growing population. 
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Environmental and human health stress from fertilizers use 

Despite some effective measures to lower the global population rate, it has been expected to 

surpass 9 billion people by 2050 (UN 2009). If this tremendous increment in a global 

population went on, then besides other issues, the world will face several other health and 

environmental issues related to fertilizers use too. It is also expected that the increment of 

population during the two decades will take place almost entirely in 93 countries. The fact is 

that, in one hand, there is tremendous population growth while in other hand in a global scale 

the soil fertility depletion rate is high as compared to soil fertility improvement. The crop 

production without sufficient replenishment of plant nutrients is the major cause for steady 

decline of soil fertility. The low crop yields resulting from depletion of soil nutrients compel 

the farmers no way other than cultivating the land under forest and/or marginal land which are 

prone to erosion or desertification and land degradation (FAO 2006), and excessive use of 

mineral nitrogen fertilizers for increase yield. 

The excessive use of mineral nitrogen fertilizer have negative impacts whereas its balance use 

have positive impacts to the environment. Positive in a sense that, its balance use maximizes 

crop yields with the increase of soil fertility whereas the excessive use causes acidification, 

losses of biodiversity both in terrestrial as well as in aquatic ecosystem, eutrophication and 

invasion by N–loving weeds (Matson et al. 2002, Rabelais, 2002). It also alters the ecosystem 

functioning with the change in diversity of beneficial soil organisms (Matson et al. 2002). 

Furthermore, the indirect benefit of intensive use of mineral fertilizers is that it allows the 

growth of strongly growing crops which give better protection to the soil surface ultimately 

avoiding the erosion borne environmental problems.  

The application of excessive amount of nutrient to the soils cause severe problems. The amount 

of reactive nitrogen created by biological nitrogen fixation in a natural terrestrial ecosystem (~ 

90 Mt N annually) is two times less than the amount of reactive N created by mankind (~165 

Mt N annually) (Galloway & Cowling 2002). From 1890-1990, the emission of NH3 increased 

from 9 to 43 Mt N annually. The increased emission resulted widespread distribution of NR to 

downwind ecosystem. The increase of reactive nitrogen induced by humankind has both 

beneficial and harmful effects on human and environment health, and these effects depend on 

the size of Nr flux (Galloway et al. 2000). The beneficial effects of emitted Nr is that it helps 

to increase the nutritional quality of available foods, and global and regional food supplies, 
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while the  negative effect includes air borne diseases like Asthma and both viral and bacterial 

respiratory infection in human (Wolfe & Patz, 2002). 

Likewise, the use of mineral nitrogen fertilizers, the use of mineral phosphorus fertilizers is 

growing tremendously to cope the food and fiber need of growing population. And by estimate, 

up to two billion hectares of land worldwide are suffered from soils with low P-content. This 

problem is more prevalent in low income countries where price of mineral fertilizers is too high 

than the buying capacity of most farmers (Brady and Weil, 2002, p.595). In the year 2000, 

global crop harvest absorbed phosphorus around 12 Mt, which was twelve times more than that 

of 1800, and greatest change in the application of inorganic P fertilizer occurred which 

amounted from zero to 15 Mt. As a result, the loss of phosphorus from soils to air and water 

was boosted up with amounting from natural level of 10 Mt year-1 to 30 Mt year-1 in 2000, and 

the human actions had major role on it. 

It is reported that the main pathway for phosphorus reaching the waterways is the erosion of 

soil (Smil 2000), and too much and too little phosphorus in the soil might cause several negative 

impacts on the quality of environment. As too much phosphorus can cause eutrophication and 

too little to the degradation of land (Weil 2002). Eutrophication causes dense growth of aquatic 

weeds and algae in water, and after their decomposition they may create oxygen deficiency, 

and consequently with fish death (Carpenter et. al.1998 & Smil 2000). 

Possible solutions to environmental and human health effects caused by the use of mineral N 

and P fertilizers 

From the practices so far, it is found that the use of mineral fertilizers in a longer perspective 

is unsustainable, and brings several detrimental effects on environment and human health as 

well. Therefore, the development and promotion of sustainable solutions are at paramount 

importance.  

In case of reactive nitrogen, Galloway et al. (2002) proposes three specific requirements to 

achieve above mentioned goal: i) by diminishing the amount of Nr created through  Harber-

Bosch process; ii) by increasing reactive nitrogen use efficiency in the food production, and 

iii) by denitrification of unrecyclable reactive nitrogen. The first decreases the Nr produced, 

the second keeps Nr in the ecosystem and the third eradicates Nr before it seep to the 

environment. In developed countries, the key issues in reducing the dependency of mineral N 

fertilizer are increased nutrient recycling together with improved Nr use efficienc.  Moreover, 
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Chambers et al. (2000) and Tsai (2008) report that the increased recycling of municipal wastes, 

agro-industrial wastes, plant and animal residues, and organic manures lessen the human 

intensive mineral fertilizers using behavior. The possible solutions related to problems of 

mineral phosphorus fertilizers use could be minimized by diminishing the use of phosphorus 

inputs and lowering the amount of escaping P, and with omitting the use of phosphorus 

fertilizers for some years on phosphorus-rich soils without influencing the yield (Smil 2000). 

Organic fertilizers 

Organic fertilizers are the importanr source of nutrients for different crops. Naturally occurred 

organic fertilizers include manure, slurry, guano, peat, whereas manufactured organic 

fertilizers include compost, meat bone meal and seaweed extracts etc. The use of organic 

fertilizers as a source of nutrients for crop production date backs to the dawn of agriculture, 

and until 19th century, for the supply of N nutrient to the crops, three ways were practiced; 1) 

recycling of the plant and animal wastes, 2) crop rotations using nitrogen fixing leguminous 

species and 3) planting and incorporating of green manure crops under the soil (Smil, 2002) 

whereas for the supply of phosphorus to the plants, use of soils’ natural p levels  and recycling 

of locally available organic fertilizers were the ways to meet the plant demands for phosphorus. 

According to Lowrison (1993, p.117), the soil enriched with organic fertilizers not only 

improves soil structure but also improves the nutrients and water holding capacity of the soil 

and minimizes the risk of over fertilization. Although the nutrients release from the organic 

fertilizers is slower but their positive effects persist longer compare to that of mineral fertilizers. 

Besides these, fibrous organic fertilizers aggregate soil particles and increase porosity in soil 

thereby leading air to the plant bed (Lowrison 1993, p. 117). 

Composts are the biologically stable humigenic substances obtained through the natural 

decomposition of the raw organic materials when they come in contact to the soil. Composting 

is an old technology, and Sir Albert Howard is considered probably as the first agricultural 

scientist who for the first time applied the scientific approaches to composting almost around 

75 years ago in India. For making a good quality compost, following three things are important; 

i) chemical composition of the raw organic materials, ii) physical nature of the feedstocks and 

porosity of the pile, and iii) the population of organisms involved in the composting process 

(Cooperband, 2000). Sir Albert Howard process of composting involved piling up of 

alternative layers of animal, sewage sludge, straw, and leaves, and those piled materials were 

turned after six months or in some cases even longer, and then to maintain the adequate 
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moisture in the piled materials the liquid which passes and extracts soluble or suspended solids 

from the decomposing residues was recycled (Copperband, 2000). Unlike mineral fertilizers, 

compost fertilizers supply macro and micro nutrients essential for the plants, and in addition to 

the improvement of the soil structure they change the chemical properties of the soil as well 

(Gobat et al. 2004).Furthermore, according to Gobat et al (2004), bioremediation of soil 

contaminated with pesticides and xenobiotic compounds is possible with the use of compost 

and its products, but the use of compost in a greater extent in a soil  is not beneficial as it 

suppresses the soil parasites thereby promoting the activity of antagonistic organisms. 

According to Larion, 2009, organically grown foods are usually higher in quality expressed 

with higher content of dry matter, some minerals (Fe, Mg) and antioxidant micronutrients 

(Phenols, resveratrol) compared to conventionally grown one. The use of organic fertilizers 

contributes to higher quality of agricultural products compared to the use of mineral fertilizers. 

(Larion 2009).   

In one hand, the application of organic matter with high C/N ratio (more than 20) to the soil 

brings competition for soluble nitrogen between plants and microbes while on the other hand, 

the application of organic materials with C/N ratio (less than 20) supplies more nitrogen than 

needed to the soil microbes (Brady & Weil 2002, p. 505-511). The C/N ratio varies among 

different organic materials. The organic materials with high C/N are straw (up to 80) and 

sawdust (up to 600), whereas the organic material with low C/N ratio are composts (about 15), 

sewage sludge (about 7) and meat and bone meal (about 4) (Brady & Weil, 2002, Jeng et al., 

2004).  

As well as the advantages of organic fertilizers they do have drawbacks too. Disadvantages 

include; high transportation and application costs, fluctuation in nutrient contents.  

1.2 MEAT BONE MEAL 

Nutrient content of meat bone meal 

Meat bone meal (MBM) is an important byproduct of rendering industry. It contains about 8% 

N, 5% P, 1 % K and 10% Ca (Ylinvainio et al. 2007, Garcia and Rosentrater, 2008). 

Additionally, it contains 50% protein, 35% ash, 8-12 % fat and 4-7 % moisture. The average 

organic matter content is about 50%. The nutrient content of MBM varies as the raw material 

of MBM varies.  

Historic use of meat bone meal 
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Before suspecting the main reason of bovine spongiform encephalopathy (BSE) in ruminants 

MBM was widely used to feed animals (Brewer, 1999). Then after, the use of animal residues 

as raw material in food and feed industry and MBM as fertilizer in EU was strictly banned in 

2002 (Werner, 2003), whereas as feeding materials to all producing animals in the European 

Union and several other countries in 2000 (Kampheus, 2002). Since 1 February 2006, the use 

of MBM as the fertilizer for the arable crops in EU had been let by the Commission regulation 

(EC) No 181/2006, however the full use of it as an organic fertilizer in vegetable production is 

restricted as due to fear of contaminating the food cycle as with chances of remaining the traces 

of meat bone meal on the product. 

Production of meat bone meal  

The methods and raw materials used for meat bone meal production may differ to some extent, 

but the principle of its production is same, as the animal leftover are crushed, sterilized and fat 

is separated and ultimately after milling fine meal is produced. 

Some variations in between different facilities exist when it comes the modern method of Meat 

bone meal production. According to Nielsen (2003), some of the main processes that involve 

in modern meat and bone meal production method are as follows: 1) by-products from 

slaughterhouses (bones, heads, intestines and skins etc.) are transported to rendering industries 

in closed containers, 2) the by-products are cut-up into very small pieces, 3) the cut-up pieces 

are solidified by heating at 80-90degree centigrade, 4) the solidified and liquefied materials are 

separated by pressing. 5 a) the separated solid fraction is then dried at 110 degree centigrade, 

6a) the dried product is screened, sterilized (133 degree centigrade) and then packed and stored 

for distribution, 5b) the separated wet fraction is heated at 105 degree centigrade and fat is 

separated, 6b) the separated fat is sterilized at 125 degree centigrade and then packed and stored 

for distribution. 

Disposal and recovery of animal carcasses and animal waste in Finland 

In Finland, from the year 2000, animal residues which are not meant for human consumption 

are classified into three categories : ‘low-risk material’ (having no serious risks to human and 

animal health), or ‘high-risk material’ (having high risk to human and animal health) according 

to the decision of Ministry of Agriculture of Finland (1022/VFD/ 2000) and additionally 

‘specified risk material’(having a risk of transmitting BSE) according to the decision of 

Ministry of  Agriculture (1197/VFD/2000) (Salminen 2002). 
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Origin of animal                           Categories of animal                Treatment and recovery or  
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Figure 4. The amount and the disposal and the recovery of animal by-products in Finland in 

2000 (source: Salminen, 2002). 
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that die other than slaughtered for human consumption, and category 3; parts of slaughtered 

animals unfit for human consumption. 

In Finland, two slaughtering industries named Hankanjoki OY and its sub -company i.e. 

Findest Protein OY are responsible for producing meat and bone meal.  

Meat bone meal as a nitrogen fertilizer 

Like other nutrients, nitrogen present in an organic substances is not accessible to the plants 

directly. It needs to be mineralized into nitrate or exchangeable ammonium form for accessible 

to the plants and this process requires microorganisms in the soils. How much the organic 

material is rich in nitrogen content can be determined by Carbon to Nitrogen (C/N) ratio. If the 

organic material with C/N ratio less than 20:1 (high nitrogen content) is added in the soil, then 

the microbes get excess organic nitrogen which they convert into inorganic form. Whereas if 

added the organic material with C/N ratio of more than about 20:1 (low nitrogen content), then 

the microbial activity increases, and they absorb plant available sources of nitrogen bringing 

nitrogen deficiency in plants. Meat bone meal is an effective organic fertilizer with low C/N 

ratio (about 4), therefore its low C/N ratio provides great potential for N mineralization (Jeng 

et al. 2004). 

Compared to farm yard manure (FYM), dry matter of meat bone meal contains four-fold more 

nitrogen, tenfold more phosphorus and eight-fold more calcium but four-fold less potassium 

and half the amount of magnesium than farm yard manure, and the factors like, mixing nature 

of soil, chemical composition of soil and nutrients, soil’s pH value, crops species used, and 

weather condition largely effect on its proper utilization (Stepien and Mercik 2002, Spychaj-

Fabisiak et al. 2007, Gorecka, et al. 2009, Nogalska, 2013, Nogalska and Zalewska 2013).  

A study done by Salomonsson et al. (1994, 1995) to analyze the effect of  meat bone meal on 

wheat showed the better utilization of N from meat bone meal than from the pig slurry and 

somehow similar result from the Urea N. Another study done by Stepien and Wojtkowiak 

(2015 p.1009) also reported that MBM at 2.5 t /ha on winter wheat improved the grain quality 

of winter wheat with the raising of Cu, Fe, Zn and Mn content. Furthermore, the quality of 

potatoes had been found increase with the mixing of MBM in soil as due to the decrease in 

incidence of potato scab (Verticillium dahlia) and decrease in populations of parasitic 

nematodes (Lazarovits et al.1999, Lazarovits, 2001).  
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European Union produces about 3 million tons of MBM annually, and the total meat bone meal 

production in Finland is about 30000 tons per year/1/. The only accepted rendering plants in 

Finland which produce MBM as their byproduct of rendering process are Honkajoki Oy and 

its sub company Findest Protein Oy. These companies in 2007 produced approximately 21000 

tons of meat bone meal and its main use was for feeding to fur animals and fertilization 

(Valkosalo 2008). The use of Meat bone meal as a fertilizer in 2007 in Finland was about 3500 

tons (Kivelä 2008). 

In Finland, several field trials have been carried out to analyze the effect of meat bone meal- N 

and mineral N fertilizer on the grain quality and quantity of cereal. Among them, a study done 

by Chen L. (2008) in barley and oats is one, and in the study both MBM and mineral fertilizer 

(Kemira’s Y3@ 20N -3P-9K) resulted in similar oat and barley grain yields. Likewise, Jeng et 

al. (2004), in one pot experiment with barley reported that the increasing amounts of meat bone 

meal gave significantly improved barley yield, even though the barley yield with mineral 

fertilizer was significantly higher than with meat bone meal. Furthermore, the studies carried 

out, in cereals and ryegrass (Jeng et al. 2004, 2006), barley and oats (Chen et al.2011), and 

spring and winter wheat (Salomonsson et al. 1994, 1995, Lundstörm and Lindên 2001) found 

that MBM resulted similar grain yield and protein content as those from corresponding cereals 

which had been treated with minerals fertilizers. The baking performance of crop is important 

factor for deciding the quality of crop. Fredriksson et al. (1997, 1998) report that the white 

flour composition, dough properties and baking performance of spring and winter wheat treated 

with meat bone meal, urea and slurry manure did not differ significantly between fertilizers. 

Furthermore, higher N application levels notably decreased the dough softening but increased 

flour protein content and dough development time (Fredriksson et al. 1997, 1998). 

Additionally, the greatest effect of meat bone meal was noticed in the soils having low content 

of soil organic matter (SOM) and with the limited supply of N mineralized from SOM (Jeng et 

al. 2006). Furthermore, a laboratory experiment conducted to analyze the nitrogen and 

phosphorus leaching effect of meat bone meal fertilized on three different N levels (60, 120,180 

Kg N ha-1) together with mineral- N fertilizer to soil columns (without cover crop) by Jeng & 

Vagstadt (2009) resulted three times less nutrients leached from meat bone meal fertilized soil 

column compared to mineral -N fertilized soil column.   
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Meat bone meal as a phosphorus fertilizer 

In MBM, the phosphorus content ranges from 5 to 9% and is influenced with the bone content 

of the raw material. Most of the meat bone meal-P as calcium phosphate (Ca5 (PO4)3OH) form 

remains in the bone fraction while in organic form in the meat fraction. One research finding 

concludes that the efficiency of P added in the soil is influenced with the amount of residual P 

in the soil (Jeng et al. 2006). Additionally, the results of a 3- year pot experiment done to 

compare the MBM-P, superphosphate-P (SP) and cow manure-P availability to the ryegrass 

cuts showed that the MBM-P available to the ryegrass cuts during the first year of application 

was merely 19% of the P- available from SP and cow manure, however, for the 3-year period 

with ten ryegrass cuts, the MBM-P availability reached to 63% (Ylivaino et al. 2008).  

The most important factor influencing the release of P from MBM in the soils is the soil pH. 

Several studies show the higher effect of MBM-P in acidic soils than in soils with pH above 6 

(pH>6).  

1.3. OAT (Avena sativa)  

Main characteristics of oat  

Oat (Avena Sativa) is a plant of the poaceae family. In fact, it is a cereal, like rice, wheat or 

corn. It reaches up to five feet tall and possesses lanceolate leaves up to about 4 cm long. It 

comes from Europe where it can still be found in wild form.  

Soil and nutrient requirements for oat production  

Oat (Avena sativa) is an important cereal crop and is commonly grown for food and feed. It 

adapts well to different soils but can be grown successfully on loam to heavy soils. As 

compared to other cereals, oat is considered to be more suitable for growing under marginal 

lands, including cool wet regions and unfertile-arid lands (Buerstmayr et al. 2007). Excessive 

amounts of salts in the soil is detrimental to oat growth. Oat tolerate a soil pH balance as low 

as 4.5, and with adequate levels of fertility and proper drainage it has a tolerance for a wide pH 

range as compared to barley and wheat. Oat requires low lime in the soil. Nitrogen (N) 

phosphorus (P) and potassium (K) are the major nutrients and copper (Cu), manganese (Mn), 

molybdenum (Mo) and zinc (Zn) are major nutrients essential for oat production. Most oat 

varieties grown on soil with low nitrogen content could develop red–tipping on the leaves and 

this might results below- optimum yields. 
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2. OBJECTIVES OF THE STUDY 

There is a lack of clear knowledge regarding how MBM effects to the grain yield and grain 

quality of oat and optimum amount of MBM to apply to the soil for oat production. There is 

also a lack of clear knowledge regarding whether meat bone meal can achieve similar effect in 

increasing the grain yield and grain quality of oat as the mixture of meat bone meal and another 

industrial suitable byproduct or not.  

The crop grain quality is dependent on the end use and is influenced both by genetic as well as 

environmental factors. In this study, two aspects of grain quality namely, 1000-grain weight 

and grain test weight, were analyzed.  

The 1000-grain weight is the weight in grams of 1000 seeds. It is very commonly used measure 

for grain quality. It may vary from crop to crop, between varieties of the same crop, and even 

from year to year or field to field of the same variety. The high grain weight refers to high grain 

quality. It is affected by nitrogen amount. 

Test weight is the average weight of grain as measured in pounds per bushel. It is most 

commonly used measure for grain quality and is popular as because of the easy measurement. 

Adverse climatic conditions, diseases and poor cultural practices factor responsible for 

decreasing the test weight. 

The main objective of this study was therefore to analyze the effects of meat bone meal (LL) 

on the grain yield and grain quality of oat. The test crop used was oat and was chosen as because 

of its good response to different fertilizers and well suited to different soil types and of its 

importance in Finland. The specific objectives of this study were to provide the answers of the 

following two questions. 

1. What is the yield effect of meat bone meal (LL) to oat compared to meat bone mixed 

with biotite (LB), meat bone meal mixed with blast furnace slag (LB) and meat bone 

meal mixed with lime (LK)? 

2. How does meat bone meal (LL) effect to oat grain quality namely; oat test weight and 

oat 1000-grain weight, compared to meat bone mixed with biotite (LB), meat bone meal 

mixed with blast furnace slag (LB) and meat bone meal mixed with lime (LK)? 
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3. MATERIALS AND METHODS 

3.1 STUDY AREAS AND SOIL ANALYSES 

Two field experiments; one at Viikki experimental farm (60°13′N) and other at Suitia 

experimental farm (60° 11′ N) of University of Helsinki Finland, were carried out in the 

summer of 2005. The previous season crop at Vikki experimental farm was rye whereas at 

Suitia experimental farm was winter rye. The mean temperature and rainfall of both 

experimental farms during the growing season was similar (Table 2). The soil type at Viikki 

experimental field was fine sandy till with 3-5.9 % organic matter and was medium clay with 

3-6 % organic matter at Suitia experimental field (Table 3). 

Table 2. Mean temperature and mean rainfall at two experimental fields during the growing 

season according to Viikki and Suitia meteorological station. 

 Month                Mean temperature (C)                            Mean rainfall (mm) 

                           Viikki                Suitia                             Viikki              Suitia 

May                     11.4                     9.8                                68.2                 44.5 

June                      13.5                    14.3                              63.4                 68.2         

July                       17.2                    17.2                              75.1                 72.5 

August                  14.2                    13.8                              57.3                 77.6 

Mean                    14.07                  13.77                            66.0                  65.7 

 

Table 3. Soil analysis results of the two experimental fields before starting the experiments. 

                             Viikki            Condition*        Suitia                  Condition*                    

pH                          5.7               Tolerable            5.5                      Rather low 

Ca, mg l-1                      725               Rather low         727                     Rather low 

P, mg l-1        7.0                Tolerable           5.4                      Tolerable 

K, mgl-1                  130               Acceptable        112                     Tolerable 

Mg, mgl-1                       172               Acceptable        143                     Accepted  

*The growth condition was interpreted according to the Finnish standard system of soil fertility 

assessment (For details, see for example Peltovuori 1999). 
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3.2 MATERIALS USED IN THE EXPERIMENTS 

Oat Cultivar 

Oat (Avena sativa) is a domesticated grain cereal. Grains are useful for human consumption as 

oatmeal as well as for making oat milk and livestock feed. Eating oats and oat meal daily 

reduces risk of heart disease, lower blood sugar levels as well as may help in lowering the 

blood pressure levels and so on. Whole oats are enriched with important vitamins, mineral and 

antioxid2 including avenanthramides. Over 70% of the total oats harvested in the world has 

been used to feed animals. Large part is used as a diet of horses, regular feed of cattle, as well 

as used in some brands of dog and chicken feed. The oat (Avena sativa L.) cultivar Veli was 

used in the experiments. It has an average grain yield of about 5149 kg ha-1 in Finland (Kangas 

et al. 2002). 

The four different fertilizers 

There were four different fertilizers used in the experiments (Table 6).  

1) LL: Meat bone meal originating from Honkanjoki Oy, Finland for the experiment. The 

data on its content was also from Honkanjoki Oy, Finland (See Table 5).  

2) LB: A granulated mixture of meat bone meal (50%) and biotite (50%) originated from 

mining industry. Such a product results in somewhat higher potassium content than 

regular MBM does. 

3) LM: A granulated mixture of meat bone meal (50%) and blast furnace slag (50%) 

originated from steel making industry.  

4) LK: A granulated mixture of meat bone meal (50%) and lime (50%) originated from 

mining industry. 
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Table 4. Different industrial by-products used for mixing with meat bone meal and their 

characteristics.  

                            Biotite                             Lime                                    Blast furnace slag  

Color                   Dark brown                     White to pale                       Blue/Green 

                            Greenish-brown   

                            Yellow, and white 

Specific gravity   2.7-3.4                             2.7                                        2.0-2.5 

Use                   as soil amendment        Improvement of acid soil          Corrects soil acidity 

                     in conventional farming   source of ca and Mg for plants             

 

Table 5. The macronutrient, micronutrient and heavy metal content in MBM. The data are from 

Honkanjoki Oy, Finland (rendering plant) from where the MBM used in the experiments was 

derived. 

Macronutrients                       Micronutrients               Heavy metals 

    (%)                                           (mg kg-1)                      (mg kg-1) 

N                         7.5                    B        25.3                 Pb             0.50                                   

N water soluble   2.3                    Co       0.16                Cd             0.2 

P                          5                        Cu       4.0                   Hg            0.01 

P water soluble   0.14                    Fe       58                    Ni             0.56 

K                          1                         Mn       4  

Ca                       12.0                      Zn        55 

Mg                      0.9                        Se        0.18 

S                          0. 

Na                        0.6 
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Table 6. Nutrient content of the fertilizers used in the experiments. 

Fertilizer                                                       Abbreviation                   N%     P%     K%                                                                   

Meat bone meal                                                  LL                             7.5         5       1 

Meat bone meal + Biotite                                   LB                             3.75      2 5    2.5 

Meat bone meal + Blast furnace slag                 LM                            3.75      2.5     0.5 

 Meat bone meal + Lime                                     LK                             3.75     2.5     0.5                    

 

3.3. EXPERIMENTAL DESIGN 

The two field experiments were both factorial randomized complete block split-plot designs 

with four replicates. The main-plot factor was fertilizer type: LL, LB, LM and LK. The subplot 

factor was fertilization rate at three levels, adjusted for N at steps 60, 90 and 120 kg ha-1 (Table 

7). The main-plot size was 9m x 1.5m = 13.5 m2, the row spacing being the standard 12.5cm. 

The blocks were placed 3m apart. In addition to treatments derived from factorial combination 

of fertilizer type x fertilization application rate, an additional control plot (no fertilization) was 

randomized for each block.   

Table7. Amount of fertilizer applied and N, P, and K applied in the experiments (kg ha-1). 

                              N 60                              N 90                                N 120 

Fertilizer type     Fertilizer P     K      Fertilizer   P    K            Fertilizer    P    K 

  LL                      800        40     8       1200       60   12           1600         80    16 

  LB                     1600       40    40      2400       60   60           3200         80    80 

  LM                    1600      40     8        2400        60   12          3200        80    16 

  LK                     1600      40     8       2400         60   12          3200        80    16 
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3.4. CROP MANAGEMENT 

The crops at both experimental field were rain-fed. The sowing and harvesting dates of oat at 

Viikki experimental field were 17 May and 22-23 August whereas 18 May and 24-25 August 

at Suitia experimental field (Table 7). Observing the need of pest control, no chemical pest 

control measures were used. Weeds were controlled by spraying with standard tribenuron-

methyl herbicide Express Classic® and fluroxypyr herbicide Starane®0.41ha-1. The previous 

crop grown at Vikki experimental farm was rye while at Suitia experimental farm was winter 

rye. 

Table 8: Sowing and harvesting dates of oat at Vikki and Suitia experimental farms. 

                                            Sowing date                                        Harvesting date                     

                                     Viikki                Suitia                             Viikki                 Suitia 

Oat                                17 May             18 May                         22-23 Aug.         25- 26 Aug.              

 

3.5. MEASUREMENTS 

Oat grain yields (kg ha-1) was harvested and reported at 15 % moisture. Two parameters of 

grain quality, namely1000-grain weight (TWG, g) and test weight (kg hl-1) were analyzed. Test 

weight was measured with classical weighting system. 

3.6. DATA ANALYSIS  

Analysis of variance (ANOVA) was done with SPSS® Version 16.0 according to the 

experimental design. The GLM univariate procedure was used to test the linear response effects 

(Appendices I-II).Tukey’s test was used to compare the means at a 5% risk. 
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4. RESULTS 

4.1. VIIKKI OAT EXPERIMENT RESULTS  

Oat grain yield  

Compared to unfertilized control, fertilization had higher significant effect on oat grain yield. 

For the N level effect, similar oat grain yield obtained with 60, 90 and 120 Kg/ha (Figure 5). 

For the fertilizer type effect, similar oat grain yield was obtained with LL, LB, LM and LK 

(Figure 6). No statistically significant interaction between fertilizer type and N level was found. 

 

Figure 5. Oat grain yield with different nitrogen levels in Viikki in 2005, 0 kgha-1 was not 

included in the ANOVA but serve as a reference.  (Error bars: SD n=4 in control, n= 16 in 

others, means marked with the same lowercase letter did not differ significantly). 
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Figure 6. Oat grain yield with different fertilizer types in Viikki in 2005, control was not 

included in the ANOVA but serve as a reference. (Error bars: SD n= 4 in control, n= 12 in 

others, means marked with the same lowercase letter did not differ significantly). 

Oat grain test weight  

Compared to unfertilized control, fertilization did not have an effect on oat grain test weight. 

For the N level effect, similar oat grain test weight was obtained with 60, 90 and 120 Kg N ha-

1 (Figure 7). For the fertilizer type effect, similar oat grain test weight was obtained with LL, 

LB, LM and LK (Figure 8). No statistically significant interaction between fertilizer type and 

N level was found. 

 

Figure 7. Oat test weight with different nitrogen levels in Viikki in 2005, 0 kgha-1 was not 

included in the ANOVA but serve as a reference. (Error bars: SD n=4 in control, n= 16 in 

others, means marked with the same lowercase letter did not differ significantly). 
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Figure 8. Oat test weight with different fertilizer types in Viikki in 2005, control was not 

included in the ANOVA but serve as a reference. (Error bars: SD n=4 in control, n= 12 in 

others, means marked with the same lowercase letter did not differ significantly). 

Oat 1000-grain weight (TGW) 

Compared to unfertilized control, there was marked decline in TGW with fertilization. For the 

N level effect, similar oat 1000-grain weight was obtained with 60, 90 and 120 Kg N ha-

1(Figure 9). For the fertilizer type effect, similar oat 1000-grain was obtained with LL, LB, LM 

and LK (Figure 10). No statistically significant interaction between fertilizer type and N level 

was found. 

 

Figure 9. Oat 1000-grain weight with different nitrogen levels in Viikki in 2005, 0 kgha-1 was 

not included in the ANOVA but serve as a reference. (Error bars: SD n=4 in control, n= 16 in 

others, means marked with the same lowercase letter did not differ significantly). 
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Figure 10. Oat 1000-grain weight with different fertilizer types in Viikki in 2005, control was 

not included in the ANOVA but serve as a reference. (Error bars: SD n=4 in control, n= 12 in 

others, means marked with the same lowercase letter did not differ significantly). 

4.2. SUITIA OAT EXPERIMENT RESULTS 

Oat grain yield 

The oat grain yield increased as nitrogen level increased (p=0.003). It was significantly higher 

with 120 kg Nha-1 than with 60 kg N/ha. For the fertilizer type effect, similar oat grain yield 

was obtained with LL, LB, LM and LK (Fig.12). No statistically significant interaction between 

fertilizer type and N level was found.  

 

Figure 11. Oat grain yield with different nitrogen levels in Suitia in 2005, 0 kg/ha-1 was not 

included in the ANOVA but serve as a reference. (Error bars: SD n=4 in control, n= 16 in 

others means marked with the same lowercase letter did not differ significantly). 
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Figure 12. Oat grain yield with different fertilizer types in Suitia in 2005, control was not 

included in the ANOVA but serve as a reference. (Error bars: SD n= 4 in control, n= 12 in 

others means marked with the same lowercase letter did not differ significantly). 

Oat grain test weight  

For the N level effect, similar oat grain test weight was obtained with 60, 90 and 120 Kg N ha-

1 (Fig.13). For the fertilizer type effect, similar oat grain test weight was obtained with LL, LB, 

LM and LK. (Fig.14)). No statistically significant interaction between fertilizer type and N 

level was found.  

 

Figure 13. Oat test weight with different nitrogen levels in Suitia in 2005, 0 kgha-1 was not 

included in the ANOVA but serve as a reference. (Error bars: SD n=4 in control, n= 16 in 

others means marked with the same lowercase letter did not differ significantly).  
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Figure 14. Oat test weight in different fertilizer types in Suitia in 2005 control was not included 

in the ANOVA but serve as a reference., (Error bars: SD n=4 in control, n= 12 in others, means 

marked with the same lowercase letter did not differ significantly). 

Oat 1000-grain weight 

For the N level effect (p=0.009), the oat 1000-grain weight increased as nitrogen level 

increased. It was significantly higher with 120 kg N ha-1 than with 60 kg N ha-1 and 90 kg N/ha 

but was similar with 60 and 90 kg N ha-1. For the fertilizer type effect, similar oat 1000-grain 

weight was obtained with LL, LB, LM and LK Fig.16). ). No statistically significant interaction 

between fertilizer type and N level was found.  

 

Figure 15. Oat 1000-grain weight with different nitrogen levels in Suitia in 2005, 0 kgha-1 was 

not included in the ANOVA but serve as a reference. (Error bars: SD n=4 in control, n= 16 in 

others, means marked with the same lowercase letter did not differ significantly). 
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Figure 16. Oat 1000-grain weight with different fertilizer types in Suitia in 2005, control was 

not included in the ANOVA but serve as a reference. (Error bars: SD n=4 in control, n= 12 in 

others means marked with the same lowercase letter did not differ significantly). 

5. DISCUSSION 

5.1. OAT GRAIN YIELD 

Fertilizer type effect 

The main aim of this study is to analyze the effect of  meat bone meal as fertilizer for spring 

oat at variable application rates. Hence, not only just the levels of N but also the levels of all 

the other nutrients (P, K, and minor nutrients) increased in the same proportion with increased 

application rates. The two important grain quality variables namely; test weight and 1000-grain 

weight were analyzed but not the grain protein content and grain protein yield even if well 

known  the grain protein content and grain protein yield are responsive to nitrogen.  

Grain yield and grain protein content of organically grown cereals is low (Korva & Varis 1990). 

Compared to cereal grain obtained with ecological nutrient management system the cereal 

grain obtained with conventional nutrient management systems in Finland  was 32% more 

(Poutala 1994).  The main reason for this was because of short growing period in high latitudes. 

In high latitudes, during the short growing period the release of nitrogen from organic matter 

through mineralization is too slow and does not always coincidence with the nitrogen 

requirements of the crop. In this study, in both experimental farms, oat grain yields did not 

differ between the fertilizer types.  
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Nitrogen level effect 

According to Jeng et.al (2004), in Norway 100-140kg N ha-1remains the commonly used 

nitrogen fertilization level for cereals. Whereas in case of Finland, the average nitrogen 

fertilization level in the agricultural soil for cereal is approximately 90kg N ha-1 (Antikainen et 

al. 2005). Alam et al. (2007) reported that among the different nitrogen fertilization levels 

adjusted with, highest crop yield was obtained with 120kg N ha-1. Surprisingly, Lundstromet 

al (2001) reported that, the MBM-N application level as low as 40 kg N ha-1was adequate in 

soils that had high plant available N partly released in spring and partly released by 

mineralization process during the growing season, but it should be noted that the most efficient 

application rate of fertilizers largely depends on condition of the soil, climate, as well on plant 

variety and fertilizer type. Apart from these, the regional agronomic practices may also 

influence the decision over the application rate of fertilizer in some extent. 

In this study, in case of Vikki, for the nitrogen level effect, high N level did not significantly 

increase oat grain yield but did increase in case of Suitia, and it was significantly higher with 

120 Kg N ha-1than with 60Kg Nha-1. A possible explanation could be better nutrient status in 

the soil in Viikki than in Suitia. The result of Suitia is coherent with the outcome of Chen, L. 

et al. (2008) oat experiment, who reported that, the oat grain yield increased with increasing 

the N level, and it was significantly higher with 120 kg N ha-1 than with 60Kg Nha-1. The N 

levels used in Chen, L. et al. (2008) oat experiment were 60 kg N ha-1, 90 kg N ha-1 and 120 

kg N ha-1 respectively. 

5.2. OAT GRAIN QUALITY 

Oat grain test weight (weight of 100 liters of grain) 

Grain test weight is an important parameter to determine the market value of grain crop. 

Genetic as well as environmental factors are equally responsible for varying the grain test 

weight. In this study, in both experimental farms, oat grain test weight did not differ between 

the fertilizer types.  

For nitrogen level effect, high level of N did not turn to high level test weight in both locations; 

on the contrary, it could have a negative impact.  

It is considered that high N nutrient in soil results taller plants and may lead to lodging, which 

finally increases the risk of grain quality loss. However, in this study, problem of lodging was 
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negligible in both locations.  Therefore, it might be the reason for equally good oat grain test 

weight under three N levels in Viiki and Suitia.  

Oat 1000-grain weight (TGW) 

Grain yield and grain quality are the two major point of attention for breeding. The test weight 

and 1000-grain weight (TWG) are the two major factors determining the market value of grain 

crop. Several studies have been investigated about the relationship between grain yield and the 

grain quality. Hadjichristodoulou (1990), in a six-row barley experiment also investigated that 

the 1000-grain weight was positively correlated with the grain yield. In this study, in Viikii oat 

1000-grain weight did not differ between the fertilizer types but compared to unfertilized 

control  

According to Mohr (2007), increasing the N level increased oat grain yield and also increased  

plant lodging, but decreased oat 1000-grain weight and test weight. In this study, in Vikki, high 

level of N did not increase the oat 1000-grain weight but in case of Suita, high level of N did 

increase the oat 1000-grain weight and it was significantly higher with 120 kg N ha than with 

60 kg N ha-1 and 90 Kg N ha-1. This result was different from Chen L. (2008) oat experiment, 

who reported that higher N level did not increase oat 1000-grain weight (TGW). The N levels 

used in Chen L. (2008) oat experiment were 60, 90 and 120 kg N ha-1 respectively. In case of 

Viikkki, compared to unfertilized control, there was marked decline in TGW with fertilization. 

A possible explanation could be that the fertilization had could have a negative impact on oat 

TGW. 

5.3. PRACTICAL CONSIDERATION OF MBM USE 

The nutrient content of meat bone meal (7.5-5-1) do not corresponds to nutrient requirements 

of crops, it is mainly because of the considerably narrower N/P ratio and low K content of meat 

bone meal.  The N/P ratio of meat bone meal is considerably narrower than the normal nutrient 

uptake ratio of most of the crops which ranges from 4.5-9 (Eghball et al. 1999). Hence, if meat 

bone meal is applied in soil to meet the crop N demand then there will be a surplus of P.  

Therefore, the organic farmers are usually recommended not to apply meat bone meal in 

following year (or even the whole crop rotation) but advised to grow green manure to the 

organic farms to meet the crop N demand and avoid residual effect of phosphorus. Besides 

nitrogen, potassium is also an essential macronutrient for crops. Since potassium content in 

meat bone meal is rather low (~1%). If in case, the soil lacks K nutrient, then to meet the 
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demand of K in organic farming, adding of most viable alternatives for additional K namely 

biotite, and potassium sulphate with meat bone meal might be a good option rather than mere 

meat bone meal. In organic farming, biotite and potassium sulphate are some of the most viable 

alternatives for K (Rajala 2004, p.322, Stamford et al. 2006, Elosato 2009).  

The application timing of meat bone meal has major impact on the grain yield and grain protein 

content of cereals. Therefore, it is essential to know the appropriate application time of meat 

bone meal to cereals. According to some research, application of meat bone meal is suggested 

to divide into two times during one growth period for cereals. For instance; spring wheat 

fertilized with meat bone meal two times during one growth period one partly before sowing 

and another partly at the growth stage of 30-31 resulted increase in grain protein content of 

spring wheat (Salmonsson et al. 1994), but the main drawback of this approach is possible 

physical damage to the crops with machinery used to broadcast the fertilizers. Therefore, meat 

bone meal should be applied close to sowing or planting, or should be applied in established 

crops. Additionally, Jeng and Vagstad (2009) found that autumn and early spring meat bone 

meal application might cause nutrient loss in the environment, especially leaching or run off of 

N and P.  

Likewise the application timing, the growth conditions also influence the fertilizing effect of 

meat bone meal. To get available the meat bone meal nutrients into plant usable form, the meat 

bone meal nutrients need to be mineralized from organic to inorganic form. For this, growth 

medium plus water availability is vital. For example: A field study carried out in Sweden by 

Gruvaeus (2002) had shown a significantly poorer availability of meat bone meal nutrients on 

dry clay soils and same applies to peat soil. Therefore, meat bone meal application in dry as 

well as peat soils is considered inappropriate.  

The structure of meat bone meal largely determines which equipment to use for meat bone 

meal application to the fields. For the application of granulated meat bone meal either by 

drilling or by broadcasting with using mineral spreaders could be a suitable option. Whereas, 

the use of wet liming machinery could be the suitable option for meal type meat bone meal 

application (Kivelä et al. 2005). According to (Kivelä et al. 2005), in the years of 2003 and 

2004, some Finnish organic farmers who participated in the field experiments of meat bone 

meal application used mostly wet and dry liming machinery for meal type meat bone meal 

application but they noted the greatest problem with the use of this equipment was caking of 
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meal type meat bone meal and the alternatives tried (mineral spreaders or manure spreaders) 

were not viable (Kivelä et al. 2005).  

Kivelä (2007) discusses the economic factor of using meat bone meal as fertilizer. He reported 

that the using of relatively low-priced MBM especially in organic farms is economically viable 

as because of additional grain yield return and higher protein content of grain as well as high 

price of organically produced products in market as compared to high-priced mineral fertilizers 

produced products. The recent rising trend of mineral fertilizers’ price and the gradually 

growing trend of organically produced foodstuffs’ price portrays promising economical 

prospect of using meat bone meal as fertilizer. 

6. CONCLUSIONS 

The results of two experiments showed that meat bone meal is a highly efficient N and P 

fertilizer in case of oat grain yield and grain quality with fertilizing effect similar to that of 

meat bone meal mixed with biotite, meat bone meal mixed with blast furnace slag, and meat 

bone meal mixed with lime. Additionally, as the meat bone meal is an industrial by-product 

that contains nutrients originating from agriculture, so its fertilizer use helps in closing the 

nutrient cycle thereby resulting higher sustainability of the agricultural systems.  

The nutrient content of meat bone meal doesn’t correspond to nutrient requirements of most 

crops as mainly because of narrower N/P ratio and low K content of meat bone meal. The N /P 

ratio is considerably narrower than the normal uptake ratio of cereals therefore if meat bone 

meal is applied in soil to meet the N demand of crops then P would be surplus in soil. Hence, 

for this reason, it is recommended not to use the meat bone meal in the following year due to 

the P residual effect but recommended to grow green manure crop as source of nitrogen to 

organic farm after using meat bone meal. Since the K content of meat bone meal is rather low 

therefore to achieve meat bone meal-NPK contents more optimal for crops the some of the 

most viable alternatives for additional K such as biotite, vinasse, and potassium sulphate could 

be added to meat bone meal.  

The three basic techniques namely; visual observation (nutrients deficiency symptoms in plants 

and field observation), plant tissue analysis and soil testing should be used for assessing the 

true supply of nutrients to the plants. Usually the nutrient content of organic fertilizers like 

MBM and animal manure does not correspond to nutrient requirements of plant, hence, great 

attention need to be paid on balancing the nutrients in organic fertilizers while using in order 
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to avoid throwing the system out of balance and the research on how to balance nutrients in 

organic fertilizers is essential. 
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APPENDICE I 

Viikki Analysis 

Tests of Between-Subjects Effects 

Source                   Dependent      Type III sum       df          Mean Square   F         Sig. 

                               Variable          of squares            

Fer. Oat yield          403978.5 3 134659.5       .606     .615 

 Test weight        .833  3 .278              .885     .458 

 TGW          1.994  3 .665          .599      .620 

N-level                  Oat yield          1005038             2 502519          2.263    .119 

                              Test weight        1.029  2 .514           1.639 .208 

 TGW          1.157  2 .579            .521 .598 

Fer.*N-level          Oat yield          894959.5            6          149159.9        .672     .673 

 Test weight         2.758        6           .460                1.464 .218 

  TGW                  6.601   6   1.100              .991 .446 
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APPENDICE II 

Suitia Analysis 

Tests of Between-Subjects Effects   

Source Dependent        Type III sum          df Mean Square   F Sig.

 Variables           of square  

Fer Oat yield            224484.9  3 74828.3         .609     .614 

 Test weight 1.431   3 .477           .607      .615 

 TGW  2.224   3 .741          1.039      .387 

N-level Oat yield             1703578.6  2 851789.3        6.931      .003 

 Test weight 1.115   2 .558            .710      .498 

 TGW  7.953   2 3.976           5.575     .008 

Fer*N-level  Oat yield             667252             6 11208.7      .905    .502 

 Test weight 2.056   6 .343            .436     .850 

 TGW  3.729   6 .621            .871     .525 

___________________________________________________________________________ 

  


