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ABSTRACT  
Proper management of plant nutrients has a fundamental effect on the amount and quality of crop yields 

and on maintaining soil fertility. Under organic production conditions, with limited fertilization, 

deficiency of some elements in soil may occur, which translates into a change in the chemism of 

cultivated plants. The aim of this paper was to assess the quality of a sward from selected organic farms 

in the context of using it for feed purposes. 55 organic farms were selected for the research; 25 of those 

farms additionally had conventional animal production. Sward samples of mixed grasses and small-seed 

legumes were collected from each farm. Content of elements that are the most determinant on the 

suitability for feed (N, P, K, Na, Ca, Na) was determined in the plant material. The results of the 

conducted research indicate that sward from grasses and small-seed legumes from the studied organic 

farms had too low content of macroelements and of most microelements, and the biggest problem was too 

low content of phosphorus, potassium and calcium. The animal production farms were found to have a 

higher content of phosphorus, calcium and potassium in sward as compared to farms without animals. 

Feeding cattle only with roughage obtained from the studied lands could pose a risk to the health of the 

animals and their productive abilities owing to the unfavorable chemical composition. 

 

 INTRODUCTION  

The idea of organic farming is a result of intensification of food production and the 

negative effect of farming on the natural environment that is associated with this 

production. Increasing plant production capacity involves increasing the amount of used 

fertilizers and chemical pesticides, intensification of soil degradation processes and 

unfavorable changes in agricultural landscape (Niemiec et al. 2015; Lorenz and Lal 

2016). Intensive animal production leads to local contamination of the environment as a 

result of storing natural fertilizers and feeds. The most frequently described problems 

associated with concentration of animal production include local odor nuisance, the risk 

of microbiological contamination, and pollution and contamination of surface and 

underground waters. In addition, intensive farming of animals leads to problems 

associated with managing animal health and imposes the use of a higher amount of 

allopathic veterinary medicines. Ethics, which has recently been gaining in significance, 

is an important aspect of food production (Carlsson et al. 2007, Kuboń at al. 2010). The 

increasingly aware consumer seeks products that are of verifiably better quality but that 

have also been produced using environmentally-friendly technologies, respecting 

animal rights and workers’ rights. There are many quality systems (both private and 

currently operating in the EU) in the market which are optionally implemented by 

farmers (Higgins et al. 2008). Organic farming is one of the most restrictive systems. Its 

goal is to return, as much as possible, to the original methods of food production with 

limiting the use of external means of production to the maximum (Niemiec at al. 2016). 

The purpose of such an approach is to generate high quality products, both in sensory 

terms and in terms of chemical composition. Processes that are used to produce organic 
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products should, as much as possible, use natural productive capacities of ecosystems 

and processing techniques which do not alter the properties of the product and do not 

reconstruct its features that have been lost as a result of processing. In animal 

production, it is important to ensure well-being of animals in inventory buildings and to 

provide them with activities resulting from behaviorism. Organic animal production 

ecological should be based on selecting animal breeds resistant to diseases and 

unfavorable climatic conditions, and managing their health is associated with ensuring 

proper living conditions for animals and feeding at a level that meets the nutrient 

demand of animals. Due to reduced fertilization on ecologically used areas, there is a 

risk that the quality of feed produced under ecological management conditions will not 

meet the requirements laid for good quality feeds.   

The aim of this paper was to assess the quality of a sward from selected organic farms in 

the context of using it for feed purposes. 

MATERIAL AND METHODS 

To achieve the objective established in 2016, research was conducted in 55 organic 

farms. All the farms had been subjected to a system of control and certification of the 

certification body, and based on the inspections performed in 2015 they met the 

requirements of the EC Regulation No. 834/2007 of 28 June 2007 on organic 

production and labelling of organic products and repealing Regulation (EEC) No. 

2092/91. All the farms had been converted. The studied farms were located in 

Dolnośląskie (17), Lubuskie (13), and Warmińsko-Mazurskie (25) provinces. Among 

the studied farms, 25 had conventional livestock production. All farms with animal 

production were located in Warmińsko-Mazurskie province. The area of the studied 

farms ranged from 30 to 90 ha.  A sample of sward from the first crop was collected 

from each farm, from a randomly selected field. On all fields from which samples were 

collected, a perennial mix of grasses and small-seed legumes was grown, with different 

share of legumes. The share of legumes resulted from changes in the species 

composition of the sward which were caused by habitat and climatic conditions. The 

collected samples of sward were dried, homogenized and subjected to analysis. Content 

of elements that are the most determinant on suitability for feed (N, P, K, Na, Ca, Na) 

was determined in the plant material. The plant samples were subjected to dry 

mineralization in an open system in a muffle furnace at 450ºC. Then they were diluted 

in nitric acid solution. The analytical sample was 3 g dry matter. Concentration of the 

studied elements in the obtained solutions was determined by atomic emission 

spectrometry, on an Optima 7600 manufactured by PerkinElmer. Total nitrogen content 

was determined by elemental analysis method, using Elementar vario MAX cube 

elemental analyzer.  

RESULT AND DISCUSSION 

Organic fertilization on ecologically cultivated soils leads to an increase in soil fertility, 

enables proper plant feeding and makes it possible to maintain good soil culture 

(Niemiec et al. 2017). From the point of view production technology, maintaining 

ruminants, where feeding is based on the grazing system, is regarded as organic animal 

production which poses the fewest problems. Procuring feed from pastures is the most 

energy-efficient form of animal production. Maintenance of pastures is also beneficial 

from the point of view of carbon sequestration and reducing dispersion of nitrogen in 

the environment (Anglade et al. 2015).  
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Phosphorus is a strategic element in organic farming and its deficiency is often 

observed, which is associated with lack of fast soluble fertilizers containing this element 

that are approved for use in organic farming (Barszczewski et al. 2007). The mean 

phosphorus content in sward biomass from the organic farms without animal production 

was 0.123% and ranged between 0.0713 and 0.215% (Tab. 1). Sward biomass from 

farms with animal production contained, on average, 0.169%. The lowest phosphorus 

content in samples from this group was at the level of 0.123%, whereas the highest was 

0.252% (Tab. 1). Phosphorus content in the studied sward, both from farms with animal 

production and from the ones without cattle breeding, was too low from the point of 

view of intending the sward for feed. Good quality feed for dairy cows should contain at 

least 0.3% of this element. In the case of beef cattle breeding, phosphorus content above 

0.17% should suffice (Mc Dowell, 1996). When phosphorus content in feed is too low, 

there can be problems with animal health associated with the limited ability to move, 

osteopathic lesions, and with problems with reproduction (Eisenberg et al. 2014). The 

problem of macro element deficiency in cattle eating feed from one source was 

emphasized particularly by Mc Dowell (1996) and McNamara et al. (2017). In such 

cases, it is necessary to supplement elements whose amounts in feed are insufficient, or 

to change the fertilization level for crop production with a better chemical composition 

(Alvarez-Fuentes et al. 2016).  The range of optimal magnesium content in feed for beef 

cattle fluctuates from 0.05 to 0.25% (Mc Dowell, 1996). Too low content of this 

element in feed leads to increased animal sensitivity to stress, muscle tremors, 

numbness, irritability, anxiety. Zielińska et al. (2014) determined the amount of this 

element in sward of organic agricultural lands fertilized with manure at a level slightly 

below 0.2%. Kulik (2009) recorded similar amounts in sward of traditional grass crops 

with small-seed legumes. Mean magnesium content in the studied samples of sward 

which are intended for feed amounted to 0.178% and no significant changes between 

the studied groups of farms were detected (Tab. 1). The determined amounts of 

magnesium are sufficient to satisfy the physiological requirements of cattle. 

From the point of view of animal health and productivity, calcium content in feed is 

very important. Hypocalcemia is a very common problem associated with the 

management of dairy cow health. Hypocalcemia can be associated both with a low 

amount of this element in feed and with the impairment of mechanisms of its 

absorption. Symptoms of calcium deficiency are associated with animal weakness, 

apathy and lack of appetite. Calcium content that covers the nutrient requirements of 

dairy cows should not be lower than 0.43%, whereas in the case of beef cows – 0.17% 

(McDowell, 1996). The results of the performed analyses point to a very low calcium 

content in the sward from organic farms. The mean content of this element in the sward 

from farms with animal production was 0.326%, whereas in farms with only plant 

production it was much lower and amounted to 0.266% (Tab. 1). Kulik (2009) reported 

that calcium content in the sward of mixed grasses and legumes was at the level 

exceeding 0.6%, while Zielińska et al. (2014) reported that calcium content in the sward 

from organic pastures ranged from 0.3 to 0.7%.  Potassium is an element whose 

deficiency in cow diet occurs rarely. However, on account of a substantial variability of 

its amount in plants, potassium has a major effect on the shape of ionic ratio in feed 

(Rérat et al. 2009). The mean potassium content in the studied samples was 0.499% and 

ranged between 0.254 and 0.891% (Tab. 1). The optimum amount of potassium in feed 

for cattle should be approximately 2% (McDowell, 1996) All the studied samples had 

potassium content that should have disqualified them as a feed material. There was no 



368 
 

statistically significant difference in the content of this element in plant biomass from 

both research groups. The determined potassium content was several times lower than 

that recorded by Kulik (2009) in a sward of mixed grasses and small-seed legumes.   

Sodium content in the studied samples of sward varied within a wide range from 0.007 

to 0.100%. A higher content (by approximately 40%) of this element was observed in 

the sward obtained in animal production farms. Cattle feed should contain this element 

in the amount of approximately 0.1% (McDowell, 1996). In most cases, the determined 

amounts of sodium are too low and cannot meet the animal requirement for this 

element. Zielińska et al. (2014) recorded that sodium in the sward from organic pastures 

was in the amount of approximately 0.1%. Sodium is a very important element in cattle 

diet, and under conditions of high animal productivity one cannot meet animal 

requirements for this element through feed alone; its supplementation in the form of 

salt-licks is required (Granzin and Gaughan, 2002).   

Feed quality from the point of view of its chemical composition is assessed not only 

based on content of elements in it, but also on the ratio between them. The optimum 

mass ratio calcium to phosphorus (Ca:P) in feed should range from 1.3 to 2.0 

(McDowell, 1996). The value of the Ca:P mass ratio in the sward from individual farms 

ranged between 1.146 and 4.614 (Tab. 1). Half of the samples from farms without 

animal production had improper quantitative ratio between the studied elements. In 

farms with animal production, more beneficial relationships between phosphorus 

content and calcium content were observed. In 20% of cases the Ca:P ratio was too 

high. Results obtained by Zielińska et al. (2014) in the sward from organic pastures 

were similar to the results observed in our research. Too high quantitative ratio of Ca:P 

leads to a reduction in phosphorus absorption by the animal organism even with its high 

amount in feed. The ionic ratio of K:(Ca+Mg) is another parameter that shapes the 

quality of feed. The value of this parameter should not be lower than 1.6 and should not 

exceed 2.2 (Falkowski et al. 2000). The results of the conducted research indicate that 

none of the samples of sward meets the criteria for a good quality feed from the point of 

view of the ionic ratio of potassium to the sum of calcium and magnesium. Too low 

values of this coefficient were observed in all cases. Its average value for all the samples 

was approximately 0.9, and there was no difference in individual research groups. The 

very low value of the ionic ratio of K:(Ca+Mg) resulted from the low potassium content 

in the studied samples. Under conditions of managing the production of organic 

roughage, potassium deficiency can often take place, particularly after a longer use of 

such lands (Rérat et. al. 2009). 

Table 2. Statistical parameters of the studied sward quality parameters  

Parameters 

 without animal breeding farms with animal production 

unit min max mean median min max mean median 

P 

% 

0.071 0.215 0.123a 0.123 0.113 0.252 0.167b 0.176 

K 0.254 0.875 0.465a 0.458 0.334 0.891 0.535b 0.526 

Ca 0.139 0.356 0.266a 0.294 0.190 0.501 0.325b 0.294 

Mg 0.125 0.231 0.172a 0.174 0.145 0.254 0.183a 0.179 

Na 0.007 0.056 0.022a 0.023 0.008 0.100 0.029a 0.023 

Ca:P - 1.146 4.614 2.319 2.124 1.358 4.436 2.060 1.976 

K:(Ca+Mg) 0.402 1.525 0.882 0.827 0.469 1.306 0.882 0.771 
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The results of the conducted research indicate that plants cultivated according to the 

principles of organic farming have a poor feed value. Low phosphorus, potassium and 

calcium content is the most determinant of poor feed quality. These elements are very 

important for animals, and their deficiency may result in health problems in bred 

animals. Feeding animals with feed only from the studied farms could lead to a 

reduction in their productivity and problems associated with managing their health. 

Chemical composition of the studied samples from farms with animal production is 

more beneficial than of those from farms without animal breeding. They are 

characterized by a higher content of almost all of the studied macroelements. None of 

the farms applies fertilization on certified lands, but in farms with animals grazing takes 

place periodically. Grazing animals are a source of readily available elements, which 

translates into botanical and chemical composition of sward (Assmann et al. 2014). The 

studied farms have organic plant production and parallel plant production in the 

traditional system. Such a strategy is connected with additional subsidies for organic 

production, which improves the condition of the entire farm (Wahlhütter et al. 2016). 

Feed produced on certified lands is intended for conventional animals which are 

additionally fed with traditional feeds (both roughages and concentrates). Moreover, 

most of the farms use mineral additives. Therefore, no health problems are observed. 

There are few organic farms with organic animal keeping in Poland (Cupiał et al. 2013). 

This is not beneficial from the point of view of the development of organic farming. 

However, under conditions of organic animal production, when feed is produced on 

farmers' own fields, the amount of available elements may decrease permanently. 

Permanent positive effect of organic agriculture, which lies at the basis of its ideological 

assumptions, would require implementing a rational fertilization policy. 

The results of the conducted research indicate that biomass of plants from organic grass 

crops with small-seed legumes has improper chemical composition from the point of 

view of using it for feed purposes. Lack of mineral fertilization and a considerable 

reduction in the use of external means of production in organic farming generate a high 

risk of permanent negative balance of plant nutrients. This can lead to a disturbed 

homeostasis of agroecosystems and disturbed quantitative relations of elements in plant 

biomass (Nowak et al. 2015, Craheix et al. 2016).     

CONCLUSIONS  

1. The sward from grasses and small-seed legumes from the studied organic farms had 

too low content of macroelements and of most microelements. 

2. The studied feed had wrong mass ratio Ca: P and ionic ratio K:(Ca+Mg). 

3. The animal production farms were found to have a higher content of phosphorus, 

calcium and potassium in sward as compared to farms without animals.  

4. Feeding cattle only with roughage obtained from the studied lands could pose a risk 

to the health of the animals and their productive abilities owing to the unfavorable 

chemical composition.  
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