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Abstract. The aim of this study was to determine the influence of biological preparations and mineral 
fertilizers on total protein and crude fiber in Dactylis glomerata and Lolium perenne. The study was 

carried out in years 2011-2014 in three repetitions, on 3 m2 experimental plots. There were mineral, 

biological or both mineral and biological fertilization applied on the grass. Mineral fertilization included 

nitrogen, phosphorus, potassium. There were used three biological preparations named UGmax, Humus 

Active Papka and Eko-Użyźniacz in the studies. For both grass species Eko-Użyźniacz applied together 

with mineral fertilizers increased protein content in fodder. Application of Humus Active Papka with 

mineral fertilizers lowered crude fiber concentration in fodder. The highest concentration of total protein 

was in Dactylis glomerata and Lolium perenne from the plots where soil conditioners together with 

mineral fertilizers were applied. The most advantageous concentration of crude fiber was in Dactylis 

glomerata growing on the plot with Humus Active Papka together with mineral fertilizers applied, while 

in Lolium perenne on the plot with Eko-Użyźniacz applied, without mineral fertilizers. 
Keywords: Dactylis glomerata, Lolium perenne, biopreparate, soil amendment, soil fertilizer, grass 

Introduction 

The vegetation of pastures and meadows consists mainly of grass, so important in 

ruminant nutrition, with Dactylis glomerata being one of the most nutritional species 

there (Stewart and Ellison, 2011; Billman et al., 2017; Jones et al., 2017). It contains a 

high amount of total protein, but a lot of substances, like crude fiber, lower its 

digestibility (Ellis et al., 2011; Tilvikiene et al., 2014; Cullen, 2017). Another popular 

grass species in permanent grasslands is Lolium perenne but, contrary to Dactylis 

glomerata, its total protein content is lower even if it is more digestible because of low 

fiber content (Turner, 2006a; Xiong et al., 2006; Robins and Lovatt, 2016,). According 

to many publications total protein content in fodder from permanent grasslands in 

Poland is diversified (Heinsoo et al., 2010; Jankowska-Huflejt and Wróbel, 2010; 

French, 2017). This content varies dependent on the species, its variety, the amount of 

nutrients in the soil (mainly nitrogen), the growing stage of the plant, the weather, and 

the grass cutting (Walter et al., 2012; Grant et al., 2014; Zielińska et al., 2014; Loaiza, 

2017). Minimum content of total protein should range from 150 to 170 g kg
-1

. This 

amount of protein is indispensable for proper absorption of nutrients in the digestive 

system of dairy cows (Peeters, 2008; Grygierzec, 2012). Crude fiber has a big impact on 

nutritional value of the feed and animal health, and its concentration is dependent on the 

species, the variety of a plant, its age, the cutting, the fertilizers used, and precipitation 
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(Mertens, 2002; Pozdisek et al., 2003; Arzani et al., 2004; Jankowska-Huflejt and 

Wróbel, 2010). For a balanced level of nutrient digestibility and energy value of feeds, 

the concentration of fiber should not exceed 28 - 30% DM (Bumane, 2010). 

Now there is a growing interest in organic farming and biological products such as 

fertilizers, soil conditioners, and similar substances approved by the Institute of Soil 

Science and Plant Cultivation (IUNG) in Puławy. This growing interest in biological 

products enhancing quality and quantity of crops is reflected in many publications 

(Sosnowski, 2012; Sosnowski et al., 2014; Sosnowski and Jankowski, 2015; Truba et 

al., 2017). However, not many studies are concerned with the effects of those products 

on the content of total protein and crude fiber in forage grass. 

Considering the above, the aim of this paper is to study the effects of some soil 

conditioners on the content of total protein and crude fiber in Dactylis glomerata and 

Lolium perenne. 

Materials and methods 

Characteristic of field site 

A randomised experiment in blocks replicated three times was set up in the 

experimental station of the Department of Grassland and Green Areas Creation of the 

University of Natural Sciences and Humanities in Siedlce in Poland (52.169°N, 

22.280°E). According to the Polish soil classification system (Systematics of Polish 

Soils, 2011), the soil used in the experiment was the culture soils with the hortisole 

type, developed from loamy sand (Table 1). 

 
Table 1. Soil granulometric composition 

Percentage share of soil fractions (diameter in mm) 

2.0-0.05 0.05-0.002 >0.002 Granulometric group 

85 13 2 ps 

 

 

Based on the analysis performed at the Regional Chemical Station in Wesoła, it was 

found that the soil was of neutral pH (pH in 1n KCL = 6.8), with a high content of 

humus (3.78%), available phosphorus (H2PO4
-
 - 170 mg kg

–1
), magnesium (Mg

2+
 - 84 

mg kg
–1

), and moderate content of total nitrogen (N - 1.3 g kg
–1

) and available 

potassium (K
+
 - 114 mg kg

–1
). 

 

Characteristic of preparations used in experiment 

The aim of the experiment was to compare soil conditioners of the following trade 

names: UGmax, Eko-Użyźniacz, and Humus Active Papka, used separately and 

supplemented with NPK fertilizers. In the experiment, there were the following 

experimental units: 

1. control (with no fertilizers), 

2. UG (UGmax soil conditioner), 

3. EU (Eko-Użyźniacz soil conditioner), 

4. HA (Humus Active Papka soil conditioner), 

5. NPK, 

6. UG + NPK, 
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7. EU + NPK, 

8. HA + NPK. 

 

The UGmax soil conditioner is an extract from compost, containing macronutrients 

(N, P, K, Mg, Na) and micronutrients (Mn). It also contains lactic acid bacteria, 

photosynthetic bacteria, Azotobacter, Pseudomonas, yeast, and Actinomycetes (Table 2). 

The microorganisms in the conditioner have a capacity of processing organic and 

natural fertilizers into compost and humus. These processes are conducive not only to 

the production of humus but also to improving soil structure, which in turn has a 

positive effect on water balance in the soil. In addition, the UGmax soil conditioner 

increases disease resistance, keeping plants healthy, but it also stimulates the 

development of the root system and supports the biological reduction of molecular 

nitrogen. 

Humus Active Papka contains macronutrients (N, P, K, Ca, Mg), trace elements (Mn, 

Fe, Zn, Cu), and active humus with useful microorganisms (Table 2). According to the 

manufacturer Humus Active Papka, among other beneficial effects, positively affects 

plant health as well as soil structure, and releases nutrients not readily available to 

plants. 

Eko-Użyźniacz is extracted from bovine vermicompost and contains the main 

macronutrients (N, P, K), microorganisms, and enzymes related to metabolism of 

earthworms (Table 2). This soil conditioner stimulates biological life in soil degraded 

chemically, mechanically, or biologically, and increases plant resistance to different 

stress factors. 

 
Table 2. Ingredients of the soil conditioners 

Soil 

conditioner 

Macronutrients 

(g kg
-1

) 

Micronutrients 

(mg kg
-1

) Microorganism and 

others 
N P K Ca Mg Na Mn Fe Zn Cu Mo 

Humus 

Astive Papka 

(HA) 

0.2 1.3 4.6 3.0 0.5 - 15 500 3 1 - 
Active humus with useful 

microorganisms 

Eko-

Użyźniacz 

(EU) 

0.6 0.3 0.7 - - - - - - - - 

Endo micorhizza, fungi, 

bacteria, enzymes of 

earthworms 

UGmax 

(UG) 
1.2 0.2 2.9 - 0.1 0.2 0.3 - - - - 

Lactic acid bacteria, 

photosynthetic bacteria, 

Azotobacter, 

Pseudomonas, yeast, 

Actinomycetes 

 

 

The above biological soil conditioning products were applied in the experiment every 

year in spring at the following doses: UGmax - 0.6 L ha
-1

, Eko-Użyźniacz - 15 L ha
-1

, 

and Humus Active Papka - 50 L ha
-1

. 

Mineral fertilizers with nitrogen, phosphorus, and potassium (NPK) were applied at 

the following doses: N – 150, P (P2O5) – 80, and K (K2O) – 120 kg ha
-1

. Mineral 

nitrogen was supplied in the form of ammonium nitrate (NH4NO3), phosphorus in the 

form of granulated triple superphosphate (Ca(H2PO4)2), and potassium as high 
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percentage potassium salt (KCl). Phosphorus was applied once a year in spring, while 

potassium and nitrogen were used in three doses, before the growing season and before 

the second and third cuttings. 

 

Plant material and analysis 

The above products were tested on two grass species: Dactylis glomerata of the Bora 

variety and Lolium perenne of the Info variety, sown in the autumn of 2011 according 

to the standards of 18 and 23 kg ha
-1

, respectively. The area of the experimental plot 

was 3 m
2
. 

During the three-year experiment in each growing season the grass was harvested 

three times with dry matter yield determined and chemical analyses carried out. 

Chemical tests for all the cuttings of the last three years of the experiment were done at 

the Institute of Technology and Life Sciences in Falenty using near infrared 

spectroscopy (NIRS) with the Infra Analyzer 450. First of all, the content of total 

protein and crude fiber was determined. 

 

Weather conditions 

Meteorological data for the years of research were obtained from the Hydrological 

and Meteorological Station in Siedlce. Sielianinov’s hydrometric coefficient (K) was 

worked out to determine variability of weather conditions and their impact on plant 

vegetation (Skowera and Puła, 2004). 

In the first year (2012) optimal weather conditions, with regard to temperature and 

rainfall, were only in June and October (Table 3, Fig. 1). In the rest of the growing 

season, there was not enough rain, with periods of drought and severe drought. In the 

next years, dry periods were followed by wet periods, with optimal conditions only in 

April of 2013 and 2014 but also in July of 2014. In each year of the experiment, the best 

weather conditions were in the first part of the growing season. 

 

 

Figure 1. Average of air temperature and sum of atmospheric precipitation in the months of the 

growing seasons during the research 
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Table 3. Sielianinov’s hydrometric coefficient (K) values during the growing season 

Years 
Months 

IV V VI VII VIII IX X 

2012 1.12 (md) 1.22 (md) 1.56 (o) 0.69 (sd) 0.94 (d) 0.27 (ed) 1.32 (o) 

2013 1.60 (o) 2.20 (w) 1.80 (mw) 1.50 (o) 0.25 (ed) 2.70 (sw) 1.22 (md) 

2014 1.53 (o) 2.29 (w) 1.20 (md) 0.16 (ed) 1.95 (mw) 0.59 (sd) 0.13 (ed) 

K ≤ 0.4 extreme drought (ed); 0.4 < K ≤ 0.7 severe drought (sd); 0.7 < K ≤ 1.0 drought (d); 1.0 < K ≤ 

1.3 moderate drought (md); 1.3 < K ≤ 1.6 optimal (o); 1.6 < K ≤ 2.0 moderately wet (mw); 2.0 < K ≤ 

2.5 wet (w); 2.5 < K ≤ 3.0 severely wet (sw); K > 3.0 extremely wet (ew) 

 

 

Statistics analysis 

The collected data were analysed statistically using the Statistica 12.0. The mean 

arithmetic were calculated. Effects of tested factors (grass species, preparations used in 

experiment, year or cutting) on the content of crude fiber and total protein in plant were 

estimated using three-way analysis of variance. Detailed comparisons of the mean 

values were based on Tuckey’s test at p ≤ 0.05.  

Results and discussion 

Total protein content 

Total protein content in the grass species tested in the experiment (Tables 4 and 5) 

varied depending on the fertilizers used, the year of the experiment and the cutting. 

Generally, no matter what grass species it was, the highest total protein content 

(Table 4) was in experimental variants where bio products together with mineral 

fertilizers were applied. The highest content of total protein (158.6 g kg
-1

) was found in 

the dry matter with Eko-Użyźniacz together with NPK applied. The lowest content of 

total protein was in grass where the bio product UGmax (127.6 g kg
-1

) was applied. 

Low content of total protein could be caused by a lack of nitrogen fertilization or by a 

late harvest. A lot of publications (Valk et al., 2000; Johnson et al., 2001; Tas et al., 

2006; Grant et al., 2014) hold that total protein concentration does not always rise with 

fertilizer doses. Walter (2012) points out that it may be caused by dilution of total 

protein concentration in the high amount of yield. 

Comparing all years of the experiment (Table 4) it was found that no matter what the 

combination of fertilizers and conditioners was, the highest amount of total protein in 

dry matter (151.0 g kg
-1

) was found in the second year (2013) of the experiment, with 

the lowest (141.9 g kg
-1

) in the first year (2012) of the experiment, but these differences 

were not statistically significant. Differences in total protein concentration were caused 

through the various weather conditions. In the first year of the research objects 

contained less total protein, in second year compound content increased when time of 

the regrowth was moderated by the weather. In the last year in growing season occurred 

a lot of dry periods, therefore protein content decreased. 

In the study, there were no significant differences in total protein content between 

Dactylis glomerata and Lolium perenne (Table 5). According to Turner et al. (2006b) 

nitrophilous grass species like Dactylis glomerata, which contains 212 g of total protein 

in 1 kg DM, accumulate the highest amounts of this nutrient. A little less protein is 

produced by Lolium perenne, with 129 g in 1 kg DM. 
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Table 4. The effect of fertilizer and the year of the experiment on total protein concentration 

(g kg
-1

) in dry matter of the grass species 

Species Year 
Fertilizer 

Mean 
0 NPK UG EU HA UG+NPK EU+NPK HA+NPK 

Dactylis 

glomerata 

2012 121.0 140.6 122.9 137.5 147.3 157.9 147.9 156.3 141.4 

2013 143.8 141.3 134.2 133.8 137.8 148.6 153.7 159.7 144.1 

2014 149.1 141.9 144.1 155.9 159.4 159.1 161.6 150.9 152.8 

Lolium 

perenne 

2012 126.0 142.3 109.2 137.8 132.7 153.7 174.8 161.4 142.2 

2013 141.0 159.5 140.0 161.6 165.8 151.7 178.1 165.9 158.0 

2014 155.0 127.6 114.8 138.9 145.5 168.7 135.2 144.5 141.3 

Mean effect of 

fertilizer 
139.4 142.2 127.6 144.3 148.1 156.6 158.6 156.5  

Mean effect of year 

2012 123.5 141.4 116.1 137.7 140.0 155.8 161.4 158.9 141.9 

2013 142.4 150.4 137.1 147.7 151.8 150.1 165.9 162.8 151.0 

2014 152.1 134.8 129.5 147.4 152.5 163.9 148.4 147.7 147.0 

HSD0.05 for: fertilizer = 21.9; year = insignificant; fertilizer/year = insignificant; species/year = 11.0; 

species/year/fertilizer = 44.3 

 

 
Table 5. The effect of the fertilizer and the cutting on total protein concentration in the dry 

matter (g kg
-1

) of grass species (average of the years) 

Species Cutting 
Fertilizer 

Mean 
0 NPK UG EU HA UG+NPK EU+NPK HA+NPK 

Dactylis 

glomerata 

I 127.7 124.0 114.2 141.0 130.6 143.9 153.9 132.6 133.5 

II 134.0 142.0 142.7 142.3 156.0 163.7 153.3 167.9 150.2 

III 152.3 157.7 144.4 144.0 157.9 157.9 155.9 166.5 154.6 

Lolium 

perenne 

I 129.6 125.8 108.3 124.3 143.3 148.7 143.3 160.5 135.5 

II 125.1 128.1 115.6 142.5 140.2 151.6 169.7 140.5 139.2 

III 167.3 175.5 140.2 171.5 160.4 173.7 175.1 170.8 166.8 

Mean effect of species 

Dactylis glomerata 138.0 141.2 133.8 142.4 148.2 155.2 154.4 155.7 146.1 

Lolium perenne 140.7 143.1 121.3 146.1 148.0 158.0 162.7 157.3 147.2 

Mean effect of cutting 

I 128.6 124.9 111.2 132.6 137.0 146.3 148.6 146.6 134.5 

II 129.5 135.0 129.1 142.4 148.1 157.7 161.5 154.2 144.7 

III 159.8 166.6 142.3 157.7 159.2 165.8 165.5 168.6 160.7 

HSD0.05 for: species = insignificant; cutting = 8.7; fertilizer/species = insignificant; fertilizer/cutting = 

insignificant; species/cutting = 10.8; species/cutting/fertilizer = 39.8 

 

 

As a result of application of mineral fertilization and type of soil conditioner 

together, was observed increase in total protein content in the both species of grass 

(Table 5). 

Concerning total protein content in individual cuttings (Table 5), was significantly 

differentiated. The grass of the third cutting contained the highest concentration of 
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protein (160.7 g kg
-1

), while the lowest was in the grass of the first cutting (134.5 g kg
-1

). 

The difference between following cutting was approximately 7 to 11%. Despite of dry 

period before third cutting, content of total protein in grass was high. It could be caused 

through the concentration of total protein in mass of grass. Pontes et al. (2007) come up 

with different results when protein concentration in the biomass of Dactylis glomerata 

and Lolium perenne was the highest in the second and third cutting and was the lowest 

in the first cutting (Table 5). 

 

Crude fiber content 

The concentration of crude fiber was not significantly varied depending on the dose 

of fertilizers (Table 6). However, in data was observed decrease of crude fiber content 

in the Humus Active Papka plot and Humus Active with mineral fertilization plot 

approximately 4 to 6% relative to the control object. On the others experimental objects 

crude fiber content was similar to the control plot. 

Comparing experimental years (Table 6) it was found that no matter what fertilizers 

were used and which species of grass was tested, the highest concentration of crude 

fiber (230.9 g kg
-1

) was in the grass of the last year (2014) and the lowest (212.1 g kg
-1

) 

in the second year (2013) of the experiment. There was a statistically significant 

difference between crude fiber concentrations in each year. Variable content of crude 

fiber in the years 2012-2014 was caused through the difference in weather conditions, 

where in the last one year dry period could caused significant increase of this factor. 

 
Table 6. The effect of the fertilizer and the experimental year on crude fiber concentration (g 

kg
-1

) of grass species 

Species Year 
Fertilizer 

Mean 
0 NPK UG EU HA UG+NPK EU+NPK HA+NPK 

Dactylis 
glomerata 

2012 261.4 250.7 265.4 250.6 227.5 231.1 257.7 227.5 246.5 

2013 223.6 226.5 251.8 233.4 245.1 248.6 221.9 207.3 232.3 

2014 249.3 243.1 243.1 238.4 222.2 231.7 236.7 244.4 238.6 

Lolium 

perenne 

2012 208.3 217.3 189.6 152.8 192.6 175.3 189.0 184.8 188.7 

2013 171.5 201.2 211.6 183.9 192.0 202.0 194.8 177.2 191.8 

2014 213.8 260.1 269.5 195.7 195.8 210.1 233.3 207.3 223.2 

Mean effect of 

fertilizer 
221.4 233.2 238.5 209.2 212.6 216.5 222.3 208.1  

Mean effect of year 

2012 234.9 234.0 227.5 201.7 210.1 203.2 223.4 206.1 217.6 

2013 197.6 213.9 231.7 208.7 218.6 225.3 208.4 192.3 212.1 

2014 231.6 251.6 256.3 217.0 209.0 220.9 235.0 225.9 230.9 

HSD0.05 for: fertilizer = insignificant; year = 15.5; fertilizer/year = insignificant; species/year = 14.1; 
species/year/fertilizer = 57.9 

 

 

The study showed significant interaction between such variants as fertilizers, grass 

species and experimental years. Taking into account both different fertilizers and 

experimental years (Table 6) it was found that the highest concentration of crude fiber 

was in Dactylis glomerata (265.4 g kg
-1

) in the first year (2012) with the UGmax soil 
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conditioner applied, and in Lolium perenne the highest concentration (269.5 g kg
-1

) was 

also in the plot with the UGmax but in the last year (2014) of the experiment. 

Comparing both grass species (Table 7) it was found that no matter what fertilizers 

were applied Dactylis glomerata had a higher concentration of fiber than Lolium 

perenne (239.1 g kg
-1

 and 201.3 g kg
-1

, respectively). The difference between crude 

fiber concentrations was statistically significant. Tendency to accumulate of crude fiber 

in Dactylis glomerata species is widely documented in the literature (Ates and Tekeli, 

2005; Skládanka et al., 2008; Tilvikiene et al., 2014). 

 
Table 7. The effect of the fertilizer and the cutting on crude fiber concentration (g kg

-1
) of 

grass species 

Species Cutting 
Fertilizer 

Mean 
0 NPK UG EU HA UG+NPK EU+NPK HA+NPK 

Dactylis 

glomerata 

I 279.0 275.8 279.4 249.9 244.9 251.4 260.4 249.0 261.2 

II 240.6 233.4 249.0 233.8 222.2 229.7 225.6 217.5 231.5 

III 214.8 211.2 231.9 238.7 227.7 230.2 230.4 212.7 224.7 

Lolium 

perenne 

I 186.6 258.4 253.3 215.8 196.5 215.5 226.0 195.9 218.5 

II 224.3 236.7 229.0 160.3 216.7 193.3 198.0 200.5 207.4 

III 182.8 183.5 188.4 156.3 167.3 178.6 193.1 172.9 177.9 

Mean effect of species 

Dactylis glomerata 244.8 240.1 253.4 240.8 231.6 237.1 238.8 226.4 239.1 

Lolium perenne 197.9 226.2 223.6 177.5 193.5 195.8 205.7 189.8 201.3 

Mean effect of cutting 

I 232.8 267.1 266.4 232.9 220.7 233.4 243.2 222.5 239.9 

II 232.4 235.1 239.0 197.1 219.4 211.5 211.8 209.0 219.4 

III 198.8 197.3 210.2 197.5 197.5 204.4 211.8 192.9 201.3 

HSD0.05 for: species = insignificant; cutting = insignificant; fertilizer/species = insignificant; fertilizer 
/cutting = insignificant; species/cutting = insignificant; species/cutting/fertilizer = 53.4 

 

 

Content of crude fiber in the both species of grass and the all combinations of 

fertilizer were not statistically significant. The lowest content of crude fiber in Dactylis 

glometara was on the plot with the Humus Active Papka with mineral fertilization 

226.4 g kg
-1

 DM (the value 8% lower than on the control object), while in Lolium 

perenne biomass from the plot with Eko-Użyźniacz fertilizers 177.5 g kg
-1

 DM (11% 

lower than on the control object). 

Differences between crude fiber content in the cutting was not statistically 

significant. However, there was seen decreasing trend of crude fiber content from first 

cutting (239.9 g kg
-1

 DM) to third cutting (201.3 g kg
-1

 DM). Similarly, Jankowska-

Huflejt and Wróbel (2010) found the lowest concentration of crude fiber in the grass of 

the third cutting (261.8 g kg
-1

 DM), and the highest in the grass from the second cutting 

(313.7 g kg
-1

 DM). Contrary to that Skládanka et al. (2008) found that crude fiber 

concentration in the biomass of Dactylis glomerata was the highest in the third cutting 

and successively increased in the following cuttings. Large variety of crude fiber 

content in the cuttings between literature and this publication was probably caused by 

differences in hydro-thermal conditions of the weather. 
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Conclusions 

1. For both grass species Eko-Użyźniacz applied together with mineral fertilizers 

increased protein content in fodder. 

2. Application of Humus Active Papka with mineral fertilizers lowered crude fiber 

concentration in fodder. 

3. The highest concentration of total protein was in Dactylis glomerata and Lolium 

perenne from the plots where soil conditioners together with mineral fertilizers 

were applied. 

4. The highest concentration of crude fiber was in Dactylis glomerata growing on the 

plot with Humus Active Papka together with mineral fertilizers applied, while in 

Lolium perenne on the plot with Eko-Użyźniacz applied, without mineral 

fertilizers. 

5. Taking into account the studied grass species and fertilizer combinations, Lolium 

perenne had better quality parameters than Dactylis glomerata, especially fertilized 

with EU+NPK or HA+NPK. Therefore, the species of this grass fertilized with 

these fertilizers should be recommended in agricultural practice. 
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