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Abstract. Natural meadows and pastures are spread over 50% of agricultural land in Bosnia and 

Herzegovina and represent the most important resource in the forage production of hilly and mountain 

areas. The quality of roughage in the ration is very important for the efficient production of meat and milk 

in cattle and sheep production. Hay is a feed, that has the most variable chemical composition and 

nutritional value due to the influence of weather conditions, agricultural practices, harvest time and other 

factors. In this study, the impact of agro-technical measures, harrowing, fertilizing and harvest time on the 

forage yields, botanical composition and nutritional value of natural grassland, type Agroseietum vulgaris, 

in Sljivno in Manjaca mountain, were analized. Applied agricultural practices influenced the increase in 

the proportion of grasses and legumes, which contributed to the improvement of the feed quality. The 

highest average yield of hay was achieved by applying basic fertilization, two nitrogen applications and 

harrowing (3.48 t ha
-1

). All applied agro-technical measures had a positive effect compared to the control 

group, and the highest yield was 44% better than the control group. 
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Introduction 

Grasslands comprise 26% of the world's total land area and 80% of agricultural land, 

and represent a wide variety of ecosystems (Steinfeld et al., 2006; Wright et al., 2006). 

In the EU (EU25) more then 30% of the agriculturally utilised area is covered by 

grassland (Eurostat). There is  large variation between countires from the less then 5% 

grassland in Finland to more than 75% in Ireland (Isselstein et al., 2005).  

Grassland covers about 40% of the agricultural area in Europe (European 

Commission, 2006) and it supplies most of the feed used by cattle and other 

ruminants. Among the various constituents of herbage quality that are important 

for ruminants is the need for sufficient amounts of minerals in the diet to ensure 

good health and performance (Underwood and Suttlen, 1999). However, it is a 

challenge to manage the mineral supply of ruminants fed on grassland, because 

mineral concentrations in the herbage are influenced by a number of factors 

including species composition of the sward (Kuusela, 2006), time of the year 

(Høgh-Jensen et al., 2006) and fertilization (Soder and Stout, 2003). 

Over 50% the of total agricultural land is under natural meadows and pastures in 

Bosnia and Herzegovina. Most of these areas are located in hilly and mountain region. 

Production in these areas is characterized by low yields and poor quality of roughage 

(Gatarić et al., 2014). The lack of implementation of agro-technical measures is the 

reason of low and unstable yields and poor quality of forage (Dubljević, 2007). 
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Natural grasslands belong to the most widespread meadow-pasture communities in 

the mountain region of Serbia (Lazarevic et al., 2009). They extend in areas where 

moisture is sufficient for the growth of grass, and where climatic, anthropogenic and 

other environmental conditions inhibit the growth of trees and/or limit the suitability of 

the land for food crops (White, 1983). Natural grasslands are plant communities which 

are often dominated by grasses and herbaceous plants. Especially valuable component 

of natural grasslands are legumes. Legumes are a major carrier of forage quality of a 

grassland, but they are rarely present in higher percentage. Native forage is the only 

nutrient and energy source for livestock because stored hay or concentrated livestock 

feed are unavailable (Wen et al., 2013). The nutritive value of the forage not only 

determines its nutritive composition, but also provides an estimate of its quality (Burns, 

2011). The plants that are practically worthless for animal nutrition are also seen in the 

grasslands (Alibegovic - Grbic, 2005).  

The ability of grassland to provide forage as the important source of nutrients to 

support livestock productivity depends on both its aboveground net primary 

productivity (ANPP) and its nutritional value (Snyman, 2002). The seasonal 

distributions of precipitation and temperature contributed more in terms of affecting 

ANPP and forage nutritional value than their annualized sums, especially for forage 

digestibility (CDOM) and metabolizable energy (ME); thus the dynamic pattern of 

vegetation productivity and nutrients should be estimated according to the temporal 

distribution of climatic factors (Rena et al., 2016).The functional diversity of native 

grasses also appears in their contrasting responses in productivity, when grown in 

monocultures, to N supply and to cutting frequency (Pontes et al., 2007). 

The significant proportion of dry and wet grasslands can only be preserved with the  

adequate maintenance. As part of grassland management, in connection to grazing, 

examining over-grazing (Kiss et al., 2011). Kosic et al. (2014) made research regarding 

changes in management of pastures underlie variations in quantity and nutritive value 

(chemical composition and in-vitro digestibility) of forage. The research outcomes also 

highlighted that the variables which define the quantity and quality of forage, follow a 

main gradient related to the phenology of the grassland community. 

Házi et al. (2012) examined the species combinations of the grassland, which are 

important for the survival of the grassland. They found that species composition on the 

overgrazed are seemed to be stable, and number of grazing animals maintains the 

diversity of the grassland if their number was determined according to the distribution 

of the yield. 

Several authors (Stevanovic et al., 2004; Nesic et al., 2004; Vuckovic et al., 2004; 

Alibegovic et al., 2004) in their research concluded that proper fertilization of meadows 

and pastures with mineral and organic fertilizers and rational exploitation, enable 

increase of the hay yield, up to several times (up to 20 t ha
-1

). At the same time, this 

improves the quality of the forage. Nitrogen is one of the most important nutrients for 

achieving high yields of natural grasslands.  

Vitousek and Howarth (1991), Frink et al. (1999), LeBauer and Treseder (2008) 

point out that the nitrogen is usually the limiting factor for high production of natural 

grasslands. Two main factors, the quality of the vegetation cover and yield of fodder 

determine the economic significance of natural grasslands (Kojic et al., 2001). The 

chemical composition of the dry matter of natural grasslands significantly influences the 

quality of forage, and it is greatly dependent on environmental factors, floristic 

composition and phases of plant development (Ivanovski et al., 2004). Hay represents a 
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forage with the most variable chemical composition and nutritional value due to the 

influence of various factors. However, in modern cattle production, it is necessary to 

add hay in small quantities in the diet in order to ensure normal process of rumination. 

The stage of plant development and phenophases at the time of mowing or preservation 

influence the nutritional value of roughage. Maturation of plants reduces the proportion 

of energy, protein, calcium, phosphorus and other nutrients, while increases the level of 

crude fiber. However, increasing levels of crude fiber tend to increase the content of 

lignin that is indigestible and inaccessible for the animal and as a result is reduced 

energy value of feeds. This happens because the maturation of plants reduces the 

contribution of leaf, and increases the proportion of stem (Grubic and Adamovic, 2003).  

The climate is an important factor that can affect the chemical composition and 

nutritional value of forage. High temperatures, especially during the night, accelerating 

the maturation of plants, and on this occasion more fiber and less digestible 

carbohydrates are formed. More digestable carbohydrates and proteins in plants are 

accumulated in cold weather conditions. Also, dry weather leads to stress in plants, the 

plants grow more slowly and the fiber content is increased in them. This leads to a 

reduction of nutritional value of forage. The composition of the soil has a great impact 

on the mineral content in forages (Grubic and Adamovic, 2003). The increased 

proportion of nitrogen can lead to an increase in the total protein in the roughage.  

The aim of this study is to determine the yield and nutritional value by using 

different agricultural practices. Based on the results, the measures should be proposed to 

repair natural grasslands and achieve greater production of good quality of forage. 

Materials and methods 

Study area 

The study was conducted on the natural grassland,  type Agrostietum vulgaris, 

south of Banja Luka, on the site Sljivno at Manjaca mountain (N 44 ° 40'57 "E 16 ° 

59'38", 513 m above sea level). Climate parameters (presented in Table 1) were 

monitored during the two growing seasons. On the basis of the mean monthly air 

temperature and precipitation can be noted that the average monthly temperature in 

2012, in June and July, was significantly higher than in 2013. The amount of 

precipitation in the vegetation period in 2012, also was higher, which was suitable for 

the production of forage. 

 
Table 1. The average monthly temperatures and monthly sums of precipitation in the 

vegetation period 

Month III IV V VI VII VIII IX X 
Temperature °C (2012) 9.7 13.1 16.6 23.7 26.0 25.2 19.5 12.9 

Temperature °C(2013) 6.3 13.9 17.1 21.1 23.7 24.2 17.2 13.1 

Temperature°C (1961-2013) 6.6 11.2 16.1 19.7 21.3 20.8 16.3 11.2 

Precipitation l m
-1

(2012)
 

5.0 103.0 167.9 69.8 53.2 1.8 92.0 87.6 

Precipitation l m
-1

(2013)
 

88.5 62.9 119.5 54.2 27.4 36.2 69.7 67.6 

Precipitation lm
-1

(1961-2013) 79.6 89.4 93.6 112.0 92.5 85.9 93.3 78.9 
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The results of chemical analysis of soil showed that the soil at the site of performing 

experiments was very acidic, but it had a high humus content. Phosphorus and 

potassium were determined by AL-method. The low phosphorus content was noted, and 

the soil was well supplied with potassium (Table 2). 

 

Table 2. The results of chemical soil analysis 

pH reaction CaCO3 Humus P2O5 K2O C Mg Zn Cu 

H2O KCl % % mg/100g mg/100g 
(mg 

kg
-1

) 

(mg 

kg
-1

) 

(mg 

kg
-1

) 

(mg 

kg
-1

) 

3.7 4.37 1.29 6.03 4.43 15.36 514.4 98.09 5.94 10.53 

 

 

Experimental design and data collection 

The experiment was set up as a random block system in four repetitions (Diagram 1), 

with the size of experimental unit of 12 m
2
 (8x1,5 m), and the following treatments: 
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Control group, without the use of agro-technical measures I 

II 

III 

IV 

V 

Harrowing, without fertilization 

Basic fertilization (NPK) + one nitrogen appliaction, without the harrowing 

Basic fertilization (NPK) + one nitrogen appliactions, with the harrowing 

Basic fertilization (NPK) + two nitrogen appliactions, without the harrowing 

Basic fertilization (NPK) + two nitrogen appliactions, with the harrowing 

Basic fertilization (NPK) + two nitrogen appliactions, mowing seven days earlier 

Basic fertilization (NPK) + two nitrogen appliactions, mowing a week later 

VI 

VII 

VIII 

 

Diagram 1..Experimental design 

 

 

Agro-technical measure, harrowing was carried out in early spring before the 

growing season. Basic fertilization (8:16:24 NPK) was thrown by hand with a standard 

fertilization of 300 kg ha
-1

. Nitrogen fertilizer KAN (27% N) was used for the 

supplemental fertilization, with the norm of 200 kg ha
1
. The samples of the first six 

tretments were taken at the time of the optimal growth stage, ie. in the stage of full 

flowering. The samples of the treatment VII were taken seven days earlier, and 

treatment VIII  seven days later.  
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Analytical methods 

Green mass yield was determined by measuring the total weight of experimental units after 

mowing. Involvement of grass (fam. Poaceae), legumes (fam. Fabaceae), herbaceus plants 

and other plants in the total biomass were determined from the measured samples (1 kg). 

The samples were taken from all treatements and repetitions to determine the hay yield 

and chemical composition of dry matter. After mowing, 1 kg of the green mass (from each 

plot) was taken and left to dry in a natural temperature to hay. The samples were measured 

to determine the drying factor. The hay yield per unit area was calculated by multiplying the 

drying factor and green mass yield. The quality of dry matter was determined by analyzing 

its chemical composition in the Laboratory for feed quality control, Faculty of Agriculture, 

University of Novi Sad. The content of crude protein, crude fiber, ash, NDF, ADF, P and K 

was determined by this analysis. All parameters are determined for each experimental unit, 

processed and presented as average values according to treatements. The results of 

biometric measurements are processed by Windows PC applications: Statistical Package for 

Social Sciences and Excel. 

Results and discussion 

The results of involvement of certain plant species on natural grassland, type 

Agrostietum vulgaris, are presented in Diagram 2. Based on the obtained data it can be 

concluded that the application of agro-technical measures on natural grasslands led to 

changes in phytocenologic composition as compared to the control group. Applied agro-

technical measures affected the increase in the proportion of grasses and legumes, and the 

decrease in the share of herbaceus  and other plants. 

With regard to research year, the smallest changes in plant community composition were 

found in the control variant, with no applied agro-technical measures. In 2013, applied 

agro-technical measures had the greatest impact on increasing the proportion of legumes. 

The largest effect on the change of botanical composition had treatments V and VI. Data of 

hay yield with respect to study years and treatements of agricultural measures are shown in 

Diagram 3. The average annual values, as well as two-year average per treatment were 

calculated based on data of four replications. Two-factor analysis of variance, F-test 

statistics showed that there were statistically significant differences between the treatments 

(p <0.01). Using Dancan post-hoc test (p <0.01) was found between which treatments there 

was a statistically significant difference. Among the treatments labeled with the same letter 

there were no statistically significant differences. Looking at the two-year yield of hay, it 

can be seen that the highest yields were in V and VI treatments. Control group (I) had the 

lowest hay yield. There was a highly significant statistical difference in the hay yield 

between the control goup and the treatments with applied agro-technical measures. 

In the examined period, the highest average hay yield of 3.66 t ha
-1

 was achieved in the 

treatment VI in 2013, while the lowest average hay yield was 2.07 t ha
-1

 and it was achieved 

in the control group. Looking at the results at the level of two years, there was a 

coincidence. The significant yield increase compared to the control group (variant I) was 

demonstrated by the applied treatments (in both years). The total hay yield was mostly 

increased compared to the control group, 44% in the variant VI  and 43% in the variant V, 

and at least,  8% in the variant II and 13% in the variant IV. Analyzing the treatments with 

and without harrowing it can be concluded that the application of this agro-technical 

measure led to increased yield of about 10%.  
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Diagram 2. The share of grasses, legumes, herbaceous and other plants within the natural 

grassland, %. 
 ABC

Values denoted by the same letter are not significantly different at the 

p=0.01 level of probability (Duncan's Multiple Range Test). 
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Yield of air-dried hay  in 2012  (t ha 
-1

) 

I II III IV V VI VII VIII 

2.69AB 2.67AB 3.13AB 3.00AB 3.45A 3.30A 2.27B 3.08AB 

2.07B 2.49AB 2.85AB 2.39AB 3.38A 3.66A 3.61A 3.49A 

Yield of air-dried hay  in 2013  (t ha 
-1

) 

2.38D 2.58CD 2.99ABCD 2.70BCD 3.42AB 3.48A 2.94ABCD 3.29ABC 

Average yield of air-dried hay in 2012/2013 (t ha 
-1

) 

 

Treatments 

 

Diagram 3. The average yield of air-dried hay according to agro-technical measures and 

study years .
ABC 

Values denoted by the same letter are not significantly different at the 

p=0.01  level of probability (Duncan's Multiple Range Test). 

 

 

Nitrogen fertilization of natural grasslands has great significance because its application 

increased forage and crude protein yield, stimulates the growth and grass tillering, increases 

the density of grass cover, extends the vegetation and maturation of plants (Dubljević, 

2007). Vuckovic et al. (2010) concluded that the application of 1 kg NPK fertilizer on 

natural grassland, type Agrosidetum vulgaris, can increase the hay yield up to 16,2 kg in 

Western Serbia. Djuric et al. (2007) recognized that the fertilization of natural grasslands 

increases the proportion of high-quality plants on the lawn, which results in greater 

production of proteins. Nitrogen supply has a well-known positive effect on above-ground 

productivity of forage plants (Nevens and Rehuel, 2003; Kirkham and Wilkins, 1994), but 

usually has little direct or variable effects on the energy value of herbage (Salette, 1982). 

Interactions between climate and topography create a spatial grassland mosaic of 

coexisting plant species, which results in variations in palatability and nutritive value for 

grazing ruminants (Roukos et al., 2011). 

The results of the chemical composition of plant dry matter are shown in Diagram 4. 

The protein content of the natural grasslands ranged 7.06 to 8.24%, while the crude fiber 

content was 30.08-34.60%. In the second year, there was an increase in protein and crude 

fiber content and a decrease in ash content. Chemical composition of hay corresponds to the 

composition and quality of natural grassland, as well as its botanical composition (Prentović 

et al., 2007). In study of Radic et al. (2014) protein content at 8% on a natural grassland was 

found. Of the total nitrogen content in green feeds about 70-90% are true protein, and 10-

30% are non-protein nitrogen compounds. Detergent method is used for the separation of 

soluble and insoluble carbohydrates in the diet of ruminants, and thus neutral detergent fiber 

(NDF) and acid detergent fiber (ADF) are separated (Van Soest et al. 1991). NDF is 

composed of hemicellulose, cellulose and lignin, and ADF of cellulose and lignin (Đorđević 

et al., 2009).  
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Diagram 4. The nutritive value of hay (%). 
ABC 

Values denoted by the same letter are not 

significantly different at the p=0.01  level of probability (Duncan's Multiple Range Test). 
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Hemicellulose and cellulose, which are components of the cell walls are largely 

fermented in the rumen to acetic acid and less to propionic acid. Carbohydrates that 

come from cell content mainly fermented to propionic acid. NDF is important to 

stimulate rumination and chewing, to buffer the rumen content, maintaining rumen wall 

as well as maintaining the percentage of fat in milk (Fox et al., 1990; Grubić et al., 

1999). In the case of an increased proportion of ADF there is a reduction in the level of 

digestible energy.  

Changes in forage nutrient contents may be related with changes in soil nutrient 

contents, botanical composition and interactions among plants. Alpine grassland 

degradation has been shown to decrease soil quality (Yang et al., 2009; Wen et al., 

2013). Forage quality can also be influenced by soil quality (Čop et al., 2009; Malhi et 

al., 2010; Verlinden et al., 2010). Several previous studies have shown that botanical 

composition can affect forage nutritive value (Deak et al., 2007; Biewer et al., 2009; 

Perbandt et al., 2010). It is known that a greater share of the soil resources will be taken 

by more than less competitive pe- rennial grass species (Saint Pierre et al., 2004). 

The variability of species assemblage in semi-natural grasslands depends on 

environmental factors (Belesky et al., 2002; Catorci et al., 2011, 2013; Szentes et al., 

2012) and on grazing management and history (Holechek et al., 1995; Belesky et 

al., 2002b). These interacting factors create a mosaic of plant communities, which 

results in variations in palatability and nutritive value for grazing ruminants (Roukos et 

al., 2011). For instance, the decrease in herbage use due to pasture abandonment or 

improper management causes the spread of taller and less digestible vegetation 

(Louault et al., 2002).  

Conclusions 

Based on the research of botanical composition, yield and quality of forage 

production on natural grasslans, type Agroseietum vulgaris, the following conclusions 

can be performed: 

Research of botanical composition of natural grassland, type Agroseietum vulgaris in 

Manjaca have shown that the grasses are the most frequent (79.3%) are less represented 

herbaceous plants (11.22%) and other plants (13.9%), and at least legumes (0.35%). 

Forage production using the agro-technical measures, fertilization and harrowing can 

be increased from 2.38 t ha
-1

 at 3.48 t ha
-1

, which represents an increase of 44%. 

Natural grassland fertilization with mineral fertilizers increased the proportion of 

quality grasses and legumes, and reduce the presence of other plants. 

The value of roughage in ruminant nutrition is determined by the dry matter yield per 

unit area and the nutritional value of that dry matter. 

Protein content did not show significant differences, but the differences can be 

expected in the coming period due to changes in floristic composition. 

The percentage of protein of natural grasslands ranged 7.06 to 8:24%, while the 

crude fiber content was 30.08-34.60%. In the second year of the examination there was 

an increase in protein content and crude fiber and a decrease in ash content. 

Application of appropriate agricultural measures, with the proper care and utilization 

of natural meadows and pastures, can lead to significant progress in the production and 

quality of forage, and thus improve livestock in the mountain areas of Bosnia and 

Herzegovina. 
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