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ABSTRACT 

 

This study was carried out on heavily grazed rangelands in Erzurum, during the years 2006-2009, for 4 years 

period. In this study, four treatments that included artificial pasture, oversowing, fertilization and control 

were applied on grazed and enclosed rangeland sites. A mixture of Crested wheatgrass (Agropyron cristatum), 

alfalfa (Medicago sativa) and smooth brome (Bromus inermis) was used for rangeland seeding. Ammonium 

sulfate and Triple Super Phosphate was applied on fertilization plots in sites grazed and enclosed site. 

Botanical composition was determined by line intercept methods. After each erosive rain event, the amount of 

soil (sediment) was determined in each plot. Across of four years, fertilization increased the grass proportion, 

decreased other species proportion and sediment yield in both sites. Under grazing, over sowing increased the 

grass proportion, and decreased other species proportion. Lower grass, higher legumes, higher other species 

proportion and higher sediment yield determined in the third year compared to other years in both sites. The 

enclosed site had higher grass, lower legumes, other species proportion and sediment yield than the grazed 

one. Results of this study showed fertilization and oversowing treatment can be effective for soil protection in 

enclosed and grazed rangelands, similar to this study area. Also, combined with short term enclosure 

treatment the other improvement treatments can recommend for rangeland restoration and soil protection.  
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INTRODUCTION 

Rangelands play a major role in supporting human 

populations such as food production, water regulation, 

energy supply, erosion control, and recreation (Altin et al. 

2005; Greiner et al. 2009; Holechek et al. 2011).  

Understanding soil-plant relationships are very 

important in rangeland management and planning. These 

correlations can help managers for production and prevent 

financial damages (Shadkami and Bibalani 2011). 

Because the soil is the primary component of rangeland 

ecosystems and it has an important function for forage 

production in an area with particular climate (NRC 1994; 

Holechek et al. 2011). The plants are vital for the 

protection of the soil against to the erosive forces. Their 

roots help the soil in place and above ground biomass and 

crop residues especially the foliage, reduce the impact of 

falling raindrops, the movement of surface water and 

increase its infiltration into the soil (NRC 1994; Acikgoz 

2001; Wall 1987; Livingstone 1991). Soil erosion 

potential increases as the vegetation cover of plants or 

crop residues decrease (Sanjari 2011). If the vegetation is 

degraded by heavy grazing or other factors such as fire 

and drought, soil erosion can reduce pasture production 

(NRC 1994). To protect the soil from erosion it is 

important to maintain enough vegetation cover (Holechek 

et al. 2011).  

In rangelands, suitable grazing management must be 

practiced carefully for high production. If the pastures are 

degraded by the effects of environmental forces the 

restoration of these areas may take too long period 

because soil formation processes work slowly, especially 

in arid and semiarid climates (NRC 1994; Gokkus and 

Koc 1996; Holechek et al. 2011). There are many 

restoration practices to improve the forage production, 

vegetation cover and increase quality plant species. 

Fertilization, oversowing, artificial pasture and suitable 

stocking level or temporary enclosure to animal grazing 

may be effective in improving rangeland soil and 

vegetation (Khumalo et al. 2007; Altin et al. 2011).  
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However, there are several factors causing grassland 

degradation to different grades, grazing intensity is one of 

the most important causes of degradation in the world's 

arid and semiarid rangelands (Snyman 2005; Altin et al. 

2005; Holechek et al. 2011). Overgrazing has a number of 

negative impacts on rangelands, often including an 

increase in undesirable vegetation or a loss in vegetation 

cover and biomass (Herbel and Pieper 1991; Tongway et 

al. 2003; Comakli et al. 2008; Gadzia and Sayre 2009; 

Comakli et al. 2012; Holechek et al. 2011) and it leads not 

only to a decline of biodiversity (Wu 1997), grass and 

animal production, but also to the deterioration of the 

environment (Zhang 1995). Also, heavy grazing has 

negative effects on soil physical and chemical properties 

(Beukes and Cowling 2003).   

In Turkey, farmers have used the rangeland 

traditionally as long as the climatic conditions are 

favorable for grazing. On rangelands, grazing starts with 

the melt of snow in spring and continues until the first 

snowfall in autumn, commonly not taken into account the 

basic principles of range management such as proper 

stocking rate, frequency, timing, and rotational grazing. 

Many rangelands have further deteriorated due to 

excessive and uncontrolled grazing, practiced in low 

rainfall and droughts conditions. Heavy grazing pressure 

results in a number of negative impacts, including an 

increase in undesirable vegetation or a loss in vegetation 

cover, the composition of the plant communities and the 

productivity of the rangelands (Altin et al. 2011).  

The aim of this study was to evaluate the effects of 

different improvement treatments on botanical 

composition and soil loss on rangelands in Erzurum, 

Turkey. Some recommendation will be made regarding 

improvement plant species quality and reduction of soil 

loss by movement of surface runoff for rangeland users 

and scientists. 

MATERIALS AND METHODS 

This study was carried out on heavily grazed rangeland 

in Erzurum, during the years 2006-2009, for 4 years 

period. This pasture has been grazed intensively for many 

years. The pasture was delineated and divided two sites. 

One of them was fenced in the year 2005 to protect animal 

grazing. Two range site with similar soil properties (Table 

1) and topography. The degree of slope and aspect were 

the same on both sites. The treatment plots were separated 

by sheet metal from each other to prevent water runoff 

and to the bottom of all plots, accumulation tanks were 

conducted to collect moved soil and water from plots 

(Figure 1). After each erosive rain, the amount of soil 

(sediment) was weighted in each tank.  

 

Table 1. Some physical and chemical soil analysis results of treatment plots 

 
Saturation Stbl. pH 

K2O 

( kg da-1) 
P2O5 ( kg da-1) CaCO3 (%) Organic Matter (%) Field Capasity (%) Wilting Point (%) 

Enclosed 

Oversowing 54.34 6.71 151.00 10.53 0.74 4.89 23.50 13.66 

Fertilization 55.68 6.45 131.33 17.96 0.61 5.15 24.88 14.01 
Art. Pasture 53.68 6.54 135.00 10.05 0.63 4.40 22.92 13.51 

Control 54.68 6.74 144.00 7.50 0.59 4.93 23.68 13.71 

Grazed 
Oversowing 52.34 6.44 146.00 11.33 0.52 5.30 24.35 13.45 

Fertilization 54.34 6.37 144.33 17.58 0.61 5.23 24.56 13.68 

Art. Pasture 48.34 6.36 142.67 11.87 0.65 5.06 23.85 13.25 
Control 54.34 6.49 137.33 8.52 0.61 5.24 24.65 14.12 

 

 

 

Figure 1. The design of the treatment plots on experiment area 

In this study, four treatments (Artificial pasture, 

oversowing fertilization and control) were applied on 

grazed and enclosed rangeland sites. Three forage species, 

crested wheatgrass  (Agropyron cristatum), alfalfa 

(Medicago sativa) and smooth brome (Bromus inermis) 

were mixed to establish for seeding. The same mixture 

were used for artificial and oversowing plots. The rate of 

forage plant species was 30% alfalfa (6 kg ha-1), 35% 

smooth brome (14 kg ha-1) and 35% crested wheatgrass 

(10.5 kg ha-1) in the mixture (Bakir 1985). The experiment 

was designed in a split model of randomized complete 

block design, replicated three times. The size of treatment 

plots was 9 m2. Ammonium sulfate (60 kg ha-1) and Triple 

Super Phosphate (40 kg ha-1) was applied on fertilization 

plots in both sites (grazed and enclosed). Some physical 

and chemical soil analysis of study sites was made and the 

results were showed in Table 1. 

The precipitation values of experiment areas for study 

years and long-term average (LTA) (1990–2009) were 

shown in Table 2.  

Botanical composition of rangeland was determined at 

the flowering periods of dominant plant species, using line 

interception method (developed by Canfield 1941) in each 

year.  

The data related to the botanical composition were in 

percentages and were arcsine square root transformed to 

improve the normality of data. Analysis of Variance 

(ANOVA) was computed by SAS (2002) GLM with mean 

separation according to the LSD test. 
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Table 2. The precipitation values of experiment areas in study years and long term average (1990-2009) 

 
Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. Total 

2006 17.8 10.9 13.4 77.4 41.6 19.2 20.7 3.5 29.2 90.1 25.3 8.3 357.4 

2007 13.5 8.4 20.4 79.4 61.2 61.8 41.9 30.4 0.1 33.7 68.1 17.7 436.6 

2008 16.4 10.3 18.6 45.0 58.0 41.0 11.2 16.6 22.7 39.6 14.6 23.9 317.9 

2009 2.3 18.8 51.1 42.3 43.2 76.2 29.2 22.8 43.7 51 41.4 15.1 437.1 

LTA 14.5 20.6 35.1 57.1 64.6 42.6 23.1 14.3 21.8 43.8 30.0 23.6 391.2 
 

RESULTS AND DISCUSSION 

The runoff events were a result of short duration, high-

intensity rainfall events. Among the total rainfall events, 

only 18 (total 243.9 mm) produced measurable sediment 

yield occurred during the observation period from April 

2006 to July 2009 in both sites. 

Based on four years results, grasses, legumes, and 

other families ratio were showed a significant difference 

(p<0.01) among treatments in both sites. Year, site and 

treatment had significant effects on grasses, legume, and 

other families' ratio. 

The enclosed site had higher grass lower legume and 

other families' ratio than grazed site (Table 3). 

Table 3. Botanical composition values (%) and sediment 

movement (kg ha-1) on enclosed and grazed range site. 

 
Grasses Legumes Others 

Sediment  

Yield (kg ha-1) 

Enclosed 69.85 A 12.93 17.53 B 252.90 B 

Grazed 57.56 B 13.40 29.00 A 489.48 A 

 

As the study years advanced, the sediment yield 

tended to increase (except last year) and the sediment 

yield was the lowest in the first study year and the highest 

yield was in the third study year on both sites. Sediment 

yield showed a significant difference (p<0.01) between 

study years, treatments and sites. The average of four 

study years grazed site produced higher sediment yield 

than enclosed site. Sediment yield was the highest on 

artificial pasture treatment plots, the lowest on fertilization 

treatment plots on both sites (Table 3, 4, 5).  

The fertilization treatment plots had the highest grass 

and lowest legume ratio on enclosed site. The lowest grass 

ratio was determined on control plots of enclosed site. 

Grass ratio did not differ between artificial pasture and 

oversowing treatment plots. Legume ratio was the highest 

on artificial pasture treatment plots, and other families 

ratio was the highest on control plots, the lowest on 

artificial pasture and fertilization treatment plots (Table 

4). 

 

Table 4. Changing of botanical composition (%) and sediment movement (kg ha-1) in different treatment plots on enclosed and 

grazed range sites 

   Enclosed 

 
Grasses Legumes Others Sediment Yield (kg ha-1) 

Control 64.73 C 15.25 B 21.70 A 42.43 B 

Fertilization 76.78 A 7.91 D 15.32 C 31.00 C 

Artificial pasture 68.28 B 17.28 A 13.95 C 145.02 A 

Oversowing 69.63 B 11.27 C 19.16 B 34.46 C 

 
Grazed 

 
Grasses Legumes Others Sediment Yield (kg ha-1) 

Control 51.73 B 13.23 B 34.98 A 80.27 C 

Fertilization 63.82 A 9.43 D 26.77 C 59.60 D 

Artificial pasture 49.43 B 20.33 A 30.24 B 261.18 A 

Oversowing 65.27 A 10..65 C 24.04 D 88.43 B 

 

Similar to the enclosed site, on grazed site fertilization 

treatment plots had the lowest legume ratio; control plots 

had the highest other families' ratio and artificial pasture 

treatment plots had the highest legume ratio. Grass ratio 

did not differ between fertilization and oversowing 

treatment plots. Also, grass ratio did not show any 

significant difference (p<0.01) between control and 

artificial pasture treatment plots (Table 4).  

The highest grass ratio was in years 2006, 2007 and 

2009, and the lowest grass ratio determined in the year 

2008 on enclosed site. The year 2008 had the highest 

legume ratio; the year 2006 had the lowest legume ratio. 

There was no significant difference (p<0.01) between the 

years 2007 and 2009 for legume and other families ratio. 

The other families' ratio was the highest in the year 2008. 

Sediment yield was the highest in the year 2008, the lovest 

was in the year 2006 in enclosed site.  
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Table 5. Changing of botanical composition (%) and sediment movement (kg ha-1) on enclosed and grazed range site in study years 

  
  

Enclosed 
 

 
Grasses Legumes Others Sediment Yield (kg ha-1) 

2006 75.07 A 5.73 C 19.20 B 10.24 D 

2007 72.96 A 13.18 B 13.87 C 87.04 B 

2008 58.00 B 19.92 A 23.25 A 109.78 A 

2009 73.39 A 12.89 B 13.75 C 45.84 C 

   
Grazed 

 

 
Grasses Legumes Others Sediment Yield (kg ha-1) 

2006 65.76 A 6.29 D 27.82 B 14.09 D 

2007 56.78 C 16.06 B 27.17 B 137.33 B 

2008 47.58 D 17.42 A 35.00 A 249.28 A 

2009 60.13 B 13.87 C 26.04 B 88.78 C 

 

In grazed site, the highest grass ratio was in the year 

2006 and the lowest was in the year 2008. Legume ratio 

and sediment yield were the highest in the year 2008, the 

lowest in the year 2006. The highest other families ratio 

was in the year 2008 and there was no significant 

difference between the years 2006, 2007 and 2009 (Table 

5). 

Rangelands are unsuitable for cultivation and which 

are as a source of forage for free-ranging native and 

domestic animals as well as a source of wildlife (Stoddart 

et al. 1975). They also play important roles in water and 

soil protection.   

In general, the quantity of grass is increased by the 

effects of fertilization, especially nitrogen, while legumes 

and other species decrease (Delpech 1966; Jones and 

Winans 1967). The data obtained in this study indicate 

that fertilization treatment has a considerable influence on 

botanical composition. 

Grasses are the most common plant families and the 

legumes are the minor component of the vegetation of 

natural pastures in Turkey (Altin 1975; Gokkus 1984; Koc 

1995; Basbag et al. 1997; Bakoglu 1999; Comakli et al. 

2008). In this study, grasses had the highest proportion; 

except artificial pasture plots of enclosed site, the legumes 

had the lowest in botanical composition of all treatment 

plots in both sites. The reason of the high grass, low 

legume and other species proportions in fertilization plots 

may be attributed to the increasing effects of nitrogen on 

grasses (Delpech 1966; Jones and Winans 1967) and 

suppressing effects of the grasses on the legumes and 

other species proportion. As the plant proportion 

increases, the sediment yield from pasture surface 

decreases because increasing of infiltration decreases 

water runoff from the soil surface (Wall 1987; 

Livingstone 1991; Sanjari 2011). As expected the legume 

proportion was higher in artificial pasture plots, with 

seeded alfalfa, than that of the other treatment plots. In 

artificial pasture plots of enclosed site, due to the plots 

was planted with two grasses and a legume species, the 

other species was dominated by these species. The high 

sediment yield in artificial pasture plots can most probably 

relate to mechanical disturbance of soil (Junge et al. 

2008). On the other hand, decreasing of the covering, the 

sediment movement increases (Lal 1993). 

The effectiveness of fertilization on botanical 

composition may be related to some ecological factors, as 

precipitation and soil nutrient content. The reason of the 

lower grasses, higher other families' proportion in third 

study year than that of the other study years can be 

attributed to the lower rainfall recorded in this year than 

that of the other years. Also, in addition to fertilization, 

enclosure to grazing can be stimulated the percentage of 

the grasses. On the other hand, unlike to expected, grasses 

and legumes declined in 2007 and 2009 years with higher 

rainfall due to the grasses and legumes selectively grazed 

by animals in grazed site. The reason for the lowest 

sediment yield in the first study year can be related to high 

grass proportion, less total and seasonal rainfall amount, 

in addition to low erosive rainfall amount and number, 

especially occurred in summer months and the snow 

uncovered months (Table 2). Thus, sediment yield was 

recorded as the lowest in all treatment plots in the first 

study year. Despite the low total rainfall in third study 

year, high rainfall values recorded in summer and autumn 

months. The reason for higher sediment yield recorded in 

third study year can be attributed to the high rainfall 

values recorded in summer and autumn months and the 

lowest grass species ratio. Thus, it is expressed that small 

canopy cover and the high rainfall intensity can have 

increasing effects on soil loss; it can be prevented or 

reduced by appropriate crop management using grass and 

legumes for cover crops (Junge et al 2008).  

Enclosure to animal grazing may stimulate the grasses 

and legumes, suppress the other plant species (Comakli et 

al. 2012). Increasing plant cover keeps the soils stable 

(Acikgoz 2001), especially grasses, by intensive root 

systems. The reasons of higher grasses, legumes; lower 

other species and sediment yield in enclosed site can be 

attributed to the positive effect of enclosure treatment. 

Related with high plant cover, the sediment yield was 

lower in enclosed site than grazed site. Also, the 

movement of sediment yield can be increased by the 

effects of the hooves of grazing animal on grazed site. 

The interaction of site and treatment (Figure 2,5(a)); 

year and treatment (Figure 3,5(c)); year and site (Figure 4, 

5(b)) had a significant effect on grass, legume and others 

ratios and sediment movement. Also, year and site and 

treatment had a significant effect on grass, legume and 

other families' ratios and sediment yield.  
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Figure 2. The effects of site x treatment interaction on grasses (a). legumes (b) and other families (c) ratios. 
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Figure 3. The effects of year x treatment interaction on grasses (a). legumes (b) and others (c) ratios. 
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Figure 4. The effects of year x site interaction on grasses (a), legumes (b) and other families (c) ratios. 
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Figure 5. The effects of site and treatment (a); year and site (b); year and treatment (c) interactions on sediment yield 

 

The interactions of site and treatment, year, and 

treatment, year and site were significant with regard to the 

grass, legume and the other species ratio and sediment 

yield on rangeland. These results can most probably relate 

to the combined effects of grazing and enclosure 

treatments, different improvement applications and 

climatic conditions, occurred in study years. 

CONCLUSIONS 

Results of this study indicate that heavy grazing in 

pastures increases the sediment movement and leads to 

losing of productive topsoil. Fertilization and oversowing 

treatments can be effective for soil protection in enclosed 

and grazed rangelands. In addition to enclosure treatment 

for short-term periods, all treatments were effective in 

increasing of grass, decreasing of the other plant species. 

Although artificial pasture treatment can be suggested to 

increase high-quality legumes proportion, decrease low-

quality other species proportion on grazed and enclosed 

site the sediment movement can be increased in this 

treatment, suitable management practices should be 

continued for a few years carefully. 
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