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Abstract 

Sustainable rangelands management continues to be one of the main challenges facing arid ecosystem. The 

function of a rangeland ecosystem depends on the conservation of resources within the ecosystem. Finding 

the rangeland ecosystem functions requires the knowledge of soil and vegetation characteristics to 

understand the ecosystem's capabilities. In this research, in order to identify the damaged areas in arid 

regions, the effect of grazing on the ecosystem function was investigated using the distance from the water 

resources. Thus, in the present study, around 3 water resources in 4 principal geographical directions and 172 

plots with 4 m2 were installed. In each plot, 11-soil surface indexes were estimated by the landscape function 

analysis (LFA) method. Then, using 11 soil surface indexes, three soil functional properties include stability; 

permeability and nutrient cycle were calculated. In order to determine the sensitivity of the LFA method and 

separate the functional and structural characteristics SPSS software V.19 were used  and the analysis of 

variance and comparing the mean of common features conducted by Duncan's method. Multivariate analysis 

of variance and correlation showed that the three functional features had no significant relationship with the 

four geographical directions (P <0.01) but had a significant relationship with the distance from the water 

resources (P <0.01). These results indicated that the ecosystem functions increases with distance from the 

water resources. Also, the results of Duncan's test showed that the high grazing intensity near the water 

resources caused a critical range of 150m from the water resources. 
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Introduction 

In an arid ecosystem, sustainable management of 

rangelands is one of the main challenges that 

researchers, policymakers, and managers deal 

with. Many problems stem from the ecological and 

climatic characteristics of rangelands. Uniform and 

unbalanced grazing are one of the problems that 

rangeland’s managers always confront with it 

(Mosadghi, 2003). Water resources are the control 

tools affecting the distribution of livestock in arid 

and semi-arid regions, which have a positive and 

negative effect on the structure and function of the 

ecosystem of these areas (Hart et al., 1993). Due to 

the fragility of arid and semi-arid ecosystems, the 

sequential review of the changes in the structure 

and performance of these ecosystems with distance 

from the water resources is necessary during the 

trapping path.  

By changing the structure and function of the 

ecosystem, ecosystem status is meaningful (Bastin 

et al., 1993). The term of the rangeland condition, 

which is used for many years, soil is the most 

important element in the rangeland ecosystem that 

should be considered. By examining the changes in 

the soil surface indexes, the ecosystem's condition 

can be determined, which helps the experts to 

identify the damaged areas. It allows the expert to 

judge the changes resulting from management 

activities and the ecological changes of the 

rangeland (Böllemier, 2006; Work, 1997). 

Tongway and Hendli (2005) proposed the 

evaluation of soil surface and rangeland 

characteristics as a simple applied approach to 

assessing the rangeland's potential. The landscape 

function analysis (LFA) method presented by 

Tongway (1995) is a simple method for studying 

the potential quality and the ability of the natural 

ecosystem such as rangelands and deserts. It is 

assessed using the three functional properties of 

stability, permeability, and nutrient cycle that 

estimate the ecosystem function. In fact, the 

analysis of rangeland ecosystem performance 

using visible indicators of the soil surface 

measures the efficiency of a rangeland as a 

biophysical system. This method is one of the 

evaluation techniques in the 1620 permanent 

pasture sites of Australian rangelands, which is 

used in the western Australian rangeland 

assessment system (WARMS) (Watson et al., 

2007). 

Ahmadi et al. (2008) used the LFA method to 

determine the critical threshold in rangeland 

ecosystems using 4km distance as an ecological 

threshold. The results of their study showed a 

meaningful difference between the three functional 

characteristics and a structural characteristic at the 

beginning and the end of the three villages. 

Besides, the rangelands near the end of the village 

had fewer functional and structural values. They 

also suggested that managers of rangelands should 

consider more accuracy and cost in areas where the 

amount of functional and structural difference is 

greater. In one study, soil compressing and severe 

grazing of rangelands were compared as 

management treatments by LFA method. The 

results showed that with increasing grazing 

intensity, the structure of damaged parts and the 

intervals between parts were increased and 

permeability was decreased. Arzani et al. (2007) 

and Karmfs et al. (2002) compared the results of 

the LFA method with the results obtained from the 

remote sensing (RS) method. Their results showed 

the high accuracy of the LFA method to predict the 

future trend of ecosystem changes. The results of a 

comparison of rangeland management by Abedi et 

al. (2006) showed that an increase in grazing 

intensity results in an increase in the structure of 

damaged parts and the intervals between parts and 

a decrease in permeability. 

Ghalichnia et al. (2008) evaluated the rangeland 

status by four-factor and LFA methods; the results 

indicated a significant difference between the two 

methods. They showed the minimum and 

maximum performance levels of the stability, 

permeability, and nutrient cycle in the critical 

region and reference region, respectively. Palmer 

et al. (2001) compared two rangeland ecosystems 

with different management (private and public) 

using LFA method and considered soil data 

simultaneously. Tongway and Loudind (2002) 

stated that LFA indicators were the best predictor 

of rangeland production. Lotfi Anari and Heshmati 

(2009) evaluated the accuracy of the LFA method 

to adapt this method to central Iranian rangeland 

ecosystems. After analyzing the sensitivity of the 

parameters, they were removed from the soil 

texture, type, and severity of erosion, which 

showed the least sensitivity. On the other hand, the 

soil gravel parameter was added to the soil surface. 

In this case, the accuracy of the method reached 

the correct accuracy (R> 0.6). 

Mollaei et al. (2010) studied the effect of the 

enclosure on soil yield in rangelands using the 

LFA method. The results showed the overall 

comparison of the performance between transects 

inside and outside the enclosure. The stability 

index showed a significant difference, but the 

permeability and nutrient cycle showed no 

significant difference. Heshmati (1997) and 

Khosravi mashzi (2011) examined the changes in 

ecosystem function in shrublands of southern 
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Australia using this method during gradient 

grazing. The results showed that the ecosystem 

functions were increased by the distance from the 

water resources. In Iran, many researchers have 

studied this method. These studies showed that the 

LFA method showed a good response to 

ecosystem's performance against environmental 

disturbances, such as grazing severity.  

There are various strategies and methods to 

identify the damaged areas, but the evaluating their 

success with soil properties in arid areas might not 

be justified. Therefore, the objective of the present 

study is to assess the effect of grazing on the 

ecosystem function in order to identify the 

damaged areas in arid regions. 

Materials and Methods 

The present study was conducted in the rangelands 

with an area of 4500 hectares in Isfahan province 

between the Kashan and Ghamsar cities, which is 

located between longitudes of 56° 51′ - 56° 10′ E 

and latitudes 29° 30′ - 29° 59′ N. The dominant 

species in this area is Artemisia sieberi and the 

average rainfall is 119 mm and has an irregular 

distribution. According to the Doumarten 

methodology, the climate of this region is semi-

dry. 

Sampling method: In order to collect data, 

around the 3 water resources of Garrison, rose 

farm, and Moslemabad village, 8 transects with 

2km length in 4 main geographical directions were 

deployed. Plots were placed on each transect, from 

50 to 100m with a distance of 50 meters, from 100 

to 1000m with a distance of 200 meters, from  

1000 to 2000m with a distance of 250 meters, and 

one plot 4 square meters (15 plots per transect). 

Due to the existence of some natural barriers, the 

sampling was not performed in some directions. 

In the 172 plots, 11 soil indexes of LFA method 

were estimated, which include: soil cover, 

perennial grasses, vegetation cover of 

pteridophytes, vegetation cover of grasses, trees 

and shrubs; origin and degree of decomposition of 

litter, type and severity of erosion; sediment 

materials, soil surface roughness, destruction 

resistance, soil moisture stability, and soil texture 

test (Tongway, 1995). Three functional properties 

of stability, permeability, and nutrient cycle were 

estimated using 11 soil surface indexes. Using 

Pearson correlation test and multivariate analysis 

of variance analysis, the relationship between each 

functional characteristic with distance from the 

water resources at four directions was investigated. 

In the case of the significance of the treatments in 

the multivariate analysis of variance analysis, the 

Duncan multivariate test was used to determine 

critical areas around the water resources. 

Results 

As shown in Table 1, three functional properties of 

stability, permeability, and nutrient cycle were not 

correlated with the geographic direction (P <0.01) 

but had a positive and significant correlation with 

the distance from the water resources (P <0.01). 

Multivariate analysis of variance showed that the 

mean of each functional characteristic was not 

significantly different in the four directions (P 

<0.01), but there was a significant difference with 

the distance from the water resources (P <0.01). 

The results of Duncan's mean test showed two 

distinct functional distances in terms of average 

stability, nutrient cycle, and permeability, so that 

the percentage of stability, nutrient cycle, and 

permeability were reduced significantly at a 

distance of 100, 200 and 300 m from the water 

resources. (Figs 1, 2 and 3). 

 

Table 1: Pearson Correlation and Multivariate Analysis of Variance for Functional Characteristics 

Functional 

features 
Distance Direction Distance Sig Direction Sig 

Direction* 

Distance 
Sig 

Sustainability **530. -0.10ns 2.40** 0 -0.15ns 0.87** 0.07 ns 1 

Penetrability **490. -0.15ns 2.34** 0 -0.87ns 0.39** 0.12 ns 1 

Nuriant cycle **520. -0.10ns 13.17** 0 -1.24ns 0.27** 0.33 ns 1 
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Fig 1: Duncan's mean comparison of functional stability feature 

 

 
Fig 2: Duncan's mean comparison of functional permeability feature 

 

 
Fig 3: Duncan's mean comparison of functional nutrient cycle feature 

 



 

R., Dehghani Bidgoli, A., Keshavarzi / Desert Ecosystem Engineering Journal (2018) 7 (1) 37-42 

41 

Discussion  

The results of this study showed that the 

geographic directions had no effect on ecosystem 

function, but the distance from the water resources 

increase the function of the ecosystem. These 

results were in agreement with the results of 

Heshmati (1997). Since grazing intensity and 

livestock traffic near the water resources were 

more severe than distances away from them, the 

soil surface compaction by livestock in this area 

caused the crusting of the surface of the soil. The 

compression of the soil led to breakdown of the 

shells and reduces the ability of nitrogen fixation, 

so the wind and water erosion increased. As a 

result, the ecosystem functions near the water 

resources were declined heavily. Thus, a very 

critical area of functional ecosystems up to 200 m 

radius from the water resources was created. 

Special attention should be provided by managers 

to improve the ecosystem function of this area. 

However, by increasing the distance from the 

water resources and a decrease of grazing intensity, 

the ecosystem performance status was improved. 

The results were in agreement with those of Arzani 

el al. (2007) and Ghalichnia et al. (2007). Based on 

the results of the research, the function of the 

ecosystem was increases by distance from the 

water place, but the approximately 1Km distance 

from the water resources, a decrease in the 

variation of functional characteristics and stability 

was observed. In short, it can be said that as 

livestock tends to move in certain paths, micro 

traces formed among plant species, therefore, the 

high density of micro traces in this range can be 

assigned to the reduction of the functional 

characteristics of stability. 

 

Conclusions 

The aim of this study is to assess the effect of 

grazing on the ecosystem function in order to 

identify the damaged areas in arid regions. 

Therefore, an approach has been taken in order to 

select the most representative indicators for the 

assessment of rangeland soil properties. 

The correlations between soil properties and the 

distance from the water resources in diverse 

geographic direction were investigated and 

interpreted based on statistical analyses. 

Multivariate statistical techniques were used to 

determine the indicators among soil variables, as 

well as water resources of landscape function 

analyses approach. Three functional properties of 

stability, permeability, and nutrient cycle were not 

correlated with the geographic direction but had a 

positive and significant correlation with the 

distance from the water resources.  

Multivariate analysis of variance showed that 

the mean of each functional characteristic was not 

significantly different in the four directions, but 

there was a significant difference with the distance 

from the water resources. The percentage of 

stability, nutrient cycle, and permeability was 

reduced significantly at a distance of 100, 200, and 

300 m from the water resources. Livestock tends to 

move in certain paths and micro traces formed 

among plant species, therefore, the high density of 

micro traces in this range can be attributed to the 

reduction of the functional characteristics of 

stability. Besides, ecosystem functions increase 

with distance from the water resources. Also the 

results of Duncan's test showed that the high 

grazing intensity near the water resources caused a 

critical range of 150m from the water resources.
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