
J oumal of Biological Sciences 8 (8): 1289-1297, 2008 
ISSN 1727-3048 
© 2008 Asian Network for Scientific Information 

Effects of Livestock Grazing on Vegetation Composition and Soil Moisture 
Properties in Grazed and Non-Grazed Range Site 

IF. Amiri, 2Ali Ariapour and 3S. Fadai 

lIslamic Azad University, Bushehr Branch, Iran 
2Islamic Azad University, Brojerd Branch, Iran 

3Department of Natural Resources, Tehran University, Iran 

Abstract: Studies of vegetation and soil dynamics on grazed and non-grazed rangelands are important 
prerequisites for improving range management. For this reason, the effects of excluding grazing animals for 
26 years were studied on vegetation and soil dynamics at two rangeland condition sites (enclosure and 
exclosure) in Isfahan province, Iran. The vegetation cover and edaphic characteristics were studied 
simultaneously in both grazed and non-grazed range sites. In this study vegetation characteristics, as well as 
vegetation floristic, canopy cover, plant density, botanical composition, plant biodiversity and soil moisture 
infiltration were recorded during the grazing seasons of 2006 to 2007. Vegetation characteristics, in particular 
vegetation cover and plant density, differed significantly between the non-grazed (enclosed) and grazed sites 
and increased significantly in the non-grazed range site. The vegetation cover in the non-grazed site consisted 
mainly of class I and II plants while class III plants predominated in the grazed site. There was no significant 
difference in the botanical composition of the two areas. There was a significant increase in Gramineae in the 
enclosure site compared to the SWTOllllding grazed site, but there was a considerable decrease in forb species. 
We also observed a significant decrease in soil infiltration rates in the grazed range site compared to the 
enclosed range site. Litter content was higher inside and exposed bare soil greater outside the enclosure. 
Infiltration rates were higher in the enclosed area than in the grazed exclosure area throughout the grazing 
season. A comparison of vegetation and soil infiltration within the enclosure showed that vegetation condition 
and soil infiltration were good and that removal of grazing animals, as in the enclosure, causes an improvement 
in rangeland condition in this region. 
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INTRODUCTION 

Livestock and plants interact constantly within 
rangeland ecosystems (McNaughton, 1979). Overgrazing 
pressure that accompanies an increase in the hwnan and 
livestock populations causes a significant reduction in 
plant grovvth vigor and reproduction ability and poor 
establishment of valuable plants which leads in twn to a 
changed botanical composition and soil moisture 
properties (Heitschmidt e/ aI., 1987). There is also a 
reduction in the density of class I (highly preferred 
palatable plants for livestock grazing) category range 
plants (Brand and Goetz, 1986; Wanen e/ aI., 1986). 

According to standard definitions, an enclosed site is that 
part of the rangeland which is totally closed to animal 
grazing and is used for ecological and biological studies. 
Long term enclosures are used to preserve genetically 
diverse plants reserves, succeSSIOn and natural 
development of range plant communities. Seed 

production and protection of class I range plants and 
endangered species are the other goals of range 
enclosure. 

Soil moisture holding capacity plays an important role 
in vegetation establishment and growth in rangelands. 
Soil structure as well as management practices on 
rangeland ultimately influence the root development and 
re-establishment of range plants (Chaichi e/ aI., 2005). 

Enhancement of plant reproduction is virtually 
guaranteed if grazing pressure is reduced within a grazing 
system, along with development of water resources. 
When the rangeland was grazed by livestock within a 
rangeland enclosure experiment, the diversity of species 
of class I range plants was reduced. Plant diversity 
increased only in moderately grazed sites (Dadkhah and 
Gifford, 1980). In a four year range exclosure experiment in 
semi-arid rangelands, McGinty et al. (1979) observed no 
significant difference in botanical composition or biomass 
production between the grazed and non-grazed sites. 
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Table 1: List of floristic species in grazed and oograzed in 2006 and 2007 at Hanna rangelands, northeast Isfahan, Iran 

Species Palatability class Life form Species Palatability class Life form 
Achillea aucheri III PF. Hordewn bulboswn 1lI PF. 
Agropyron tricophrwn I PG. 
Agropyron intermediwn I PG. 
Artimisia aucheri III Sh. 
Astragalus cyclophylus PF. 
Astragalus sp. PF. 
Bromus tomentalus PG. 
Bromus teetorum II PG. 
Cousinia bachtiarica III PF. 
Cousinia cylindracea Boiss. III PF. 
Dactylis glomerata II PG. 
Dapfme mucronata III BT. 
Echinops cephalotes III PF. 
Eryngiwn billardieri II PF. 
Euphorbia sp. III PF. 
EW'otia ceraioides II Sh. 
Festucaovina PG. 

PF: Perermial Forbs, SH: Shrub, BT: Bush Tree, PG: Perennial Grass 

31 °04' -31 °1 O'N). The climate is temperate semi -arid with an 
average annual precipitation of 316 nun and a mean annual 
temperature of 14.5C C (1980-2007). Most of the arumal 
precipitation occurs during winter (December-February) 
and spring (March-May) comprising 42.6 and 29.7% of the 
annual total, respectively. The soil profile is deep with a 
mediwn texture of silty loam having a good granulated 
structure. The non-grazed range site was closed to 
grazing for 26 years (Anonymous, 2006). Data were 
collected for two years, 2006 and 2007, from grazed and 
non-grazed rangeland sites, adjacent to a non-grazed 
range with similar climatic and soil conditions. 

The primary grass species represented in the area are 
Agropyron intermedium, Bromus tomentellu, Agropyron 
sp., Bromus tectorum, Poa bulbosa, Stipa barbata, 
Festuca ovina and Dactylis glomerata. The primary forbs 
species are Achillea aucheri, Astragalus cyclophylus, 
Cousinia bachtiarica and Hordeum bulbosum (Table 1). 

Sheep have been herded in the study area of 
rangeland by nomads for meat and milk production for 
over 100 years. Continuous stocking is practiced 
extensively from May through to September (the 
grazmg season) every year. Watering points are 
available in different parts of the rangeland as natural 
springs and streams. Mean stocking rate varies in 
different parts of the rangeland according to the available 
biomass and water supply, as well as whether or not the 
different tribes can obtain penmSSlOn from the 
government authorities. The mean stocking rate on most 
of the area in a normal season is one sheep per hectare 
during the grazing season (late May to late September). 
However, the nwnber of sheep grazing in different parts 
of the rangeland differs according to the area allocated to 
each tribe. 

Sampling procedure: The study area was sub-divided 
into grazed and non-grazed plots according to grazing 

Hordewn violacewn 
Iris sp. 
Lepudwn sp. 
Noaeamucronata 
Onobrychis melanotricha 
Phlomis olivieri 
Poabulbosa 
Scariola orientalis 
Sersium sp. 
Silen arbescula 
Stac hys inflate 
Stipa barbata 
Tw'(Jxacwn polycphalum 
Tragopagon collillUS 
Trignella sp. 
Thlipa sp. 

IT PF. 
1lI PF. 
IT PF. 
1lI Sh. 
I PF. 
1lI PF. 
1lI PF. 
IT PF. 
1lI PF. 
IT PF. 
IT PF. 
1lI PG. 
IT PF. 
IT PF. 
IT PF. 
1lI PF. 

history and condition: an llllgrazed area (enclosed) has 
been exempted from livestock grazing for 26 years 
(1981-2007). Stocking rates for the moderately and heavily 
grazed areas were 1 and >3 sheep hectare, respectively, 
for the 26 years. All plots had similar climatic conditions, 
topography, soil texture and parent materials. 

Vegetation cover was measured in both the grazed 
and non-grazed areas. The percentage of vegetation cover 
and its components were measured, as well as bare 
grolllld, at the beginning and end of the grazing season. 
Transects were 100 m long and 1 0 quadrats were recorded 
for each (Daubenmire, 1959). Five transects were set up in 
each sampling area (one per strata) and ten quadrats were 
randomly assigned per transect to measure the percentage 
vegetation cover as well as the frequency of individual 
species and vegetation groups (grasses, forbs and 
shrubs). Plant density, vegetation cover and a floristic list 
of botanical composition of class I, II and III plants were 
measured for two dominant vegetation types in quadrats 
in both the grazed and llll-grazed sites. The proper 
nwnber of quadrats in each site was calculated by the 
following Eq. I: 

(I) 

Where: 
N Nwnber of essential samples 
t The t student value with (n-I) and ~ 5% 
s Standard variation 
x Mean vegetation cover 
n Primary sample nwnber 
k Precision coefficient (I 0%) (Bonham. 1989) 

In order to determine species diversity, Shannon's 
diversity index (Shannon-Weaver, 1963) was measured 
based on total cover percentage in both the grazed and 
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Table 3: Vegetation cover rate in non-grazed and grazed areas 

Vegetation cover in Vegetation cover 

Palatability class non-grazed (%) in grazed (%) 

I 1. 8±56. 9 21.2** 
II 2.9±12 1O.8NS 

III 1.1±3.4 20.6** 

Total 72.3 52.6 

**: Significant difference (p<0.01), NS: No significant difference (p<0.01) 

Vegetation composition 
in non-grazed (%) 

78. 7 
16.6 

4.7 

100.0 

Vegetation composition 

in grazed (%) 

40.3** 
20.5NS 

39.2** 

100.0 

T-value 

25.21 
5.76 

42.10 

Table 4: Vegetation composition (Percentage) of rangeland in enclosure and exclosure in 2006 and 2007 at Harma rangelands, northeast Isfahan, Iran 

Grazing period 

May ( early grazing) September (end of grazing) 

Vegetation composition (%) Vegetation composition (%) 

Range site Grass Forbs Litter Bare ground Grass Forbs Litter Bare ground 

Un-grazed area (enclosure) 

Grazed area (exclosure) 
42.8'" 

15.4b 
29.5b 

36.8'" 

17.6' 
15.6' 

8.7' 
32.2b 

12.1' 

3.1' 

10.1' 
18."t 

69.1' 

8.2' 

10.1' 
70.0'" 

Within coluIIllls and rows for each parameter and treatment, means with the same letter are not significant at p<0.05 

Table 5: Analysis of variance for species diversity in llll-grazed and grazed areas 

Variance source df 

Species diversity between Un-grazed and grazed areas 

Error between samples 50 

Stun 51 

NSNo significant difference at 1 and 5% 

SS 

0.0003 

0.0187 

0.0220 

MS 

0.0003 

0.0003 

F-value 

0.1557NS 

Table 6: Soil moisrure of rangeland in both the enclosure and exclosure in 2006 and 2007 at the Hanna rangelands, northeast Isfahan, Iran 

Year Grazing treatment Grazing period 

2006 2007 Ungrazed area Grazed area May June July August September 

Soil moisture (%) 6.8' 6.5' 7.3a 6. "t 6' 6.1' 

Within collllIllls for each parameter and treatment, means with the same letter are not significantly different at p<0.05 

The average vegetation cover in the llll-grazed 
treatment was 72.3% in early 1.1ay, of which more than half 
(37.6%) was associated with the cool season grasses, 
whereas the rest was comprised of forbs. The percentage 
of vegetative cover in the enclosure area declined to 
22.2% in the final days of September, which marks the end 
of the grazing season. At this time the grass population 
within the sward declined drastically insofar as the 
amollllt of grass cover declined from 42.8 to about 12.1 % 
(Table 3). The percentage of vegetative cover within the 
grazed zone was 21.8% in the last days of September, 
comprising 3.1 % Millet and 18.7% graminaceous broadleaf 
species (Table 4). By the end of the grazing period, the 
grass component of the vegetation cover in all areas had 
decreased significantly (Table 4). The percentages of bare 
grolllld in the llll-grazed and grazed areas in early May 
were 8.7 and 32.2%, respectively, this increasing to 10.1 
and 70% by the end of the grazing season. The increase 
was statistically significant in the grazed treatment, but 
not in the llll-grazed treatment. The results of the present 
experiment support the positive effect of excluding 
grazing animals on vegetation development in the semi
arid rangelands of Iran. 

Species diversity: The mean diversity indices in the 
grazed and llll-grazed sites were H = 0.8 and H = 0.87, 

respectively. However, these values were not significantly 
different (Table 5). 

Infiltration rate. Infiltration rate varied by year, 
grazing treatments, grazing period and their interactions 
(Table 6). The mean soil moisture content was 
significantly higher in both rangeland sites in 2006 
compared with 2007. It decreased llllder grazing pressure 
in both years, although less so in 2007, which was a drier 
year. Soil moisture decreased in both years as the grazing 
season proceeded lllltil September, when soil moisture 
increased (Table 6). 

The infiltration rate followed a decreasing trend from 
early in the grazing season (early May) lllltil the end of 
the grazing season (early September) (Table 7). In all 
experimental sites the infiltration rate during the first 5 min 
of water application was higher than the rest of the 
measuring period of 90 min. 

The rate of soil infiltration decreased during the initial 
5 min in 0.6% of grazing situations compared with the 
same time in the selected enclosed area. This was because 
of increased exposure of bare soil llllder grazing. 
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Table 7: Infiltration rate (mm min-I) of rangeland in both the enclosure and the exclosure in 2006 and 2007 at Harma rangelands, northeast Isfahan, Iran 

Infiltration rate (mm min 1) 

May (early grazing) 

Measuring time 

Range site 
Un-grazed area (Enclosure) 20a 

Grazed area (Exclosure) 12b 

5 

8.0 
4.Sd 

10 
5.0' 
3.0' 

30 60 
4.0' 
1.5'[ 

90 

September (end of grazing) 

Measuring time 

12.0' 
9.5b 

5 

7' 
4" 

10 
5.0' 
2.7' 

30 60 
3.5' 
1.1 f 

90 
3.0' 
O.y 

Within COiUIIlllS and rows for each parameter and treatment, means with the same letter are not significant at p<O.05 

DISCUSSION 

Vegetation change: Over half of the canopy cover within 
an enclosure was made up of plants that were either 
increasing in density, whereas there was little or negligible 
change in plant mnnbers outside the exclosure where 95% 
of the plants were lllldesirable invaders. More desirable 
species were present inside the protective enclosure. 
Vegetative cover in the enclosed area declined 
significantly in the final days of September, conCWTent 
with the end of the grazing season. At this time the grass 
population and cover declined dramatically as the plants 
matured and senesced so that the vegetative cover in the 
grazed plots at the end of the grazing season was only 
21.8%, of which 3.1 % were grasses and 18.7% were 
broadleaved forbs. The importance of the percentage of 
broadleaf species cover in the grazed situation compared 
with in the non-grazed enclosure is that the broadleaf 
species are dormant at the beginning of the grazing 
season, are actively growing in the middle of the season 
and reach maturity towards the end of the grazing season. 
Whereas cold season grass species are able to survive 
the cold winter period, they reach their maximlllll grovvth 
rate early in the grazing season. 

Akbarzadeh e/ 01. (2007) reported that after 24 years 
livestock exclusion in Kuhrang, total canopy cover within 
an enclosure was higher than on the outside. There was 
a higher density of grasses and forbs within the enclosure 
than outside, but shrubs were not significantly different. 

Mirza Ali e/ol. (2006) studied the effect of enclosure 
on the vegetative cover and surface soil of salty pastures 
in the Golestan province of Iran in which Millet over 
several years and forbs in one year accOllllted for most of 
the vegetative cover outside the enclosure. Johnson et al. 
(1971) observed long term grazing to have a significant 
effect on vegetative cover, this being less under light 
grazing (1 animal illilt per hectare) than under heavy 
grazing intensity (2.5 animal units per hectare) in which 
the amount of forbs and shrubs increased, consistent with 
the findings of our study. 

Page et al. (1999) observed that grass cover in 
Acacia-dominated savannah woodlands was negatively 
related to the intensity of grazing, whereas in a non-

grazed enclosure the palatable grasses dominated the 
mixture. Dormaar et al. (1989) observed that in grasslands 
of semi-arid regions, grazing causes a decline in the 
proportion of grass species. Chaichi e/ 01. (2005) 
investigated the effect of trampling of soil on changes of 
vegetative cover and in the physical characteristics of the 
soil in Lar rangeland and found that the grass-green cover 
decreased from 38 to 9.5% at the end of the grazing 
period, due to a cessation of the grovvth of certain 
herbaceous species. Over a number of years the herbage 
cover declined-in grass, green plant species and broad 
leaf herbs like thyme, with a conCWTent increase in other 
broad leaf herbs over this period. 

Present observations correspond with those of 
Chaichi e/ol. (2005). who observed the percentage of bare 
soil in an enclosure at the beginning of a grazing season 
to decrease from 10.1 to 8.7% by the end of a grazing 
season. The reason for this in this study was an increase 
in dead litter in the region from 17.6% at the beginning to 
69.1 % at the end of grazing season (Table 4). Therefore 
the presence of dead litter is the most important protective 
factor of the soil in the latter days of September. 

In present study we found that the density of class 
I species differed significantly according to whether the 
site was grazed or non-grazed, even though this 
difference did not occur in the case of class II species. In 
other words the proportion of palatable plants was able to 
increase in the enclosure because the plants were able to 
flower, seed set with new seedlings germinating. 

In a survey of the effect of grazing in America's 
coastal regions. Bellows (2003) reported that grazing led 
to trampling of the surface soil and a decrease in plant 
density and herbage cover associated with more intense 
soil erosion and a decrease in plant production and 
establishment Vahabi e/ 01. (1997) showed that after 
5 years, the intensity of herbage in the class I, II and III 
palatability classes increased in protected pastures by 
138.8.120.8 and 51.5%. respectively compared with grazed 
pastures, accompanied by a 62% increase in total 
vegetative cover. The reason for the differences between 
their work and ours may be related to differences in 
topography and environmental conditions, the type and 
percentage of vegetative cover and the duration of the 
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enclosure in the two locations. Being in a non-grazed 
enclosure allows the development of a different herbage 
structure of palatable species compared with when they 
are regularly grazed. In general the percentage of class I 
plant species decreased from 78.7% in an enclosure to 
40.5% llllder grazing conditions. In other words the 
enclosure provided better conditions for the 
establishment of palatable species. Under grazmg, a 
significant percentage of herbage structure is assigned to 
relatively llllpalatable or inedible species (class III), these 
being comprised mainly of invasive weeds and plants with 
thorns. In general, the percentage of these species within 
the sward increased from 4.7% in a non-grazed enclosure 
to 39.2% llllder typical grazing conditions. The percentage 
of class II species plants did not vary significantly 
between enclosed and grazing situations at the beginning 
of the grazing season. Grazing pressure has its main effect 
on palatable species (class I). Under light and moderate 
grazing the broad leaf species can attain the required 
opportmrity for better procreation and establishment 
so as to achieve a greater share of the sward structure. 
But at the end of the grazing season the reason for the 
reduction in the proportion of palatable species within 
the botanical composition of the sward. Grazing 
pressure favored less palatable species (class II) and at 
the end of grazing season the percentage of class II 
species accOllllted for less of the botanical composition. 
By this stage the percentage of class III plants increased 
from 4.7% in a non-grazed enclosure to 39.2% under 
grazing because of the lack of palatability of these plant 
species. Grazing pressure impacts on edible plants which 
need the land to be spelled from grazing so that and these 
species have an opportunity to become established. 
Jalilvand e/ 01. (2007) showed that more grasses and forbs 
present in the ungrazed area and shrubs increased with an 
increases in grazing intensity. Ungrazed area also had 
more species of palatability classes of I and II but more 
species of class III and unpalatable species were found in 
grazed area. 

Species diversity: The lack of a significant difference in 
vegetation diversity between the non-grazed and grazed 
areas contrasts with a similarly designed experiment by 
Warren et al. (1986) with range sites grazed by cattle, in 
which 13 important range species decreased in density 
after five years. This is while the density of class I, II 
and III plants increased by 138.8. 120.8 and 51.5% in 
enclosed range sites compared to grazed ones. In an 
experiment conducted in Argentina, Passera and 
Borsetto (1996) noted that the reproduction of palatable 
perennial grass plants in plots closed to grazing was much 
faster than those that were grazed. Kakinwna and 

Takatsuki (2008) investigated the change in plant 
commmrities by grazing in northern Mongolia and 
observed that species diversity and biomass of forb 
decreased with increasing grazing intensity. However, 
thin plants grass did not decrease in grazing intensity. In 
semi-arid rangelands ofIran the succession in the trend of 
vegetation cover without hwnan intervention is gradually 
moving to tall perennial grass plants accompanied by 
palatable forbs. 

Soil Infiltration: The decline in infiltration rates from the 
beginning to the end of the grazing seasons in both 
selection areas and grazing regions clarified how soil 
responds to intensive stock grazing. In early May, at the 
beginning of the grazing season, the rate of soil 
infiltration in the first five minutes declined by 62.5% from 
12 to 4.5 mm min-I. By the end of the grazing season at 
the end of September the infiltration rate had declined to 
around 58% for the grazing region. This was due to 
compaction of the soil surface layer and damage to soil 
structure due to grazing in previous years. The lack of 
vegetation and organic materials was accompanied by 
a decrease in infiltration of around 4% at the beginning 
of the grazing season compared with the non-grazing 
regIOn. 

The results highlighted that the compaction from 
livestock trampling likely contributed soil surface and 
botanical composition and vegetation impacts on the 
decreasing soil infiltration rate. These results are 
compatible with the findings of Mapfurno e/ 01. (2000). 
Chaichi et al. (2005) reported that soil infiltration rate in 
stock grazing region in the first grazing season decreased 
from 12 to 4 mm min- l (decreasing 67%). Also Faizul et al. 
(1995) identified that grazing results in a decrease in water 
infiltration into the soil and a compaction of the soil 
surface layer along with a decrease in the soil organic 
material. N aeth e/ 01. (1991. 1995) with surrey of grazing 
impact on vegetation and soil infiltration rate clarified that 
the disturbed topsoil structure as a result of the effects 
from trampling by grazing animals is a primary reason for 
lower water infiltration. 

Warren e/ 01. (1986) reported that the rate of 
infiltration of water through the profile of rangeland soils 
declines under grazing along with an increase in soil 
compaction. They also identified that an increase in 
livestock nwnbers resulted in damage through trampling, 
particularly when the soil is wet and prone to pugging. 
Belsky and Blurnental (1997) surveyed the impacts of 
stock grazing on vegetation and soil rate in alpine forest 
region in the west of USA and reported that stock grazing 
in these regions resulted in a decrease in surface cover, 
compaction of soil, decreasing water infiltration in the soil 
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and increasing soil erosion. Laycock and Comad (1967) 
observed a significant relationship between increased 
livestock trampling, decreased soil infiltration and 
increased soil compaction, although it is not a linear one. 
Perevo1otsky (1994) studied the impacts of grazing on 
conservation operation and the reclamation of natural 
resources in Israeli semi-arid areas and identified that 
over-grazing affects land cover, nmoff and soil erosion, 
soil moisture infiltration and a decline and removal of 
nutrients from the grazing system. 

The pressure of livestock grazing and overall 
utilization of rangelands has caused soil and vegetation 
degradation in many natural rangelands of Iran. Present 
study has demonstrated that grazing prevention is an 
important means of rehabilitating and renovating 
rangelands. To improve the vegetation cover in 
moderately grazed areas, the grazing of rangelands by 
livestock needs to be restricted for at least three years 
before the land is then managed with a more moderate 
stocking density that is in accordance with the 
rangeland's capacity to produce. In the heavily grazed 
area, the vegetation cover needs to be improved by the 
seeding and establishment of high quality rangeland 
plants with grazing livestock totally prohibited lllltil the 
plants become well established and reproduce through 
natural regeneration. 
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