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Abstract 22 

Grazing is one of the main causes of rangeland degradation worldwide, due to the 23 

effects of overgrazing on vegetation cover and biodiversity. But few data are available on 24 

the effect of grazing intensity on the dynamics of soil organic carbon (SOC) and soil labile 25 

organic carbon (SLOC). So far, very few studies have addressed the modeling of SOC 26 

dynamics under different grazing intensities, and SLOC dynamics has not been modeled 27 

yet. In this study, we used the CENTURY model to select the most effective grazing 28 

management in terms of carbon sequestration (SOC and SLOC stocks) in semi-arid 29 

rangelands of Southern Iran. The effect of four different scenarios of grazing intensity was 30 

simulated: no grazing, light grazing (LG), moderate grazing (MG), and heavy grazing 31 

(HG). The results of long-term model simulations (2015-2100), indicated that SOC stocks 32 

will change by 2.7, 1.7, -23.4, and -24.6% in the scenarios of exclusion, LG, MG, and HG 33 

respectively compared to 2014. With increasing grazing intensities, SLOC stocks in LG, 34 

MG, and HG scenarios significantly decreased compared to the no grazing scenario by 35 

26.1, 59.6, and 70%, respectively. Thus, this study suggests recommending light grazing 36 

management for semi-arid rangelands of Iran and also SLOC as a suitable index for 37 

studying the effect of grazing on soil carbon.  38 

Key words: CENTURY model; SLOC; SOC; grazing intensity; semi-arid rangelands. 39 

 40 

Introduction 41 

Soils have a prominent role in maintaining the balance of the global carbon cycle (La, 42 

2008), and any small change in soil organic carbon (SOC) has high impacts on the 43 



concentration of CO2 in the atmosphere (Smith et al., 2008; Muñoz-Rojas et al., 2015). 44 

Rangelands have a high potential to sequester the atmospheric CO2 in the soil due to their 45 

prevalence in about 50% of land area worldwide, and globally can store up to 30% of SOC 46 

(Derner and Schuman, 2007). In particular, one of the most effective factors in SOC storage 47 

is grazing management (Mcsherry and Ritchie, 2013; Waters et al., 2016). Grazing is one 48 

of the main causes of rangeland degradation particularly in arid and semi-arid 49 

environments, due to the effects of overgrazing on vegetation cover, biodiversity of plant 50 

species, unpalatable species, and livestock trampling that enhance soil loss by erosion, 51 

reduce the production potential of rangelands, and negatively affect SOC, SOC pools and 52 

soil biological activity (Derner and Schuman, 2007; Cao et al., 2013; Al-Rowaily et al., 53 

2015; Sepe et al., 2015). 54 

Recent research has shown that grazing intensity affects SOC stocks, net primary 55 

production, root growth, plant shoot/root allocation, soil C/N ratio, and organic matter 56 

decomposition (Derner et al., 2006; Derner and Schuman, 2007; Pineiro et al., 2010; 57 

Ritchie, 2014; Papanastasis et al., 2015; Orgill et al., 2016). Furthermore, other studies 58 

have shown that short-term periods are not adequate for the evaluation of grazing effects 59 

on SOC stocks, so long-term investigations have been recommended (Medina-Roldán et 60 

al., 2012). 61 

To investigate the effects of grazing on soil carbon, two pools of soil decomposable 62 

carbon including soil labile organic carbon (SLOC), and light fraction organic carbon 63 

(LFOC) have been considered to be suitable indicators (Chen et al., 2012; Sheng et al., 64 

2015). SLOC refers to carbon with high solubility, quick movement and easy 65 

mineralization influenced by plants and soil microorganisms (Cao et al., 2013). SLOC 66 

includes particulate organic carbon (POC), readily oxidized carbon (ROC), soil microbial 67 

biomass carbon (SMBC), dissolved organic carbon (DOC), and light fraction organic 68 

carbon (LFOC) (Geng et al., 2009). SLOC has a relatively short turnover time and has 69 

shown higher sensitivity to management practices when compared to the total SOC stock. 70 

Thus, this pool has been suggested as suitable and sensitive indicator to study the effect of 71 

grazing on SOC (Soon et al., 2007; Cao et al., 2013). 72 



In recent years, simulation models have been recognized as effective tools for decision-73 

making and ecosystems management in relation to soil carbon sequestration. The 74 

CENTURY model is a process-based ecological model to simulate SOC dynamics, 75 

integrating the effects of climate, soil driving variables and management in different 76 

ecosystems (croplands, grasslands, forests and savannas) on soil fertility parameters and 77 

water dynamics (Parton et al., 1987). The model includes specific options to simulate the 78 

effect of grazing on plant production and soil carbon. 79 

About 70% of Iran’s rangelands are located in arid and semi-arid regions, and are 80 

generally used as grazing pastures. At present, no specific research has been conducted to 81 

simulate the effect of grazing on SOC stocks in semiarid environments, especially in terms 82 

of SLOC pools. Bajgah rangeland is one of the semi-arid rangelands of southern Iran that 83 

after the Iranian Revolution and the establishment of an army garrison around this 84 

rangeland and the placement of another part of the rangelands at the Faculty of Agriculture, 85 

Shiraz University, these pastures were not grazed after the revolution. Our hypothesis was 86 

that no grazing and light grazing would not have a negative effect on soil carbon stock, and 87 

with increasing grazing intensity in the long term, soil organic carbon stock and the soil 88 

carbon sequestration rate would decrease in these rangelands. If the results of the studies 89 

showed us that a type of grazing intensity management cannot have a negative effect on 90 

soil carbon, we would be able to propose this type of grazing management to the school 91 

authorities, which will not reduce the soil organic carbon stock (soil health), and it can also 92 

provide animal husbandry and livestock products. Therefore, the aims of this study are: i) 93 

to assess SOC stocks under different scenarios of grazing intensities in semi-arid 94 

rangelands of Southern Iran, ii) to simulate the long-term variations of SOC and SLOC 95 

pool stocks with the CENTURY model, and iii) to indicate the more effective grazing 96 

management. 97 

Materials and methods 98 

Study area 99 



The Bajgah rangelands are located in the northwest of the School of Agriculture Shiraz 100 

University (latitude: 29°36’ N, longitude: 52°32’ E, elevation: 1820 m) in Southern Iran 101 

(Figure 1). Based on the 43-year (1972-2014) statistics of the local meteorological station, 102 

the average annual precipitation and temperature are 388.4 mm and 13.4°C, respectively. 103 

The rangelands of Bajgah are classified as semi-arid, and grasses are mainly C3 type. 104 

Bromus sp., Agropyron sp., Onobrychis sp., Medicago sp., Hordeum sp., and Poa sp. have 105 

been observed predominantly within the studied region. Soils are mainly Fluvisols and 106 

moderately deep. The historical management of rangelands belong to three periods: the 107 

period before nationalization of forests and rangelands (before 1963), the period of 108 

nationalization of rangelands (1963-1979), and the contemporary (Iranian Revolution) 109 

period (1979 to present), and includes light grazing, moderate grazing, and no grazing 110 

management respectively (Vanaee et al., 2017). After the Iranian Revolution and the 111 

change of government and also occurrence of a war between Iran and Iraq, the grazing 112 

intensity on rangelands in Iran was increased to produce more food and the supply of meat. 113 

But the Bajgah rangelands because they were within the garrison of the army and the lack 114 

of permission to enter the ranchers in the area caused the rangelands not to be grazed. The 115 

management of Bajgah rangelands has been similar to the rest of Iran until the occurrence 116 

of the revolution (that's mean the management of this region has been the same as Vanaee 117 

et al. (2017)) and since that time, the grazing of livestock has been eliminated in the Bajgah 118 

rangeland. For the present study, four scenarios were selected light grazing (LG) with 25% 119 

of live shoots removed by grazing, moderate grazing (MG) with 50% of live shoots 120 

removed by grazing, heavy grazing (HG) with 75% of live shoots removed by grazing, and 121 

no grazing management. According to surveys with native people, the duration of grazing 122 

in the rangelands of Bajgah is four months from the beginning of December to the end of 123 

March. 124 

 125 

CENTURY model 126 



The CENTURY model simulates the long-term dynamics of C, N, P and S for different 127 

ecosystems. This model represents SOC in three conceptual pools: active, passive and slow 128 

(Parton et al., 1988) and the sum of carbon in these pools represents the SOC stock 129 

(Tornquist et al., 2009). The passive pool contains a high level of lignin, chemically 130 

resistant to decomposition and with a long (800-1200 years) turnover time (Parton et al., 131 

1988). Slow pool mainly contains cellulose, hemi-cellulose, and organic matter physically 132 

protected inside soil aggregates, with a turnover time of 20-50 years. Active pool contains 133 

microorganisms and their products (proteins, amino acids, sugars, and starches) and 134 

represents the soil labile organic carbon pool (SLOC), with a turnover time between 2 and 135 

4 years. In the Century model, the total organic carbon of soil is the sum of soil organic 136 

carbon contained in the three pools of slow, passive and active. In this study, we considered 137 

the soil organic carbon stock in the active pool equivalent to SLOC (however, it appears 138 

that the active pool is the same as SLOC). In CENTURY, SLOC is included in a variable 139 

called som1c (1) and is highly influenced by management practices such as grazing (Bot 140 

and Benites, 2005). The model has three options (GRZEFF = 0, 1, 2) to consider the effect 141 

of grazing on grass production (aboveground and below ground), root/shoot ratio and soil 142 

carbon. For option 1 (GRZEFF=0) there are no direct impacts of grazing on plant 143 

production except for the removal of vegetation and return of nutrients by the animals. 144 

Option 2 (GRZEFF=1) is referred to as the lightly grazed effect (Holland et al., 1992) and 145 

includes a constant root/shoot ratio (not changing with grazing) and a linear decrease in 146 

potential plant production with increasing grazing intensity. Option 3 (GRZEFF=2) is 147 

referred to as the heavy grazed (Holland et al., 1992) option, and includes a complex 148 

grazing optimization curve for aboveground plant production. These options are adjusted 149 

by some parameters available in the CROP.100 file (Parton et al., 1987). The input data to 150 

the CENTURY model are included in 12 files, each containing a specific set of variables 151 

(Figure 2). 152 

Sampling and laboratory measurements 153 



Previous soil organic carbon measurements were available for 1987, 1995, 1996, 2010 154 

and 2012 (30, 30, 45, 40 and 30 samples, respectively) under no grazing management. In 155 

the present research, an additional soil sampling on the same area (4000 ha) was carried 156 

out from September to December 2014. A simple random sampling was adopted to collect 157 

independent and unbiased samples as well as remain within the limits of time, money, and 158 

staff available for sampling. After removing the litter layer, 90 soil samples were taken 159 

from the top soil (0-20 cm). Soil samples were air dried, visible plant materials were 160 

removed, and the analyses were made on the < 2 mm dried soil fraction after sieving. 161 

Particle-size distribution, soil reaction, soil organic carbon, and total soil nitrogen were 162 

determined by the Hydrometry method (Bouyoucos, 1962), pH meter, Walkley and Black 163 

method (Walkley and Black, 1934), and Kjeldahl method (Bremner et al., 1982) 164 

respectively. To determine the soil bulk density, two soil core samples (in addition to 165 

routine soil samples) were collected in each sampling point using the Core method (Blake 166 

and Hartge, 1986). Finally, SOC stock was calculated in the 0-20 cm layer using Eq. (1):  167 

𝐒𝐎𝐂 𝐒𝐭𝐨𝐜𝐤 = 𝐎𝐂 (%)  × 𝐥𝐚𝐲𝐞𝐫 𝐭𝐡𝐢𝐜𝐤𝐧𝐞𝐬𝐬 (𝐜𝐦) × 𝐛𝐮𝐥𝐤 𝐝𝐞𝐧𝐬𝐢𝐭𝐲 (𝐠 𝐜𝐦−𝟑)       (𝟏) 168 

 169 

For vegetation measurements, first the proper number of plots was determined to 170 

collect representative data. Thereafter, 17 quadrats (plots) with dimensions of 1×1 mm 171 

were randomly established throughout the rangelands. Then vegetation sampling was 172 

carried out during the main growing season from May to July 2014. In each plot, litter and 173 

plant biomass (above and below ground) samples were dried at 60°C for 48 h and weighed. 174 

Thereafter, 2 g samples were oven ashed at 550°C for 6 h, and plant carbon and the total 175 

plant nitrogen were measured using the ash weight, primary weight, and ratio of organic 176 

carbon to organic material relationship (Birdsey et al., 2000) and Kjeldahl method (Kirk, 177 

1950), respectively.  178 

 179 

Model initialization 180 



In this study, the CENTURY model version 4.0 (Parton et al., 1987) was used to 181 

simulate SOC stock and SLOC stock. Values of monthly mean maximum and minimum 182 

temperatures and precipitation were obtained from the 43-year (1972-2014) statistics of the 183 

meteorological station of the College of Agriculture in Shiraz University. Data on climatic 184 

parameters for future simulation periods were stochastically generated by CENTURY 185 

model based on the skewed distribution of climate data (Wang et al., 2008; Tornquist et 186 

al., 2009) from 1972 to 2014. The site-specific parameters and the soil and plant cover 187 

parameters are shown in Table 1. The physiological and ecological parameters for C3 plants 188 

were specified in the CROP file of the model.  189 

Model calibration 190 

CENTURY model is able to simulate total soil organic carbon (SOC) and carbon pools 191 

under the equilibrium state (Tornquist et al., 2009), that is a method to run the model for 192 

an initial period (7000-10000 years) based on the conditions of soil and vegetation before 193 

any anthropic disturbance (Kamoni et al., 2007). The equilibrium condition represents the 194 

baseline for the evaluation of the management effects on soil organic carbon in the 195 

ecosystem. Therefore, the user should first determine the conditions of “equilibrium” and 196 

then import them to the CENTURY model. In this research, the CENTURY model was run 197 

for 10,000 years considering (Tornquist et al., 2009; Wilson et al., 2009) that the Bajgah 198 

rangelands have been under coverage of C3 grasses and light grazing before 1963. Then, 199 

the CENTURY model was run for the periods after 1963. Finally calibrated using the data 200 

obtained from previous samplings (following the initial sampling in 1987). The calibration 201 

process included repetitive running of the model and reviewing the model outputs, then 202 

adjusting the model’s default parameters until measured carbon (Table 1) was equal to the 203 

simulated SOC stock (Tornquist et al., 2009; Wilson et al., 2009). 204 

Model validation 205 

SOC data measured in September and December 2014, as well as the data of the 206 

previous sampling (1995, 1996, 2010 and 2012) were used for the model validation (265 207 



data). To validate the model, we compared the model output to a set of data independent 208 

from the calibration stage. Certainly, the data that was measured in this study was in a no 209 

grazing management.  210 

The SOC stock data are inserted into Century model on an average basis and this is one of 211 

the defects of the Century model that does not consider spatial distribution and works based 212 

on the central indices (the Century model based on mean). Finally, we will have 6 pairs (or 213 

6 points) of data due to the use of 6 sampling times to model validation. Some statistical 214 

comparisons between the simulated and measured values including determination factor 215 

(R2), correlation coefficient (r), root mean square error (RMSE) (Eq. 2), RMSE0.05 (Eq. 3) 216 

and modelling efficiency (EF) (Eq. 4) were used for model validation where Oi, Pi, Ō, SEi, 217 

tm0.95, and n are the observed value, simulated value, the mean of observed values, the 218 

standard deviation of the observed values, t-student value (95% probability level), and the 219 

number of observations, respectively. 220 

 221 𝐑𝐌𝐒𝐄 = 𝟏𝟎𝟎�̅�  × √∑ (𝐎𝐢 − 𝐏𝐢)𝟐𝐧𝐢=𝟏 𝐧                                                                                  (𝟐)   222 

𝐑𝐌𝐒𝐄𝟎.𝟎𝟓 = 𝟏𝟎𝟎�̅� √∑ (𝐒𝐄𝐢 × 𝐭𝐦𝟎.𝟗𝟓)𝟐𝐧𝐢=𝟏 𝐧                                                                       (𝟑)   223 

𝐄𝐅 = 𝟏 −  ∑ (𝐏𝐢 −  𝐎𝐢)𝟐𝐧𝐢=𝟏∑ (𝐎𝐢 − �̅�)𝟐𝐧𝐢=𝟏                                                                                                (𝟒) 224 

 225 

Simulation of grazing scenarios 226 

To investigate the effect of different scenarios of grazing intensities on SOC and SLOC 227 

stocks, the model was run in the four different grazing scenarios from 2015 to 2100 in the 228 

rangelands of Bajgah: no grazing, light grazing, moderate grazing and heavy grazing. To 229 

test the effect of different scenarios of grazing intensity on the simulated parameters, LSD 230 

test was used. All statistical analyses were carried out by SPSS software.  231 

Results 232 



Model calibration and validation 233 

The model default parameters were adjusted during the calibration until the simulated 234 

SOC stock with a value of 3251.6 (g m-2) was close to the measured value of 3228.5 (g m-
235 

2) in 1987 representing the original levels of SOC stock. Thus, the CENTURY model was 236 

considered suitable for simulating the dynamics of SOC of the study area. The comparison 237 

of variations in the carbon pools curves during the equilibrium period (Figure 3) indicated 238 

that the slow and active carbon pools increased rapidly during the first 300 and 100 years, 239 

respectively, while the passive pool decreased slowly throughout the entire equilibrium 240 

period. At the equilibrium state, the fractions of slow, active, and passive organic carbon 241 

pools were 50%, 3.8%, and 46.2% of the total SOC respectively. 242 

There was a significant linear relationship (R2=0.86) between measured and simulated 243 

SOC stocks (Figure 4), and the correlation coefficient (r) was 0.93 (Table 2). The root mean 244 

square error (RMSE), that indicates the total difference between the measured and 245 

simulated values, was lower than RMSE0.05, also EF (modelling efficiency) was 83% 246 

(Table 2), thus the observed and simulated data are not significantly different. Overall, 247 

results indicate that the CENTURY model accurately simulates the dynamics of SOC stock 248 

in the Bajgah rangelands (Figure 4). 249 

Changes of SOC stocks under grazing 250 

Long-term changes of SOC stocks in response to grazing until 2100 showed significant 251 

differences (p<0.01), and the minimum (2883.4 g m-2) and maximum (3436.2 g m-2) SOC 252 

stocks were observed in the heavy and no grazing scenarios (Table 3). Figure 5 shows the 253 

trend of changes in the SOC stocks from 1963 to 2014, followed by the variations of SOC 254 

stock from 2015 to 2100 under the four different grazing scenarios. 255 

The simulations showed that the SOC stocks during the years from 2015 to 2100 256 

increased by 2.7% under no grazing and by 1.7% under the light grazing scenario, but there 257 

was no significant difference (p<0.01) between them (Table 3 and Figure 5). However, 258 

despite the higher increase of SOC stock in the no grazing scenario compared to the light 259 



grazing scenario, both changes were not significant in relation with the baseline year (2014) 260 

(Table 3).  261 

At higher grazing intensities, SOC stocks decreased significantly in the two scenarios 262 

of moderate and heavy grazing in comparison with the no grazing and light grazing 263 

scenarios (Table 3 and Figure 5). The simulations indicated that SOC stocks decreased by 264 

23.4 and 24.6% in 2100 compared to 2014 under the scenarios of moderate and heavy 265 

grazing, respectively (Table 3). Despite the considerable reduction of SOC stocks under 266 

the moderate and heavy grazing scenarios, no significant difference was observed between 267 

them (Table 3).  268 

Changes of SLOC stock under grazing 269 

The simulation of soil labile organic carbon (SLOC) stocks across the different grazing 270 

scenarios (Table 4) indicated significant differences among all scenarios (p<0.01). Figure 271 

6 shows the annual variations of SLOC stock from 1963 to 2014, and then from 2015 until 272 

2100 under the different grazing scenarios. Simulations also indicated that SLOC stocks 273 

will be decreased by 26.1, 59.6, and 70% in the light, moderate, and heavy grazing 274 

scenarios respectively, compared to the no grazing scenario (Table 4).  275 

Discussion 276 

The results of validation indicated that the CENTURY model was able to simulate the 277 

changes of SOC (Table 2), and can be applied for the long-term simulation of the SOC 278 

changes in semi-arid rangelands of Bajgah. Wang et al. (2008) by using a validated Century 279 

model simulated the effects of different grazing intensities on SOC changes in Northeast 280 

China, and results showed that SOC will keep constant at lower grazing intensities. So far, 281 

different studies indicated the capability of the Century model for SOC simulation in 282 

rangelands for example Zhang et al. (2007) in grasslands on the Qinghai-Tibetan Plateau 283 

under alpine climatic conditions, Brown et al. (2010) in rangelands of southwestern United 284 

States, Vanaee et al. (2017) in different meadows of Kurdistan province with continental 285 

climate and high rainfall. 286 



The simulation results showed increased SOC stocks by adopting the no grazing 287 

management in the Bajgah rangelands (Figure 5). No grazing has an enhanced canopy 288 

cover and a high density of litter (Shifang et al., 2008), aboveground and below-ground 289 

litter accumulation (Chen et al., 2012), and a positive effect on improvement of vegetation 290 

diversity (Al-Rowaily et al., 2015) that finally lead to greater SOC stocks (Derner and 291 

Schuman, 2007; Mekuria et al., 2007; Chen et al., 2012). Most studies have reported 292 

increased soil carbon levels by applying no grazing management, in agreement with the 293 

results obtained from this study (Mekuria et al., 2007; Chen et al., 2012). Nevertheless, 294 

other researches have shown that soil organic carbon may increase under grazing compared 295 

to no grazing management due to the C immobilization in the excessive plant litter material, 296 

and the development of annual grasses with a different rooting system favoring organic 297 

matter accumulation (Reeder et al., 2002; Orgill et al., 2016). Waters et al. (2016) argued 298 

that the soil inherent properties, the climate, the landscape morphology and position, and 299 

also the composition of the vegetation community are involved in the difference of the 300 

ecosystem’s carbon response to the no grazing management.  301 

In the Bajgah rangelands, long-term simulations indicated that the light grazing 302 

intensity presents increased SOC stocks compared to moderate and heavy grazing (Figure 303 

5), with not significant difference compared with the no grazing scenario (Table 3). Wang 304 

et al. (2001) stated that appropriate grazing decreases the amount of the mature and old 305 

tissues of the plant, and therefore improves the photosynthetic rate of the plant leaves 306 

remained after grazing, as well as the cycle of nutrients and water in the plant. Wright et al. 307 

(2004) reported that long-term grazing at low grazing intensity of Bermuda-grass pastures 308 

can increase SOC and SON concentrations and could have strong potential for C and N 309 

sequestration. This is mainly due to enhanced turnover of plant material and excreta under 310 

low grazing intensity. Mcsherry and Ritchie (2013) also demonstrated that in the sites 311 

where C3 grasses are predominant, light grazing leads to increased SOC stocks, thus 312 

supporting the results obtained from this study. Some studies reported that light grazing 313 

intensity was a useful management for enhancing C sequestration (Da Silva et al., 2014). 314 



Cecagno et al. (2018) showed a higher potential of the soil for C sequestration with a low 315 

grazing intensity. 316 

The long-term simulation of different scenarios of grazing from 2015 to 2100, 317 

demonstrated also that as the grazing intensity increases, SOC stocks would decrease 318 

(Figure 5). Other recent studies stated that the change of the SOC stocks of rangelands in 319 

response to grazing is dependent on the grazing intensity (Mcsherry and Ritchie, 2013; 320 

Ritchie, 2014; Papanastasis et al., 2015). In this study, the simulations indicated a SOC 321 

stock reduction from 2015 until 2100 in the two scenarios of moderate (with 50% of live 322 

shoots removed by grazing) and heavy grazing (with 75% of live shoots removed by 323 

grazing) (Figure 5); and percent reduction of SOC stocks was 23.4 and 24.6, respectively 324 

(Table 3). Wang et al. (2008), by using Century model showed that high grazing intensities 325 

would have higher probability to release more carbon into atmosphere, thus grassland 326 

ecosystems would act as a carbon source. They also showed that when 40% live shoots 327 

were removed by grazing event per month, about 20% soil organic carbon was lost in good 328 

agreement with our results. Vanaee et al. (2017) in Dehgolan meadows in Kurdistan 329 

province (in west of Iran) by using Century model predicted that SOC stock under 330 

moderate grazing and high grazing in the period from 2014 to 2100 will be reduced by 23 331 

and 25 percent, respectively. Their results were very close to our study results. 332 

Increased grazing intensity leads to a decreased carbon input from litterfall due to 333 

vegetation destruction of plant cover and consumption of litter by herbivores, a reduction 334 

of leaves, an increase of soil temperature in the areas where soil is bare, and the 335 

development of proper conditions for microbial decomposition (Abril and Bucher, 2001). 336 

All of these factors lead to lowered SOC stocks (Derner et al., 2006; Wang et al., 2008). 337 

Some studies have reported a negative effect of grazing on SOC in regions with 338 

precipitation lower than 600 mm per year (Golluscio et al., 2009). Pineiro et al. (2010) 339 

stated that the levels of SOC under semi-arid climate conditions decrease under grazing. 340 

According to Mcsherry and Ritchie (2013) the intensity of grazing and the type of grass 341 

are the most important factors regulating SOC in rangelands after environmental variables. 342 



Furthermore, decreased SOC levels with increased grazing intensity in rangelands where 343 

C3 grasses are predominant have been reported by other researches (Potter et al., 2001). 344 

Mcsherry and Ritchie (2013) also suggest that grazing in the rangelands where C3 grasses 345 

are predominant, under moderate and heavy grazing conditions, has a negative effect on 346 

the soil organic carbon. Considering that in the semi-arid rangelands of Bajgah annual 347 

precipitation is lower than 600 mm per year, and the dominant grasses are of C3 type, the 348 

decreased levels of SOC stock under moderate and heavy grazing conditions in these 349 

rangelands is reasonable and in agreement with the existing literature. 350 

The results of the simulation indicated decreased levels of soil labile organic carbon 351 

(SLOC) with increased grazing intensity in the Bajgah rangelands (Figure 6). Cao et al. 352 

(2013) also stated that with increased grazing intensity, the SLOC stocks would reduce. 353 

The SLOC stocks decreased by 59.6 and 70% under moderate and heavy grazing scenarios 354 

respectively, in comparison with the no grazing scenario (Table 4). Although only a few 355 

studies are available on the effect of grazing on SLOC, Chen et al. (2012) indicated that 356 

SLOC stocks in grazed sites is 73.3% less than in no grazing sites, and this finding is close 357 

and in agreement with our results.  358 

Although the amount of SOC stocks had no significant difference between the light 359 

grazing and no grazing scenarios, as well as between moderate and heavy grazing scenarios 360 

(Table 3), there was a significant difference (p<0.01) among the levels of SLOC stocks in 361 

all grazing scenarios (Table 4). In addition, the annual changes of the SLOC pools in 362 

comparison with the annual variations of SOC stocks showed that SLOC is more sensitive 363 

to grazing and it responds much faster to grazing than SOC (Figure 5 and 6). Accordingly, 364 

the SLOC stock can be proposed as a proper and sensitive parameter to be preferred to 365 

SOC stock for researches on grazing intensity. Due to the slow reaction of the SOC stock 366 

(Medina-Roldán et al., 2012), the majority studies have proposed the SLOC as a proper 367 

parameter to study the grazing effects on soil carbon (Soon et al., 2007; Cao et al., 2013). 368 

Conclusions 369 



In this research, a reduction of SOC and SLOC stocks with the increase of grazing 370 

intensity was observed in semi-arid rangelands of Bajgah (Southern Iran). The long-term 371 

simulation of light grazing had not a significant decreasing effect on the SOC stock. 372 

Therefore, light grazing management is recommended in Bajgah rangelands. Furthermore, 373 

this research suggests and confirms the effectiveness of SLOC stock as a sensitive and 374 

proper parameter for the investigation of different grazing scenarios effects in the future 375 

research.  376 
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Table 1. Soil and vegetation characteristics and climatic parameters used as inputs for the 570 

CENTURY model. 571 

Value Parameter 

52ºN , 29ºE Location 

388.44 Precipitation (mm) 

13.4 Temperature (C˚) 

12.72 Sand (%) 

53.38 Silt (%) 

33.88 Clay (%) 

1.265 Bulk density (Mg m-3) 

7.93 pH 

0.383 Field capacity (FC v/v%)a 

0.159 Wilting point (WP v/v%)a 

3228.53 Initial total SOC (g m-2)b 

11.6 Soil C/N 

29.469 Litter carbon (g m-2) 

38.947 Aboveground biomass carbon (g m-2) 

56.401 Belowground biomass carbon (g m-2) 

1.121 Aboveground biomass nitrogen (g m-2) 

1.646 Belowground biomass nitrogen (g m-2) 

34.72 Litter C/N 

a data provided by the Water Engineering Department of Agricultural College; b Average of 30 samples in 1987. 572 

 573 

Table 2. Quantitative statistical analysis between measured and simulated SOC stocks.  574 

R R2 RMSE0.05 RMSE EF 

0.93 0.86 7.07 2.35 83% 

 575 

 576 

 577 

 578 



Table 3. Long-term changes of SOC stocks under the different grazing intensity scenarios (2015-579 

2100). 580 

Scenario 
SOC stock in 2014 

(g m-2) 

SOC stock in 2100 

(g m-2) 

Changes compared to 

2014 (%)* 

No grazing 3356.1 3446.7a +2.7 

LG 3356.1 3412.5a +1.7 

MG 3356.1 2570.4b -23.4 

HG 3356.1 2529.8b -24.6 

Values followed by the same letter are not significantly different among grazing scenarios at p<0.01 (LSD tests); 581 

SOC soil organic carbon; LG light grazing; MG moderate grazing; HG heavy grazing. 582 

* Changes compared to 2014 (%) calculated as [100 × (SOC stock in 2100- SOC stock in 2014)/ SOC stock in 2014] 583 

  584 



Table 4. Long-term changes of SLOC stocks under the different grazing intensity scenarios 585 

(2015-2100). 586 

Scenario SLOC stock (g m-2) 
Changes compared to No grazing 

(%) 

No grazing 20.87a 0 

LG 15.43b -26.06 

MG 8.43c -59.6 

HG 6.27d -69.95 

Values followed by the same letter are not significantly different among grazing scenarios at p<0.01; SLOC soil 587 

labile organic carbon; LG light grazing; MG moderate grazing; HG heavy grazing. 588 

 589 

 590 

 591 



Figures

Figure 1

Bajgah region in the South of Iran, Shiraz County, province of Fars. Note: The designations employed and
the presentation of the material on this map do not imply the expression of any opinion whatsoever on
the part of Research Square concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries. This map has been provided by
the authors.



Figure 2

The Century model �owchart.

Figure 3

Change of carbon pools during the equilibrium state process.



Figure 4

Measured and simulated SOC Stock in compared with 1:1 line. Vertical bars indicate the difference
between measured and simulated values. EF compares simulations or predictions and observations on
an average level, and ranges from − 1 to 1, with best performance at EF = 1.



Figure 5

Simulated soil organic carbon (SOC) dynamics under different grazing intensity scenarios (No grazing,
LG = Light Grazing, MG = Moderate Grazing, HG =Heavy Grazing).



Figure 6

Simulated soil labile organic carbon (SLOC) dynamics under different grazing intensity scenarios (No
grazing, LG = Light Grazing, MG = Moderate Grazing, HG =Heavy Grazing).


