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Grazing intensity (GI) is a major determining factor that controls the functioning of rangelands and the overall nutrient cycle. The Teltele rangeland is used for communal grazing area by the local pastorals; however, to date, there is no documented study data about the impact of GI. The objective of this study was to evaluate the impacts of grazing intensity on selected soil properties in the Teltele rangeland, Ethiopia. Soil samples were collected from different GI sites using different elevation gradient and soil depth from both open grazing and bush-encroached grazing land sand-assessed soil properties. Grazing intensity, elevation, and soil depth significantly (p < 0.05) affected both soils’ physical and chemical properties but rangeland types had no significant effect. The correlation analysis of soil characteristics with the principal component analysis axes showed significant variation. The highly weighted and correlated properties under principal component 1 (PC1) were electrical conductivity, organic carbon, total nitrogen, available phosphorus, and potassium, and under principal component 2, sand and bulk density with equal loaded value (r = −0.998), clay and silt, with silt (0.962) a more loaded one. Soil pH (0.743) demonstrated a significant (p < 0.05) positive correlation with sodium (−0.960) at PC1 (r = 0.610). Based on our results, we recommend further model-based studies on spatial–temporal change of soil properties due to impact of grazing intensity, combined with GIS and remote sensing data to be developed for sustainable rangeland management.
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INTRODUCTION
Rangelands are lands on which the indigenous vegetation is predominantly grasses, grass-like plants, forbs, or shrubs and is managed as a natural ecosystem (Raj, 2005). Arid and semi-arid rangelands are heterogeneous in space and time because of variation in biotic and abiotic factors related to vegetation and soil properties and provide multiple ecosystem functions and services (Wang et al., 2016; Yang et al., 2016). Rangeland heterogeneity shapes vegetation structure and productivity (IPCC, 2013; Yigini and Panagos, 2016; Ademe et al., 2017). Variability in soil properties is a major main cause of rangeland heterogeneity (Ayalew, 2011). The major properties include soil textural, electrical conductivity (EC), organic matter (OM), and soil pH (Liu et al., 2011b; Abdalla et al., 2018). The primary use of the Teltele rangelands of Ethiopia is for livestock grazing (Derner et al., 2006). These rangelands are almost entirely occupied by a pastoral population using a system of communal resources for livestock production (Solomon et al., 2007). Grazing intensity is a major determining factor controlling rangeland functioning and the overall nutrient cycle (Hafner et al., 2012). Intensive livestock production and grazing gradually modify the soil characteristics, in particular organic carbon (OC), OM, EC, total nitrogen (TN), available phosphorus(P), exchangeable potassium (K), sodium (Na), texture, bulk density (BD), and pH (Pellant et al., 2000; Dessalegn et al., 2015; Zhou et al., 2017). Overgrazing can also cause soil erosion by reducing rangeland productivity and vegetation cover and in the long term, results in loss of environmental services, siltation of dams and river beds, reduction of groundwater, and social-community losses due to malnutrition and poverty (Adimassu et al., 2017). Furthermore, the removal of palatable species due to overgrazing suppresses their growth and facilitates the rapid encroachment of less desirable invasive species, mostly bush and shrubs plants species (Lin et al., 2010; Chen et al., 2015; Hailu et al., 2020).
Previous studies indicated that overgrazing increases soil heterogeneity (Su et al., 2006), while others reported that soil heterogeneity and vegetation diversity decrease with an increasing grazing intensity (Zhou et al., 2010; Zhao et al., 2011; Zhou et al., 2017). However, the majority of studies indicated that continuous and significant grazing intensities are generally accepted as having negative effects on OC (Piñeiro et al., 2010). Similarly, the effects of grazing on the spatial heterogeneity of grassland ecosystems related to soil properties have been inconsistent and need to be clarified in the Borana rangelands of Ethiopia. Evaluating dynamics of soil properties through grazing intensity (GI) requires clear and measurable data using comparable spatial methods at the study site. Therefore, understanding of soil properties is essential for rangeland management because such properties are among the primary factors that determine the forage production potential of an area in a particular climate (Hardy and Mentis, 1986; Aynekulu et al., 2017; Zhang et al., 2018). For centuries, the Teltele rangeland was used for communal grazing area by the local pastoralists, however, to date, there is no documented study data about the impact of GI on the soil properties in the rangeland area. This becomes one of the major gaps for sustainable rangeland management through balancing grazing capacity and maintaining rangeland productivity and livestock performance. Therefore, the objective of this study was to evaluate the soil properties in relation to the GI across different levels of altitude and grazing areas in Teltele rangeland, Ethiopia. So, this study aimed to address the following basic questions that can be used for effective implementation of management strategies and fill the knowledge gap mentioned above: 1) Is the significant difference observed in the soil properties due to variation of GI? 2) Does variation of grazing land type (GLT) had an impact on soil structure? 3) What is the interaction impact of GI with elevation (E) and soil depth (SD) on the soil properties? We hypothesized that 1) GI strongly affected soil properties, 2) GI had a similar impact on the soil properties both at the open grazing site and bush-encroached grazing site, and 3) interaction impact of GI, E, and SD is significant on the Teltele rangeland.
MATERIALS AND METHODS
Study Area
This study was conducted from January–December 2019 in Teltele district, Borana zone, Ethiopia (Figure 1), which covers an area of 15,430 km2 of which 68% (10,492 km2) is rangeland (Billi et al., 2015). The Teltele rangeland is 666 km south of Addis Ababa. The area is situated approximately between 4° 56′ 23″ and 5° 49′ 21″ N latitude and 37° 41′ 51″ and 38° 39′ 37″ E longitude. Mean elevation is 500–1,500 m with a maximum of 2059 m. The mean annual temperature ranges from 28–33°C with little seasonal variation. The rainfall is distributed with 60% from March–May and 27% from September–November and with high temporal and spatial fluctuations (Dalle et al., 2015). Potential evapotranspiration is 700–3,000 mm (Billi et al., 2015). The soil in the study area includes 53% red sandy loam soil, 30% black clay, and volcanic light-colored silt clay and 17% silt, and the vegetation mainly dominated by encroaching woody species, and those that frequently thinned out, including Senegalia mellifera, Vachellia reficiens, and Vachellia oerfota (Coppock and scarnecchia, 1994; Gemdeo et al., 2005). The 2017 national census data reported a total population of 100,501 in this district, 51,670 men and 48,831 women. Cattle, goats, sheep, camels, mules, donkeys, and horses are the main livestock species.
[image: Figure 1]FIGURE 1 | Location map of the study area.
Grazing Site Selection
A reconnaissance survey and discussion were conducted with local pastoralists and district Pastoral Development Officers on grazing intensity issues. The sampling site was selected both from open (free from any bush encroachment) and from bush-encroached grazing site since both grazing land types were available in the study area with different GI. In each grazing land type, three grazing treatments were categorized based on GI. Grazing intensity data were collected using the same procedures described by Fenetahun et al. (2020,2021), the same authors at the same study site. Based on the discussion and survey data, grazing sites were chosen based on similar, uniform, and same soil series. All sites were on the northeast part of Teltele woreda and have laid in similar slope and elevation range, and all sampling sites had been grazed by livestock for several decades up to date and almost have the same seasonal and environmental features. Cattle, goats, and sheep are among the dominant livestock. The grazing sites were used for yearly round, seasonal, and some are already fenced by the government for conservation and rehabilitation purposes in order to use it when the harsh environment like drought will happen. The status of pasture and rangeland condition of grazing site was used to estimate the level of GI (Morteza et al., 2012). We selected a site with two treatments: a non-grazing (NG) (as a control) and a grazing site (moderately grazing and overgrazing) that was considered to see the effect of grazing intensity based on grazing intensity gradient (Fenetahun et al., 2021). The rate of GI was described as follows: non-grazed (NG) (livestock have been excluded from the pasture by fence and the ground was almost completely covered by vegetation) and moderately grazed (MG) (pasture has been used for grazing in regular rotational basis, that is, used during non-dry seasons but not in the rainy season and vegetation covers almost 50–55% and overgrazed (OG) (pasture is used for grazing constantly throughout the year and totally grazed and undergoes degradation, and vegetation cover was in most cases less than 15%) for the last 1.5 years, and also, GI was divided into MG and OG based on the current carrying capacity potential (Fenetahun et al., 2020; Fenetahun et al., 2021). The treatments of sample collection involved at NG (∼0 ha AU−1Y−1), MG (6 ha AU−1 Y−1), and OG (12 ha AU−1 Y−1 and above) grazing area based on the current carrying capacity of rangeland was calculated by Fenetahun et al. (2020) and physical field observation. Also, we have selected the sampling site which has almost similar rainfall pattern and temperature in order to reduce the climate difference effect on soil composition.
Soil Sampling and Analyses
For soil sample collection, we applied the judgment sampling method (USEPA, 2002) to locate sampling sites for both open-grazing land (OGL) and bush encouraged (BE), landscape E lower (LE) (700–1,000 m), medium (ME) (1,001–1,300 m), and higher (HE) (1,301–1,600 m), and at soil depths (SD) of 0–10 cm and 10–20 cm using an auger at all GI because most grass roots are found within this layer (Mekuria et al., 2018; Zhu et al., 2015). Then, established a 5-km transect at each site, three main plots (50 m × 50 m), the western plot having a GI of NG, the middle plot a GI of MG, and the eastern plot a GI of OG, were marked and had a 1 km interval between each GI plots, and in each marked plot, five quadrats of (1 m × 1 m) were placed at 5 m buffer zone for each sampling quadrat that was used for soil sample collection (Figure 2). Soil sampling was done both during the dry season (end of February 2019) and the rainy season (end of May 2019) along each of the grazing sites in order to overcome the season variation effect and we took the mean value. Thus, a total of 108 quadrat samples were collected (2 grazing land types × 3 landscape E × 3 GI plots × 2 SD) × 3 replications. The samples were mixed at the point of sampling and 0.5 kg sub-samples from each sampling point were taken in the laboratory in a plastic bag and were oven-dried at 105°C for 24 h in order to avoid delay. Samples for the BD estimation were collected two days after a rainfall event, a 5 cm × 5 cm soil corer of volume 98.13 cm3 was used, making sure not to disturb soil aggregation (Masebo et al., 2014; Hishe et al., 2017). Samples were analyzed in the soil laboratory at Yabello Pastoral and Dryland Agricultural Soil Research Center. After drying, soil samples were crushed to pass a 2-mm stainless steel sieve to remove foreign bodies (Hishe et al., 2017). Analysis was performed for OC, TN, P, K, Na, pH, EC contents, and particle size distribution (clay, silt, and sand) following standard procedures is described (Table 1) below.
[image: Figure 2]FIGURE 2 | Sampling lay out.
TABLE 1 | Standard procedures and methods used to analyses soil properties.
[image: Table 1]Data Analysis
The effect of GLT (OGL and BE), GI, and E impact on selected soil properties was analyzed by using analysis of variance (ANOVA) effect in SAS version 9.1.3 (Statistical Analysis System) with different statistical packages. Some of the properties possessed extreme outliers and did not meet the normality assumptions. Then, an assessment of significant differences evaluation at p < 0.05 was used to analyze the impact of treatment using the LSMEANS procedure (Yang and Luo, 2011). A Spearman rank correlation analysis and matrix were carried out to investigate the impact of soil factors resulting from the different GI, and a full set of soil properties data across GI, E, SD, and GLT were subjected to principal component analysis (PCA) to evaluate the impact of GI on each soil properties and also in order to evaluate the bonding characteristics within each soil properties. The criterion used for selecting the optimal subset of the main component (PC) is to select a subset with eigenvalues greater than 1.
RESULTS
Physical Properties
From our result, we can understand that both levels of GI, E, and SD, had significant (p < 0.05) effects whereas GLT (OGL and BE) had no significant (p > 0.05) effect on all of the soil physical properties. Sand soil content was highest on the OG level of grazing than the MG and NG, at both SD and E, particularly at HE grazing position and at the 0–10 cm of SD and lowest on the NG level of grazing, at LE grazing position and at the 10–20 cm of SD in both GLT. Clay and silt soil content were highest on NG level of grazing than MG and OG at both SD and E, particularly at LE grazing position and at 10–20 cm of SD and lowest on OG level of grazing, at HE grazing position and at 0–10 cm of SD (Table 2). Also, the interaction (X) effect of both GI, E, and SD, across GLT had significant effects on all of the physical properties of the soil, both within and across the different grazing sites (Table 3 and Figure 3). The highest sand soil particle distribution was recorded at OG X BE X HE X 0–10 cm depth and the lowest was recorded at NG X BE X LE X 10–20 cm depth. The highest clay and silt soil particle distribution were recorded at NG X BE X LE X 10–20 cm depth and the lowest clay and silt were recorded at OG X BE X HE X 0–10 cm depth. The highest concentration of BD was observed at 0–10 cm depth in all GI and E. The highest BD was recorded at OG, in the BE site, at HE of 0–10 cm depth and lowest was recorded at NG, in the BE site at LE of 10–20 cm depth. This indicated that the interaction effect of GLT had significant effects on all of the physical properties of the soil.s
TABLE 2 | Mean (±SE) value of soil physical particle size distribution under different grazing land type, elevation, grazing intensity, and soil depths.
[image: Table 2]TABLE 3 | Mean (±SE) value of soil physical particle size distribution under the interaction effects of grazing intensity with grazing land type, elevation, and soil depths.
[image: Table 3][image: Figure 3]FIGURE 3 | Mean ± SE particle size distribution across grazing intensity. Bars with different letters are significantly different for each grazing intensity site, PSD, particle size distribution; NG, non-grazing; MG, moderately grazing; OG, overgrazing.
Chemical Properties
Results indicated that both levels of GI, E, and SD, exhibited a significant (p < 0.05) effect but GLT had no significant (p > 0.05) effect on all of the soil chemical properties. The highest EC, OC, TN, P, and K contents were recorded at NG than the MG and OG level of grazing at both SD and E, particularly at HE grazing position and at the 10–20 cm of SD and lowest at OG level of grazing at both SD and E, particularly at LE grazing position and at the 0–10 cm of SD in both GLT. The highest pH and Na values were recorded at OG than NG and MG level of grazing at both SD and E, particularly at LE and at the 0–10 cm of SD and lowest at NG level of grazing, especially at HE and at the 10–20 cm of SD (Table 4). Interaction (X) effects of both GI, E, and SD, across GLT had significant effects on all of the chemical properties of the soil, both within and across the different grazing sites (Table 5 and Figure 4). The highest EC, OC, TN, P, and K contents were recorded at NG X OGL X HE X 10–20 cm depth and the lowest was recorded at OG X BE X LE X 0–10 cm depth. The highest pH and Na values were recorded at OG X BE X LE X 0–10 cm depth and the lowest was recorded at NG X OGL X HE X 10–20 cm depth. Further, the interaction effect of bush encroachment also had affected the soil chemical properties distribution in the grazing rangeland.
TABLE 4 | Mean (±SE) value of soil chemical properties distribution under different grazing land type, elevation, grazing intensity, and soil depths.
[image: Table 4]TABLE 5 | Mean (±SE) value of soil chemical properties distribution under the interaction effects of grazing intensity with grazing land type, elevation and soil depths.
[image: Table 5][image: Figure 4]FIGURE 4 | Mean ± SE soil chemical properties abundance across grazing intensity. Bars with different letters are significantly different for each grazing intensity site. SCP, soil chemical properties; GI, grazing intensity; NG, non-grazing; MG, moderately grazing; OG, overgrazing.
Correlation Analysis of Soil Properties With Grazing Intensity
The correlation analysis of the regression lines describes the relationship between the soil properties and the GI. In relation to soil physical properties, there is a positive correlation between sand and BD contents with the GI but a negative correlation with clay and silt contents with the rate of GI (Figure 5). In the case of soil chemical properties, GI showed a negative correlation with the soil EC, OC, TN, P, and K contents and a positive correlation with soil pH and Na contents (Figure 6).
[image: Figure 5]FIGURE 5 | Correlations between soil physical properties and grazing intensity. GI, grazing intensity; NG, non-grazing; MG, moderately grazing; OG, overgrazing.
[image: Figure 6]FIGURE 6 | Correlations between soil chemical properties and grazing intensity (GI, grazing intensity; NG, non-grazing; MG, moderately grazing; OG, overgrazing.
Correlation Matrix and Principal Component Analysis of Soil Particle
Observing the correlation matrix and PCA that were computed for each pair of soil properties at each GLT along with the interaction effect of GI, E, and SD, and EC, OC, TN, P, and K showed positive correlations with each other and with clay and silt soil contents, whereas, a negative correlation with Na, pH, and sand soil contents across both GLT, GI, E, and SD (Table 6 and Figure 7B). The location of soil properties under different regions of the PCA axes is based on the correlation coefficient between each variable. Since the main components are orthogonal, this defines a projection of the data on vector space spanned by the first two principal components. Thus, we used two PCs with eigenvalues >1 for our study (Table 6 and Figure 7A). Therefore, the location of each soil property in the PCA diagram is very significant and important. The highly weighted and positively correlated properties under PC1 were EC, OC, TN, P, and K and highly impacted or negatively correlated with Na and pH (Figure 7B). Under PC2, the highly weighted and positively correlated properties were sand and BD with a high negative correlation of the other weighted and positively correlated properties of clay and silt. Soil pH showed a strong positive correlation with Na at PC1 with a more loaded value of Na, and this result strongly agrees with the data reported by Kane (2015).
TABLE 6 | Correlation matrix within each pair of soil properties across the interaction effect of impacting factors.
[image: Table 6][image: Figure 7]FIGURE 7 | (A) Scree plot for the different components considered for the principal component analysis with eigenvalues greater than one and (B) principal component analysis (PCA) of the overall data set. OC, organic carbon; TN, total nitrogen; Av. p, available phosphorus; Av. K, available potassium; Ex. Na, exchangble sodium; BD, bulk density; EC, electrical conductivity.
DISCUSSION
Impact of Grazing Intensity on Soil Properties
Grazing Intensity Impact on Soil Physical Properties
The Teltele rangeland site was selected because it is one of the driest parts of the Borana region and therefore the pastoral communities in this region are the most vulnerable to rangeland degradation due to overgrazing. The GI significantly affected all the soil properties that we measured. The clay and silt soil contents distribution were decreased with increasing GI and decreased SD and decreased with increasing E, while the sand soil content distribution was increased with decreasing GI and increasing E and decreased with increasing SD (Stavi et al., 2008; Larreguy et al., 2014; Yun and Wesche, 2016; Lu et al., 2017; Zhang et al., 2018). In general, in this study, grazing was associated with higher BD, increase in the sand, decreased clay and silt, decreased soil moisture, decreased diversity and coverage of grass species, and results increasing in unpalatable plant species. The result showed a positive relationship between sand and BD soil contents with GI, that is, increased while GI increasing and vice versa. This indicates the direct linkage of BD with sand content and an inverse linkage with clay and silt content and results in line with data reported by Gashaw et al. (2017), Tufa et al. (2019). In addition, the major cause for increasing of BD on the grazing site is the presence of high sand soil content distribution and higher porous spaces compared with other soil particles (Adesodun et al., 2007; Wolka et al., 2011; Chaudhari et al., 2013; Adimassu et al., 2017; Zhou et al., 2017; Paulo et al., 2018). The soil structure, moisture content, OM composition, and GI determine the soil content distribution in the grazing site (Liu et al., 2011b; Ademe et al., 2017; Tufa et al., 2019). For instance, the NG site has a better OM and moisture content and in the NG grazing level, clay and silt soil contents were observed dominantly and mainly at LE position of 10–20 cm of SD. This is due to the upper part of 0–10 cm SD, easily exposed to any livestock trampling during grazing and facilitates wind and flood erosion. This speedup water runoff and loss of soil moisture and changes to bare land, resulting in clay and silt soil particle easily eroded from the site and dominated with sand soil content (Fei et al., 2010; Zhou et al., 2010; Morteza et al., 2012; Descalzi et al., 2018). The data reported by Alemayehu and Fisseha (2018), Demelash and Karl (2010) indicated that higher clay and lower sand content was recorded at non-conserving or OG sites without any influence of the difference in E in contrast to our current result. Consequently, the linear regression analysis showed that the GI had a positive relationship with sand and BD soil contents and a negative relationship with clay and silt contents (Ademe et al., 2017).
Grazing Intensity Impact on Soil Chemical Properties
The soil chemical properties are soil management properties dependent on the soil structure, air and water conductivity, and highly influenced by grazing management. As a result, grazing significantly affected the soil chemical properties concentration found at the grazing rangeland site. At the grazing site of LE, the density of livestock was higher than that of ME and HE and had a great effect on the soil chemical properties distribution of the grazing site, even under similar GI and GLT. The soil EC was high at the NG grazing level than that in the MG and OG. The reason for the highest EC observed at the NG site mainly at HE in the soil surface of 10–20 cm is due to the high availability of OC, TN, P, and K, resulting in high cation and anion concentration, and EC is the sum of two ions (Kidane, 2006; Yan et al., 2013; Zhang et al., 2018; Guo et al., 2019). The major reason for the distribution of OC, TN, P, and K was higher in the managed area or NG area is due to the availability of higher grass biomass which results in increased availability of soil nutrients during decomposition (Hamilton and Frank, 2001; Wang et al., 2018),but when the rangeland was exposed to continuous grazing and transformed into OG degraded area, the aboveground grass biomass declined and the formation of OM was affected. The rangeland site exposed to different erosion agents like wind and water resulted in a lower distribution of OC, TN, P, and K and lead to the distribution of Na and pH become higher (Zhang et al., 2009; Chaudhari et al., 2013; Guo et al., 2019). The other possible reason for the highest EC, OC, TN, P, and K values was recorded at soil surface of 10–20 cm depth compared to the soil surface of 0–10 cm was due to high distribution of clay and silt soil particle at soil surface of 10–20 cm than 0–10 cm (Demelash and Karl, 2010; Aytenew and Kibret, 2016; Ademe et al., 2017). Those soil chemical properties had an abundance of direct linkage between them. The pH and Na showed higher values at 0–10 cm of SD across all grazing level, especially at the OG site of HE, and this was due to the high distribution of sand soil particles and a positive relationship with pH and Na (Tufa et al., 2019; Yang et al., 2016; Wolka et al., 2011). As pH increases, the availability of certain major basic cations like Na, clay, and CEC are positively correlated because clay minerals provide the negative charge to attract the cations. The variation of GLT does not show a significant effect on the soil chemical properties except with slight variation. This means the values of EC, OC, TN, P, and K showed slightly higher value at OGL compared to BE grazing site, whereas pH and Na values showed higher at BE at OGL grazing site and our result is in agreement with the data reported by Mulder et al. (2015). Further, the linear regression analysis showed that a significant negative relationship with the soil EC, OC, TN, P, and K and a positive relationship with Na and pH as GI increased, and this result supported with the data reported by Kate (2019), Hao and He (2019). Overall, grazing has shown a decreasing effect on the abundance of soil organic matter and the water-holding capacity, which leads to an increase in soil BD, sandy soil particles, and Na and pH and decrease in EC, OC, TN, P, and K; therefore, our hypothesis was accepted. Managing rangeland grazing used to protect not only the soil contents of the rangeland but also the water availability, and this research will be used as a reference and initiative for further research and aware the pastoralist community through showing how over stoking currently impacts both the rangeland soil and productivity in the Teltele rangeland, and this was the implication of our current work.
CONCLUSION
In the Teltele rangeland, grazing intensity strongly influenced the soil properties of the grazing rangeland. The increase in the distribution of the apparent density of the soil was mainly due to the increase in the distribution of sand soil particles and decline of sand and silt soil particle. This caused speedup of water infiltration, changes in chemical properties, and fertility of the soil and is among the major impacts of overgrazing. It can be concluded that managing the level of grazing is an essential technique used for improving arid and semi-arid rangeland areas including Teltele. Managing the grazing period and balancing the number of livestock grazed on the grazing land help reduce the grazing density and restore the soil properties, through improved vegetation cover and reduced runoff and erosion. Variation of grazing land type had less impact on the soil properties as compared with grazing intensity, elevation, and soil depth difference effect. Further, studies are needed for better understanding of seasonal management of grazing intensity for a better improvement of the grazing land soil properties and enhanced general ecosystem function of rangeland. Timely reform and balancing of carrying capacity of livestock at a certain grazing area are needed for proper rehabilitation of rangeland through providing a recovery period and for the proper implementation of the limited number of livestock and reduce grazing intensity, introduction and application of appropriate laws that is formulated by both the local communities and government official that govern the way how to use of communal grazing areas. Based on our result, we also recommend that the influence of grazing intensity should be further studied by combining GIS, remote sensing, and NDVI data to see temporal and spatial changes due to the effect of grazing and model-based data that showed a change of soil properties is more reliable in the Teltele rangeland site.
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Mean values within columns under each topic followed by different fetters are significantly different from each other at p < 0.05, EC, electrical condluctivity; OC, organic carbon; TN, total
nitrogen; Av. p, available phosphorus; Av. K, available potassium; Ex. Na, exchangeable sodium; pH, soil reaction; OGL, open-grazing land; BE, bush encroached; NG, non-grazing; MG,
moderately grazing; OG, overgrazing; LE, lower elevation; ME, micle elevation; HE, higher elevation; SD, soil depth (cm); E, elevation(m); G, grazing intensiy; GLT, grazing land type; ns,

nonsioniicant, * signiicant, ** highly significant.
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Mean values within columns under each topic followed by different letters are significantly diferent at p < 0.05 and with same letter under row in each grazing intensity within different
grazing land type are no significantly ifferent (p > 0.08) from each other. ** highy significant, BD, bulk density; NG, non-grazing; OGL, open-grazing land; LE, lower elevation; ME, middlle
elevation; HE, higher elevation; BE, bush encroached; MG, moderately grazing; OG, overgrazing; Gl, grazing intensity; GLT, grazing land type; , elevation (m); SD, soil depth (cm); SE,

standard error.
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Mean values within columns under each topic followed by different letters are significantly cifferent from each other at p < 0.0, OGL = open-grazing lend, BE, bush encroached; NG, non-
grazing; MG, moderately grazing; OG, overgrazing; LE, lower elevation; ME, midcie elevation; HE, higher elevation; BD, bukk density; ns, nonsigniicant, *significant, ** highly significant. SE

standard error.
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