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Abstract: Soil quality is a fundamental component of environmental quality and impact of land use is also a key 
detrimental factor in today’s rapid urbanization era. The study aims to evaluate the effects of different land-use type on 
selected soil quality indicators. Sixty soil samples were collected from various land use types, i.e, pasture, forest and 
agriculture from a depth of 0-15cm. Analysis of variance (ANOVA) showed that the land use type significantly 
affected the soil’s physical and chemical properties. The moisture content was significantly higher (p<0.001) in the 
pasture (41.7%) than the forest (26.2%) and lowest in agricultural land (14.4%). The soil pH was significantly higher or 
slightly alkaline for agriculture (7.8), while for pasture (6.5) and forest (6.1), it was found to be slightly acidic. Electric 
conductivity (EC) and bulk density (BD) did not vary significantly with land use type, but the EC followed the 
decreasing order: forest (203.7μS/cm) < pasture (235μS/cm) < agriculture (328.7μS/cm). The soil organic matter 
(SOM) and soil organic carbon (SOC) significantly (p<0.05) differed with land use type and found in the order: forest 
(3.0%, 1.3 %) > pasture land (2.9%, 1.2%) > arable land (2.5%, 1.1%). NO3-N, available P and exchangeable K did not 
vary significantly across land use types. However, mean values were higher for agriculture (10.2mg/kg, 4.5mg/kg, 
66mg/kg) than forest (10mg/kg,3.5mg/kg, 60mg/kg) and pasture (9.8mg/kg, 4.3, 60.2mg/kg). Alpine soils are good 
ecological indicators because of vulnerability to environmental change, therefore, regular monitoring of soil properties 
along with carbon stocks is essential to maintain soil health, enhance agricultural productivity and sustain agro-
ecosystems. 
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Introduction  

Degradation of natural resources has been an emerging 
issue especially in developing countries like Pakistan 
in general and Gilgit-Baltistan in particular due to 
human activities, extreme weather events and fragile 
mountain ecosystem. Intensification of agricultural 
land, conversion of marginal land into agriculture, 
unsustainable use of the forests, urbanization and 
construction of roads have been recognized as the main 
practices that lead to a decline in soil fertility in the 
Gilgit-Baltistan. In developing countries, the land use 
change is very rapid, particularly in the Hindu-Kush 
Himalayan (HKH) ranges due to socioeconomic and 
biophysical factors (Upadhyay et al., 2005). Improved 
management of soil in developing countries offers a 
win-win situation both for environment and society 
(Lal, 2000).     

Through the bio-geochemical cycle, healthy soils 
transform chemicals, filtered ground water regulate 
climate and act as a safeguard against environmental 
shocks (Keesstra et al., 2012). According to Gulvik, 
(2007) sustainability and conservation of biodiversity 
and natural resources in an ecosystem are observed 
through the soil. For agriculture sustainability, soil 
quality is considered a vital component and can be 
defined as “the fitness of a particular type of soil to 
perform its functions, in a natural and managed 
ecosystem, to sustain organisms’ productivity, regulate 

air and water quality, support human health and habitat 
(Karlen et al. 1997, 2003, 2004).  To feed the growing 
population, soils are very important and essential for 
terrestrial productivity (Pappendick and Parr, 1992). 
Houghton et al. (1999) pointed out that land use 
change, such as cultivation, forest clearing and 
introduction of pastures, results in changing soil’s 
biological, physical and chemical properties.  The key 
drivers of environmental change are land use pattern 
and natural processes which influence natural 
resources including the soil properties. Due to poor 
management of land, massive areas have been 
degraded, reduced the ability to produce enough food, 
and is a major threat to rural livelihood in many 
developing countries (Braimoh and Vlek, 2008). 
According to Sturz and Christie, (2003) assessment of 
soil quality is a valuable tool for evaluating soil 
health status, to understand natural and anthropogenic 
pressures. Understanding soil quality due to change in 
land use is essential for sustainable land management 
plan (Teferi et al., 2016). 

 Gilgit-Baltistan (GB) is situated between 35º-37º N 
and 72º-75º E of Pakistan and the border with China 
through Xinxiang province. It is a mountainous range 
with minimum elevation of 1500m and most of the 
area is located above the 4,500m sea level. It covers 
an area of 72496 km2, in which approximately 
1.5million people are residing in the GB, with the 
density of 10 persons/ km2. About 0.96% (69,480 
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hectares) of land is cultivable whereas, approx. 
60,000 hectares is barren, which could be cultivable 
land and the rest is comprised of mountains, 
rangeland, lakes/rivers and forests etc. The per capita 
land holding is 0.124 hectares, which is declining due 
to urbanization (IUCN, 2003). Mountainous 
landscapes have serious problems of soil degradation 
and deforestation. In the last few years, the problem 
has been intensifying due to increase in population 
growth leading to land scarcity in the fragile 
mountains. Haramosh valley has spectacular 
landscape and is very famous due to Alpine lakes, 
glaciers, lush green Alpine pasture, forest for timber 
production and medicinal plants. Abbas et al. (2014) 
reported that medicinal plants are over-harvested for 
commercial and domestic purpose without any 
conservation policy. With increase in population, 
human settlements on slopes, overgrazing and 
deforestation may cause depletion of natural habitats. 
Thus, there is a dire need for better management of 
soil for the conservation of mountain ecosystems and 
food security. This study is aimed at evaluating the 
impact of different land use types on selected soil 
quality properties. 

Materials and Methods 

Study Area 

The study was carried out in Haramosh valley of 
district Gilgit situated in the northern side of Indus 
river, as it has unique vegetation due to diversified 
topography. The area is also famous for medicinal 
plants and fruits. The valley is 4km away from Gilgit 
city and on the way to Skardu, Baltistan region (Fig. 
1). According to phyto-geographical distribution, this 
area is located in the eastern Irano-Turanian sub-
region. The valley consists of four ecological zones; 
Alpine zone, Sub Alpin e zone, dry Temperate 
mountain zone and sub Tropical desert area (Khan 
and Khatoon, 2007). Common land use types are 
forest, Alpine pasture, arable land (cropping land) 
and fruit orchard. In agricultural land, farmers grow 
two crops per year and the agricultural land is located 
at somewhat lower elevations as compared to forest 
and pasture.  

Soil Sampling 

Soil samples were collected from three different land 
use types, i.e., forest, pasture and arable land to 
determine selected soil physico-chemical properties. 
GPS was used to record the longitude, latitude and 

elevation at each land use type. Agriculture soil 
samples were collected from Dasso village located 
slightly at low elevation (6130-6532ft) while forest and 
pasture samples were collected from the Kutwal area, 
at the elevation of (9764-10286ft) and (10684-
10935ft). At each land use type, twenty replicate plots 
(3*20 = 60) were selected by stratified random 
sampling to ensure representative samples for 
statistical analysis. Samples were collected from the 0-
15 cm layer using spade or shovel. From each replicate 
plot, core sample was collected for determination of 
bulk density, using core ring (100 cm3). Soil samples 
were sealed in Ziploc bag and immediately brought to 
the laboratory for further processing. 

 
Fig. 1 Study area sample locations (Harmosh watershed). 

Laboratory Analyses 

Soil samples were air-dried and passed through 2-mm 
sieve to remove roots and stones. Core method was 
used to determine bulk density (Black and Harte, 1986) 
and gravimetric method to measure soil moisture. EC 
was determined by using electrical conductivity meter, 
1:5 soil: water ratio (Rayment and Higginson, 1992). 
pH meter was used to measured soil pH, soil: water 
ratio 1:1 (Mc lean, 1982). Dry combustion methods 
(Nelson and Sommers, 1982) were used for 

determination of Soil Organic Matter (SOM), and Soil 
Organic Carbon (SOC), Nitrate Nitrogen (NO3-N), 
Exchangeable Potassium (Ex. K) and Available 
Phosphorus (Av. P) were measured by Ammonium 
bicarbonate diethylene triamine penta acetic acid (AB-

Table 1. One-way ANOVA of soil properties with respect to land use. 

 Soil moisture 
(%) 

Bulk 
density 
(g/cm3) 

pH EC 
(uS/cm) 

SOM 
(%) 

SOC 
(%) 

NO3-N 
mg/kg 

Av.P 
mg/kg 

Ex.K 
mg/kg 

Land use 11.8*** 1.9NS 174.6*** 17.0*** 3.9* 3.9* 0.40ns 0.50 ns 0.60ns 
Note: *, **, ***, and “ns” indicates p<0.05(5%), p< 0.01(1%), p<0.001 and non-significant respectively. 
SOC; Soil Organic Carbon, SOM; Soil Organic matter, EC; Electric Conductivity. 
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DTPA) extractable method according to Sultan pour 
and Schwab (1977).  

 Statistical Analysis 

To determine the effect of soil physico-chemical 
parameters under different land uses, Analysis of 
Variance (ANOVA) was used. Post-hoc test such as 
least significant difference (LSD) test was applied to 
compare mean difference. 

Results and Discussion 

Land use affects physico-chemical properties of the 
soil as studied by various authors (Begum et al., 2009, 
2010, 2011, 2013, 2014; Ali et al., 2017; Ishaq et al., 
2015) Analysis of variance (ANOVA) showed that 
except bulk density other investigated soil parameters 
such as pH, EC, moisture, SOM and SOC were 
statistically different with land use type (Table 1). 

Soil moisture is a key variable for climate, plant 
growth, water uptake and evapo-transpiration from 
vegetation and soil to the atmosphere, thus affecting 
distribution of precipitation and clouds. It also helps in 
predicting the drought, flood, surface temperature and 
future climate change (Robock, 2015). It influences the 
biological and physico-chemical properties of the soil, 
rate of soil processes, removal, and accumulation of 
inorganic and organic compounds, which is mostly 
dependent on the soil moisture (Lvova and 
Nadporozhskaya, 2017). Soil moisture was 
significantly higher at pasture (41%) than forest (26%) 
and lowest at agriculture (14.4%) as expected (Table 1, 
2). Similar results were reported by Begum et al, 
(2009, 2010, 2013). Post hoc test (LSD) indicated that 

moisture was significantly different between 
agriculture and pasture, agriculture and forest, forest 
and pasture soil (Table 3).   

Soil bulk density is an important indicator for seedling 
establishment, root penetration and crop growth, which 
determines the compactness of the soil. It is influenced 
by soil texture, the quantity of organic matter, porosity 
and constituent minerals, therefore understanding that 
bulk density is vital for soil management, as well as in 

the planning of farming techniques (Chaudhari, 2013). 
Our results showed that bulk density was not 
statistically and significantly different among various 
land use types. However mean values were slightly 
higher at pasture (0.89g/cm3) followed by agriculture 
(0.84g/cm3) and lowest at the forest (0.89g/cm3) 
(Table1-3). The overall bulk density in all land use 
types is low. Bulk density under cultivated land was 
found to be high due to damaging effects (Islam and 
Weil, 2000) and increase in SOM lowers bulk density 
(Patil and Jagdish, 2004). Increase in bulk density in 
agriculture land was reported by many researchers 
(Begum et al., 2009, 2010, 2013). Soil pH is one of the 
important indicators of soil quality affects the 
availability of nutrients thus influencing the growth of 
plants (Shar et al., 2018) and helps to identify the 
impact of change in land use affecting other 
physiochemical properties (Idowu, et al., 2009). Soil 
pH significantly varied (p<0.05) between agriculture 

and pasture, agriculture and forest, pasture and forest 
(Table 3). Mean pH was statistically higher or alkaline 
in agricultural land (7.8) than pasture (6.5), and lowest 
in forest (6.1). Similar results were reported by Yimer 
et al. (2007) for cultivated land pH was higher as 

Table 2. Descriptive statistics of different soil properties. 

 
Moisture 

(%) 

Bulk 
Density 
(g/cm3) 

pH EC 
(uS/cm) 

SOM 
(%) 

SOC 
(%) 

NO3-N 
mg/kg 

Av.P 
mg/kg 

Ex.K 
mg/kg 

AG 14.4 0.84 7.8 328.7 2.5 1.1 10.2 4.5 66 

FR 26.2 0.72 6.1 203.7 3.0 1.3 10 3.5 60 

PA 41.7 0.89 6.5 235 2.9 1.2 9.8 4.3 60.2 
Note= *** (p<0.001), ** (p<0.01), * (p<0.05) and ns show not significant 

AG: Agriculture FR: Forest PA: Pasture 

Table 3. Post hoc test (LSD) to compare mean differences between land use types 

 Soil moisture (%) Bulk density 
(g/cm3) pH EC (uS/cm) SOM (%) SOC (%) 

AG vs FR 11.9* 0.12 1.6* 125.0* 0.6* 0.3* 

AG vs PA 27.4* 0.05 1.25* 93.8* 0.5 0.2 

FR vs PA 15.5* 0.16 0.40* 31.2 0.15 0.06 

Note= *** (p<0.001), ** (p<0.01), * (p<0.05) and ns show not significant 
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compared to grazing and forest. Similar results of 
higher soil pH compared to forest land were reported 
by Begum et al. (2009, 2010, 2011, 2013, 2014).  

Electrical conductivity (EC) of soil is a chemical 
property that reflects the ability of material to conduct 
an electrical current (Ouhadi and Goodarzi, 2007). It is 
indicator of the number of ions present in the soil. The 
EC mean values were significantly different (p<0.5) 
among forest, pasture and agricultural land (Table 2). 
EC was significantly higher in the agriculture 
(328.7μS/cm) followed by pasture (235μS/cm) and 
found lowest in forest soil (203.7μS/cm). Khan et al. 
(2004) reported 0.06 to 0.5 ds/m EC values from 
different parts of Gilgit. Adequate levels of EC are 

important for sustaining soil fertility and the decrease 
in organic matter content contributes to low EC in 
agricultural land causing soil degradation (Nega and 
Heluf, 2009).  

Land use and vegetation cover have a significant 
impact on SOC dynamics through the input of organic 
carbon, the process of decomposition and stabilization 
of organic matter (Dorji et al., 2014). Organic carbon 
is considered to be the best single indicator for 
assessing soil quality (Tiwari et al., 2006). Soil organic 
carbon in the forest (1.1%) was significantly higher 
followed by pasture (1.2%), and observed to be lowest 
in agricultural land (2.5%). Mean SOC significantly 
varied between forest and agriculture but did not 
significantly differed between pasture & agriculture, 
forest & pasture (table 2). Kizilkaya and Dengiz, 
(2010) as well as Mojori et al., (2011) reported 
decreased levels of organic carbon content in 
agricultural soil compared to natural forest as a result 
of crop harvesting and soil manipulation. Decreased 
contents of carbon in cultivated land than forest and 
grazing land has been reported by numerous authors 
(Yimer et al., 2007; Gol, 2009).  

Nitrogen is an essential component of soil fertility and 
is applied in the form of ammonium nitrate in 
agricultural soil (Gee, 2013).  NO3-N, Av. P and Ex. K 
were not statistically significant with the land use type. 
However, mean values of NO3-N, Av. P and Ex. K 
was higher in the agriculture than forest (Table 1, 2, 3). 
It was observed during the sampling and interaction 
with farmers, who used chemical fertilizers along with 
the cattle manure to maximize productivity of the crop. 

Similar findings were reported by Bajracharya and 
Sherchan, (2009) in Nepalese soil in which total N, 
Av.P and Ex.K did not show variation between land 
uses. Higher nutrient reserves (NPK) in agricultural 
land than forest was reported by Tiwari et al. (2006) as 
an exception due to forest degradation in the mid hills 
of Nepal. 

Pearson correlation shows that soil pH was negatively 
correlated (p<0.05) with soil moisture, SOM, and 
SOC, as expected and positively correlated with EC. 
Similar findings of negative relationship of pH with 
moisture, SOM and SOC were reported by Begum et 
al. (2010). Further, SOM and SOC were also 
negatively correlated with EC (Table 4). 

Conclusion 

Present study revealed the differences in the soil’s 
physico-chemical properties with land use type (forest, 
cultivated and grazing). There was a significant 
difference in soil moisture content, pH, EC, organic 
matter and organic carbon among three different land 
cover types. SOC was negatively affected by cultivated 
land while NO3-N, Av. P and Ex. K were high in 
agricultural land due to the input of chemical fertilizer. 
Higher SOC and SOM parameters in forest soil 
indicated higher soil quality or soil health. Based on 
our investigated soil properties (SOM, SOC and pH) 
good soil quality can be designated to the forest 
compared to pasture. While, the lowest quality was 
observed for agricultural land. Regular monitoring of 
soil properties, along with carbon stocks is needed to 
maintain soil health and enhancing agricultural 
productivity and sustain agro-ecosystem.  

References 

Abbas, Q., Khan, S. W., Khatoon, S., Hussain, S. A., 
Hassan, S. N., Hussain, A., Qureshi, R., Hussain, 
I. (2014). Floristic biodiversity and traditional uses 
of medicinal plants of Haramosh valley, Central 
Karakoram National Park of Gilgit district, Gilgit-
Baltistan, Pak. J. Bio. Env. Sci, 5(6) 75-86. 

Ali, S., Begum, F., Bohannan, B.J.M., Hayat, R., 
Inebert, L., Meyer, K, M. (2017). Effects of land 
use on the physical, chemical and microbial 
parameters of soil in Bagrot valley, Gilgit, 

Table 4. Correlation matrix among different parameters in various land use practices. 

 Soil moisture 
(%) 

Bulk density 
(g/cm3) pH EC(uS/cm) SOM (%) SOC (%) 

Soil moisture 1      
Bulk density -.056 1     
pH -.514* .192 1    
EC -.390 .078 .766** 1   
Soil organic matter .234 .057 -.469* -.898** 1  
Soil organic carbon .234 .057 -.469* -.898** 1.000** 1 

Note= *** (p<0.001), ** (p<0.01), * (p<0.05) and ns shows not significant 

 



Begum et al.  /Int.J.Econ.Environ.Geol.Vol. 10(2)32-37, 2019 

36 

Pakistan. Pakistan Chemical Society Journal, 
39(1) 97-107. 

Bajracharya, R. M., Sherchan, D. P. (2009). Fertility 
status and dynamics of soils in the Nepal 
Himalaya: A review and analysis. Soil Fertility, 
D.P. Lucero and J.E. Boggs (eds.), Nova Science 
Publishers, Inc.UK 111-135. 

Begum, F.,   Bajracharya, R.M.,   Sharma, S., Situala, 
B.K. (2009). Land use effects on soil quality 
Indicators in mid-hills of central Nepal. 
International conference proceedings on emerging 
technologies in environmental sciences and 
engineering, at Aligarh Muslim University, India. 
488-495. 

Begum, F., Bajracharya, R. M., Sharma, S., Sitaula, B. 
K. (2010). Influence of slope aspect on soil 
physicochemical and biological properties in the 
mid-hills of central Nepal. International Journal 
of Sustainable Development & World 
Ecology, 17(5), 438-443. 

Begum, F., Bajracharya, R. M., Sharma, S., Sitaula, B. 
K. (2011). Assessment of soil quality using 
microarthropod communities under different land 
system: A case study in the mid-hills of central 
Nepal. Journal of Life Sciences, 5, 66-73. 

Begum, F., Bajracharya, R.M.,   Sharma, S., Situala, 
B.K (2013). Seasonal dynamics, slope aspect and 
land use effects on soil faunal population in the 
mid-hills of central Himalaya. International 
Journal of Biodiversity Science, Ecosystem 
Services and Management. 9(4), 290-297.  

Begum, F., Bajracharya, R. M., Sitaula, B. K., Sharma, 
S., Ali, S., Ali, H. (2014). Seasonal dynamics and 
land use effect on soil microarthropod 
communities in the mid-hills of Nepal. Int. J. 
Agron. Agri. Res., 5(2), 114-123. 

Blake, G.R., Harte, K.H. (1986). Methods of soil 
analysis part 1. 2nd edition. SSSA Book Ser. 5. 
Madison (WI): SSSA. 363–375. 

Braimoh, A. K., Vlek, P. L. (2008). Impact of land use 
on soil resources. In Land Use and Soil 
Resources, Springer, Dordrecht. 

Chaudhari, P. R., Ahire, D. V., Ahire, V. D., 
Chkravarty, M., Maity, S. (2013). Soil bulk 
density as related to soil texture, organic matter 
content and available total nutrients of Coimbatore 
soil. International Journal of Scientific and 
Research Publications, 3(2), 1-8. 

Dorji, T., Odeh, I. O., Field, D. J. (2014). Vertical 
distribution of soil organic carbon density in 
relation to land use/cover, altitude and slope 
aspect in the eastern Himalayas. Land, 3(4), 1232-
1250. 

Ge, S., Xu, H., Ji, M., Jiang, Y. (2013). Characteristics 
of soil organic carbon, total nitrogen, and C/N 
ratio in Chinese apple orchards. Open Journal of 
Soil Science, 3(5), 213. 

Gol, C. (2009). The effects of land use change on soil 
properties and organic carbon at Dagdami river 
catchment in Turkey. Journal of Environmental 
Biology, 30(5), 825. 

Gulvik, M.A. (2007). Mites as an indicator of soil 
biodiversity and land use monitoring. Polish 
Journal of Ecology, 55, 414-440. 

Houghton, R. A., Hackler, J. L., Lawrence, K. T. 
(1999). The US carbon budget: contributions from 
land-use change. Science, 285(5427), 574-578. 

Idowu, O. J., Van Es, H. M., Abawi, G. S., Wolfe, D. 
W., Schindelbeck, R. R., Moebius-Clune, B. N., 
Gugino, B. K. (2009). Use of an integrative soil 
health test for evaluation of soil management 
impacts. Renewable Agriculture and Food 
Systems, 24(3), 214-224. 

Ishaq, S., Begum, F., Hussain, K., Abbas, Y., Ali, K., 
Ahmed, Sher., Amir, R., Karim, R. (2015). Soil 
quality assessment in Gulmit and Shiskat valley of 
upper Hunza, district Hunza Nagar, Gilgit-
Baltistan. Journal of Biodiversity and 
Environmental Sciences, 11 (4),87-95. 

Islam, K. R., Weil, R. R. (2000). Land use effects on 
soil quality in a tropical forest ecosystem of 
Bangladesh. Agricultural Ecosystems and 
Environment, 79, 9-16. http://dx.doi.org/10.1016/ 
S0167-8809(99)00145-0 

IUCN (2003). State of environment and development, 
tourism assets in Northern areas, Hamdard press 
Karachi, 118-128. 

Karlen, D.L., Mausbach, M.J., Doran, J.W., Cline, 
R.G., Harris, R.F., Schuman, G.E. (1997).  Soil 
quality: A concept, definition and framework for 
evaluation. Soil Science Society of America 
Journal, 61, 4-10. 

Karlen, D.L., Ditzler, C.A., Andrew, S.S. (2003). Soil 
quality: why and how? Geoderma, 114, 145-156. 

Karlen, D.L. (2004). Soil quality as an indicator of 
sustainable tillage practices, Soil and Tillage 
Research, 78, 129-130. 

Keesstra, S. D., Geissen, V., Mosse, K., Piiranen, S., 
Scudiero, E., Leistra, M., Schaik, L. V. (2012). 
Soil as a filter for groundwater quality. Current 
Opinion in Environmental Sustainability, 4, 507– 
516. 

Khan, B., Khattak, R. A., Hakeem, A. (2004). Physico-
chemical characteristics fertility status of Gilgit 

http://dx.doi.org/10.1016/%20S0167-8809(99)00145-0
http://dx.doi.org/10.1016/%20S0167-8809(99)00145-0


Begum et al.  /Int.J.Econ.Environ.Geol.Vol. 10(2)32-37, 2019 

37 

soils. Journal of Agricultural Research, 42(3-4), 
305-312. 

Khan, S.W., Khatoon S. (2007). Ethnobotanical studies 
on useful trees and shrubs of Harramosh and 
Bagrot valleys in Gilgit Northern Areas of 
Pakistan. Pakistan Journal of Botany, 39(3), 699-
710. 

Kizilkaya, R., Dengiz, O. (2010). Variation of land use 
and land cover effects on some soil 
physicochemical characteristics and soil enzyme 
activity. Zemdirbyste – Agriculture, 97(2) 15 – 24.  

Lal, R. (2000).  Soil management in the developing 
countries. Soil Science, 165, 57-72  

Lvova, L., Nadporozhskaya, M. (2017).  New 
pesticides and soil sensors. Chemical sensors for 
soil analysis: principles and applications. A.M, 
Grumezescu (eds.). Academic Press.  Elsevier Inc, 
637-678.  

Mc. Lean. (1982). Soil pH and lime requirement. 
Methods of soil analysis. chemical and 
microbiological properties, 2nd edition. SSSA 
Book Ser. 5. SSSA, Madison, WI, USA. 

Mojiri, A., Emami, N., Ghafari, N. (2011). Effects of 
landuse changes on soil quality attributes (a 
review). Advances in Natural and Applied 
Sciences, 5(1), 42-46. 

Nega, E., Heluf, G. (2009). Influence of land use 
changes and soil depth on cation exchange 
capacity and contents of exchangeable bases in the 
soils of Senbat watershed, western Ethiopia. 
Ethiopian Journal of Natural Resources, 11(2) 
195-206. 

Nelson, D.W., Sommers, L.E. (1982). Total carbon, 
organic carbon and organic matter, 539-580, In A. 
L. Page, R. M. Miller, and D. R. Keeney, (eds). 
Methods of soil analysis part 2. Chemical and 
microbiological properties, 2nd edition. American 
Soc. Agron. Monograph 9, ASA-SSSA, Inc., 
Madison, WI, USA. 

Ouhadi, R.V., Goodarzi, RA. (2007). Factors 
impacting the electroconductivity variations of 
clayey soils. Transaction Engineering Iranian 
Journal of Science and Technology, 31, 109-121. 

Papendick, R.I., J.F. Parr. (1992). Soil quality: The key 
to sustainable agriculture, Am. J. Altern. Agric., 7, 
2-3. 

Patil, R. B., Prasad, J. (2004). Characteristics and 
classification of some salt (Shorea robusta)-
supporting soils in Dindori district of Madhya 
Pradesh. Journal of the Indian Society of Soil 
Science, 52, 119 –125. 

Rayment, G.E., Higginson, F.R. (1992). Australian 
laboratory handbook of soil and water chemical 
methods. Australian soil and land survey 
handbooks, 3. Melbourne, Inkata Press 

Robock, A. (2015).  Encyclopedia of atmospheric 
sciences (second edition). Hydrology, floods and 
droughts, soil moisture. 232-239.  Elsevier 
Publisher. https://doi.org/10.1016/B978-0-12-
382225-3.00169-9 

Shar, S. H., Mahar, A.R., Rajpar, I., Saand, M.A., 
Mirbahar, A.A., Ansari, K.A., Saeed, R., Sirohi, 
M.H. (2018).  Assessment of soil quality of 
Taluka Thari Mirwah, district Khairpur, Sindh, 
Pakistan. Int. J. Econ. Environ. Geol., 9 (3)13-18.  

Soltanpour, P.N., Schwab, A.P (eds.). (1977). A new 
soil test for simultaneous extraction of macro- and 
micronutrients in alkaline soils. Soil Sciences 
Plant. Anal., 8, 195-207. 

Sturtz, A.V., Christie, B.R, (2003). Rationale for a 
holistic approach to soil quality and crop health. 
Soil and Tillage Research, 72, 105-106.  

Teferi, E., Bewket, W., Simane, B, (2016). Effects of 
land use and land cover on selected soil quality 
indicators in the headwater area of the Blue Nile 
basin of Ethiopia. Environmental Monitoring 
Assessment, 188(2), 83. DOI 10.1007/s10661-015-
5086-1 

Tiwari, K.R., Sitaula, B.K., Borresen, T., Bajracharya, 
R.M. (2006). An assessment of soil quality in 
Pokhara Khola watershed of the middle mountains 
in Nepal. Journal of Food, Agriculture, and 
Environment, 4 (3,4), 276-283.  

Upadhyay, T.P., Sankhayan, P.L and Solberg, B. 
(2005).  A review of carbon sequestration 
dynamics in the Himalayan region as a function of 
land-use change and forest/soil degradation with 
special reference to Nepal. Agriculture Ecosystems 
& Environment, 105, 449-465.  

Yimer, F., Ledin, S., Abdelkadir, A. (2007). Changes 
in soil organic carbon and total nitrogen contents 
in three adjacent land use types in the Bale 
mountains, south-eastern Highlands of Ethiopia. 
Forest Ecol. Manag., 242, 337-342. 

https://doi.org/10.1016/B978-0-12-382225-3.00169-9
https://doi.org/10.1016/B978-0-12-382225-3.00169-9

	Study Area

