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ABSTRACT 

Mountains soils are the most susceptible to land use activities and global environmental 

change and are useful ecological indicators. Therefore, investigation of the variation in 

soil properties due land use activities and altitude should prove useful for the mountain 

communities and resource management especially in light of the ever-increasing pressures 

on these fragile regions caused by global climate change. The study aimed to determine 

the variation in the soil physical, chemical and microbial parameters across various land 

use at different altitudes in the Bagrot valley, Gilgit-Baltistan, Pakistan. A total of 2970-

soil samples during August-Septumber, 2014 were collected from three land uses; pasture, 

forest and adjacently located arable land at different altitude ranging from 2100 m to 4163 

m. The soils were analyzed for bulk density (BD), saturation percentage (SP), total 

porosity (TPS), sand, silt, clay, texture, pH, electric conductivity (EC), CaCO3, soil organic 

matter (SOM), total Nitrogen (TN), available nutrients, soil organic carbon stock (SOCS), 

16S rRNA & ITS genes copies number and fungal-to-bacterial ratio (F:B). A significant 

variation in all investigated parameters were found across the land uses and along with the 

altitudes. The soil under arable land had significantly higher values of BD, sand, EC and 

CaCO3 contents with the lowest values in the forest. In contrast, forest soil had 

significantly higher values of TPS, SP, silt, clay, SOM, TN, available nutrients, SOCS, 

16S rRNA & ITS genes and F:B  with the lowest values in arable land.  With increasing 

elevation, BD, sand content, EC, pH, CaCO3 content, and 16S rRNA number decreased 

significantly, while TPS, SP, silt, clay, SOM, TN, SOCS, ITS gene (except pasture), F:B 

ratio and available nutrients increased with  increasing altitude. In addition, soil properties 

were correlated with SOM and pH. The results indicated that the variation in soil 

parameters accros the land uses and along with altitude supposed to be the land use 

activities and the climatic variables (temperature and precipiataion) that change with 

elevation. These findings increased the understanding of dynamics of soil properties and 
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enhance predictions of the responses of mountain soil resources under projected climate 

change in fragile regions. 
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INTRODUCTION 

Soil as a production factor forms the basis of human-societal existence in the fragile 

and precarious ecological system of marginal as well as peripheral regions (Ehlers, 1995). 

However, soil degradation due to intensive land use and climate change is a worldwide 

problem and is the biggest challenge for sustainability in ecologically vulnerable and 

economically marginal regions in mountainous areas such as, the Karakoram ranges 

(Hebel, 1998; Ehlers, 2005). Moreover, it causes environmental degredations and local 

deterioration of the natural environment and soil health (Lal, 1990; Ehlers, 2005). 

Therefore, understanding the effect of land use and altitude and interrelated factors 

(climate and vegetation) on soil properties and functions should prove useful to the 

mountain communities for sustaintable resource management (Ehlers, 2005; Khormali & 

Nabiollahy, 2009; Ali et al., 2017). 

   Mountain regions comprised of more than 30% of the world’s terrestrial 

ecosystem, where 12 % of the human population lives (Salvatori et al., 2008; Sharma, 

2010). These mountains are valuable sources of agricultural crops, livestock forage, fresh 

water, minerals, timber, and recreational opportunities (Chambers, 1997). However, 

mountain ecosystems are multifaceted due to the heterogeneity of their climates, rapid 

altitudinal changes/gradient and variable directional positions (aspects), which is 

manifested as diverse plant communities, micro-climates and ecological zones (Hamilton, 

2002; Spehn et al., 2002). Due to variation soil forming factors, diverse soils form along 

the mountain arc (Brantley et al., 2007). 

Soils in mountain landscapes have huge potential to perform numerous ecosystem 

services required to support life. It constitutes the basis for agronomic growth, providing 

vital ecosystem services and ensuring food security for 900 million mountain dwellers 

worldwide, and also provides benefits to billions of people living downstream (Romeo et 



Chapter 1 

2 
 

al., 2015). The capability of soil to provide these functions depends on its health (Lal, 

2009). Hence, the soil health is a dynamic interaction of physical, chemical and microbial 

parameters. These parameters are influenced by both intrinsic factors (such as landscape 

features, parent material, climate, aspect, topography, and vegetation), as well as extrinsic 

factors, like soil management practices, land uses, environmental and socio-economic 

priorities (Sun et al., 2003; Tsui et al., 2004). 

Evaluating soil by measuring the variation in soil physical, chemical and 

microbial parameters allow us to understand how soil capacities and properties evolved 

under certain management systems either for food production or developmental function 

in several time-space scales (Astier et al., 2002). It is also a useful tool to make the decision 

related to land management (Sturtz & Christie, 2003). For instance, soil physical 

parameters determine the suitability of soil for agricultural production. These properties 

influence crop yields through a supply of nutrients, infiltration water, and water retention 

capacity (Gul et al., 2011). Similarly, the chemical charcteristics of soil control the 

solubility and bioavailability of essential plant nutrients and thus establish a significant 

relationship between soil constituents and plant productivity (Khattak, 1996). 

Furthermore, SOC plays a significant role in attenuation of world climate change and food 

security. The soil is the biggest stock of C in terrestrial ecosystems. It acts as the sink of 

atmospheric carbon dioxide and contains carbon 2-3 times more than the amount found in 

the atmosphere and vegetation (IPCC, 2000, 2007; Lal, 2004). Thus, the changes in SOC 

concentration have severe consequences on various environmental processes. Therefore, 

assessment of SOC changes become central to various global environmental policies. 

Microorganisms in soil play the significant role in soil formation and flow of 

nutrients through terrestrial ecosystems (Carter & McLeod, 1987). Microbes also 

contribute in decomposition, immobilization, mineralization and nutrient acquisition. 

Moreover, soil microbes bind the soil particles and form a better soil structure, reduce 
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erosion, and promotes good water infiltration and aeration in soil (Carter & Kunelius, 

1986; Carter & McLeod, 1987). 

Recently, several studies have been undertaken to study the response of soil 

properties to land use activities and altitude in stable core areas areas (Williams et al., 

2003; Griffiths et al., 2009; Zhang et al., 2009; Abbasi et al., 2010; Fierer et al., 2011; 

Chen et al., 2014; Saeed et al., 2014; Chen et al., 2015). However, researchers have 

overshadowed ecologically highly vulnerable and economically extremely marginal 

regions; these regions tend to respond more strongly to changes in their framework 

conditions such as a change in land cover and climate than do stable areas of human 

activities (Ehlers, 2005) 

The natural environment of Karakoram in Gilgit-Baltistan is that of high-altitude 

limits of human land use and heavily glaciated milieu with an extremely steep, diversified 

topography and unstable geology. In addition, it has distinct vegetation zones, with cold 

and snow-rich winters (Ehlers, 1995, 2005). Human occupation dates back to more than 

2000 years and is mainly confined to the narrow river terraces and valley bottom; it 

allowing irrigated agriculture, mountain slopes with humid forest and high altitude 

pastures permitting seasonal grazing (Ali et al., 2017). Heavy rains, earthquakes, 

avalanches and other natural phenomenon are continuous, causesing natural disasters such 

as landslides, mudflow, rock fall etc., sometimes causing severe damage to land and life 

(Hewitt, 1988; Kreutzmann, 1994). In general, due to the topographical setting and harsh 

climatic situation of the mountain areas, there are limited natural resources in this region 

(Ehlers, 1995). The inhabitants had been utilized their natural resources in a sustainable 

way without over exploitations.  

However, increasing population growth and construction of the Karakoram 

Highway (KKH) in 1970, has drastically increased the interference of man in the fragile 

natural environments; it involves over-exploitation of natural resources such as expansion 
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and intensification of agriculture activities, overgrazing in pastures and severe 

deforestation (Ehlers, 1995, 2005). These activities enhance the processes of denudation, 

soil degredation, slope destabilization, rockfalls, and rocks slide, which already common 

in the Karakoram mountains (Kreutzman, 1989, 1994; Ehlers, 1995). Moreover, these 

processes causing environmental degredations and local deterioration of the natural 

environment such as soil health/quality (Sitaula et al., 2004; Ehlers, 2005). The changes 

that may occur in soil due land use intensification are the increase in soil compactness and 

decrease in soil porosity and water holding capacity (Lu et al., 2002; Abbasi et al., 2010), 

decrease available plants nutrients (Moran & Mausel, 2002; Abbasi et al., 2010), soil 

organic carbon stock (Fenton et al., 1999) and loss of important microbial strains and 

diversity (Kay, 1995; Sahani & Behera, 2001).  

Similarly, along the altitudinal gradient, soil properties and processes may differ 

from one landscape position to another because of differences in soil forming factors such 

as climate, parent material, and topography etc.  However, in high mountain regions, 

altitude is a significant factors determining micro-climatic conditions that impact plant 

distribution and growth (Li Pan et al.,  2009 ), which eventually impacts soil properties 

and processes (Jodha, 1992; Tanner et al., 1998; Proctor et al., 2007;  ).  In fact, even a 

short geographical distance results in considerable variation in climatic variables like 

temperature, precipitation and radiations (Zang et al., 2013).  For example, a decreases of 

0.60°C  temperature per 100 m-1  has been reported along the altitude in mountain areas 

(Ohsawa, 1990; Miehe, 1991; Schickhoff, 1993; Thomas, 1999).  The small variation in climate 

at higher altitude drastically change the ecology and functions of the mountain ecosystems 

(Jodha, 1992) 

This study is part of the project “Socio-Economic and Environmental 

Development (SEED)” sponsored by the Italian government. The purpose of the current 

work is to determine the variation in soil physical, chemical, microbial parameters and soil 



Chapter 1 

5 
 

carbon stock across different land uses at various altitudes in Bagrot Valley, Central 

Krakoram National Park, Gilgit-Baltistan, Pakistan. We hypothesized that land use 

activites and altitude-related factors would influence soil properties and may help to 

predict changes of mountain soil in the responses to land use activities and global warming 

under future climate change. This study should prove useful to the mountain communities 

and resource management, especially in light of the ever-increasing pressures on these 

fragile regions and the ever-growing threat of adverse impacts due to global climate change 

(Ali et al., 2017). In addition, this study may also provide information on what might 

happen to soil resources under a global warming scenario in the fragile natural 

environment of Karakoram. To achieve this purpose the current study is designed to 

achieve the following objectives: 

 Evaluation of the selected soil physical and chemical parameters across the three 

land uses (forest, pasture and arable land) and at different altitudes in each of the 

land uses in Bagrote valley, CKNP. 

 Estimation of the soil organic carbon stock under various depths in three land uses 

and attitudes. 

 Assessment of microbial abundances (16S rRNA and ITS copies numbers and 

fungi-to-bacterial ratio) under three land uses at different altitudes. 
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LITERATURE REVIEW 

  2.1. Soil 

Soils are the most important part of the natural environment and is located at the 

heart of the Earth’s “critical zone” between the canopy of trees on the top and groundwater 

aquifers at the bottom, which humans depend on for most of their resources (National 

Research Council, 2001; Wienhold et al., 2004; Woodfork & de Mulder, 2011). Soils in 

mountain landscapes have huge potential to perform numerous ecosystem services 

necessary to support planet life. The importance of soil to human beings has been 

documented by the collapse of many ancient civilizations due to mismanagement of the 

soils on which they depended (Wienhold et al., 2004; Diamond, 2005; Lal, 2006). 

Therefore, to raise awareness regarding the significance of soils for food security and 

pivotal ecosystem services, the United Nations declared 2015 as the International Year of 

Soil in its sixty-eighth meeting (Romeo et al., 2015). 

Conservation of soil due to unplanned land use and slightly economical growth is 

the main risk for sustainable utilization of resources (Doran et al., 1996). In Asia, negative 

effects on soil health arise from imbalances nutrient in soil, intensive fertilization, and soil 

erosion processes (Hedlund et al., 2003). The proper functioning of soil is depending on 

the health of soil. Doran and Safley (1997) define soil health as “the continued capability 

of soil to function as a vital living system, within ecosystem and land-use boundaries, to 

sustain biological productivity, promote the quality of air and water environments, and 

maintain plant, animal and human health”. Thus, the soil’s health is a dynamic 

interaction among various physical, chemical and microbial parameters which are 

influenced by both intrinsic factors such as topography, slope aspect, climate, parent 

materials, vegetation and extrinsic factors including soil management practices (land uses), 
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the environment and socio-economic priorities (Tsui et al. 2004; Anonomous, 2010).  

Thus, the evaluation of soil health provides a complete picture of soil capabilities. 

2.2.   Soil physical, chemical and microbial parameters 

Soil degredation due to land use intensification and climate change cannot be 

measured directly but can be inferred by measuring specific soil physical, chemical and 

microbial parameters, which are as under;  

2.2.1. Physical parameters of soil 

The soil physical parameters linked to or affected by the forces and actions of 

physics and largely depend on the shape, size, arrangement and mineral composition of 

soil particles. These parameters determine the feasibility of soil for the construction, 

production of crops and habitats for many macro and microorganisms. These properties 

have a great influence on crop yields via the supply of essential nutrients, movement of 

water, air and soil chemistry (Fisher & Binkley 2000; Swift et al., 2004; Gul et al., 2011). 

Many of the soil’s physical characteristics are changed with changes in land use practices 

(Sanchez, 1977) and climate (Chen et al., 2015). Some important soil physical parameters 

are as under; 

2.2.1.1) Soil Bulk Density 

Soil bulk density (BD g cm-3) is the ratio of mass of oven dried soil to its bulk 

volume. It is a useful parameter of soil that determines the soil’s compactness, 

functionality and physical conditions of the soil (Huber et al., 2008). Soil BD influences 

soil productivity, roots growth, movement of air, water, and nutrients (Reynolds et al., 

2009).  The value of BD is dependent on the composition and arrangement of soil particles 

and quantity of organic matter. The soil with high OM have BD of  < 1 g cm-3  ; similarly, 

the range of bulk density for loamy soil and clay/ sandy soils are 1.0 - 1.4 g cm-3  and 1.2-

1.8 g cm-3  respectively (White, 12013). The low and high bulk density indicates the poor 
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physical environment of soil. Normally, the bulk density of agricultural land is determined 

by categorizing the compactness of soil  due to land use activity (Hakansson & Lipiec, 

2000).  

2.2.1.2)  Soil Porosity 

Porosity is the fraction of empty spaces in soil. A pore size determines the soil’s 

quantitative capability to stock water in the roo-zones as well as the air needed for plant 

growth (Reynolds et al., 2002). Soil porosity has influences soil aeration, the availability 

of water for plants and field capacity (Reynolds et al., 2009). Similarly, porosity is also 

closely related to root growth and soil enzyme activities (Piglai & De Nobili, 1993). 

Porosity is dependent on the size and shape of soil particles. The normal range of total 

porosity in soils is between 30-70 % (Foth, 1990). Furthermore, coarse textured soils have 

fewer pores but are larger in size than fine texture soils (Ike & Aremu, 1992).  

2.2.1.3)   Soil Saturation Percentage  

Saturation percentage (SP) is the amount of water needed to saturate 100 grams of 

dry soil. It determine the soil water retention capacity. Soil water plays a vital role in 

stimulating different physical and chemical soil reactions; it also provides basic nutrients 

for plants and organisms to perform various functions (Brady & Weil, 2008). Saturation 

percentage is affected by soil texture, content of minerals, SOM and soil morphology 

(Landon, 2014). Usually soil with a high clay content stores more water and it also 

increases with depth (Tekilu, 1992; Wakene, 2001; Ahmed, 2002). Similarly, topography 

and land use have an effect on saturation percentage (Ahmed, 2002). 

2.2.1.4)  Soil Texture 

Texture is the proportion of soil primary particles (sand, silt and clay) in soil, which 

estimates soil erosion and variability. It is an important qualitative parameter of soil that 

controls water infiltration, retention, aeration, nutrients absorption and microbial activities 

(Gupta, 2004). Soil texture provides information about the parent material including the 
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profile of homogeneity or heterogeneity, leaching of clay and the weathering intensity of 

the parent material and the soil age (Lilienfein et al., 2000). 

 2.2.2. Chemical parameters of soil 

The chemical parameters address the nutritional aspect of the soil including 

solubility and bioavailability of essential plant nutrients and other chemical factors 

affecting pH, salinity and calcareousness. The chemical parameters develop a strong 

relationship between soil constituents and plant yields (Khattak, 1996). The chemistry of 

soil is interestingly complex, involving inorganic reactions between solid phases (minerals 

and organic matter), bulk soil solution (liquid phase) and an unbelievable diversity of soil 

organisms (Fisher & Binkley, 2000). Over time the parent materials undergo changes and 

transformations within the soil and release minerals and chemical elements. Many soil 

chemical properties directly affect the microbiological processes. These processes work 

along with physical as well as chemical soil processes that determine the availability and 

capability of soils to store and cycle nutrients, carbon, and water.  The chemical parameters 

also affect biological activity or nutrient release reactions (Doran & Jones, 1996; 

Drinkwater et al., 1996). Some of important soil chemical parameters are as under; 

2.2.2.1) Soil pH 

Soil reaction is an essential parameter of the soil, it determines the degree or 

intensity of acidity or alkalinity of the soil’s environment (Hazelton & Murphy, 2007). 

Soil pH is influenced by the natural and anthropogenic factors; includes type and time of 

weathering of the parent material, climate, leaching of bases, vegetation, decomposition 

of organic matter, uses of chemical fertilizers, and farming activities (Brady & Weil, 2002; 

Gil et al., 2009). Changing trends of many chemical and biological functions of soil include 

acidification, calcareousness, salinization, crop productivity, nutrient availability, toxicity, 

cycling and microbial activity controlled by soil pH. Most of the higher plants and 

microorganisms respond quickly to soil pH (Dalal & Moloney, 2000).  
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2.2.2.2) Soil Electrical conductivity  

Soil EC is the amount of salt in a soil solution and is an easily measurable and 

important parameter of soil health (Arnold et al., 2005). EC represents the level of soil 

salinity, nutrients cycling and microbial activity. Furthermore, surplus salt badly affect the 

soil water equilibrium as well plant growth (Fitter & Hay, 1987) and it also declines the 

structure in alkaline soil (Arnold et al., 2005). The electrical conductivity arises either 

naturally or due to the mismanagement of soil. Climatic conditions also have an effect on 

EC (Pariente, 2001). The ideal value of EC for crop production is between 0 - 0.8 dS m-1. 

2.2.2.3) Calcium Carbonate 

Calcium carbonate (CaCO3) is the principal element of limestone. It is used to 

neutralize the acidity of soil and also a good source of plant nutrition. In addition to 

maintenance of soil acidity, CaCO3 increases availability of phosphorus, improved 

nitrogen fixation, increases nitrogen mineralization and nitrification (Khatak, 1996). 

Deficiency of CaCO3 is observed in acidic soil (Abua et al., 2010; Iwara et al., 2011) and 

the soil with high organic matter (Lemenih & Itanna, 2004). Furthermore temperature and 

precipitation affect the solubility constant of CaCO3 (Feng et al., 2002). 

2.2.2.4)  Soil Organic Matter  

SOM is comprised of living and dead plant and animal materials and a wide-range 

of carbohydrates, humic constituents, proteins and microorganisms (Foth & Ellis, 1997). 

It is formed by the mixing of green plant’s debris, remains and excreta from animals, with 

the mineral constituent on the surface of the soil (White, 2013). SOM is main soil health 

parmeter beacause of its outstanding functions; it controls erosion, increase infiltration, 

soil structure formation, stability, providing nutrients and cycling elements (C, N, P and 

S), and it also increases water, oxygen, buffering/CEC capacity, as well as provides energy 

to microbes/ fauna and increasing their activities (Gregorich, et al.1995; Jones, et al., 2004; 
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Haynes, 2008). Furthermore, SOM is affected by the land uses activities and climate (Lal, 

2009).  

2.2.2.5) Soil Macronutrients  

Macronutrients such as K, N and P are consider the important soil quality, and they 

predict nutrients lose from soil, and they predict the loss of nutrients from soil (Doran et 

al., 1999). In other words, macronutrients are indicators of soil productivity and 

environmental quality (Dalal & Moloney, 2000).  

Nitrogen is taken by plants in largest quantity, followed by carbon, oxygen and 

hydrogen and it is the deficient nutrient in the soil for crop production (Sanchez, 1977; 

Mesfin, 1998). Nitrogen is considered as the soil limiting nutrients for growth and 

productivity of plants (Lopez–Bucio et al., 2003). Total N content in cultivated soil ranges 

from 0.03 to 0.04% and it dependent on organic matter content (Tisdale,1985). The 

nitrogen concentration decreases by continuous and intensive cultivation due to the rapid 

turnover (mineralization) of organic substance of the crops’ biomass (McDonagh et al., 

2001). Likewise, nitrogen leaching is more in highly weathered soils of humid regions 

(Tisdale et al., 1985). Normally, total N decreases from forest to pasture and cultivated 

land (Emiro, 2006). A decrease in nitrogen mineralization is also an indication of a decline 

and degradation of microbial activity and biological properties in the soil.  

Phosphorus is also limiting nutrient in the soil for plant growth after water and 

nitrogen (Abede, 1996). Main sources of phosphorus are minerals, organic matter, and 

synthetic fertilizers.  Phosphorus is important parameters of soil as deficiency of available 

phosphorus in the soil restricts plant growth (Foth & Ellis, 1997). Natural soil contains 50-

1,000 mg kg-1 of phosphorus and about 30-50% is in an inorganic form (Foth & Ellis, 

1997). In some natural forests and grasslands, availability of phosphorus to plants is 

limited due to its very low solubility (Brady & Weil, 2002, 2008). Phosphorus cycling in 

soil is measured by biological and geochemical processes (Frossard et al., 1995). Studies 
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suggested that phosphorus is susceptible to climate change and land management (Jouany 

et al., 2011).  

Like nitrogen and phosphorus, potassium is the third important macronutrient that 

limits crop productivity. Its deficiency in soil is fulfilled by chemical fertilizers. The 

sources of potassium are the primary minerals and by weathering of minerals, the 

potassium becomes more available. The exchangeable and soluble potassium is readily 

absorbed by plants roots (Brady & Weil, 1999). Similarly, Wakene (2001) proposed that 

the content of potassium depends on the soil parent material. In addition, potassium 

activates various important enzymes responsible for metabolism, synthesis of starch, 

photosynthesis and degradation of sugar (Brady & Weil, 1999).  Unlike N and P, the K 

does not cause environmental problems (Brady & Weil, 2002, 2008). Alemayehu (1990) 

suggested that intensive cultivation declines the K due to leaching which is more severe in 

soil with low clay. With the application of potash fertilizer, K moves more deeply into the 

soil (Foth & Ellis, 1997). 

2.2.2.6) Soil Available Micronutrients  

Micro-nutrients such as Fe, Mn, Cu and Zn uptake by plants in little quantities (less 

than100 mg.kg-1) (Foth & Ellis, 1997). Available micronutrients found in soil as cations. 

A deficiency of any micronutrients in the soil can inhibited plants growth even the 

remaining nutrients are present in sufficient amounts (Gupta, 2004). 

Various factors including parent material, soil pH, soil particles, and SOM affect 

the solubility and availability of micronutrients (Brady & Weil, 2002, 2008). Hodgson 

(1963) suggested that SOM stimulate the availability of these elements. Furthermore, 

Krauskof (1972) stated that amount of micronutrients depend on the parent material from 

which the soil is developed. Similaly, solubility and availability of micronutrients depends 

on soil pH (Brady & Weil, 2002). 

http://ecorestoration.montana.edu/mineland/guide/analytical/chemical/solids/macronutrients.htm
http://ecorestoration.montana.edu/mineland/guide/analytical/chemical/solids/macronutrients.htm
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2.2.3. Soil organic carbon  

SOC plays a significant role in food security and climate change mitigation (Lal, 

2004). The soil is the largest and a significant pool of carbon in the terrestrial ecosystem 

(Lal, 2004). The soil is the largest and a significant pool of carbon in the terrestrial 

ecosystem (Schlesinger et al., 1990) and a significant constituent of global C cycle. Two-

thirds of organic carbon stores in soil (Schlesinger et al., 1990) which is three times greater 

than that of plants and two times that in the atmosphere (Wang et al., 2004).  Soil organic 

carbon improves soil properties (Mulongoy & Merckx, 1993) by holding the greater 

amount of important soil nutrients for plant growth (Leu, 2007) and also provide energy 

to the microbial community (Mulongoy & Merckx, 1993). 

Similarly, soil acts as the sink of atmospheric carbon dioxide and consequently 

reduce the concentration of greenhouse gasses in atmosphere (IPCC, 2000, 2007; Lal, 

2004).  According to IPCC (2007), elevating concentrations of CO2 and other greenhouse 

gasses in the troposphere due to anthropogenic activities is one of the most challenging 

environmental issues. The increasing concentrations of these gasses in the atmosphere 

could result in increased in global temperature of 2° C by 2100 (IPCC, 2007). This 

increasing temperature may cause rapid melting of glaciers/snow and  rising average sea 

levels and rising precipitation with attendant storms, floods and droughts in some regions 

of the world like Pakistan, which impact food and energy security  (Lal, 2004; Smith, 2004 

Sustainable land management could be one option to enhance soil C sequestration and 

consequently reduce the greenhouse gasses in the environment (Lal, 2004). 

2.2.4. Microbial parameters of soil 

The microbial components in soil occupy a very small fraction (less than 0.5%); 

however, they play an significant role in breakdown and mineralization of SOM and 

nutrient cycling (N, S, P and C) on a global scale (Prosser, 2007; Wurst et al., 2012). In 

addition, microbes also contribute to the formation of soil structure, increase the water-
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holding capacity, improve water infiltration, aeration in soil and thus reduce erosion and 

degradation (Welbaum et al., 2004).  

Soil bacteria and fungi are considered as the most abundant and diverse group of soil 

organisms (Bardgett, 2005). Soil bacteria perform important functions for the growth and 

physiology of plants (Pritchard, 2011). Some bacteria help in synthesis of SOM from CO2 

or from inorganic C sources and while, others are heterotrophic (Buscot & Vrma, 2005). 

Microbial parameters of soil give a quick response to natural or anthropogenic activities 

and are therefore a more sensitive indicator of soil health (Cardoso, et al., 2013). 

Furthermore, soil microbes produced measurable changes in physico-chemical parameters, 

thus can be used as the early warning for soil degradation (Pankhurst et al., 1997). For 

instance, Carter et al (1999), it is estimated that the turnover rate of microbial biomass is 

(1 to 5 years) faster than total soil organic matter.  Therefore, knowledge of soil biological 

processes is very important for sustainable soil uses and management (Lavelle et al., 2006). 

Likewise, changes in long term changes in soil health are determined by the study of 

changes of soil microbial communities (Hill et al., 2000).  In addition, both abiotic factors 

(temperature, moisture and soil nutrients) and biotic factors have an effect on 

microorganisms (Singh et al., 2009).  

  2.3. Effect of land uses on different soil parameters 

Soil characteristics vary from the field to regional scale which is affected by 

intrinsic and extrinsic factors (Sun et al., 2003). Similarly, Jenny (1941) also highlighted 

the significance of the human influence (land uses) on the five soil formation factors. 

Although, both climate and geology affect soil characteristics on a regional scale, while 

land use is the main factor of soil properties on a small scale. Since, the land use has 

manifold severe effects on soil function within agro-ecosystems (Wang et al., 2001). 

Furthermore, humans have modified land use for production which produced unknown 
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environmental effects (Sharma, 2004). If this effect is adverse, the soil is dysfunctional in 

many aspects (Shaxson, 1998) including water movement and solute transportation, 

nutrient cycling and conservation of biodiversity and habitat (Daily et al., 1997). Similarly, 

land use practices accelarates soil degradation, mineralization, leaching and redox 

reactions (Celik, 2005; Liu et al., 2010). The variation in soil physical, chemical and 

microbial parameters and organic carbon stock  under different land uses as under; 

2.3.1. Soil physical and chemical parameters 

Evaluating variation of soil charcteristics due to land use  intensification is crucial 

for addressing problems associated with ecosystem transformation and sustainable soil 

productivity. Natural vegetations are the main contributors to maintain soil physico-

chemical properties and increase the nutrient status in the soils of high-altitude ecosystems 

and it also helps to restore the degraded lands in the mountain regions (Abbasi et al., 2007). 

Studies indicating a variation in soil chemical and physical characteristics due land uses 

activities (Barreto et al., 2000; Abbasi et al., 2010, Begum et al., 2010). Similarly, forest 

soil is more fertile than the other land uses. For example, Yitbarek et al (2013) reported 

the highest values of SOM, TN, and other micronutrients in the forest as compared to 

pasture and arable land.  Likewise, the natural forest has the highest clay content, organic 

matter, and macro & micronutrients, and low bulk density and pH than other land uses 

(Abbasi et al., 2005, 2007, 2010; Ali et al., 2017). Furthermore, Kara and Bolat (2008) 

reported low soil bulk density, clay, pH, EC, and CaCO3 in the forest than other land uses 

such as pasture and arable land.  Similar findings were found by Gholami et al. (2013).  

Cultivation influences soil compaction, erosion, or deposition (Buol et al., 2003), 

and it also affects soil physical and chemical parameters. Several researchers suggested 

that cultivation decreases the soil nutrients. For example, Maurya et al. (2014) reported a 

lower concentration of organic matter, nitrogen, phosphorous and potassium in the fallow 

land than the forest in Central Himalaya. Similarly, Gajic et al. (2013) observed a lower 
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content of silt, clay, organic matter and nitrogen in the arable land than in adjacent 

grassland and forest. Like-wise, Karkaj et al. (2013) found higher acidity, conductivity, 

the percentage of saturation moisture, clay, and nitrogen in rangeland than in plantation 

and agricultural land. Similarly, land disturbance influenced soil properties. For example, 

the undisturbed land has significantly higher concentration of SOM and other soil nutrients 

than human disturbed land (Wu et al., 2007). Howere, Eleftheria et al. (2012) have not 

reported in variation of total nitrogen among different land uses. 

Land uses affect soil properties even with similar climate, vegetation and parent 

material and soil types. For exemple, Begam et al. (2010) reported a variation in soil 

temperature, bulk density, pH, organic matter, faunal abundance and diversity, regardless 

of climate, vegetation and parent material in central Nepal. Similarly, Wang et al. (2001) 

observed a variation in SOM, and N in different land uses even in uniform soil types in the 

Loess Plateau. Similarly, land use and management may effects on soil properties in a 

single region (Wu et al., 2007).  Therefore, further studies are needed under different land 

uses in various regions such as the Karakoram region, for which, thus far, there is very 

limited information. 

2.3.2. Soil organic carbon stock 

The soil is the largest sink of carbon in the terrestrial ecosystem (Schlesinger et al., 

1990) and SOC is very sensitive to land uses and management activities (Post & Kwon, 

2000; Tan et al., 2004). Sustainable land use could sequester carbon in the soil and reduce 

the emission of the greenhouse. The SOC stock is dynamic, and depends on different 

factors and processes that operate in the systems. Several studies showed a significant 

variation in SOC due land use and vegetation (Eshetu et al., 2004; Lemenih & Itanna, 

2004). The type of land use is a key element that controls SOCS in soils, because land use 

influence the quantity of input and litter decomposition in soil (Lehmann et al., 2000; 

Shepherd et al., 2001). Furthermore, forest soil stocked greater amounts of carbon than 

http://encyclopedia.thefreedictionary.com/Loess+Plateau
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other land uses (Jobbagy & Jackson, 2000; Abera & Belachew, 2011; Manojlovic et al., 

2011; Balaba & Tumwebaze, 2012; Fang et al, 2012, 2014; Shufang et al., 2012; Iqbal et 

al., 2014; Mauryaa et al., 2014; Meng et al., 2014) and SOC stock also declined  with soil 

depth (Yang et al. 2010; Keen et al., 2011). On the other hand, cultivation decreases 25-

48% of SOCS in soil (Ellert & Gregorich, 1996; Smith et al., 2000; Del Galdo et al., 2003; 

Chen et al. 2010; Vikas et al. 2014)). In contrast, reforestation increased 23% and 6% of 

SOC in 0-10 and 10-30 cm soil depth respectively. In addition, different land uses and 

management practices including fertilizer application and tillage operation can regulate 

the SOC (Iqbal et al., 2014). However, the intensity of land use may show a distinct effect 

upon SOC stock. Therefore, further studies are suggested under different land use in 

various regions especially in Karakoram ranges. 

2.3.3. Soil microbial parameters 

Soil microbial parameters are important indicators of soil health and change 

significantly due to natural and anthropogenic drivers such as climate, soil management 

practices and land-use changes (Pinto-Correia & Mascarenhas, 1999; Winding, 2004). The 

effect of land uses and management of soil microbial communities has been documented 

by McCaig et al. (1999, 2001). Similarly, natural forest shows greater microbial abundance 

than other land uses (Omar & Bolat 2008; Yang et al., 2010; Abbasi et al., 2010; Fang et 

al., 2014). Likewise, a significant variation in microbial communities were found across 

various land uses. For example, Lin et al. (2014) reported greater abundance and diversities 

of bacterial communities in plantation forests than that in natural forest. Furthermore, 

Upchurch et al. (2008) reported higher bacterial abundance in managed agricultural soils 

than in undisturbed forest soil. Like-wise, Jangid et al. (2008) reported the greates bacterial 

abundance in the pasture than forest and cropland Furthermore, deforestation and intensive 

agriculture cause expected decreases in microbial abundance (Montecchiaa, 2011).  
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Similarly, land uses and management practices alter soil physic-chemical properties and 

subsequently affect the abundance of microbial communities (McCaig et al, 1999). For 

instance, soil electric conductivity (Lozupone & Knight , 2007), soil pH (Baath & 

Anderson, T. H. 2003, Fierer & Jackson , 2006; Rousk et al., 2010), soil nutritional status 

(McCaig et al., 2001), and soil structure (Sessitsch, 2001) influence soil microbial 

richness.  

2.4. Effect of altitudes on different soil parameters 

The study of soil parameters along altitudinal gradient is an alternative way for 

studying of soil for long-term climate change (Williams et al., 2003; Hodkinson, 2005 and 

Chen et al., 2009). Since soil characteristics along with altitude is strongly affected by 

microclimate and landscape (Bendix et al., 2008; Gerold et al., 2008). Furthermore, even 

a small variations in climate at high altitudes will result in drastic changes in ecology and 

functions of the mountain ecosystem (Jodha, 1992). Similarly, Dokuchaev (1899) stated 

that soil properties change vertically in mountain areas. With increasing altitudes 

temperatures become cooler and precipitation increases, resulting in vegetation 

distribution changes, and consequently affects the amount, chemical composition and 

turnover of SOM (Jobbagy & Jackson, 2000 and Lemenih & Itanna, 2004), soil microbial 

activity, and pH (Tanner et al., 1998; Proctor et al., 2007). The variation of soil physical, 

chemical, microbial and organic carbon stock under different altitudes as under;  

2.4.1. Soil physical and chemical parameters 

Along with the altitudinal gradients, the precipitation and temperature are main 

drivers in the variation of soil characteristics (Strong et al., 2011). Because along the 

altitudinal gradient SOM increased due to its slow decomposition and minerlization (Fu et 

al., 2004; Qi et al., 2009; Charan et al., 2012). Since the SOM is the primary source of 

nutrient (Khattak, 1996; Buri et al., 2000; Sarwar et al., 2007) and most of soil parameters 
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depend on SOM.  A significant variation in soil properties has been found along the 

altitudinal gradient. For example, Lone et al. (2013) reported a significant variation in pH, 

SOC, available N, P, K along with altitude (from 1500-1801 m) in the Bandipora, Jammu 

and Kashmir.  Similarly, Saeed et al. (2014) reported a decrease in soil BD, sand, clay, pH,  

EC  and CaCO3 and an increase in silt content, SOM, and both macro and micro nutrients 

in altitude ranges from 1660-2133 m in the Sra Ghurgai, Baluchistan. Furthermore, Sigdel 

et al. (2015) observed increases soil acidity, N, SOM, soil moisture and water holding 

capacity with the increasing altitude ranges from 1600 m to 2732 m in Shivapuri Nagarjun 

National Park, Nepal. The authors further showed the highest values of available P and K 

in the middle altitude. Similarly, Mauryaa et al. (2014) observed an increase in SOM, N, 

P and with increasing altitudes ranging from 3000-8450 feet in the Almora, Central 

Himalaya. Similar findings have observed by others (Griffiths et al., 2009; Abreha et al., 

2012).  

Similarly, Strong et al. (2011) reported decreases in available Fe, Mn, Cu and Zn 

with increasing altitude. Similarly, other researchers have also reported decreases in SOM 

with increasing altitude at higher elevation (Qi et al., 2009; Panthi, 2010; Saeed et al., 

2014).  Although these studies undertaken comparatively at lower altitude, therefore, 

further investigation may be required for the understanding of dynamic soil characteristics 

with altitrude (climate change) in high mountain areas.  

2.4.2. Soil organic carbon stock 

SOC plays a important role in the global carbon (C) cycle and influenced by 

various factors, such as altitude and climate (Djukic et al., 2010) vegetation (Pregitzer & 

Euskirchen, 2004; Luyssaert et al., 2008) and land management (Morgan et al., 2010). The 

most important factors that control the SOCS are elevation, climate, vegetation and soil 

depth (Baldock & Nelson, 2000). Mountain ecosystems are highly sensitive and vulnerable 

to climate change due to the systems’ complexity and multi-faceted interacting drivers. 
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However, mountains are considered a significant pool of organic carbon due to cooler 

temperatures and greater precipitation (Djukic et al., 2010). Even a little variation in SOC 

stock effects ecosystem sustainability, global carbon budgets, and atmospheric carbon 

dioxide level (Amundson, 2001). Similarly, a small variation in precipitation and 

temperature can release greater amounts of CO2, due to increases in microbial activity in 

a warmer and wetter climate compared to recent conditions (Theurillat et al., 1998).  

Altitudinal gradient induces a microclimate which directly affects SOC stock and 

rate of mineralization. Temperature can control the rate of disintegration of biomass. 

Similarly, with each increase of 10°C in air temperature the reaction rate double (Bot & 

Benites, 2005). Similarly, SOC stock increases with increase in rainfall (Meier & 

Leutschner, 2010). Fluctuations in climatic variables like temperature and precipitation, 

along with increasing altitude in mountain areas, the vegetation distribution change, which 

effects quantity and composition, and decomposition of SOC ( Lemenih& Itanna, 2004). 

Consequently, SOCS vary with altitude (Garten & Hanson, 2006) due to increases in 

precipitation and decline  in temperatures (Lemenih & Itanna, 2004; Wang et al., 2004; 

Du et al., 2014). Similarly, studies of SOCS in high altitude regions showed different 

responses with elevation, like an increase or decrease and even not change (Britton et al., 

2011). For instance, Lekhendra et al. (2015) observed an increase in SOCS with increasing 

altitude ranges from 1930-4410m and also decrease with increasing soil depth in Langtang 

National Park, Nepal. Similar findings reported by Maurya et al. (2014) in the Almora 

district of Central Himalaya. Furthermore, several studies showed a positive relationship 

of SOC and altitude (WoldeamLak & Stroosnijder, 2003; Genxu et al., 2004; Emiro & 

Gebrekidan, 2013) and SOCS increased with increasing precipitation and decrease with 

increasing temperature (Schlesinger, 1997; Kidanemariam et al., 2012; Du et al., 2014). 

Furthermore, SOC have a positive relationship of precipitation and a negative relationship 

with soil depth (Wu et al., 2012). The auther further suggested that moisture and vegetation 
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communities may main controlling factors of SOCS. On the other hand, a few studies 

showed that SOCS decreases with increasing altitude. For example, Sheikh et al. (2009) 

reported a decrease in SOC with increasing altitude range from 700 - 2100 m in different 

types of forests in the Garhwal, Himalaya, India. Similar pattern was found by Jahangeer 

et al. (2013) in the Garhwal Himalaya at altitude ranges from 1550 m to 3550 m.  Similarly, 

SOCS can be correlated with C inputs by plant biomass production and output through 

decomposition (Jenny, 1941; Schlesinger, 1997).  

Furthermore, SOCS showed no relation with altitude in the Swiss Alps (Leifeld et 

al., 2009). While, Djukic et al. (2010) reported an increase in SOCS with increasing 

elevation at low altitudes sites, but a decrease in SOC with increasing elevation at the 

higher altitudes in the Alps of Austria. Therefore, further studies on dynamics of SOC in 

mountain areas have been suggested. 

2.4.3. Soil microbial parameters 

Collins & Cavigelli (2003) suggested that the study of microbial communities 

along elevation gradients might be an alternative way to study the soil microbes response 

to the climatic change and also to predict future climatic changes. Under field conditions 

along elevation gradients temperature, precipitation, and radiation change simultaneously 

(Wang et al., 2013). Since microbial communities associated with mountain regions are 

very susceptible to environmental change ( Schroter et al., 2005). Along with an altitudinal 

gradient, the disturbance of soil and vegetation has an adverse effect on a number of 

microbial populations. Furthermore, altitude determines the climate conditions, which 

provided specific types of vegetation and soil environment that can have an effect on soil 

microbial communities (Dhruva et al., 1992; Zhang et al., 2013). The relative abundance 

of microbial communities varied with the climatic change because communities in soil are 

very complex and comprised of diverse members of organisms, which are different in their 

physiology, thermal resistance and growth (Lennon et al., 2012; Briones et al., 2014; 
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Whitaker et al., 2014). Each member of a microbial community shows different responses 

to environmental pressure (Vandenkoornhuyse et al., 2015). 

Considerable research was undertaken on influence of altitude on soil microbes. 

Some researchers found a variation in bacterial community abundance with altitude. For 

example, there is an increase of total bacteria with altitude (Margesin et al., 2009; Djukic 

et al., 2010). Other researcher observed a decrease in bacterial & fungal abudance and  

fungal to bacterial ratio with increasing elevation (Balser et al., 2005; Giri et.al.,2007; 

Zhang et al., 2009; Fierer et al., 2011; Meng et al., 2014) and microbial communities 

declined monotonically along the altitude (Decaëns et al., 2010). Other researchers have 

also reported microbial communities responded to changes in climate (Papatheodorou et 

al., 2004; Zhang et al., 2005). Lin et al. (2014) investigated a decrease in bacterial 

abundance with decreasing temperature or increasing precipitation even in similar types 

of forests. Furthermore, Yanli et al. (2014) reported that the soil bacterial community 

varies along the large altitudinal gradient.  

Like-wise, Mannisto et al. (2007) found that bacterial communities did not vary 

with altitude in similar soil pH. Similarly, Zhang et al. (2013) reported that the greatest 

variation in microbial community’s abundance along altitudinal gradients is due to soil pH 

as compared to climate.  

There is still controversy regarding the distribution of microbial communities as 

well as the effect of climate factors on the abundances of microbes along altitudinal 

gradients. Therefore, it is essential to learn more about the variation of microbial 

community in various mountains. 

Intensive literature survey showed that, considerable studies have been undertaken 

on the variability of soil characteristics in various land use and altitude in stable core areas. 

However, the researchers have given less attention to ecologically highly vulnerable and 

economically extremely marginal regions such as Karakoram ranges. Since, these regions 
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may tend to respond more sensitively to changes in their framework conditions such as a 

change in land cover, land uses and climate change as compared to the stable core areas of 

human activities. Because, these soils are highly fragile, pedologically young and have 

developed slowly on steep slopes under harsh climatic conditions and may vulnerable to 

climate change and land use activities. Therefore, investigation of of soil physical, 

chemical and microbial parameteris and SOCS under various land uses and altitrude 

(climate change) may be required for the understanding of dynamic of soil properties in 

this fragile region. 

 2.5. Soil investigation in Gilgit-Baltistan Region 

The soils of the high mountain region of the Karakoram are still largely unexplored. 

No systematic studies on soil physical, chemical and microbial properties acrose various 

land use and altitudes. However, some limited observations regarding various soil 

properties as reported by different researchers in various locations, which are summarized 

below; 

 Muhammad (1986) reported a deep, clayey and calcareous soil in valleys, while a 

shallow, non-calcareous and acidic soil on mountain slopes above 2100 m altitude. Later 

on, Saunders (1984) found high sand and silt contents, while clay content is below 15% in 

soils of Hunza, Iskomand and Yasin Valleys. Similarly, Whiteman (1985) classified the 

soil of Gilgit as loam to silty, sandy loams to loamy and sand and sandy and clay content 

is below 15%. Furthermore, the EC was moderately high and pH was alkaline low SOM, 

TN, and CEC. The soil organic matter may slightly increase with altitude. Overall the 

symptom of nutrient deficiencies was recorded in the region. The author also suggested 

that the soil of the Gilgit region are diverse due to the diversity of parent material and the 

land form i.e., whether they are located on screes, alluvial fans, glacial moraine or terraces. 
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Likewise, Turkensteen (1986) observed some deficiency symptoms of zinc in apricots 

field in Hunza valley. 

Baber et al. (2007) reported neutral to alkaline, non-saline soil with aquate level of 

organic matter and deficiencies of nutrients in arable land in different villages of Gilgit, 

Hunza and Ghizar. Similarly, Ali et al. (2013) reported neutral, saline soil adequate level 

of organic matter and nitrates in Sea buckthorn fields of the semi-arid region in Gilgit 

region.These studies were undertaken in lower altitude valleys, where the climate is arid 

and soil is formed by alluvial materials. 

There are very limited observations on soils properties in upper altitude, especially 

at Karakoram-Himalayan regions. Normally, in upper mountains regions, various soils 

form a small-scale mosaic over varying soil types. Because of the variation in edaphic 

conditions and respective vegetation distribution patterns exert a greater influence on soil 

physical characteristics then chemical parameters. Colluvial soils are commonly found in 

high mountains. Furthermore, the drier area in the upper forest is favorable environmental 

conditions for soil formation and core zone of recent pedogenesis (Schickhoff, 2002). In 

addition, the greatest soil biological activity was observed between 3300 and 3400 m in 

Kali Gandaki V (Kunze, 1982). Moreever, a comparatively deep, moist, acidic soils with 

organic debris is commonly found in the semi-humid and humid region on the Himalayan 

(Verma et al., 1990; Schickhoff, 1993, 1996a; BäumLer & Zech, 1994; Baillie et al., 2004). 

Schickoff (2005) found acidic to nutral, non-calcarious soil with adequate level of 

SOM and other soil nutrient in the different stand of the forest at the upper timberline in 

the Karakoram and Himalayan regions. While, Rahman (2008) reported a neutral and non-

saline soil with defiencient in macro and micronutrients in alpine region of  Hunza valley. 

In addition, a range of soil properties; sandy-loam - clay soil, acidic - slightly alkaline, 

with calcium carbonate up to16% and organic matter up to 33.09 reported in District 

Astore by Noor and Khatoon (2013). 
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Oveall literature review showed that the soils of the study area is still largely 

unexplored. In addition no studie has been undertaken on soil physical, chemical and 

microbial properties acrose various land use and altitudes. Therefore, a systematic study 

on the effects of land uses and altitude (in terms of climate change) of soil physical, 

chemical and microbial parameters is needed. Which may useful to increases our 

understanding that how anthropogenic activities and climate change impact on soil 

properties in this fragile region. In addition, this research is an essential prerequisite to the 

mountain communities and resource management, especially in light of the ever-

increasing pressures on these fragile regions and the ever-growing threat of adverse 

impacts due to global climate change. 
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MATERIALS AND METHODS 

The selected physical, chemical and microbial parameters of soil in various land 

use and altitudes in the Bagrote valley, CKNP were investigated in the current study from 

2012-2017 and the samples were evaluated in the department of chemistry, Karakoram 

International University, Gilgit-Baltistan, Pakistan. A part of analytical work was also 

carried out in the Insititute of Soil Science and soil water conservation, PMAS-Arid 

Agriculture University, Rawalpindi, Pakistan and institute of ecology and evolution, 

Universty of Oregon, USA. The materials used and methods followed for conducting the 

experiments are described hereunder; 

3.1. Gilgit-Baltistan 

Gilgit-Baltistan (Figure 3.1) is the diverse mountain landscapes on earth. It is 

located in the extreme north of Pakistan. Its position is of strategic importance, as it is the 

only part of Pakistan surrounded by three important countries: India to the east, China to 

the north, and Afghanistan to the west. It constitutes one of the world’s highest mountain 

regions. Here three great mountainous systems - Himalayas, Karakorum, and Hindukush 

meet, and give rise to some of the world’s highest peaks, including K-2, Nanga Parbat, 

Rakaposhi, Diran and several others. Three-fourths of the area is permanently covered by 

snow and ice. It possesses some of the world’s largest glaciers. The area is the head tower 

of water sources for Pakistan. 

2.2. Central Karakoram National Park (CKNP) 

Geographically CKNP (Figure 3.1) located in the far north of the Gilgit-Baltistan, 

Pakistan, extended from 35 to 36.5 latitude and from 74 to 77 longitudes. Its boarder links 

with China in the north and eastward there is Ladakh and Kashmir. The CKNP is the 

largest park in Pakistan covering total area of 10,000 square kilometers. The park falls into 

six administrative districts (Gilgit, Hunza, Nagar, Skardu, Ghanche and Shigar). There are 
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17 valleys, 230 villages with a population of 97,608 peoples along 13,159 households 

located in CKNP (HKKH, 2007). The region contains beautiful mountains, alpine 

pastures, natural forests, and large glaciers which lead to rugged valleys and harsh rivers.  

The outstanding features are the world famous peaks such as K-2, Rakhaposhi and Diran 

Peak. The CKNP is the largest source of freshwater for Pakistan.  It has unique wildlife 

and floral diversity (Pakistan W.W.F, 2009). Livelihoods are mostly based on the 

combined mountain agriculture with limited landholdings. 

3.3. Bagrot Valley (The Study area) 

The Karakoram lies in the center of the high mountain node; Hindukush in the 

west, Pamir and Tien Shah to the Northwest, Kulun Shah in the Northeast and Himalaya 

in the Southeast. The Bagrot Valley (Figure 3.1)  is located in the southern part of the 

Karakoram Range about 17 km to the Northeast of Gilgit, Pakistan.The area is surrounded 

by famous peaks of Rakaposhi (7788 m) and Diran (7266 m) in the northern direction, 

while the Dubani (6120 m) lies  in the eastern side. The total watershed area is 440 km2; it 

comprised of 16.14% pasture, 16.43% forest, 3.35% arable land and 64.08% ice, glacier, 

and rock (Pakistan W.W.F., 2009). The valley is inhabited by approximately 14,700 

people. The entire population speaks Shina. The land is irrigated by glacier and snow melt 

water. The 30 km long valley can be divided into three physiographic sections (Grotzbach, 

1984; Cramer, 2000): 

i. The lower Bagrot Valley extends from the junction of the Bagrot and Gilgit Rivers 

at Oskandass (1500 m) up to Sinakker (2110 m). This part is a narrow canyon (V-

shape valley) with baran and scree slopes largely free of vegetation. However, few 

isolated settlements and fields are located on either side of the alluvial fans. 
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Figure 3. 1. Map of study area (Bagrot valley) showing position of the area in Gilgit-Baltistan, Pakistan 
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ii. The central part of the valley extends from Sinakker (2100 m) to the tongue of the 

Hinarche-Glacier (2450 m) over a length of 13 km. This area is characterized by 

large glaciated plains with wide-scale alluvial fans and terrace fragments. The four 

large villages (Datuchi, Hopay, Farfooh and Bulchi) and their farmLands locates in 

this part.  

iii. The upper Bagrot with summer settlements and seasonally cultivated farmLands is 

located above the Hinarchi Glacier extended up to the Barche Glaciers. This section 

is wide enough for cultivated crops. Adjacent to the valley slope, wide alpine 

meadows and forests extend up to an altitude of nearly 4200 m.  

3.3.1.  Land uses 

A piece of land is used for several specific purposes including agriculture, animal 

husbandry, forestry and mixed farming (FAO, 1990). Generally, this area has limited 

natural resources associated with specific topographical setting and harsh climatic 

situation of the mountains (Ehlers, 1995).  In Bagrot Valley, people cope with lack of 

resources by adopting “Mixed Mountain Agriculture” for at least a 1000 years. This 

includes agriculture, pastoralism and forestry which is the backbone of the inhabitants 

livelihood.  

3.3.1.1)  Alpine meadow or pasture 

Alpine meadow is utilized for animal husbandry (goats, sheep, cattle, donkey, 

horse, and yak). It is another important pillar of the mixed mountain agricultural land use 

system (Ehlers, 1995). Animal manure is still used to replenish cultivated soil to improve 

the crops yield. The Bagrot Valley is rich in alpine pasture extending up to 4200 m, which 

produces sufficient fodder for vast flocks and herds. The utilization right of pasture is 

restricted to the inhabitants of the villages located closest to it. Each household have an 

average of 28-30 animals. Different modes of animal husbandry reflect the vertically 
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         Figure 3. 2. Mixed mountain agriculture of study area; Pictures on top, middle and bottom resprsent agriculture, pasturilism and forestory respctively 
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structured land use system from the bottom valley to the navel zone. The utilization of 

alpine pasture is characterized by seasonal migration between the permanent settlements 

villages in the bottom valley and nearby settled alpine pasture.Therefore, the utilization of 

different pasture ecotopes can be reached throughout the year (Ehlers, 1995). The actual 

pressure on alpine pasture starts in late May and goes to October when all flocks and herds 

are shifting to pasture. The intensity of grazing on pasture depends on the availability of 

water, accessibility and sun exposure. At high altitude, pasture grazing can be limited to 

only a few weeks and where only goats can access pastures this altitude. 

3.3.1.2)  Forest 

Less than 10% of Gilgit-Baltistan is covered with forest (Govt. of Pakistan, 1998). 

The forest resources play pivotal role in the life and rural economy. The Bagrot Valley is 

located at the northern fringe of the coniferous forest distribution in the Karakoram and 

has a relatively small natural forest. The forest is found throughout the valley in the forms 

of small patches between 2700 to 3600 m. Although, the forest of the area has been 

managed by the forest department however, the local population has traditional rights to 

use the forest for the collecting of firewood as per rules set by the concerned department. 

The forest of Bagrot constitutes an important supplement within the mixed mountain 

agricultural land use system. Traditionally, 80% of household energy is supplied in Gilgit-

Baltistan by firewood; among this, 50% is from natural forest while the other half by 

cultivated trees (Govt. of Pakistan, 1998). However, in Bagrot Valley, the demand for 

firewood is much higher due to a lack of kerosene oil and natural gas. The inhabitants 

preferred juniper as firewood due to it long burn and higher calorific value and remaining 

charcoal used by blacksmiths. As a result juniper trees are severally degraded near the 

vicinity of the villages. In addition to firewood, the forest tree’s trunks are also used for 

water channels at exposed spots. The bark/paper of birch is used for packing and storage 

of butter and also used for the roofs of houses to prevent leakage of rain water. The 
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inhabitants use pine and juniper trees for the construction of houses and stables. During 

the last few decades, wood logging of pine and spruce and timber businesses increased 

after the construction of a link road to the valley. However, pine wood is in greater demand 

due to its durability and weather resistance. As assumed, pine is much more degraded than 

spruce. The rate of degradation depends on accessibility to carry wood.  

3.3.1.3)  Agriculture land 

Agriculture is the main component of the mixed mountainous agricultural land use 

system in Bagrot as well as Gilgit-Baltistan. The permanent settlement and arable land are 

located on a terrace of alluvial fans and slopes. The land is irrigated by glacier and snow 

melt water. However, the seasonal water shortage and the mountain relief limited the 

expansion of agriculture land. The reduction of agricultural resources by division of land 

was a result of rapid population growth. As results the arable land is intensively used to 

fulfill the inhabitant’s livelihood. Fifty percent of the population has 0-1 ha land, 18% hold 

1-2 ha, 21% had 2-3 ha, and only 3% inhabitant hold greater than 3 ha land. Due to limited 

agriculture land, the inhabitants of the area adopt various mechanisms such as: 

 development of summer villages at elevated and climatically less favorable sites 

 introduction of new cash crops (potato) 

 introduction of fast growing varieties in transition zone to get two crops 

 intensive used of chemical fertilizers to get high crop yields 

In the study area, the agriculture is categorized into three different agri-ecological 

zones. The double crops zone is extended from 1500-2200 m. The villages Hamaran, 

Sinaker, Hopa and Datuchi are under this zone, where rotation of wheat and potato are 

considered as Rabi crops (summer crop) and maize as Khrif crops (winter crops). The first 

crop is harvested at the end of June, while the second crop is harvested in early October. 

In the transition zone, where the first crops are wheat, maize and potato harvested in July. 

After harvesting, in recent times different vegetables are cultivated and about 70% of 
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vegetables in Gilgit market is supplied from Bagrot. The upper part of valley serves as 

important supplementary farm areas. The summer settlements Sat, Gasonar and Dar (2900 

m) are within single crops zones, where wheat and barley were grown by earlier 

inhabitants; now a potato cash crop has been introduced in these areas. Cultivation starts 

in March-April and harvesting begins in September-October. Besides the cultivation of 

cereal, various  vegetables (spinach, cabbage, onions, tomatoes, melons, turnips, carrots) 

and different fruits (apricots, apples, mulberries, grapes, pomegranates, pears, walnut) and 

grass (Lucerne grass) etc are grown by artificial irrigation. The Bagrot Valley is popular 

for both the quality and quantity of their pear production. 

3.3.2. Geology 

Searle (1991) divides the Kohistan-Ladakh complex into different geological units. 

The Bagrot Valley is almost exclusively part of the "Chalt Volcanic Group" which consist 

of basic Schists and phyllites. The chalt metavolcanics of that group mainly cover the 

eastern and western part of the river. However, the south-eastern portion of Bagrot has a 

small exposure of ultramafic rocks. The terraces and fans of glacio-fluvial and fluvial 

sediments is also part of the Chalt Volcanic area. The characteristic minerals of these rocks 

are amphibole, pyroxene, plagioclase, epidote and chlorite (Searle, 1991). The second 

geologic unit in the study area consists of metamorphosed sedimentary rocks (para rocks 

or meta sedimentation) of lime which are stored in the Chalt-volcanics.  The Chalt volcanic 

have high content of SiO2, MgO, Fe2O3 and CaO and low content of K2O and P2O5 

(Petterson et al. 1991). 

The rock units in the study area have high pedogenesis weathering potentials. The 

fine foliation of phyllitic shale and fracturing of rocks due to the freeze-thaw weathering, 

the rock units are cut by deep cracks and scattered. The end product of the physical 

treatment of the material is to large extent silt. The basic mineral composition of the Green 

rock series allows rapid chemical weathering of silicate, thus facilitating the releases 
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favored by nutrients in the soil. The weathering product of carbonate meta-sediments can 

be expected at a high buffering capacity. 

3.3.3. Climate 

The Karakoram located in the transitional region between the mid-latitude 

westerlies (central Asia) and the semi-humid subtropics of the north-south Asia with 

Indian summer monsoon types (Hewitt, 1989; Weier, 1995; Seong et al. 2007). The 

greatest precipitations observe in spring by the movement of mid-latitude westerlies into 

the area. Two-thirds of snow falls observe in winter and earlier spring. The remaining third 

is seen in summer due to Indian monsoon (Hewitt, 1989; Seong et al. 2007).  Thus, the 

area is placed in a category of dry continental climate under the climatic regions of 

Pakistan.  However, there are variable microclimates exist due to the influence of diverse 

topography (Hewitt, 1989; Athar, 2005). Generally, at high altitudes more snowfall occurs 

than rainfall (Pakistan W.W.F, 2008). Down in the valleys, aridity prevails with annual 

precipitation of < 300 mm (Clemens & Nusser, 2000). Average rainfall in the valleys is 

100-300 mm and mostly rain fall occurs in winter and early spring. The vast mountain 

complex the Hindukush, Pamir, Kuln Shah, Karakoram and Himalaya has blocked the 

reaching of influence the atmospheric circulation or a synoptic situation (Flohn, 1954; 

Weier, 1995). 

There is the lack of climate data at the high altitude mountain area of Gilgit-

Baltistan as most of the weather stations are located down in the valleys. However, during 

the years 1991-2005, some automatic weather stations were installed in the study area 

under the project “Cultural Area Karakorum” which provided some important climatic 

data.  In the study area, the steep-slope mountains produce sharp ecological zones. Along 

the altitudinal gradient, temperature and potential evapotranspiration decreased, whereas 

precipitation increased. Similarly, the thermal vegetation period decreased, while frost 

change increased. The relationship between altitude and climate (temperature and 
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precipitation) variation in the study area (Bagrot Valley) was calculated by Cramer (2000) 

indicating that there is an average temperature decline of 0.63°C  per 100 m and  

precipitation increase of  +17.6 mm per 100 m. The annual mean air temperature decreases 

from 11.6°C at  2,210 m  (Station Sinker) to  -2.2 °C at  4,030 m  (Station Diran)  and  the 

annual precipitation increases in the same direction, i.e. 142 mm at altitude 2210 m and  

around the 5-fold, to 721 mm, at 4030 m. 

Table 3. 1.  Climatic parameters along altitudinal gradients in Bagrot Valley 

Station Altitude (m) Mean temperature 

(˚C ) 

Annual Precipitation 

(mm) 

Gilgit 1460 15.9 141 

Osikandass 1490 16.7 110.9 

Sinaker 2210 11.6 142 

Datuchi 2240 10.5 265 

Bulchi 2420 11.3 285 

Sat 2560 7.3 391 

Dame low 3220 4.3 399 

Dameh High 3690 0.9 565 

Diran 4030 -2.2 721 

        Note: Climate data (1991-2000) was taken from M. Winiger, University of Bonn, Germany. 

3.3.4.  Soil temperature 

The soil temperature throughout the year depends highly on the soil moisture 

condition which is influenced by the length of the snow covering period, magnitude of 

solar radiation and vegetation coverage (Borden, 1994). Soil and air temperature are 

comparable in the forest covered sites. In contrast to sunny places that dried out during 

the summer, the covered sites have much higher soil and air temperatures; when the soil 

surface is dry, solar energy is totally transformed into appreciably higher heat and 

dynamic turbulence. Aulitzky (1961) stated that the time period of snow cover is a 

decisive factor for the soil temperature in high mountain ecosystems. Both vegetation and 

snow cover determined a typical attenuation of the diurnal and seasonal temperature 
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amplitude in addition to the expected phase delay and amplitude attenuation with the soil 

depth. Weber (2000) reported that the soil temperature at Dame does not increase linearly 

with altitude, but at upper forest line there is the inversion. Based on the data from Weber 

(2000), the study area can be vertically classified into the following soil temperature 

regime (Soil Survey Staff, 1998) 

Table 3. 2. Soil temperature regime of Bagrot Valley in different altitudes 

Altitude (m) Annual mean temperature 

in 50 cm depth 

Annual amplitude 

in 50 cm depth 

Soil temperature 

regime 

1.500 – 2.500 <  22 °C > 6 °C Thermic 

2,500- 3,000 < 15 °C > 6 °C Mesic 

3,000-4,700 < 8 °C  Cryic 

Note: Soil classification on basis of soil temperature regime 

Table 3. 3. Soil temperature at Dame (3780m) 

    Soil depth 5 cm 20 cm 50 cm 

Annual mean  °C 3.6 3.9 3.1 

Winter mean °C -3.1 -2.2 -1.1 

Winter minimum °C -5 -3.4 -1.3 

Winter maximum °C -2.2 -1.7 -0.1 

Summer mean °C 13.5 12.5 9.3 

Summer minimum °C 7.2 4.2 0.7 

Summer maximum °C 23.9 22.4 18.3 

          Note: Data was taken from the Thomas Cramer, University of Bonn, Germany. 

3.3.5. Vegetation distribution pattern 

The accurate statistical figures on the flora of the Karakoram have not been 

documented. However, Puff et al. (1956) reported that the number of species of vascular 

plants declines by 50% from the Nanga Parbat (western Himalaya) to Hunza (northern 

Karakoram) at a distance of 100 km due to increasing aridity. Hence, the thickness of the 

forests decreases northwards and this decline is dominant in Yasin valley whereas the 

upper part of Bagrot valley that located more to the south, a dense forestation can be found. 
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The vegetation composition on wide area of the Karakoram at different elevation levels 

based on the overlap among the Irano-Turanian, Central Asia and the Sino-Himalayan 

region Flora (Dickoré, 1995) and developed from SSW to NNE hygric-gradient. The 

Bagrot Valley is situated on the southern slopes of the southern most main chain of the 

Karakoram so that there is relatively humid climate along the altitudinal gradient (Miehe, 

1994; Schickhoff, 1998).  

The complete sequence of altitudinal zonation of vegetation starts with the 

Chenopodiaceae steppe followed by the Artemisia steppe (mainly Artemisia marrtima) 

(Miehe et al, 1996). At the altitude between 2300 to 2500 m where,  apparently small dwarf 

trees like Fraxinus xanthoxyloides and Juniperus excelsa and Juniperus semiglobos are 

abundantly seen and their population decline slowly with increasing altitude. At the upper 

timberline and subalpine belt in the Karakoram region especially the study area is primarily 

consists of coniferous forest. The evolution of the coniferous forest starts from 2800 m and 

3200 m on shady and dried sunny slope respectively. On the drier sunny slopes, the dry 

type of coniferous i.e. Juniperus forest can be found. The Juniperus forest limits at 3800 

m to 3900 m. The coniferous forest of shady slope consists of Pinus wallichiana (pine/chir) 

and Picea smithiana (spruce/kachul) while Abies pindrow occurs only sporadically 

between 2700 m to 3600 m. The stands of Betula utilis (birch/joozi) are more common on 

further upslope. The coniferous forests finally dissolved into a sharp belt of pure birch 

stands above the upper limit of coniferous forest. The further, upward to alpine meadow 

side, the Birch grows scattered in a crippled growth form and dissolved into a 

Rhododendron, Salix spp. (willow) and krummholz belt. The alpine meadow develops in 

shady slope at approximately 3700 m above sea level, while in sunny slope it developed 

at 3900 m above sea level with year-round humid conditions with total annual precipitation 

of 620-950 mm (Miehe et al., 1996). The zone of alpine meadow connect with the 

periglacial zone which is dominated by free solifluction lobes. The vegetation in this zone 
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mainly consists of shrub layer such as Salix karelinii, Sorbus tianshanicaa, Juniperus 

communis and Rhododendron anthopogon, while herbs layer consist of Geranium spp., 

Carex spp., Silene vulgaris, and Arenaria arbiculata dominated. Above this altitude, there 

is a year-round humid conditions with annual precipitation 620-950 mm (Miehe et al., 

1996). This alpine belt is characterized by closed Cyperaceae mats which constitute sedge 

species i.e., Kobresia capillifolia, accompanied by moisture- demanding herb layer 

including  Bistorta affinis, Gentiana tianschanica, Pedicularis cheilanthifolia, Poa alpina, 

Swertia petiolate, and creeping chamaephyte. The alpine meadows exhibits an average 

coverage ratio of vegetation is 95% and dissolve between 4200 m to 4300 m into a zone 

of frost debris corridors of navel zone, where the mats disintegrate into patches and the 

sparse vegetation of gelifluction belt takes over. Typical life forms and species include 

cushion hemicryptophytes (Androsace, Sibbaldia and Saxifraga spp.) and rosettes 

(Saussurea and Waldheimia spp.) and rhizome hemicryptophytes (Corydalis crassissima 

and Lagotis globose, both endemic species of Karakoram).  

3.4. Experimental design and soil sampling 

Systematic random sampling approach was used in recent strudy for samples 

collection. For assessment of soil properties accros the land use, three land uses such as 

pastures, forests and arable land were selected at the similar altitudes. The exact location 

of sampling points and altitude was recorded by a GPS unit and an altimeter (Garmin nuvi 

3490LMT 4.3-Inch) (Tables 3.1-3.3). At each site 6 sample plots of 20 × 20 m2 were 

randomly selected.  In each plot, five points sampling points were randomly selected 

(Figure 3.3a). Similarly, for assessment of soil properties along the altitude gradient, 10 

sampling sites at different altitudes were selected in each of the land uses including pasture 

alitude (3317 – 4163 m), forest (2787–3600 m), and arable land (2100–2930 m). At each 

site 5 sample plots of 20 × 20 m2 were randomly selected.  (Figure 3.3a, 3.3b).  After 

removing the vegetation, litter, roots, stones, and debris from the surface of sampling 
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point, soil samples from 0-20 cm depth were collected in a “X” type pattern by using 

soil auger and were mixed to obtain a composite sample. In this way, five composite 

replicates samples were taken from each plot. One undisturbed core sample was also 

collected from each plot for bulk density measurement by using a 100 cm3 core ring.  

Whereas, for the estimation of soil organic carbon stock, the samples were collected from 

three depths (0-20, 20-40 and 40-60 cm) and were mixed to obtaine a composite sample 

for each layer. In this way, five composite replicates samples were taken from each plot. 

A total of 990 soil samples was collected for the physical, chemical and microbial 

investigation. This includes 90-samples for land use study (three land uses × six plots × 

five replicates), whereas, 900-samples (three land uses × 10 sites × six plots × five 

replicates) for the altitudinal investigation. Similarly, for estimation of soil organic carbon 

a total of 2970 soil samples were also collected. This includes 270-samples for land use 

study (three land uses × six plots × three depth × five replicates), whereas,  2700-samples 

(three transect × 10 sites × six plots × three depth × five replicates) for the altitudinal study. 

(Tables 3.1-3.3). The vegetation and morphological characteristics were also recorded. 

The samples were packed in labeled polyethylene bags and brought to the chemistry 

laboratory. Each sample was divided into two parts, one portion of the sample was air 

dried. The dried samples were slightly crushed, sieved through a 2-mm mesh and used for 

analysis o f  physico-chemical parameters. Samples for microbial analysis were kept in a 

freezer at - 4°C. Two grams of each sample were preserved in 9 mL Lifeguard Soil 

Preservation Solution (MO BIO Laboratories Inc., Carlsbad, CA, USA), and transported 

frozen to the University of Oregon, USA, for molecular analysis.  
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Table 3. 4. Mongraphic description of the forest 

Location Altitude (m) Latitude Longitude Vegetation 

Site-1 2787 36.035 74.592 Juniperous Wald 

Site-2 2980 36.034 74.629 Juniperous Wald 

Site-3 3160 36.026 74.574 Coniferous forest 

Site-4 3220 36.045 74.642 Juniper and Picea 

Site-5 3325 36.045 74.642 Picea-pine forest 

Site-6 3400 36.015 74.654 Betula utilus, Pine forest 

Site-7 3460 36.016 74.656 Betula utilus 

Site-8 3550 36.062 74.586 Juniperous Wald 

Site-9 3572 36.019 74.581 Betula utilus 

Site-10 3600 36.058 74.579 Juniperous Wald 

  Note: altitude and coordinated were recorded by GPS (Garmin nuvi 3490LMT 4.3-Inch); Recorded only 

dominant vegetions   

 

 

Table 3. 5. Mongraphic description of Pasture 

Location Altitude (m) Latitude Longitude Grazing 

Site-1 3317 36.035 74.592 Alpine grasses 

Site-2 3365 36.034 74.629 Alpine grasses 

Site-3 3470 36.026 74.574 Alpine grasses 

Site-4 3652 36.045 74.642 Alpine grasses 

Site-5 3715 36.045 74.642 Alpine grasses 

Site-6 3763 36.014 74.654 Alpine grasses 

Site-7 3860 36.016 74.656 Alpine grasses 

Site-8 3955 36.062 74.587 Alpine grasses 

Site-9 4060 36.019 74.581 Alpine grasses 

Site-10 4163 36.058 74.579 Alpine grasses 

Note: altitude and coordinated were recorded by GPS (Garmin nuvi 3490LMT 4.3-Inch); Recorded only 

dominant vegetions 
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                                a. Soil samples across forest, pasture and arable with similar altitude; triangle represent sampling plots 

 

 
                                                                                               b. Soil samples along different altitudes in pasture, forest and arable land 

 

Figure 3. 3. Soil sampling design

2787m 

3600 m 

3317 m 

4163 m 

2100 m 

2930 m 

Forest 

Arable land 

Pasture 

Pasture Forest 
Arable land 



Chapter 3 

42 
 

Table 3. 6. Mongraphic description of the arable land 

Location Altitude (m) Latitude Longitude Cropping zone 

Site-1 2100 35.161 74.114 Wheat, potato, maiz etc 

Site-2 2138 35.961 74.514 Wheat, potato, maiz etc 

Site-3 2170 36.261 74.814 Wheat, potato, maiz etc 

Site-4 2200 36.985 74.527 Wheat, potato, maiz etc 

Site-5 2337 36.012 74.545 Wheat and potato  

Site-6 2370 36.01701 74.546 Wheat and potato  

Site-7 2419 36.02722 74.559 Wheat and potato  

Site-8 2697 36.04141 74.595 Wheat and potato 

Site-9 2730 36.03711 74.590 Wheat and potato 

Site-10 2930 36.03966 74.611 Wheat and potato 

Note: altitude and coordinated were recorded by GPS (Garmin nuvi 3490LMT 4.3-Inch); Recorded only 

dominant cropss 

3.5. Laboratory Analysis 

The major analysis of soil physical and chemical parameters were carried out at 

the laboratories of the department of chemistry, KIU and department of soil science & 

soil water conservation, PMAS-Arid Agriculture University, Rawalpindi, Pakistan. The 

molecular analysis was carried out at the Institute of Ecology and Evolution, Universty 

of Oregon, USA. The following standard methods were followed for the investigation 

of the selected soil parameters;  

3.5.1. Analysis of soil physical and chemical parameters  

3.5.1.1) Soil Bulk density 

Blake & Hartge (1986) core method was used for determination of BD and was 

calculated as: 

𝐵𝐷 (𝑔/𝑐𝑚3 =
Oven dry (soil weight in g)

Volume of cylinder (cm3) − 〔 
(Mass of coarse fragments (g)

Density of rock fragments (g /cm3)
〕 

 

Here: The BD is for the < 2mm fraction; coarse fragments are > 2 mm; the 

density of rock fragments = 2.65 g cm-3. 
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3.5.1.2) Total Porosity  

Total porosity was calculated by using formula given by Danielson and 

Sutherland (1986) 

                                  

1001% 











s

bporespaces




 

               Here b  
is the bulk density and s  

particle density of the soil. 

3.5.1.3) Saturation percentage 

Saturation percentage was measured by using a Keen Raczkowaski brass cup 

(Malik et al., 2000). 

3.5.1.4) Soil texture 

Bouyoucos hydrometer method (1962) was used for analysis of particle size. 50 

g soil was weighed and transferred to in a dispersion cup along with ten mili litre of one 

normal sodium carbonate and adequate amount of H2O. The solution was dispersed 

mechanically for ten minute, then the solution was quantitatively shifted into 1 litre 

graduated cylinder. The hydrometer readings were recorded after the intervals of 40 

seconds for clay and two hours for silt + clay. While sand content was determined by 

total weight of soil - silt and clay contents. Soil textur was calculated by using textural 

triangle of US Department of Agriculture’s (USDA) (Moodie et al., 1951) 

3.5.1.5) Soil pH 

The method described by the Rowell (1994) was used for determination of pH 

in 1: 2.5 (soil: water).  

3.5.1.6)   Electrical conductivity 

Rhoades (1982) method with slight modification was used for determination of 

ECe in soil saturation extract.  
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3.5.1.7)   Calcium carbonate (CaCO3) 

The method described by the US Salinity Laboaratory Staff (Richards, 1954) 

was used for the determination of CaCO3 in the soil.   

3.5.1.8) Soil organic matter 

  Walkley and Black (1934) modified method was followed to analysis the SOM 

conten in fine ground soil (Nelson & Sommers, 1982). 

3.5.1.9) Total nitrogen 

Kjeldahl’s digestion and titration method was used to determine total soil 

Nitrogen (Bremner & Mulvaney, 1982).  

3.5.1.10)   AB-DTPA extractable nutrients 

The Ammonium bicarbonate diethylenetriaminepetaacetic acid (AB-DTPA) 

standard procedure was followed for analysis of the plant available P, K, Fe, Mn, Cu 

and Zn in the soil (Soltonpour, 1985). Phosphorus was converted into ammonium 

molybdate color complex (H3P(Mo3O10)4) by adding Ammonium Molybdate. The 

absorbance of complex was measured in spectrophotometer (Perkin Elmer, Lamda 35) 

at 880 nm wavelength (Olson et at., 1954).  The concentration of available K was measured 

in FES, while other nutreints were measured by AAS (Perkin Elmer 2380).  

3.5.2.   Estimation of Soil organic carbon stock 

Soil samples of various depths were finely ground for analysis of soil carbon as 

follow; 

3.5.2.1) Soil organic carbon concentration 

The SOC concentration was determined by Walkley and Black (Nelson & 

Sommers, 1982). The conversion of oxidizable organic C to total organic carbon was 

done by multiply with factor 1.30  
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3.5.2.2) Soil bulk density 

Blake and Hartge (1986) core method was followed to determine the bulk 

density and was measured by the following equation; 

𝐵𝐷 (𝑔/𝑐𝑚3 =
Oven dry (soil weight in gm)

Volume of cylinder (cm3) − 〔 
(Mass of coarse fragments (g)

Density of rock fragments (g /cm3)
〕 

 

3.5.2.3) Total soil organic carbon stock 

The TSOCS (Mg ha-1) was determined by using the following formula described 

by Batjes (1996). 

TSOCS (Mg ha-1) =  depth of soil (cm) × BD (g. cm-3) × Cconc (%)  

3.5.3. Analysis of soil microbial parameters  

The soil samples were preserved in Life liquidguard and exported to University 

of Oregon, USA for molecular studies.   

3.5.3.1) Extraction and quantitification of DNA 

  DNA was extracted from Lifeguard-preserved (described above) soil 

samples. Briefly, the soil-Lifeguard solution was vortexed to mix and stored at -20˚C.  

Samples were centrifuged at 2500 x g for 5 minutes to collect the soil and removed 

the Lifeguard-preservation solution.  DNA was extracted from the soil using the 

Power Soil DNA isolation kit (MO BIO Laboratories Inc., Carlsbad, CA, USA) 

following manufacturer’s instructions. The concentration of DNA was measured 

using Qubit with the Quant-iT PicoGreen kit (Molecular Probes/Invitrogen, Carlsbad, 

CA, USA).  

3.5.3.2) PCR Amplification  

A final volume of 25μL used for amplification reaction. The solution containing 

2μL of DNA template, 0.5 μL of each 16S rRNA gene specific primer, 515F and 806R  

(Caporaso et al., 2011);  0.125μL Taq DNA polymerase (Invitrogen Life Technologies, 
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Carlsbad, CA,USA); 0.5μL dNTP mix and 2.5 μL 1X PCR buffer II (20 mM Tris-HCl 

(pH 8.4), 200 μM deoxy nucleotide triphosphates, 1.5 mM MgCl2, and 0.5mM KCl) 

and PCR grade water. The PCR conditions for 515F-806R primer combination. 

Amplification was started with denaturation step at 95 oC for 30 S followed by 30 cycles 

of denaturation at 95 oC for 30 S, primer annealing at 55 oC for 30 S, extension at 68 oC 

for 30 S, then a final extension for 10 min (Ali et al., 2017).  

3.5.3.3) Gel Electrophoresis 

To verify the PCR amplification, the PCR products were visualized on ethidium 

bromide-stained and 1% agarose gels. Mixed 0.5 g agarose and 50 mL electrophoresis 

buffer (1X TAE) in a flask and dissolved by heating in microwave. Added 2.5 ul 

Safeview and swirled and solified. Loaded 25 ul of PCR product with 6X loading dye 

along with gene ladder. Run for 40 minute at 90 volt. PCR product was visualized at 

UV camera. 

3.5.3.4) Quantitative real time PCR 

Triplicates of each soil sample were performed in 20 μL reaction containing 5ul 

of 2X SYBR Green supermix with ROX as an internal reference (Bio-Rad, Hercules, 

CA, USA), 0.2 ul of each primers and 1.0 ul of total soil DNA (5ng) and 14.6 ul PCR 

grade water. Bacteria was was quantified by amplification of 16S rRNA gene by 

specific primer 515F and 806R (Caporaso et al. 2011). Similarly, fungi was quantified 

by amplification of primer ITS1F and ITS2 (Fierer et al., 2005). Quantitative PCR was 

performed on an ABI7300 real time PCR instrument (Applied Bio-systems, Calrsbad, 

CA, USA). The amplification conditions were as follows: 5 min at 95 °C, followed by 

50 cycles of 20 S at 94 °C, 20 S at 55 °C, and 30 S at 72 °C, while for fungi 5 min at 

95 °C, followed by 30 cycles at 95 °C, 30 S at 64 °C, and 30 S at 72 °C (Ali et al., 

2017). To quantify the copy number, a serial dilution of bacteria (Escherichia coli) and 



Chapter 3 

47 
 

fungi (Fusarium) were prepared to produce a standard calibration curve. The gene copy 

number was calculated using the calibration curve. 

3.6. Data analysis 

An analysis of variance (One-way ANOVA) was performed to determine the 

significant variation of soil physical, chemical and microbial parameters across 

different land use and along altitudes. Two-factorial ANOVA was also carried out to 

determine significant differences in SOC and SOCS with respect land uses and altitude 

in different soil depth. LSD comparison analysis was performed to separate statistically 

different means at p < 0.05. Linear regression analyses was performed to find the 

relationships of soil parameters with altitude. The Pearson’s correlation test was applied 

to determine the relationship among soil variables. All statistical analysis was 

performed at the p < 0.1, 0.05 and 0.01 probability level. All figures were made in 

Microsoft Excel. SPSS was used for different statistical analysis (Wang et al. 2010; 

Einstein & Abernethy, 2000). 
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RESULTS & DISCUSSION  

4.1. Effect of land uses on different soil parameters  

4.1.1. Soil physical and chemical parameters  

           Analysis of variance (ANOVA Tables 4.1-4.3) revealed that land use had  

significant effects on soil BD (g cm-3), TPS (%), SP (%), sand (%), silt (%), clay(%), 

pH, EC ( dSm-1), CaCO3 (%), SOM (%)  and  available nutrients (mg kg-1) at p < 0.01. 

Table 4. 1. Effect of land uses on soil physical parameters (ANOVA) 

Land uses BD (g/cm3) TPS (%) SP (%) Sand (%) Silt (%) Clay (%) 

F-value 1038.00* 28.37* 778.03* 1610.01* 930.12* 39.00* 

Note:     * indicate values are significantly different across land uses at P = 0.01; BD (Bulk density); 

TPS (total Porosity) and SP (saturation percentage). 

Table 4. 2. Effect of land uses on soil chemical parameters (ANOVA) 

Land uses pH EC (dSm-1) CaCO3 (%) SOM (% TN (% 

F-value 712.7* 48.49* 182.96* 2915.30* 266.63* 

     Note: * indicate values are significantly different across land uses at 0.01 level; EC (electric 

conductivity); CaCO3 (calcium carbonate %); SOM (soil organic matter %); TN (total nitrogen) 

Table 4. 3. Effect of land uses on available soil nutrients (ANOVA) 

Land uses                                         Available nutrients (mg.kg-1) 

P K Fe Mn Cu Zn 

F-value 68.82** 78.71** 762.90** 1639.06** 106.50** 10.60* 

 

   Note:     *, ** indicates values are significantly different across land uses at 0.05 and 0.01 level 

respectively; Av. P, K, Fe, Mn, Cu and Zn (available Phosphorus, Potassium, Iron, Manganese, 

Copper and Zinc). 

 

Correlation analysis showed that soil bulk density, sand content, pH, EC and 

CaCO3, had the negative relationship, whereas all the others studied parameters had a 

positive relationship with soil organic matter (Table 4.4 and 4.5).  
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Table 4. 4. Relationship of SOM and soil physical parameters 

Variables BD TPS SP Sand Silt Clay 

OM - 0.894* 0.926* 0.980* - 0.873* 0.836* 0.936* 

Note:   Values across row are represented correlation coefficient (r2);   * indicates correlation is 

significant at 0.05 level; BD (Bulk density; TPS (total Porosity) and SP (saturation percentage). 

Table 4.5. Relationship of SOM and pH with the soil chemical parameters 

Variables pH TN P K Fe Mn Cu    Zn 

SOM - 0.546* 0.927** 0.871** 0.972** 0.899** 1.0** 0.877**    0.809** 

pH 1 - 0.203ns - 0.431ns - 0.637* - 0.578* - 0.528ns - 0.646* - 0.736* 

Note:  Values across rows and columns are represented correlation coefficient (r2); *, **  indicate correlation is 

significant and ns represent correlation is non-significant at 0.1 and 0.05 level respectively; SOM, TN, Av. P, 

K, Fe, Mn, Cu and Zn (soil organic matter, total nitrogen, available Phosphorus, Potassium Iron, Manganese, 

Copper and Zinc). 

The mean bulk density in arable land (1.19 g cm-3) was significantly higher than 

pasture  (0.75 g cm-3) and was the lowest in forest (0.72 g cm-3). The greatest variation was 

observed between arable land and forest, while forest and pasture showed least significantly 

differ (Figure 4.1; Appendix 19). 

Soil bulk density is the useful parameter of soil health, which determines the 

soil compactness, functionality and physical conditions for microorganisms (Huber et 

al., 2008). Its values are dependent on the composition & arrangement of soil particles 

and amount of OM. The soil with the high OM has the bulk density of less than 1 g cm-

3 and a loamy soil (1.0 - 1.4 g cm-3) and 1.2-1.8 g cm-3 for clay and sandy soils (White, 

2013). The low and high bulk density indicates the poor physical environment of the 

soil. Normally, the bulk density of agricultural land is determined by categorizing the 

compactness of soil in relation to land use intensity (Hakansson & Lipiec, 2000). The 

higher bulk density in arable soil in this study could be due to intensive tillage, which 
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promotes the loss of organic matter (Ali et al., 2017). Furthermore, continuous use of 

machinery during cultivation may also cause a decline in soil aggregate size resulting 

in compaction causing a higher bulk density. The lower bulk density in forest and 

pasture could be due to greater SOM and less frequent manipulation of the soil (Ali et 

al., 2017). Bulk density had inverse relationship with SOM (Table 4.4) also reported by 

(Celik, 2005; Abbasi et al., 2010; Ali et al., 2017). 

 

Figure 4. 1. Effect of land uses on soil bulk density.  Values are means ± SE. Values followed by similar 

letters across the bars do not differ significantly from each other with respect to land uses at p ≤ 0.05; BD 

(bulk density)  

 

Total porosity showed similar pattern, but in the opposite direction of bulk 

density. The soil under arable land had a lower total porosity (55.05% ) than pasture 

(68.28%), and with the highest  values in forest (70.75%). However, forest and pasture 

did not significantly differ (Figure 4.2; Appendix 19). Similarly, forest had a 

significantly higher saturation percentage (55.0%)  than pasture (45.33 %), with the 

lowest value (40.63%) in arable land  (Figure 4.2; Appendix 19). 
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Figure 4. 2. Effect of land uses on soil total porosity and saturation percentage.Values are means ± 

SE. Values followed by similar letters across the bars do not differ significantly from each other with 

respect to land uses at p ≤ 0.05; Capital letters A, B and small letter a, b indicates the variation of TPS 

and SP accrose land uses; Abbreviatios; TPS (total porosity) and SP (saturation percentage) 

Soil porosity is an important parameter of soil, which influences soil aeration, 

availability of water for plants and field capacity (Reynolds et al., 2009). Moreover, it 

is closely related to root growth and soil enzyme activities (Piglai & De Nobili, 1993). 

The normal range of total porosity in soils is between 30-70% (Foth, 1990). The high 

total porosity and saturation percentage in forest and pasture in the present study could 

be due to high organic matter accumulation (Ali et al., 2017). The decrease of porosity 

and saturation percentage and increase of bulk density can result from removal of 

organic matter (Liu et al., 2010; Abbasi, 2007; 2010). The lower porosity and saturation 

percentage in the arable land in this study could be due to compaction and breakdown 

of soil aggregates (Sahani & Behera, 2001; Abbasi et al. 2007, 2010; Ali et al., 2017). 

Furthermore, porosity has the negative relation with bulk density and a direct relation 

to organic matter (Weil & Magdoff, 2004). 

The sand content was significantly higher in arable land (45.0%) than pasture  

(10.50%)  and was the lowest in forest (10.00%).Greatest varriation was found between 
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arable land and forest, while forest and pasture did not significantly differ (Figure 4.3; 

Appendix 19). In contrast, pasture had a significantly higher silt content (79.0%) than 

forest (77.0%) with the lowest values in arable land (48.0%). The highest variation  was 

found between arable land and pasture, with a smaller difference between forest and 

pasture. Moreover, clay fraction was significantly greater in forest (13.0%)  than pasture 

(11.0%), with the lowest values in arable land (7.0%). The highest variation  was found 

between arable land and forest, with a smaller difference between forest and pasture 

(Figure 4.3; Appendix 19).  Morever, the silt loam texture was found in forest and 

pasture, whereas, arable land had loamy soil (Table 4.6).   

Soil texture is the proportion of soil primary particls (sand, silt and clay) and 

can be used to estimates soil erosion and variability. It is an important qualitative 

parameter, which controls water infiltration and retention, aeration, nutrients absorption 

and microbial activity (Gupta, 2004). Furthermore, it also provides information about 

leaching of clay, parent material and weathering intensity of the parent material or the 

soil’s age (Lilienfein et al., 2000).  The low clay content and high sand content in arable 

land could be due to preferential removal of clay by accelerated erosion (water) (Ali et 

al., 2017). Others researchers have also reported the selective lost and removal of the 

clay fraction from the soil due to erosion (Islam & Weil, 2000; Sahani & Behera, 2001). 

In contrast, the higher proportion of clay in the forest and pasture could be due to 

covered vegetation, which protects the soil against erosion (Ali et al., 2017). Similarly, 

the high silt content in the forest and pasture could be due to colluvium deposition due 

to gravity acting on the steep slopes (Ali et al., 2017).  However, slightly varied soil 

textural class in different land uses could be due to landscap processes such as water 

erosion, wind erosion and colluvial sediment (Ali et al., 2017).  Similarly, Papini et al. 

(2011) also found a slight variation in the soil texture under different land uses in Italy.  
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Figure 4. 3. Effect of land uses on soil primary particles (Sand, silt and clay). Values are means ± 

SE. Values followed by similar letters across the bars do not differ significantly from each other with 

respect to land uses at p ≤ 0.05. Capital letters A, B;  X,Y, Z and  small letter a,b, c  indicates the variation 

of sand, clay and  silt respectively  accrose land uses; 

Table 4. 6. Effects of land on soil texture  

Land uses Soil Textural class 

     Pasture Silt loam 

     Forest Silt loam 

    Arable land Loam 

 

Likewise, the forest had a significantly lower pH (6.4) than pasture (7.10), with 

the highest in arable land (7.5). The greatest difference in pH was found between forest 

and pasture, with a smaller difference between arable land and pasture (Figure 4.4; 

Appendix 20). Soil pH is an important parameter of the soil health, and it determines 

the degree of acidity or alkalinity of the soil environment (Hazelton & Murphy, 2007). 

In addition, many chemical and biological processes of soil include acidification, 

calcareousness, salinization, crop productivity, nutrient availability, toxicity and 

cycling and microbial activity are controlled by soil pH (Dalal & Moloney 2000). The 

slightly acidic pH in forest soil in this study could be due to high organic matter, which 

by oxidation produces organic acids in the soil solution. Furthermore, in forest plants 
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uptake greater amount of basic cations as nutrients for growth and development (Ali et 

al., 2017). . As Fey (2001) reported that organic matter can have a negative relationship 

with pH. In contrast, the slightly alkaline soil in the arable land could be due to the 

farming activities. The farming could lead to loss of top-soil and exposure of sub-soil, 

which is usually more alkaline due to the increase of secondary carbonates in the B 

horizons (Ali et al., 2017). 

 

Figure 4. 4. Effect of land uses on soil pH. Values are means ± SE. Values followed by similar letters 

across the bars do not differ significantly from each other with respect to land uses at p ≤  0.05.  

Electric conductivity in arable land (1.33 dSm-1) was significantly higher than 

pasture (0.60 dSm-1), with the lowest value in the forest (0.52 dSm-1). The greatest 

difference was observed between arable land and forest, while forest and pasture did 

not significantly differ (Figure 4.5; Appendix 20).  Soil EC reflects the level of soil 

salinity, nutrients cycling and microbial activity. It is the measure of the decline of the 

soil’s structure in alkaline soil (Arnold et al., 2005).  Furthermore, the surplus salt badly 

affects soil water equilibrium and plant growth (Fitter & Hay, 1987). In the study, all 

land uses were non-saline as classified by Schoeneberger et al. (2002). However, the 

low EC in the forest and pasture may be addition of  salts in the root zone due to greater 

water detention on the surface and infiltration into the soil (Ali et al., 2017). In contrast, 
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the higher value of electrical conductivity in arable soil could be due to salts in the soil 

and the uses of chemical fertilizers (Ali et al., 2017). 

 

Figure 4. 5. Effect of land uses on soil Electric conductivity. Values are means ± SE. Values followed 

by similar letters across the bars do not differ significantly from each other with respect to land uses at p 

≤ 0.05. 

Similarly, the forest had significantly lower CaCO3 (0.09%) than pasture (1.0 

%), with the highest values in arable land (2.67%). The greatest difference was 

observed between forest and arable land, with the smallest difference between forest 

and pasture (Figure 4.6; Appendix 20).  

 

Figure 4. 6. Effect of land uses on soil CaCO3. Values are means ± SE. Values followed by similar 

letters across the bars do not differ significantly from each other with respect to land uses at p ≤ 0.05.  
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CaCO3 reduces soil acidity, increases the availability of phosphorus and increases 

nitrogen fixation, nitrification and mineralization (Khatak, 1996).  In the study, soil 

is found to be non-calcarious as categorized by Day (1983). However, the low 

CaCO3 in forest and pasture could be due to high organic matter and acidity (Ali et 

al., 2017). Furthermore, CaCO3 is dissolved in acidic medium (Abua et al., 2010; 

Iwara et al., 2011) and organic matter can have a negative relationship with CaCO3 

(Lemenih & Itanna, 2004).  

Soil organic matter in forest (10.10%) was significantly higher than pasture 

(6.45%), with the lowest value in arable land (2.75%). The greatest difference was 

observed between forest and arable land, with the lowest difference between forest and 

pasture (Figure 4.7; Appendix 20). SOM has significant role in food security and 

climate change mitigation (Lal, 2004). It also helps to control soil erosion, increase in 

infiltration and porosity of clay soil, improve soil structure and stability, sink and 

cycling of plant nutrients, providing energy to microbes and fauna, and increasing their 

activity (Gregorich, et al., 1995; Jones, et al., 2004; Haynes, 2008).  

In this study, SOM was adequate in all land uses. However, somewhat low 

organic matter in arable soil may be due to continuous ploughing and cultivation, which 

accelerated the rate of organic matter decomposition and mineralization (Ali et al., 

2017). Further, the removal of biomass during harvesting and periodic tillage, breaks 

up macro aggregates, results in increased soil erosion and run off (Ali et al., 2017). 

Other researchers have also reported that cultivation can reduce organic matter (Dalal 

et al., 2003; Mills & Fey, 2003).  Higher accumulation of organic matter in the forest 

could be due to the greater biomass input by vegetative material, which is the main 

source of SOM. Organic matter generally has a positive relationship with plant density 

(Abbasi et al., 2010; Noor & Khatoon, 2013). In addition, the higher organic matter in 
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forest and pasture could also be due to their high clay content (Ali et al., 2017). Clay 

accumulates more organic matter by forming clay-humus complexes, it resists the SOM 

against oxidation and degradation (Quiroga et al.,1996).  

 

Figure 4. 7. Effect of land uses on soil organic matter (%). Values are means ± SE. Values followed 

by similar letters across the bars do not differ significantly from each other with respect to land uses at p 

≤  0.05.  

Total nitrogen in the forest (0.43%) was significantly higher than pasture 

(0.39%), with the lowest value in arable land (0.13 %). The greatest variation was 

observed between forest and arable land, with a small variation between pasture and 

arable land. (Figure 4.8; Appendix 20).  

Similarly, forest had significantly higher available P (17.73 mg kg-1) than 

pasture (15.50 mg kg-1), with the lowest value in arable land (12.0 mg kg-1). The similar 

pattern was found for available potassium with the highest value in forest (89.13 mg 

kg-1), followed by pasture (81.0 mg kg-1), and the lowest in arable land (76.20 mg kg-

1). The greatest variation in available P and K were observed between forest and arable 

land, with a small variation between pasture and arable land (Figure 4.9; Appendix 21).    

Macronutrients, such as N, P and K, are the key parameters of soil quality, providing 

information about available plants nutrients but can impact other components of the 
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environment through losses (Doran et al., 1999). Hence they reflect soil productivity 

and environmental quality (Dalal & Moloney, 2000). In the present study, all the 

macronutrients were noted to be adequately available for the three land uses.  However, 

the significantly higher amounts of macronutrients in forest and pasture land could be 

attributed to high organic matter contents and more biological activity leading to 

nutrient cycling (Ali et al., 2017). Organic matter had a positive relationship with N, P 

and K (Table 4.5). Furthermore, SOM is the primary supply source of N, P and K (Liu 

et al., 2002).  In contrast, the lower macronutrients in arable land might be due to the 

little SOM, and extractive effect of cultivation (Ali et al., 2017).  

Another possible cause of low macronutrients in the arable land is that 

phosphate and potassium-based fertilizer is not used in the area (Ali et al., 2017). The 

fertilizer application can increase available P and K in soil (Dick, 1988; Sun et al., 

2003). 

 

Figure 4. 8. Effect of land uses on soil total Nitrogen. Values are means ± SE. Values followed by 

similar letters across the bars do not differ significantly from each other with respect to land uses at p ≤ 

0.05. TN (total nitrogen) 
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Figure 4. 9. Effect of land uses on soil available Phosphorus and Potassium. Values are means ± SE. 

Values followed by similar letters across the bars do not differ significantly from each other with respect 

to land uses at p ≤  0.05; Capital letters A,B,C and small letter a, b, c indicates the variation of Av. K and 

P accrose land uses; Abbreviatios; Ava P and K (available Phosphorus and Potassium) 

The concentration of available Fe was significantly higher in the forest (18.13 

mg kg-1) than pasture (14.73 mg kg-1), and arable land (11.50 mg kg-1)  (Figure 4.10). 

Similarly, the forest had a significantly higher concentration of available Mn (14.55 mg 

kg-1) than pasture (11.55 mg kg-1), with the lowest concentration in arable land (8.28 

mg kg-1) (Figure 4.10). The available Cu  was significantly lower in arable land (7.39 

mg kg-1) than pasture (11.04 mg kg-1), and forest (17.03 mg kg-1), while the same trend 

was observed for available Zn [forest (3.23 mg kg-1), pasture (1.55 mg kg-1), and arable 

land (1.27 mg kg-1] (Figure 4.10). The greatest variation in all four micronutrients was 

observed between forest and arable land, with smaller variations between arable land 

and pasture (Appendix 21.  

The micro-nutrients uptake by crops in insufficient quantities (Foth & Ellis, 

1997) and a deficiency of any micronutrient in the soil can inhibit plants growth (Gupta, 

2004). In this study, all micronutrients were found to be within the normal range 

(Khattak, 1996). However, the relatively high concentration of micronutrients in forest 

and pasture thought to be due to high OM and the slightly acidic nature of soil (Ali et 
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al., 2017). Available Fe, Mn, Cu and Zn had a positive relationship with organic matter 

and a weak neagive relationship with pH (Table 4.6). Other researchers also reported 

the similar relationship of available micronutrients with SOM and pH (Khattak, 1996; 

Buri et al., 2000; Sarwar et al., 2007; Ali et al., 2017). Furthermore, the solubility and 

availability of micronutrient cations were increased under acidic conditions (Brady 

&Weil, 2002). 

 

Figure 4. 10. Effect of land uses on soil available micronutrients. Values are means ± SE. Values 

followed by similar letters across the bars do not differ significantly from each other with respect to land 

uses at p ≤  0.05. Capital letters A, B, C; X, Y, Z and small letter a, b, c; x, y, z indicates the variation of 

Av. Fe, MnCu and Zn accrose land uses; Abbreviatios; Av. Fe, Mn, Cu and Zn (available Iron, 

Manganese, Copper and Zinc)  

4.1.2.  Soil organic carbon stock 

A significant variation in BD (g cm-3), SOC concentration (%) and SOCS (Mg ha-1) 

were found acrosss the land uses and depth. Furthermore, interactive effects of both 

land uses and soil depth was also significant  at  p < 0.1, p < 0.05 and p < 0.01 

respectively   (ANOVA Table 4.7) 
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Table 4. 7. Effect of land uses on soil organic carbon stock in various soil depth 

Variables BD (g cm-3) SOC (%) SOCS (Mg ha-1) 

Land use 1107.00** 39770.00** 1126.00** 

Depth 244.30** 3701.00** 1020.00** 

Land use * depth 3.58* 314.76** 32.48.00** 

Note:   Values in column and rows represents F-values;   *, ** indicates values are significant at 0.1 and 

0.01 respectively. Abbreviation; BD (bulk density), SOC % (soil organic carbon concentration) and 

SOCS (Mg ha-1) (soil organic carbon stock) 

 The overall mean SOC and  SOCS in the forest (3.74 % and 59.35 Mg ha-1) was 

higher significantly than pasture  (2.51% and 42.48 Mg ha-1) and was the  lowest in 

arable land (0.93% and 23.63 Mg ha-1) (Figure 4.11 and 4.12).  A same pattern was 

founs for each depth. The top layer (0-20 cm) in the forest had significantly higher SOC 

and  SOCS (5.83% and 83.96 Mg ha-1) than pasture (3.90% and 58.50 Mg ha-1) and 

arable land (1.58% and 37.60 Mg ha-1). Similarly, in the middle layer (20-40 cm), SOC 

and  SOCS were significantly higher in forest (3.20% and 51.41 Mg ha-1) followed by 

pasture (2.32% and 42.69 Mg ha-1) and the lowest in arable land (0.86% and 23.23 Mg 

ha-1). The highest  SOCS (Mg ha-1) were found in the 0-20 cm) followed by 20-40 cm 

and was the lowest in the 40-60 cm. 

  In forest, significantly higher SOC and SOCS were found in the upper layer 

(5.83% and 83.96 Mg ha-1) than in the middle layer (3.20% and 51.41 Mg ha-1), and 

was lowest in the bottom layer (2.20% and 42.69 Mg ha-1). Similarly, in the pasture the 

highest SOC and SOCS were observed in the upper layer (3.90% and 58.50 Mg ha-1) 

followed by the middle layer (2.32% and 42.69 Mg ha-1), and bottom layer (1.30% and 

26.25 Mg ha-1). In arable land, a significantly higher SOC and  SOCS were found in the 

upper layer (1.58 and 37.60 Mg ha-1) than middle layer (0.86% and 23.23 Mg ha-1), and 

the bottom layer (0.35% and 10.08 Mg ha-1) (Figures 4.11 and 4.12). The overall mean 

BD in the arable land was significantly higher than pasture  and was the lowest in forest 
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(Figure 4.13).  Similar trends were observed for each depth. Furthermore, soil BD 

values were significantly increased with increased in soil depth. The highest BD was 

found in the 40-60 cm layer and the lowest was found in top layer in all land uses 

(Figure 4.13). 

 SOC has key role in food security and climate change mitigation (Lal, 2004). It 

also helps to control soil erosion, increase infiltration and porosity of clay soil, improve 

soil structure and stability; which contributes to the cycling of plant nutrients and 

provides energy to microbes and fauna, increasing their activity (Schlesinger et al., 

1990). Therefore, the changes in SOC concentration may have severe consequences on 

several environmental processes. Therefore, assessment SOC changes has become 

central to various global environmental policies. In this study, SOC was found to be 

very sensitive to land use intensification. Due to intensive agricultural activities, about 

60.18% less SOC was found in arable land as compared to the forest and 44.37% less 

than pasture. The intensive land uses such as continuous plowing and cultivation 

accelerated the rate of organic matter decomposition and mineralization (Ali et al., 

2017). Further, the removal of biomass during harvesting and periodic tillage breaks up 

macro aggregates, resulting in increased soil erosion and runoff (Ali et al., 2017). Other 

researchers also reported that cultivation can reduce SOC (Billings, 2006; Wang et al., 

2008), and can change the balance between humification and mineralization processes 

(Saviozzi et al., 2001). Likewise, tillage changes the soil moisture, aeration, and 

nutrient concentrations, resulting in increased oxidation of SOM (Lal, 1995; Pandey et 

al., 2010) and the loss via soil microorganisms (Reicosky & Forcella, 1998); this can 

in turn reduce the inputs of OM from above- and below-ground vegetation (Zhao et al., 

2005 ; Yimer et al., 2007).  In contrast, the higher SOC in the forest could be due to the 

greater biomass input by vegetative material, which is the main source of soil organic 
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carbon (Ali et al., 2017). Organic matter generally has a positive relationship with plant 

density (Rees et al., 2005; Thomas et al. 2007).  Forests store more C than any other 

terrestrial ecosystems and represent a significant carbon pool for the global carbon 

budget (Houghton, 2007). It is estimated that almost 60% of the world’s terrestrial 

carbon is stored in forest vegetation and soil (Winjum et al. 1992); it comprised of 80% 

of aboveground terrestrial C and 40% of soil C (Goodale et al. 2002; Waring et al. 1998; 

Batjes, 1996; Dixon et al, 1994).  

 In this study, 50 -60 % of SOCS was found in the upper layer, 25-30 % was in 

the middle and 10-15 % in the lowest layer. The highest SOCS in the upper layer could 

be due to continuous accumulation of undecayed and partially decomposed plant and 

animal remains in the top soils (Ali et al., 2017). Other researchers have also reported 

that surface layers have accumulated more organic materials than deeper layers (Wang 

et al., 2008; Emiro & Gebrekidan, 2013)             

  

 

Figure 4. 11. Effect of land uses on SOC concentration in different depths. Values having the same 

letter do not differ significantly from each other with respect to land uses and depth at p ≤ 0.05. Letters 

(x, y, z) indicates the variation among depths within land use, while, letters (a, b, c) indicates the 

significant difference across the land uses 
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Figure 4. 12. Effect of land uses on SOC stock in different depths. Values having the same letter do 

not differ significantly from each other with respect to land uses and depth at p ≤ 0.05. Letters (x, y, z) 

indicates the variation among depths within land use, while, letters (a, b, c) indicates the significant 

difference across the land uses 

 

Figure 4. 13. Effect of land uses on Soil bulk density at different depth. Values having the same letter 

do not differ significantly from each other with respect to land uses and depth at p ≤ 0.05. Letters (x, y, 

z) indicates the variation among depths within land use, while, letters (a, b, c) indicates the significant 

difference across the land uses 

4.1.3. Soil microbial parameters  

A small sub-unit of 16S rRNA and ITS gene of quantitative PCR were used to 

measure the relative abundance of bacteria and fungi across the land uses. A 

significance variation in 16SrRNA and ITS copies number, as well as the fungi-to-

bacteria ratio were found accrose the land uses at p < 0.01(Table 4.8).  
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Table 4. 8. Effect of land uses on soil microbial parameters (ANOVA) 

Land uses 

Total DNA (ng 

g-1) 

16S rRNA copy 

number 

ITS copy 

number 

Fungi to bacteria 

ratio 

F value 838.10* 20.45* 936.83* 167.17* 

Note:     * indicates values are significantly different across land uses at p < 0.01  

Arable land had significantly lower 16S rRNA copies (2.13 x 106) than pasture 

(2.57 x 106) and forest (2.60 x 106). However, no significant variation was found 

between forest and pasture  (p = 0.07).  Similarly, forest soils had significantly higher 

ITS copies number (8.52 x 105) than pasture (7.30 x 105), and the lowest was observed 

in arable land (5.03 x 105) (Figure 4.14). A similar pattern was found in the fungal-to-

bacteria ratio (Figure 4.14). Furthermore, ITS copy number and fungal-to-bacteria ratio 

showed a strong inverse relationship with pH and direct relationship with SOM (Table 

4.9). On the other hand, 16S rRNA showed a weak positive relationship with organic 

matter and no relation with pH (Table 4.9). 

Microbes in soil give a quick response to natural or anthropogenic activities and 

are, therefore, a more sensitive soil quality parameters (Cardoso, et al., 2013). Soil 

microbes produced measurable changes in physical and chemical parameters, thus can 

be used as early warning for soil degradation (Pankhurst et al., 1997). Futhermore, 

microbes play a significant role in breakdown and mineralization of organic matter and 

cycling of nitrogen, sulfur and phosphorus and carbon on a global scale (Pankhurst et 

al., 1997; Prosser, 2007; Wurst et al., 2012)). Studies show that land use, soil properties 

and vegetation affect the soil microbial communities (Zinger et al., 2011; Pasternak et 

al., 2013; Yang et al., 2013; Tsiknia et al., 2014), and these effects depend on land 

management activities such as tillage, irrigation and fertilization (Ma et al., 2014; Yang 

et al., 2013; Chen et al., 2015). In this study, forest soil had a higher fungal abundance 

and fungal-to-bacteria ratio than pasture and arable land. Similar results found by other 



Chapter 4 

66 
 

researchers (Jangid et al., 2008; Kuramae et al., 2012; Arunkumar et al., 2013). The 

higher ITS copy number and fungal-to-bacteria ratio in forest were presumably due to 

its higher organic matter content, elevated nutrient status, and lower pH compared to 

pasture and arable land (Ali et al., 2017).  Fungal abundance and fungi-to-bacteria ratios 

tend to increase under acidic conditions (Baath & Anderson, 2003; Joergensen & 

Wichern, 2008; Rousk et al., 2010), high organic matter (Joergensen &Wichern, 2008) 

and nutrient rich soil with greater C:N (Fierer et al., 2010; Arunkumar et al., 2013). 

The relatively low abundance of fungi and fungi-to-bacteria ratio in arable land 

may be due to intensive agricultural practices (tillage, fertilization and irrigation), low 

organic matter content and higher pH than other land uses (Ali et al., 2017). Tillage 

influences the soil’physico-chemical characteristics and soil environment (Evans & 

Miller, 1990; Bescansa et al., 2006), disrupts soil fungal hyphae (Evans &Miller, 1990), 

and lowers fungal abundance (Baath & Anderson, 2003; Birkhofer et al., 2008, 2012). 

Furthermore, soil management and application of mineral fertilizers have been shown 

to decrease the F:B  and F/B biomass ratio (Beare et al., 1997; Frey et al., 1999; Buyer 

et al., 2010).  

Similar to fungi, the highest abundance of bacteria was expected in the forest in 

the present study, due to high organic matter and other nutrients. However, only slightly 

higher bacterial abundance was observed in the forest than pasture, which was 

statistically non-significant. This unexpected pattern may be due to the acidic and non-

saline nature of forest soil. The higher nutrient and organic matter effects may be 

overridden by acidity (Ali et al., 2017). Similarly, regression analysis showed that soil 

pH had a stronger positive relation with bacterial abundance than with soil organic 

matter (Table 4.9). Other researchers have also suggested that lower bacterial 

abundance in forest may be due to lower pH (acidity) (Strickland & Rousk et al., 2010 
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; Kuramae et al., 2012), and that bacterial abundance is higher under alkaline and saline 

conditions as well as anaerobic (waterlogged) soils (Joergensen & Wichern, 2008). On 

the other hand, low bacterial abundance in the arable land was likely due to low SOM 

and nutrient status (Wardle et al. 2004; Ali et al., 2017). 

 
Figure 4. 14. Effect of land uses on soil microbial parameters. Values are means ± SE. Values 

followed by similar letters across the bars do not differ significantly from each other with respect to land 

uses at p ≤ 0.05;  F:B (Fungi- to -bacteria ratio); ITS (Internal Transcript sequence) 
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Table 4. 9. Correlation microbial parameters with soil pH and organic matter 

Pearson Correlation 16S rRNA 

copy number 

ITS copy 

number 

Fungi:Bacteria      SOM 

          pH - 0.329* - 0.915** - 0.926**             _ 0.968** 

         SOM   0.537*  0.984**          0.786** 

Note: Values across row are represented correlation coefficient (r2); *, ** indicates correlation is significant 

at p < 0.1 and p < 0.05 respectively; SOM (soil organic matter) 

4.2. Effect of altitude on different soil parameters  

4.2.1. Soil physical and chemical parameters 

Analysis of variance (Tables 4.10 - 4.12) showed that altitude had significant 

effect on BD (g cm-3), TPS (%), SP (%), sand (%), silt (%), clay(%), pH, EC ( dSm-1), 

CaCO3 (%), SOM (%) and other soil nutrients at  p< 0.01. 

Table 4. 10. Effect of altitude on soil physical parameters in different land uses (ANOVA) 

Factors B.D (g cm-3) T. P (%) S.P (%) Sand (%) Silt (%) Clay (%) 

Forest 356.33** 350.50** 300.08** 307.14** 333.03** 432.03** 

Pasture 432.48** 432.50** 9.21* 190.08** 78.01* 98.13* 

Arable land 213.66** 213.65** 195.77** 601.14** 412.90** 273.00** 

Note:  Values in column and rows represents F-values;     *, ** indicates values are significantly different at 

0.05 and 0.01 level respectively. BD (Bulk density); TPS (total Porosity) and SP (saturation percentage) 

Table 4. 11. Effect of altitude on soil chemical parameters in different land uses (ANOVA) 

Factors pH EC  

(dSm-1) 

CaCO3  

(%) 

SOM  

(%) 

T.N  

(%) 

Av. P  

(mg kg-1) 

Av. K 

(mg kg-1) 

Forest 9.36* 25.34** 8.25* 2888*** 2810*** 46.92** 824.87*** 

Pasture 32.13** 50.32** 24.86** 2888*** 2810*** 210.4*** 155.2*** 

Arable land 24.82** 40.57** 10.39* 1111.0*** 1111*** 50.34** 34.31** 

Note:    Values in column and rows represents F-values;    *, **, ***indicates values are significantly different at 

0.1, 0.05 and 0.01 level respectively. Abbreviation; EC, CaCO3, SOM, TN, Av. P & K (Electrical 

conductivity,Calcium carbonate, Soil organic matter, total Nitrogen and available Phosphorus & 

Potassium). 
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Table 4. 12. Effect of altitude on available micronutrients in different land uses (ANOVA) 

Factors Fe (mg kg-1) Mn (mg kg-1) Cu (mg kg-1) Zn (mg kg-1) 

Forest 1227* 1485* 1243* 30.86* 

Pasture 646.85* 91.98* 461.42* 407.55* 

Arable land 159.75* 147.93* 116.86* 780.09* 

Note:  Values in column and rows represents F-values;      * indicates values are significantly different at 

0.01 level; Abbriviations: Av. Fe, Mn, Cu and Zn (available Iron, Manganese, Copper and Zinc). 

           Bulk density values were decreased significantly with increasing altitude in each 

of the land use (Figure 4.15 - 4.17 and Appendix 1-3). Total porosity (TPS) and 

saturation percentage (SP) showed similar patterns but in the opposite direction of bulk 

density. The decreasing trends of bulk density in the forest were (0.94 to 0.45 g cm-3), 

pasture (0.94 - 0.45 g cm-3), and arable land (1.55- 1.12 g cm-3). The increased trend in 

porosity (61.63-81.63 %) was observed in forest, (49.23-83.46%) in pasture, and 

(41.16-57.20%) in arable land (Figure 4.15 and Appendix 1-3). Similarly, the saturation 

percentage increased from (36.67 to 44.0%) in arable land, (37.67 to 50 %) in pasture 

and (38.33 to 80 %) in the forest (Figure 4.15 - 4.17 and appendix 1-3). However, in 

forest saturation percentage increased from altitude range (2787-3460 m) and then 

slightly decreased up to 3600 m (Appendix 1), although the correlation was significant. 

Altitude has a strong effect on the micro-climate and landscape (Bendix et al., 2008; 

Gerold et al., 2008). With increasing altitudes, normally temperatures become cooler 

and precipitation increases, resulting in vegetation distribution changes, which effects 

on soil characteristics ( Proctor et al., 2007).  A small variation in climate at higher 

altitudes will drastically change the ecology and function of a mountain’s ecosystem 

(Jodha, 1992). Climate change can negative effects on soil structure, bulk density, 

saturation percentage, pH, SOM, TN, Av. P, and soil microbial communities (Brevik, 
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2009; García-Fayos & Bochet, 2009; Chen et al., 2015). A decrease in BD and increases 

in TPS and saturation percentage with increasing altitude may be due to a higher SOM 

content along with increasing altitude (Ali et al., 2017).  SOM had a inverse relationship 

with BD and had a direct relationship with total porosity and saturation percentages 

(Table 4.4). A similar relationship have been reported by other researchers (Abbasi, 

2007, 2010; Kidanemariam et al., 2012). 

                Clay content increased significantly with increasing altitude in each of the 

land use (Figure 4.15 and Appendix 1-3). While sand content was slightly decreased 

with increasing altitude, and the correlation was not significant (except pasture). On the 

other hand, silt content did not show any significant relationship with altitude; however, 

a slightly increasing trend in silt content was observed with altitude. 

            In forest, the lowest sand content (12.00 %) was observed in 2787 m, with a 

higher value (30.00%) at 3460 m (Figure 4.15 and Appendix 1).  Similarly, the lowest 

silt content (37.0 %) was reported at altitude 3572 m, with a higher value (72.00%) in 

3600 m. (Figure 4.15 and Appendix 1). Clay content was significantly increased (9.0 - 

42%) in altitude ranges from 2787-3400 m, then was slightly decreased up to 3600 m 

(Figure 4.15 and Appendix 1). The soil texture was loam and silt-loam in lower and 

higher altitudes and clay loam and clayey in middle altitudes (Appendix 1). In pasture, 

the sand content was significantly decreased (from 34.0 - 7.0%) and clay content was 

increased significantly (from 6.0 - 21.0%) with rising altitude from 3017 to 4163 m. 

However, silt content showed slightly increasing trend (60 - 72%) with increasing 

altitude, but did not showed the significant correlation (Figure 4.16 and appendix 2). 

Furthermore, the soil classified as silt-loam (Appendix - 2). Similarly, in the arable 

land, clay content was increased significantly (from 7.00 – 11.0) and sand content was 

slightly decreased with increasing altitude ranges from 2100-3000 m (Figure 4.17 and 
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Appendix 3). The highest sand content (48.0%) was reported in 2730 m, with a lower 

value of sand (39.0%) in 2100 m. On the other hand, silt did not show a significant 

relationship with altitude (Figure 4.17), however, there was a very little increasing trend 

was observed with increasing altitude. The lowest silt (40.0%) was found in altitude 

(2100 m), while higher silt (50%) was observed in 2419 m (Figure 4.17 and Appendix 

3). The dominant soil texture was loam at lower and higher altitudes, while sandy loam 

was found in middle altitude (Appendix 3). In this study, the variation in the distribution 

of soil particles may be due to different climatic conditions, which affect soil formation 

(Ali et al., 2017). In addition some variation in soil particles with the altitude may also 

be due to selective colluviums sedimentation. Morever, a slightly increasing trend in 

clay could be due to elevated SOM. Clay had positive relationship with SOM (Table 

4.4) and forms clay-humus complexes (Quiroga et al., 1996).  

Figure 4. 15. Relationship of Soil physical parameters with altitude in Forest. Note: * indicates 

relationship is significant at p < 0.05; BD (Bulk density); TPS (total Porosity) and SP (saturation 

percentage) 
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Figure 4. 16. Relationship of Soil physical parameters with altitude in Pasture:  Note:  * indicates 

relationship is significant at p < 0.05; BD (Bulk density); TPS (total Porosity) and SP (saturation 

percentage) 
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Figure 4. 17. Relationship of Soil physical parameters with altitude in Arable land.  Note:  * indicates 

relationship is significant at p < 0.05; BD (Bulk density); TPS (total Porosity) and SP (saturation percentage) 
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dSm-1) and CaCO3 ( from 0.97-0.02 %) were observed in forest (Figure 4.18; Appendix 

4). Likewise, decreased in soil pH (7.90 - 4.10), EC (0.87- 0.30 dSm-1) and CaCO3 

(3.77-0.03 %) were found in pasture (Figure 4.19; Appendix 5). Similarly, in arable 

land, the soil pH decreased (7.63-6.40), EC (4.03-0.43 dSm-1) and CaCO3 (3.60-1.67%) 

(Figure 4. 20 and Appendices 6).  

Soil pH depends on parent material, weathering, vegetation and climate (Smith 

et al., 2002). The decrease in pH, EC and CaCO3   values with increasing altitude may 

due to the greater amount of SOM and water content. Organic matter had a negative 

relationship with pH, EC and CaCO3  content (Table 4.3). Furthermore, organic acids 

are formed by the oxidation of OM (Smith et al., 2002; Northcott et al., 2009) and bases 

may leach down from the upper part of soil profile with water.  Similarly, high pH and 

EC in the lower elevation sites may be due to high accumulation of base-forming 

cations and lower organic matter. Although, in the study area have low CaCO3 content, 

however decreased in CaCO3 with increasing altitude might be due to low pH, 

temperature and high organic matter and snow precipitation (Ali et al., 2017). At low 

temperature, pH and high precipitation increase the solubility of CaCO3 (Feng et al., 

2002) and soluble Ca+2 diffuse downward horizon with percolating water (Iwara, 2011).  In 

addition, by the decomposition organic matter produces H+, which causes the 

dissolution of CaCO3 and may forms HCO3
-. This HCO3- can dissociate and produce a 

small amount of OH- ions and may be expected to increase soil pH.  However, OH- ions 

effects may be overridden by the higher soil acidity. Organic matter would have a 

negative relationship with CaCO3 (Lemenih & Itanna, 2004). 

Organic matter content in soil increased significantly with increasing altitudes 

(Figure 4.18 – 4.20 and Appendices 4-6). For example, in arable land, SOM increased 

from 1.49-2.72% with increased in the altitude range from 2100 - 2980 m (Figure 4.20 
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and appendix 6). In contrast, in the forest the organic matter was increased (from 4.22- 

37.15%) with an increase in altitude from 2787 – 3460 m. Above this altitude, a slight 

decrease in soil organic matter (24.54%) was found  up to 3600 m (Figure 4.18 and 

appendix 4). The same pattern was also observed in the pasture as SOM increased (3.84-

24.77%) in altitude ranges from 3017-3767 m then a slight decrease in SOM (17.85% 

) was recorded upto 4163 m (Figure 4.19 and appendix 5). In the area have the same 

parant material and vegetation along the altitude, however the variation in SOM with 

increasing altitude could be due to variation in climatic parameter along with an 

elevation gradient. Increases in organic matter with increasing altitude might be due to 

decreased temperature and increased precipitation and vegetation density (Ali et al., 

2017). In the  area, the average temperature decreased by 0.63°C per 100 m and 

precipitation increased  by 17.6 mm per 100 m (Cramer, 2000). The cooler temperatures 

and higher precipitation with altitude could retard the decomposition of litter. In turn, 

the accumulation of organic matter may have increased with this altitude. Furthermore, 

the decomposition of organic matter can be retarded by lower temperatures and higher 

precipitation (Charan et al. 2012). Furthermore, the slightly decreased amount of 

organic matter at higher altitudes in forest and pasture could be due to harsh climatic 

conditions, which provided less time for soil formation and produced low net primary 

production (Ali et al., 2017).   At the upper timberline (Dame 3780 m), there were 102 

frosting and 135 ice days and vegetation period are short (112 days). Likewise, in the 

alpine meadow (4150 m), there were seventy-three frost and 188 ice days indicating the 

rough climate conditions. The thermal vegetation period lasted 95 days. As a result, 

vegetation density decreased in forest and pasture in at higher elevations due to short 

growing period. Thee vegetion material, which is the main source of organic matter and 

SOM, generally has a positive relationship with vegetation density (Rees et al., 2005; 
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Thomas et al. 2007; Noor & Khatoon, 2013) and plant density decreases at higher 

altitudes (Qi et al., 2009; Panthi 2010; Saeed et al., 2014),. In contrast, the lower SOC 

at lower altitudes could be due to higher temperatures and less precipitation (Ali et al., 

2017).  In addition, mineralization of soil organic matter increased with rising 

temperature (Garcia-Pausas et al., 2007; Djukic et al., 2010) and the rate of reaction 

doubled with each 10°C increase in mean temperature (Bot and Benites, 2005). 

  

Figure 4. 18. Relationshipy of soil chemical parameters with altitude in Forest. Note: * indicates 

relationship is significant at p < 0.05; EC, CaCO3, SOM (Electrical conductivity, calcium carbonate, 

soil organic matter) 
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Figure 4. 19. Relationshipy of soil chemical parameters with altitude in Pasture.  Note:* indicates 

relationship is significant at p < 0.05; EC, CaCO3, SOM (Electrical conductivity, calcium carbonate, soil 

organic matter) 

 

 

Figure 4. 20.  Relationshipy of soil chemical parameters with altitude in Arable land. * indicates 

relationship is significant at p < 0.05; EC, CaCO3, SOM (Electrical conductivity, calcium carbonate, 

soil organic matter) 
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Similarly, TN, available P, K, Fe, Mn, Cu and Zn were increased significantly with 

increasing altitude in each of the land uses (except Mn and Zn) and showed trends 

similar to those of organic matter (Figures 4.21- 4.23 and Appendix 4 -9).  In forest 

(Figure 4.21 and appendix 4 & 7) all soil nutrients such as TN, available P, K, Mn and 

Cu and Zn (except Fe and Zn) increased significantly up to 3460 m. Above this altitude, 

a slightly decrease in TN, available P, K, Mn and Cu and Zn were found up to 3600 m. 

The increasing trends in total nitrogen was 0.36-1.86 %, available phosphorus (14.17- 

35.50 mg kg-1), potassium (61.77-182.87 mg kg-1), iron (11.91-69.04 mg kg-1), 

manganese (8.47-29.67 mg kg-1), copper (5.88- 27.00 mg kg-1) and zinc (0.16 -17.57 

mg kg-1).  Similarly, in pasture (Figure 4.22 and appendices 5 and 8) all nutrients TN, 

available P, K, and Cu (except Mn and Zn) increased significantly with altitude.With 

increasing altitude, the increased trends in total nitrogen (0.11-0.72%), available 

phosphorus (8.0- 26.50 mg kg-1), potassium (72.0-125.0 mg kg-1), iron (9.77- 59.18 mg 

kg-1), manganese (7.87-21.57 mg kg-1), copper (7.87- 29.22 mg kg-1) and zinc (0.43 -

8.43 mg kg-1).  Like wise, in arable land (Figure 4.23 and Appendices 6 and 9) all 

nutrients (except Mn and Zn) were increased significantly with altitude. Along the 

altitude, the decreased trends in total nitrogen were (0.07-0.14%), available phosphorus 

(7.0- 17 mg kg-1), potassium (53.0 -100.0 mg kg-1), iron (2.03- 15.53 mg kg-1), 

manganese (6.37-15.53 mg kg-1), copper (1.52- 16.33 mg kg-1) and zinc (0.17 -6.30 mg 

kg-1). 

The increasing trends of all nutreints with rising altitude could be due to high 

organic matter and low pH (Ali et al., 2017).  In this study, all nutrients had a positive 

relationship with SOM and an inverse relationship with pH (Table 4.5). Similar 

relationship has reported by other researchers (Khattak, 1994; Buri et al., 2000; Sarwar 

et al., 2007). Furthermore, organic matter is the primary source of the nutrient supply 
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and the solubility and availability of micronutrient cations can be increased under 

acidic conditions (Brady & Weil, 2002; (Ali et al., 2017).  However, slightly decreasing 

trends of some soil available nutrients at higher altitude could be due to the cooler 

temperatures and moist conditions. The harsh climatic conditions, which provided less 

time for soil formation. In addition, the harsh climate condition may cause a decline in 

biological activity, which leads to low mineralization and decomposition of organic 

matter. The high precipitation can promote the leaching of cationic species from the 

surface to from the surface to downward into soil profile (Tanner et al., 1998, Proctor 

et al., 2007). Moreover, the decomposition of OM can be retarded by lower temperature 

and higher precipitation (Qi et al., 2009; Charan et al., 2012).  

The relative low content of available P and K and high concentration of Fe, Mn 

and Cu in our study could be correlated with the geology and parent material. The study 

area is composed of the Chalt Volcanic Group. Petterson et al. (1991) has reported a 

low content of K2O (0.5%) and P2O5 (0.12%) and high Fe2O3 (8.1%) and MnO 

(0.18%). Furthermore, the rocks of this unit have high weathering capability and 

facilitate the release of nutrients in the soil. The concentration of soil nutrients depends 

on the soil forming parent material (Krauskof, 1972; Wakene, 2001).  
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, 

Figure 4. 21. Relationship of Nutrients with altitude Forest.  Note:  * indicates relationship is significant 

at p< 0.05; TN (total nitrogen), Av. P, K, Fe, Mn, Cu and Zn (available Phosphorus, Potassium Iron, 

Manganese, Copper and Zinc).                                                                                     
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Figure 4. 22. Relationship of Nutrients with altitude in Pasture.  Note:  * indicates relationship is 

significant at p< 0.05; TN (total nitrogen), Av. P, K, Fe, Mn, Cu and Zn (available Phosphorus, Potassium 

Iron, Manganese, Copper and Zinc). 
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Figure 4. 23.  Relationship of Nutrients with altitude in Arable land.  Note:  * indicates relationship is 

significant at p< 0.05; TN (total nitrogen), Av. P, K, Fe, Mn, Cu and Zn (available Phosphorus, Potassium 

Iron, Manganese, Copper and Zinc). 
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4.2.2. Soil organic carbon stock 

             Analysis of variance (ANOVA Table 4.13-4.15) showed that both altitude and 

soil depth had significant  effect on BD (g cm-3), SOC (%) and SOCS (Mg ha-1) in each 

of the land uses at p < 0.05, p < 0.01 and p < 0.001 respectively. The interactive effect 

of both altitude and depth was also significant. 

Table 4. 13. Effect of altitude on Soil organ carbon stock at various depth in forest 

Variables BD (g cm-3) SOC (%) SOCS(Mg ha-1) 

Altitude 401.0** 2233.00** 5920.01** 

Depth 709.54** 17530.00** 50470.00** 

Altitude * depth 16.43* 395.47** 633.27** 

Note: Values in column and rows represents F-values; *, ** indicates values are significantly different at 

0.05 and 0.01 level respectively. Abbrivations: BD (bulk density), SOC (soil organic carbon) and SOCS 

(soil organic carbon stock) 

Table 4. 14. Effect of altitude on Soil organ carbon stock at various in Pasture 

Variables BD (g cm-3) SOC (%) SOCS (Mg ha-1) 

Altitude 632.08** 3391.00** 1986.01** 

Depth 367.70** 22810.04** 15990.00** 

Altitude * depth 3.18* 332.83** 109.08** 

Note: Values in column and rows represents F-values; Note:   *, ** indicates values are significantly 

different at 0.05 and 0.01 level respectively; Abbrivations:  BD (bulk density), SOC (soil organic carbon 

) and SOCS) (soil organic carbon stock) 

Table 4. 15. Effect of altitude on Soil organ carbon stock at various depth in arable land 

Variables BD (g cm-3) SOC (%) SOCS (Mg ha-1) 

Altitude 649.87** 1923.00** 1109.00** 

Depth 1456.00** 55850.00** 80003.00** 

Altitude * depth 5.68* 463.24** 377.37** 

Note:   Values in column and rows represents F-values;     *, ** indicates values are significantly different 

at 0.1 and 0.01 level respectively; BD (bulk density), SOC (%) (soil organic carbon concentration) and 

SOCS (Mg ha-1) (soil organic carbon stock) 
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In arable land the overall mean SOC was significantly increased from 0.52 -1.0 % and 

SOCS from 15.48 to 23.87 Mg ha-1, with increasing altitude from 2100 - 2930 m. A 

similar trends were observed for each depths. Furthermore, SOC and SOCS decreased 

significantly with increasing depth (Figure 4.24 and appendix 17-18). 

In contrast, in the forest the SOC increased (from 2.43 to 12.49 %), as well as 

SOCS (from 48.42-165.26 Mg ha-1), with an increase in altitude from 2797 to 3460 m 

(Figure 4.25 and appendix 11-12). Above this altitude, a slight decrease in SOC was 

found up to 3600 m. The same pattern was also observed in the 0-20, 20-40 and 40-60 

cm soil layers. Furthermore, SOC had a significantly negative relationship with bulk 

density, soil depth and soil pH (figure 4.25 and appendix 11-12). 

Similarly, in pasture the SOC concentration significantly increased from 1.21-

8.57%  as did SOC stock (from 33.82-102.0 Mg ha-1), with increasing altitude from 

3017-3767 m, and slightly decreased up to 4163 m (Figure 4.26 and appendix 14-15). 

Similar ternd was observed for the top, middle and bottom layers. Furthermore, SOC 

concentration and stock had a significantly negative relationship with bulk density, soil 

depth and soil pH (Figure 4.26). 

Knowledge of vertical patterns of soil organic C can improve our understanding 

of the dynamics of SOC along a profile and the potential response of SOC to climate 

change; a small variation in climate at higher altitudes will drastically change the 

ecology and function of the mountain ecosystem (Jodha, 1992). Similarly, altitude has 

a strong effect on the micro-climate and landscape (Bendix et al., 2008; Gerold et al., 

2008). With increasing altitude, temperature normally becomes cooler and precipitation 

increases, resulting in vegetation distribution change, which impacts SOC stock 

(Tanner et al., 1998; Proctor et al., 2007). In addition, climate shifts in temperature and 



Chapter 4 

85 
 

precipitation have a major influence on the decomposition and amount of SOC stored 

within an ecosystem and released into the atmosphere.  

In the study area have the same parent material and vegetation along with the 

altitudes, however increased in SOC and SOCS with increasing altitude could be  due 

to  variation in climatic parameter along with an elevation gradient (Ali et al., 2017). In 

the area, the average temperature decreased by 0.63°C per 100 m and precipitation  

increased  +17.6 mm per 100 m Cramer (2000). Cooler temperatures and higher 

precipitation with altitude could retard the decomposition of litter. In turn, the 

accumulation of organic matter may have increased with this altitude (Ali et al., 2017).  

Other researchers have reported a positive relationship between SOC with altitude 

(Sims & Nielsen, 1986; Ineson et al., 1998; Charan et al., 2012; Ali et al., 2017).    

Furthermore, the slightly decreased amount of SOCS at higher altitudes in forest 

and pasture could be due to harsh climatic conditions, which provided less time for soil 

formation, restrict decomposition of the plant material and produced low net primary 

production (Ali et al., 2017).  At the upper timberline (Dame 3780 m), there were 102 

frosting and 135 ice days, and vegetation period were short (112 days). Likewise, in the 

alpine meadow (4150 m), there were seventy-three frost and 188 ice days indicating the 

rough climate conditions. The thermal vegetation period lasted 95 days. As a result, 

vegetation density decreased in forest and pasture at higher elevations due to short 

growing period. The vegetative material, which is the main source of SOC (Ali et al., 

2017), generally has a positive relationship with plant density (Rees et al., 2005; 

Thomas et al. 2007). Other researchers have also found a decrease in SOC at higher 

altitudes (Panthi, 2010; Saeed et al., 2014).  

The low SOC at lower altitudes could be due to higher temperatures and less 

precipitation (Ali et al., 2017).  In addition, mineralization of soil organic matter 
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increased with rising temperature (Garcia-Pausas et al., 2007; Djukic et al., 2010) and 

the rate of reaction doubled with each 10°C increase in mean temperature (Bot & 

Benites, 2005). 

The highest SOC (21.61 %) in this analysis was observed in the top layer in 

Brich (Betula utilis) forest at an altitude of 3460 m (Appendix 11). Similar SOC 

(21.9%) have been reported by Schichkoof (2002) in Batura II (3500 m).  Bhat et al. 

(2012) reported the highest SOC in Betula utilis forest (3550 m) in high mountain 

temperate Himalayan forests of India and further suggested that Betula utilis was a good 

source of biomass production and carbon balance.  

 SOC had a negative relationship with bulk density and pH (Figure 4.24 - 4.26) 

in this current study. Bulk density value is dependent on the concentration of SOM (Ali 

et al., 2017). The soil with high organic matter has a low bulk density (White, 2013; 

Gupta, 2004). Furthermore, high organic matter, by oxidation, produced organic acids 

in the soil solution causing a decrease in soil pH (Ali et al., 2017). Fey (2001) also has 

reported that organic matter can have a negative relationship with pH.  
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Figure 4.24.  Soil organic carbon with different variable in arable land. * indicate relationship is 

significant at p ≤ 0.05; BD (bulk density), SOC % (soil organic carbon concentration) and SOCS (Mg ha-

1) (soil organic carbon stock) 
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Figure 4. 24. Relationship Soil organic carbon with different varriables in forest. Note: * indicate 

relationship is significant at p < 0.05; BD (bulk density), SOC % (soil organic carbon concentration) and 

SOCS (Mg ha-1) (soil organic carbon stock) 
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Figure 4. 25. Relationship of Soil organic carbon with different variables in Pasture. Note: * indicate 

relationship  is significant at p < 0.05; BD (bulk density), SOC % (soil organic carbon concentration) and 

SOCS (Mg ha-1) (soil organic carbon stock) 
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4.2.3.  Soil microbial parameters  

Molecular analysis showed a significant variation in 16S rRNA, ITS copies 

number and fungi-to-bacteria ratio (F:B) were found in each of land uses at different 

altitude at  p < 0.01   (ANOVA Table 4.16).  

Table 4. 16. Effect of altitude on soil microbial parameters within different land uses (ANOVA) 

Factors 16S rRNA copy 

number 

ITS Copy  

number 

Fungi-to-bacteria 

ratio 

Forest 149.910* 119.677* 79.455* 

Pasture 295.904* 192.08* 77.807* 

Arable land 233.97* 1386.70* 4103.35* 

Note:  Values in column and rows represents F-values;    * indicates values are significantly different at 

0.01 level respectively  

In this study, 16S rRNA copy number in forest (Figure 4.27) was slightly 

decreased (1.04 × 107 to 7.83×106) with increasing altitudes ranges from 3050-3480 m, 

and showed a negative relationship with altitude (R2 = 0.621, t = - 4.62, p = 0.00).  

Furthermore, 16S rRNA showed a weak positive relationship with soil pH, while did not 

show any relationship with SOC and C: N (Table 4.17).  

On the other hand, ITS copy number (Figure 4.27) was increased (2.78 × 105 to 

6.74 × 105) with increasing altitude ranges from 3050-3360 m, and showed a positive 

relationship with altitude (R2 = 0.497, t=3.56, p = 0.003). ITS copy number showed a 

significant positive relationship with SOC and C: N, while it showed a negative 

relationship with soil pH (Table 4.17).  

Similarly, the fungi-to-bacteria  ratio (Figure 4.27) showed a similar trend of ITS 

copy number and it increased (0.268 to 0.865) with increasing altitude ranging from 

3050-3480 m, and it showed a positive relationship with altitude (R2 = 0.757, t = 6.37, 

p = 0.00). Furthermore, fungi-to-bacteria ratio showed a significant negative 
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relationship with soil pH, while a positive relationship was observed with SOC and C: 

N (Table 4.17).   

Altitude determines the climate conditions, it has provided specific types of soil 

environments for microbial communities (Dhruva et al., 1992; Zhang et al., 2013).  

Results of the present research showed that there were a lower 16S rRNA and higher ITS 

copies number and fungi-to-bacteria ratio in higher altitude, and vice versa at lower 

altitudes. The decrease in 16S rRNA copy number (bacterial abundance) with increasing 

altitude (especially at 3600 m altitude) could be due to harsh climatic conditions and 

increased in soil acidity (Ali et al., 2017). Higher soil acidity and lower temperature and 

higher precipitation at higher altitude may decline bacterial activities. Similarly, Kunze, 

(1982) observed the considerable soil biological activity between 3300-3400 m in Kali 

Gandaki Valley, and 16S rRNA (soil bacterial abundance) decreases with decreasing 

temperature (DeAngelis et al., 2015). 

In the study sites, soil acidity, SOC and C:N increased with increasing altitude. 

It was observed that SOC and C:N did not showed any effects on bacterial abundance, 

however, soil pH determined the 16S rRNA copy number. Furthermore, soil pH is a 

primary driver for soil bacterial distribution (Griffiths et al., 2009; Zhang et al., 2015). 

Like wise, soil with low acidity and C:N could be more favorable environment to 

bacteria (Alexander, 1977; Sterner & Elsner, 2002), and 16S rRNA copy number 

(bacterial abundance) and diversity have a positive relationship with soil pH (Strickland 

& Rousk et al., 2010).  

In contrast, ITS gen copy number (fugal abundance) and fungi to bacteria ratio 

increase with increasing altitude in this study. Other researchers have reported higher 

fungal abundance and F:B at higher altitude (Thébault et al., 2014; Zhang et al., 2013, 

2015). The increase in ITS gen copy number (fungal abundance) may be due to increases 
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in soil acidity, SOM, and C:N  with increasing altitude. This study further confirmed 

that fungal abundance and fungi-to-bacteria ratio showed a positive relationship with 

soil organic C and C:N, while having a weak negative relationship with pH (Table 4.17). 

Similarly, soils with low pH and high C/N ratio are a more favorable habitat for fungi 

(Alexande, 1977; Sterner & Elsner, 2002) and  soil C:N has a strong positive relationship 

fungi-to-bacteria ratio (Thébault et al., 2014), and fungi shows a positive relationship 

with SOC (Zhang et al., 2013).   

Another reason of increasing fungul abundance in this may be an increased 

densities of coniferous forest with altitude. Fungi may be efficiently decomposing 

coniferous material. Likewise, fungi have a symbiotic relationship with coniferous trees 

(Smith & Read, 1997) and decompose a poorer quality of recalcitrant phenolic 

compounds in coniferous forests (Gallet & Pellissier, 1997; Hackl et al., 2005; Wookey 

et al., 2009).  

Table 4. 17. Relationship of microbial parameters with soil pH, organic C and C:N in forest 

Factor Altitude pH SOC C:N 

16SrRNA  R2 = 0.621*                  

(t = - 4.62, p=0.00) 

R2 = = 0.402 *   

(t=2.96, p=0.011) 

R2 = 0.211NS          

(t= - 1.18, p= 0.08) 

R2 = 0.222 NS                 

(t=-1.92,p= 0.077) 

ITS R2 =0.494 *      

(t=3.56, p=0.003 

R2 = 0.771*                 

(t= -6.61,p=  0.00) 

R2 = 0.819*             

(t = 7.68, p = 0.00) 

R2 = 0.482*                       

(t = 3.48, p=0.004) 

F:B  R2 = 0.757*                  

(t = 6.37, p = 0.00) 

R2 = 0.894*                  

(t = -10.47, p = 0.00) 

R2 = 0.877*            

9.64, p = 0.00) 

R2 = 0.517*                       

(t =3.73, p = 0.003) 

Note: * indicates correlation is significant and NS represent correlation is non-significance at 0.05 level 

respectively.  SOC (soil organic carbon), C:N (carbon to nitrogen ratio), F:B (fungi to bacteria ratio); ITS 

(Internal Transcript sequence) 
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Figure 4. 26. Relationship of microbial parameters with altitude in forest. Note: * Indicates 

relationship is significant at p < 0.05. Abbreviations: 16SrRNA, ITS and F:B (16S ribosomal RNA, 

Internal Transcript sequence and Fungi to Bacteria ratio) 

In pasture, the 16S rRNA copy number (Figure 4.28) was significantly decreased 

(5.572 × 106 to 4.50 × 105) with increasing altitude ranges from 3350 -3 900 m and it 

showed a negative relationship with altitude (R2 = 0.755, p = 0.00). Furthermore, 16S 

rRNA copy number showed positive relationship with pH and had a negative 

relationship with C:N, however, it showed no relationship with SOC (Table 4.18).  

In contrast, ITS copy number was slightly increased (1.46 × 105 to 1.55 ×105) 

with increasing altitude from 3350-3740 m, and then sharply decreased to 9.03 × 104 up 

to 3900 m (Figure 4.28). However, ITS copy number showed a weak negative 

relationship with altitude and C:N  (R² = 0.357, p= 0.007) and  it showed no relationship 
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with soil pH and SOC (Table 4.18). Similarly, fungi-to-bacteria ratio (Figure 4.28) was 

significantly increased with increasing altitude from 3350-3900 m, and it had a positive 

relationship (R² = 0.328, p= 0.013). In addition, fungi-to-bacteria ratio had a 

significantly positive relationship with C:N and a weak negative relationship with pH, 

while no relationship was observed with SOC (Table 4.18). 

The decreases in 16S rRNA and ITS gen copy number could be due to low air 

and soil temperatures, short growing periods and a long frost snow cover. The mean soil 

temperatures at the altitude of 3780 m at the study site were found to below zero from 

April to November; and also suggested that temperatures only from May-October may 

sufficient to guarantee a substantial soil biological activity and nutrient mineralization 

(Cramer, 2000; Weber, 2000). Similarly, Kunze, (1982) observed the highest soil 

biological activity between 3300 and 3400 m in Kali Gandaki V. Other researchers also 

showed a decrease in microbial communities at higher elevation (Balser et al., 2005; 

Decaëns et al., 2010; Fierer et al., 2011).  

The study reveals that climate variables (decrease in temperature and increase in 

precipitation) are more significant factors for microbial abundance than soil chemistry, 

although soil pH and C/N ratio also show an effect on 16S rRNA copies number and 

fungi-to-bacteria ratio to some extent. In this study the decreasing tendency in bacteria 

is comparatively more than in fungi. Studies showed that some cold tolerant and snow 

parasitic fungi are physiologically active even at higher altitudes (Miehe et al., 1996; 

Loomis et al., 2006), while the fungi-to-bacteria ratio increases with altitude could be 

due to high C:N and SOC and low pH.  
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Table 4. 18. Relationship of microbial parameters with soil pH, SOC and C:N in pasture 

Factor Altitude pH SOC C:N 

16SrRNA  R2 = 0.795** 

(t = - 7.89, p=0.00) 

R2 = = 0.515** 

(t= 4.05, p=0.01) 

R2 = 0.068ns 

(t= -1.08, p= 0.29) 

R2 = 0.501** 

(t=- 4.03, p= 0.01) 

ITS R2 =0.379* 

(t= - 3.12, p=0.02) 

R2 = 0.041ns 

(t= 0.83,p=  0.418) 

R2 = 0.056ns 

(t = 0.98, p = 0.34) 

R2 = 0.314* 

(t =- 2.28, p=0.01) 

F:B R2 = 0.255* 

(t = 2.34, p = 0.03) 

R2 = 0.120ns 

(t = -1.48, p = 0.16) 

R2 = 0.122ns 

(t = 1.49, p = 0.16) 

R2 = 0.054ns 

(t = 0.98, p =0 .35) 

 Note: *, ** indicates relationship is significance and ns non-significance at 0.05 and 0.01 level 

respectively; SOC (soil organic carbon), C:N (carbon to nitrogen ratio), F:B (funji to bacteria ratio); ITS 

(Internal Transcript sequence) 

 

 

         

Figure 4. 27. Relationship of microbial parameters with altitude in pasture. Note: *, ** indicates 

relationship is significance and ns non-significance at 0.05 and 0.01 level respectively; SOC (soil organic 

carbon), C:N (carbon to nitrogen ratio), F:B (funji to bacteria ratio); ITS (Internal Transcript sequence) 

 

16S rRNA and ITS gen copy number and F:B ratio in arable land showed a 

similar trend to that of the forest. The 16S rRNA copy number (Figure 4.29) was 
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decreased (1.98 × 106 to 1.84 × 106) with increasing altitude from 2337-2930 m and 

showed a negative relationship with altitude (R2 = 0.521). Furthermore, 16S rRNA 

showed a weak positive relationship with soil pH, while did not show any relationship 

with SOC and C:N (Table 4.19). On the other hand, ITS copy number (Figure 4.29) 

was slightly increased (1.40 × 106 to 1.52 ×106) with increasing altitude from 2337-

2930 m and showed a weak positive relationship (R2 = 0.363 ). In contrast, ITS copy 

number showed a significant positive relationship with SOC and C:N, while it 

showed a negative relationship with soil pH (Table 4.19). Similarly, fungi-to-bacteria 

ratio (Figure 4.24) increased (0.71 to 0.82) in altitudes ranging from 2337-2930 m, 

and showed a positive relationship (R2 = 0.523). Furthermore, fungi-to-bacteria ratio 

showed a significant negative relationship with soil pH, while a positive relationship 

was observed with SOC and C: N (Table 4.19). The reason of decrease in 16S rRNA 

and increased in ITS and fungi to bacteria ratio has been discussed in ealier (in case 

of the forest). 

Table 4. 19.  Relationship of microbial parameters with soil pH, organic C and C:N in arable land 

Factor Altitude pH SOC C:N 

16SrRNA  R2 = 0.565** 

(t = - 4.89, p=0.00) 

R2 = = 0.514** 

(t= 4.05, p=0.01) 

R2 = 0.067ns 

(t= -1.07, p= 0.28) 

R2 = 0.511** 

(t=- 4.13, p= 0.01) 

ITS R2 =0.360* 

(t= - 3.02, p=0.02) 

R2 = 0.042ns 

(t= 0.82,p=  0.417) 

R2 = 0.055ns 

(t = 0.97, p = 0.33) 

R2 = 0.313* 

(t =- 2.27, p=0.01) 

F:B R2 = 0.520* 

(t = 4.14, p = 0.01) 

R2 = 0.121ns 

(t = -1.49, p = 0.15) 

R2 = 0.123ns 

(t = 1.48, p = 0.15) 

R2 = 0.053ns 

(t = 0.97, p =0 .34) 

 Note: *, ** indicates relationship is significance and ns non-significance at 0.05 and 0.01 level 

respectively; SOC (soil organic carbon), C:N (carbon to nitrogen ratio), F:B (funji to bacteria ratio); ITS 

(Internal Transcript sequence) 
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Figure 4. 28.  Relationship of microbial parameters with altitude in Arable land. Note : * indicates 

relationship is significant at p < 0.05. Abbreviations: 16SrRNA, ITS and F:B (16S ribosomal RNA, 

Internal Transcript sequence and Fungi to Bacteria ratio) 
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CONCLUSIONS AND RECOMMENDATIONS 

This study address important concept relating to soil physical, chemical, 

microbial properties and carbon stock with land use and altitudinal varaiation in 

ecologically highly vulnerable and economically extremely marginal regions. In the 

study it was found that, soil properties in this fragile regions tend to respond more 

sensitively to changes to anthropogenic activities and climate change as compared to the 

stable core areas of human activities as reported in literature. In the study, a significants 

variation in soil physical, chemical and microbial parameters were found across the land 

use (forest, pasture, and arable land) and at different altitudes in each of the land use. 

Moreover, land use intensification such as tillage with the uses machinery and chemical 

fertilizer during cultivation on arable land has increased the soil compaction, alkalinity, 

salanity, calcareousness, organic matter, total nitrogen available nutrients and  microbial 

abundance, as compared to least disturbed soil in pasture and forest land. Furthermore, 

soil available nutrients decreased in arable land due to low organic matter and high pH. 

Similarly, soil organic matter increased with increasing altitude (due decrease in 

temperature and increase in precipitation), which result soil compaction, sandiness, 

acidity, calcareousness and bacterial abundance decreased, wheras, soil aeration, 

clayness, avaialbel nutrients and F:B were increased.  However, a slightly decreasing 

trend of SOCS and some other nutrients were observed at the higher altitudes in forest 

and pasture due to harsh climatic conditions, which provided less time for soil formation 

and low net primary production. In contrast, ITS copy number increased in the forest 

and arable land, while it decreased in the pasture with increasing altitude due to harsh 

climatic condition. In this study, due to continuous addition of undecayed and partially 

decomposed plant and animal remains in the top soils, about 50 -60 % of organic carbon 

was found in the top layer, while 25-30 % in the middle and 10-15 % was in the bottom 
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layer. Although the overall soil health of the study area is satisfactory except some 

deficiencies of available P, K and Zn, which can be overcome by proper usage of 

fertilizer. The study highlighted that soil organic matter is main drivers for maintenance 

of soil properties. 

 The overall results indicate that human impact such as intensive land use 

activities in ecological fragile regions are abvious driving force of these local 

environmental changes that in long run, may be gaining momentum changes by the 

effect of global warming and its impacts on the whole region i.e. glacier melting and 

increase climate fluctuation. This would caused increase soil degredation and it may 

consequently negative effects on agriculture productivity and global climate.  

The research suggested that the restoration of natural vegetation in degraded land 

and decrease in intensity of land use activities (such as practices that reduce soil 

disturbance and that do not deplete nutrients) can reduce soil erosion and improve soil 

properties and increase soil carbon sequestration in ecologically fragile and 

economically marginal land of the study area as well as other mountainous regions. It is 

also recommended that periodic investigation of soil properties is an essential 

prerequisite to mountain communities and resource management, especially in light of 

the ever-increasing pressures on these fragile regions and the evergrowing threat of 

adverse impacts due to global climate change. Moreover, the study may also useful to 

provide information on what might happen to soil resources under a warming global 

climate scenario and over-exploitation of resources in the fragile regions.  

5.1.  Future line of work 

              During the course of the present research work some interesting results 

appeared which need further investigation. However, we conceived following activities 

for future endeavors; 
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 Periodic assessment of soil physical, chemical and microbial parameters are needed 

to mountain dewellers for sustainable resource management.  

 A comprehensive study of microbial diversity is of dire importance for the 

documention of sustaible ecological balance. 

 Contamination level of heavy metals and characterization of organic matter should 

be the domain of upcoming research  

 Awarness among the community regarding utilization of natural resources in 

sustainable ways by arranging seminar, former meetings and media compaign.  
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APPENDICES 

Appendix  1. Physical parameters of soil at different altitude in forest 

Altitude 

(m) 

Color 

wet 

BD(g cm-3) TPS (%) S.P (%) Sand (%) Silt (%) Clay (%) Textural 

class 

2787 5Y7/3 0.94±0.012a 61.63±0.471a 38.33±0.882a 45.00±0.577e 48.33±0.882a 9.00±0.577a loam 

2980 10YR3/3 0.93±0.006a 62.04±0.236a 41.33±0.882b 35.67±0.882f 54.67±0.882c 10.00±0.577a Silt loam 

3160 10YR4/2 0.85±0.012b 65.31±0.471b 48.67±0.882b 10.00±0.577g 71.67±0.882d 17.00±0.577 Silt loam 

3220 5Y5/1 0.87±0.012b 64.49±0.471b 47.00±0.577de 23.00±0.577a 64.00±0.577b 13.00±0.577b Silt loam 

3325 10YR 5/3 0.72±0.007d 70.75±0.272d 55.00±0.577c 20.00±0.577b 60.00±0.577e 20.00±0.577c Silt loam 

3400 10YR5/2 0.60±0.009e 75.65±0.360e 59.00±0.577f 22.00±0.577ac 42.00±0.577f 36.00±0.577d Clay loam 

3460 10YR 5/2 0.56±0.006c 77.14±00.236c 80.00±0.577g 12.00±0.577d 46.00±0.577g 42.00±0.577e clayey 

3550 10YR 3/23 0.66±00.006f 73.06±0.236g 47.00±0.577abd 21.00±0.577bcd 66.00±0.577b 13.00±0.577b Silt loam 

3572 10YR3/3 0.45±0.010g 81.63±0.408h 55.00±0.577c 30.00±0.577h 37.00±0.577h 33.00±0.577f Clay loam  

3600 10YR5/3 0.56±0.012c 77.14±0.471c 45.00±0.577be 16.00±0.577i 72.00±0.577a 12.00±0.577b Silt loam 

mean 10 YR 0.71±0.031 70.88±1.259 51.63±2.092 23.47±1.904 56.17±2.203 20.50±2.121 Silt loam 

p-value 0.01< 0.01< 0.01< 0.01< 0.01< 0.01< 0.01< 0.01< 

Values are means ± SE. Values having same superscript within column do not differ significantly from each other with respect to altitudinal gradients at p ≤ 0.05. Abbreviations; 

BD (Bulk density); TPS (total Porosity) and SP (saturation percentage) 
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Appendix 2. Physical parameters of soil at different altitude in Pasture 

Values are means ± SE. Values having same superscript in a column do not differ significantly from each other with respect to altitude at p ≤ 0.01. Abbreviations; BD (Bulk 

density); TPS (total Porosity) and SP (saturation percentage) 

Altitude 

(m) 

Color 

wet 

BD(g cm-3) TPS (%) S.P(%) Sand (%) Silt (%) Clay (%) Textural 

class 

3317 5Y5/1  1.32 ± 0.023a 49.23± 0.888g 37.67± 1.202d 16.00± 0.432c 81.33± 0.882a 6.00± 0.577f silt 

3365   5Y4/3  0.95± 0.029b 63.46± 1.110f 42.33± 1.453cd 34.00± 0.204a 60.00± 0.777c 6.00± 0.557f Silt loam 

3470 10YR 7/3  0.75± 0.015c 71.28± 0.559e 44.33± 1.432bcd 26.00± 0.577b 62.00± 0.507c 12.00± 0.477e Silt loam 

3652 10YR5/3 0.67± 0.003d 74.10± 0.128d 46.33± 1.856abc 13.00± 0.743cde 70.00± 0.210b 17.00± 0.277cd Silt loam 

3715 10YR2/2  0.67± 0.016d 74.23± 0.222d 45.33± 0.882bc 12.00± 0.078def 70.00± 0.577b 18.00± 0.574bcd Silt loam 

3763 10YR2/2 0.52± 0.006ef 80.00± 0.111bc 48.00± 1.155abc 10.00± 0.145efg 71.00± 0.377b 19.00± 0.507abc Silt loam 

3860 10YR 3/2 0.47± 0.003fg 81.79± 0.128ab 53.67± 2.728a 9.00± 0.450fg 70.00± 0.170b 21.00± 0.121a Silt loam 

3955 10YR4/4 0.55± 0.026e 78.85± 0.022c 46.00± 1.155bc 14.33± 0.882cd 70.33± 0.882b 16.00± 0.502d Silt loam 

4060 10YR5/3  0.43± 0.016g 83.46± 0.238a 50.00±1.011ab 7.00± 0.332g 72.00± 0.045b 21.00± 0.301a Silt loam 

4163 10YR 4/2  0.45± 0.004g 82.69± 0.222a 50.00± 0.577ab 10.00± 0.123efg 70.00± 0.568b 20.00± 0.077ab Silt loam 

Overall 10YR 0.68± 0.049 73.91± 01.878 46.37± 0.877 15.13± 1.502 69.67± 1.025 15.60± 1.019 Silt loam 

p-value 0.01< 0.01< 0.01< 0.01< 0.01< 0.01< 0.01< 0.01< 
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Appendix  3. Physical parameters of soil at different altitude in arable land 

Altitude (m) Color 

wet 

BD(g cm-3) TPS (%) S.P (%) Sand (%) Silt (%) Clay (%) Textural 

class 

2100 2.54/1 1.553±0.012a 41.16±0.455g 36.67±0.333bc 43.00±0.333a 50.00±0.667a 7.00±0.200a loam 

2138 2.5Y3/2  1.543±0.012a 41.54±0.455g 39.00±0.577b 44.00±0.667b 48.00±0.333b 8.00±0.100b loam 

2170 2.55/3 1.403±0.009bc 46.84±0.334ef 35.33±0.667c 43.20±1.000a 49.00±0.100c 7.80±0.200b loam 

2200 2.5Y4/2 1.45±00.006b 45.08±0.219f 44.00±01.000a 48.00±0.667c 44.00±0.600d 8.00±0.067b Sandy loam 

2337 2.5Y4/2 1.37±0.006c 48.11±0.219e 30.67±0.333d 47.00±0.333d 45.00±0.133d 8.00±0.067b Sandy loam 

2370 2.5Y3/2 1.40±0.012c 46.97±0.437e 25.17±0.167e 53.00±1.000e 40.00±0.233e 7.00±0.067a Sandy loam 

2419 5Y4/2 1.32±0.012d 50.00±0.437d 30.73±0.267d 39.00±0.167f 50.00±0.633a 9.00±0.100c loam 

2697 5Y4/2 1.24±0.012e 53.03±0.437c 25.13±0.133e 41.50±0.400g 49.00±0.700c 9.50±0.100c loam 

2730 5Y3/2 1.19±0.009f 55.05±0.334b 41.63±0.367a 39.00±0.133f 49.00±0.533c 10.00±0.333d loam 

2930 5Y6/2 1.13±0.006g 57.20±0.219a 44.00±0.577a 41.00±0.306g 49.00±0.577c 11.00±0.416d loam 

Mean  1.36±0.025 48.50±0.953 35.23±01.260 44.17±0.756b 47.20±0.575b 8.43±0.363b  

p-value 0.01< 0.01< 0.01< 0.01< 0.01< 0.01< 0.01< 0.01< 

Values ± (SD); Values having samesuperscript letter across the column do not differ significantly from each other with respect to altitude at p ≤ 0.05. Abbreviations; BD 

(Bulk density); TPS (total Porosity) and SP (saturation percentage) 
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Appendix 4. Chemical parameters of soil at different altitudes in forest 

Altitude  

(m) 

pH 

 

EC  

(dSm-1) 

CaCO3 

(%) 

O.M  

(%) 

T. N 

 (%) 

Ava P  

(mg kg-1) 

Ava K  

(mg kg-1) 

2787 7.60± 0.058ac 0.70± 0.012a 0.99± 0.006b 7.22 ± 0.099a 0.36± 0.005a 14.17± 0.441e 61.77± 1.619a 

2980 7.40± 0.115abc 0.70± 0.058a 0.50± 0.289c 7.40± 0.099a 0.37± 0.005a 16.50± 0.289f 61.81± 0.920a 

3160 6.70± 0.173bci 0.60± 0.058b 0.07± 0.067a 18.29± 0.207c 0.95± 0.023c 20.50± 0.289a 72.50± 1.443b 

3220 7.00± 0.289bd 0.62± 0.012b 0.97± 0.260d 16.53± 0.199d 0.83± 0.010d 17.50± 0.289b 67.50± 1.443b 

3325 6.53± 0.291cd 0.52± 0.012e 0.13± 0.133e 23.11± 0.207e 1.16± 0.010e 19.73± 03.02ab 85.13± 1.041d 

3400 5.80± 0.115def 0.35± 0.029c 0.07± 0.067a 33.25± 0.490f 1.66± 0.024f 30.73± 0145g 157.37± 1.357e 

3460 5.53± 0.291egh 0.30± 0.058c 0.03± 0.033a 37.15± 0.298g 1.86± 0.015g 35.50± 0.289h 182.87± 1.489f 

3550 6.50± 0.289cfij 0.20± 0.058d 0.07± 0.067a 29.01± 0.207b 1.45± 0.010b 27.58± 0.246c 117.50± 1.441g 

3572 5.20± 0.115fgk 0.15± 0.029f 0.03 ± 0.033a 28.36± 0.527b 1.42± 0.026b 26.50± 0.289c 106.17± 1.962h 

3600 5.90± 0.52dhjk 0.20± 0.058d 0.02± 0.017a 24.54± 0.401h 1.23± 0.020h 24.50± 0.289d 97.40± 1.447c 

Mean 6.42± 0.156 0.43± 0.040 0.29± 0.078 22.49± 01.789 1.13± 0.089 23.32± 1.229d 101.00± 7.309c 

P value  0.01< 0.01< 0.01< 0.01< 0.01< 0.01< 0.01< 

Values means (SE) of chemical parameters and macronutrients followed by same letter (s) across columns are not significantly different with respect to altitude at p ≤ 

0.05. Abbreviations; CaCO3 (calcium carbonate %); O.M (organic matter %); T.N (total nitrogen) Av. P & K, (available phosphorus and Potassium) 
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Appendix 5. Chemical parameters of soil at different altitude in Pasture 

Altitude 

(m)  

pH 

 

EC  

(dSm-1) 

CaCO3 

(%) 

O.M 

(%) 

T. N  

(%) 

Av.  P  

(mg kg-1) 

Av. K 

 (mg kg-1) 

3317 7.90± 0.520a 0.87± 0.017a 3.77± 0.393a 3.84 ± 0.057h 0.11± 0.002h 8.00± 0.577a 85.00± 2.887a 

3365 6.70± 0.173b 0.60± 0.015b 0.53± 0.260bc 6.71± 0.199g 0.20± 0.006g 13.50± 0.577b 72.00± 1.453b 

3470 7.20± 0.115ab 0.70± 0.012b 1.50± 0.289b 12.44± 0.152f 0.36± 0.004f 15.82± 0.726c 83.00± 1.453c 

3652 4.50± 0.289cd 0.44± 0.012c 1.00± 0.289bc 17.89± 0.099d 0.52± 0.003d 20.00± 1.009d 86.00± 3.528a 

3715 5.30± 0.173c 0.42± 0.012cd 1.27 ± 0.145b 13.36± 0.152e 0.39± 0.004e 16.70± 1.155c 80.00± 2.887d 

3763 4.40± 0.231cd 0.35± 0.029cd 1.00± 0.289bc 24.77± 0.099a 0.72± 0.003a 26.00± 1.155f 125.00± 2.906e 

3860 5.20± 0.173cd 0.38± 0.036cd 0.50± 0.058bc 23.11± 0.032b 0.67± 0.001b 22.00± 0.577d 110.00± 3.333f 

3955 4.93± 0.203cd 0.38± 0.015cd 0.05± 0.029c 21.79± 0.152c 0.63± 0.004c 20.00± 1.155d 95.00± 2.963g 

4060 4.30± 0.058cd 0.33± 0.017cd 0.03± 0.033c 21.16± 0.199c 0.62± 0.006c 22.00± 1.155d 95.00± 2.887g 

4163 4.10± 0.058d 0.30± 0.058d 0.05± 0.029c 17.85± 0.015d 0.52± 0.000d 17.00± 1.155c 80.00± 2.887d 

Mean 5.45± 0.244 0.48± 0.034 0.97± 0.205 16.29±01.243 0.47± 0.036 18.10± 0.473 89.93± 1.979a 

P value  0.01< 0.01< 0.01< 0.01< 0.01< 0.01< 0.01< 

Values ± (SD); Values having samesuperscript letter across the column do not differ significantly from each other with respect to altitude at p ≤ 0.05. Abbreviation; 

EC (electric conductivity); CaCO3 (calcium carbonate %); OM (organic matter %); TN (total nitrogen) Av. P & K, (available phosphorus and Potassium) 
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Appendix 6. Chemical parameters of soil at different altitude in in arable land 

Altitude 

(m) 

pH 

 

EC  

(dSm-1) 

CaCO3 

(%) 

OM 

 (%) 

T.N 

 (%) 

Av. P  

(mg kg-1) 

Av. K 

 (mg kg-1) 

2100 7.10± 0.058bcd 3.47± 0.037ab 4.00± 0.577bcd 1.49 ± 0.009f 0.07± 0.000f 7.00± 0.441d 55.00± 0.882g 

2138 7.63± 0.120a 3.60± 0.058ab 5.00± 0.577ab 1.42± 0.012f 0.07± 0.001f 8.00± 0.577cd 54.00± 0.882g 

2170 7.27± 0.033bc 2.91± 0.215b 2.33± 0.333cd 1.65± 0.006e 0.08± 0.000e 8.40± 0.577cd 53.00± 1.453g 

2200 7.40± 0.058ab 4.03± 0.093a 7.00± 0.577a 1.61± 0.009e 0.08± 0.000e 8.00± 0.441cd 60.00± 01.856f 

2337 6.87± 0.088de 1.16± 0.170c 1.67± 0.333d 2.03± 0.012d 0.10± 0.001d 11.00± 0.623b 80.00± 0.577d 

2370 7.15± 0.029bcd 1.72± 0.435c 5.00± 0.577ab 2.02± 0.012d 0.10± 0.001d 10.0± 0.882bc 75.00± 1.155e 

2419 6.88± 0.076de 1.39± 0.207c 2.00± 0.577d 2.21± 0.012c 0.11± 0.001c 12.40± 0.318b 90.00± 0.882b 

2697 6.93± 0.088cde 1.13± 0.188c 4.67± 0.667abc 2.54± 0.030b 0.13± 0.001b 12.00± 0.577b 87.00± 1.155c 

2730 6.70± 0.058ef 1.07± 0.116c 4.00± 0.577bcd 2.59± 0.018b 0.13± 0.001b 15.00± 0.960a 98.00± 0.577a 

2930 6.40± 0.058f 0.83± 0.064c 2.43± 0.296bcd 2.72± 0.012a 0.14± 0.001a 17.00± 0.788a 100.0± 2.082a 

Overall 7.03± 0.065 2.13± 0.223 3.81± 0.328 2.03± 0.085 0.10± 0.004 10.88± 1.101 75.20±1.760 

P value  0.01< 0.01< 0.01< 0.01< 0.01< 0.01< 0.01< 

Values ± (SD); Values having samesuperscript letter across the column do not differ significantly from each other with respect to altitude at p ≤ 0.05. Abbreviations; 

CaCO3 (calcium carbonate %); O.M (organic matter %); T.N (total nitrogen) Av. P & K, (available phosphorus and Potassium) 
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Appendix 7. Available micronutrients of soil at different altitude in forest 

Altitude (m) Fe (mg kg-1) Mn (mg kg-1) Cu (mg kg-1)  Zn (mg kg-1) 

2787 11.91 ± 0.045a 8.47± 0.233a 5.88± 0.105a 0.16± 0.010a 

2980 12.33± 0.333a 8.67± 0.333a 6.53± 0.291a 0.23± 0.033a 

3160 15.57± 0.217b 10.47± 0.233b 16.05± 0.076b 0.67± 0.067ab 

3220 14.97± 0.067b 16.97± 0.017c 13.60± 0.228c 3.47± 0.037c 

3325 19.37± 0.183c 25.55± 0.277d 17.03± 0.088d 10.23± 0.117d 

3400 62.47± 0.267d 28.11± 0.055e 24.30± 0.173e 1.53± 0.042e 

3460 69.04± 0.022e 29.67± 0.333f 27.00± 0.115f 17.57± 0.283f 

3550 23.37± 0.183f 23.90± 0.050g 17.75± 0.161d 0.67± 0.067ab 

3572 27.43± 0.217 22.80± 0.102g 18.90± 0.210g 0.63± 0.033ab 

3600 19.05± 0.027c 19.88± 0.062h 17.48± 0.289d 0.76± 0.007b 

P value 0.001< 0.001< 0.001< 0.001< 

Values means (SE) of available micro-nutrientsfollowed by same letter(s) across columns are not 

significantly differentwith respect to altitudinal gradients at p ≤ 0.05. Abbreviation; Av. Fe, Mn, Cu and 

Zn (available Iron, Manganese, Copper and Zinc). 

Appendix 8. Available micronutrients of soil at different altitude in pasture 

Altitude (m) Fe (mg kg-1) Mn (mg kg-1) Cu (mg kg-1)  Zn (mg kg-1) 

3317 9.77±0.186a 10.85±0.126f 3.34±0.239a 0.43±0.018e 

3365 10.73±0.176ab 13.55±0.293e 5.04±0.080ab 0.45±0.006e 

3470 14.20±0.611c 14.57±0.296cde 5.27±0.186b 0.70±0.017de 

3652 13.07±0.636bc 16.90±0.586b 10.57±0.231c 3.46±0.032b 

3715 10.57±0.296ab 14.20±0.252de 14.37±0.233df 0.79±0.023cde 

3763 59.18±0.606d 21.57±0.296a 29.22±0.432g 8.43±0.260a 

3860 32.33±0.882e 16.13±0.467bc 18.87±0.593h 3.50±0.289b 

3955 29.00±0.577f 15.73±0.593bcd 14.90±0.586d 1.25±0.029cd 

4060 33.00±01.155e 16.60±0.306b 12.80±0.416f 0.51±0.030e 

4163 20.07±0.176g 7.87±0.353g 10.05±0.134c 1.34±0.012c 

p-value 0.001< 0.001< 0.001< 0.001< 

Values having same superscript letter within column do not differ significantly from each other with 

respect to altitude at p≤ 0.05. Abbreviation; Av. Fe, Mn, Cu and Zn (available Iron, Manganese, Copper 

and Zinc). 
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Appendix 9. Available micronutrients of soil at different altitude in arable land 

Values ± (SD); Values having samesuperscript letter across the column do not differ significantly from each 

other with respect to altitude at p ≤ 0.05. Abbreviation; Av. Fe, Mn, Cu and Zn (available Iron, Manganese, 

Copper and Zinc). 

 

 

 

 

Appendix 10. Soil bulk density (g cm-3) at different altitude in forest 

 
Values are means ± SE. Values having same superscript within column and rows do not differ significantly 

from each other with respect to altitudinal and depth at p ≤ 0.05. Letters A,B,C across the  rows indicates the 

variation among depth depths, while, small letter within column indicates the significant difference across 

the altitude 

 

 

 

Altitude (m) Fe (mg kg-1) Mn (mg kg-1) Cu (mg kg-1)  Zn (mg kg-1) 

2100 8.50 ± 0.289cd 6.50± 0.289d 2.50± 0.289de 0.17± 0.015f 

2138 7.27± 0.638d 6.37± 0.186d 4.53± 0.291d 0.18± 0.012f 

2170 8.50± 0.289cd 7.00± 0.115d 4.60± 0.346d 0.32± 0.012f 

2200 2.03± 0.009e 10.70± 0.208c 1.52± 0.274e 1.92± 0.015c 

2337 18.50± 0.289a 18.03± 0.605a 4.15± 0.454c 2.84± 0.023b 

2370 10.27± 0.636c 7.61± 0.311b 9.02± 0.592c 0.42± 0.015ef 

2419 9.50± 0.404c 8.28± 0.362d 8.00± 0.284c 1.27± 0.120d 

2697 15.50± 0.289b 19.32± 0.658a 13.60± 0.348b 0.72± 0.015e 

2730 14.30± 0.350b 14.27± 0.637b 14.20± 0.240ab 0.69± 0.006e 

2930 19.27± 0.638a 15.53± 0.291b 16.33± 0.882a 6.30± 0.173a 

Overall 11.36± 0.961 11.36± 0.888 7.39± 0.946 1.48± 0.335 

P value 0.001< 0.001< 0.001< 0.001< 

Altitude (m) 0 – 20 cm 20 – 40 cm 40 – 60 cm Overall 

2787 0.94 ± 0.01aA 1.04± 0.01aB 1.14± 0.01aC 1.04± 0.03a 

2980 0.93± 0.01aA 1.00± 0.01abB 1.08± 0.01aC 1.00± 0.02ab 

3160 0.85± 0.01bA 0.92± 0.01cB 0.96± 0.02bcC 0.91± 0.02c 

3220 0.87± 0.01bA 0.95± 0.02bcB 1.00± 0.02bC 0.94 ± 0.02bc 

3325 0.72± 0.01cA 0.82± 0.03dB 0.92± 0.02cdC 0.82± 0.03d 

3400 0.60± 0.01eA 0.69± 0.01efB 0.78± 0.01fC 0.69± 0.03ef 

3460 0.56± 0.01eA 0.64 ± 0.01fB 0.86± 0.01deC 0.69± 0.04ef 

3550 0.66± 0.01dA 0.71± 0.01eB 0.89± 0.02cdC 0.75± 0.03de 

3572 0.45± 0.01fA 0.66± 0.01efB 0.89± 0.02dC 0.66± 0.06f 

3600 0.56± 0.01eA 0.69± 0.01efB 0.79± 0.01efC 0.68± 0.03f 

p-value 0.001< 0.001< 0.001< 0.001< 
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Appendix 11. Soil organic carbon (%) at different altitude in forest 

Altitude (m) 0 – 20cm 20 – 40cm 40 – 60 cm Overall 

2787 2.40 ± 0.06gA 2.20 ± 0.06gB 0.90 ± 0.06hC 2.43 ± 0.48e 

2980 4.30 ± 0.06gA 2.17 ± 0.06gB 1.43 ± 0.06gC 2.68 ± 0.44e 

3160 10.63 ± 0.12eA 4.50±0.06fB 3.60 ± 0.06dC 6.24 ± 1.12d 

3220 9.61 ± 0.12eA 5.71 ± 0.07eB 2.43 ± 0.03fC 5.92 ±1.04d 

3325 13.43 ± 0.12dA 6.64 ± 0.18dB 3.70 ± 0.06dC 7.92 ± 1.44cd 

3400 19.33 ± 0.29bA 9.63 ± 0.09bB 4.59 ± 0.05bC 11.18 ± 2.17ab 

3460 21.60 ± 0.17aA 10.43 ± 0.15aB 5.43 ± 0.09aC 12.49 ± 2.39a 

3550 16.87 ± 0.12cA 7.30 ± 0.06cB 4.20 ± 0.06cC 9.46 ± 1.91abc 

3572 16.48 ± 0.30cA 7.11 ± 0.06cB 3.13 ± 0.03eC 8.91 ± 1.98bcd 

3600 14.27 ± 0.23dA 5.63 ± 0.23eB 2.63 ± 0.03fC 7.51 ± 1.74cd 

P value 0.001< 0.001< 0.001< 0.001< 

Values are means ± SE. Values having same superscript within column and rows do not differ 

significantly from each other with respect to altitudinal and depth at p ≤ 0.05. A,B,C across the  rows 

indicates the variation among depth depths, while, small letter within column indicates the significant 

difference across the altitude. 

  

Appendix 12. Soil organic carbon stock (Mg ha-1) at different altitude in forest 

Values are means ± SE. Values having same superscript within column and rows do not differ significantly 

from each other with respect to altitudinal and depth at p ≤ 0.05. A,B,C across the  rows indicates the variation 

among depth depths, while, small letter within column indicates the significant difference across the altitude 

 

Altitude (m) 0-20 cm 20 – 40 cm 40 – 60 cm Overall 

2787 78.93 ± 0.01iA 45.79 ± 1.71gB 22.55 ± 1.52hC 48.42 ± 8.48f 

2980 79.93 ± 1.58iA 41.36 ± 1.21gB 30.32 ± 1.11gC 50.56 ± 7.56f 

3160 180.71 ± 0.77eA 82.78 ± 0.54eB 69.09 ± 0.35cC 110.86 ± 17.58cde 

3220 167.16 ± 0.29fA 108.51 ± 0.75bcB 48.48 ± 0.73eC 108.05 ± 17.13cde 

3325 192.51 ± 0.42dA 109.09 ± 1.06bB 68.05 ± 0.39cC 123.22 ± 18.31bcd 

3400 230.61 ± 0.76bA 132.27 ± 0.50aB 71.55 ± 0.58bcC 144.81 ± 23.18ab 

3460 241.88 ± 0.56aA 133.48 ± 0.60aB 93.41 ± 0.35aC 156.26 ± 22.60a 

3550 222.61 ± 0.60cA 104.13 ± 0.50cB 74.72 ± 0.43bC 133.82 ± 22.60abc 

3570 148.29 ± 0.88hA 93.32 ± 0.91dB 55.55 ± 0.76dC 99.05 ± 13.47de 

3600 109.68 ± 0.78gA 77.73± 0.34fB 41.60 ± 0.30fC 93.47± 17.47e 

P value 0.001< 0.001< 0.001< 0.001< 
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Appendix 13. Soil bulk density (g cm-3) at different altitude in pasture 

Altitude (m) 0-20 cm 20-40 cm 40-60 cm overall 

3317 1.32±0.02aA 1.52 ±0.010aB 1.60±0.06aC 1.48±0.04a 

3365 0.95±0.03bA 1.56±0.029bB 1.10±0.058bC 1.03±.030b 

3470 0.75±0.02cA 0.81±0.006cB 0.97±0.020cC 0.84±.034c 

3652 0.67±.003dA 0.76±0.009cB 0.89±0.006cC 0.77±.032cd 

3715 0.67±0.009dA 0.77±0.009cB 0.80±0.009cC 0.75±.020cde 

3763 0.52±0.006efA 0.64±0.012deB 0.77±0.015deC 0.64±.037def 

3860 0.47±0.003fgA 0.61±0.006eB 0.77±0.009eC 0.62±0.04def 

3955 0.55±0.001eA 0.69±0.006dB 0.78±0.006dC 0.67±.034def 

4060 0.43±0.001gA 0.55±0.012fB 0.70±0.006fC 0.56±.039f 

4163 0.45±0.001g 0.64±0.010deB 0.71±0.009deC 0.60±.039ef 

P value 0.001< 0.001< 0.001< 0.001< 

Values are means ± SE. Values having same superscript within column and rows do not differ significantly 

from each other with respect to altitudinal and depth at p ≤ 0.05. Capital letters (A,B,C) across the  rows 

indicates the variation among depths, while, small letter within column indicates the significant difference 

across the altitude.  

Appendix 14. Soil organic carbon (%) at different altitude in pasture 

Values are means ± SE. Values having same superscript within column and rows do not differ significantly 

from each other with respect to altitudinal and depth at p ≤ 0.05. Capital letters (A,B,C) across the  rows 

indicates the variation among depths, while, small letter within column indicates the significant difference 

across the altitude.  

Altitude(m) 0-20 cm 20-40 cm 40-60 cm overall 

3317 2.23±0.033hA 1.00±.058hB 0.38±0.044hC 1.21±0.273c 

3365 3.90±0.011gA 1.40±.058gB 0.80±0.058gC 2.03±0.476bc 

3470 7.23±0.088fA 2.47±.033fB 0.90±0.058fC 3.53±0.953abc 

3652 10.40±0.058dA 4.90±.058fB 2.07±0.033dC 5.79±1.22abc 

3715 7.77±0.088eA 2.40±.058fB 1.33±0.088fC 3.83±0.996abc 

3763 14.40±0.058aA 6.73±.120aB 4.57±0.088aC 8.57±1.492a 

3860 13.44±0.019bA 6.60±.058abB 4.30±0.011abC 8.11±1.372a 

3955 12.67±0.088cA 6.25±.029bB 4.03±0.012bC 7.65±1.295a 

4060 12.30±0.115cA 5.60±.115cB 3.20±0.058cC 7.03±1.362ab 

4163 10.38±.009dA 4.40±.115eB 2.50±0.058eC 5.76±1.90abc 

p-value 0.001< 0.001< 0.001< 0.001< 
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Appendix 15. Soil organic carbon stock (Mg ha-1) at different altitude in pasture 

Altitude (m) 0-20 cm 20-40 cm 40-60 cm overall 

3317 58.93±0.509gA 30.37±1.524gB 12.17±1.004gC 33.82±6.827b 

3365 73.97±0.088fA 29.37±1.059gB 17.47±0.353gC 40.27±8.604b 

3470 107.97±0.803dA 39.95±0.330fB 17.35±0.752fC 55.09±13.619ab 

3652 140.05±1.039bA 74.14±0.725cB 36.79±0.641cC 83.66±15.100ab 

3715 104.05±0.354dA 36.79±0.854fB 21.39±1.198fC 54.08±12.697ab 

3763 149.75±1.062aA 86.15±1.168aB 70.58±0.33aC 102.16±12.116a 

3860 127.20±0.973cA 80.51±0.058bB 66.48±1.420bC 91.40±9.191a 

3955 139.32±1.104bA 86.25±0.628aB 62.90±1.586aC 96.16±11.320a 

4060 105.77±1.266dA 61.17±0.347dB 44.81±1.178dC 70.58±9.121ab 

4163 93.39±1.227eA 55.99±0.724eB 35.65±0.633eC 61.68±8.466ab 

P value 0.001< 0.001< 0.001< 0.001< 

Values are means ± SE. Values having same superscript within column and rows do not differ significantly 

from each other with respect to altitudinal and depth at p ≤ 0.05. Capital letters (A,B,C) across the  rows 

indicates the variation among depths, while, small letter within column indicates the significant difference 

across the altitude.  

 
Appendix 16. Soil bulk density (g cm-3)  at different altitude in Arable land 

Altitude (m) 0-20 cm 20-40 cm 40-60 cm overall 

2100 1.55±0.01fA 1.67±0.01gB 1.78±0.01dC 1.67±0.03ef 

2138 1.54±0.01fA 1.66±0.02hB 1.78±0.02eC 1.66±0.03f 

2170 1.40±0.01eA 1.55±0.01gB 1.58±0.02dC 1.51±0.03def 

2200 1.45±0.01eA 1.58±0.01dB 1.69±0.02deC 1.57±0.03cdef 

2337 1.37±0.01dA 1.48±0.01cB 1.61±0.02cC 1.49±0.04bcd 

2370 1.40±0.01dA 1.55±0.01eB 1.67±0.01dC 1.54±0.04cde 

2419 1.32±0.01cA 1.46±0.01dB 1.60±0.01bcC 1.46±0.04bc 

2697 1.24±0.01bA 1.35±0.01fB 1.53±0.02fC 1.37±0.04bcd 

2730 1.19±0.01bA 1.30±0.02bB 1.39±0.01bC 1.29±0.03ab 

2930 1.13±0.01aA 1.24±0.02aB 1.34±0.01aC 1.24±0.03a 

Overall 1.32±0.01aA 1.44±0.02bB 1.61±0.02cC 1.46±0.01 

P value 0.001< 0.001< 0.001< 0.001< 

Values are means ± SE. Values having same superscript within column and rows do not differ significantly 

from each other with respect to altitudinal and depth at p ≤ 0.05. Capital letters (A,B,C) across the  rows indicates 

the variation among depths, while, small letter within column indicates the significant difference across the 

altitude 



Appendices 

153 
 

Appendix 17. Soil organic carbon (%) at different altitude in Arable land 

 

Altitude (m) 0-20 cm 20-40 cm 40-60 cm overall 

2100 0.87±0.05aA 0.45±0.00aB 0.23±0.01aC 0.52±0.09a 

2138 0.83±0.01aA 0.42±0.01aB 0.20±0.00aC 0.48±0.02a 

2170 0.96±0.00bcA 0.46±0.00bB 0.24±0.01cdC 0.55±0.11cd 

2200 0.94±0.01bA 0.59±0.01bB 0.21±0.00bC 0.58±0.10b 

2337 1.18±0.01cA 0.64±0.01cB 0.27±0.01cC 0.70±0.13de 

2370 1.18±0.01cA 0.55±0.00bB 0.24±0.01bC 0.65±0.14bc 

2419 1.29±0.01dA 0.61±0.01cB 0.29±0.00cC 0.73±0.15e 

2697 1.48±0.01eA 0.51±0.01dB 0.17±0.01dC 0.72±0.20f 

2730 1.50±0.01fA 0.72±0.01eB 0.31±0.00eC 0.84±0.18g 

2930 1.58±0.01gA 1.00±0.01fB 0.41±0.01eC 1.00±0.17h 

P value 0.001< 0.001< 0.001< 0.001< 

Values are means ± SE. Values having same superscript within column and rows do not differsignificantly 

from each other with respect to altitudinal and depth at p ≤ 0.05. Letters A,B,Cacross the  rows indicates 

the variation among depths, while, small letter within column indicatesthe significant difference across the 

altitude 

 

Appendix 18. Soil organic carbon stock (Mg ha-1) at different altitude in Arable land 

Altitude (m) 0-20 cm 20-40 cm 40-60 cm overall 

2100 26.91±0.05eA 15.14±0.04eB 8.33±0.13cdC 16.79±2.71def 

2138 25.54±0.02fA 13.89±0.03fB 7.01±0.09fC 15.48±2.70f 

2170 26.86±0.08fA 14.41±0.03efB 7.50±0.12efC 16.26±2.83ef 

2200 27.14±0.05eA 18.53±0.17bcB 7.24±0.09fC 17.64±2.88cdef 

2337 32.31±0.07dA 18.93±0.28bB 8.80±0.09bcC 20.01±3.41bcd 

2370 32.91±1.00dA 17.08±0.15dB 7.88±0.12deC 19.29±3.66bcde 

2419 33.99±0.12cA 17.78±0.04cdB 9.16±0.03bC 20.31±3.64bc 

2697 36.58±0.31aA 13.83±0.08fB 5.27±0.23gC 18.56±4.67bcdef 

2730 35.69±0.10bA 18.70±0.31bB 8.52±0.04cC 20.97±3.96ab 

2930 35.78±0.03bA 24.90±0.04aB 10.93±0.09aC 23.87±3.60a 

P value 0.001< 0.001< 0.001< 0.001< 

Values are means ± SE. Values having same superscript within column and rows do not differ significantly from  

each other with respect to altitudinal and depth at p ≤ 0.05. Capital letters (A,B,C) across the rows indicates the 

variation among depths, while, small letter within column indicates the significant difference across the altitude 
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Appendix 19. Multiple Comparisons of soil physical parameters in different land uses 

Dependent 

Variable 

(I) land 

uses (J) land uses 

Mean 

Difference (I-J) Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

Bulk 

density 

Forest Pasture -0.030* 0.041 -0.058 -0.002 

Arable land -0.470* 0.000 -0.498 -0.442 

Pasture Forest 0.030* 0.041 0.002 0.058 

Arable land -0.440* 0.000 -.4683 -0.412 

Arable 

land 

Forest 0.470* 0.000 0.442 0.498 

Pasture 0.440* 0.000 0.412 0.468 

Porosity Forest Pasture 5.463 0.076 -0.783 11.710 

Arable land 18.700* 0.000 12.454 24.946 

Pasture Forest -5.463 0.076 -11.710 0.7829 

Arable land 13.237* 0.002 6.990 19.483 

Arable 

land 

Forest -18.700* 0.000 -24.946 -12.454 

Pasture -13.237* 0.002 -19.483 -6.990 

Saturation 

percentage 

Forest Pasture 9.670* 0.000 9.383 9.957 

Arable land 14.370* 0.000 14.083 14.657 

Pasture Forest -9.670* 0.000 -9.957 -9.383 

Arable land 4.700* 0.000 4.413 4.987 

Arable 

land 

Forest -14.370* 0.000 -14.657 -14.083 

Pasture -4.700* 0.000 -4.987 -4.413 

Sand Forest Pasture -0.500 0.506 -2.230 1.230 

Arable land -35.000* 0.000 -36.730 -33.270 

Pasture Forest 0.5000 0.506 -1.230 2.230 

Arable land -34.500* 0.000 -36.230 -32.770 

Arable 

land 

Forest 35.000* 0.000 33.270 36.730 

Pasture 34.500* 0.000 32.770 36.230 

Silt Forest Pasture -2.000* 0.050 -3.998 -0.0021 

Arable land 29.000* 0.000 27.002 30.998 

Pasture Forest 2.000* 0.050 0.002 3.998 

Arable land 31.000* 0.000 29.002 32.998 

Arable 

land 

Forest -29.000* 0.000 -30.998 -27.002 

Pasture -31.000* 0.000 -32.998 -29.002 

Clay Forest Pasture 2.000* 0.050 0.002 3.998 

Arable land 7.000* 0.000 5.002 8.998 

Pasture Forest -2.000* 0.050 -3.998 -0.002 

Arable land 5.000* 0.001 3.002 6.998 

Arable 

land 

Forest -7.000* 0.000 -8.998 -5.002 

Pasture -5.000* 0.001 -6.998 -3.002 

*. The mean difference is significant at the 0.05 level. 
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Appendix 20. Multiple Comparisons of soil chemical parameters in different land uses 

Dependent 

Variable (I) land uses (J) land uses 

Mean Difference 

(I-J) Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

pH Forest Pasture -1.100* 0.000 -1.171 -1.029 

Arable land -0.607* 0.000 -0.678 -0.535 

Pasture Forest 1.100* 0.000 1.029 1.171 

Arable land 0.493* 0.000 0.422 0.565 

Arable land Forest 0.607* 0.000 0.535 0.678 

Pasture -0.493* 0.000 -0.565 -0.422 

EC Forest Pasture -0.080 0.280 -0.245 0.085 

Arable land -0.610* 0.000 -0.775 -0.445 

Pasture Forest 0.080 0.280 -0.085 0.245 

Arable land -0.530* 0.000 -0.695 -0.365 

Arable land Forest 0.610* 0.000 0.445 0.775 

Pasture 0.530* 0.000 0.365 0.695 

CaCO3 Forest Pasture -0.597* 0.006 -0.942 -0.251 

Arable land -2.580* 0.000 -2.926 -2.234 

Pasture Forest 0.597* 0.006 0.251 0.942 

Arable land -1.983* 0.000 -2.329 -1.638 

Arable land Forest 2.580* 0.000 2.234 2.926 

Pasture 1.983* 0.000 1.638 2.329 

SOM Forest Pasture 3.650* 0.000 3.587 3.713 

Arable land 7.350* 0.000 7.287 7.413 

Pasture Forest -3.650* 0.000 -3.713 -3.587 

Arable land 3.700* 0.000 3.637 3.763 

Arable land Forest -7.350* 0.000 -7.413 -7.287 

Pasture -3.700* 0.000 -3.763 -3.637 

Total N Forest Pasture 0.050* 0.019 0.012 0.088 

Arable land .31000* 0.000 0.272 0.348 

Pasture Forest -0.050* 0.019 -0.088 -0.012 

Arable land 0.260* 0.000 0.222 0.298 

Arable land Forest -0.310* 0.000 -0.348 -0.272 

Pasture -0.260* 0.000 -0.298 -0.222 

*. The mean difference is significant at the 0.05 level. Abbreviation; EC (electric conductivity); 

CaCO3 (calcium carbonate %); SOM (soil organic matter %); TN (total nitrogen) 
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Appendix 21. Multiple Comparisons of soil available nutrients in different land uses 

Dependent 

Variable 

(I) land 

uses 

(J) land  

uses 

Mean 

Difference (I-J) Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

Ava P Forest Pasture 2.230* 0.004 1.025 3.435 

Arable land 5.730* 0.000 4.525 6.935 

Pasture Forest -2.230* 0.004 -3.435 -1.025 

Arable land 3.500* 0.000 2.295 4.705 

Arable land Forest -5.730* 0.000 -6.935 -4.525 

Pasture -3.500* 0.000 -4.705 -2.295 

Ava K Forest Pasture 8.120* 0.000 5.537 10.703 

Arable land 13.120* 0.000 10.537 15.703 

Pasture Forest -8.120* 0.000 -10.703 -5.537 

Arable land 5.000* 0.003 2.417 7.583 

Arable land Forest -13.120* 0.000 -15.703 -10.537 

Pasture -5.000* 0.003 -7.583 -2.417 

Ava Fe Forest Pasture 3.640* 0.000 3.495 3.785 

Arable land 6.870* 0.000 6.725 7.015 

Pasture Forest -3.640* 0.000 -3.785 -3.495 

Arable land 3.230* 0.000 3.085 3.375 

Arable land Forest -6.870* 0.000 -7.015 -6.725 

Pasture -3.230* 0.000 -3.375 -3.085 

Ava Mn Forest Pasture 3.000* 0.000 2.915 3.085 

Arable land 6.270* 0.000 6.185 6.355 

Pasture Forest -3.000* 0.000 -3.085 -2.915 

Arable land 3.270* 0.000 3.185 3.355 

Arable land Forest -6.270* 0.000 -6.355 -6.185 

Pasture -3.270* 0.000 -3.355 -3.185 

Ava Cu Forest Pasture 5.990* 0.000 4.358 7.622 

Arable land 9.640* 0.000 8.008 11.272 

Pasture Forest -5.990* 0.000 -7.622 -4.358 

Arable land 3.650* 0.002 2.018 5.282 

Arable land Forest -9.640* 0.000 -11.272 -8.008 

Pasture -3.650* 0.002 -5.282 -2.018 

Ava Zn Forest Pasture 1.680* 0.012 0.524 2.835 

Arable land 1.960* 0.006 0.805 3.115 

Pasture Forest -1.680* 0.012 -2.836 -0.525 

Arable land 0.280 0.575 -0.875 1.435 

Arable land Forest -1.960* 0.006 -3.115 -0.805 

Pasture -0.280 0.575 -1.435 0.875 

*. The mean difference is significant at the 0.05 level. Abbreviation; Av. P,k, Fe, Mn, Cu and Zn 

(available Phosphorus, Potassium,Iron, Manganese, Copper and Zinc). 
 



Appendices 

157 
 

PUBLICATIONS 

1. Ali, S., Begum, F., Hayat, R., & Bohannan, B. J. (2017). Variation in soil organic 

carbon stock in different land uses and altitudes in Bagrot Valley, Northern 

Karakoram. Acta Agriculturae Scandinavica, Section B—Soil & Plant Science, 

4,1-11. http://dx.doi.org/10.1080/09064710.2017.1317829. 

2. Shamsher Ali, Rifat Hayat, Farida Begum, Brendan J. M. Bohannan, Lucas 

Inebert and Kyle Meyer. (2017). Variation in soil physical, chemical and microbial 

parameters under different land uses in Bagrot valley, Gilgit, Pakistan.,  J. Chem. 

Soc. Pak. 39 (1), 97-107. 

3. Shamsher Ali, Rifat Hayat, Farida Begum, Azhar Hussain, Najam ul Hasan and 

Abdul Hameed. (2014). Altitudinal Distribution of Soil Organic Carbon Stock and 

Its Relation to Aspect and Vegetation in the Mountainous Forest of Bagrot Valley, 

North Karakoram, J. Biodversity and Env. Sci., 5 (1), 199-213. 

http://www.innspub.net 

4. Azhar Hussain, Shamsher Ali,  Muhammad Saeed Awan, Francesco Morari, and 

Sherwali Khan  (2016). Spatial Variability of Soil Micronutrients and Mycoflora 

Associated with Potato Growing in Gilgit-Baltistan Mountainous Regions of 

Pakistan. Pak.  J. Agri. Sci.,, 53 (3), 441-550 ;doi:10.21162/pakjas/16.2057 

5. Shamsher Ali,  Farida Begum, Sajjad Ali and Rifat Hayat (2017). Effect of climate 

change on soil physical, chemical and microbial parameters in alpine meadow, 

Northern Karakoram. Paper accepted for oral presentation at International 

Conference on Clean Water, Air & Soil (CLEANWAS 2017)  at Bangkok 

Thialand, August 25-27. 

6.  Shamsher Ali, Rifat Hayat, Farida Begum. (2015). Evaluation of  soil health 

status in the arable land of Bagrot valley, Gilgit-Baltistan. ICMCC, 2015. 

 

http://dx.doi.org/10.1080/09064710.2017.1317829
http://dx.doi:10.21162/pakjas/16.2057

