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Abstract

Improved plant nutrition to get high productivity is under severe influence of human activities 
drastically impacting the soil-plant ecosystem. In the scenario of increased global socio-economic 
demand for food, the changes in land use systems to gain higher agricultural productivity are disrupting 
the soil properties as well as the associated soil services. This work investigated the impact of different 
land use systems on phosphorus (P) and associated soil nutrients including K, Ca and Mg across six 
different land use systems in Abbottabad, Pakistan. Phosphorous fractions were determined by the 
modified sequential extraction procedures and the concentration of nutrients was measured by double 
acid digestion. Results revealed the significant variations across different land use systems for P 
where different P fractions were found considerably varying in order of HCL>NaOH>NaHCO3>H2O 
extractable phosphorus. Interestingly, nutrients were found to be varying from thick forest to cultivated 
lands. Results demonstrate that the shift from the thick forests to thin forests or arable lands may 
increase the P losses and ultimately disturb the associated soil-plant nutrient status thus should remain 
intact to promote the plant productivity in a sustainable way. 
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Introduction 

Land use change under influence of the changes in 
productivity demand and variable climate is ultimately 
affecting the soil functioning and its properties  
[1-2]. The different types of land use systems are also 
important for the efficient and balanced ecosystem 
productivity [3], conversely the unplanned and 
unmanaged development in the cities degrades land 
systems but also the overall environment [4]. Such 
changes in lands uses are also resulting due to the 
changes in the cities and constructions of large-scale 
buildings and infrastructure [5]. The lands mainly used 
for agriculture, and the extensive agricultural activities 
ultimately disturb the ecology and sustainability of the 
natural environment [6-7]. The changes in the land-use 
change due to the global socio-economic demand for 
the rapid increase of population is problem for globe 
[8]. Due to intensive agriculture focusing on high-
yielding crop varieties, heavy fertilization, irrigation 
through pumping the underground water, and the 
high doses of pesticides soil degradation is increasing 
enormously. Besides this, the deforestation to increase 
the agricultural farms is also contributing towards soil 
degradation, which in turn has resulted in a strong 
decrease in tropical forests [9]. Such demand increased 
agricultural productivity is ultimately causing the land 
use change as well as deforestation in tropics [10]. 

These terrestrial ecosystems facing a severe change 
in land use system are not only important for plant 
production but are crucial for climate regulation, water 
quality, biodiversity, and nutrient cycling [11]. Soil is 
affected by human activities and mismanagement of land 
uses as well as under impact of climate change induced 
alterations is consequently causing land degradation 
and desertification [12]. This asks for sustainable 
soil management to continue the soil to provide the 
associated services [13]. Management of the land use 
systems is necessary to maintain the life processes on 
earth [14]. However, this has adversely been shifted due 
to both natural and man-made activities for example for 
increased urban population and constructed large cities 
and recreational places. For sustainable life processes 
and betterment of the environment, there is a need of 
planning for the soil management mainly in big cities 
through urban agro-forestry [15].

There are many studies carried out on, phosphorus 
as a limiting factor for the plant growth [16]. Phosphorus 
(P) is one of the limiting factors for the productivity in 
general and in tropics in specific [17-18]. The above-
mentioned land use change not only alters the soil 
physicochemical properties but these human activities 
may also result in the transformations in terrestrial 
ecosystems through impacting the essential nutrients 
like C, N and P in soil [19]. For example, the soil P 
may also indirectly affect the nitrogen inputs as well 
as atmospheric nitrogen fixation [20]. Soil is the major 
source of P for plant growth in terrestrial ecosystems 
and this P concentration in soil is significantly higher 

under forests soils as compared to lands exposed to 
deforestation and/or agricultural lands [21]. Despite of 
this large amounts of P in soils (typically between 50 
and 1500 mg kg−1), soil available P is often reported as 
short [8] where only soluble inorganic P in soil is directly 
available to plants [22]. This soil soluble inorganic 
P represents a small but variable fraction of the soil 
total P. For example, soluble inorganic P extracted by 
resin ranges from <0.1-222.0 (mean 17.2) mg kg−1 [23]. 
Further, the soil P concentration vary according to the 
soil type that can further be affected by various the 
physiochemical properties such as soil pH, organic 
matter content and texture, and biological activities such 
as biological immobilization and the secretions of low-
molecular organic acids and phosphatase enzymes [22]. 
Coarse soil particles feature low P sorption capacity 
relative to fine soil particles; therefore, P solubility may 
vary with soil texture also affected by organic matter 
microbial activities (immobilization) [24-25]. About 
3.2% annually increase of P fertilizer increased by from 
2002 to 2010 for agriculture. The results of the study 
determine that about half of the total input remains and 
accumulated in the agricultural systems, the rest of P 
input lost through water bodies in the form of complex 
flows [26]. 

An improved understanding about the variability 
in soil P solubility and associated drivers is critical 
to comprehend the different management strategies 
to ultimately cope with P limitation important for 
primary productivity in terrestrial ecosystems under 
severe influence of changes in land use system [27]  
For example, any shift in land use and fertilization  
may impact the soil nutrition and soil P in particular 
with marked increase in its inorganic form or a  
depletion of organic form especially in arable soil 
ecosystem [28]. 

Tropical regions are widely expected to play a 
growing role in global agricultural production [29] 
and croplands in these regions are often characterized 
by highly weathered soils having low phosphorus 
(P) stocks and high capacity for P sorption (i.e., P 
fixation) [30]. These soils are rich in iron and aluminum 
oxides that fix P added in fertilizers before it can be 
accessed by crops [31]. Human activities increased the 
phosphorus in terrestrial and freshwater ecosystem to 
at least 75%. A large portion of the phosphorus release 
is in agricultural lands and the rate is increasing in 
the developing countries [32]. A large area of natural 
wetlands (3,800,000 ha) and forest lands (1,200,000 ha) 
are already converted into agricultural lands. However, 
how much the effects of this change impact on the 
chemical forms of phosphorus in soil profile still 
demands investigations [33]. 

The current study aims to investigate how the 
changes in the land use systems impact on phosphorus 
and associated soil nutrient status. The focus of study 
is Abbottabad, which have different type of land use 
systems; e.g. thick forests thin forests, pastures, and 
agricultural lands. Our objective is to understand how 
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the changes in land use systems have affected the soil 
nutrient as well as P status and other nutrients like 
Ca, Mg and K concentration in the different land use 
systems.

Materials and Methods

Study Area and Soil Sampling 

The study area comprising of six different land 
systems (Thick Forest (TKF), Thin Forest (TNF), 
Pasture Land (PSL), Fallow Land (FWL), Wheat 
Cultivated Land (WCL) and Maize Cultivated Land 
(MCL)) is located at District Abbottabad  (72-74°E and 
34-36°N) The samples were collected from mentioned 
different land use systems at two depths (top soil 
0-20cm and sub soil 20-100cm) followed composite 
soil sampling technique with three replicates each time  
(n = 3). These samples were sieved (<0.5 mm mesh size) 
and brought to laboratory for further analyses.

Physicochemical Properties Analyses 

The physicochemical properties were measured 
through standard laboratory procedures. Soil particle 
size distribution was determined by Hydrometer 
Method as [34] and textural class according to USDA 
system. 50 g of air-parched soil was taken in a beaker. 
Sodium hexametaphosphate solution (50 mL, 2%) was 
added as a supplementary in the beaker as a dispersing 
agent. To ease the reaction, distilled water (150 mL) 
was also added to the suspension. The suspension was 
then agitated with a mechanical shaker for 10 minutes 
and shifted to 1000 mL graduated cylinder. The 
suspension was shaken briskly with a metal spoon. The 
first reading was noted after 40 seconds of trembling 
and final reading was taken after 2 hours on Bouyoucos 
Hydrometer. The temperature was also measured at 
each reading. The calculations were monitored for the 
percentage of sand, silt, and clay. Soil textural class was 
determined with international soil classification system 
(ISSS).

The soil moisture content was calculated using 
the method of Black [35]. It is expressed by a ratio of 
the dry weight of water to the dry weight of soil in a 
sample. To determine this ratio for a particular soil 
sample, the water mass was determined by drying the 
soil to constant weight and measuring the soil sample 
mass before and after drying. The water mass is  
the difference between dry weight to the wet weight  
of the soil samples. The soil samples were dried to 
constant weight in an oven at 105ºC for 24 hours.  
The calculation for each sample was done by using the 
formula:

Moisture Content = (Mass of 
water / Mass of soil) x 100

Where: mass of water is the difference between 
weight of the sample before drying and weight of the 
sample after drying. Likewise, mass of soil is the weight 
of oven dried sample.

The carbon was detected in total organic form. For 
the purpose, dry combustion method was used. The 
procedure proceeded as, 25 g of soil sample in china 
dishes and noted their weights accordingly. These 
samples were then combusted at 550ºC for 2 hours. 
Then it was weighted again and noted their readings. 
Then volatile solids (VS) were calculated by using the 
formula as: 

VS (%) = (wet soil – dry soil) / wet soil) * 100 

The total organic carbon in the soil samples were 
calculated by:

TOC = VS/1.8

The soil chemical properties like pH and electrical 
conductivity (EC) were determined using saturated 
paste and extract of soil, respectively, [36] using soil/
water ratio (w/v) of 1:5 [37]. The pH of amended soils 
and compost was determined using a 10 g sample mixed 
with 100 mL of deionized water, which was stirred 
and left for 30 min at room temperature (22°C). The 
suspension was tested for pH using a pH meter, while 
its electrical conductivity was found by using a digital 
conductivity meter.

Phosphorus Fractionations 

Phosphorous fractions were determined by the 
modified sequential extraction procedure of [38], as 
described by [39]. This procedure was proceeded as, 
a soil of weight 5 g was placed in a 50 mL centrifuge 
tube. After this, it was fractionated into labile inorganic 
readily plant- available P, Al- and Ca- associated P 
by sequential extraction. A deionized water of 30 mL 
was added and then 0.5 M NaHCO3 and 8.5 of pH was 
adjusted. After it about 0.1 M NaOH, and then 1 M HCl, 
respectively was added to samples. These extracted 
samples then were shaken continuously for about  
16 h in shaker at room temperature and centrifuged 
at 10000 rpm for 10 min. the supernatant extracted to 
different bottles and filtered through 0.2μm size filter 
paper. 

Ammonium acetate soluble cations (Ca, Mg and 
K) were extracted with 1M NH4OAc, adjusted to pH 
7.0 [40]. The soil samples weighing 3 g were kept in 
100 mL centrifuge tubes. After this 25 mL NH4OAc 
(1:5) solution was added and it will be shaken for 2 h 
for proper mixing. This sample then kept in centrifuge 
machine for 10 min at 2400 rpm. The supernatant was 
filtered into a 100 mL volumetric flask. The extracts 
were used for determination by atomic absorption 
spectrophotometer. 
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For water-soluble extracts, 3 g soil sample of 
weight was placed in a 100 mL tube. Then a volume 
of 50 mL deionized water was added and kept it 
in shaker for 2 h. After centrifuge at 2400 rpm for  
10 min, the supernatants were separated from the soil 
the Supernatants were filtered into a 100 mL volumetric 
flask. The extract was used for determination for water-
soluble cations concentration by atomic absorption 
spectrophotometer.

Nutrients Analysis

The acid digestion is a method for the determination 
of nutrients in total form. As total form of Ca, Mg and 
K in the samples were determined double acid digestion 
as, by perchloric acid (HClO4) and nitric acid (HNO3) in 
a conical beaker on a hot plate [41]. For the purpose a 
soil sample of weight 3 g was digested with 5 ml highly 
concentrated HClO4. After adding the acid, the samples 
were heated on hot plate for 1 hour. When the perchloric 
acid dry then 1 mL of 20% nitric acid will be added 
and heated again on the hot water bath for 1 h. These 
samples were kept in open air for cooling. After proper 
cooling 50 mL deionized water was added and wash 
properly and were passed through 0.22-μm filter. These 
filtrates were centrifuged at 1000 rpm for 15 min and 
the supernatant were collected in separate bottles. The 
clear supernatant in separate bottles were run in atomic 
absorption spectrophotometer against the standards for 
total forms nutrient’s concentration in the soil. 

Statistical Analysis

The data collected during the studies were 
statistically analyzed using the Stat View software. A 

probability level of heavy metals <0.05 was considered 
significant, and means were separated by Fisher’s least 
significant difference (LSD) test [42].

Results

Physico Chemical Properties of the Soil

The physicochemical properties of the different 
land use systems were shown in the Table 1. The 
particle size distribution in the form of sand, silt and 
clay shows that the soil of the region was loamy with 
the silt concentration ranging from 47.7%-55.45% and 
clay percent varies from 23.45-25.95%. However, the 
sand percent was significantly low that ranged from  
18.35-27.3% (Table 1). The moisture percent was 
significantly higher in the thick forests (19.5%) 
soils and it was shown minimum in the WCL.  The 
subsoil moisture percent showed a variable trend 
with maximum value for MCL and minimum for thin 
forests soils (THF) and fallow land (FL). Organic 
matter was recorded significantly higher in thick forests 
(TKF) (93.3 g Kg-1) followed by THF (83.9 g Kg-1) 
(Table 1). We observed that the organic matter content 
in cultivated soil was significantly lower (WCL and 
MCL) for topsoil whereas the sub soil organic matter 
was significantly lower. Overall the pH ranged from  
6.47-7.75 and 6.6-7.9 in topsoil and subsoil respectively. 

Phosphorus Fractions in the Six Land 
Use Systems

The phosphorus concentration in the different land 
use systems ranged from 1.28-4.8 mg Kg-1 as shown in 

Table 1. Physico-chemical properties of the soils of different land use systems.

Soil
Horizon

Land
use

Particle Size
Distribution Moisture OM

pH
EC

Silt % Clay % Sand % % g Kg-1 dS/m

Top
Soil

TKF 49.3±1.2 29.9±1.5 20.8±0.3 19.5±2.5 93.3±4.7 6.75±0.0 1.36±0.0

THF 47.5±1 28±2.4 24.5±3.4 16±3 83.9±0.4 6.47±0.2 1.53±0.4

FL 50±1.5 27.2±0.8 22.9±2.3 14.5±1.5 75.9±8.9 7.4±0.1 1.46±0.3

PL 47.7±1.2 25±1.5 27.3±0.3 14.5±2.5 70±4.3 6.85±0.3 1.33±0.1

WCL 50.1±1.4 26.5±1.1 23.6±0.3 12.5±3.5 66.1±1.4 7.75±0.2 1.43±0.2

MCL 51.1±1.4 27.5±1.1 21.5±0.3 16±3 65.5±2 7.3±0.1 1.7±0.1

Sub
Soil

TKF 52.3±1 27.1±1.5 20.7±0.5 13.5±1.5 53±1.3 6.6±0.1 1.41±0.0

THF 50±1.4 27.9±1.5 22.2±2.9 11±3 36.6±0.8 6.55±0.2 1.73±0.1

FL 52±1.5 26.8±2.2 21.3±3.7 11±2 28.1±0.6  6.6±0.1 1.41±0.1

PL 53.3±0.8 25.9±1.4 20.8±0.6 15±3 30.6±1.6 7.65±0.2 1.44±0.1

WCL 54.3±1.1 27.4±2.1 18.4±3.1 13.5±2.5 27.1±0.3 7.85±0.2 1.52±0.1

MCL 55.5±2.1 23.5±2.1 21.1±0.0 14±1 24±0.3 7.9±0.1 1.6±0.0
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Fig. 1. The results revealed that phosphorus fractions 
were found significantly different across the different 
land use systems. The phosphorus concentration was 
maximum in HCl extract form while it was minimum 

in water-soluble form. We observed that P concentration 
was severely impacted for the subsoil samples. 
However, Thick forests (TKF) land use system showed 
similar type of trend both for subsoil and topsoil. The 
phosphorus concentration varied as HCl>NaOH> 
NaHCO3>H2O. The acid soluble P fraction was always 
higher whereas the water-soluble phosphorus was 
lowest in the both soil horizons (Fig. 1). 

Nutrients Concentrations in the Different 
Land Use Systems

To assess the soil nutrient status further we quantified 
important macronutrients including Potassium, Calcium 
and Magnesium. The results showed that soil potassium 
concentration ranged from 110.7-493.2 mgKg-1 in 
the topsoil where THF and FL soils showed a higher 
potassium concentration as compared to s FL, PL 
and other cultivated lands both for top or sub soil. In 
subsoil samples, potassium concentration ranged from 
100.9-493.3 mgKg-1. We found that the total potassium 
concentration was significantly higher in both soil 
horizons followed by the extractable form, but it was 
significantly lower in the water-soluble form (Fig. 3). 

In the topsoil the total calcium concentration ranged 
from 44.8 to 512.3 mgKg-1, followed by extractable 
calcium (226.1 to 288.8 mgKg-1) and water-soluble 
calcium was varied as 93.9-135.5 mgKg-1. The overall 
concentration of the calcium in three forms were varied 
as, total>EXT>WS. The subsoil showed the similar  

Fig. 1. P fractions in the different land use systems.

Fig. 2. K concentration in soil of different land use systems. Fig. 3. Ca concentration in the different land use systems.
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type of variation. The total calcium varied from  
434.6-520.8 mgKg-1 in the subsoil followed by 
extractable calcium which minimum as 217.3 mgKg-1. If 
we compare the calcium concentration between the land 
use systems, the calcium was minimum in the pasture 
lands and showed minimum in the cultivated lands as 
in Fig. 3b). 

In the same manner the topsoil Mg concentration 
in the different land use systems shown in the  
Fig. 4a). The results from the Figure revealed that 
the total Mg was higher in the TKF (77.6 mgKg-1) 
followed by the thin forest soils THF soils, which was  
74.2 mgKg-1. While the fallow lands showed 
significantly lower magnesium concentrations in the 
topsoil. The variation of Mg in Extractable form from 
16.5-46.4 mgKg-1 in WCL and TKF respectively. If we 
compare three forms of magnesium the results were 
varied as Total>EXT>water-soluble forms. The subsoil 
showed the similar type of trend as in topsoil as shown 
in the Fig. 4b). The total magnesium was maximum 
in TKF followed by THF as in topsoil, while it was 
significantly minimum in the WCL (43.8 mgKg-1). 
The extractable form showed the similar type of trend 
and water-soluble magnesium was maximum in the in 
THF and minimum in the fallow lands subsoil as in the 
Fig. 4b). 

Discussion

Soil is an important resource, which provides many 
services but is recently under the severe influence 
of human activities [43] resulting in continuous 
degradation and pollution. The land use changes are 
one of the important factors causing increased soil 
degradation in different parts of globe. For example, 
these changes in land use systems have drastically 
affected the soil nutrient status disrupting the services 
provided by soil. The current study investigated  
the impact of different land use systems on phosphorus 
and associated soil nutrients including K, Ca  
and Mg. 

The phosphorus fractions of six different land use 
systems showed that P forms changed significantly 
during the fractionation with the overall sequential 
extraction for reagents was found considerably varying 
in order of HCL>NaOH>NaHCO3>H2O. The mean level 
for phosphorus obtained in water soluble was greater in 
thick forests that followed the trend as TKF>THF>FL 
>PL>WCL>MCL with P levels showing higher values 
for the top soil as compared to subsoil. Interestingly, 
water-soluble P extraction increased to maximum in 
TKF and lowest in the WCL. By implementing the 
best management practices, we can reduce phosphorus 
inputs in the agricultural landscapes. For instance, 
the phosphorus inputs reduced to 22 kg/ha/year in the 
agricultural lands [44]. The main levels for the release 
of P obtained in NAHCO3 was maximum in topsoil and 
varied as WCL>TKF>FL>MCL>THF>PL. According 
to Horst [45], the crop pattern and cultivation variation 
changes the phosphorus dynamics in the different lands. 
It occurs mainly due to the P recycling mobilized by 
crop residues as well as colonization of P solubilizing 
microorganisms in rhizosphere of succeeding crops in a 
crop rotation system.

For NaOH extracted P varied in order of WCL 
>TKF>FL>MCL>THF>PL and the maximum 
concentration was observed in TKF while lowest in 
PL. The transformation of natural ecosystems into 
cultivated areas alters the distribution of P forms in 
the soils mainly in organic forms and generally such 
organic P declines in continuous cropping systems 
without phosphate fertilizers [46]. P extracted with HCl 
were as TKF>HF>FL>WCL>MCL>PL where higher 
concentration was found for the TKF. HCl extractable 
inorganic P is the predominant form in all profiles, 
both as absolute values and as a percentage extracted 
P [47]. The total P concentration that showed the 
highest concentration for the TKF while lowest was for 
MCL. The various forms of P present to a large degree 
determine the fate and transport of P in soils [48]. As 
previously studied the impact of land use changes to 
grassland to short rotation plantation forests, showing 
an increase of inorganic P and decrease of organic P in 
the soils [49].

To assess the soil nutrient status across different 
land use systems, various nutrients were also extracted 

Fig. 4. Mg concentration in soil of different land use systems.
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and their concentration was found to be varying as 
Ca>K>Mg in all three forms that is water soluble, 
extractable and total forms. The highest concentration 
of water-soluble Ca was observed in MCL while the 
lowest for WCL. Water-soluble K was highest in  
thick forest and minimum was noted in pastureland 
water soluble was highest in thick forest and minimum 
was observed fallow land. Extractable K was  
highest in wheat-cultivated land and minimum was 
observed in pastureland. Extractable Mg was highest 
in thick forest and minimum was observed in fallow 
land. We found that the total Ca was highest in 
MCL. It is evident that the net Ca mineralization in  
the forest floor and mineral soil is an important source 
of Ca for immediate plant uptake for all tree species 
[50]. 

We observed that overall soil phosphorus was found 
to be higher for TKF and interestingly the minimum 
concentration of the Phosphorus was found for the 
topsoil of PL. The phosphorus concentration varied as 
HCl>NaOH>NaHCO3>H2O. The phosphorus fractions 
HCl associated was always higher and water-soluble 
phosphorus was lowest in the both soil horizons. 

Conclusions

The work showed that the amount of phosphorus 
and associated soil macro-nutrients varied from 
thick forest to cultivated lands. In contrast to arable 
land use systems, the think forests showed a similar 
phosphorus status both for subsoil and topsoil. Overall, 
the variations of the plant essential nutrients were 
in the order of Ca>K>Mg. It can be inferred that 
the conversion of thick forests to thin forests and/
or deforestation to increase the arable surface area  
may increase the phosphorus losses hence this should 
remain intact in order to keep the sustainable plant 
productivity.
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