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Abstract
Land degradation is a serious problem in mountainous (Northern) areas of Pakistan.
Improvement of soil fertility and productivity begins with the knowledge of existing fertility
status. However there is little information regarding the current fertility status of soils of
northern areas of Pakistan. Therefore, present study was conducted in three union councils of
District Skardu to investigate soil fertility status. A total of 30 soil samples (0-15 cm depth)
from 10 sites in each of three union councils of Skardu were collected. Soil samples were
analyzed for pH, EC, organic matter, NO3-N, AB-DTPA extractable P, and K. Results revealed
that the soils in the three union councils were slightly acidic to slightly alkaline with pH ranging
from 6.29 to 7.80 with no salinity problem. The EC of the soils ranged between 0.52 to 0.62
dS m-1. The soils on an average contain adequate amount of soil organic matter ranging between
1.40 to 1.67%. Soil analysis showed that 70% of the soil samples were deficient in NO 3-N,
80% soil samples were deficient in extractable P while 100% soil samples were deficient in K.
On the basis of the results obtained it is clearly evident that serious efforts should be made for
soil and plant nutrient management in the area.
Keywords: Deficiency; Fertility; Gilgit; Mountains; Nutrients; Skardu
practices. The loss of soil fertility has
Introduction
Mountains occupy 61% of the geographical
reduced food productivity, thereby
area of Pakistan and are home to 40 million
increasing food insecurity and vulnerability
people of the country. The livelihood and
of people [2]. Additionally, climate change
food security of mountainous people
has brought new challenges for people
depends on local soil resources [1].
living in mountains in terms of water
Depletion of soil resources across
availability due to rising temperature.
mountains resulted in considerable loss of
Globally, soils in mountains are becoming
valuable ecosystem services, principally in
important due to environmental services
terms of soil fertility, due to their
such as carbon sequestration and watershed
topography,
altitude
and cropping
management [3]. Therefore, sustainable use
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of these soils is much more required now
than before.
Soil properties vary spatially and
temporally from a field to a larger region
scale, and are influenced by both intrinsic
and extrinsic factors [4]. The high altitude
of Northern areas of Pakistan and climatic
conditions are mainly responsible for
different texture, mineralogy and soil
fertility. The inherent soil fertility and soil
loss through erosion are deeply influenced
by altitude and topography [5]. The
variations in amount of precipitation,
snowfall
and
temperature
affects
accumulation and decomposition of soil
organic matter (SOM) [6]. These variations
in turn affect fertility status of the soils in
the
region.
Many
soil
fertility
characteristics i.e. pH, cation exchange
capacity
(CEC),
SOM,
available
phosphorus, extractable potassium and
nitrogen have been reported to show
significant variations across mountainous
soils [6]. Therefore, precise soil fertility
assessments are important for sustainable
productivity, particularly in soils of low
inherent fertility or prone to soil
degradation.
Soil
fertility
assessment
includes
measurement of available essential plant
nutrients and the ability of the soils in terms
of maintaining a continuous supply of these
nutrients to crops. Globally, different
methods are used for soil fertility
assessment, however, soil testing is
commonly used [7]. During soil testing,
current fertility status of the soil is
determined and on the basis of this
information recommendations for nutrient
management are suggested to maintain
adequate soil fertility for longer time [8].
Nutrient management and crop production
vary from soil to soil and depends on their
physico-chemical behavior [9, 10].
Therefore, soil resources should be
managed carefully for sustainable crop
production. Keeping in view the
importance of soil fertility assessment,
present study was designed to provide
information on the current fertility status of

agricultural soils in three union councils of
District Skardu, Gilgit-Baltistan, Pakistan.
Materials and methods
Study area
Soil samples were collected from District
Skardu, located along the Kohistan-Ladakh
terrane (35°17′25″N 75°38′40″E), at an
elevation of 2300 m above sea level in the
Northern areas of Pakistan at the
confluence of the Indus and Shigar Rivers.
The study area has a climate described as
cold semi-arid climate with mild summers
and relatively cold winters. Maximum air
temperature during summer is 27 ºC in
April and minimum of 8ºC in October while
lowest winter temperature of -10 ºC is
observed during January and February with
mean annual precipitation of around 172
mm, mostly downpours between January
and May. The soils of the area are mostly
silty clay loam and wheat, barley, potato,
maize, peas, carrot and tomato are common
crops. Cultivation is mostly done with
chisel and wooden plough.
Soil sampling and processing
A total of 30 composite soil samples were
collected from the three union councils of
District Skardu i.e. Skardu Khas
(35°17’48”N 75°37’49”E), Shigri Kalan
(35°16’44”N 75°36’48”E) and Shigri
Khurd (35°17’45”N 75°32’46”E). Soil
samples were collected randomly (random
soil sampling) from small sized crop fields.
At each union council, ten sampling points
were selected and samples were collected
from 0 to 15 cm soil depth (plough layer)
with the help of soil auger. At each location
(sampling point), five samples were
collected in close vicinity and composited.
After sampling, the soil samples were
stored in polyethylene bags and transferred
to the Soil Testing Laboratory, Department
of Agriculture Skardu, Baltistan. In the
laboratory, all visible plant residues were
removed from soil samples, air dried (room
temperature) and sieved (2-mm).
Soil analysis
Electrical conductivity (EC) and pH of the
soil samples were measured by the method
as described by Tandon [11]. Wet digestion
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method of Walkley and Black [12] was
used to determine soil organic carbon
(SOC) and soil organic matter (SOM) was
calculated by multiplying SOC with Van
Bemmelen factor (1.724). Nitrate nitrogen
(NO3-N), phosphorus and potassium were
determined by AB-DTPA extractable
method [13]. After soil analysis, soils were
categorized as deficient, marginal, adequate
and high in accordance with generalized
soil nutrients ranges as described by Rayan
et al. [14] (Table 1).
Statistical analysis
Data obtained from the study was analyzed
using Statistix 8.1 statistical software.
Analysis of variance (ANOVA) was used to
identify statistically significant differences
in pH, EC, SOC, NO3-N, P and K values
among sampling locations and between
union councils. Significant differences
between locations and union councils were
identified by Least Significant Different
test (P < 0.05).
Results
EC and pH
Electrical conductivity (dS m-1) values of
the soils of Skardu khas, Shigri khurd and
Shigri kalan union councils ranged from
0.12-0.95, 0.06-0.88 and 0.25-0.75 with
mean values of 0.52±0.31, 0.44±0.31 and
0.68±0.74, respectively (Table 2, 3 & 4).
The EC of the soils showed that soil
samples were non-saline. The EC of three
union councils were in order of Shigri
kalan> Skardu khas> Shigri khurd (Figure
1a). The pH values of the soils of Skardu
khas, Shigri khurd and Shigri kalan union
councils ranged from 6.29-7.73, 6.83-7.80
and 6.40-7.73 with mean values of
7.28±0.12, 7.24±0.09 and 7.31±0.11,
respectively (Table 2, 3 & 4). The pH
values in the three union councils were in
order Shigri kalan>Skardu khas>Shigri
khurd (Figure 1b).
Organic matter
Soil organic matter contents of the soils of
Skardu khas, Shigri khurd and Shigri kalan
union councils ranged from 0.54-2.88%,
0.08-3.02% and 0.58-3.57% with mean
values of 1.67±0.17, 1.40±0.11 and

1.48±0.18, percent respectively (Table 2, 3
& 4). Distribution of soil samples with
respect to SOM content indicates that about
20 % samples had very low organic matter,
23% were low and while 57% had medium
organic matter. Average SOM content in
the three union councils were in order
Skardu khas > Shigri kalan >Shigri khurd
(Figure 1c).
Nitrogen, phosphorus and potassium
NO3-N contents of the soils of Skardu khas,
Shigri khurd and Shigri kalan union
councils ranged from 1.45-16.23, 0.7314.37 and 0.40-14.06 mg kg-1 with mean
values of 7.08±0.46, 7.03±0.36 and
6.89±1.04 mg kg-1, respectively (Table 2, 3
& 4). Distribution of soil samples with
respect to NO3-N content indicates that
about 70 % soil samples were deficient
while 30% soil samples had marginal NO3N (Table 1). Average NO3-N content in the
three union councils were in order Skardu
khas > Shigri khurd >Shigri kalan (Figure
1d). AB-DTPA extractable phosphorus of
the soils of Skardu khas, Shigri khurd and
Shigri kalan union councils ranged from
0.16-11.81, 1.27-12.12 and 0.47-13.77 mg
kg-1 with mean values of 3.47±0.31,
5.63±0.46 and 0.92±44 mg kg-1,
respectively (Table 2, 3 & 4). Distribution
of soil samples with respect to P content
indicates that about 43 % of soil samples
were deficient, 37% had marginal, 10% had
adequate while 10% had high P (Table 1).
Average P concentration in the three union
councils were in order Shigri khurd >
Skardu khas >Shigri kalan (Figure 1e). ABDTPA extractable potassium of the soils of
Skardu khas, Shigri khurd and Shigri kalan
union councils ranged from 8.14-43.90,
15.16-110.91 and 11.80-36.62 mg kg-1 with
mean values of 25.94±0.31, 51.17±0.46 and
22.36±44 mg kg-1, respectively (Table 2, 3
& 4). Distribution of soil samples with
respect to K content indicates that about 87
% samples had low K while 13% samples
had marginal K (Table 1). Average K
concentration in the three union councils
were in order Shigri khurd > Shigri kalan >
Skardu khas (Figure 1f).
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Table 1. Generalized soil nutrient ranges for interpreting soil nutrient status*
Deficient

Nutrients

<10
<3
<60

NO3-N
P
K

Marginal
Adequate
AB-DTPA – extractable (mg kg-1)
11-20
21-30
4-7
8-11
60-120
121-180

High
>20
>11
>180

*Ryan et al. (2001)

Table 2. Soil fertility status of some selected sites in Skardu Khas area of District Skardu,
Gilgit, Baltistan, Northern areas, Pakistan (†)
Locations
Muarfee colony
Sukamaidan
Hassan colony
Abbas town
Patwal
Krasmathang
Khargrong
Nagolispang
Kuro
Hussain Abad
Mean
LSD
†

EC
(dS m-1)
0.21e
0.76b
0.44d
0.87a
0.12f
0.71b
0.61c
0.14ef
0.95a
0.37d
0.52
0.08

pH
7.63ab
6.29f
7.17d
6.83e
7.23cd
7.70a
7.43bc
7.73a
7.23cd
7.50ab
7.28
0.26

OM
(%)
0.54f
2.82a
2.35b
1.17e
1.91bc
2.88a
1.76cd
1.36de
1.50cde
0.44f
1.67
0.46

NO3-N
(mg kg-1)
1.45h
11.77b
10.73c
5.15f
9.53d
16.23a
6.89e
3.31g
2.25h
3.49g
7.08
0.90

P
(mg kg-1)
0.16g
11.81a
4.47b
4.33bc
1.79ef
3.75cd
3.43d
1.54ef
1.34f
2.09e
3.47
0.70

K
(mg kg-1)
8.14f
36.74b
32.04c
25.97d
30.94c
43.90a
26.28d
27.34d
16.66e
11.39f
25.94
3.47

Means with different letters in column are significantly different at P< 0.05 using LSD

Table 3. Soil fertility status of some selected sites in Shigri Khurd area of District Skardu,
Gilgit, Baltistan, Northern areas, Pakistan (†)
Location
Youltar
Sadpara
Katpana
Ranga
Sundus
Ragayul
Rsasna
Newranga
Kushmara
Astana
Mean
LSD
†

EC
(dS m-1)
0.11g
0.24e
0.78b
0.88a
0.82b
0.28e
0.42d
0.66c
0.06g
0.17f
0.44
0.05

pH
7.27bcd
7.80a
7.10de
7.43b
7.30bcd
6.83f
7.33bc
6.97ef
7.13cde
7.20cd
7.24
0.21

OM
(%)
2.79ab
1.13d
2.13c
3.02a
0.44f
0.76e
2.67b
0.77e
0.08g
0.21fg
1.40
0.27

NO3-N
(mg kg-1)
12.31b
6.91c
11.98b
14.37a
2.63e
2.09e
12.79b
5.43d
0.73f
1.01f
7.03
1.04

P
(mg kg-1)
10.09b
5.47d
6.84c
12.12a
2.38ef
2.34ef
10.48b
3.26e
1.27g
2.08fg
5.63
1.06

Means with different letters in column are significantly different at P< 0.05 using LSD
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K
(mg kg-1)
95.96b
28.63d
71.45c
110.91a
23.78de
23.44de
99.62ab
25.47de
15.16e
17.25e
51.17
11.35
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Table 4. Soil fertility status of some selected sites in Shigri Kalan area of District Skardu,
Gilgit, Baltistan, Northern areas, Pakistan (†)
Location
Upper chunda
Lower chunda
Gamba
Mangar
Shigri bala
Behnid
Arif abad
Thayur
Hoto pakora
Tandal
Mean
LSD
†

EC
(dS m-1)
0.71b
0.66c
0.26g
0.25g
0.36f
0.37f
0.75a
0.46e
0.54d
0.45e
0.68
0.03

pH
7.73a
6.83d
7.44b
7.51ab
7.40bc
7.73a
7.17c
7.53ab
7.33bc
6.40e
7.31
0.26

OM
(%)
1.93c
2.67b
0.66g
1.48d
0.58g
3.57a
0.87fg
0.61g
1.07ef
1.38de
1.48
0.38

NO3-N
(mg kg-1)
0.40e
2.15de
7.25b
14.06a
6.29bc
4.51cd
12.66a
8.83b
4.20cd
8.55b
6.89
2.58

P
(mg kg-1)
9.93b
13.77a
2.54f
3.67e
0.47i
0.80hi
2.26fg
1.49gh
4.94d
6.88c
4.68
0.92

K
(mg kg-1)
21.17cd
33.01ab
36.62a
13.12e
11.80e
15.48de
22.01cd
25.13c
27.13bc
18.13de
22.36
6.69

Means with different letters in column are significantly different at P< 0.05 using LSD

leaching of bases [20]. Similar values for
soil pH and EC were also reported by Babar
et al. [21] and Jabeen et al. [20] who
analyzed soils from the Northern areas of
Pakistan including Gilgit and Skardu.
Organic matter
Pakistani soils are low in organic matter
(<1.0%) inherently [22]. Baize [23]
categorized organic carbon contents of <
0.60% as very low, 0.60 – 1.25% as low and
(1.26 – 2.50%) as medium. On the basis of
these categories and on an average of soil
samples, soils in this study contain low to
medium organic carbon content. Our results
suggested that medium level of SOM in
these mountainous soils as compared to
other agricultural soils, will be helpful in
improving soil physical and chemical
properties, soil aggregation and reducing
nutrient losses.
Our results are generally similar to the
findings of earlier researchers who also
observed low to medium SOM in soils of
District Skardu and Gilgit [20, 21, 24]. The
low SOM level in some soils might be due
to altitudinal variability and topography
influencing organic matter decomposition
and density of natural vegetation.
Variations in precipitation, snowfall, and
temperature affects SOM decomposition
which in turn affect its accumulation in soil
[25].

Discussion
EC and pH
Determination of soil EC and pH is
important to understand soil chemical
behavior and nutrient availability [15].
Dahnke & Whitney [16] categorized EC
(dS m-1) values as follows: 0.0-1.4= nonsaline, 1.5-2.8 = slightly saline and 2.9-5.7
as moderately saline. In view of this, the
soils in the three union council of District
Skardu were mostly non-saline to slightly
saline. Low EC in majority of the soil
samples in the three union councils of
District Skardu indicates low electrolyte
concentration which is a matter of concern
for maintaining adequate level of bases on
sustainable basis [17]. The pH of most of
the soils in the study areas were within the
satisfactory range for crop production
which is 5.5–7.0, as reported by Ashri [18].
Landon [19] categorized pH values as
follows: > 8.5 = very high, 7.0 – 8.5 = high,
5.5 – 7.0 = medium and < 5.5 =low. In view
of this, all soils in the study had medium to
high pH. The slightly alkaline nature of the
soils might be due to the alkaline nature of
the parent material, low-rainfall and high
level of evapotranspiration [17]. The
variations in soil pH and EC values among
soil samples could be attributed to the
variability in drainage pattern, calcium
carbonate equivalent, soil organic matter,
cropping sequence, fertilizer use and in
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Figure 1. Variability in: a) Ec); b) pH; c) organic matter; d) NO3-N; e) AB-DTPA
extractable phosphorus and f) AB-DTPA extractable potassium in soil samples (n=10)
collected from Skardu Khas, Shigri Khurd and Shigri Kalan, Skardu, Gilgit-Baltistan,
Pakistan. Error bars represent standard deviation. Vertical bars in each graph indicate
the least significant difference between union councils (P < 0.05)
Additionally, low SOM content of
mountainous soils are also due to the
removal of surface soil by water erosion,

nutrient mining with centuries old
cropping, non-recycling of crop residues,
and inadequate fertilizer use. It is also
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reported that soil erosion is mainly
responsible for soil degradation and
productivity of soils in mountainous areas
[26]. Since, SOM is the fundamental source
of plant nutrients and it improves soil
physical,
chemical
and
biological
properties (soil structure, water infiltration
and retention, feeds soil micro-flora and
fauna, and the retention and cycling of
applied fertilizer).
Nitrogen, phosphorus and potassium
The results of this study revealed that soils
of the District Skardu were deficient in
NO3-N, extractable P and K. The deficiency
of NO3-N and variations in NO3-N content
among soils could be linked with soil
management, application of organicinorganic fertilizers to previous crop,
temperature, rainfall and altitude [24].The
N content of the soils are mainly associated
with the presence of organic matter. In the
present study it was revealed that soil
contains medium to low organic matter
which might be responsible for low N in
soils. Our results are in agreement with the
findings of Sharma et al. [27] who reported
that there is a definite relation of organic
matter with N availability because organic
matter adds sizeable amounts of N in
mineral soil N pool through mineralization.
Pakistani soils are predominantly derived
from alluvium and loess material, alkaline
in pH, calcareous and low in organic matter
and are low in many essential plant
nutrients especially P. It is commonly
believed that P in organic fraction is less
sensitive to AB-DTPA extraction. Keeping
in view of the SOM and pH values, it is
possible that organic P fraction of the soils
was not fully extracted by AB-DTPA
solution. Low P fertilizer input, in addition
to formation of calcium phosphates as a
result of calcareousness, limit extractable P
in the soils. Another sink of phosphates
identified in calcareous soils of arid region
soils is its precipitation as secondary
minerals of Ca-P and Mg-P [7, 28].
The soils sampled in present study were
mostly deficient in extractable K. Most of
the Pakistani soils usually contain adequate

levels of K [29]. However, the findings of
present study of extractable K were in line
with those reported by Babar et al. [21]
(2004) and Jabeen et al. [20] in the soils of
the Northern areas of Pakistan. Differences
in NO3-N, extractable P and K among soil
samples of one union council were mainly
due to variations in altitude and organic
matter contents of the soils. Additionally,
drainage and slope pattern, cropping
sequence and landscape position also
influence macro-nutrient availability.
Whiteman [30] reported that soils of the
northern areas, derived from Regosols had
little structure, free drainage and were low
in organic matter. He also reported that
intensive agricultural activities without
integrated nutrient management will cause
deficiency of major nutrients. The findings
of our study show that most of the soils are
now deficient in major nutrients. This
situation demands integrated nutrient
management system of farming so that
farmer can produce on sustainable basis.
Conclusion
The results of the study showed that soils in
the three union councils of District Skardu
were found slightly acidic to slightly
alkaline in nature with no salinity problem.
Organic matter ranged from low to medium
while deficiency of NO3-N, extractable P
and K was observed in soil samples
analyzed. In general, the soils need suitable
amendments to overcome nutrient
deficiencies. Keeping in view the nature of
the area, it is concluded that a
comprehensive soil survey of the area
should be done to develop nutrient
management practices for sustainable crop
production.
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