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Abstract:  Soils  were  collected  from 20 locations at  Jillyang  agricultural  farm with  similar  topography near  Daegu University  in
Republic of Korea to test the physical and chemical properties as well as the performance of different methods for the determination of
organic carbon, soil reaction and phosphorus. Samples were collected from five depths (0-15, 15-30, 30-45, 45-60 and 60-75 cm) of soil.
Results revealed that each depth of soil was silt loam in texture. Maximum hygroscopic water, porosity, phosphorus and minimum bulk
density obtained from 0-15 cm depth of soil. The highest pH value of 7.3 was found at 60-75 cm depth in soil-water solution. Maximum
organic carbon stock (61.89 t ha-1) was observed in 0-15 cm and the minimum organic carbon stock (5.73 t ha-1) was obtained from 60-75
cm. Cation exchange capacity (CEC) of soil was observed 15.0 meq per 100 g soils at 60-75 cm depth and Ca2+ and Mg+ cations were
found higher than other exchangeable cations. Walkley - Black and Bray-I are the suitable methods for the determination of organic
matter and phosphorus, respectively. Lower pH value was observed in KCl solution than water extracted solution. Based on these results,
Lime is needed to increase pH in soil and cropping pattern with different root depth crops can be followed for balancing nutritional
status in soil.
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Introduction
Soil  is  a  suitable  place  for  vegetation  and  plant  growth
while this valuable investment is not preserved, as a result,
shortage of food, erosion and damage of natural resources
are happened. Soils are the largest carbon reservoirs of the
terrestrial carbon cycle. About three times more carbon is
contained in soils than in the world’s vegetation and soils
hold double the amount of  carbon that  is  present  in the
atmosphere. Worldwide the first 30 cm of soils holds 1500
Pg carbon (Batjes, 1996). Although, so far the soil organic
carbon stock  studies  in  mini  scale  in  Korea  at  different
depths of soils are not available. For agricultural research
planning and better crop production, basic data on physical
and chemical  properties of different soil depths are very
much  important  to  determine  the  types  of  crop  to  be
grown.  Now-a-days,  the  farmers  in  Korea  are  trying  to
increase  the  crop  yield  by  applying  more  and  more
inorganic  chemicals,  mainly  nitrogenous  fertilizers.  The
increasing  trend  of  soil  acidity  and  exchangeable  Al  in
arable  and  abandoned  lands  are  attributed  to  intensive
cultivation and continuous use of acid forming inorganic
fertilizers. If it is not corrected, acidification can continue
until irreparable damage takes place in the soil (Boke and
Fekadu,  2014).  Again  excessive  amount  of  applied
nitrogenous  fertilizer  hinder  the  availability  of  other
nutrients too. In  order  to minimize these problems, it  is
very important to evaluate the fertility status at different
depth of soils at the farmer’s level to fit  the appropriate
crop (Bhuiyan, 1987). Evaluation of physical and chemical
characteristics  of  soil  is  helpful  for  economic  use  of
fertilizer  for  maximum  crop  production  (Scotter  et  al.,
1979).  The proper  fertilizer  use depends on the nutrient
contents of the soil. So, a person dealing with soil should
be acquainted with the physical  and chemical  properties
and he has to need decision whether the soil is suitable for
crop production or other non-agricultural purposes (Reza,
2001).  Thus  the  physical  and  chemical  properties  or
fertility levels play a significant role in achieving higher
crop yields. Optimum fertilizer use depends on precise soil
analysis  methods.  In  this  regards,  the  performance  of
Walkley – Black and Tyurin methods for organic carbon,

Lanchester and Bray-I methods for phosphorus and water
and KCl solution for pH are needed for this purpose. Little
is  known  about  the  spatial  variability  of  physical  and
chemical  properties  of  soils.  In  order  to  ascertain  their
potentiality, the objective of this study was to determine
the physical and chemical properties at different depths of
soil  and  methods  validation  were  needed  for  organic
carbon, phosphorus and pH estimation.
 

Materials and Methods
Soil samples were collected from 20 locations at Jillyang
agricultural  farm  with  similar  topography  near  Daegu
University in Republic of Korea to test the physical and
chemical properties as well as the performance of different
methods  for  the  determination  of  organic  carbon,
phosphorus and soil reaction. Samples were collected from
five depths (0-15, 15-30, 30-45, 45-60 and 60-75 cm) of
soil.  Bulk soil  samples were collected from the selected
locations  on  the  basis  of  composite  sampling  method.
Composite sample was a combination of three individual
soil samples collected from different spots of the Jillyang
farm. The area from where composite sample was taken
ranged  from 0.5 ha of  land and  the plant  roots,  leaves,
gravels etc. were picked up and discarded. Finally, about
two kg soil from each depth was put into the plastic bag
labeled  properly  and  then  carried  to  the  Soil  Science
Laboratory  at  Daegu  University,  Republic  of  Korea  for
subsequent physical and chemical analysis. The collected
soil samples were dried at room temperature, ground well
and sieved through a 2 mm sieve. Then the entire amount
of soil was thoroughly mixed. The prepared samples were
preserved  in  polythene  bags  after  proper  labeling  for
laboratory  analysis.  Each  physical  and  chemical
characteristic was analyzed thrice in replicated.
Sand,  silt  and  clay  contents  were  determined  by
hydrometer  method  as  outlined  by  Piper  (1950).  The
textural  classes  of  soils  were  identified  by  plotting  the
results on triangular diagram designed by Marshall (1947).
Bulk density was determined by paraffin coating method
for the disturbed soil as described (Baruah and Barthakur,
1997). Soil pH was tested by glass electrode pH meter as
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outlined by Jackson (1962). The results were reported as
“soil pH measured in water and KCl solution” (soil-water
and soil-1N KCl solution ratio being 1:5). Organic carbon
was determined titrimetrically by using Walkley - Black
(1934)  method  by  oxidation  of  organic  carbon  with
potassium dichromate (K2Cr2O7). Carbon stock (t ha-1) in
soils  was  calculated  by  using  the  following  equation
(Komatsuzaki  and Syuaib,  2009) :  Carbon stock (t  ha-1)
=(organic carbon content  (%) × bulk density (g cm-3)  ×
soil  depth  (cm)  ×  108 cm2 ha-1 ×  10-6.  Soil  EC  was
conducted by glass electrode EC meter following by soil
water ratio of 1:5 as described by Page et al. (1982). Soil
CEC  was  determined  by  ammonium  saturation  method
with auto extractor and subsequently Ca, K, Mg and Na
and soil phosphorus measured using Inductively Coupled
Plasma with Atomic Emission Spectrometer  (ICP-AES -

Varian Liberty Series II, AUS). All the collected data were
analyzed for ANOVA. Duncan’s Multiple Range Test was
used  to  indicate  the  treatment  differences  (Gomez  and
Gomez, 1984).

Results
Depth  wise  particle  size  distribution,  textural  class,
hygroscopic water, porosity, EC, CEC and exchangeable
cations  of  soils  are  mentioned  (Table  1  –  2).  It  was
observed that percentage of sand, silt and clay content did
not  widely  vary  at  different  depths  of  soil  but  it  was
statistically significant. The highest sand particle (10.28%)
was found at 0-15 cm depth of soil and the lowest (3.60%)
was recorded at 45-60 cm depth. Maximum clay particle
(15.0%) was observed at 60-75 cm and the lowest (12%)
was obtained both 0-15 and 15-30 cm depths of soil. 

Table 1. Percent sand, silt and clay content and textural classes at different depth of soil

Soil 
depth

Sand
(%)

Silt
(%)

Clay
(%)

Textural
class

Bulk density
(g cm-3)

Particle density 
(g cm-3)

Hygroscopic
water (%)

Porosity
(%)

00 - 15 10.28a 77.72b 12.00b Silt loam 1.38c 2.65 6.70a 48.0a
15 - 30 8.26a 79.74b 12.00b Silt loam 1.78b ″ 3.85b 33.0b
30 - 45 5.34b 80.66b 14.00a Silt loam 1.75b ″ 2.70b 34.5b
45 - 60 3.60b 83.40a 13.00a Silt loam  2.00ab ″ 3.10b 24.5b
60 - 75 5.78b 79.22b 15.00a Silt loam 2.12a ″ 5.50a 20.5b

CV(%) 35.28 2.44 15.35 - 14.34 - 36.00 29.97
Statistically significant at 1% (p<0.01) level of significance

Table 2. Studies on cation exchange capacity and exchangeable cations at different depths of soil

Soil depth (cm) EC (dS m-1) CEC meq 100-1 g soil
Exchangeable cations (cmolc kg-1 soil)

Ca K Mg Na
00 - 15 0.746 12.90b 1.39a 0.58 0.76b 0.29
15 - 30 0.586 10.70c 0.98b 0.49 1.00b 0.27
30 - 45 0.646 9.70c 0.85b 0.38 1.13b 0.31
45 - 60 0.630 10.30c 0.85b 0.52 1.35b 0.33
60 - 75 0.657 15.00a 1.48a 0.09 6.15a 0.41
CV(%) NS 16.78 33.56 NS 54.90 NS

Statistically significant at 1% (p<0.01) level of significance and NS =Non significant

Textural  classes  were silt  loam in five depths of soil.  It
was  found  that  the  bulk  density,  particle  density,
hygroscopic  water  and  porosity  were  statistically
significant  with  different  depths  of  soil.  Bulk  density
ranged from 1.38 g cm-3 to 2.12 g cm-3 in 0-75 cm depth of
soil. The highest bulk density (2.12 g cm-3) was found at
60-70 cm depth and the lowest (1.38 g cm-3) at 0-15 cm
depth of soil.  Particle density was found 2.65 g cm -3 at
each depth of soil. Maximum hygroscopic water observed
from upper surface and followed by 60-75 cm depth of
soil. The highest  pore space was found 48% at 0-15 cm
depth of soil and it was statistically difference from other
depths of soil. The range of porosity was 20.5-48.0% with
the different depths of soil. The EC ranged from 0.630-
0.746 dS m-1 at different depth of soil. The highest EC was
observed 0.746 from upper surface and the lowest EC was
found  0.630 dS  m-1 at  45-60  cm depth  of  soil.  All  the
parameters found statistically significant except K and Na
cations  (Table  2).  The  highest  CEC was  observed  15.0
meq 100-1 g soils at 60-75 cm depth which was statistically
difference from other depths of soil. The lowest CEC and

K were obtained from 30-45 and 60-75 cm depths of soil,
respectively.  Exchangeable  cation such as  Ca2+ and Mg+

was found in higher than the other exchangeable cations.
Sodium was recorded the lowest amount of cation. From
these results it may be concluded that this studied soil was
not saline soil. Depth wise soil organic carbon stocks are
mentioned  (Fig.  1).  A decreasing  trend  in  soil  organic
carbon  was  observed  with  soil  depths  except  45-60cm.
Maximum  soil  organic  carbon  stock  (61.89  t  ha-1)  was
observed in 0-15 cm soil and the minimum soil  organic
carbon (5.73 t ha-1) was obtained from 60-75 cm depth of
soil. The range of SOC was 5.73 to 61.89 t ha-1 at 0 – 75
cm soil depth. The maximum organic carbon content (2.99
and 3.10%) was observed both Walkley - Black and Tyurin
methods at 0-15 cm depth respectively which was found
statistically significant difference from other depths of soil
(Fig. 2-3). The range of organic carbon was obtained 0.18-
2.99  and  0.19-3.10  using  Walkley  -  Black  and  Tyurin
method,  respectively.  Tyurin  method  recovered  slightly
higher organic carbon than Walkley – Black method. The
correlation (r = 0.999) and the regression line of Y (Tyurin
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method)  on  X (Walkley  –  Black  method)  has  the  Y =
1.03612x -0.00253. The positive slope indicated a positive
relation (Fig. 4). The soil pH value was varied from 6.0-
7.3  in  soil-water  and  5.2-5.9  in  soil-KCl  solution  at
different depths of soil (Fig. 5). Both soil-water and soil-
KCl  solution  pH  statistically  were  not  significant.  The
highest pH value was found 7.3 in soil water and 5.9 in
soil-KCl  solution  at  60-75  and  45-60  cm  depths,
respectively. The lowest pH value was found 6.0 in soil

water and 5.2 in soil-KCl solution at 0-15 cm depth. The
pH values were increased with the increase of soil depth.
The highest  phosphorus content (48.89 ppm) was found
from 0-15 cm and the lowest 0.73 in 30-45 cm depth of
soil (Fig. 6). The amount of phosphorus decreased with the
increase  of  depth  of  soil  except  30-45  cm  of  soil.
Lanchester  method  was  recovered  slightly  more
phosphorus than Bray-I method.

Fig. 1. Carbon stock (t ha-1) at different depths of soil Fig. 2. Carbon content (%) at different depths of soil
using Walkley – Black method

Fig.  3. Carbon content (%) at different  depths of soil
using Tyurin method

Fig.  4. Relationship  between  Walkley  –  Black  and
Tyurin methods on carbon content at different
depths of soil

Fig.  5. Soil  reaction  at  different  depths  of  soil  using
water and KCl extracted solution

Fig. 6. Phosphorus content at  different  depths of soil
using Bray-I and Lanchester methods

Discussion
These results clearly demonstrated that soil physical and
chemical properties distinctly differed among the different
depths of soil. The studied soil was identified as silt loam

in texture. Silt loam is good for agricultural point of view
(Weir,  1949).  Bulk  density  and  porosity  are  standard
condition for  agricultural  purpose  especially  at  0-15 cm
depth of soil. So, upper surface soil is good for the crop
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production. The pH value increased with the increase of
soil depths. IPNI (2010) reported pH value from 6.5 to 7.5
was  the  pH  range  in  which  most  soil  nutrients  were
available to plants. In this experiment pH value 5.9 was
found in soil-water solution at 0-15 cm depth in that sense
soil phosphorus are not readily available to the crops. So,
this problem can easily overcome through the use of lime.
KCl  extraction  produced  higher  acidity  than  water
extraction  method.  KCl  solution  had  good  capacity  to
extract  more  H+ ion from soil  than  water  solution.  The
maximum organic matter was found in 0-15 cm depth and
minimum from 60-75 cm depth. Similar trend of organic
matter  status  was  also  reported  by  Hossain  and  Sattar
(2002).  It  is  clear  that  organic  matter  content  gradually
decreased with the increase of soil depth. This is due to
decaying of organic substances only in soil surface. Saha
et al. (2013) observed that organic carbon content or stock
decreased with the increase of soil depth. Tyurin method
recovered slightly higher organic carbon than Walkley –
Black method.  This result was strongly supported by the
commented of Abakumov et al. (2009) who reported that
Walkley – Black organic carbon content was more or less
similar with Tyurin organic carbon.  Measurement of EC
helps to identify the level of soil salinity or alkalinity. A
soil may define as saline or alkaline when the EC value is
between 2 to 4 dS m-1 or above (Lukman et al., 2014). So,
we can conclude that the experimental soil is acidic nature
at upper surface.  Tyurin method recovered slightly more
organic carbon than Walkley - Black method. Lanchester
method consistently extracted higher concentrations of the
nutrients than did the Mehlich 3 method for low soil Ca
concentrations  (Cox,  2001).  But  Walkley  -  Black  and
Bray-I  methods  are  simple  technique  and  minimal
equipment  investment  than  the  Tyurin  and  Lanchester
methods. The second highest soil CEC was observed at 0-
15 cm depth of soil.  Soil  cations are important  to plant
nutrition.  Adsorbed  cations  can  exchange  position  with
other cations in the soil solution and become available for
uptake by plant roots. A soil with a high CEC can adsorb
more exchangeable cations than a soil  with a low CEC.
Soils with high CEC are generally considered more fertile
since  they  can  store  more  plant  nutrients.  Studies  have
shown that soils with CEC values of between 9.70 t 15.00
are poor in exchangeable bases (Makoi, 2014). Crop can
grow within 0-30 cm depth without  hampering of  plant
nutrition by different lengths of root producing crops. So,
cropping  pattern  can  follow  to  balance  the  nutritional
status of soil and minimize the cost of production as well
as to reduce environmental pollution. The current research
also  confirmed  that  and  suggested  lime  is  essential  but
must  be  complimented  with  balanced  plant  nutrients  in
order to get adequate crop yield in the study areas. 
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