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Soil organic carbon (SOC) is an important parameter to study the carbon cycle as soil carbon stock
inventory as well as to serve as prime indicator in assessing soil health and soil quality. The present study
was attempted to investigate C-equivalent correction factor for SOC by Walkley–Black (wet oxidation)
and loss on ignition (LOI) methods in relation to TOC analyzer (dry combustion) method. TOC analyzer
method supposed to be the best method of total soil organic carbon estimation. Soil sample from 77
sites representing dominant land use/land cover types of crop land, forest and scrub cover were collected
in Himalayan region of Uttarakhand state, India. Surface (0–15 cm) and sub-surface (15–30 cm) soil
samples were used for estimation of SOC by these three methods. C-equivalent correction factor ranged
from 1.10 to 1.17 for SOC determination by Walkley and Black method to TOC analyzer method,
whereas it varied from 0.257 to 0.417 for soil organic matter (SOM) by LOI method to TOC analyzer for
soils under various land use/land cover types in the Himalayan region. The recovery of SOC by Walkley–
Black method varied from 86.84 to 91.04% in the soils of various land use/land cover in the Himalayan
landscape. Thus, there is need to develop speciﬁc correction factor for soils under various land use/land
cover types for improved estimation of soil carbon stock. The regression models developed in the study
can be directly used to obtain TOC analyzer equivalent total carbon contents in the soils (surface and
sub-surface) for computation of soil carbon stock in Himalayan region.
Keywords. C-equivalent correction factor; TOC analyzer; LOI methods; soil organic carbon (SOC);
Himalayan soils.

1. Introduction
Determination of soil carbon content is an
important parameter to estimate soil carbon stock
to study carbon cycle as well as in soil quality/health assessment for agriculture point of view.
Physico-chemical composition of soil changes
according to land uses (LUs) and management
0123456789().,--: vol V

practices. Several researchers (Wang et al. 1996;
Diaz-Zorita 1999; De Vos et al. 2007; Lettens et al.
2007; Gatto et al. 2009; Meersmans et al. 2009)
showed that soil organic carbon (SOC) varies with
land use/land cover types, at sampling depths and
soil types in various climatic regions. Accumulation of organic matter, decomposition, nutrient
recycling governs formation of diﬀerent horizons
1
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inﬂuenced by soil under various land use/land
cover types and their management practices. Ogle
et al. (2003) and Goidts et al. (2009) reported
large uncertainties in quantiﬁcation of SOC stock
that hamper reliable assessment. Several studies
compared various analytical methods of soil carbon determination and their eﬃciency (Bisutti
et al. 2004; Jankauskas et al. 2006). Among them,
Walkley–Black, a wet oxidation method is widely
used for estimation of SOC. It is simple, rapid
and demands minimum equipment. But disposal
of waste chemicals generated in the method is
problematic and cost to environment. Recently,
mid and near-infrared (MIR–NIR) spectroscopies
have been found more precise in estimating soil
organic carbon stock (Shepherd and Walsh 2002;
Kaiser et al. 2007; Fontan et al. 2010). At Present,
a dry combustion method is considered as the
standard method due to its high precision and
accuracy (Yeomans and Bremner 1988; Soon and
Abboud 1991; Matejovic 1997) as compared to
wet oxidation method. Walkley–Black method estimates only the most active organic carbon present
in the soil (Nelson and Sommers 1996), leading
to incomplete oxidation of organic matter (OM).
This method had showed 74–77% recovery of soil
organic carbon varies for various soils. SOC content obtained by Walkley–Black method in general
underestimate the results obtained by dry combustion method (Mikhailova et al. 2003; Krishan
et al. 2009) although a high correlation has been
observed between these two methods (Jankauskas
et al. 2006; Dieckow et al. 2007; Lettens et al.
2007; Meersmans et al. 2009). Loss on ignition
(LOI) is another simple method used for determination of organic matter in the soil. It involves
the heated destruction of all organic matter in the
soil. It is based on estimating weight loss of soil by
complete ignition of organic matter at high temperature of 450◦ C (Mitchell 1932; Davies 1974).
The method may overestimate SOM due to evaporation of tightly bound water, decomposition of
mineral compounds or may underestimate because
of incomplete ignition.
Walkley–Black method is insensitive to identify
small changes over time in response to land use
changes and management practices (Florent et al.
2011). SOC estimated by Walkley–Black method
has been compared with dry combustion based
TOC analyzer method. To avoid the methodological biases, SOC content by wet oxidation was
compared with dry combustion using C-equivalent
correction factor (CF) of 1.3 (Walkley and Black
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1934a, b). However, Mikhailova et al. (2003)
reported C-equivalent CF of 1.63 for a Russian
Chernozemic soil. Nelson and Sommers (1996)
found C-equivalent (CF) factor ranging from 1.16
to 1.59 for range of soils, however, Dieckow et al.
(2007) proposed a value of 1.05 for a subtropical soil in southern Brazil under diﬀerent tillage
and cropping systems. TOC content is the basis
to calculate the SOM by applying conversion factor that is based on the content of carbon (C)
in organic matter. On an average, SOM contains
58% of carbon content means conversion factor of
1.724 was made for conversion of TOC to SOM
and is used globally (Walkley and Black 1934a, b).
It is observed that content of carbon in SOM
varies depending on biochemical composition of soil
type and its decomposition state (Apolonia and
Grazyna 2012).
It is well established that 60–80% SOC is only
oxidized in Walkley–Black method. Therefore, a
standard factor of 1.298 (assuming 77% recovery)
is commonly used for conversion of SOC estimated
by Walkley–Black method to total soil organic carbon (TOC). However, the actual recovery varies
depend upon the nature of organic matter, site
speciﬁcity and accuracy of method used for analysis. The present study aims to ﬁnd out C-equivalent
correction/conversion factors for (i) SOC based
on Walkley–Black to TOC analyzer method and
(ii) soil organic matter (SOM) based on LOI to
TOC analyzer method for surface and sub-surface
soils under various land use/land cover types in
the Himalayan region, Uttarakhand state, India.
C-equivalent factors for conversion of SOC based
on Walkley–Black and SOM based on LOI method
to TOC analyzer method, this conversion will help
in improving the assessment of soil carbon stock
and studying soil quality in the Himalayan region.
The C-equivalent correction factor developed in the
study will be quite useful in precise and improved
estimation of SOC density and stock in absence of
high end instrumentation like TOC analyzer and
CHN analyzer.

2. Materials and methods
2.1 Soil sampling
Soil samples were collected from Himalayan
mountainous landscape of the Uttarakhand state.
These samples were collected from four transects
namely (i) Chamba (Tehri Garhwal) to Uttarkashi,
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(ii) Rudraprayag to Badrinath, (iii) Kashipur to
Almora and (iv) Rudrapur to Pithoragarh district
in Uttarakhand state. Soil samples were collected
from Himalayan landscape comprised of various
forest types, croplands and scrub lands at two
depths of 0–15 cm and 15–30 cm at diﬀerent altitudes in the region. The elevation of soil sample
sites ranged from 550 to 3220 meter above the
mean sea level (MSL). The physiographic factors
such as relief, slope and altitude are controlling
factors of soil formation in the Himalayan region
(Sidhu and Surya 2014). The landscape comprised
of physiographic units of side slopes of hills, moderate sloping valley and undulating piedmont plains.
Hills with steep to very steep side slope covered dominantly with forest and scrub cover, and
bench terraces on moderately steep to steep sloping
hills mostly under cultivation. Valley and piedmont area were mainly under cultivation. Pine
(Pinus roxburghii), oak (Quercus spp.), banj oak
(Quercus leucotrichophora), deodar (Cedrus deodara), and sal (Shorea robusta) were the dominant
forest tree species found in the region. The common crops grown in the region were maize, paddy,
wheat, potato, ﬁnger millets (mundua), barnyard
millet (jhnagora) and french beans. Maize/rice–
wheat or coarse millets/rice–wheat based cropping
is followed in the area. The terraced cropland
are characterized with dominant slope of 20–40%,
whereas forest and scrub lands with slope of
50–80% in the region. The soils are dominantly
sandy loam, loam/silt loam and silty clay loam
containing 10–15, 14–26 and 28–35% clay content,
respectively, in these soil textures.
In the study, soil samples from 77 sites in the
Himalayan region were collected that represented
22 sites in agriculture land, 41 in forest cover and
11 in scrub lands. These samples (total nos. 154)
were processed and analyzed for SOC by Walkley–
Black method, LOI methods and TOC analyzer
instrument.
2.2 Analysis of soil carbon content in the soil
2.2.1 Walkley–Black (W–B) method
Soil samples were grinded and passed through
0.2 mm sieve. Weigh 0.1–0.5 gm of soil depending upon the general idea from soil color and the C
concentration in soil and transfer to the 500 ml
volumetric ﬂask of borosilicate glass. 10 ml of
1 N potassium dichromate (K2 Cr2 O7 ) and 20 ml
of concentrated sulphuric acid (H2 SO4 ) were added
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to soil and stir well to ensure the proper mixing.
After 30 min, 200 ml of distilled water and 10 ml
of concentrated orthophosphoric acid were added
to the sample. Thereafter, 1 ml of Diphenylamine
indicator was added in ﬂask and unconsumed
potassium dichromate was determined by titration
(back titration) with 0.5 N ammonium ferrous sulphate to determine SOC in the soil (Walkley and
Black 1934a, b).
2.2.2 Dry combustion method using TOC analyzer
For determination of total organic carbon, total
organic carbon (TOC) analyzer (Make-Shimadzu,
Model-TOC VcpH along with solid sample moduleSSM-5000A), a high end instrument was used
(Schumacher 2002; De Vos et al. 2007). TOC
analyzer was calibrated using the sucrose and
sodium carbonate as the total carbon (TC) and
inorganic carbon (IC) standard. For measurement of TC, 50–100 mg of ﬁne homogenized
soil sample (0.2 mm mesh sieve passed) was
weighed in a ceramic sample boat and was then
transferred into a 900◦ C catalytic (mixture of
cobalt oxide and platinum) combustion chamber,
where soil carbon was oxidized into CO2 with
aid of oxygen gas. The produced CO2 was carried by carrier gas (O2 ) into the non-dispersive
infrared (NDIR) detector and is detected or measured. For IC determination, weigh 50–100 mg
of soil in a ceramic sample boat and then add
0.5 ml of 85% phosphoric acid to the sample
by using dispenser. Thereafter, sample boat was
transferred into a 200◦ C combustion chamber to
produce CO2 which was measured by NDIR detector. The diﬀerence between the TC and IC was
taken as total organic carbon (Chua and Tokura
2004).
2.2.3 Loss on ignition method (LOI)
Per cent soil organic matter (SOM) was determined using LOI method (Mitchell 1932; Davies
1974). 2–5 gm of soil sample (0.2 mm mesh sieve
passed) was weighed in known weight of empty
silica crucible. It was then heated in oven at
105◦ C for 24–36 hrs to remove all of the moisture content then cooled the crucible in desiccators and weighed. This soil weight was taken as
dry weight of soil and then transferred the silica crucibles into the muﬄe furnace at 450◦ C for
4 hrs. Thereafter, it was cooled in desiccators and
weighed. The weight of soil loss expressed as a
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Overestimation of
SOC using W–B
method with correction
factor of 1.298

percentage of dry soil weight. LOI or per cent SOM
was estimated as:
LOI (%) = ((Dry weight of soil
−weight of soil after ignition)
/dry weight of soil) × 100.

16.088
5.629
20.952
6.964
15.295
6.068
17.897
6.727
18.169
5.585
19.548
6.60
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86.835
9.667
90.917
9.293
88.525
5.00
89.474
7.896
91.039
4.303
90.645
7.319
4.019
1.596
3.130
1.232
5.497
2.199
3.843
1.819
4.802
2.405
3.075
1.568
1.363
0.728
0.907
0.564
2.049
1.066
1.055
0.730
1.838
0.923
0.828
0.610
1.196
0.669
0.821
0.524
1.796
0.903
0.936
0.637
1.674
0.821
0.748
0.540
Sub-surface (15–30 cm)

14
Scrub land

Surface (0–15 cm)

41
Forest land

Sub-surface (15–30 cm)

Surface (0–15 cm)
22
Agriculture land

Surface (0–15 cm)

No. of soil samples
Land use/land
cover (LULC)

Sub-surface (15–30 cm)

Avg.
SD (±)
Avg.
SD (±)
Avg.
SD (±)
Avg.
SD (±)
Avg.
SD (±)
Avg.
SD (±)

TOC using dry
combustion
method (%)
SOC using W–B method
without correction
factor (%)

Soil samples representing various land use/land
cover were analyzed for SOC by Walkley–Black
(wet oxidation), TOC analyzer (dry combustion
method) and SOM by LOI methods. The SOC content in the surface and sub-surface soil samples of
various land use/land cover were summarized in
table 1.
In crop land, mean SOC in the surface and
sub-surface soils were estimated as 1.196 (SD ±
0.669) and 0.821 (SD ± 0.524) per cent, respectively by Walkley–Black (W–B) method and 1.363
(SD ± 0.728) and 0.907 (SD ± 0.564)% by TOC
analyzer method. Analysis revealed that W–B
method had recovery of 86.84 (SD ± 9.667) and
90.92 (SD ± 9.293) per cent for surface and subsurface soils in comparison to total organic carbon
by TOC analyzer method. In forest land, mean
SOC in surface and sub-surface soils were estimated as 1.796 (SD ± 0.903) and 0.936 (SD ±
0.637) per cent, respectively, by W–B method and
2.049 (SD ± 1.066) and 1.055 (SD ± 0.730)% by
TOC analyzer method. The analysis revealed that
W–B method had recovery of 88.53 (SD ± 5)
and 89.47 (SD ± 7.896) per cent for surface and
sub-surface soils in comparison to total organic
carbon by TOC analyzer method for forest soils.
In scrub land, mean SOC in surface and subsurface soils were estimated as 1.674 (SD ± 0.821)
and 0.748 (SD ± 0.540) per cent, respectively,
by W–B method and 1.838 (SD ± 0.923) and
0.828 (SD ± 0.610)% by TOC analyzer method.
It revealed that W–B method had recovery of
91.04 (SD ± 4.303) and 90.65 (SD ± 7.319) per
cent for surface and sub-surface soils in comparison to total organic carbon by TOC analyzer
method. The study revealed that the SOC was
underestimated by Walkley–Black method when
it was compared with TOC analyzer method.
The recovery of SOC by Walkley–Black method

Table 1. Soil organic carbon (SOC) determined by W–B method, TOC by CHN analyzer and SOM by LOI method.

3.1 Soil organic carbon in soils of Himalayan
landscape

SOM using
LOI method
(%)

% Recovery of
SOC using
W–B method

3. Results and discussion
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was found highest of surface soils of scrub land
(91.04%) followed by forest land (88.53%) and
crop land (86.84%). It might be due to easily oxidisable organic carbon present in the scrub land
soil.
SOM was analyzed in surface and sub-surface
soils using LOI method. In crop land, mean SOM
in the surface and sub-surface soils were estimated
of 4.019 (SD ± 1.596) and 3.130 (SD ± 1.232) per
cent, respectively. In forest land, SOM was estimated as 5.497 (SD ± 2.199), 3.843 (SD ± 1.819)%
in the surface and sub-surface soils, respectively,
and 4.802 (SD ± 2.405) and 3.075 (SD ± 1.568) per
cent, respectively, in the scrub land. It showed that
soils of the forest land are high in SOM followed by
scrub land and crop land.
3.2 Correction factor (CF) for soil organic carbon
(SOC) by Walkley–Black (W–B) method
W–B method is used to estimate available organic
carbon in the soil. The available SOC is converted
to TOC by multiplying the standard correction
factor of 1.298 (assuming recovery 77% by W–B
method). It has been observed that the recovery of
SOC (77%) varies in the soils under various land
use/land cover (LU/LC). The recovery of SOC also
varies in surface and sub-surface soils (Leighty and
Shorey 1930; Lunt 1931; Broadbent 1953). In the
study, SOC estimated with TOC analyzer method
was compared with W–B method with applying standard correction factor 1.298. It had been
observed that SOC was overestimated with the
standard CF 1.298, whereas underestimated without applying CF (ﬁgure 1). The analysis revealed
that recovery of SOC by Walkley–Black method
varies from 86–91% for the soils of Himalayan
region under various LU/LC. Thus, it implied that
single CF of 1.298 cannot be used for all soils of surface and sub-surface of various LU/LC. Thus, there
is need to derive CF for surface and sub-surface
soils of various LU/LC.
3.3 Relationship between SOC estimated by W–B
method and TOC analyzer
Pearson regression analysis between soil organic
carbon estimated by W–B and TOC analyzer
methods were attempted to establish relationship
for soils of dominant land use/land cover types of
the Himalayan landscape. Linear regression models
were developed to estimate TOC from SOC
estimated based on W–B method for surface and
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sub-surface soils of crop, forest and scrub lands.
A very high correlation of SOC by W–B method
(without applying correction factor 1.298) and
TOC analyzer was found for surface soil (R2= 0.98)
and for sub-surface soil (R2 = 0.97) for crop land.
Similarly, a signiﬁcantly high correlation was
found for surface (R2 = 0.99) and sub-surface soils
(R2 = 0.99) of forest land and for surface (R2 =
0.99) and sub-surface soils (R2 = 0.99) of scrub land
(table 2).
To avoid the methodological biases various
researchers suggested diﬀerent correction factors
CFs for various soil types developed in various
climatic condition. Walkley and Black (1934a, b)
suggested a site-speciﬁc C-equivalent CF of 1.298,
whereas Mikhailova et al. (2003) reported Cequivalent CF of 1.63 for a Russian Chernozemic
soil. Nelson and Sommers (1996) obtained Cequivalent CF ranging from 1.16 to 1.59 for range of
soils and Dieckow et al. (2007) proposed a value of
1.05 for a subtropical soil in southern Brazil under
diﬀerent tillage and cropping systems. The present
study showed that, Walkley–Black method overestimated the SOC when standard CF of 1.298
was used. The ratio TOC by TOC analyzer to
SOC by Walkley–Black method (TOC/SOCWB )
provide the correction factor for SOCWB to TOC
method. A CF of 1.171 for surface and 1.114 for
sub-surface soils for crop land whereas CF of 1.133
and 1.128 for surface and sub-surface soils of forest land were estimated. For scrub land soils, CF
was estimated as 1.100 for surface and 1.111 for
sub-surface soils (table 3). The regression equations
were developed to convert SOC by Walkley–Black
method to TOC for surface and sub-surface soils
of crop land, forest and scrub land are given in
table 2. These developed equations will help the
researcher for precise estimation of TOC present in
the soils of Himalayan landscape under dominant
land use/land cover types.
Soil organic matter (SOM) composed of various
non-lignin and lignin types of compounds. The
composition of these compounds in SOM depends
on the kind of residue added to the soils from
various land use/land cover and vegetation types,
degree of decomposition and soil forming processes.
Lignin is relatively resistant to decomposition as
compared to other biochemical compounds present
in the soils. Baker (1936) described that soils containing easily decomposable non-lignin fractions in
SOM had 100% recovery by W–B method whereas
low recovery (76%) in soils containing SOM with
lignin and lignin like material. Lettens et al. (2007)
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Figure 1. Graphical representation of analytical methods for SOC determined by W–B method with correction factor (1.298)
and TOC by CHN analyzer (a) agriculture land (surface), (b) agriculture land (sub-surface), (c) forest land (surface),
(d) forest land (sub-surface layer), (e) scrub land (surface), and (f ) scrub land (sub-surface).

studied inﬂuence of land use on recovery of W–B
method in relation to TOC analyser and showed
least recovery for forest soil (61%) and higher
for cropland (66%). Similarly, Diaz-Zorita (1999)
reported less recovery in pasture than the

cultivation systems. It was explained that due to
presence of lignin compound present in organic
matter under pasture land that resist oxidation in
the W–B method. De Vos et al. (2007) reported
variable recovery rate of SOC rates for various
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Table 2. Linear regression equations between TOC and SOC (determined by W–B method) without applying
correction factor.
LULC (no. of samples)
Agriculture land (n=22)
Forest land (n=41)
Scrub land (n=14)

Surface soil (0–15 cm)

Sub-surface soil (15–30 cm)

TOC = 1.0802 ∗ OCWB + 0.0716
R2 = 0.9844
TOC = 1.1766 ∗ OCWB − 0.0648
R2 = 0.9911
TOC = 1.1193 ∗ OCWB − 0.0363
R2 = 0.9928

TOC = 1.0608 ∗ OCWB + 0.0356
R2 = 0.9712
TOC = 1.1405 ∗ OCWB − 0.0117
R2 = 0.9914
TOC = 1.124 ∗ OCWB − 0.013
R2 = 0.9877

Table 3. TOC equivalent correction factor for SOC by W–B and SOM by LOI method.

Land use/land cover
(no. of samples)
Agriculture land
(n=22)
Forest land (n=41)
Scrub land (n=14)

Correction factor of SOC by W–B method
equivalent to TOC

Correction factor of SOM by LOI method
equivalent to TOC

Surface (0–15 cm)

Sub-surface (15–30 cm)

Surface (0–15 cm)

Sub-surface (15–30 cm)

1.171 ± 0.182

1.114 ± 0.147

0.329 ± 0.064

0.278 ± 0.081

1.133 ± 0.066
1.100 ± 0.052

1.128 ± 0.122
1.111 ± 0.100

0.360 ± 0.075
0.417 ± 0.282

0.258 ± 0.099
0.257 ± 0.097

forest soils. Forest soils showed recovery attributed
to charcoal and resistant elementary carbon particles. However, they found a good linear relationship
with TOC and W–B method. Pe’rez et al. (2001)
summarized coeﬃcients of variation determined
by several authors in the analysis of OC by the
Walkley and Black (1934a, b) method and a dry
combustion method.
Bhattacharyya et al. (2015) suggested W–B
recovery factors for Indian soils of diﬀerent bioclimates and soil depth. Krishan et al. (2009)
reported that the W–B method underestimates
SOC in Himalayan and Central Indian soils. They
showed underestimation with an average of 45% for
Himalayan soils and 33% for Central Indian soils.
Lower recovery in the soils may be attributed to
incomplete oxidation of organic carbon by W–B
method.
3.4 Relationship between TOC and SOM
estimated by LOI method
Soil organic matter (SOM) was estimated of
surface and sub-surface soil of crop, forest and
scrub lands. The total organic carbon estimated
(TOC analyzer) was divided by SOM estimated
by LOI method (TOC/SOM by LOI) to obtain
C-equivalent value (correction factor) for LOI
method. A conversion factor of 1.724 (assuming
58% C present in soil organic matter). This factor
also refers as ‘Van Bemmelen factor’. This factor

is generally used to convert TOC to SOM, but it
is also site speciﬁc as it depends on the nature,
decomposition state of organic matter, soil forming
processes and total carbon content of the organic
matter. It is still study of interest to analyze eﬀect
of composition of SOM on the C content. Precise
quantiﬁcation of carbon present in various fraction
of SOM is needed for determination of precise conversion factor of TOC to SOM and vice versa. A
decrease in the C content of SOM in the deeper
soil proﬁle has been reported by several researchers
(Jain et al. 1997; Varvel et al. 2002; Chabbi et al.
2009). A very good correlation of SOM by LOI
method and TOC analyzer was found for surface
soil (R2 = 0.85) and for sub-surface soil (R2 = 0.76)
for crop land. Similarly, a signiﬁcantly high correlation was found for surface soil (R2 = 0.89) and
sub-surface soil (R2 = 0.76) for forest soil and for
surface (R2 = 0.70) and sub-surface (R2 = 0.73)
soils of scrub land (ﬁgure 2).
A CF of 0.329 for surface and 0.278 for subsurface soils of crop land was obtained whereas 0.36
and 0.258 for surface and sub-surface soils of forest land were estimated. For scrub land soils, CF
was estimated of 0.417 for surface and 0.257 for
sub-surface soils (table 3). The regression equations were developed to convert SOM by LOI
method to TOC for surface and sub-surface soils
of crop land, forest and scrub land are given in
table 4. The developed equations will be quite useful in precise estimation of TOC present in the
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Figure 2. Pearson correlation of soil TOC with SOM estimated by LOI method for (a) agriculture land (surface),
(b) agriculture land (sub-surface), (c) forest land (surface), (d) forest land (sub-surface), (e) scrub land (surface), and
(f ) scrub land (sub-surface).
Table 4. Linear regression equations between TOC and SOM estimated by LOI method.
LULC (no. of samples)
Agriculture land (n=22)
Forest land (n=41)
Scrub land (n=14)

Surface soil (0–15 cm)

Sub-surface soil (15–30 cm)

TOC = 0.4202 ∗ SOM by LOI − 0.3252
R2 = 0.8482
TOC = 0.4563 ∗ SOM by LOI − 0.4598
R2 = 0.8853
TOC = 0.3219 ∗ SOM by LOI + 0.2925
R2 = 0.7038

TOC = 0.3984 ∗ SOM by LOI − 0.34
R2 = 0.7582
TOC = 0.3503 ∗ SOM by LOI − 0.2905
R2 = 0.762
TOC = 0.3327 ∗ SOM by LOI − 0.1951
R2 = 0.7299
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soils of Himalayan landscape under dominant land
use/land cover types.

4. Conclusions
Study revealed that Walkley–Black (W–B) method
underestimated the total soil organic carbon (SOC)
in the surface and sub-surface soils under various
land use/land cover in the Himalayan landscape.
Recovery of SOC estimated by W–B method varies
in the soils of various land use/land cover. It may
be attributed to the physiography, parent material, land use/land cover and climatic conditions,
thus there is strong need to develop appropriate
correction factor (CF) for soils under various land
use/land cover types to assess precise soil carbon
stock in a region. Several studies have assessed
SOC stock based on soil carbon determined by
W–B method. Improved and reliable soil carbon
stock assessment method necessitated to use TOC
analyzer method but due to non-availability of it
to the researcher has resulted in underestimation
of SOC stock.
Conversion factors (CF) for SOC estimated by
Walkley–Black method to total organic carbon
equivalent to result of TOC analyzer instrument
were estimated as 1.171 and 1.114 for soils of crop
lands in surface and sub-surface soils, respectively,
and 1.133 and 1.128 for soils of forest land in surface and sub-surface soils, respectively. For soils
of scrub land, CF of 1.10 and 1.11 for surface
and sub-surface were obtained. Similarly, correction factors for SOM by LOI method to TOC were
estimated as 0.329 for surface, 0.278 for sub-surface
soils for crop land; 0.360 and 0.258 for surface and
sub-surface soils of forest land and 0.417 and 0.257
for surface and sub-surface soils for scrub land in
the Himalayan landscape.
The present study will help to the researchers/
planners for reliable and precise assessment of
soil carbon stock and soil quality in case of nonavailability of high end instrumentation like TOC
analyzer. They can precisely estimate the total
organic carbon using simple methods of LOI or
Walkley–Black methods. An improved estimation
of SOC stock can be obtained using the correction factors of previous studies carried out
using Walkley–Black method. The correction factors derived in the study can be used for improved
estimation of soil carbon stock in the soils of
Himalayan landscape.
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