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Abstract This study aims to assess the amount of
organic carbon stored in soils, as it is an intention of
knowing the sustainable soil management, by using
two common methods for determining soil organic
matter (SOM), namely oxidation with acidified wet
dichromate (Walkley—Black method-WB) and loss on
ignition (LOI). The study was carried with soil sam-
ples collected from a depth of 0 to 30 cm in the Saha-
ran arid region of Ghardaia (Algeria), with different
land uses: agricultural, forest and pastoral. The results
obtained from the LOI and WB methods were sub-
jected to statistical analysis, and the relations between
both methods were tested to investigate their relation-
ship. The mean percentage of SOM values were 1.86,
2.42, 1.54 by using LOI, but, lower values of 0.34,
0.33, 0.36 were determined by using WB method,
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for agricultural, forest and pastoral soils respectively.
A weak linear relationship between the two analyti-
cal procedures was obtained (R* of 0.19 and 0.13 for
agricultural and forest soils), while a medium rela-
tionship (R?=0.65) was found for pastoral soils
when using linear adjustment. However, the opposite
behaviour was found when we use the logarithmic
adjustment. The study outcomes indicated discrep-
ancies in the measurements of SOM values between
the two methods, been higher those estimated with
LOL. Finally, in order to identify the best methodol-
ogy to measure soil organic matter in arid soils, more
research is required in these extreme arid regions as
they are a gap in world soil organic matter maps.
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Introduction

Soil as an essential carbon reservoir, plays a crucial
factor mitigating the increase in concentration of
Greenhouse Gases (GHGs) in the atmosphere, mainly
by storing Soil Organic Carbon (SOC) in the soil
profile. This is why their use as GHGs sink is at the
heart of many sustainable development issues and
objectives (Abera et al., 2021) and the most of these
objectives are associated to land management under
agriculture, forestry and pastoralism. Monitoring
patterns in soil carbon storage and identifying
controlling factors on both regional and global scales
are crucial for predicting and mitigating the impact
of soil carbon on global environmental change
(Zhang et al., 2023). SOC is a vital element for the
proper functioning and stability of the soils, exerting
influence over their physical, chemical and biological
properties (Bongiorno et al., 2019; Gualberto et al.,
2023; Kooch et al., 2020). Enhancing Soil Organic
Carbon (SOC), thus Soil Organic Matter (SOM)
stocks, has been proposed as a viable strategy
to mitigate climate change, with the additional
advantage of improving soil properties, mainly the
soil structure (Lal, 2016).

SOC can be assessed by measuring the Total
amount of Organic Carbon (TOC) present in the soil,
regardless of its origin or decomposition, although not
all the soil organic carbon determined has the same
ecological functions and the ability to be mineralized
(Navarro-Pedrefio et al., 2021). It is a key contributor
to the carbon cycle and global warming mitigation,
and varies spatially according to the soil and
environmental properties. For ecosystem productivity
and soil functions, soil carbon sequestration and soil
organic matter stock are crucial (Thomaz and Kurasz,
2023). In certain ecosystems, this carbon can persist
in the soil for an extended period in recalcitrant
forms, resistant to degradation. However, the type and
quality of carbon that can be stored in soils depend on
local ecosystems and environmental conditions, land
use and land cover (Boubehziz et al., 2020; Malik
et al., 2023).
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Land degradation poses a threat to the
sustainability of human societies (Masoudi et al.,
2021) and the effects of land use and land cover
(LULC) changes have emerged as a critical concern
for the scientifics addressing global climate change
(Lambin & Geist, 2008). Several studies report
positive or non-significant changes in SOC content
in no-till crops, forests and pastures (Battaglia et al.,
2022; Bogale et al., 2023). However, in the last five
decades, ecosystems have undergone unprecedented
and widespread modifications, surpassing any
comparable period in history. This phenomenon is
particularly notable in the Mediterranean region
(Serra et al., 2008; Steffen et al., 2011), under
arid and semi-arid conditions, where the soils has
been cultivated for millennia like in the Fertile
Crescent. Nowadays, these regions are close and
surrounded by desert areas with low organic matter
and salinization processes in soils. The effects are
noticed and human-induced climate change has
involved to soil loss and degradation, resulting in
a global decline in soil carbon storage (Eaton et al.,
2008), this impact has been particularly pronounced
in recent decades in Mediterranean regions (Cerda
et al., 2010; Jerez et al., 2018). To cope with rising
carbon dioxide (CO,) levels in the atmosphere, and
to enhance the potential of soils to store carbon,
systematic and scientific attention needs to be paid
to land use processes (Dawson & Smith, 2007; Lal,
2004). At the same time, special attention is given for
the methods used to determine SOC, SOM and TOC.
The Loss on Ignition (LOI) method is a widely used
technique for estimating the organic matter content
of soils by measuring the mass loss of soil samples
upon ignition. This method, stands as one of the most
commonly employed techniques for determining the
organic matter content present in soils (Hoogsteen
et al., 2015). Additionally, the WB method is another
conventional approach used to measure SOC in soils
(Roper et al., 2019). Hence, we therefore used both
methods to thoroughly assess the SOM and SOC
content of soil samples. The sensitivity and accuracy
obtained in the determinations of organic carbon
content and, consequently, soil organic matter, can be
a problem. But so are the differences in the estimates
obtained by various methods, which lead to very
different results and make comparison difficult.

SOM pertains to the organic component of soil
that excludes plant and animal residues that have not
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undergone decomposition. However, most analytical
techniques do not distinguish between residues that
have been degraded and those that have not, as SOM
is a dynamic and heterogeneous substance with a
range in turnover time, carbon concentration, and
particle size (USDA, 2009). That is why the soil
environment and the climatic conditions have a major
role to influence the type of organic matter stored. It
must be understood that stabilized and recalcitrant
organic matter in the soil is the one that has the
greatest contribution to mitigating the negative effects
of climate change because it remains stored in the
soil, retaining carbon that could otherwise be released
into the atmosphere.

In recent years, changes in land use, particularly
agricultural intensification and deforestation, have
significantly contributed to the global warming
process by releasing CO, emissions (Houghton &
Hackler, 1999; Lambin et al., 2001; Ostle et al., 2009;
Schulp et al., 2008). Land use change is considered
the second major cause of CO, emissions subsequent
to fuel consumption (Waston and Verardo, 2000;
IPCC, 2007). According to Bai et al. (2008), the
main human pressures or factors affecting soil
degradation include: (a) agricultural demands, (b)
nutrient extraction, (c) waste disposal, (d) population
growth, (e) intensive cultivation, (f) overgrazing
and (g) excessive irrigation. This degradation
affects soil in several ways and, one of the most
important is the loss of organic carbon from the soil.
Notwithstanding, the position of organic matter in the
soil profile determines its storage possibilities and the
interactions with an aerobic environment close to the
atmosphere (topsoil), or in anaerobic environment at
depth, reducing gases exchange with the atmosphere.
This position in the soil profile has a great influence
on the physical, chemical and biochemical reactions
of the organic matter compounds that lead to and
increase or decrease of SOC storage. The soil carbon
at 0-0.2 m depth, is the main reservoir of soil organic
carbon but it is affected by human activities, mainly
by agriculture, i.e., tillage. The organic matter in
topsoil is labile, with a tendency to decomposition
and transformation. Nevertheless, the top 0.2 m of
soil contains more than half of the carbon within
the first meter of soil profile, and it is the site of
80 percent (%) of the flux (Metay et al., 2017), the
interchange between the atmosphere and the soil.
Deep SOC is frequently overlooked in management

strategies or carbon inventories, particularly in North
Africa (Bounouara et al., 2017). In general, organic
matter located deeper in the soil profile tends to be
more stable, it does not decompose easily, and has
less interaction within the atmosphere.

In the case of Algeria, there are regions considered
vulnerable in terms of soil degradation due to
the organic carbon loss. However, it’s crucial to
acknowledge that there are few published works and
data on these specific regions of Algeria (Boubehziz
et al., 2020) especially in extreme arid zones, similarly
this knowledge gap exists in other arid regions
globally, posing challenges to comprehending the
mechanisms that govern soil organic matter dynamics
at global, regional and local scales. This indicates that
research is required to determine the organic carbon
content and comprehend the mechanisms affecting its
sequestration, deposition on the soil, transformation
and storage in these areas. Studies on SOM quantity,
quality, and dynamics in Algeria are limited, often
confined to a preliminary characterization (Dellal &
Halitim, 1992). However, the first step to understand
SOM dynamic in arid soils is to have a good method
to measure/estimate the organic matter content in the
soil profile. Our study aims to estimate and determine
soil organic carbon stored under different types of
land use in regions subject to an arid climate in a
Saharan part of Algeria (region of Ghardaia), offering
a critical point of view regarding the methodology
used to estimate soil organic matter and soil organic
carbon.

Materials and methods
Study area

Our study, done during the first semester of 2023, was
conducted in the province of Ghardaia, located in cen-
tral Algeria, between latitudes 29°19" N and 32°57' N
and between longitudes 02°03' and 04°54’ East.
29°19" N-32°57' N, 02°03' E-04°54'. The area is pre-
sented (Fig. 1).

Climate
The region’s climate is characterized by a typically

arid Saharan climate, with two seasons: a hot and
dry season (April-September), and a temperate one
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Fig. 1 Geographic location of the study area in the region of Ghardaia, Algeria
(October—March), and a considerable difference maximum temperature of 41.8 °C. Precipitation is
between daily temperatures, with extreme tempera- limited and irregular, with values between 100 and
ture amplitudes between day and night reaching 200 mm/year and episodes of torrential rain, and
15-16 degrees. The coldest month in this region is the evaporation is over 2000 mm per year (ONM,

January, featuring a mean minimum temperature of 2017).
6.2 °C, while the hottest month is July, with a mean
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Soil sampling

All of the soil samples collected in the arid region of
Ghardaia, were classified as Arenosols in the World
Reference Base for Soil Resources (IUSS, 2015).
The samples were collected and located at 43 points
distributed over three types of land use. 15 samples
corresponding with agricultural soils supporting vari-
ous crops, including date palm (Phoenix dactylifera),
pomegranate (Punica granatum), and vegetable crops
such as bottle gourd (Lagenaria siceraria). 13 samples
were collected from forest land, featuring vegetation
such as acacia and tamarisk (Tamaricaceae). Addi-
tionally, in the pastoral lands dedicated to dairy cows,
15 samples were collected from extensive soils domi-
nated by esparto grass, including species like drinn
(Aristida pungens) and cram-cram (Cenchrus biflo-
rus) (Fig. 2).

These samples were collected for triplicate from
a depth of 0-30 cm (top-soil and starting depth

soil), transported to the laboratory, air-dried at room
temperature, crushed and sieved to 2 mm. After the
preparation of soil samples, soil texture was evaluated
in accordance with USDA standards utilizing the
Bouyoucos densimeter method (Bouyoucos, 1962),
pH and EC were measured using United States
Salinity Laboratory method (USSL Staff, 1954), and
the equivalent calcium carbonate content (CaCOj;)
was assessed through the acid digestion method
utilizing a calcimeter (Perry & Adams, 1978). Two
different methods were used to determine soil organic
matter. The methods used to estimate and determine
soil organic matter were: loss on ignition (LOI) and
the Walkley—Black method (WB) because both are
highly recommended and, especially loss-on-ignition,
which is an easy method that can be applied all
over the world, facilitating the determination of soil
organic matter. Replications of soils sampled at each
point as well as the analytical measurements were
done (three replications).

Fig. 2 Sampling arid areas:
agricultural soils (a), forest
(b) and extensive pastoral
soils (¢)

(b)
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Loss on ignition method

LOI is a commonly used technique for direct
estimation of total organic matter (Bojko and Kabata,
2014; Mikutta et al., 2005; Raya-Moreno et al.,
2017). It is usually based on burning the sample at
high temperature (500-550 °C). However, to avoid
gypsum and carbonate decomposition, a moderate
temperature is recommended (Poot et al., 2009). The
difference between the initial mass and the residual
mass is used to estimate the amount of organic matter
presented in the sample. This method has several
advantages over other methods for organic carbon
measurement, not least its simplicity and low cost.
In our case, dry samples were placed overnight (8
h) in a muffle furnace at 375°C and the weight loss
was calculated, without destroying inorganic carbon
due to the moderate temperature used (Salehi et al.,
2011). Organic Matter (OM) is calculated by using
Eq. 1 (Salehi et al., 2011).

((P1 = PO) — (P2 — P0)) x 100

Soil organic matter (%) = P1_P0)

(D
where;
P,: weight of empty crucible;
P,: final weight;
P,: weight of crucible containing ash.

The Walkley—Black method

The Walkley—Black method determines the oxidable
organic carbon with a sulfochromic attack, and after
that, the value can be transformed into soil organic
matter (Walkley & Black, 1934). The titration method
is the procedure for determining soil organic matter
after the acid attack produced by using potassium
dichromate (K,Cr,0-) and concentrated sulfuric acid
(H,SO,). The method used 0.5 g air-dried soil that
was disposed in a 500 mL Erlenmeyer flask, adding
10 mL of K,Cr,O, IN, then, carefully, quickly add
20 mL of H,SO,, leave the flask to stand for 30 min
(the exothermic reaction reaches temperatures around
120 °C). To stop the reaction, 200 mL water is added
to the flask and 10 mL 85% phosphoric acid (H;PO,).
The titration was done by using three to four drops
of o-phenanthroline as indicator and Mohr’s salt 0.5
M [(NH,),Fe(S0,),-6H,0] as titrating solution (FAO,
2019). Organic matter was calculated by using Eq. 2.

@ Springer

Soil Organic Carbon%

_ (V blank — V sample) x MFe2 x 0.003 x 100 X f*mcf
- w @)

where;

V blank =volume of titrant in blank, mL.

Vsample =volume of titrant in sample, mL.

MFe,=(NH,),Fe(SO,),-6H,0 solution, molarity.

0.003 = oxidized carbon (12 g C/molex 1 mol
K,Cr,0,/6 mol FeSO4x3 mol C/2 mol K,Cr,0,x 1
L/1000 mL)

F=correction factor, 1. 3

W =weight of soil, g

mcf =moisture correction factor.

The SOC is usually multiplied by 1.724, “Van
Bemmelen factor” which assumes that soil organic
matter contains 58% of C (Pribyl, 2010; Shamrikova
et al., 2022), to obtain the percentage of oxidizable
organic matter, using Eq. 3 (Shamrikova et al., 2022).

Oxidizable soil organic matter %

= soil organic carbon X 1.724 3)

Statistical analysis

Statistical analysis was carried out by using Excel Stat
©, the descriptive statistics for soil samples includes,
maximum (max), minimum (min), mean, the coef-
ficient of variation (CV) and standard deviation (St.
dev.). The Kolmogorov—Smirnov test was used to test
the normal distribution of the data.

To assess the degree of linear correlation between
the two analytical methodologies to estimate organic
matter (OM) Pearson’s correlation coefficient (R)
was determined. The relationships between WB-OM
and LOI-OM were studied applying simple linear
regression as it is expected a direct relation between
both procedures and the content of soil organic
matter. However, the logarithmic adjustment was
tested, as the disposition of the points suggested
the possibility of a better adjustment by using this
regression.

Results and discussion

The mean values for soil samples taken from the three
types of land use (agriculture, forestry, pastoralism)
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Table 1 Mean value of the physico-chemical characteristics of
soil

Texture pH EC (dS/m) Eq. CaCO; (%)
Agricultural Sandy-silty 8.2 5.2 16.3
soils
Forest land Sandy-silty 8.1 6.1 18.6
Pastoral lands ~ Sandy-silty 7.9 2.1 20.7

Table 2 Mean values and descriptive statistics of soil organic
matter (% d.w.)

Parameter  Agricultural ~ Forest  Pastoral
SOM WB  Mean 0.34 0.33 0.36
Max 0.72 0.61 1.08
Min 0.03 0.04 0.05
St.dev 0.17 0.17 0.26
CV(%) 0.50 0.51 0.72
SOMLOI  Mean 1.86 242 1.54
Max 5.16 4.95 4.11
Min 0.35 1.06 0.33
St.dev 1.47 1.14 0.93
CV(%) 0.79 0.47 0.60

Max maximum Min: minimum, St.dev standard deviation,
CV% coefficient of variation

in the Ghardaia region indicates soil texture are
sandy-silty with pH varied 7.9-8.2, electrical con-
ductivity varied 2.1-6.1 (dS/m) and carbonate varied
16.3-20.7 (%) Table 1.

The descriptive statistics indicates for soil organic
matter in the samples, by using the WB and LOI
methods, are presented in Table 2, and that important
differences were found in the results obtained consid-
ering both methodologies. The main difference was
that SOM values were always over two to three times
higher when using LOI to determine SOM than WB.
This difference is too high to consider it only depend-
ent of an overestimation with LOI or because of the
use of the Van Bemmelen factor for the calculation
of SOM from SOC, in the case of WB. As it is shown
in Table 2, the mean percentage of SOM values,
expressed in dry weight basis (% d.w.), were for the
LOI 1.86, 2.42, 1.54, and for WB 0.34, 0.33 and 0.36,
considering the three types of land use, agricultural,
forest and pastoral soils respectively.

Low percentages of soil organic matter were
obtained from the measurements of SOC by the WB
method. In contrast, higher SOM values than those
were obtained by using the LOI method, irrespective
of soil type or land use. On the one hand, this could
mean that the content of oxidizable organic matter
in the soils of these arid environments is low or very
low comparing with the recalcitrant and/or stabilized
organic compounds resistant to the sulfochromic
attack of the WB method. This result may indicate
a possible underestimation of SOM by WB as a
result of the use of the Van Bemmelen factor for
the calculation of SOM. It is known that recalcitrant
organic matter has more carbon and less C:N ratio
than the labile one (Dungait et al., 2012).

In fact, the environmental conditions have prob-
ably influenced and acted on the soil easily degrada-
ble organic matter and, mainly recalcitrant organic
compounds can resist in the soil. As a consequence,
poor labile organic matter is available to be used by
soil biota and plants as a source of nutrients, result-
ing less fertility in these arid regions (Table 2). In
the other hand, a high overestimation with the LOI
methodology was probably obtained. It is generally
accepted that some overestimation would be possi-
ble when the LOI is used as a method to estimate the
organic content in soils and sediments, but the differ-
ences are too significant in the analysed soils to con-
sider this as the only cause of the difference between
both methods. The studies that have been carried out
by other authors (Abella & Zimmer, 2007; Jensen
et al., 2018; Vahel et al., 2017), considered that the
LOI methodology overstate the organic matter con-
tent in soils, especially in those with a high clay con-
tent. According to El Mouridi et al. (2023), clay soils
have the potential to retain more moisture and have
structural water, which is then released in the form of
water during the heating process of the soils. When
the LOI method is used, which is based on weight dif-
ference, this moisture that remains after drying soils
at room temperature even in desert areas, maybe still
presented in the samples and may cause some over-
estimation of SOM. Regarding other interferences
of LOI, the temperature used in our case was low
to avoid the effect of loss of volatile salts, or metal
oxides, or inorganic carbon. The presence of a low
oxidizable organic matter content opposite to a more

@ Springer
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recalcitrant and stabilized fraction could be an addi-
tional effect determining the differences observed.

The results of our study indicated a significant
variation between the values obtained through the
LOI method and those derived from the WB titration
method. However, the conversion of SOM estimated
by LOI to SOC is not recommended, although the
ratio LOI-SOM/TOC is considered about 2 (Bojko &
Kabala, 2014) and can be used for TOC estimation.
In fact, this value is higher than the factor 1.724 com-
monly used in WB method. Because of the facilities,
LOI may be used in some labs as an easy technique to
measure SOC using a conversion factor (Jensen et al.,
2018), although there is not a commonly accepted
factor to transform soil organic matter into organic
carbon.

Fig. 3 Square Pearson’s 12
correlation coefficient and
relationship between the 1
two organic matter estima-
tion methods (WB-OM:
Walkley—Black method; s 08
LOI-OM: loss on ignition) -
for all the samples and land X
uses land (blue dot line: lin- S 06

. (@)
ear adjustment, dark green &
continues line: logarithmic 2 04
adjustment)

P
ol e ©®
0 1
Fig. 4 Square Pearson’s 0.8
correlation coefficient and
relationship between the 07
two organic matter estima- 06
tion methods (WB-OM.: .
Walkley—Black method; 2 05
LOI-OM: loss on ignition) ;\3
for agricultural land (blue s 04
dot line: linear adjustment, e 9 e
dark green continues line: g 03| L
logarithmic adjustment) 02
0.1
0 ® o
0 1
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Relationship between the two methods

Nevertheless, it would be expected a direct relation
between both methods, considering a proportional-
ity between oxidable organic matter and total organic
matter (Gelman et al., 2012). For this reason, Square
Pearson’s correlation coefficient (R?) was employed
to assess the correlation between the two meth-
ods across all samples and for each type of LULC
(Figs. 3, 4, 5). But the results resulted in low values
of this coefficient, R>=0.23 (Fig. 3). When logarith-
mic correlation was tested, the results for all the sam-
ples led to a better correlation, but the coefficient was
still low (0.29).

It can be observed that most of the soils reveal low
or very low levels of organic matter content; 65% of
the soils had less than 2% of SOM when using LOI
and, 91% of them had less than 0.5% of SOM when

y =0.0802x + 0.1953
R?=0.2299

....... ° o °

y = 0.1614In(x) + 0.2782
° R? = 0.2887
2 3 4 5 6

LOI-OM % d.w.
y = 0.1206In(x) + 0.3054
R? = 0.327
o

........ ° y = 0.0526x + 0.2453
R? = 0.1942
2 3 4 5 6
LOI-OM % d.w.
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Fig. 5 Square Pearson’s 0.7
correlation coefficient and
relationship between the 0.6
two organic matter estima-
tion methods (WB-OM: 05
Walkley—Black method; 3
LOI-OM: loss on ignition) 5 04
for forest land (blue dot X 7
line: linear adjustment, =
dark green continues line: ?ﬂ 03
logarithmic adjustment) =

0.2

[
0.1
[
0
0 1

Fig. 6 Square Pearson’s 12
correlation coefficient and
relationship between the 1
two organic matter estima-
tion methods (WB-OM:
Walkley—Black method; s 08
LOI-OM: loss on ignition) -
for pastoral land land (blue X
dot line: linear adjustment, s 06
dark green continues line: g
logarithmic adjustment) 2 04

0.2

..
0
0 0.5 1

WB method was used. The LOI-WB linear regression
models revealed that for agricultural and forest land,
a low correlation, R?=0.19* and 0.13* respectively,
was found (Figs. 4, 5), while for pastoral land showed
a better correlation (R2=0.65%%%) as it can be seen
in Fig. 6. This would mean that the relation between
both methods depends on land use and soil manage-
ment. The amount of fresh organic matter added to
the soil, as amendment, animal droppings or plant
residues, would determine the evolution and accumu-
lation of organic matter in the soil profile and, those
factors differ for each type of land use. Oxidation-
resistant organic carbon stored in the soil is a rela-
tively stable organic matter (Mikutta & Kaiser, 2011)
and the accumulation of SOM in the soils is favoured

[
° y =0.1777In(x) + 0.1995
R? = 0.2251

y =0.0557x + 0.2044

............... R2=0.1323
.......... °
o
2 3 4 5 6
LOI-OM % d.w.
y = 0.2288x + 0.0124
R? = 0.6512 ®

y = 0.3136In(x) + 0.2803
R? = 0.5201

1.5 2 2.5 3 3.5 4 4.5
LOI-OM % d.w.

by the presence of this recalcitrant fraction of the
organic matter (Navarro-Pedrefio et al., 2021). This
organic matter can resist the oxidant-acid attack done
during the WB method but would be affected by LOI,
during burning period, and can be estimated by this
method, especially considering the prolonged time of
8 h burning used in this research.

As it was presented in the previous charts, the best
correlation was obtained in the case of pastoral land
use considering the linear regression (Fig. 6). How-
ever, when the logarithmic regression was applied
(dark green line in the figures), both agricultural and
forest land uses slightly increase the R? but opposite
of this, it was reduced in the case of pastoral land use.
It is not easy to explain this behaviour, but probably
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Table 3 Mean values and standard deviation of the differences
of soil organic matter (ASOM =LOI-WB)

Agricultural Forest Pastoral
ASOM-mean 1.52 2.09 1.17
value
St.dev 1.40 1.09 0.74

St.dev standard deviation

when the SOM is over a determined value, close
to 0.5% (in dry weight) in the case of WB, a linear
regression is adequate and, an adjustment similar to
that was found by Gelman et al. (2012). If we con-
sider the differences between mean SOM values esti-
mated by LOI and those determined by WB method
(ASOM), these differences were higher in the forest
soils (Table 3). Does this mean that the forest soils of
this area have more stabilized organic matter than the
soils affected by farming and grazing? In some way,
these results could reinforce the idea that forest soils
stored more stabilized organic matter than the other
land uses even in arid environments, as occurs in tem-
perate temperature zones and tropical regions.

The different type of organic matter in the soil
would be associated to the land use, considering that
the soils are under the same environmental conditions
in this case. Modifications in soil management,
vegetation cover and land use are likely to increase
or decrease SOM, and contribute to the accumulation
or not of organic carbon in soils (Jones et al., 2005;
Post & Kwon, 2000; Powlson et al., 2014; Schulze
et al., 2009), where the accumulation was especially
noticed following conservation strategies. However,
many factors influenced the SOM. For instance,
factors such as the physical protection of SOC
against decomposition, which includes the spatial
inaccessibility of organic matter to decomposing
organisms and stabilisation by the interaction with
mineral surfaces, play a crucial role in contributing to
the spatial heterogeneity of SOC stability (Tian et al.,
2016).

In this study, under arid conditions, the analysed
sites subjected to different management practices
and land use showed variations, and the total
organic carbon stored in the soils decreased in the
following order: Forests > Pastoral > Cropland when
SOM is determined by using LOI. However, when
WB methodology was used to determine SOC and
after that, calculated the SOM applying the “Van
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Bemmelen factor”, the values between all of them
are so close and poor differences were observed
(Table 2). Moreover, Forest soils gave the less
mean value with WB methodology. This suggested
the idea of the presence of more stabilized and
recalcitrant organic matter in the forest soils without
less man disturbance as it happen in agricultural
and pastoral soils, where the addition of fresh/non
stabilized organic matter occurs because of the land
management (amendments or animal droppings). The
most recalcitrant organic matter, with a higher carbon
content and therefore more carbonaceous, suffers
less intensely from the acid and chromic oxidative
attacks of the WB method, while it is possible that its
combustion occurs using LOL

In the other hand, high clay content facilitates
the formation of humus-clay complex protecting, in
some way, the organic matter to the acid and chromic
attack of the WB method. The differences between
both methods were very important and probably,
the effect associated to clay minerals and remaining
water content cannot explain these differences in this
arid environment and these sandy soils. These results
reinforce the idea of the need of having a standard
procedure to check the SOM, easy and affordable
for most of the soil researchers and farmers in arid
environments. For instance, paying attention to
the results given by LOI, those are very important
and confirm that agriculture can decrease the SOM
in arid regions comparing with forest soils as in
temperate regions, and this means that it is necessary
to improve the soil management practices to protect
SOM and promote the conservation agriculture to
increase SOC. However, we cannot assume this
taking into consideration the WB results and this can
lead to contradictory results. It is widely assumed
that agriculture in arid Mediterranean environments
facilitates the loss of soil organic matter, unless
measures are taken to conserve and maintain organic
matter levels. This fact is accentuated in the interior
regions close to or included in the Sahara. Although
most of the soils analysed showed low and very
low values of soil organic matter, this is not the
only parameter to be considered for knowing the
good condition of soil regarding good and healthy
soil management practices. Many properties are
affected by the presence of organic matter, like
soil erodibility which is of big concern regarding
soil losses (Othmani et al., 2023). Nevertheless, it
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is necessary to ensure the implementation of soil
conservation practices based on the storage of organic
matter content in the soil profile as a general rule, this
overarching approach can effectively contribute to
minimizing soil losses and mitigating climate change.
It is very criticisable and should be discussed,
because it can vary for different type of soils and
environments. According to Abbas et al. (2020)
findings, which confirm the need for specific
agricultural practices within arid and semi-arid
regions, characterized by high temperatures and low
rainfall conditions, to effectively preserve and restore
soil organic carbon while mitigating soil erosion, in
contrast to the strategies employed in Mediterranean
and tropical regions, the methods to estimate SOC/
SOM should be adapted to these arid regions. The
study of organic matter is essential for understanding
how various activities influence soil carbon
sequestration and contribute to global climate change
(Liu et al., 2019). This understanding is crucial for
effectively addressing global climate targets, and it
is recommended that estimates global, regional and
local carbon budgets should be obtained to quantify
the net global warming potential. To ensure accuracy
and reliability, these models must be calibrated
to local conditions and always rely on direct
measurements from physical soil samples, where
SOC and bulk density have been directly measured.

Conclusions

The work carried out in the Ghardaia region (Algeria)
enabled us to study the amount of organic carbon
presented in the soils (0-30 cm depth) of this arid
region under different types of land use, taking into
account that the arid climate and the sandy soils are
the common factor for all of them. The estimation of
soil organic carbon (SOC) by using mass loss during
ignition (LOI) is an available option for measuring
SOM because of the simplicity of LOI and the
possibilities of its application worldwide more than
other modern techniques, including in developing
countries.

The results demonstrated that the values obtained
by the WB titration method, differed significantly
from those obtained from LOI method. Even
considering the overestimation of LOI, it seems
that SOM could be better determined (recalcitrant/

stabilized and oxidizable matter) by this method.
It should be noted that the results and conclusions
of the study are specific to the Saharian region of
Ghardaia and may be generalizable to other arid
regions in Algeria or elsewhere, considering similar
environmental conditions and soil types. The methods
for determining soil organic matter should be adapted
to the local conditions and in the case of WB, the
conversion factor from oxidizable organic carbon to
SOM would be revised for this type of environments
and soils. Although many soil properties can
affect the presence of organic matter and even the
methodologies to check the SOM, it is of special
interest when using LOI because it is necessary to
control the temperature to avoid influence from soil
inorganic carbon compounds and gypsum. However,
LOI as a routine procedure, gives easy and quick
results to compare soils and, moreover, without
using pollutant chemical agents based on chromium
as it occurs in WB. This is a highly environmental
recommendation to reduce the presence of chromium
species in the environment as chromium is a serious
pollutant (Sharma et al., 2022). In the other hand,
high clay content facilitates the formation of humus-
clay complex protecting, in some way, the organic
matter to the acid and chromic attack of the WB
method.

The differences between both methods were very
important and probably, the frequent overestimation
with LOI cannot explain these differences in this arid
environment and these sandy soils. Also, the recom-
mendations given in the literature were followed in
this work and the temperature used was low enough
to avoid carbonates decomposition but optimum to
burn organic carbon. The conventional dry combus-
tion or wet oxidant-acid attack methods for SOM
determination are the most widely used. Neverthe-
less, these results can serve as a basis for further stud-
ies and contribute to a better understanding of organic
carbon measurements and organic matter stored in
hot and arid regions of the world, where soils usually
have low soil organic matter. A better understanding
of spatial and temporal variations in management
practices is essential for knowing the evolution of
soil carbon stocks on a global scale, including desert
regions where poor data is available, and strengthen-
ing our ability to develop effective adaptation strate-
gies for the mitigation to climate change.

@ Springer



330 Page 12 of 14

Environ Geochem Health (2024) 46:330

Acknowledgements Heartfelt thanks to everyone who has
helped in this work but particularly to Benslama Mohamed,
director of the laboratory Soils and Sustainable Development,
Badji Mokhtar University-Annaba, Algeria.

Author contributions A. Benslama, was responsible of
conceptualizing the study, methodology, formal analysis,
investigation phase, resources and draft manuscript prepa-
ration. F. Benbrahim support the validation of the findings
and supervision of the research. L.R. Gadoum was involved
in the investigation phase. I. Gomez was responsible of
the validation of the findings, resources and supervision.
M.M. Jordan, corresponding author, was responsible of for-
mal analysis and draft manuscript preparation. J. Navarro-
Pedrefio, was responsible of conceptualizing the study,
methodology, formal analysis, resources, manuscript prepa-
ration and supervision. J. Bech was responsible of formal
analysis and draft manuscript preparation. All authors have
reviewed and approved the final version of the manuscript
for publication.

Funding Open Access funding provided thanks to the
CRUE-CSIC agreement with Springer Nature. The authors
declare that they have not received any type of funding for the
production of this paper.

Data and material availability Not applicable.
Declarations

Conflict of interest The authors declare no conflict of inter-
est.

Ethical approval Authors confirm that this manuscript is
original and novel.

Consent to participate Not applicable.

Consent for publication All authors have read and agreed to
published this version of the manuscript.

Open Access This article is licensed under a Creative
Commons Attribution 4.0 International License, which per-
mits use, sharing, adaptation, distribution and reproduction
in any medium or format, as long as you give appropriate
credit to the original author(s) and the source, provide a link
to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in
this article are included in the article’s Creative Commons
licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative
Commons licence and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder.
To view a copy of this licence, visit http://creativecommons.
org/licenses/by/4.0/.

@ Springer

References

Abbas, F., Hammad, H. M., Ishaq, W., Farooque, A. A.,
Bakhat, H. F., Zia, Z., Fahad, S., Farhad, W., & Cerda, A.
(2020). A review of soil carbon dynamics resulting from
agricultural practices. Journal of Environmental Manage-
ment, 268, 110319. https://doi.org/10.1016/j.jenvman.
2020.110319

Abella, S. R., & Zimmer, B. W. (2007). Estimating organic car-
bon from loss-on-ignition in northern Arizona forest soils.
Soil Science Society of America Journal, 71(2), 545-550.
https://doi.org/10.2136/sssaj2006.0136

Abera, W., Tamene, L., Abegaz, A., Hailu, H., Piikki, K.,
Soderstrom, M., & Sommer, R. (2021). Estimating spa-
tially distributed SOC sequestration potentials of sustain-
able land management practices in Ethiopia. Journal of
Environmental Management, 286, 112191. https://doi.org/
10.1016/j.jenvman.2021.112191

Bai, Z. G., Dent, D. L., Olsson, L., & Schaepman, M. E.
(2008). Global assessment of land degradation and
improvement: 1. identification by remote sensing (No.
5). ISRIC-World Soil Information. https://www.isric.org/
sites/default/files/isric_report_2008_01.pdf

Battaglia, M. L., Thomason, W. E., Fike, J. H., Evanylo, G.
K., Stewart, R. D., Gross, C. D., Seleiman, M. F., Babur,
E., Sadeghpour, A., & Harrison, M. T. (2022). Corn and
wheat residue management effects on greenhouse gas
emissions in the mid-Atlantic USA. Land, 11, 846. https://
doi.org/10.3390/1and 11060846

Bogale, A. A., Melash, A. A., & Percze, A. (2023). Symbiotic
and asymmetric causality of the soil tillage system and
biochar application on soil carbon sequestration and crop
production. Soil Systems, 7(2), 48. https://doi.org/10.3390/
soilsystems7020048

Bojko, O., & Kabala, C. (2014). Loss-on-ignition as an esti-
mate of total organic carbon in the mountain soils. Polish
Journal of Soil Science, XL VII(2), T1-79.

Bongiorno, G., Biinemann, E. K., Oguejiofor, C. U., Meier,
J., Gort, G., Comans, R., Mider, P., Brussaard, L., & de
Goede, R. (2019). Sensitivity of labile carbon fractions to
tillage and organic matter management and their potential
as comprehensive soil quality indicators across pedocli-
matic conditions in Europe. Ecological Indicators, 99,
38-50. https://doi.org/10.1016/j.ecolind.2018.12.017

Boubehziz, S., Khanchoul, K., Benslama, M., Benslama, A.,
Marchetti, A., Francaviglia, R., & Piccini, C. (2020).
Predictive mapping of soil organic carbon in Northeast
Algeria. CATENA, 190, 104539. https://doi.org/10.1016/j.
catena.2020.104539

Bounouara, Z., Chevallier, T., Balesdent, J., Toucet, J., Sbih,
M., Bernoux, M., Belaissaoui, N., Bouneb, O., & Bensaid,
R. (2017). Variation in soil carbon stocks with depth along
a toposequence in a sub-humid climate in North Africa
(Skikda, Algeria). Journal of Arid Environments, 141,
25-33. https://doi.org/10.1016/j.jaridenv.2017.02.001

Bouyoucos, G. J. (1962). Hydrometer method improved for
making particle size analyses of soils 1. Agronomy Jour-
nal, 54(5), 464-465.

Cerda, A., Lavee, H., Romero-Diaz, A., Hooke, J., & Montan-
arella, L. (2010). Preface: Soil erosion and degradation


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.jenvman.2020.110319
https://doi.org/10.1016/j.jenvman.2020.110319
https://doi.org/10.2136/sssaj2006.0136
https://doi.org/10.1016/j.jenvman.2021.112191
https://doi.org/10.1016/j.jenvman.2021.112191
https://www.isric.org/sites/default/files/isric_report_2008_01.pdf
https://www.isric.org/sites/default/files/isric_report_2008_01.pdf
https://doi.org/10.3390/land11060846
https://doi.org/10.3390/land11060846
https://doi.org/10.3390/soilsystems7020048
https://doi.org/10.3390/soilsystems7020048
https://doi.org/10.1016/j.ecolind.2018.12.017
https://doi.org/10.1016/j.catena.2020.104539
https://doi.org/10.1016/j.catena.2020.104539
https://doi.org/10.1016/j.jaridenv.2017.02.001

Environ Geochem Health (2024) 46:330

Page 13 of 14 330

in mediterranean type ecosystems. Land Degradation &
Development, 21(2), 71-74. https://doi.org/10.1002/1dr.
968

Dawson, J. J., & Smith, P. (2007). Carbon losses from soil and
its consequences for land-use management. Science of the
Total Environment, 382(2-3), 165-190. https://doi.org/10.
1016/j.scitotenv.2007.03.023

Dellal, A., & Halitim, A. (1992). Activités microbiologiques
en conditions salines : cas de quelques sols salés de la
région de Relizane (Algérie). Cahiers Agricultures, 1(5),
335-340.

Dungait, J. A.J., Hopkins, D. W., Gregory, A. S., & Whitmore,
A. P. (2012). Soil organic matter turnover is governed by
accessibility not recalcitrance. Global Change Biology,
18(6), 1781-1796. https://doi.org/10.1111/j.1365-2486.
2012.02665.x

Eaton, J. M., McGoff, N. M., Byrne, K. A., Leahy, P., & Kiely,
G. (2008). Land cover change and soil organic C stocks in
the Republic of Ireland 1851-2000. Climatic Change, 91,
317-334. https://doi.org/10.1007/s10584-008-9412-2

El Mouridi, Z., Ziri, R., Douaik, A., Bennani, S., Lembaid,
1., Bouharou, L., Brhadda, N., & Moussadek, R. (2023).
Comparison between Walkley-Black and loss on ignition
methods for organic matter estimation in different Moroc-
can soils. Ecological Engineering and Environmental
Technology, 24(4), 253-259.

FAO. (2019). Standard operating procedure for soil organic
carbon. Walkley-Black: Method titration and colorimetric
method. https://www.fao.org/3/ca7471en/ca7471en.pdf

Gelman, F., Binstock, R., & Halicz, L. (2012). Application of
the Walkley-Black titration for the organic carbon quanti-
fication in organic-rich sedimentary rocks. Fuel, 96, 608—
610. https://doi.org/10.1016/j.fuel.2011.10.009

Gualberto, A. V. S., de Souza, H. A., Sagrilo, E., Araujo, A.
S. F., Mendes, L. W., de Medeiros, E. V., & Leite, L. F.
C. (2023). Organic C fractions in topsoil under different
management systems in Northeastern Brazil. Soil Systems,
7(1), 11. https://doi.org/10.3390/soilsystems701001 1

Hoogsteen, M. J., Lantinga, E. A., Bakker, E. J., Groot, J. C.,
& Tittonell, P. A. (2015). Estimating soil organic carbon
through loss on ignition: Effects of ignition conditions and
structural water loss. European Journal of Soil Science,
66(2), 320-328.

Houghton, R. A., & Hackler, J. L. (1999). Emissions of carbon
from forestry and land-use change in tropical Asia. Global
Change Biology, 5(4), 481-492. https://doi.org/10.1046/].
1365-2486.1999.00244.x

IPCC. (2007). Climate Change 2007: Impacts, Adaptation and
Vulnerability. Working Group II contribution to the fourth
assessment report. Cambridge University Press: Cam-
bridge, UK, 2007. https://www.ipcc.ch/site/assets/uploa
ds/2018/03/ard_wg2_full_report.pdf

TUSS Working Group WRB. (2015). World Reference Base for
Soil Resources 2014, update 2015: International soil clas-
sification system for naming soils and creating legends for
soil maps. World Soil Resources Reports No. 106. FAO,
Rome, Italy. https://www.fao.org/3/i3794en/13794en.pdf

Jensen, J. L., Christensen, B. T., Schjgnning, P., Watts, C. W.,
& Munkholm, L. J. (2018). Converting loss-on-ignition
to organic carbon content in arable topsoil: Pitfalls and

proposed procedure. European Journal of Soil Science,
69(4), 604-612. https://doi.org/10.1111/ejss.12558

Jerez, J., Navarro-Pedrefio, J., Gomez, 1., Almendro Candel,
M. B., & Zorpas, A. A. (2018). Decreased organic car-
bon associated with land management in Mediterranean
environments. Soil management and climate change (pp.
1-13). London: Academic Press.

Jones, C., McConnell, C., Coleman, K., Cox, P., Fallon, P., Jen-
kinson, D., & Powlson, D. (2005). Global climate change
and soil carbon stocks: Predictions from two contrasting
models for the turnover of organic carbon in soil. Global
Change Biology, 11(1), 154-166. https://doi.org/10.
1111/§.1365-2486.2004.00885.x

Kooch, Y., Ehsani, S., & Akbarinia, M. (2020). Stratification
of soil organic matter and biota dynamics in natural and
anthropogenic ecosystems. Soil Tillage Research, 200,
104621. https://doi.org/10.1016/j.still.2019.104621

Lal, R. (2004). Soil carbon sequestration to mitigate climate
change. Geoderma, 123, 1-22. https://doi.org/10.1016/j.
geoderma.2004.01.032

Lal, R. (2016). Beyond COP 21: potential and challenges of
the “4 per thousand” initiative. Journal of Soil and Water
Conservation, 71, 20-25.

Lambin, E. F., & Geist, H. J. (2008). Land use and land
cover change: Local processes and global impacts.
Springer Science and Business Media. https://doi.org/10.
1007/3-540-32202-7

Lambin, E. F., Turner, B. L., Geist, H. J., Agbola, S. B.,
Angelsen, A., Bruce, J. W., Coomes, O. T., Dirzo, R., Fis-
cher, G., Folke, C., George, P. S., Homewood, K., Imber-
non, J., Leemans, R., Li, X., Moran, E. F., Mortimore, M.,
Ramakrishnan, P. S., Richards, J. F., ... Xu, J. (2001). The
causes of land-use and land-cover change: Moving beyond
myths. Global Environmental Change, 11, 261-269.
https://doi.org/10.1016/S0959-3780(01)00007-3

Liu, P., Zhou, W., Cui, H., Tan, J., & Cao, S. (2019). Struc-
tural characteristics of humic substances in buried ancient
paddy soils as revealed by 13 C NMR spectroscopy.
Environmental geochemistry and health, 41, 2459-2472.
https://doi.org/10.1007/s10653-019-00297-4

Malik, A. D., Arief, M. C. W., Withaningsih, S., & Parikesit,
P. (2023). Modeling regional aboveground carbon stock
dynamics affected by land use and land cover changes.
Global Journal of Environmental Science and Manage-
ment, 10(1), 1-22.

Masoudi, M., Vahedi, M., & Cerda, A. (2021). Risk assessment
of land degradation (RALDE) model. Land Degradation
& Development, 32(9), 2861-2874. https://doi.org/10.
1002/1dr.3883

Metay, A., Mary, B., Arrouays, D., Labreuche, J., Martin, M.,
Nicolardot, B., & Germon, J. C. (2017). Effets des tech-
niques culturales sans labour sur le stockage de carbone
dans le sol en contexte climatique tempéré. Canadian
Journal of Soil Science, 89, 623-634. https://doi.org/10.
4141/CJSS07108

Mikutta, R., & Kaiser, K. (2011). Organic matter bound to
mineral surfaces: Resistance to chemical and biological
oxidation. Soil Biology & Biochemistry, 43(8), 1738—
1741. https://doi.org/10.1016/j.s0ilbio.2011.05.002

Mikutta, R., Kleber, M., Kaiser, M., & Jahn, K. R. (2005).
Organic matter removal from soils using hydrogen

@ Springer


https://doi.org/10.1002/ldr.968
https://doi.org/10.1002/ldr.968
https://doi.org/10.1016/j.scitotenv.2007.03.023
https://doi.org/10.1016/j.scitotenv.2007.03.023
https://doi.org/10.1111/j.1365-2486.2012.02665.x
https://doi.org/10.1111/j.1365-2486.2012.02665.x
https://doi.org/10.1007/s10584-008-9412-2
https://www.fao.org/3/ca7471en/ca7471en.pdf
https://doi.org/10.1016/j.fuel.2011.10.009
https://doi.org/10.3390/soilsystems7010011
https://doi.org/10.1046/j.1365-2486.1999.00244.x
https://doi.org/10.1046/j.1365-2486.1999.00244.x
https://www.ipcc.ch/site/assets/uploads/2018/03/ar4_wg2_full_report.pdf
https://www.ipcc.ch/site/assets/uploads/2018/03/ar4_wg2_full_report.pdf
https://www.fao.org/3/i3794en/I3794en.pdf
https://doi.org/10.1111/ejss.12558
https://doi.org/10.1111/j.1365-2486.2004.00885.x
https://doi.org/10.1111/j.1365-2486.2004.00885.x
https://doi.org/10.1016/j.still.2019.104621
https://doi.org/10.1016/j.geoderma.2004.01.032
https://doi.org/10.1016/j.geoderma.2004.01.032
https://doi.org/10.1007/3-540-32202-7
https://doi.org/10.1007/3-540-32202-7
https://doi.org/10.1016/S0959-3780(01)00007-3
https://doi.org/10.1007/s10653-019-00297-4
https://doi.org/10.1002/ldr.3883
https://doi.org/10.1002/ldr.3883
https://doi.org/10.4141/CJSS07108
https://doi.org/10.4141/CJSS07108
https://doi.org/10.1016/j.soilbio.2011.05.002

330 Page 14 of 14

Environ Geochem Health (2024) 46:330

peroxide, sodium hypochlorite, and disodium peroxodi-
sulfate. Soil Science Society of America Journal, 69(1),
120-135. https://doi.org/10.2136/sssaj2005.0120

Navarro-Pedrefio, J., Almendro-Candel, M. B., & Zorpas, A.
A. (2021). The increase of organic matter reduces global
warming, myth or reality? Sci, 3(1), 18.

ONM. (2017). Climatic data for the Ghardaia region Algeria.
ONM: Algiers, Algeria. [National Office Meteorology].

Ostle, N. J., Levy, P. B., Evans, C. D., & Smith, P. (2009). UK
land use and soil C sequestration. Land Use Policy, 26,
274-283.  https://doi.org/10.1016/j.1andusepol.2009.07.
009

Othmani, O., Khanchoul, K., Boubehziz, S., Bouguerra, H.,
Benslama, A., & Navarro-Pedrefio, J. (2023). Spatial vari-
ability of soil erodibility at the Rhirane catchment using
geostatistical analysis. Soil Systems, 7(2), 32.

Perry, R. S., & Adams, J. B. (1978). Desert varnish: Evidence
for cyclic deposition of manganese. Nature, 276, 489-491.

Poot, A., Quik, J. T., Veld, H., & Koelmans, A. A. (2009).
Quantification methods of black carbon: Comparison of
rock-eval analysis with traditional methods. Journal of
Chromatography A, 1216(3), 613—622. https://doi.org/10.
1016/j.chroma.2008.12.048

Post, W. M., & Kwon, K. C. (2000). Soil carbon sequestra-
tion and land-use change: Processes and potential. Global
Change Biology, 6(3), 317-327. https://doi.org/10.1046/].
1365-2486.2000.00308.x

Powlson, D. S., Stirling, C. M., Lat, M. J., Gerard, B. G., Palm,
C. A., Sanchez, P. A., & Cassman, K. G. (2014). Limited
potential of no-till agriculture for climate change mitiga-
tion. Nature Climate Change, 4, 678—683. https://doi.org/
10.1038/nclimate2292

Pribyl, D. W. (2010). A critical review of the conventional SOC
to SOM conversion factor. Geoderma, 156(3-4), 75-83.
https://doi.org/10.1016/j.geoderma.2010.02.003

Raya-Moreno, 1., Caiiizares, R., Domene, X., Carabassa, V., &
Alcaiiiz, J. M. (2017). Comparing current chemical meth-
ods to assess biochar organic carbon in a Mediterranean
agricultural soil amended with two different biochars. Sci-
ence of the Total Environment, 598, 604—-618. https://doi.
org/10.1016/j.scitotenv.2017.04.198

Roper, W. R., Robarge, W. P, Osmond, D. L., & Heitman, J.
L. (2019). Comparing four methods of measuring soil
organic matter in North Carolina soils. Soil Science Soci-
ety of America Journal, 83(2), 466—474.

Salehi, M. H., Hashemi Beni, O., Beigi Harchegani, H., Esfan-
diarpour Borujeni, 1., & Motaghian, H. R. (2011). Refin-
ing soil organic matter determination by loss-on-ignition.
Pedosphere, 21(4), 473-482. https://doi.org/10.1016/
S1002-0160(11)60149-5

Schulp, C. J. E., Nabuurs, G. J., & Verburg, P. H. (2008).
Future carbon sequestration in Europe—effects of land
use change. Agriculture, Ecosystems & Environment, 127,
251-264. https://doi.org/10.1016/j.agee.2008.04.013

Schulze, K., Borken, W., Muhr, J., & Matzner, E. (2009).
Stock, turnover time and accumulation of organic matter
in bulk and density fractions of a Podzol soil. European
Journal of Soil Science, 60(4), 567-577. https://doi.org/
10.1111/5.1365-2389.2009.01134.x

Serra, P., Pons, X., & Sauri, D. (2008). Land-cover and land-
use change in a Mediterranean landscape: A spatial

@ Springer

analysis of driving forces integrating biophysical and
human factors. Applied Geography, 28(3), 189-209.
https://doi.org/10.1016/j.apgeog.2008.03.007

Shamrikova, E. V., Kondratenok, B. M., Tumanova, E. A., Van-
chikova, E. V., Lapteva, E. M., Zonova, T. V., & Suvan-
nang, N. (2022). Transferability between soil organic
matter measurement methods for database harmonization.
Geoderma, 412, 115547. https://doi.org/10.1016/j.geode
rma.2021.115547

Sharma, P., Singh, S. P., Parakh, S. K., & Tong, Y. W. (2022).
Health hazards of hexavalent chromium (Cr (V1)) and its
microbial reduction. Bioengineered, 13(3), 4923-4938.
https://doi.org/10.1080/21655979.2022.2037273

Steffen, W., Grinevald, J., Crutzen, P., & McNeill, J. (2011).
The anthropocene: Conceptual and historical perspec-
tives. Philosophical Transactions of the Royal Society a:
Mathematical, Physical and Engineering Sciences, 369,
842-867. https://doi.org/10.1098/rsta.2010.0327

Thomaz, E. L., & Kurasz, J. P. (2023). Long-term soil carbon
stock in no-till system affected by a rolling landscape in
Southern Brazil. Soil Systems, 7(2), 60. https://doi.org/10.
3390/s0ilsystems7020060

Tian, Q., He, H., Cheng, W., Bai, Z., Wang, Y., & Zhang, X.
(2016). Factors controlling soil organic carbon stability
along a temperate forest altitudinal gradient. Scientific
Reports, 6, 18783. https://doi.org/10.1038/srep18783

U.S. Salinity Laboratory Staff. (1954). Diagnosis and Improve-
ment of Saline and Alkali Soils; Handbook No. 60; United
States Department of Agriculture: Washington, DC, USA,
p-160.

USDA. (2009). Soil quality indicators: Total organic carbon.
Natural Resources Conservation Service, 2. https://www.
nrcs.usda.gov/sites/default/files/2022-10/total_organic_
carbon.pdf

Vahel, I. H. B., Farhad, A. H., & Bakhtiyar, H. M. (2017).
Comparison between Walkley—Black and loss-on-ignition
methods for organic carbon estimation in soils from differ-
ent locations. Kufa Journal of Agricultural Sciences, 9(2),
292-306.

Walkley, A., & Black, I. A. (1934). An examination of the
Degtjareff method for determining soil organic matter,
and a proposed modification of the chromic acid titration
method. Soil Science, 37(1), 29-38.

Watson, R.T., & Verardo, D.J. (2000). Land use, land-use
change, and forestry (a Special report of the IPCC).
https://archive.ipcc.ch/pdf/special-reports/spm/srl-en.pdf

Zhang, W., Wan, Q., Zhu, G., & Xu, Y. (2023). Distribution of
soil organic carbon and carbon sequestration potential of
different geomorphic units in Shiyang river basin, China.
Environmental Geochemistry and Health, 45(6), 4071—
4086. https://doi.org/10.1007/s10653-022-01472-w

Publisher’s Note Springer Nature remains neutral with regard
to jurisdictional claims in published maps and institutional
affiliations.


https://doi.org/10.2136/sssaj2005.0120
https://doi.org/10.1016/j.landusepol.2009.07.009
https://doi.org/10.1016/j.landusepol.2009.07.009
https://doi.org/10.1016/j.chroma.2008.12.048
https://doi.org/10.1016/j.chroma.2008.12.048
https://doi.org/10.1046/j.1365-2486.2000.00308.x
https://doi.org/10.1046/j.1365-2486.2000.00308.x
https://doi.org/10.1038/nclimate2292
https://doi.org/10.1038/nclimate2292
https://doi.org/10.1016/j.geoderma.2010.02.003
https://doi.org/10.1016/j.scitotenv.2017.04.198
https://doi.org/10.1016/j.scitotenv.2017.04.198
https://doi.org/10.1016/S1002-0160(11)60149-5
https://doi.org/10.1016/S1002-0160(11)60149-5
https://doi.org/10.1016/j.agee.2008.04.013
https://doi.org/10.1111/j.1365-2389.2009.01134.x
https://doi.org/10.1111/j.1365-2389.2009.01134.x
https://doi.org/10.1016/j.apgeog.2008.03.007
https://doi.org/10.1016/j.geoderma.2021.115547
https://doi.org/10.1016/j.geoderma.2021.115547
https://doi.org/10.1080/21655979.2022.2037273
https://doi.org/10.1098/rsta.2010.0327
https://doi.org/10.3390/soilsystems7020060
https://doi.org/10.3390/soilsystems7020060
https://doi.org/10.1038/srep18783
https://www.nrcs.usda.gov/sites/default/files/2022-10/total_organic_carbon.pdf
https://www.nrcs.usda.gov/sites/default/files/2022-10/total_organic_carbon.pdf
https://www.nrcs.usda.gov/sites/default/files/2022-10/total_organic_carbon.pdf
https://archive.ipcc.ch/pdf/special-reports/spm/srl-en.pdf
https://doi.org/10.1007/s10653-022-01472-w

	Soil carbon storage under different types of arid land use in Algeria
	Abstract 
	Introduction
	Materials and methods
	Study area
	Climate
	Soil sampling
	Loss on ignition method
	The Walkley–Black method
	Statistical analysis

	Results and discussion
	Relationship between the two methods

	Conclusions
	Acknowledgements 
	References




