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Abstract

Soil organic carbon content was important for soil properties, and processes include the
accumulation of carbon affected by climate change. SOC was commonly measured by dry
combustion with automated analyzers or a wet chemical oxidation method such as Walkley &
Black method. The dry combustion technique was accurate and uncomplicated, but the cost
was high. On the other hand, the Walkley & Black method was less expensive than dry
combustion but needed a correction factor because of its underestimation of SOC content.
However, correction factors had variability across study areas depend on soil type,
management practices, and environmental parameters. This study aims to i) measure SOC
stocks and investigate the associations between Walkley & Black and dry combustion methods
i1) determine the relationship between SOC derived by both Walkley & Black and the dry
combustion method and environmental factors such as pH, electrical conductivity (EC),
nitrogen (N), and available phosphorus (P) in the agricultural soil of Saraburi. To compared
different methods, we used 30 soil samples from the cropland area in Saraburi Province. The
techniques used to measure SOC were the Walkley & Black and dry combustion method. The
results showed meantSD concentration values were 1.55+0.51% for the Walkley & Black
method and 2.03+£1.08% for the dry combustion technique. The percentage recovery (R) of
SOC by the Walkley & Black method to the dry combustion technique varied between 44.4%
to 114.6%. The correction factor (100/R) ranged between 0.87 and 2.25. In addition, there was
a strong linear relationship for SOC content between the Walkley & Black method and dry
combustion technique (r* = 0.675, p < 0.001). The SOC exerted a significantly positive
effective effect on the pH and EC value, but negative relationship on available P content (p <
0.01). The multiple regression equations were presented to predict SOC analyzed by Walkley
& Black method and dry combustion technique from pH, EC, and available P values in
agricultural Saraburi soils. The results of this study indicated that the choice of assessment
methodology is a critical decision for the suitable quantification of SOC content. This work
has established equations between SOC content and pH, EC, and available P values in
agricultural Saraburi soil for the SOC estimation.

Keywords: Soil Organic Carbon, Walkley & Black, Dry combustion, Correction factor,
Recovery rate, Environmental factors
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CHAPTER 1
INTRODUCTION

1.1 Background and Significance

Of the soil carbon pool, soil organic carbon (SOC) stock constitutes the largest pool of
terrestrial organic carbon. Over 60% of the soil carbon pool is SOC and 40% is soil inorganic
carbon. SOC is usually sensitive to environmental conditions, which can be relatively resistant
to environmental condition (Qin, 2013). SOC content and quality are key drivers of soil
physical, chemical, and biological properties and processes (Fageria, 2012) as well as in
predicting feedback of the terrestrial carbon cycle to climate change (Kirschbaum, 2000).
Moreover, SOC also plays an important role in ecosystem services (Lal, 2011) and in
agronomic yields (Tiessen et al., 1994). Agricultural soils attract great attention as a potential
sink for atmospheric carbon dioxide (COz) by sequestrating SOC (Smith et al., 2000; Pan et
al., 2003). The loss of SOC has adverse effects on soil structure and soil fertility, contributing
to warming the globe by further adding the atmospheric CO2 concentration (Lal, 1999; Liitzow
and Kdogel-Knabner, 2009). Agro-ecosystem is a highly sensitive part of the global carbon
cycle, providing a large potential for carbon sequestration and presenting a feasible option for
mitigating atmospheric CO2 (Sun et al., 2010).

Numerous methods have been developed to analyze SOC. The method of Walkley &
Black (1934) is most frequently used because it is simple and relatively quick (Gillman et al.,
1986). The major limitation is that the recalcitrant fraction of organic carbon is not determined,
resulting in an underestimation of the total SOC content and consequently a correction factor
is needed. The most frequently used correction factor is 1.33. More recently the dry combustion
method has been adopted. This method is based on thermal oxidation of the sample at a
temperature of ~1,200 °C and determining the CO; produced by gas chromatography or
infrared analysis (LECO, 1996). The method is considered the most accurate method to
determine total carbon. However, several studies have shown different correction factors
depend on soil type, land use, management practices and soil depth. In the majority of the
studies, correction factors were obtained from linear regressions (using a regression coefficient
without intercept) between the SOC content obtained by the Walkley & Black and the dry
combustion method. The correction number derived by two techniques in the agricultural soils
within Thailand is still limited. This research gap may be due to high cost of laboratory analysis,
limitation of samples, and time consumption. SOC variation is related to the combined action
of physical, chemical and biological processes as well as anthropogenic land use patterns
(Goovaerts, 1998). Saraburi is one of the major provinces of cropland which is a major land
use. Rice paddy and corn are main crops in Saraburi. Considering the large landscape, paddy
soils play an important role in mitigation of atmospheric CO>. Changes in the size of cropland
soil carbon pool could significantly impact carbon budget in a macroscale. However, the
sequestration of SOC response to different types of crops is limited because of large variations
in crop productivity, crop residue properties and the addition of organic amendments (Chen,
2016). Enrichment of soil with organic carbon is more important in tropical and subtropical
regions where soil is inherently low in organic carbon content and production system is fragile
(Sharma et al. 2005).

Cropland SOC is correlated with both environmental factors and management
practices. Spatial variability of soil chemical properties such as pH, electrical conductivity
(EC), SOC, available phosphorus (P) and nitrogen (N) have been studied by different
researchers in different soils under different management systems across the world (Li et al.,
2011). Soil pH is an important property of soils determining the availability and toxicity of
nutrients. It contributes to improve soil properties and helps in enhancing exchangeable cations



in soil thereby reducing the adverse effect of soil acidity (Karltun et al., 2013). In addition, N
and P are the most important nutrients for productivity; thus, chemical N and P fertilizers are
commonly applied in the fields to achieve a high yield. In some areas, the application of N in
excess of crop requirements has induced soil acidification of cropland. The soil environmental
quality has been seriously damaged due to significant decrease in pH. Although studies have
been conducted on N fertilization under different cropping systems, their impact on SOC and
N is not clearly understood (Biederbeck et al., 1996; Jantalia and Halvorson, 2011).

The goal of this study is aimed to provide a correction factor obtained by correlating
SOC quantification from the Walkley & Black method to the dry combustion method. In the
similar ecological condition where some resources for SOC analysis may act as constraints,
this correlation number is anticipated to easily be applied. Furthermore, to have a better
understanding of which environmental factors influence on the SOC content, this research
emphasizes the association between SOC content with environmental covariates i.e., pH, EC,
N, and P. According to the results, we could plan to increase SOC content and promote carbon
sink in Saraburi agricultural areas.

1.2 Objectives
1. To measure SOC stocks and investigate the associations between Walkley & Black and
dry combustion methods.
2. To determine the relationship between SOC (derived by Walkley & Black and the dry
combustion method) and environmental factors (i.e., pH, EC, N and P).

1.3 Outcome of research

1. Recommendation analysis method for SOC stock measurement for specific soil group.

2. This research can be used as a guide for identifying the areas of deficiency of SOC, N,
and P content and their management through efficient fertilizer recommendations to
make the crop more productive.



CHAPTER 2
LITERATURE REVIEWS

2.1 Soil organic carbon

SOC refers only to the carbon component of organic compounds. SOC is extremely
important in all soil processes. Organic material in the soil is essentially derived from residual
plant and animal material, synthesized by microbes and decomposed under the influence of
temperature, moisture and ambient soil conditions. Higher SOC promotes soil structure or tilth
meaning there is greater physical stability. This improves soil aeration (oxygen in the soil) and
water drainage and retention and reduces the risk of erosion and nutrient leaching. SOC is also
important to chemical composition and biological productivity, including fertility and nutrient
holding capacity of a field. As carbon stores in the soil increase, carbon is sequestered and the
risk of loss of other nutrients through erosion and leaching is reduced. An increase in SOC
typically results in a more stable carbon cycle and enhanced overall agricultural productivity,
while physical disturbances of soil can lead to a net loss of carbon into the surrounding
environmental due to formation of CO, (Corning et al., 2016). Sequestering carbon in SOC is
seen as one way to mitigate climate change by reducing atmospheric CO». The argument is that
small increases over very large areas in agricultural and pastoral lands will significantly reduce
atmospheric CO;. Although the overall impact of climate change on SOC stocks is very
variable according to the region and soil type, rising temperatures and increased frequency of
extreme events are likely to lead to increased SOC losses (Johns, 2017).

2.2 Soil properties

Soil consists of the mass of solid particles produced by the physical and chemical
disintegration of bedrock found in various thickness mantling the ground surface (Johnson and
DeGraft 1988; USBR 1998). It may or may not contain some proportion of organic material.
For engineering geologic purposes, the soil should be considered as a mass consisting of the
solid particles and the intervening spaces between particles containing either air or water. This
perspective is important because the qualities needed to use soil or some fraction therefore as
a building material, to support structures, or to excavate into it are controlled by the
mineralogical and physical character of the solid particles in combination with the presence
and proportion of air and water in the void spaces (Graff, 2017).

2.2.1 Soil pH

Soil pH or soil reaction is an indication of the acidity or alkalinity of soil and is
measured in pH units. Soil pH is defined as the negative logarithm of the hydrogen ion
concentration. The pH scale goes from 0 to 14 with pH 7 as the neutral point. As the amount
of hydrogen ions in the soil increases the soil pH decreased thus becoming more acidic. From
pH 7 to 0 the soil is increasingly more acidic and from pH 7 to 14 the soil is increasingly more
alkaline or basic (Bickelhaupt, 1989). Soils tend to become acidic as a result of; 1) rainwater
leaching away basic ions (calcium, magnesium, potassium and sodium); 2) CO: from
decomposing organic matter and root respiration dissolving in soil water to form a weak
organic acid; 3) formation of strong organic and inorganic acids, such as nitric and sulphuric
acids (H2SO4), from decaying organic matter and oxidation of ammonium and sulfur fertilizers.
Strongly acid soils are usually the result of the action of these strong organic and inorganic
acids. The desirable pH range for optimum plant growth varies among crops. While some crops
grow best in the 6.0 to 7.0 range, others grow well under slightly acidic conditions. Soil
properties that influence the need for and response to lime vary by region. A knowledge of the
soil and the crop is important in managing soil pH for best crop performance (SUNY, 2020).



2.2.2 Soil electrical conductivity

Soil EC is a measure of the number of salts in soil (salinity of soil). It is excellent
indicator of nutrient availability and loss, soil texture, and available water capacity. It affects
crop yields, the suitability of the soil for certain crops, the amount of water and nutrients
available for plant use, and the activity of soil micro-organisms, which influences key soil
processes such as the emission of greenhouse gases, including nitrogen oxides (NOy), methane,
and CO». Excessive salts hinder plant growth by affecting the soil and water balance. Soils
containing excessive salts occur naturally in arid and semiarid climates. Salt levels can increase
as a result of cropping, irrigation, and land management. Although EC does not provide a direct
measurement of specific ions or salt compounds, it has been correlated to concentrations of
NOs', potassium, sodium, chloride, sulfate, and ammonia. For certain non-saline soils,
determining EC can be easy, economical way to estimate the amount of N available for plant
use. Soil EC can also be an effective way to determine the texture of the surface layer because

smaller clay particles conduct more electrical current than larger silt and sand particles (USDA,
2014).

2.3 Soil nitrogen

N is the most abundant element in the atmosphere and is usually the most limiting crop
nutrient. N cycles through soil in various processes and forms. Some processes are necessary
to convert N into forms which plants can use. Some processes can lead to N losses such as
leaching or volatilization. N is added to soil naturally from N fixation by soil bacteria and
legumes and through atmospheric deposition in rainfall. Additional N is typically supplied to
the crop by fertilizers, manure, or other organic materials. Soil NO3™-N is an excellent indicator
of N-cycling in soils, whether carryover N was used by the previous crop and whether
additional N is needed (USDA, 2014).

In agricultural and natural ecosystems, nitrogen occurs in many forms covering a range
of valence states from -3 (in ammonium ion (NHs")) to +5 (in NO3"). The changes form one
valence state to another depends primarily on environmental conditions and is mainly
biologically mediated. N is readily distributed by hydrologic and atmospheric transport
processes. The transformations and flows from one to another constitute the basis of the soil N
cycle. (Hofman and Cleemput, 2004) The principal forms of N in soil are NH4", NOs", and
organic N-compounds. At any time, the inorganic N in the soil is only a small fraction of the
total soil N. Most of the N in a surface soil is present as organic N. It consists of proteins (20
to 40 percent), amino sugars, and complex unidentified compounds formed by reaction of NH4*
with lignin, polymerization of quinones with N compounds and condensation of sugars and
amines. These different N fractions are susceptible to various transformation processes.

Inherent factors such as soil drainage, soil texture, and slope steepness impact N-
transport and N-transformation processes that limit availability to crops or lead to losses.
Inherent factors such as rainfall and temperature; and site conditions such as moisture, soil
aeration (oxygen levels), and salt content (electrical conductivity) affect rate of N
mineralization from organic matter decomposition, N cycling, and N losses through leaching,
runoff, or denitrification. Organic matter decomposes releasing N more quickly in warm humid
climates and slower in cool dry climates. This N release is also quicker in well aerated soils
and much slower on wet saturated soils.

Total N is measured by combusting the sample in an oxygen atmosphere, then
measuring the nitrogen dioxide (NO.) produced. This gives the total elemental N present in the
sample in both organic and inorganic forms. Combustion analysis requires specialized and
expensive laboratory instrumentation. Total N can be analyzed using persulphate/UV or
persulphate oxidative digestion followed by analysis of the NO3;-N formed. These methods are



not suitable for samples with high organic loading or for some industrial organic N compounds.
Total N may be calculated (approximately) by adding Total Kjeldahl Nitrogen (TKN) and
NOxN (Hill laboratories, 2016). TKN is defined by the test method used which determines
nitrogen in the trivalent state. The method does not determine N present in azide, azine, azo,
cyanide, hydrazone, nitroso, oxime, or semicarbazone forms, nor as NO3z™ or NO>", and also
does not recover N from some industrial chemicals. TKN can be considered to comprise NHs-
N, protein N and non-protein N e.g., urea, DNA, benzalkonium salts. In addition to,
investigation of the research showed that the amounts of NO3™ and NOx>" in the soils were too
small to affect the results of Kjeldahl analysis and that pretreatment of the soils with water had
no effect on their analysis by the Kjeldahl method (Bremner, 1959).

2.4 Soil phosphorus

P is often the most limiting nutrient for crop and forage production. The primary role
of P in the plant is to store and transfer energy produced by photosynthesis for use in growth
and reproductive processes. P in soils occurs almost exclusively in form of orthophosphate
with total P concentrations usually in range of 500-800 mg/kg dry soil. Quite a substantial
amount of this P is associated with organic matter and in mineral soils the proportion of organic
P lies between 20 and 80% of the total P. Organic P solubility in the soil is low. There is
equilibrium between solid phase P in soil and the P in the solution. Plants can only take up P
dissolved in the soil solution, and since most of soil P exists in stable chemical compounds,
only a small amount of P is available to the plant at any given time. When plant roots remove
P from the soil solution, some of the P adsorbed to the solid phase is released into the soil
solution in order to maintain equilibrium. The types of P compounds that exist in the soil are
mostly determined by soil pH and by the type and amount of minerals in soil. The optimal pH
range for maximum P availability is 6.0-7.0. In many soil decompositions of organic material
and crop residue contributes to available P in the soil (SMART, 2020).

Inherent soil properties and climate affect crop growth and how crops respond to
applied P fertilizer and regulate processes that limit P availability. Climate and site conditions,
such as rainfall, temperature, moisture, soil aeration (oxygen levels) and salinity (salt
content/EC) affect the rate of P mineralization from organic matter decomposition. Organic
matter decomposed releasing P more quickly in warm humid climates and slower in cool dry
climates. P is released faster when soil is well aerates (higher oxygen levels) and much slower
on saturated wet soils (USDA, 2014).

2.5 Walkley & Black method

The indirect methods are a particular element is present in the organic matter in the soil
to such a constant degree that the percentage of organic matter can be obtained from the amount
of this element by use conversion factor. This method can give the organic matter content from
the carbon content of the sample only if the carbon content of the organic matter is known.
Much effort has been devoted to the determination of the carbon factor. The most usual value
is 1.724, which is based on 58 percent of carbon content of humus (Sprengel, 1826). Estimates
of total organic carbon are used to assess the amount of organic matter in soils. The method
measures the amount of carbon in plant and animal remains, including soil humus but no
charcoal or coal. Levels are commonly highest in surface soils but wide variations from almost
zero to above 15% carbon are possible. Presence of chlorine will produce a positive
interference in saline soils (>0.5% Cl). The bias resulting from the presence of Chlorine can be
corrected if required.

The determination of SOC is based on the Walkley & Black method. Oxidizable matter
in the soil is oxidized by 1 N Potassium dichromate (K>Cr2O7) solution. The reaction is assisted
by the heat generated when two volumes of H2SO4 are mixed with one volume of dichromate.



The remaining dichromate is titrated with ferrous sulphate. The titrate is inversely related to
the amount of carbon present in the soil sample (Department of Sustainable Natural Resource,
2008).

2.6 Dry combustion method

For analysis of total organic carbon by dry combustion, an automatic chemical analyzer,
is used. Advantages of using an autoanalyzer are increased accuracy and ability. An
autoanalyzer can be used to quantify carbon, N and sulfur. Disadvantages of using an
autoanalyzer are equipment initial cost, operating and maintenance costs and the lower number
of labs using an autoanalyzer worldwide.

This method is based on the Dumas dry combustion principle (Dumas, 1831). The
sample is burned at high temperature (between 900 and 1000°C or 1400 and 1600°C) in an
atmosphere of pure oxygen. Under these conditions, all carbon-containing compounds are
completely decomposed and converted into CO». The autoanalyzer measures and reports the
total organic carbon value based on the concentration of CO; present using various procedures
(Bertsch et al., 2019). The end product of the combustion is CO; which is quantitated by
titrimetric, gravimetric, manometric, spectrophotometric, or gas chromatographic techniques
(for example, a carbon gas detector and thermal differences between gas columns). Dry
chemistry techniques are typically cited as total carbon techniques but, there are not in the
absence or removal of inorganic carbonates, these techniques can be used to quantify total
organic carbon (Schumacher, 2002).

2.7 Review of related literatures

Rodriguez Martin et al. (2015) reported assessment of the SOC stock in Spain. The
researchers informed SOC stocks assessments at a national level are essential in the climate
change mitigation role. Their study provides the first assessment of the SOC stored in entire
Spanish surface soils obtained from one sampling protocol within a regular sampling
framework in a short edaphic time. The objectives of this study were to quantify current SOC,
and SOC stock in Spain separated by three different land uses including agriculture,
forestlands, and grasslands, and to generate resolution estimates of surface soil SOC stocks. In
this study, they measured SOC, soil bulk density, and stoniness to estimate SOC stock. Organic
carbon was analyzed by oxidizing carbon with acidic dichromate (Walkley, 1935). This
procedure has been the “reference” method followed to make comparisons with other methods
in numerous studied (Schumacher, 2002), and is widely used as it is simple and rapid with
minimal equipment requirements (Nelson and Sommers, 1982). The results showed that half
the Spanish areas obtained a SOC value below 1%. The lowest SOC levels were associated
with agricultural soils. However, no statistically significant differences were found between
forestlands and grasslands. The mean SOC stock in the Spanish topsoil layer was 56.57 Mg C
hal. The total organic carbon stock stored in topsoil was 2.819 Pg C. There was inherently
wide spatial variability in stocks in Spain. SOC stock tended to be higher in north-westerly
areas of the Spanish peninsula, while the lowest contents were located in the south because
climate conditions. In addition, certain changes in agricultural practices that adopt conservation
tillage with cover crops can increase carbon sequestration in soils and may be converting some
unproductive croplands into other land uses (forestlands and grasslands), which can multiply
the SOC content in Spain.

Wang et al. (2010) described SOC changes under different fertilization schemes across
China’s croplands. The researchers search data from online database, China’s Academic
Magazine and Weipu Science and Technology Literature, for publications on long-term
fertilization experiments. They classified six categories of fertilization schemes, including N
(inorganic nitrogen fertilization only), NP (compound inorganic nitrogen and phosphorus



fertilizers), NPK (compound inorganic nitrogen, phosphorus and potassium fertilizers), O
(organic fertilizers only), OF (combined inorganic/organic fertilization) and Others (other
unbalanced fertilizations such as P only, K only, P plus K and N plus K). They compared the
relative change in SOC content between rice paddies and dry croplands soils. As the result,
there was an overall temporal increase in topsoil SOC content, and relative annual change
(RAC, g kg! y!) ranged -0.14 to 0.60 (0.13 on average) for dry cropland soils and -0.12 to
0.70 (0.19 on average) for rice paddies. SOC content increase was higher in rice paddies than
in dry croplands. SOC content was higher under organic fertilization and combined
organic/inorganic fertilizations than chemical fertilizations. Moreover, there was a much higher
SOC increase under balanced fertilization compared with unbalanced fertilizations. The higher
increase in SOC under rational fertilization can be sustained in dry croplands soils for <20
years, but >20 years in rice paddies soils, although RAC values decreased generally when the
experiment duration increased. These findings suggest that fertilization, as a critical factor in
agro-management practices, may affect SOC sequestration. Therefore, the extension of rational
fertilization in China’s croplands may offer a strategy to enhance carbon sequestration potential
and to sustain long-term crop productivity.

Meersmans et al. (2009) reported determining SOC for agricultural soils by a
comparison between the Walkley & Black and the dry combustion methods in north Belgium.
SOC change over time are important because of CO> fluxes between soil and atmosphere and
cropland decrease in SOC. Generally, the analytical methods underestimate total SOC content,
correction factors are needed to avoid methodological bias when comparing SOC data from
sampling campaigns using different analytical procedures. The traditional method for SOC
analysis used to be, and in most cases is wet oxidation in K2Cr207, known as the Walkley &
Black method. The aim of this study is to quantify the recovery of the organic carbon content
obtained by the Walkley & Black method in order to determine land use and soil type specific
correction factors. Two different variants of the Walkley & Black method were applied to
agricultural soils in north Belgium: the classic Walkley and Black (1934) method as well as a
modified version as used by the Belgian Soil Service. The sample organic carbon content was
determined using three different methods, including 1) the classic dichromate oxidation method
of Walkley & Black (1934), 2) a modified dichromate oxidation method, the Belgian Soil
Service adds in a modified version external heat to the oxidation reaction based on the French
standard X31-109 until the boiling point is reached (Baize, 2000) and 3) the dry combustion
method by an elemental analyzer (Carlo Erba NA 1500 Milan, Italy). The results showed a
mean recovery rate of 0.70 = 0.14 for the classic Walkley & Black method was estimated and
0.84 + 0.14 for the modified Walkley & Black method. Regression between SOC content
obtained by the Walkley & Black method and the dry combustion method show that the
intercept is not significant (P<0.05). This study suggests the use of a factor of 1.47 for the
correction of SOC values obtained by the classic Walkley & Black method for north Belgian
agricultural soils. For the modified Walkley & Black method, an overall correction factor of
1.2 was determined. Most samples with high carbon values (>4-5%) are characterized by low
recovery rates compared with samples with lower carbon content. There were considerable
differences in recovery between the two texture classes for both the classic and modifies
Walkley & Black method. Significantly higher correction factors were estimated for sand than
for soil loam grassland soils and correction factors increase with soil wetness. Comparison of
their results with others suggests that no general factor can be used to correct for incomplete
recovery which is inherent in the Walkley & Black method, but where possible a soil type and
land use specific factor should be applied.

Aula et al. (2016) described effect of fertilizer nitrogen on SOC, total N, and soil pH in
long-term continuous winter wheat. Soil samples (0-15 cm) were analyzed and compared to
soil test results from 1993 to 2014 to determine the effect of long-term N application on SOC,



total N, and soil pH and to evaluate differences in SOC, total N, and soil pH over time in
continuous winter wheat. The researchers used three long-term continuous winter wheat
fertility experiments: Experiment 222 (E222), Experiment 502 (E502) and the Magruder Plots
in this study. They found soil pH decreased with increasing N fertilization. N application
significantly increased total N experiment 502, located in Lahoma and classified as Grant Silt
Loam, from 1993 to 2014. Total N tended to be high at high N rates. SOC followed a linear
pattern where an increase in rates of N fertilization. Rates that exceeded 67 kg N ha! resulted
in increased sequestration of atmospheric CO. Fertilizer N significantly increased SOC with
time from 1993 to 2014, especially when N rates exceeded 90 kg ha™! where it increased by
1.37 g kg! relative to the unfertilized check point in E222. In E502, SOC was consistently
higher at an application rate of 112 kg N ha'! over the 22-year period (1993 to 2013) considered
in this study. Manure played an important role in improving SOC, which is important soil
property and improve soil health. In conclusion, long-term application of fertilizer N was cause
acidification of surface soils. Manure played an important role in improving SOC, which is an
important soil property because manure application raises soil pH and retain grain yields at
acceptable levels. Accumulation of SOC and total N in the surface soil was significantly when
at least 90 kg N ha! was annually applied. This may improve the physical, chemical, and
biological properties of the surface soil.



CHAPTER 3
MATERIALS AND METHODS

3.1 Sampling site

Saraburi is one of the central provinces of Thailand. Saraburi has tropical savanna climate.
The climate is arid with little rain in winter, relative high temperature in summer, and rain from
May to October. Saraburi is an agricultural area in which rice is dominant cropping. The main
bodies in Saraburi are those soils developed on the lower terraces of the Pasak River, one of
the tributaries of the Chao Phraya River, which enters the Central Plain from the eastern
highlands (Fukui and Takahashi, 1969). According to the soil series reports of the Land
Development Department in Thailand (2010), there are 24 soil groups in Saraburi province.
This study focused on the agricultural areas. Of 24, five soil groups were included in the
sampling locations namely soil group 1, 4, 16, 28, and 62. Soil group 1 comprised poorly
drained, fine-textured, high fertility status, and neutral to moderately alkaline. Soil group 4
consisted of poorly drained, fine-textured (silty clay loam to silty clay), moderately fertility,
and neutral to slightly alkaline. Soil group 16 contained poorly drained, medium-textured (silt
loam to silty clay loam), low fertility, and strong to very strong acid. Soil group 28 was well-
drained, moderately fertility, and neutral to moderately alkaline. Soil group 62 included steep
lands and vary soil qualities. A total of 30 distributed samples were taken from the top 0-15 cm
of agricultural soils in Saraburi. The locations within Saraburi province in Thailand are
indicated in Figure 1.
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Figure 1. Map of the study area showing samphng sites of agrlcultural soil in Saraburi
province (n=30) Satellite source: Google maps (November 15, 2020).
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3.2 Soil sampling

A to total 30 sites was sampled at the same depths (0-15 cm) in the August 2020 rainy
season. Each site represents soil Tambon. We mixed 3 sub-samples within the triangle 2 x 2 x
2 m plots to represent one soil sample. Each soil sample was placed in a ziplock bag until it
was transported to the laboratory. We recorded the latitude, longitude for sampling point using
a handheld Global Position System (GPS).

3.3 Sample preparation

Soil samples were air-dried at room temperature for at least a week. The soil aggregates
were sieved using 2-mm and 0.5-mm sieves. After removing the visible organic materials,
stoned and fine roots by hand, the samples were divided into two parts (0.5-2 mm and <0.5
mm). After that, we stored the samples in a ziplock bag.

3.4 Analysis of total organic carbon

Organic carbon analysis was first determined SOC in each soil sample by the standard
Walkley-Black method (Walkley, 1947). First, transfer 1 g air dried soil (0.5 mm) into a 250
ml conical flask then add 10 ml 1 N KoCr;07 and 20 ml concentrated HoSO4. To avoid
underestimation due to incomplete oxidation specific to the Walkley & Black method. Next,
swirl the content of the flask 2 or 3 times and allow the flask to stand for 30 minutes for the
reaction to complete. After that, add 50 ml distilled water to the flask to dilute the suspension
and stand for a cool down. Then, add 5 drops of O-phenanthroline. A green color will appear.
Afterwards, Titrate it with 0.5 N Ferrous ammonium sulphate will the color changes from green
to red brown. Note the volume of the ferrous ammonium sulphate used in titration and carry
out a blank titration (without soil) in the same way.
10 X (B—S) X 100 X 3 X 100 X N (1)

B X 77 X 1000 X W

Or %OM = %O0C X 1.724 2)

Where B is volume of ferrous ammonium sulphate used titration with blank, S is volume of
ferrous ammonium sulphate used titration with samples, W is weight of soil used and N is
concentration of KoCr20O7 (IN).

We further determined SOC by dry combustion with the aj-Analyzer multi N/c 3100
total analyzer. Dry combustion total analyzer method is completely oxidizing the organic
molecules in soil samples to CO2, measuring the resultant CO2 concentration, and expressing
this response as carbon concentration. First, all the samples were pre-treated with HCI before
putting the samples into the oven for 2 hours in order to remove inorganic carbon. After that,
weigh 250 mg of soil samples in a boat then put the samples into aj-Analyzer multi N/C 3100
for 1,199 °C to analyze total organic carbon which appears as %TOC.

The percentage of recovery (R) of SOC content was determined for the Walkley &
Black method and was calculated as follows:

R (%) = (SOCws(%)/SOCpc(%))x 100 3)

Where R is percent recovery, SOCws is SOC content determined by the Walkley & Black
method and SOCpc is SOC content determined by the dry combustion method.

The correction factors (CF) between the Walkley & Black determination when
compared to the dry combustion methods was obtained by the following equation:

CF = 100/R(%) 4)

% Organic carbon, OC =
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3.5 Analysis of pH and EC

Soil pH was determined in suspensions with a 1:1 ratio of air-dried soil to water in the
laboratory. Take 20 g soil in 100 ml beaker and add 20 ml of distilled water into it. The
suspension was stirred at a regular interval for 30 minutes. Determined the pH value by pH
meter with temperature compensation (United States Environmental Protection Agency).

EC was measured with 1:5 of soil/water ratio. Take 4 g of soil in a 100 ml beaker, add
20 ml of distilled water and shake intermittently for 30 minutes. Determine the conductivity of
the supernatant liquid by an electrical conductivity meter. Measure the electrical conductivity
of the 0.01M KCl at the same temperature as the soil suspensions. Record the value indicated
on the conductivity meter with temperature compensation (Visconti and De Paz, 2016).

In case the conductivity meter did not have temperature compensation, we used the
temperature of the sample. The EC measurement needed to be expressed at a standard
temperature of 25°C. This is because the EC of all materials depends on temperature.
Specifically, the EC of soils increases as temperature increases. Thus, unless the temperature
of all soils is adjusted to 25°C by equilibration in thermostatic baths, all measurements must
be corrected to 25°C. This is done by measurement of the temperature of the under test, and
subsequent application of an adequate equation to convert from EC at T to EC at 25°C, carry
out the follow calculations based on the EC evolution of KCl 0.01 M solutions with
temperature.

ECt

EC»s = 1+0.0191(T-25) )

3.6 Analysis of Nitrogen

Total N is estimated by the Kjeldahl method as per procedure suggested by AOAC
(1995). The Kjeldahl method are more frequently used because of its performance and
simplicity, utilization of ordinary equipment, and low-cost analyses (Pereira et al., 2006). The
Kjeldahl method consists of three steps are digestion, distillation and titration.

First step is digestion. Weigh 1 g of soil samples and transfer it to the digestion tube.
Add 7 g of catalyst mixture (K2SO4:CuSO4:5H>0:Se with 100:10:1 ratio) and 20 ml of
concentrated HoSO4 to the sample. Load the digestion tubes into the digester and heat the
digestion block then switch on the digestion unit and set initial temperature 100°C till frothing
is over. After that, block temperature us raised to 400°C. The effective digestion starts only at
360°C and beyond 410°C. The sample turns light green color or colorless at the end of the
digestion process.

Second step is distillation. After cooling the digestion tube, load the tube in distillation
unit and other side of hose keep 60 ml of distilled water in the tubes. 80 ml NaOH (32%) is
automatically added by distillation unit program. The digested sample is heated by passing
steam at a steady rate and the liberated ammonia absorbed in 65 ml of 2% boric acid containing
mixed indicator solution kept in the tubes. With the absorption of ammonia, the pinkish color
turn to green. Nearly 60 ml of distillate is collected in about 8 minutes. Simultaneously, blank
sample is to be run.

Third step is titration. The green color distillate is titrating with 0.1 N HoSO4 and the
color changes to original shade (pinkish color). Note the blank & sample titer reading (ml) and
calculate the total nitrogen content present in soil samples.

(S-B) x Normality of acid X Atomic weight of N x 100
Sample weight (g) x 1000 (6)

x1.4 (7)

% TKN content in soil =

(S-B)xNormality of acid

Or % TKN content in soil = ,
Sample weight (g)
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Where S is volume of H>SO4 used titration with samples and B is volume of H>SO4 used
titration with blank.

3.7 Analysis of Phosphorus

A colorimetric measurement was performed to determine the amount of P in agricultural
soils. We added 5 g of soil sample in 150 ml conical flask and 200 mg of Darco G-60 activated
charcoal. Added 20 ml of extracting solution (0.5N NaHCO3) and shook the solution for 10
minutes in an orbital shaker. A similar process was run for a blank without soil. We filtered the
suspension through the Whatman no. 42 paper in 50ml volumetric flask before adding distilled
water till mark. We pipetted 5 ml aliquot of extract in a 50ml volumetric flask and added 10ml
ammonium molybdate solution contains H2SOa. The volumetric flask was then shaken to mix
the solution. We added 4 ml of mixed reagent consist of antimony-ascorbic acid and then
adjusted volume with distilled water. The intensity of blue color was read on spectrophotometer
at 840 nm wavelengths after 10 minutes. A standard curve was done to compare the P content
in soil.

3.8 Statistical analysis

Descriptive statistics were used to describe the characteristics of soil properties. Linear
regression was performed to identify relationship of SOC content between Walkley & Black
and dry combustion method. Spearman’s correlation and linear regression would be used to
determine the relationship between the correction factors derived from the calculation and the
environmental factors including pH, EC, N and available P. The analyses were analyzed by R
for R 4.0.2 GUI 1.72 Catalina build (7847) © R foundation for Statistical Computing, 2020 for
Mac OS.

3.9 Conceptual framework

Soil samples

SOC content Environmental Factors
[
Relationships [ ———1
1
1
-------------------------------- -] pH EC N P
[}
Walkley & Dry combustion |\ _______
Black method method \
1
_________________________________ 1
Relationships

Correction factors




CHAPTER 1V
RESULTS AND DISCUSSION

4.1 Descriptive parameters for Saraburi soils

4.1.1 Soil group

Soil group 4 represented the major soil group (n=15) in this study area. It contained
high amount of SOC and EC, and low pH value. The soil group 16 (n=7) was higher in N and
P concentration when compared to the other soil groups. The soil group 28 hold the lowest
amount of N and available P content. The soil group 62 and 16 were weakly acidic soils. The
mean SOC, EC, N, and available P values and range of pH were presented in Table 1.

4.1.2 Soil pH

The pH of the soil in agricultural areas ranged between 4.9 and 7.8, indicating
moderately acidic to slightly alkaline soils. Soil pH value of soil group 16 and 62 was slightly
acidic more than other soil groups. Soil group 16 and 62, located at west of Saraburi province,
were surrounded by residential area and cultivation land use. The reasons for low soil pH in
this region included replacement of the layer of accumulated litter by a large humus layer,
containing humic and fulvic acids, lowering the soil pH (Cleveland et al., 2006). Moreover,
acid conditions occur in soil having parent material high in elements such as silica, high levels
of sand with low buffering capacities, and in regions with high amounts of precipitation. An
increase in precipitation enhanced leaching of base cations and lowest the soil pH (McCauley,
2009). In contrast, the researcher found most agricultural soils have basic conditions with
average pH values ranging from 7 to 8 (Jacobsen, 2003; Belden, 1994). For those cases, it is
primarily due to the presence of base cations associated with carbonates and bicarbonates found
naturally in soils and irrigation waters (Yang et al., 2006).

4.1.3 Electrical Conductivity

The EC analyzed at 25°C in all samples ranged between 0.028 and 0.408 dS/m with a
meantSD of 0.092+0.076 dS/m (Table 1). The EC of a solution is related to the total cations
or anions in the solution. EC has generally been associated with determining soil salinity;
however, EC also can serve as a measure of soluble nutrients. Thus, within a specific range,
the EC would indicate better nutrient availability for plants, with the low value indicating
nutrient-poor soil that is structurally unstable and disperses readily and the high-value salinity
problems. Our results indicated that the EC values were insufficient for plant growth. The
samples had low EC value attribute to generally flat and very well-drained, little surface runoff
occurs on this field. The salt tolerance of crops varies considerably and ranges from soil ECy:
of 0.6 to 2.0 dS/m for salt-sensitive species and 1.7 to 5.1 dS/m for salt tolerant species (Smith
and Doran, 1996). The soils with high EC attribute to greater slope, higher precipitation, and
finer textured soil (Kitchen, 2003).

4.1.4 Soil organic carbon

SOC levels at the surface 0-15 cm depth varied between 0.68 and 2.68% for the Walkley
& Black method, between 0.69 and 5.27% for the dry combustion method. The mean+SD SOC
concentration values were 1.55+0.51% and 2.03£1.08% for the Walkley & Black and dry
combustion methods, respectively (Table 1). For every sample, the SOC values measured by
dry combustion technique were higher than determined by the Walkley & Black method. This
difference was most likely due to the incomplete oxidation of organic matter by the wet-
combustion method. Rodriguez Martin et al. (2015) reported the SOC concentration across
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Spain ranged from 0.006 to 18.40%. The mean SOC concentration values were 1.70%, which
have generally lower SOC concentration levels than critical levels for a temperate area
(Loveland and Webb, 2003) had suggested that 1% is a threshold value. The SOC average in
forestlands (3.70%) and grasslands (3.27%) was more than in croplands (1.05%). Our results
indicated that had higher SOC stocks in agricultural soils were attributed to different
cultivation, management practices, and climate zone.

The organic C pool capacity of the world soils has been variously estimated for
principal each area. Despite the value of SOC is not measured solely by its global warming
potential. Unlike more inert forms of carbon such as coal, soil organic matter (of which about
40% is SOC) performs numerous functions that promote plant productivity, agricultural
efficiency, and environmental quality. The value of this service should be considered and added
to the value of atmospheric carbon abatement when evaluating programs to encourage
sequestration. Important soil organic matter mediated processes include mineralization and
nutrient supply, enhancement of water relations and water supply, reductions in energy
required for tillage, enhanced soil tilth, pH buffering and, disease suppression (Wander and
Nissen, 2003).

4.1.5 Nitrogen

TKN values have the lowest value of TKN obtained was 0.004% and the highest
0.121%. Mean TKN content in all soil samples at Saraburi province was 0.038+0.037% (Table
1). The result indicated the amount of N in Saraburi soil samples was lower than the
requirement, which was 3.55% for rice fields (Chai Tai, 2020). N deficiency often results from
chemical solubility in water, made it easily to be washed out of soil. Most of N lost by soil
erosion is in organic forms and does not represent a loss of readily available N. It is a large loss
of potentially available N, however, that eventually is deposited in streams and oceans with
little opportunity to be recycled into agricultural systems (Legg and Meisinger, 1982). There
are various transformation processes involved in N losses. Most of the native N that is
potentially available to plants is associated with organic matter. Organic N can transform into
inorganic N through the mineralization process. Moreover, there are denitrification processes
that reduce NOj" or nitrites NO2” commonly by bacteria in soil that usually results in the escape
of N into the air. Consequently, these reasons provide a low level in the amount of N
accumulation in the soil. There were many studies interested in the amount of N. Marsh total
N content in North Carolina soil ranged from 0% to 1.63%, which separated in ten marsh
including North Carolina Phosphate (0.01 and 1.63%), Oregon inlet (0.10 and 0.18%), Pine
Knoll Shores (0.02 and 0.03%), Snow’s cut (0.08 and 0.37%), and Texasgulf (0.07 and 1.32%)
(Craft et al., 1991). Difference of N content in soil due to microbial activity led to N
mineralization process and soil organic matter runoff by topography (Rumpel and Kogel-
Knabner, 2011; Doetterl et al., 2016).

4.1.6 Phosphorus

The available P values varied from 0.004 to 0.100 mg/kg. The mean content of available
soil P in all samples was 0.030£0.022 mg/kg (Table 1). The result showed relatively low
available P in the soil samples. Soil P was quickly removed from the dissolved (plant-available)
form by sorption, precipitation, and microbial immobilization (Roberts and Johnston, 2015) or
was lost through surface runoff (in particulate and dissolved forms), subsurface flow (leaching
and throughflow via the soil matrix and macropores), drain flow and groundwater which may
accelerate the eutrophication of P sensitive waters (Heathwaite and Dils, 2000; Hively et al.,
2006; Holman et al., 2008; Sims et al., 1998). Furthermore, soil available P is affected by
agricultural management practices, such as crop rotation (Karasawa and Takebe, 2012),
fertilization, and tillage (Cade-Menun et al., 2010; Messiga et al., 2012). This result suggests
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that the large proportion of soil P occluded with Al and Fe oxides may be an important factor
in the low P availability and P limitation on the growth of plants and microbes in this study
area (Hou et al. 2012; Liu et al. 2012). Due to P is a major limiting nutrient for crop growth in
many agroecosystems. Therefore, soil P needs to be replenished to satisfy plant demand.
Organic matter applied to soil as an amendment is also reported to increase the availability of

existing soil P (Zhu et al., 2017).

Table 1 Mean and SD of SOC, EC, N, and available P and range of pH on agricultural soil

sample each soil group.

Soil n SOCws SOCpc pH Electrical Nitrogen (%) Available P
group (%) (%) Conductivity (mg/kg)
(dS/m)

1 4 2094043 3.35+1.35 6.0-7.4 0.187+0.163  0.043+0.047 0.01740.013
4 15 1.62+0.44 1.8140.58 5.3-7.6 0.096+0.046 0.035+0.035  0.022+0.012
16 7  1.01£0.31 1.10£0.33 4.9-6.5 0.043£0.013  0.053+0.044  0.058+0.021
28 3 1.86£0.21 3.65+0.81 6.7-7.8 0.080+0.023  0.012+0.006  0.010+0.006
62 1 1.189 1.56 5.5 0.030 0.049 0.052

All 30 1.55+0.51 2.03£1.08 4.9-7.8 0.09240.076  0.0384+0.037  0.030+0.022

4.2 Relationship between Walkley & Black carbon (SOCws) and the dry combustion
carbon (SOCpc)

4.2.1 Overall recovery rate and correction factors

The percentage of C recovery by Walkley & Black for the C content measured by the
dry combustion method ranged from 44.4% to 114.6%. The average recovery was least for the
soil group 28 (51.9%), and the greatest recovery was found for the soil group 16 (93.1%)
(Table 2). Samples with >2% C tend to have lower recovery values for the Walkley & Black
method than samples with <2% C. The correction factor (100/R) varied between 0.87 and 2.25
of all samples (n=30). The correction factors were 1.96 for soil group 28, 1.58 for soil group 1,
1.31 for soil group 62, 1.12 for soil group 4, and 1.09 for soil group 16 (Table 2). Walkley &
Black (1934) suggested 1.33 of correction factor without using external heating for whole soil.
The soil group 28 and 1 were highly the correction factor than a reference value (1.33) and
attributed the difference to the more stable organic compounds in the former fraction. The
differences in correction factors between soil samples indicate the need for the inclusion of
specific environmental factors to correct the Walkley & Black method for incomplete
oxidation. La Manna et al. (2007) verified the effects of vegetation type on soil organic carbon
contents, and Lettens et al. (2007) noted that recovery factor can be influenced by land use, soil
texture, and depth. As the SOC content increased, the size of the active and slow pool also
increases, which affects the recovery efficiency of Walkley & Black. Maybe, for this reason,
Konen et al. (2002) suggested the inexistence of a universal factor applied to different soils,
and De Vos et al. (2007) recommended a specific recovery factor for each laboratory and soil
type to standardize the results of soil C organic estimation.

In most of the samples, SOC content determined through Walkley & Black method was
lower than that obtained through dry combustion, possibly because of incomplete oxidation of
the total organic carbon in the Walkley & Black procedure (McGeehan & Naylor, 1988; Nelson
& Sommers, 1996). Lettens (2007) explains this result by the presence of phenolic and lignin
compounds under graminaceous perennial pastures (such as corn, paddy, and cane) that resist
oxidation at the temperatures obtained with H>SOs in the Walkley & Black analytical



16

procedure. Baker (1936) describes that Walkley & Black recovery of starches, hemicelluloses,
and cellulose (easily decomposable non-lignin fractions) is almost 100% and therefore the
lignin and lignin-like materials must account for the average SOC recovery of 76%. The
recovery means of all soils for the Walkley & Black method without heating was higher than
some reported values. Considering the average percent recovery obtained for all samples
(n=30), the efficiency of these measurements was high, 83.4% for all soils (Table 2). These
results indicate SOC in Saraburi soil samples high efficiency can be oxidized. Hence, a more
appropriate conversion factor for all soil samples would be 1.26. The correction factor of 1.33
over-estimates the organic carbon contents of these soils by recovery determination. On the
other hand, from the soil group 28 and 1 were percentages of recovery, which were 52 and
66%, respectively, lower than the reference value (76%). As the SOC recovery was less than
the assumed recovery with the Walkley & Black method, the conversion factor of 1.33 would
underestimate the SOC contents of the soil group 1 and 28. It can be explained by the
characteristically high heterogeneity of the soil, which contains a wide range of carbonaceous
compounds whose relative amounts can vary considerably according to their geographic origin
(Jiménez & Garcia, 1991). Mor¢ et al. (1987) presented that the oxidation degree depends on
the chemical nature of the organic compounds, especially the number of aromatic molecules,
nitrogen-heterocyclic groups, and polymerization degree. In addition, chloride, ferrous iron,
and higher oxides of manganese, which possible constituents of the soil samples can interfere
with the dichromate-based Walkley & Black method. In some cases, there was SOC content
obtained by Walkley & Black method higher than the dry combustion technique. The higher
SOC values by the Walkley & Black method can be attributed to oxidation of inorganic
elements in the soil matrix, such as chloride, ferrous, and manganese compounds (Walkley,
1947), which can consume K>Cr207 leading to higher apparent SOC values (Vitti, 2015). The
former two can lead to high levels of organic carbon and latterly can result in low values
(Nelson and Sommers, 1996). The soils were thoroughly air-dried before analysis, thus
reducing the possibility of the presence of ferrous iron, and there was no significant effect of
silver sulfate on the level of organic carbon determined (Kamara et al., 2007).

Table 2. Means and SD of SOC levels, recovery rate, and correction factor in Saraburi soils
each soil group determination by Walkley & Black (WB) and dry combustion (DC) methods

Soil group n SOCws (%)  SOCpc (%) R (%) CF

1 4 2.09+0.43 3.35+1.35 65.8310.13  1.58+0.38
4 15 1.62+0.44 1.81+0.58 90.3540.10  1.12+0.11
16 7 1.0140.31 1.10£0.33 93.0940.12  1.09+0.16
28 3 1.86+0.21 3.65+0.81 51.87£0.08  1.96+0.30
62 1 1.19 1.56 76.22 131

All 30 1.5540.51 2.03+1.08 83.40+0.17  1.26+0.34

Recovery rate, R = (SOCws / SOCpc) x 100
Correction factor, CF =100/R

4.2.2 Relationship between Walkley & Black and the dry combustion method

There was a linear relationship between SOC derived by Walkley & Black and the dry
combustion method with r? (coefficient of determination) values of 0.675. The analysis for
linear showed that Walkley & Black method was linearly positive related to the dry combustion
method (p < 0.001). The regression relationships between SOC values determined by the
Walkley & Black method and dry combustion techniques (Figure 2) also demonstrated that the
Walkley & Black method tends to underestimate SOC, particularly SOC content was lower
than 2%. The model was effective when SOC content was lower than 2%, whereas SOC content
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was higher than 2% this model had begun to vary. The model could be improved by selecting
SOC content was <2% and removing SOC content was >2% to increase the suitability model.
By taking of the linear regression in Figure 2, a correction equation is thus proposed to be
applied to the SOC content results of Walkley & Black. The relationship between SOC contents
of the dry combustion method and Walkley & Black method described by a regression
equation:

SOCpc = 1.7464SOCwg-0.6748 (8)

In this relationship, the intercept was negative and significantly different from zero (p
< 0.1). Although, Kamara, Rhodes, and Sawyer (2007) reported a very high coefficient of
determination between Walkley & Black C and dry combustion carbon and observed a
significant positive intercept. In addition, the intercepts are significantly different from zero (p
=0.0737) for all samples, which means that more accuracy can be obtained using a single factor
but considering also the intercept. Some studies forced the intercept to zero to find a single
factor, but this was avoided in this study (Fernandes et al., 2015). The significant intercept
agreed with certain published results (Grewal, Buchan, and Sherlock, 1991; Wang, Smethurst,
and Herbert 1996; Konen et al., 2002) and disagreed with others (Spain et al., 1982; Lowther
et al., 1990). It indicated that the removal of structural water, the loss of H2O from hydroxyl
groups in sesquioxides, and the destruction of element carbon may be affecting the SOC
content derived by the dry combustion method (Jha et al., 2014).

The using of dry combustion analysis for SOC appears more accurate, however, it is
only valid in soils with no carbonates (Mikhailova, 2003). The results have reliable for SOC
when the error caused by free lime was obtained (Sippola, 1982). This technique has been
recognized as a standard procedure to measure the SOC content in acidic soils (Navarro et al.,
1993). Moreover, the dry combustion method gives reproducible results, and the operation of
the instrument is fast. However, expensive equipment provides problems for many laboratories
(Chacon et al., 2002). On the other side, Walkley & Black presented drawbacks such as a long
analytical procedure as well as the use of potentially harmful chemicals (H2SO4 and K>Cr207)
for the operator and the environment. Even if these disadvantages, there are utilizing this
method throughout in laboratories. Nevertheless, the measurement of SOC content should be
had a standard recovery reference for each method to calculation accurate total SOC
concentration in the soil. Most studies compare the dichromate oxidation method (Walkley &
Black) with the dry combustion method. In this study, the linear regression analysis indicated
that Walkley & Black performed quite well in the agricultural soils at Saraburi province.
Therefore, in the absence of dry combustion equipment, the Walkley & Black procedure would
be adequate for SOC determination in these soils.
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Figure 2 Relationship between SOC concentration obtained by the Walkley & Black method
and a dry combustion method in all soil samples (n = 30) at Saraburi province.

4.3 Relationships of SOC derived by Walkley & Black and the dry combustion method
versus environmental factors

4.3.1 Correlation of SOC and soil properties

The Spearman’s correlation indicated that the results were significant, positive
associations between the SOC derived by Walkley & Black method and available EC (p <
0.001), pH values (p < 0.05), while that was negatively correlated with available phosphorus
(p <0.001). Compared to SOC concentration derived by dry combustion method, that had a
significant positive correlation with pH (p < 0.001) and EC (p < 0.05) and negative correlation
with available P (p < 0.001). On the other hand, SOC derived by both Walkley & Black and
dry combustion methods were not significantly related to the amount of TKN in this study.

The soil pH was similarly correlated with SOC derived by both Walkley & Black and
dry combustion methods (Table 3). Soil pH gradient caused considerable changes in the
concentrations of SOC (r = 0.53 in Walkley & Black method and 0.58 in dry combustion
method). In this case, the apparent SOC concentrations were maximal at the 6 to 7 pH range.
There was another research suggest both differ and agree with the result from this study. For
example, Purnomo et al. (2000) reported a positive correlation between soil pH and SOC (r =
0.59) in surface Australian Spodosols. In contrast, Weigand et al. (1995) did not found a
correlation between SOC and soil pH (r = 0.12, p > 0.05) when they analyzed these properties
in 32 different surface soils derived from different parent materials under different climatic
conditions in Bavaria, Germany. SOC concentrations in these soils were between 0.55% and
1.90%. Most of the previous studies involved soils from different locations then some of them
originated from the different parent material. Consequently, when using soils with different
origins, other factors, such as clay content, mineral composition, and climate conditions could
affect the results (Aciego Pietri and Brookes, 2008).

The EC was highly correlated with SOC derived by Walkley & Black (r = 0.61) and
the dry combustion method (r = 0.57) showed in Table 3. The EC variability across the site
was somewhat related to historical erosion, with higher EC found in areas of exposed subsoils
with higher clay content. Terra et al. (2004) reported EC values were relatively low compared
with other studies because of the sandy nature of these soil surfaces, low organic carbon and
soil water content, and low ionic strength of the soil solution. Since EC variability was related



19

to soil-terrain characteristics that largely control soil properties (Mueller et al., 2003). Results
for correlation between SOC and EC are similar in the study; some studies have found positive
correlation (Kitchen et al. 2003; Damian et al. 2011), while others have found negative
correlation (Johnson et al, 2001; Terra et al., 2004). Due to EC has been shown to have
significant temporal variability, primarily as the result of changes in soil profile moisture
amount and distribution (Sudduth et al., 2001). Therefore, comparing EC across various sites,
whether the sites are similar or dissimilar in soil type, may be misleading. A few contrasts of
the other soil parameters are notable.

We found a significantly negative correlation between available P content and SOC
concentration in both Walkley & Black and dry combustion methods (r = -0.79 and -0.77,
respectively, Table 3). Schlesingher et al. (1998) and Huang et al. (2012) reported the
continuous accumulation of soil organic C could essentially lead to binding of the P pool, thus
reducing soil P availability and leading to P limitation on plant growth. Moreover, the work of
Thenard and Schutzenber (1861) showed that union may happen between various forms of
artificial humus and phosphates under certain conditions and indicated that a combination may
occur in the soil between organic carbon and inorganic P. In contrast, this result seems
inconsistent with the study by Shah et al. (2019) found a significantly positive correlation
between SOC and available P (r = 0.095, p < 0.05). Wang et al. (2006) found that SOC
concentration positively related to the concentrations of soil soluble organic P fractions,
whereas it was negatively related to the concentrations of soil soluble inorganic P fractions in
depressional and riparian fresh wetlands in North-east China. Different studies have reported
that soil containing high organic carbon content showed less P sorption and retention capacities
for P (Guppy et al., 2005), which indicates the high P availability for uptake. However, Hou et
al. (2012) revealed the increase in SOC content can enhance soil P sorption capacity. The
relationships between organic carbon and phosphate ion in soil solution could also be partly
explained through microbial processes, which occurred before soil sampling. Immobilization
of phosphate ions in micro-organisms and mineralization of organic P due to microbial and
enzymatic activities could affect the concentration of phosphate ions in the soil solution (Oehl
et al. 2001; Achat et al. 2010), and microbial and enzymatic activities are generally correlated
to organic C (Biinemann, 2015). This process leads to increasing organic C in soil when soil
reactivity to phosphate ions was decreased. Enzyme activities play a vital role in the
biochemical reactions of C, N and P cycling (Acosta-Martinez et al. 2007; Bohme et al. 2005;
Fliebach, 2007). Nayak et al. (2007) suggested that phosphatase activities increased by
increasing soil organic matter. The phosphatase enzyme was hydrolyse organic P compounds
to inorganic polyphosphates which occur in soils, which is essential for P cycling for soil
deficient in P (Kumar et al., 2011). In another study, Ohm et al. (2017) also found positive
relationship between soil carbon and phosphatase activities. Therefore, studying phosphatase
activities could be helpful to understand the lability of P.

The results showed the percentage of N content appears to be independent of SOC
obtained by both Walkley & Black and dry combustion method in this study. Contrast analysis
showed that the amount of N was weak negatively related to the SOC concentration derived by
Walkley & Black method with r of 0.096, while hardly related to the SOC concentration
derived by the dry combustion method with r of 0.002 (Table 3). Therefore, this study did not
consider N content in multiple regression model. Pagnoul (1900) found no fixed relation
between the C and N of the soil, but the C, N, and humus varied in the same direction although
irregularly. Moreover, Fulmer (1896) determine the results have the three classes of different
variation between carbon and N contents provided good evidence that no one given relation
would hold for all soils. Nevertheless, Miiller (1861) thought he detected a tendency for the
nitrogen to vary inversely as the carbon. Berthelot and André (1893) revealed the organic
matter of the soil as of great importance since it prevented the loss of nitrogen thru drainage
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because the nitrogen was held in insoluble combination in the organic matter. Since the
nitrogen was always found to be associated with carbon it was regarded as being of organic
origin and as being derived in part from the organic matter present in the clay (Hall and Miller,
1908). In addition, slight differences in SOC and N concentrations among assessment methods
could translate into large differences in SOC and N content when expressed on a mass per area
basis. Therefore, it is important to investigate the impact that assessment methods have on SOC
and N to determine whether the choice of soil carbon, N, or C and N assessment method affects
interpretations regarding the decomposition of soil organic matter (Brye and Slaton, 2003).

Table 3 Spearman’s correlation coefficient (r) between SOC and environment factors in
agricultural soil at Saraburi province

Methods analyzed pH EC N P

SOC content

Walkley & Black 0.5305895**  0.6133005*** -0.09588432 -0.7877642%***
Dry combustion 0.5835373*** (0.5669951**  0.002002225 -0.7730812%***

*** Highly, highly significant correlation (p < 0.001)
** Highly significant correlation (p < 0.01)

4.3.2 Multivariate relationship of SOC versus environmental factors

Multiple linear regression (MLR) was conducted to identify the impact of
environmental factors on SOC concentration derived by the Walkley & Black and dry
combustion method. Equation 9 and 10 present the relationship between the environmental
factors and SOC concentration derived by Walkley & Black and dry combustion method,
respectively, in all samples. Significant relationships (p < 0.05) were obtained.

The SOC content obtained by the Walkley & Black method was associated with pH,
EC values, and the content of available P, as indicated by the equations:

SOCws = 0.07593pH + 2.42509EC — 11.85997P + 1.20497 9)
P** (p <0.001) ; Adjusted R>=0.547 ; p = 3.963¢e™®

Where SOCwg = % of organic C extracted by the Walkley & Black method, EC = dS/m of
Electrical conductivity and P = mg/kg of available P.

The regression of SOC derived by the dry combustion method on pH, EC, and available
P as indicated by the equations:

SOCpc = 0.4461pH + 2.4608EC — 14.3503P — 0.6257 (10)
pH* (p<0.01) and P (p <0.1) ; Adjusted R?=0.4999 ; p = 0.000132

Where SOCpc = % of organic C received by the dry combustion method, EC = dS/m of
Electrical conductivity and P = mg/kg of available P.

The equations show the coefficients of pH and EC was positive whereas that of
available P is negative. It suggests that as the values of pH and EC would increase the SOC
will also increase. However, the reverse was the case for the amount of available P. In a
relationship between Walkley & Black C and environmental factors, the intercept was positive
(1.20497) and was found to be not significant (p = 0.1167) while the intercept of dry
combustion carbon equation was negative (0.6257) and was found to be not significant (p =
0.6674). Although the intercept was not significant, we included intercept in our model as it
improves the prediction efficiency of the model.

The multiple linear regression analysis (equation 9) showed that available P content
was the major environmental factor influencing the Walkley & Black C (p <0.001), indicating
that SOC storage derived by Walkley & Black method may decrease in response to future
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increases in available P content. In addition, P content in the soil had stronger influences on
SOC derived by the Walkley & Black method than dry combustion method, which can be
explained by increases in the activity of enzymes participating in soil organic P mineralization
in line with influences in SOC content have been reported by many studies (Allison and
Vitousek 2005; Singsabaugh et al. 2008). Increases in SOC content can provide more energy
and C-structure materials for microbes, leading to elevated production of phosphate enzymes
involved in the mineralization of soil organic P (Allison and Vitousek 2005; Singsabaugh and
Moorhead 1994). According to an equation 10, it was possible to develop factors for calculating
SOC content obtained by the dry combustion technique from pH value in surface soil. Soil pH
is an important chemical factor that directly affects the existing forms, bioavailability, and
migration of various elements (Yu et al., 2002). Bacterial diversity, richness, and activity were
highly inhibited in acid or alkaline environments (Huang, 1994; Li et al., 2001; Fierer and
Jackson, 2006). Hence, when microorganisms decompose less litter, lower levels of SOC. The
EC was also related to SOC, but their contributions to both regression models were less.

Multiple linear regression equations explained large proportions of variation in EC and
N. The variation represented the among-site variability that had not been captured by the
selected environmental factors. The unexplained variance may be due to various other factors
we did not measure, such as micro-environment, geologic parent material, and topography
(Jenny, 1941; Xu et al., 2013). In addition, Stewart (1910) revealed the variations in the various
samples considered in any single type are too great to permit the utilization of the factors in
isolated cases. These multiple linear regressions were not significant all factors due to other
components might be associated with SOC content obtained by both the Walkley & Black and
the dry combustion methods. The factors related the SOC content provide a context for
considering mechanisms and process that determine soil carbon (Conant et al., 1998), multiple
mechanisms by which organic matter is stabilized by clays (Hassink et al., 1993; Plante et al.,
2006), and relation of different soil organic fractions to climate and particle-size fractions
(Amelung, Flach, and Zech, 1997; Franzluebbers et al., 2001). Previous case studies suggest
that organic P mineralization depends on soil properties including organic carbon content, Al
and Fe oxides, and phosphatase activity (Achat et al. 2013; Bilinemann 2015). Organic P
mineralization may also be linked to carbon and N mineralization (Achat et al. 2010; Spohn
and Kuzyakov 2013; Biinemann 2015). For instance, Achat et al. (2010) found similar organic
P mineralization rates and organic carbon and N mineralization rates (i.e., C: N: P
stoichiometry in mineralization fluxes) under the basic condition of P in dead soil organic
matter can be driven by a microbial need for carbon (Spohn and Kuzyakov, 2013). However,
the generality of the coupling of carbon, N, and P in mineralization fluxes and their
relationships with soil properties will have to be assess before they can be incorporated into
the model (Achat et al., 2015). Furthermore, Domagala (2013) conceded soil organic matter
and nutrient availability are directly affected by fertilizer management. Nevertheless, it is
assumed that these relationships between SOC and other soil properties might be assessed in
different land used for different climatic scenarios in further studies to complete the recorded
results of this investigation (Damian et al., 2011). Therefore, the study of environmental
conditions in the sample area was necessary.



CHAPTER V
CONCLUSIONS AND RECOMMENDATION

5.1 Conclusions

In this research, a total of 30 soil samples of the agricultural soils at Saraburi province
were studied. The mean SOC content derived by Walkley & Black method was 1.55+0.51%,
while measured by dry combustion technique was 2.03+1.08%. This study found that Walkley
& Black method tends to underestimate SOC contents compared to the dry combustion
techniques. Thus, a correction factor should be determined to analyze total organic carbon in
Saraburi soil samples. On average, for all soil samples, the recovery value (83.40+0.17%) was
obtained. Therefore, the correction factor was 1.26+0.34%, which lower than the currently used
value. The regression analysis indicated a strong relationship between Walkley & Black and
dry combustion methods (p < 0.001). Therefore, average Walkley & Black correction factors
and regression equations of dry combustion C on Walkley & Black C as determined in this
study can be effectively utilized in assessing C storage in this study area. However, the recover
factor and regression equations must be generated considering local and reginal condition. This
clearly confirmed that generation of universal correlation factor for conversion of Walkley &
Black C to dry combustion C is an unrealistic proposition. It was recommended to use
experimentally derived correction factors related to characteristics of the samples when using
Walkley & Black measurements for assessment of SOC stocks. Despite the dry combustion
method gives reproducible results, and the operation of the instrument is fast. When the error
caused by free lime is taken care of, reliable results for soil organic carbon are obtained.
However, the dry combustion method was rather expensive and required more complex
equipment than Walkley & Black method. Besides these limitations, researchers could easily
use this relationship for determining the dry combustion C from Walkley & Black C would
help in determining soil C content with greater accuracy with a suitable correction factor.
Correlations of SOC accumulation in soil with pH, EC, and P available content were generally
high across fields, whereas correlation with the amount of N was lower and more variable for
the fields used in the study. As measured by a coefficient of determination, the SOC content
and environmental parameters gave the models that could explain the relationship for them.
Therefore, the multiple linear regressions could be used for prediction SOC content derived by
the Walkley & Black and dry combustion method when there were pH, EC, and available P
data. Regardless of the analytical procedure used available P and pH were important parameters
in accounting for SOC content. While EC value are generally required to interpret the
relationship for these equations. However, regression equations may vary under different soils
due to the interference of specific soil constituents. Such a relationship could be modified by
taking into account additional input other variables.

5.2 Recommendation

Until a reliable method of measuring SOC by different analytical methods is developed,
comparisons of SOC among different analytical methods and different soils should be made
with great caution. Moreover, there need for further research involving enough number of soil
group to determine correction factors and regression equations appropriate for specific groups
of soils in the country. There are needs for more intensive sampling and multiple regressions
of physical, chemical and mineralogical properties of soils for more reliable information on
soil properties on prediction of SOC. More research is needed to calibrate the observed
association between SOC content and the environmental parameters with different situations,
crops and topography.



REFERENECS

Achat, D. L., Bakker, M. R., Augusto, L., Derrien, D., Gallegos, N., Lashchinskiy, N., . . .
Barsukov, P. (2013). Phosphorus status of soils from contrasting Forested ecosystems in
southwestern  siberia:  Effects of Microbiological And physicochemical
properties. Biogeosciences, 10(2), 733-752. doi:10.5194/bg-10-733-2013

Achat, D. L., Bakker, M. R., Zeller, B., Pellerin, S., Bienaimé, S., & Morel, C. (2010). Long-
term organic PHOSPHORUS MINERALIZATION In Spodosols UNDER forests and its
relation to carbon and nitrogen mineralization. Soil Biology and Biochemistry, 42(9),
1479-1490. doi:10.1016/].5011b10.2010.05.020

Achat, D. L., Fortin, M., Landmann, G., Ringeval, B., & Augusto, L. (2015). Forest soil carbon
is threatened by intensive biomass harvesting. Scientific = Reports, 5(1).
doi:10.1038/srep15991

Aciego Pietri, J., & Brookes, P. (2008). Relationships between soil pH and microbial properties
in a UK ARABLE SOIL. Soil Biology and Biochemistry, 40(7), 1856-1861.
doi:10.1016/j.50i1bi0.2008.03.020

Acosta-Martinez, V., Cruz, L., Sotomayor-Ramirez, D., & Pérez-Alegria, L. (2007). Enzyme
activities as affected by soil properties and land use in a tropical watershed. Applied Soil
Ecology, 35(1), 35-45. d0i:10.1016/j.aps0il.2006.05.012

Allison, S. D., & Vitousek, P. M. (2005). Responses of extracellular enzymes to simple and
complex nutrient inputs. Soil Biology —and  Biochemistry, 37(5), 937-944.
doi:10.1016/j.s0i1bi0.2004.09.014

Amelung, W., Zech, W., & Flach, K. (1997). Climatic effects on soil organic matter
composition in the great plains. Soil Science Society of America Journal, 61(1), 115-123.
doi:10.2136/sss2j1997.03615995006100010018x

Aula, L., Macnack, N., Omara, P., Mullock, J., & Raun, W. (2016). Effect of Fertilizer Nitrogen
(N) on Soil Organic Carbon, Total N, and Soil pH in Long-Term Continuous Winter
Wheat (Triticum AestivuamL.). Communications in Soil Science and Plant
Analysis, 47(7), 863-874. doi:10.1080/00103624.2016.1147047

Baize, D. (2000). Guide des analyses en pédologie, 2nd edn. INRA Editions, Paris

BAKER, G. O. (1936). A study of the practicability of the walkley and black method for
determining soil organic matter. Soil Science, 41(1), 47-52. do0i:10.1097/00010694-
193601000-00006

Belden, K., & Blaylock, A. D. (1994). Interpreting University of Wyoming Soil Test Reports.
Retrieved 1994, from http://www.uwyo.edu/esm/faculty-and-staff/jay-
norton/papers/b996.pdf

Bertsch, F., & Ostinelli, M. (2019, October 27). Standard operating procedure for soil total
carbon. Retrieved 2019, from http://www.fao.org/3/ca7781en/ca7781en.pdf



24

Bickelhaupt, D. H. (1989). The long-term effect of a single application of horse manure on soil
pH. Tree Planter's Notes, 40.

Biederbeck, V. O., Curtin, D., Bouman, O. T., Campbell, C. A., & Ukrainetz, H. (1996). Soil
microbial and biochemical properties after ten years of fertilization with urea and
anhydrous ammonia. Canadian Journal of Soil Science,76(1), 7-14. doi:10.4141/cjss96-002

Bohme, L., Langer, U., & Bohme, F. (2005). Microbial biomass, enzyme activities and
microbial ~ community  structure in  two  European  long-term  field
experiments. Agriculture,  Ecosystems &  Environment, 109(1-2),  141-152.
doi:10.1016/j.agee.2005.01.017

Bremner, J. M. (1959). Determination of fixed ammonium in soil. The Journal of Agricultural
Science, 52(2), 147-160. doi:10.1017/s0021859600036625

Brye, K. R., & Slaton, N. A. (2003). Carbon and Nitrogen storage in A Typic Albaqualf as
affected by assessment method. Communications in Soil Science and Plant
Analysis, 34(11-12), 1637-1655. do1:10.1081/css-120021302

Biinemann, E. K. (2015). Assessment of gross and net mineralization rates of soil organic
phosphorus — a  review. Soil  Biology  and  Biochemistry, 89,  82-98.
doi:10.1016/j.5011b10.2015.06.026

Cade-Menun, B. J., Carter, M. R., James, D. C., & Liu, C. W. (2010). Phosphorus forms and
chemistry in the soil profile under long-term conservation tillage: A phosphorus-31
nuclear magnetic resonance study. Journal of Environmental Quality, 39(5), 1647-1656.
doi:10.2134/jeq2009.0491

Chacén, N., Dezzeo, N., Folster, H., & Mogollon, P. (2002). Comparison between colorimetric
and titration methods for organic carbon determination in acidic soils. Communications
in Soil Science and Plant Analysis, 33(1-2), 203-211. doi:10.1081/css-120002387

Chai Tai. (2020). mssamsduuazsgens  dwmsuudn.  Retrieved May 18, 2021, from
https://www.chiataigroup.com/en/article-detail/fertilizerforrice

Chen, S., Xu, C., Yan, J., Zhang, X., Zhang, X., & Wang, D. (2016). The influence of the type
of crop residue on soil organic carbon fractions: An 11-year field study of rice-based
cropping systems in southeast China. Agriculture, Ecosystems & Environment, 223,261-
269. doi:10.1016/j.agee.2016.03.009

Cleveland, C. C., Reed, S. C., & Townsend, A. R. (2006). Nutrient regulation of organic matter
decomposition in a tropical rain forest. Ecology, 87(2), 492-503. doi:10.1890/05-0525

Conant, R. T., Klopatek, J. M., Malin, R. C., & Klopatek, C. C. (1998). Carbon pools and fluxes
along an environmental gradient in northern Arizona. Biogeochemistry, 43(1), 43-61.
doi:10.1023/a:1006004110637

Corning, E., Sadeghpour, A., Ketterings, Q., & Czymmek, K. (2016). The carbon cycle and
soil organic carbon. Nutrient Management Spear Program.
http://nmsp.cals.cornell.edu/publications/factsheets/factsheet91.pdf.



25

Craft, C. B., Seneca, E. D., & Broome, S. W. (1991). Loss on ignition AND Kjeldahl digestion
for Estimating organic carbon and Total nitrogen in ESTUARINE Marsh SOILS:
Calibration with Dry Combustion. Estuaries, 14(2), 175. d0i:10.2307/1351691

Damian, G., Damian, F., Nasui, D., Pop, C., & Cornel, P. (2011). The soils quality from the
southern-eastern part of Baia Mare zone affected by metallurgical industry. Carpthian
Journal of Earth and Environmental Sciences, 5(1), 139-147.

Department of Sustainable Natural Resource. (2008). Soil Survey Standard Test Method
Organic Carbon. Retrieved 2008, from
https://www.environment.nsw.gov.au/resources/soils/testmethods/oc.pdf

De Vos, B., Lettens, S., Muys, B., & Deckers, J. A. (2007). Walkley?Black analysis of forest
soil ORGANIC carbon: Recovery, limitations and uncertainty. Soil Use and
Management, 23(3), 221-229. doi:10.1111/j.1475-2743.2007.00084.x

Doetterl, S., Berhe, A. A., Nadeu, E., Wang, Z., Sommer, M., & Fiener, P. (2016). Erosion,
deposition and soil carbon: A review of process-level controls, experimental tools and
models to address ¢ cycling in dynamic landscapes. Earth-Science Reviews, 154, 102-
122. doi:10.1016/j.earscirev.2015.12.005

Domagata-Swiatkiewicz, 1., & Gastot, M. (2013). Soil chemical properties under organic and
Conventional crop management systems in SOUTH POLAND. Biological Agriculture
& Horticulture, 29(1), 12-28. doi:10.1080/01448765.2013.748362

Dumas, M. (1831). On oxamide. The Philosophical Magazine, 9(49), 67-69.
doi:10.1080/14786443108647536

Fageria, N. K. (2012). Role of Soil Organic Matter in Maintaining Sustainability of Cropping
Systems. Communications in Soil Science and Plant Analysis, 43(16), 2063-2113.
doi:10.1080/00103624.2012.697234

Fernandes, R. B., Carvalho Junior, I. A., Ribeiro Junior, E. S., & Mendonga, E. D. (2015).
Comparison of different methods for the determination of total organic carbon AND
Humic substances in Brazilian soils. Revista Ceres,62(5), 496-501. doi:10.1590/0034-
737x201562050011

FlieBbach, A., Oberholzer, H., Gunst, L., & Mider, P. (2007). Soil organic matter and
biological soil quality indicators after 21 years of organic and conventional
farming. Agriculture, Ecosystems & Environment, 118(1-4), 273-284.
doi:10.1016/j.agee.2006.05.022

Franzluebbers, A., Haney, R., Honeycutt, C., Arshad, M., Schomberg, H., & Hons, F. (2001).
Climatic influences on active fractions of soil organic matter. Soil Biology and

Biochemistry, 33(7-8), 1103-1111. doi:10.1016/5s0038-0717(01)00016-5

Fukui, H., & Takahashi, E. (1969). Rice culture in the Central Plain of Thailand. Kyoto: Univ.



26

Gillman, G., Sinclair, D., & Beech, T. (1986). Recovery of organic carbon by the walkley and
black procedure in highly weathered soils. Communications in Soil Science and Plant
Analysis, 17(8), 885-892. doi:10.1080/00103628609367759

Goovaerts, P. (1998). Geostatistical tools for characterizing the spatial variability of
microbiological and physico-chemical soil properties. Biology and Fertility of
Soils, 27(4), 315-334. doi:10.1007/s003740050439

Graff, J. V. (2017). Soil Properties. Selective Neck Dissection for Oral Cancer Techniques in
Dentistry and Oral & Maxillofacial Surgery, 1-7. doi:10.1007/978-3-319-12127-7 269-1

GREWAL, K. S., BUCHAN, G. D., & SHERLOCK, R. R. (1991). A comparison of three
methods of organic CARBON determination in some New ZEALAND SOILS. Journal
of Soil Science, 42(2), 251-257. doi:10.1111/5.1365-2389.1991.tb00406.x

Guppy, C. N., Menzies, N. W., Moody, P. W., & Blamey, F. P. (2005). Competitive sorption
reactions between phosphorus and organic matter in soil: A review. Soil Research, 43(2),
189. doi:10.1071/sr04049

Halvorson, A. D., & Jantalia, C. P. (2011). Nitrogen fertilization effects on irrigated no-till
corn production and soil carbon and nitrogen. Agronomy Journal, 103(5), 1423-1431.
doi:10.2134/agronj2011.0102

Hassink, J., Bouwman, L., Zwart, K., Bloem, J., & Brussaard, L. (1993). Relationships between
soil texture, physical protection of organic matter, soil biota, and ¢ and n mineralization
in grassland soils. Geoderma, 57(1-2), 105-128. doi:10.1016/0016-7061(93)90150-]

Heathwaite, A., & Dils, R. (2000). Characterising phosphorus loss in surface and subsurface
hydrological pathways. Science of The Total Environment, 251-252, 523-538.
doi:10.1016/s0048-9697(00)00393-4

Hively, W. D., Gérard-Marchant, P., & Steenhuis, T. S. (2006). Distributed hydrological
modeling of total dissolved phosphorus transport in an agricultural landscape, part ii:
Dissolved phosphorus transport. Hydrology and Earth System Sciences, 10(2), 263-276.
doi:10.5194/hess-10-263-2006

Hofman, G., & Cleemput, O. V. (2004). Soil and Plant Nitrogen. Retrieved December 20, 2020,
from https://www.researchgate.net/publication/265247400 Soil and Plant Nitrogen

Holman, I. P., Whelan, M. J., Howden, N. J., Bellamy, P. H., Willby, N. J., Rivas-Casado, M.,
& McConvey, P. (2008). Phosphorus in GROUNDWATER-AN overlooked contributor
To eutrophication? Hydrological Processes, 22(26), 5121-5127. doi:10.1002/hyp.7198

Hou, E., Chen, C., McGroddy, M. E., & Wen, D. (2012). Nutrient limitation on Ecosystem
productivity and processes of mature and OLD-GROWTH subtropical forests in
China. PLoS ONE, 7(12). doi:10.1371/journal.pone.0052071

Huang, W., Liu, J., Wang, Y. P., Zhou, G., Han, T., & Li, Y. (2012). Increasing phosphorus
limitation along three successional forests in southern China. Plant and Soil, 364(1-2),
181-191. doi:10.1007/s11104-012-1355-8



27

Iglesias Jiménez, E., & Pérez Garcia, V. (1991). Relationships between organic carbon and
total organic matter in municipal solid wastes and city refuse composts. Bioresource
Technology, 41(3), 265-272. d0i:10.1016/0960-8524(92)90012-m

Jacobsen, J. S. (n.d.). A summary of soil pH and organic matter levels for Montana countries.
Bozeman, MT: Department of Land Resources and Environmental Sciences, College of
Agricultural. Retrieved 2003.

Jenny, H., & Pendleton, R.L. (1941). Factors of soil formation: A system of quantitative
pedology. Geographical Review,35(2), 336. d0i:10.2307/211491

Jha, P., Biswas, A. K., Lakaria, B. L., Saha, R., Singh, M., & Rao, A. S. (2014). Predicting
total organic carbon content of soils FROM Walkley and black
analysis. Communications in Soil Science and Plant Analysis, 45(6), 713-725.
doi:10.1080/00103624.2013.874023

Johns, C. (2017, May 23). The Role of Carbon in Promoting Healthy Soils. Retrieved
December 20, 2020, from https://www.futuredirections.org.au/publication/role-carbon-
promoting-healthy-soils/

Johnson, C. K., Doran, J. W., Duke, H. R., Wienhold, B. J., Eskridge, K. M., & Shanahan, J.
F. (2001). Field-Scale electrical conductivity mapping for Delineating Soil
Condition. Soil ~ Science  Society of America  Journal, 65(6), 1829-1837.
doi:10.2136/sss52j2001.1829

Johnson, RB., DeGraff JV. (1988). Principles of engineering geology. Wiley, New York

Kamara, A., Rhodes, E. R., & Sawyerr, P. A. (2007). Dry combustion carbon, walkley—black
carbon, and loss on ignition for aggregate size fractions on a
toposequence. Communications in Soil Science and Plant Analysis, 38(15-16), 2005-
2012. doi:10.1080/00103620701548639

Karasawa, T., & Takebe, M. (2012). Temporal or spatial arrangements of cover crops to
promote arbuscular mycorrhizal colonization and p uptake of upland crops grown after
nonmycorrhizal crops. Plant and Soil, 353(1-2), 355-366. doi:10.1007/s11104-011-
1036-z

Karltun, E., Lemenih, M., & Tolera, M. (2013). Comparing Farmers' Perception Of Soil
Fertility Change With Soil Properties And Crop Performance In Beseku, Ethiopia. Land
Degradation & Development, 24(3), 228-235. doi:10.1002/1dr.1118

Kirschbaum, M. U. (2000). Will changes in soil organic carbon act as a positive or negative
feedback on global warming? Biogeochemistry, 48(1), 21-51.
doi:10.1023/a:1006238902976

Kitchen, N. R., Drummond, S. T., Lund, E. D., Sudduth, K. A., & Buchleiter, G. W. (2003).
Soil electrical conductivity and TOPOGRAPHY related to yield for three
CONTRASTING Soil-crop systems. Agronomy Journal, 95(3), 483.
doi:10.2134/agronj2003.0483



28

Konen, M. E., Jacobs, P. M., Burras, C. L., Talaga, B. J., & Mason, J. A. (2002). Equations for
predicting soil organic carbon using loss-on-ignition for north central u.s. soils. Soil
Science Society of America Journal, 66(6), 1878-1881. doi:10.2136/sss2j2002.1878

Kumar, J. (2011). Effect of phosphorus and rhizobium inoculation on the growth, nodulation
and yield of garden pea (possum sativum L.). Legume Research, (1): 20-25.

La Manna, L., Buduba, C., Alonso, V., Davel, M., Puentes, C., & Irisarri, J. (2007).
COMPARACION DE METODOS ANALITICOS PARA LA DETERMINACION DE
MATERIA ORGANICA EN SUELOS DE LA REGION ANDINO-PATAGONICA:
EFECTOS DE LA VEGETACION Y EL TIPO DE SUELO. 179-188.

Land Development Department. (2010). Groups of soil series.
https://www.ldd.go.th/web_eng56/Eng-detail/Soilgroup/index.htm.

Lal, R. (2011). Sequestering carbon in soils of agro-ecosystems. Food Policy, 36.
doi:10.1016/j.foodpol.2010.12.001

Lal, R., & Bruce, J. (1999). The potential of world cropland soils to sequester C and mitigate
the greenhouse effect. Environmental  Science &  Policy, 2(2), 177-185.
doi:10.1016/s1462-9011(99)00012-x

LECO. 1996. CNS-2000 elemental analyzer-instruction manual. LECO Crop, St. Jospeh, MI.

Legg, J. O., & Meisinger, J. J. (1982). Soil nitrogen budgets. Nitrogen in Agricultural
Soils, 503-566. doi:10.2134/agronmonogr22.c14

Lettens, S., Vos, B. D., Quataert, P., Wesemael, B. V., Muys, B., & Orshoven, J. V. (2007).
Variable carbon recovery of Walkley-Black analysis and implications for national soil
organic carbon accounting. European Journal of Soil Science, 58(6), 1244-1253.
doi:10.1111/5.1365-2389.2007.00916.x

Li, X., Chen, Z., Chen, H., & Chen, Z. (2011). Spatial Distribution of Soil Nutrients and Their
Response to Land Use in Eroded Area of South China. Procedia Environmental
Sciences, 10, 14-19. doi:10.1016/j.proenv.2011.09.004

Liu, Q., & Hou, X. (2012). One-Pot Three-Component synthesis OF 3-Methyl-4-
Arylmethylene- Isoxazol-5(4h)- ones catalyzed by SODIUM SULFIDE. Phosphorus,
Sulfur, and  Silicon  and  the  Related  Elements, 187(4),  448-453.
doi:10.1080/10426507.2011.621003

Loveland, P., & Webb, J. (2003). Is there a critical level of organic matter in the agricultural
soils of temperate regions: A review. Soil and Tillage Research, 70(1), 1-18.
doi:10.1016/s0167-1987(02)00139-3

Lowther, J. R., Smethurst, P. J., Carlyle, J. C., & Nambiar, E. K. (1990). Methods for
determining organic carbon in podzolic sands. Communications in Soil Science and Plant
Analysis, 21(5-6), 457-470. doi:10.1080/00103629009368245



29

Liitzow, M. V., & Kogel-Knabner, 1. (2009). Temperature sensitivity of soil organic matter
decomposition—what do we know? Biology and Fertility of Soils, 46(1), 1-15.
doi:10.1007/s00374-009-0413-8

McCauley, A. (2009). Soil pH and organic matter. Retrieved May 18, 2021, from
https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.566.6336&rep=rep 1 &type=pdf

McGeehan, S., & Naylor, D. (1988). Automated instrumental analysis of carbon and nitrogen
in plant and soil samples. Communications in Soil Science and Plant Analysis, 19(4),
493-505. doi:10.1080/00103628809367953

Meersmans, J., Wesemael, B. V., & Molle, M. V. (2009). Determining soil organic carbon for
agricultural soils: A comparison between the Walkley & Black and the dry combustion
methods  (north  Belgium). Soil Use and  Management, 25(4), 346-353.
doi:10.1111/j.1475-2743.2009.00242.x

Messiga, A. J., Ziadi, N., Morel, C., Grant, C., Tremblay, G., Lamarre, G., & Parent, L. (2012).
Long term impact of tillage practices and biennial p and n fertilization on maize and
soybean yields and soil p status. Field Crops Research, 133, 10-22.
doi:10.1016/j.fcr.2012.03.009

Mikhailova, E. A., Noble, R. R., & Post, C. J. (2003). Comparison of Soil Organic Carbon
Recovery by Walkley-Black and Dry Combustion Methods in the Russian
Chernozem. Communications in Soil Science and Plant Analysis,34(13-14), 1853-1860.
doi:10.1081/css-120023220

Mor¢, J., Bénazet, F., Fioramonti, J., & Droy-Lefaix, M. -. (1987). Effects of treatment with
smectite on gastric and intestinal glycoproteins in the rat: A histochemical study. The
Histochemical Journal, 19(12), 665-670. doi:10.1007/bf01676173

Mueller, T. G., Hartsock, N. J., Stombaugh, T. S., Shearer, S. A., Cornelius, P. L., & Barnhisel,
R. 1. (2003). Soil electrical conductivity Map variability in limestone Soils overlain by
Loess. Agronomy Journal, 95(3), 496-507. doi:10.2134/agronj2003.4960

Navarro, A., Cegarra, J., Roig, A., & Garcia, D. (1993). Relationships between organic matter
and carbon contents of organic wastes. Bioresource Technology, 44(3), 203-207.
doi:10.1016/0960-8524(93)90153-3

Nayak, D. R., Babu, Y. J., & Adhya, T. (2007). Long-term application of compost influences
microbial biomass and enzyme activities in a tropical aeric endoaquept planted to rice
under flooded condition. Soil Biology and Biochemistry, 39(8), 1897-1906.
doi:10.1016/j.5011b10.2007.02.003

Nelson, D. W., & Sommers, L. E. (1982). Total nitrogen analysis of soil and plant
tissues. Journal of AOAC INTERNATIONAL, 63(4), 770-778.
doi:10.1093/jaoac/63.4.770

Oehl, F., Oberson, A., Sinaj, S., & Frossard, E. (2001). Organic phosphorus mineralization
studies using isotopic dilution techniques. Soil Science Society of America
Journal, 65(3), 780-787. doi:10.2136/sss2j2001.653780x



30

Ohm, M., Paulsen, H. M., Moos, J. H., & Eichler-Lobermann, B. (2017). Long-term negative
phosphorus budgets in organic crop rotations deplete plant-available phosphorus from
soil. Agronomy for Sustainable Development, 37(3). doi:10.1007/s13593-017-0425-y

Pagnoul. (1900). Humus and carbon in cultivated soils. Exp. Sta, Record, 13, 121.

Pan, G., Li, L., Wu, L., & Zhang, X. (2003). Storage and sequestration potential of topsoil
organic carbon in China's paddy soils. Global Change Biology, 10(1), 79-92.
doi:10.1111/5.1365-2486.2003.00717.x

Pereira, M. G., Espindula, A., Valladares, G. S., Anjos, L. H., Benites, V. D., & Schultz, N.
(2006). Comparison of Total Nitrogen Methods Applied for Histosols and Soil Horizons
with High Organic Matter Content. Communications in Soil Science and Plant
Analysis, 37(7-8), 939-943. doi:10.1080/00103620600584743

Plante, A. F., Conant, R. T., Stewart, C. E., Paustian, K., & Six, J. (2006). Impact of soil texture
on the distribution of soil organic matter in physical and chemical fractions. Soil Science
Society of America Journal, 70(1), 287-296. doi:10.2136/ss52j2004.0363

Purnomo, E., Black, A. S., Smith, C. J., & Conyers, M. K. (2000). The distribution of Net
Nitrogen mineralisation within surface soil. 1. field studies under a wheat crop. Soil
Research, 38(1), 129. doi:10.1071/sr99058

Qin, Z., Huang, Y., & Zhuang, Q. (2013). Soil organic carbon sequestration potential of
cropland in China. Global Biogeochemical Cycles, 27(3), 711-722.
doi:10.1002/gbc.20068

Rodriguez Martin, J., Alvaro-Fuentes, J., Gonzalo, J., Gil, C., Ramos-Miras, J., Grau Corbi, J.,
& Boluda, R. (2016). Assessment of the soil organic carbon stock in
Spain. Geoderma, 264, 117-125. doi:10.1016/j.geoderma.2015.10.010

Rumpel, C., & Kogel-Knabner, 1. (2011). Deep soil organic matter—a key but poorly
understood component of terrestrial ¢ cycle. Plant and Soil, 338(1-2), 143-158.
doi:10.1007/s11104-010-0391-5

Schlesinger, W. H., & Pilmanis, A. M. (1998). Plant-soil interactions in deserts. Plant-induced
Soil Changes: Processes and Feedbacks, 169-187. doi:10.1007/978-94-017-2691-7 9

Schumacher, B. A., Ph.D. (2002, April). Methods for the determination of total organic carbon
(TOC) in soils and sediments. Retrieved 2002, from
http://bcodata.whoi.edu/LaurentianGreatLakes Chemistry/bs116.pdf

Shah, T. I, Rai, A., & M.a, A. (2019). Relationship of PHOSPHORUS fractions with soil
properties in MOTHBEAN Growing acid soils of North Western Indian
Himalayas. Communications in Soil Science and Plant Analysis, 50(9), 1192-1198.
doi:10.1080/00103624.2019.1604730

Sharma, K., Mandal, U. K., Srinivas, K., Vittal, K., Mandal, B., Grace, J. K., & Ramesh, V.
(2005). Long-term soil management effects on crop yields and soil quality in a dryland
Alfisol. Soil and Tillage Research, 83(2), 246-259. doi:10.1016/}.stil1.2004.08.002



31

Sims, J. T., Simard, R. R., & Joern, B. C. (1998). Phosphorus loss in agricultural drainage:
Historical perspective and current research. Journal of Environmental Quality, 27(2),
277-293. doi:10.2134/jeq1998.00472425002700020006x

Sippola, J. (1982). Comparison between a dry-combustion method and a rapid wet-combustion
method for determining soil organic carbon. Food and Agriculture Organization of the
United Nations.

SMART, F. (2020, June 30). Phosphorus in Soil and Plants. Retrieved December 20, 2020,
from https://www.smart-fertilizer.com/articles/phosphorus/

Smith, J. L., & Doran, J. W. (1996). Measurement and use of ph and electrical conductivity for
soil quality analysis. SSSA4 Special Publications, 169-185.
doi:10.2136/sssaspecpub49.¢10

Smith, W. N., Desjardins, R. L., & Pattey, E. (2000). The net flux of carbon from agricultural
soils in Canada 1970-2010. Global Change Biology, 6(5), 557-568. doi:10.1046/j.1365-
2486.2000.00340.x

Spain, A., Probert, M., Isbell, R., & John, R. (1982). Loss-on-ignition and the Carbon contents
of Australian soils. Soil Research, 20(2), 147. doi:10.1071/sr9820147

Spohn, M., & Kuzyakov, Y. (2013). Phosphorus mineralization can be driven by MICROBIAL
need for carbon. Soil Biology and Biochemistry, 61, 69-75.
doi:10.1016/j.s0ilbi0.2013.02.013

Sprengel, C. (1826). Uber Pflanzenhumus. Humussaure and Humussaure Salze. Kastners
Arch. Ges. Naturlehre, 8, 145-220.

Sudduth, K., Drummond, S., & Kitchen, N. (2001). Accuracy issues in electromagnetic
induction sensing of soil electrical conductivity for precision agriculture. Computers and
Electronics in Agriculture, 31(3), 239-264. do0i:10.1016/s0168-1699(00)00185-x

Sun, W., Huang, Y., Zhang, W., & Yu, Y. (2010). Carbon sequestration and its potential in
agricultural soils of China. Global Biogeochemical Cycles, 24(3).
doi:10.1029/2009gb003484

SUNY. (2020). Soil  pH: What it Means. Around Your World.
https://www.esf.edu/pubprog/brochure/soilph/soilph.htm.

Terra, J. A., Shaw, J. N., Reeves, D. W., Raper, R. L., Van Santen, E., & Mask, P. L. (2004).
Soil carbon relationships with terrain attributes, electrical conductivity, and a soil survey
in a coastal plain landscape. Soil Science, 169(12), 819-831. do0i:10.1097/00010694-
200412000-00001

Tiessen, H., Cuevas, E., & Chacon, P. (1994). The role of soil organic matter in sustaining soil
fertility. Nature,371(6500), 783-785. doi:10.1038/371783a0

United States Environmental Protection Agency. (2004). Soil and waste pH. Retrieved from
https://www.epa.gov/sites/production/files/2015-12/documents/9045d.pdf



32

USBR. (1998). Earth Manual; Part I, 3 rd ed. Earth Sciences and Research Laboratory.
https://www.usbr.gov/tsc/techreferences/mands/mands-pdfs/earth.pdf.

USDA, N. R. C. S. (2014). Soil electrical conductivity. Soil Health - Guides for Educators.
https://www.nrcs.usda.gov/Internet/FSE_ DOCUMENTS/nrcs142p2 052803.pdf.

USDA, N. R. C. S. (2014). Soil nitrogen. Soil Quality Kit - Guides for Educators.
https://www.nrcs.usda.gov/Internet/FSE_ DOCUMENTS/nrcs142p2 053274.pdf.

USDA, N. R. C. S. (2014). Soil phosphorus. Soil Quality Kit - Guides for Educators.
https://www.nrcs.usda.gov/Internet/FSE_ DOCUMENTS/nrcs142p2 053254.pdf.

Vitti, C., Stellacci, A. M., Leogrande, R., Mastrangelo, M., Cazzato, E., & Ventrella, D. (2016).
Assessment of organic carbon in soils: A comparison between the Springer—Klee wet
digestion and the Dry combustion methods in Mediterranean soils (SOUTHERN
Italy). CATENA, 137, 113-119. doi:10.1016/j.catena.2015.09.001

Visconti, F., & De Paz, J. M. (2016). Electrical Conductivity Measurements in Agriculture:
The Assessment of Soil Salinity. New Trends and Developments in Metrology.
doi:10.5772/62741

Wander, M., & Nissen, T. (2004). Value of soil organic carbon in agricultural lands. Mitigation
and Adaptation Strategies for Global Change, 9(4), 417-431.
doi:10.1023/b:miti.0000038847.30124.77

WALKLEY, A., & BLACK, 1. 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. doi:10.1097/00010694-193401000-00003

WALKLEY, A. (1947). A critical examination of a rapid method for determining organic
carbon in soils—effect of variations in digestion conditions and of inorganic soil
constituents. Soil Science, 63(4), 251-264. doi1:10.1097/00010694-194704000-00001

Wang, C., Pan, G., Tian, Y., Li, L., Zhang, X., & Han, X. (2010). Changes in Cropland topsoil
organic carbon with different fertilizations under long-term agro-ecosystem experiments
across mainland  China. Science  China  Life  Sciences, 53(7), 858-867.
doi:10.1007/s11427-010-4028-y

Wang, S., Jin, X., Zhao, H., & Wu, F. (2006). Phosphorus fractions and its release in the
sediments from the shallow lakes in the middle and lower reaches OF Yangtze River area

in China. Colloids and Surfaces A: Physicochemical and Engineering Aspects, 273(1-3),
109-116. doi:10.1016/j.colsurfa.2005.08.015

Wang, X., Smethurst, P., & Herbert, A. (1996). Relationships between three measures of
organic matter or carbon in soils of eucalypt plantations in Tasmania. Soil
Research, 34(4), 545. doi:10.1071/sr9960545



33

Weigand, S., Auerswald, K., & Beck, T. (1995). Microbial biomass in agricultural topsoils
after 6 years of bare fallow. Biology and Fertility of Soils, 19(2-3), 129-134.
doi:10.1007/bf00336148

Xu, X., Thornton, P. E., & Post, W. M. (2012). A global analysis of soil microbial biomass
carbon, nitrogen and phosphorus in terrestrial ecosystems. Global Ecology and
Biogeography, 22(6), 737-749. doi:10.1111/geb.12029

YANG, Y., FANG, J., MA, W., SMITH, P., MOHAMMAT, A., WANG, S., & WANG, W.
(2010). Soil carbon stock and its changes in northern china's Grasslands from 1980s to
2000s. Global Change  Biology, 16(11), 3036-3047. doi:10.1111/5.1365-
2486.2009.02123.x

Zhu, X., Zhang, T., Sun, Z., Chen, H., Guan, J., Chen, X., . . . Yang, S. (2017). Black
phosphorus revisited: A missing metal-free elemental photocatalyst for visible light
hydrogen evolution. Advanced Materials, 29(17), 1605776.
do0i:10.1002/adma.201605776



34

BIOGRAPHY

Name:

Date of birth:

Current address:

Email:

Phone number:

Education background:

Miss Kamonchanok Wutisatian

July 20, 1998
30 M.6, Sub-district Rai Khing, District Sam Phran,
Nakhon Pathom, Thailand, 73210

proztoyoukmen(@gmail.com

+66 87413 2440

2017-2021, Bachelor’s degree of Environmental
Science, Chulalongkorn University, Bangkok, Thailand
2011-2017, Secondary School in Mathematics and
Science major, Kanchanapisek Wittayalai,

Nakhon Pathom, Thailand



	Cover (English)
	Accepted
	Abstract (Thai)
	Abstract (English)
	ACKNOWLEDGEMENTS
	CONTENTS
	CHAPTER 1 INTRODUCTION
	CHAPTER 2 LITERATURE REVIEWS
	CHAPTER 3 MATERIALS AND METHODS
	CHAPTER IV RESULTS AND DISCUSSION
	CHAPTER V CONCLUSIONS AND RECOMMENDATION
	REFERENECS
	VITA



