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Abstract

This research is a continuation of the previous one funded by the Academic
Research Division, TRF (DBG5480001) during 2011-2015 which has similar goals of
investigating organic methods through the use of locally available organic residues in
Northeast Thailand to restore fertility of a sandy agricultural soil under aerobic conditions.
Soil fertility restoration emphasizes soil organic matter (SOM) or soil organic carbon (SOC)
accumulation. Additional environmental benefits to this restoration is soil C sequestration
to mitigate greenhouse gas emissions. The objectives of these studies were to conduct
process-level investigations on decomposition of contrasting quality (chemical
composition) organic residues applied to soil as single or mixed forms. The investigations

focused on factors regulating decomposition including residue quality factor and
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decomposer organism factor, i.e., soil invertebrates and microorganisms that had effects
on SOC accumulation in sandy soils. In addition, charcoal or biochar use as a soil
amendment was investigated from the viewpoint of its effects on SOC accumulation and
greenhouse gasses mitigation. This research has produced five articles published in well
recognized international journals.

The first part of the research was process-level investigations on effects of
contrasting quality organic residues on SOM accumulation. The investigations in this part
were mostly conducted in the long-term experiment of the Research Group on Soil
Organic Matter Management, Khon Kaen University located at the research station of the
Office of Agriculture and Co-operatives of the Northeast, Tha Phra subdistrict, Khon Kaen
Province. The experiment was under upland aerobic conditions. There were five residue
treatments including 1) Unamended control, 2) groundnut stover (GN): high quality residue
with high N and low lignin (L) and polyphenol (Pp) contents, 3) tamarind leaf (+petiole)
litter (TM): intermediate quality with medium contents of N, L and Pp, 4) dipterocarp leaf
litter (DP): low quality with low N but high L and Pp contents, and 5) rice straw (RS): low
quality but different than DP in that it had low N, L and Pp contents but it had the highest
cellulose (CL) content among the residues studied. Applications of treatments 2-5 had
been done yearly in early May at the rate 10 tons ha™ since 1995. These organic residues
had a 1-year decomposition period before a new round of organic residue application
took place to start a new decomposition cycle. In addition to the field experiment, there
was an incubation experiment in controlled conditions to study decomposition of mixed
residues of rice straw and groundnut stover.

Studies of soil organic C (SOC) accumulation in sandy soils treated with contrasting
quality organic residues continuously for 10, 13, and 21 years under the long-term field
experiment were continuation of the studies which the results have been published in an
international journal in 2013. The results of the continuing studies confirmed those of the
previous study that legume-derived residues including TM and GN led to higher SOC

accumulation than that from non-legume residues (RS and DP). Legume residues,
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especially TM, had significantly highest SOC in year 10 (3.67 g kg™) and year 13 (3.58 ¢ kg’
Y. As for year 21, both TM and GN brought about high SOC which were not significantly
different from each other (2.82 and 2.73 g kg™, respectively). Storage location of SOC in
the soil matrix was principally associated with microaggregates in years 10 and 13. In both
years 10, and 13 TM treatments had significantly highest C concentrations (2.15 and 1.74
g kg, respectively) followed by GN, DP and RS. In year 21 the C concentrations in
microaggregates were not significantly different between TM and GN. Studies to determine
functional groups constituting molecular structure of SOM in various soil fractions
employing the mid-DRIFT spectroscopic technique showed that aliphatic functional groups
(2995-2880 and 2880-2825 cm™) and phenolic functional group (1302-1253 cm™) had
positive correlations with C concentrations in microaggregates (r = 0.629**- 0.855** for the
aliphatic and r = 0.730* for the phenolic functional groups). As for fine particles, the
correlation coefficients were in the range of r = 0.578* - 0.839* between aliphatic groups
and microaggregate C concentrations in some years of the 3 studied years. Regarding the
correlations between functional groups of SOC in various soil fractions (small
macroaggregates, microaggregates, and fine particles) of all 3 studied years and chemical
composition parameters of organic residues, the results showed that aliphatic groups had
positive correlations with N concentrations in residues (r = 0.626* - 0.860***). On the
contrary, aromatic functional groups in the various fractions had positive correlations with

lignin and polyphenol concentrations in the residues (r = 584% - 0.940***).

In addition to studies on SOC accumulation, another study was conducted on
changes in soil chemical properties with time for 20 years (including year 2, 6, 11, 16, and
20) of yearly organic residue application. Changes in chemical properties were manifested
in increases in soil pH and cation exchange capacity (CEC) under treatments with applied
residues relative to unamended control. TM showed higher pH and CEC than the other
treatments as seen in the highest pH =7 in year 20 and the highest CEC = 5.2 me 100 g-1

in year 6. These were followed by GN treatment. The high pH reflected higher Ca
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concentrations of TM (35 g kg™) and GN (21 g kg'') relative to the other organic residues
studied, i.e., 4 g kg™ (RS) and 8 g kg™ (DP). This brought about high soil exchangeable Ca
under TM followed by GN treatments. It is noteworthy that changes in soil chemical
parameters during the 20-year period were such that during the period encompassing year
11 to year 16 under treatments receiving organic residues, pH, CEC and concentrations of
cations (Ca, Mg, K and Na) decreased sharply. The researchers have advanced a hypothesis
that it was due to a mechanism pertaining to soil ageregate formation particularly in the
treatments TM and GN through SOM acting as a binding agent of clay particles. Polyvalent
cations especially Ca** can perform a bridging function between clay surface and SOM
creating strong bonds between the two materials. These processes led to soil aggregate

formation.

Investigations of vertical distribution in soil profiles of dissolved organic carbon
(DOCQ) (extracted by water) derived from contrasting quality organic residues applied during
years 13 and 23 of the long-term experiment showed that soils treated with residues
containing N, and lignin, i.e., GN, TM, and DP, tended to have DOC accumulated in topsoils.
On the other hand, soils treated with RS which had low N, lignin and polyphenols, did not
have DOC accumulation in the topsoils but in the subsoils. This study confirmed those of
the previous study on vertical distribution of KCl extractable DOC which found similar
pattern of distribution.  This previous study was recently (2019) published in an
international journal under the title “Vertical dynamics of dissolved organic carbon in
relation to organic input quality and microaggregate formation in a coarse-textured

Ultisol.”

Investigation of applying mixture of rice straw (RS) and groundnut stover (GN) which
was to result in different decomposition and SOM accumulation than applying each of the
residue singly showed that lignin degradation was lower in RS alone but it was higher in
GN alone than that in the mixture. As for cellulose degradation, it was lower in the mixture

than that in the single residue. As for effects of applications of single and mixed residues
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on SOM accumulation, an occurrence of priming effects on SOM (SOC and SON) was
distinctly observed 56 days after residue application as compared to the initial values as
seen in decreases in SOC to 4.14-4.30 g kg™ and SON to 0.24-0.32 g kg'! below those initial
values prior to the organic residue application of 4.89 and 0.37 g kg for SOC and SON,

respectively.

Studies of a decomposition regulating factor of soil fauna decomposers employing
the litter bag technique in the long-term field experiment plots of year 18 have shown
that both meso- and macrofauna exerted their influence on decomposition, while the
fauna decomposers were simultaneously influenced by quality or chemical composition
of decomposing oreanic residues. This has led the researchers to develop a conceptual
framework of “feedback loops”of interactions between factors of quality (chemical
composition) of organic residues (Q) and soil fauna decomposer (F). In this model, the
course of decomposition is depicted as the decomposition cascade in which each level
represents an individual ecological successional stage. This community change determines
the biochemical quality of remaining organic residues in the next successional stage down
the cascade. It is hypothesized that the initial chemical constituents of organic residues
select for certain members of soil faunal decomposer community. As the cascade
proceeds, the residue quality and the soil fauna g¢o on to interact, thus altering their
composition continuously over time. In this study 4 feedback loops were found. In the
first 4 weeks after residue incorporation (loop #1), both Me (springtails, and mites) and Ma
(dominated by beetles) showed an increase in their abundance as influenced by labile CL
and N. The abundances were highest under GN [(1.35 and 0.85 individual number (¢ dry
litter)'] for Me and Ma, respectively). The presence of Ma at week 2 led to a tendency of
decreased L concentration (R? = 0.29, P=0.067), indicating that Ma degraded the residue L
component before Me could gain access and make use of more labile constituents at
week 4. After loop #1, only Ma (beetles) played an important role in decomposition of
recalcitrant L (R? = 0.56 (P<0.01) and 0.30, P=0.071 for loops #2 (week 4-8) and #3 (week
8-26), respectively), as L became dominant over the exhausted labile substrates. In

addition, Ma was the dominant decomposer after loop #1 as was indicated by its influence
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on mass loss (R? = 0.52 (P<0.01) and 0.36 (P<0.05) at weeks 8 and 52, respectively). The
feedback loops concept provides a more comprehensive, “two-sided” view into
decomposition, as regulated simultaneously by two factors, Q and F, than earlier “one-
sided” approaches of soil fauna-mediated decomposition.

Another decomposer factor is microorganisms. Studies of this factor made use of
soils from the long-term experiment of year 16 for determination of microbial (bacteria
and archaea) abundance and soils of year 19 for microbial types and biodiversity. Higher
bacterial and archaeal abundance was found in organic residue amended soils than the
non-amended one. As for bacteria, the highest abundance was found in soil treated with
high quality organic residue, GN, followed by TM (medium quality) but the highest archaeal
abundance was found in TM amended soil. Community structures of bacteria and archaea
in unamended soil were different than the amended counterparts. In addition,
community structures of bacteria and archaea in soils treated with DP, GN and RS were
closer than those in TM soil. In unamended soil, bacteria family Koribacteraceae were
found to be the highest in abundance. In GN soil, bacteria in the family
Ktedonobacteraceae was the highest in abundance, while in DP soil it was the family
Hyphomicrobiaceae and in RS soil the bacterial family Koribacteraceae was found in
highest abundance and the abundance was comparable to those of the family
Bradyrhizobiaceae and Hyphomicrobiaceae. As for TM soil, the bacterial family
Bradyrhizobiaceae was found in highest abundance. Regarding the community structure
of archaea, those in GN soil belonged to phylum Crenarchaeota which was found in highest
abundance, while TM treatment found archaea in the phylum Euryarchaeota in highest
abundance.

A mathematical model to simulate SOM accumulation focusing on the
accumulation in soil microaggregates based on the body of knowledge formed through
the basic research of the Research Group has led to the model construction that related
processes of aggregate formation and microbial activities as influenced by quality or
chemical composition of organic residues. Data used for the simulation model was the
long-term data (up to year 22) of the long-term SOM experiment. Validation of the model

showed that the simulation data could fit the observed data up to a degree, however it
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was not yet satisfactory as there were some higher and lower calculated values than
observed values in some residue treatments. To improve the accuracy of the model, data
of higher temporal resolution (more frequent sampling) than the data set used in this
study is required. Such data set can be obtained by frequent sample collection during a
future annual decomposition cycle. At this time of this report writing, a master’s degree
student is collecting such temporally-high resolution data of SOM dynamics during the
25™ year cycle of the long-term experiment starting in May 2019. This work is a part of
the collaborative research between the Research Group and the German collaborators
(University of Hohenheim) under the long lasting (more than 25 years) academic
collaboration.

The second part of the research had the objective of assessing effects of biochar
(charcoal) differing in quality which included their contents of fixed C, volatile matter (VM),
and ash on stability of soil organic C (SOC) and greenhouse gas (GHG) emissions in soil
differing in texture and mineralogy, i.e., the Khorat soil (Typic Oxyaquic Kandiustults)
having loamy sand texture which was collected from Faculty of Agriculture, Khon
Kaen University, and the Wahiawa soil (Rhodic Haplustox) having silty clay loam
texture which was collected from Poamoho Research Station, University of Hawaii at Manoa
(UH), USA under the research collaboration between the Research Group and UH. Two biochars
produced from the same feedstock, i.e. upper parts of eucalyptus tree, but under different
pyrolysis techniques, i.e., traditional kiln (TK) at temperature of approx. 350 °C, and a
modern technique of Flash Carbonization™ (FC) at the peak temperature up to 800 °C
applied in intense bursts. A greenhouse experiment was conducted from September 2011
to January 2012. Four rates (0, 1, 2, and 4% w/w) of each biochar were applied to each
soil. There were interaction effects of biochar properties (fixed C, VM, and ash contents)
and soil type on SOC stability. This interaction effect was shown by contrasting responses
in SOC stability in the two soil types. Soil organic C stability increased with increases in
biochar rates in the coarse textured (Khorat) soil having high Al concentrations. On the
contrary, the stability in the fine textured (Wahiawa) soil possessing high Mn concentrations
decreased when the biochar rates increased. Possible mechanisms of the increases in

SOC stability in coarse-textured soil and decreases in fine-textured soil were discussed.
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Regarding the study on effects of biochar on GHG emissions which constituted an
incubation study in microcosms employing similar materials and treatments as the study
on SOC stability above, it was found that volatile matter (VM)-derived labile fractions of
biochars had higher effects on emissions of CO,, CH,, and N,O than their recalcitrant
constituents counterpart. In addition, GHG emissions were also affected by soil properties,
particularly soil buffering capacity. In general, biochar VM stimulated emissions of CO,,
CHg, and N,O in both high (the Oxisol) and low (the Ultisol) buffering capacity soils.
Meanwhile, biochar ash, through increasing soil pH, suppressed these GHGs. However, high
rate (4%) of high VM low temperature biochar suppressed CO, emission. There may have
been some VM-derived toxic substances inhibiting CO, producer microorganisms. Possible
mechanisms were proposed on production and emission of GHGs as affected by VM and
ash through their effects on microbial activity. Mechanisms pertaining to effects of VM
derived organic compounds on GHG emission are direct mechanisms involving VM acting
as a C source for microorganisms and as microbial toxic substances. In addition, an indirect
mechanism pertaining to VM through its forming complexation with microbial toxic
elements. Meanwhile, ash caused increases in soil pH. However, the increase was different
in the studied soils different in buffering capacity. In addition, ash could have a direct
effect through adsorption of CO, and N,O. However, CH, emission was not affected by
biochars due to aerobic conditions of this study. Further research is required to test the

proposed mechanisms.
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