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Abstract

This research aimed at investigating organic methods through the use of
locally available organic residues in Northeast Thailand to restore fertility of sandy
soils by increasing accumulation of soil organic matter (SOM) or soil organic carbon
(SOQ). Additional benefit was to sequester carbon (C ) in soils with a consequence of
reducing atmospheric C. The objectives of this research were to conduct process-
level investigationson decomposition of contrasting quality (chemical composition)
organic residues which involved other factors controlling decomposition, i.e.,
decomposer organisms (macro and microorganisms). In addition, the use of charcoal
(biochar) as a soil amendment was investigated. This research had produced four
papers published in well recognized international journals.

The investigation on effects of applications of contrasting quality organic
residues on soil organic matter (SOM) dynamics and accumulation in a sandy soil in
the long term involve 5 treatments of organic residues including an unamended
control; groundnut stover (GN) considered high quality with high nitrogen (N), but low
lignin (L) and polyphenol (PP) contents; tamarind leave+petiole litter (TM) considered
intermediate quality with medium contents of N, L, and PP; dipterocarp leaf litter
(DP) considered low quality (low N but high L and PP contents); and rice straw (RS)
which was also low quality in a different way, i.e., it had low contents of all three
chemical constituents but it had the highest cellulose (CL) content. Application rate

was 10 ton ha ' yearly starting from 1995 till present.



SOC accumulation was highest under the continuous application of the
intermediate quality residue for many years. Microaggregates (Mi) was the main C
storage location in the sandy soil which had the highest C content in all residue
treatments. Contrasting quality organic residues exerted effects on locations and
stability of C stored in Mi. The recalcitrant C compound constituents of the residues
promoted macroaggregate formation, while labile constituents like CL and N
compounds, e.g., protein, spurred microbial activities in synthesizing compound
products acting as cementing agents, such as polysaccharides, for the formation of
Mi.  Additionally, C (both recalcitrant and labile) interacted with N in influencing
stability of C in Mi. Although CL appeared to stimulate SOM decomposition and
negatively affected C stability in Mi, it induced production of cementing agents for Mi
formation. The results of the amounts and locations of SOC accumulation in the soil
matrix above were supported by a later study on molecular structure of SOC
employing an innovative spectroscopic technique, diffuse reflectance Furier
transform mid-infrared spectroscopy (midDRIFTS), which led to a proposal of 4
mechanisms of decomposition of contrasting quality organic residues and resulting
SOC accumulation including 1) Physico-chemical protection of CL by L in organic
residues restricts microbial decomposition; 2) C loss via microbial decomposition of
unprotected CL; 3) Regulatory effect of organic residue derived N; and 4) SOC
stabilization.

Contrasting quality organic residuesupon decomposition produceddifferent
amounts and forms of dissolved SOM or SOC (dissolved organic C - DOC). We
investigated DOC fractions based on their molecular weights. It was found that DOC
produced under TM, GN and DP which had low to high contents of N and resistant
compounds, but lower CL contents than RS, produced high molecular weight (HMW)
DOC in large amounts. The HMW DOC was stabilized in the soil by being adsorbed
onto fine particles (silt and clay). This study has proposed a second mechanism
which was to occur after the adsorption, i.e., microaggregation, in the studied sandy
soil. This highlighted the role of DOC in SOC accumulation which in this case was
accumulation in topsoils under TM, GN and DP treatments after 13 years of
application.

As for the RS with high CL but low L and PP contents, it led to production of
low molecular weight (LMW) DOC in high amount during the early part (first 2 weeks)
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of the decomposition. LMW DOC had low adsorption capacity to fine particles and
was leached to subsoils leading to its accumulation there. This study, hence,
showed clearly that DOC played roles in DOC accumulation in both topsoils and
subsoils in the studied sandy soil.

Studies on effects of decomposer organisms included microorganisms and
soil fauna. The role of microorganisms in decomposition was taken during year 16 of
the long-term experiment. It was found that microbial activities as indicated by
those of C compounds degrading enzymes were influenced by quality of residues.
The prominent quality parameter is residue N content. N stimulated activities of
some enzyme degrading resistant C compounds, such as phenoloxidase, and some
that degrades labile C compounds, such as invertase and beta-glucosidase. Our
results supported the controversial positive role of N in stimulating phenoloxidase
activity in degrading resistant C compounds.

The role of soil fauna in decomposition was focused on that of macrofauna
during the year 17-18 of the long-term experiment. We found an important role of
macrofauna in decomposing recalcitrant organic residue including DP during the latter
part of the decomposition. Residue C contents, whether resistant, notably L, or
labile, notably CL, C compounds as well as C-to-N ratio showed positive correlation
with diversity index of macrofauna (Shannon-Weiner index — H/). As for residue N
content, there was no significant correlation with the diversity index. It is possible
that N had positive relationship with the diversity index of macrofauna but some N
compounds, which were allelochemicals that could deter growth of organisms, was
not to promote soil faunal diversity. For example, TM contained allelochemicals
which could have had negative effects on soil faunal diversity. In addition to the
direct effect of residue quality on soil faunal diversity, residue application could
modify soil properties,in turn, affecting soil fauna decomposers. This was indirect
effects. Carbon dioxide release signifying activities of soil fauna and microorganisms
and SOC accumulation showed high positive correlations with soil faunal diversity.

This study also showed that macrofauna had influence on changes in
contents of chemical constituents of residues as shown by changes in L and CL
contents. However, it did not have effects on PP. This might have been due to an
overriding physical factor controlling PP contents in the decomposing residues, i.e.,

leaching. As for L and CL, they were both heavily affected by macrofauna during the
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middle and latter part of decomposition. L provided a shield to CL in plant cell
wall, and therefore limit CL microbial degradation. This study showed clearly that
macrofauna had more profound effect on decomposition of resistant than easily
decomposable residues.  Lignin was the main component most affected by
macrofauna. Meanwhile, PP was affected by macrofauna only in those residues
containing high content of this compound.

Biochar is another organic material intensively studied for its role in amending
soil fertility worldwide for the past 10 years. The objective of our research was to
investigate the roles of biochars, produced from the same feedstock but different
pyrolysis techniques, as soil fertility amendments in two soils contrasting in texture
and mineralogy. The soils used included loamy sand textured Khorat soil series
(TypicKandiustult) from KhonKaen province, Thailand, and silty clay loam textured
Wahiawa soil series (RhodicHaplustox) from Hawaii. Biochars were obtained from
eucalyptus (Eucalyptus camaldulensis) wood undergoing two different pyrolysis
techniques, i.e., Thai traditional kiln (TK) which used the temperature of 350 °C and
Flash Carbonization™ (FC) which used the highest temperature of 800 °C.OA pot
experiment which the biochars were incorporated into the 2-kg soil in a pot at the
rate of 0, 1, 2 and 4% w/w was conducted. Corn, the test plant, was grown in two
consecutive crops, each of which lasted 39 days to harvest. Biochar application was
done only once at the beginning of the first crop. After harvesting, the remaining
soils were used for the second crop. The results showed that the biochars could
improve soil fertility which resulted from various biochar properties related to the
pyrolysis conditions. The FC (high temperature) biochar had higher content of ash
(3.9%) than the TK (low temperature) biochar (2.4%). This resulted in a significant
depression of corn biomass compared to the control in the Khorat soil treated with
the FC at the highest rate (4%). This was a consequence of high K content in FC
which reduced Ca and Mg uptake by corn, a phenomenon known as K antagonism.
Not only biochar properties that influenced their effectiveness as a soil amendment,
but also soil properties. In brief, biochars increased soil pH and reduced soil
contents of phytotoxic ions including Al in the Ultisols and Mn in the Oxisols. This
was attributable to higher pH which reduced Al solubility in soil solution. Meanwhile,
Mn content was probably reduced by a chelation process provided by some organic

compounds pertaining to the biochars, such as organic acids. However, more in-
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depth studies are required to determine exact mechanisms responsible for biochars’
detoxification of these ions. In addition, high soil buffering capacity could mitigate
the negative effect of K antagonism on plant caused by applicaton of high rate of
biochar. The K antagonism effect only occurred in corn grown in the low buffering

capacity Khorat soil, but not in the high buffering capacity Wahiawa soil.
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