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Abstract

The research project had the goal of investigating ways to restoring fertility of
degraded sandy soils by organic means through the use of plant residues locally
available in farming systems. Further goal was to produce criteria to select organic
residues that had appropriate quality to restore soil fertility both in the short (providing
nutrients) and long term (accumulation of soil organic matter - SOM or carbon - SOC).
The associated outcome of increasing SOC or in other words, increasing soil C
sequestration is reducing atmospheric C. As such, this research emphasized
investigating decomposition of organic residues differing in quality or chemical
composition including contents of nitrogen (N), resistant to decomposition compounds,
i.e., lignin and polyphenols, cellulose and ratios of C to N and those of resistant
compounds to N. In addition to residue quality factor, the research also investigated
other factors regulating decomposition including decomposer organisms (fauna and
microorganisms) and physical environment as modified by soil management notably,
soil disturbance which imitate ploughing. This abstract contains the main results which
have been published in two papers in international journals and one paper in a national
journal. As for other research results which are still under investigation and/or are to be
later published are mentioned briefly. It was shown that SOM accumulation in sandy
soils which had received different quality organic residues (i.e., rice straw, groundnut
stover, dipterocarp leaf litter, and tamarind leaf-petiole litter) continuously for more than

10 years, was highest under tamarind. Tamarind litter is considered a medium quality



organic residue. The high quantity of small macroaggregates (size 0.25-2 mm) formed
indicated that it was a main location of SOM accumulation. Meanwhile, low quality
organic residue which had low N but high lignin and polyphenols, such as dipterocarp
leaf litter, had high SOM in particulate organic matter (POM) form. POM was still
decomposing. This type of low quality residue did not lead to SOM accumulation in
small macroaggregates but had large quantity of large macroaggregates (> 2 mm).
However, the large macroaggregates constituted only a small proportion of soil weight
(< 5%) in the sandy soils, and therefore, did not contribute to SOM accumulation. As
for another type of low quality organic residue which had low N, lignin and polyphenols
but had high cellulose contents, such as rice straw, did not lead to SOM accumulation.
This was because there were little precursors for synthesis of humic substances (a
stable pool of SOM which can persist in soils.) Rice straw had the lowest quantities of
large and small macroaggregates among various organic residues studied. SOM
accumulation was closely related to microbial activities and efficiency in utilizing
carbonaceous compounds associated with decomposition process. Soil applied with
medium quality organic residues (tamarind leaf litter) had low microbial activity (as
indicated by low CO,-C evolution) (33% of C applied) which was lower than that of the
rice straw (71%). Meanwhile, microbial efficiency in utilizing C in decomposition was
the highest under tamarind as indicated by the lowest metabolic quotient (qCO,).
Decomposition of the different quality organic materials studied could fit into a double
pool decomposition mathematical model which separated decomposition into two
phases. The early phase (first 8 weeks) had high decomposition rate which the highest
was found in rice straw followed by groundnut stover, tamarind and dipterocarp in a
decreasing order. Decomposition rate was influenced by chemical composition of
organic residues. Nitrogen content had negative correlation with decomposition.
Nitrogen represented labile compounds constituents of organic residues.
Decomposition in the later phase (after 8 weeks) was limited by compounds resistant to
decomposition, i.e., lignin and polyphenols, resulting in much lower rates than that of
the first phase. Dipterocarp leaf litter had the lowest decomposition rate of the later
phase, while rice straw had the highest. SOM accumulation resulted from organic
residue application brought about improvement in soil physical properties over the soil
not treated with residues. The former soils had higher quantities and larger average
size of aggregates which led to lower bulk density and higher infiltration rates than the

latter soil. The major improvement in soil chemical property was with regard to
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increasing nutrient retention as indicated by higher effective cation exchange capacity
(ECEC) which was highest under tamarind litter. These improvements in soil properties

led to increased soil fertility.

Other activities of the research project have been in progress and/or some
results are in preparation for publication in international or national journals. These
include investigation on the roles of soil fauna and microorganisms in decomposition of
different quality organic residues which have produced some preliminary results.
Biodiversity and prominent species of soil fauna under different quality organic residues
have been identified. Meanwhile, investigation has been underway on 4 microbial
enzymes including invertase, B-glucosidase, peroxidase and phenoloxidase which play
important roles in decomposing organic compounds differing in resistance to
decomposition in various organic residues, both newly added residues and in
indigenous SOM, in soil treated with the residues continuously in the long term. In
addition, data have been generated pertaining to identifying and quantifying natural
vegetation (weeds) in ecosystems receiving applications of different quality organic
residues and effects of physical environment factor (as modified by soil disturbance) on
decomposition of different quality organic residues. As for the investigation into soil C
sequestration, the project has evaluated soil C contents under different land uses in
agricultural fields (upland field crops, paddies and reserved forest in agricultural
landscape) situated in a typical undulating terrain of the Northeast. This was to
evaluate soil C sequestration potential in soil profiles down to 1 meter. Results have
shown that C accumulation could be found in subsoils which indicated that evaluation of
the potential of soil to sequester C should be done down to at least 1 meter soil depth.
In addition, the project investigated vertical movement of SOM resulted from application
of a high quality organic residue in profiles of a sandy textured soil employing soil
profile model (soil columns). The results showed that dissolved organic matter (DOM)
moved vertically along with water to accumulate in finer textured subsoils which could

adsorb the DOM due to increased clay contents.
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