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Abstract

Soil microaggregates play a key role in stabilization of soil organic carbon (SOC)
and influence dynamics of SOC in terrestrial ecosystem. SOC can be stabilized in
microaggregates through physical, physico-chemical and biochemical protection
mechanisms. The study of SOC stabilization mechanisms poses a number of challenges.
Firstly, all these mechanisms operate simultaneously in nature and, secondly there are
significant methodological constraints of separating SOC fractions with different turnover
times. Moreover, the importance of various stabilization mechanisms varies considerably
in different climates, soil types and management systems.

The overarching hypotheses of the study were (i) physical protection of SOC is a
dominant SOC stabilization mechanism in soil microaggregates over physico-chemical
protection (ii) land use and soil type determines the relative importance of different
stabilization mechanisms. The specific objectives of the research work were to investigate
(1) the SOC stabilization in water stable aggregates (ii) microbial decomposition of SOC
and its relationship with chemical composition of SOC and pore geometry of
microaggregates (iii) the mean residence time of SOC in microaggregates and (iv) the
influence of land uses on the distribution and stabilization of SOC in microaggregates.

Two soil types were investigated, Alfisols and Oxisols, both located on the
Northern Tablelands, NSW, Australia. Contrasting land uses in Alfisols were native
pasture, crop-pasture rotation and Eucalypt woodland whereas in Oxisols land uses were
improved pasture, cropping and remnant rainforest. Macroaggregates (250-2000 pm),
microaggregates (53-250 um) and <53 pm fractions of Alfisols and Oxisols were isolated
by wet sieving with a combination of slaking and shaking pretreatments. The mean
weight diameter and percent water stable aggregates were calculated using weights of
aggregates retained on sieves during wet sieving. The SOC associated with
macroaggregates, microaggregates and <53 um fraction was determined by LECO CN
analyzer. Physical SOC fractions associated with macroaggregates and microaggregates
were isolated by size and density fractionation scheme. Sodium iodide solution of density
1.6 g cm™ was used for density flotation and 0.5% sodium hexametaphosphate was used
to completely disperse the soil aggregates. The isolated physical SOC fractions were light
fraction (<1.6 g cm™), coarse particulate organic carbon (>250 um), fine particulate
organic carbon (53-250 um) and mineral associated organic carbon (<53 pum). The stable

SOC was determined by oxidation of SOC associated <53 pum fractions of

iv



macroaggregates and microaggregates and <53 um fraction isolated using wet sieving
with 10% hydrogen peroxide. Basal respiration rate, sizes of active and slow SOC pools
and mean residence time of SOC in macroaggregates, microaggregates and <53 pm
fraction were estimated by incubation experiments. A solid state **C NMR technique was
employed to investigate the chemical structure and degree of decomposition of SOC
associated with various aggregate sizes. Evaluation of pore geometry (i.e. porosity, pore
size distribution, pore connectivity, fractal and spectral dimensions) of macroaggregates
and microaggregates was performed by high resolution X-ray computed tomography. The
mean residence time of SOC in soil aggregates was investigated by measuring the post-
bomb radiocarbon signature with accelerated mass spectroscopy.

In Alfisols, fine particulate organic carbon in macroaggregates and
microaggregates stored 8-31% of aggregate associated organic carbon. The mineral
associated SOC comprised 30-59% of aggregate associated carbon. The content of fine
particulate organic carbon and mineral associated organic carbon was significantly higher
in microaggregates than that of macroaggregates. However, percent water stable
aggregates did not have a statistical significant relationship with fine particulate organic
carbon and mineral associated organic carbon. The basal respiration rate of SOC
associated with <53 um fraction was significantly lower compared to macroaggregates
and microaggregates. Moreover, the mean residence time of SOC in <53 pm fraction was
significantly longer than that of macroaggregates and microaggregates. The similar mean
residence time of macroaggregates and microaggregates measured by an incubation study
was also supported by its measurement by radiocarbon signature. Moreover, stable SOC
concentration associated with <53 um fraction of macroaggregates and microaggregates
was significantly higher than <53 pum fraction isolated by wet sieving. The ratio of
alkyl/O-alkyl carbon determined by solid state *C NMR was an index of degree of
decomposition of SOC, and was higher in microaggregates than in macroaggregates. It
was also observed by solid state 3C NMR that the degree of decomposition increased
from light fraction to mineral associated SOC. Evaluation of pore geometry suggested
that the porosity and pore connectivity of macroaggregates were significantly higher than
those of microaggregates. The 3D images of macroaggregates also indicated the presence
of microaggregates inside macroaggregates which corroborated the findings of similar
mean residence time of both aggregates. The X-ray microtomography observed pores in
both macroaggregates and microaggregates were sufficiently large to be accessible to

microbes. However, the estimated pore size distribution suggested that low pore
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connectivity might create constraints for SOC decomposition inside macroaggregates and
microaggregates. Among the land uses water stable aggregates and fine particulate
organic carbon significantly decreased in crop-pasture rotation compared to native pasture
and woodland. The mean residence time was significantly longer under crop-pasture
rotation and woodland compared to native pasture. In summary, the long mean residence
time and high stable SOC content of mineral associated SOC indicated the significance of
physico-chemical protection for long term SOC stabilization. Moreover, fine particulate
organic carbon became physically protected due to low pore connectivity and
accumulation of alkyl carbon in microaggregates.

In Oxisols, on average >60% of SOC was associated with mineral particles and
mineral associated SOC had a significant positive relationship with aggregate stability.
Fine particulate organic carbon comprised about 8% of aggregate associated SOC of
macroaggregates and microaggregates. The basal respiration rate did not vary
significantly in macroaggregates, microaggregates and <53 pum fractions. But this finding
was not supported by mean residence time measured by radiocarbon. The mean residence
time of SOC in macroaggregates measured by radiocarbon technique was longer
compared to that of microaggregates. The 3D images of Oxisols showed that
microaggregates could occur in macroaggregates and microaggregates could additionally
have a distinct microstructure inside it. The porosity and pore connectivity were
significantly higher in microaggregates compared to macroaggregates. The
decomposition of fine particulate organic carbon might alter the pore geometry of
aggregates. Among the land uses mineral associated carbon was significantly lower under
cropping and forest compared to improved pasture. The findings of the current study
suggest that in Oxisols adsorption of SOC and Fe/Al oxides on mineral particles was

responsible for SOC stabilization.
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