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Abstract

Carbon and nitrogen mineralisation in tropical peatlands has been shown to influence
peat subsidence or loss of peat mass and nitrogen availability in the peatland
ecosystem. The effects of agricultural practices on peat mineralisation and the
relationship between physico-chemical properties of peat and carbon and nitrogen

mineralisation were investigated in this study.

The relationship between water content, expressed as percentage of water-filled pore
space (WFPS), and carbon and nitrogen mineralisation of three tropical peats varying
in physical and chemical characteristics were examined in a laboratory incubation
experiment. Carbon and nitrogen mineralisation for all peats were found to exhibit a
parabolic response to increasing WFPS. Carbon mineralisation reached a maximum
at a relatively narrow range of water content, 60-70% WFPS, whereas nitrogen

mineralisation was maximised at 50% WEFPS.

The influence of nitrogen addition and liming on carbon and nitrogen mineralisation
were studied in order to understand the effects of agricultural practices on the loss of
peat mass through carbon mineralisation. Addition of nitrogen to a peat with a high
C/N ratio stimulated carbon mineralisation, but carbon mineralisation decreased for a
peat with a low C/N ratio. Where nitrogen addition increased carbon mineralisation,
maximum carbon mineralisation with and without nitrogen occurred at different
WEPS. The WFPS level at which carbon mineralisation was maximised shifted to
lower values as carbon mineralisation increased with nitrogen addition. This result
confirmed that an understanding of the relationship between water content and
carbon mineralisation is crucial to studies where the mineralisation of peat with
substrate addition is to be assessed. Liming increased carbon mineralisation for all
peats but the extent of mineralisation depended on the C/N ratio. Nitrogen

mineralisation was observed to be reduced by liming.



vi

The chemical nature of organic carbon in thirty tropical peats was characterised
using solid-state B3C NMR spectroscopy on the basis of type of C and estimated
molecular composition inferred from the NMR spectra. Alkyl C and the aliphatic
molecular component were found in the largest proportion in all of the tropical peats.
The proportion of alkyl C changed significantly with increasing degree of
decomposition, but no significant decreases in the proportion of O-alkyl C with
increasing degree of decomposition was noted.  Significant variation in the

proportions of di-O-alkyl, phenolic and aromatic C were also noted.

Carbon mineralisation, nitrogen mineralisation and the kinetic parameters of carbon
mineralisation were correlated with the chemical structure and composition of the
peats. The use of peat chemical data derived from 3C NMR data individually only
explained a small proportion of the variation in carbon and nitrogen mineralisation
between peats. Inclusion of additional data pertaining to other chemical and physical
properties of peats improved the proportion of variation accounted for, suggesting
that the extent of carbon and nitrogen mineralisation from tropical peats may be
predicted using a combination of physico-chemical properties and carbon chemistry

of peats.



vii

Statement

This thesis contains no material which has been accepted for the award of any other
degree or diploma in any university or other tertiary institution and, to the best my
knowledge and belief, contains no material previously published or written by

another person, except where due reference is made in the text.

I give consent to this copy of my thesis, when deposited in the University Library, -

being available for loan and photocopying.

Date: ’U‘{/O( /&m‘} Signed: .



viii
Acknowledgments

I am eternally indebted to my supervisors Dr Jeff Baldock (CSIRO, Land and Water)
and Dr Graham Merrington (Department of Soil and Water) for their help,
unqualified support, constant guidance, infinite patience and encouragement during
the period of this study. I would also like to thank Dr Ian Singleton and Dr Ann
McNeill for their help and support during the first year of my study.

A special mention also for Dr Ron Smernik (Department of Soil and Water) for his
explanation and assistance in characterisation of organic matter using BC NMR
spectroscopy. Technical assistance of Mr Maurice Amato in determination of carbon
mineralisation and Colin Rivers for his all round help is greatly acknowledged.
Thanks to Hairil Ifansyah, Ayuy Razie and Engkong Haris for help in sample

collection in Indonesia.

Thanks also to all staff and students in Department of Soil and Water who made my
life as a post-grad a rewarding experience. Special thanks are addressed to Jerome
and Darren for the great joke and the company after hours. I would like to extend
my thanks to other postgraduate students, particularly Bagus, Agus, Irda, Rina,
Nathan, Uswah and Yenny who constantly provided encouragement during all my

works in Adelaide.

Finally and most sincerely, a huge and special tribute to my parents and brother.

Without their love, support and encouragement, I would have never gone this far.



ix

List of Figures

Figure Page
2.1 The cycle of organic carbon (Baldock, 1989) ........ccovviiiiniii 5
2.2 The nitrogen cycle (modified from Paul and Clark, 1996) .................... 8
2.3 Relationship between net N mineralised and C/N ratio (Vigil and Kissel,

1991 cuivieiiireinreinnsennasbsasnssssanvissssasarusesoneisnniiss sonissssonsonmivinaes 10
2.4 Comparison of single and double exponential model of predicting N

mineralisation for CT (Griffin and Laine, 1983) , MD (Stanford and

Smith, 1972) and MN (Deans et al., 1983) samples. N, values are given in

parentheses, observations values of N mineralised (4, <, O) and predicted

N mineralised (line) (Deans et al., 1986) ....cccovviiiiiiiiiiiiiiniiniin 27
2.5 Fractionation of soil organic carbon based on chemical extraction (Collin

et al., 1997; Stevenson and Cole, 1999) .......ocviiiiiiiiiiiiiiiiiiiiinin 31
2.6 The general chemical regions and typical chemical shift assignments for

solid-state °C NMR (Skjemstad et al., 1997) ....eeeeeeeriiiiiiiniiniinesaninn, 33
3.1 Solid-state CP/MAS >C NMR spectra acquired for the three tropical peat.. 44
3.2 Molecular composition of three tropical peats estimated from BC NMR

SPECLIA & vuviusssssssansannsassninssssnibosnomeiasisionsasnssananesossnasosossosnssssssses 45
3.3 Rates of C mineralisation as affected by interactions of peat and WFPS (a),

time and peat (b). Bars represent standard deviation of the mean [n=24 for

(@) and 15 £Or (D)] ovnvnininiirniierieniiii e se st 48
3.4 Rates of biodegradability of organic C as affected by interactions of peat

and WEPS (a), time and peat (b). Bars represent standard deviation of the

mean [n=24 for (a) and 15 for (b)] .....cooveiiiiiiiiiiiiiiiii 49
3.5 Rates of nitrogen mineralisation/immobilisation with different WFPS and

incubation period. Bars represent standard deviation of the means of

triplicate SAMPIES ....uvvververinserrierrerin st 53
3.6 Rates of biodegradability of organic nitrogen with different WFPS and

incubation period. Bars represent standard deviation of the means of

triplicate SAMPLES ....uiueviuneriiieiiiiiiiri 54
3.7 Change in net ammonium and nitrate affected by WEFPS after 8 weeks of

incubation. Bars represent standard deviation of means of triplicate

V11 0) L RRRELEETREIE 55
4.1 Carbon mineralisation of peat during the 35-day incubation period as

influenced by interaction of peat, lime and nitrogen addition. LO, without

lime amendment; L1, with lime amendment; NO, without nitrogen

amendment; N1, with nitrogen amendment. Bars indicate mean * standard
AEVIALION +evetverenenvnsreenenensnsnsnenasneesassssssnstasssensssessossnensasnnsenses 68



List of Figures (Continued)

Figure Page

4.2 Interactive effects of peat, WFPS and nitrogen addition on C 70

4.3

4.4

4.5

5.1

5.2

53

5.4

5.5

6.1

mineralisation during the 35-day incubation period. Bars indicate mean +
standard AeVIAtION ....cvvvieiseivsassnronsersississtssassessessosianssnssrsosasiasenss

Rates of carbon mineralisation as influenced by interaction of peat, lime,
nitrogen and time treatments. L0, without lime amendment; L1, with lime
amendment; NO, without nitrogen amendment; N1, with nitrogen

amendment. Bars indicate mean * standard deviation ............ccceiviiiiinin 71

Nitrogen mineralisation of peat during the 35-day incubation period as
influenced by interaction of peat, lime and nitrogen addition. L0, without

lime amendment; L1, with lime amendment; NO, without nitrogen

amendment; N1, with nitrogen amendment. Bars indicate mean + standard
deViation esississvesusasssrissmaisnssissassvsesoresvaassrasssnssnsnsessnsesesse 75

Nitrogen mineralisation of peat during the 35-day incubation period in
both peats as influenced by interaction between peat and WEPS levels.
Bars indicate mean  standard deviation ........coceverneinmiiiiiiiiiiiiin 75

Relative proportions of carbon in different regions of the BC CPIMAS
NMR spectra 0f 30 PEAS .....oviivrivruirinieerirsres i 94

Principal component of variation in carbon type of tropical peats. (A)

Sample distribution based on the PCA factor scores: B = Bayur (n=9);

LA = Liang Anggang (n = 7); PD = Pulau Damar (n=9); G = Gambut (n

=2); L = Lampihong (n = 3). (B) Eigenvectors ............cocoiimmiiiiienn 97

Components of peats as estimated using molecular mixing model from the
30 NIMR SPECLTA 1.vvvevversenseessenneessesssssssssnsesssnassnssssessssssssossssnns 98

Principal component of variation in molecular components of tropical
peats. (A) Sample distribution based on the PCA factor scores: B = Bayur
(n =9); LA = Liang Anggang (n = 7); PD = Pulau Damar n=9),G=

Gambut (n = 2); L = Lampihong (n = 3). (B) Eigenvectors .................. 99
Cumulative curves of carbon mineralisation of peats. The data are fitted
with one pool model (a) and two-pool model (D) ......ovvuiiiiiiniiiiiiinn 106

Relationship between WFPS and mineralisation of carbon and nitrogen of
three tropical peats varying in physical and chemical properties after a 56
day of incubation Period ........ceuvieniiuiiiiiii e 121



Xi

List of Tables

Table Page

2.1

2.2

3.1

3.2

33

34

3.5

3.6

37

4.1
4.2

4.3

Definition of the processes involved in the carbon cycle (Henderson, 1979;
Baldock and Skjemstad, 2000) ......oooiiiiiiiiiiiiiiiii e 6

Carbon dioxide production under aerobic and anaerobic conditions, and
ratios of aerobic-to-anaerobic CO, production as reported in different
1abOratory StUAIES ...vvvivvuieeurersierner e 16

Physical and chemical characteristics of the peat collected from three
LTS (= (LR L= T PP PP P P PR RTTRE 43

Relative carbon distribution (%) in different regions of chemical shift
(ppm) and ratios of alkyl C to O-alkyl C in the 13C NMR spectra of three
rOPICAL PEALS . .vuivuiveiiiuniuniniet et iiri ettt 44

Interactive effects of time, peat and WFPS on cumulative C mineralisation.
Values within a column for each peat followed by the same letter are not
significantly different (P > 0.05). Values in the parentheses indicate

standard deviation of mean (N=3) ......ccoiiieiimrenniereeriiiieiiiininiinrane 46

Interactive effects of time, peat and WFPS on biodegradability of organic
carbon present in the peat. Values within a column for each peat followed
by the same letters are not significantly different (P > 0.05). Values in the
parentheses indicate standard deviation of mean [ o ) S — 47

Interactive effects of time, peat and WFPS on net N mineralisation.

Values within a column for each peat followed by the same letters are not
significantly different (P > 0.05). Values in parentheses indicate standard
deviation of Mean (M=3) .evvvveveiiiiiriinrineeaisrree e iisiiiaaeiseenaaasens 51

Interactive effects of time, peat and WFPS on biodegradability of organic

N. Values within a column for each peat followed by the same letters are

not significantly different (P > 0.05). Values in parentheses indicate

standard deviation of mean (M=3) ........cciiviierriiriariieniiiaiiii. 52

Effect of water-filled pore space (WFPS) on biodegradability of organic N.
Values within a column for each peat followed by the same letter are not
significantly different (p < 0.05). Values in parentheses indicate standard
deviation of mean (N=3) ....viveeriruiurrarinerrieieniiirar e

Physical and chemical characteristics of the peats ...........o.ovvieeiiennnne 66

Relative carbon distribution (%) in different regions of chemical shift
(ppm) and ratios of alkyl C to O-alkyl C calculated from the BCNMR
SPECITA 1evueeunneresecrsreorsursanssnnsrussasuerisusssssasnisstuersassoustnassnnsnnrssne 67

Summary of statistically significant treatment effects on carbon
mineralisation (CM), biodegradability of carbon (BC), soil pH (pH),
nitrogen mineralisation (NM) and biodegradability of nitrogen (BN) ........ 69



Xii

List of Tables (Continued)

Table Page

4.4

4.5

4.6

5.1
52

53

54

5.5

5.6

Interactive effects of peat and nitrogen addition, WFPS and nitrogen
addition, and lime and nitrogen addition on the biodegradability of organic

carbon after 35-day of incubation period .........ccoviiiiiiiiiiii 73
Interactive effects of peat and nitrogen addition on the biodegradability of
nitrogen after a 35-day incubation period ..........ocoiiiiiiiiinii 76
Interactive effects of peat and liming on pH of peats after a 35-day
incubation Period. .........ccoiiiiiiiiiiiii 77
Selected physical and chemical properties of peat used ............cooeuveiin 92

Correlation matrix of physico-chemical properties and carbon chemistry of
o1 S T LTI PEPPECPEPRTES 95

Cumulative carbon mineralisation and net nitrogen mineralisation for the
peats studied after 56 days of incubation ...........ccieeiiiiiiii 101

Simple correlation coefficient (r) between peat characteristics, carbon
chemistry, estimated molecular component of peats and cumulative carbon
mineralisation and nitrogen mineralisation ..........ocovieiiiiiii 102

Kinetic parameters for C mineralisation models based on the one and two-

pool models. The parameter values for C, (potential minerasable organic
carbon fraction), k (mineralisation rate constant of the potentially

mineralisable of organic carbon fraction) and 4 (is mineralisation rate

constant of the resistant organic carbon fraction) provided the best fit to
56-day cumulative C mineralisation data ..........coocvriimenneniinineei 107

Simple correlation coefficient (r) between peat characteristics, carbon
chemistry, and molecular component of peats and parameters of kinetic C
mineralisation of single and double exponential models ..................eee. 109





