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The field experiment was designed to compare decomposition processes
among the treatments and the microbial contribution on litter decomposition rate and
carbon mineralization of naturally accumulated litter in dry evergreen forest at
Sakaerat Environmental Research Station. The litter cage decomposition method, was
used, where microbial respiration (CO, measurement) of litter in fine and coarse
cages with 0.2 and 2 mm mesh sizes were compared with the respiration of natural
litters Soil respiration was also measured in 0-5, 5-10 and 10-20 cm depths under
litter coarse cages, no litter coarse cages and natural litter, respectively. The litter
decomposition constant rates (k) of coarse and fine cages were 1.62 and 0.74. The rate
of litter weight loss was twice higher in coarse cages than in fine cages due to the
intensity of litter removed by termites. The litter respiration rates by microbial
decomposition on natural litter and litter samples were affected by litter quality in the
rainy season. In dry season, litter quality did not affect microbial activity due to low

availability of water. Soil respirations were not significantly different among three



IV

different treatments. It may suggest that microbial decomposition under the litter

treatments were affected from other carbon resources.

{ -
School of Biology Student’s Signature /}J%"Wﬁ )—qmjéﬁ)%l

Academic Year 2010 Advisor’s Signature W’Mﬁ

Co-advisor’s Signature J/\Yﬁ E\H/\ﬁf

-



= a a

N3und yaySoy : dnswavesydunidlumsdanldesnisueunazdasimsdes
ameveuryaniisluthavudsfian1i3sudunadeusins1y (MICROBIAL
CONTRIBUTION TO THE CARBON MINERALIZATION AND DECOMPOSITION
RATE OF LITTER ON THE FOREST FLOOR IN DRY EVERGREEN FOREST AT
SAKAERAT ENVIRONMENTAL RESEARCH STATION) 19136711/3n%1

91 J C% a = v
rﬂ%’)ﬂﬁ’]’dﬁﬂ‘ﬂ’]iﬂ AT.UFIA DY, 65 1N

v

AA o s A K =t = ' 1
ﬂﬁ“Vlﬂﬁﬂ\ﬂm’mQ‘]Ji$’s’NﬂLW’E’)ﬁﬂ‘H'IL‘]JiEJ‘UW]EJ'Uﬂi%U’QUﬂ1§ﬂ®Uﬁﬁ181ullﬁﬁ$ﬂ'\i

ad1 w 1

a a a 1 o
ﬂﬂﬁﬂﬂllﬁgﬂﬂﬁWﬁﬂlﬂﬂi}ﬁu1/15Hﬂﬂ@@]i']ﬂ’lﬁﬂﬂﬂﬁa'lﬂlm%ﬂ’liﬂﬂﬂﬂﬂﬂﬂﬂ'ﬁﬂﬂuﬂl@ﬂmycﬁ'lﬂﬁ‘]f
dy d'l a 9 Aaa o a' 9 9 as v @ 1
Elu‘wu'ﬂﬂ"lﬂﬂuﬁx‘i"llﬂﬁﬁﬂ'lu'J%EJﬁQLL'Jﬂﬁ?JlJﬁ%uﬂi'l"b' AYITNITIADATINITYDYAAYUDIUAY
A Y [} o [ 1 A A =] a a
SFINNY Iﬂﬂi‘lﬂﬂﬁ@ﬂﬂ'ﬁﬂﬂﬂ'Jﬂﬁ"]‘ﬂ5ﬂiﬁlﬁycﬁ1ﬂwsﬁﬁﬂﬂ‘ﬂu1ﬂﬂ0 Jlanvuna 0.2 HaaLuAg a3
] a a v W a 4 1 4 J.
Tngjunnm 2.0 Tadues uazmsiadasmsmelevesydunsd (msilanassmivenlaeen lua)
@ v A 1 v 3 <3 ] = ~ @
VDINIDYNUAYBIN WY sluﬂﬂ@ﬁﬂ']“ﬂﬂﬁ')ﬂﬂﬁ‘llu']ﬂ?‘mﬂ Lm%‘llu']ﬂg(l'ﬂiy L‘l]'ifJ‘UL“VIfJUﬂ'ULﬁ‘H
A a u’/’ dy =1 [ - 3 a 9 U 1 []
FINWBATNDTINBIA ‘VI\1‘L!i')l]fNfﬂi')ﬂi’]@ﬁ'lfﬂﬂ"i']EJGl"l]“Uﬂqwuﬂuiﬂﬂﬁﬂﬁﬁ']‘llTUﬁ'Jﬂ‘llu'lﬂzalﬂﬁ’g
Wdwruannity lildiguenite uaz lArysnfrsIsuma Anudn 0-5 5-10 Lag 10-20

IUALAT MUAIAY HANSANEINDI dasIMsdesamevoarEIniyIundesvag Inel

o L]

@ v ] 1 ' ] 4 £ d '
f‘]ﬂ‘J'Iﬂ'liﬂﬂﬂﬁﬁ']ﬂﬂ?@ﬂ'ﬁﬂ']ﬂ"lﬂ‘llﬂﬁﬂ'JﬂEJ'NLﬁ‘]el“']ﬂﬂﬁ"]ﬂi'Jﬂ'J'lﬂﬁ'f]\?ﬁ'l“U'lU“Uu'lﬂzmﬂclmi'llﬂ'ﬂ

] J 1 Al ow 1 U ] ] [}
Huaourluudazdranar Taslisrdasimsdesanis (k) vesnaseavieganuazg ng)

[ o w 1" a a d 1 1A 9 a A
AU 0.74 uaz 1.62 mudwy wundenssuvesarnidlunquingidh lufueaysinivasly

a ad

nassmzuualng daudasinismieleninfinssuvesydunsd luaysnissssuana

uazludl10619nAa09 NUIUANUBUAYFINNEFNTNNAUAINTITUFIA UWNAADNS

a

T J ' o ' 4 o
Yamilassn1s uounaznisdesaaisvesgaunsdlusngedulisnlToumeuiuguniway

yrnisludledis daulugqudsgunimveudysiniie liioninanenisdesaaisuns

[

a 1 J A A a (A g ° A
ﬂi]ﬂiiiJﬂ']i'iJaﬂﬂﬁﬂﬂﬂTiUﬂuﬁlulﬁH“BTﬂW% mmmnuﬂimmﬂmu%wn 1ummzmm1ms

Y

wiwlvaedu lulianuumnaladuegialisd

[

' 2 =< &
2] (P>0.05) UDUNATNITNA[DY HINTTANYIU
Y

@ 1w a ' d a o a T ]
ﬁuUﬁHu’nﬂﬂi']ﬂ']iﬂ']ﬁlcli]"ll@\?ﬂuﬂTﬂLl‘Hﬁ\?ﬂ'ﬁﬂﬂu@uﬂgﬂiﬁ%u@umﬂﬁﬂﬁﬂﬂﬁ']m’lﬂﬁﬂ’lﬁL%ﬂ



II

A do

1 d' ‘é =t T a (] a 9 A v [ d’
ﬂmninmmm@uﬁ'] G]J’QiJWﬁG]’f)ﬂ%ﬂiillﬂ'liﬂ@ﬂﬁﬁ'lﬂ“ll@\i‘g’ﬁu‘ﬂi&lﬂﬂﬁthiJﬂ’J'llllmﬂﬂ'Nﬂum%)

=) = (% (% 1 a a
WS UINEUNUAIB19AUTITUTIA

' £
AUIF1FIINN aeiio¥erindnun f")ﬂ%yw)j’ 'LQOJ)&'UA}
T

Amsdnun 2553 MuiloFoo19156NUSnEN C?Z/,

[/

A A fa |2 ' ‘
aeioe019138NInY1 M [, B ﬂaf’fﬁg

»



ACKNOWLEDGEMENTS

I am sincerely grateful my thesis advisor, Asst. Prof. Dr. Nathawut Thanee and
my co-advisor Dr. Akinori Yamada for their invaluable helps, encouragement and
financial support throughout the course of this research. I will be forever grateful.

I wish to thank Suranaree University of Technology for supporting
scholarship. The instruments and important tools in field works were supported by
Kyoto University and JSPS Research Fellow for Young Scientists.

Many thanks to Mr. Taksin Artchawakom, the Director of Sakaerat
Environmental Research Station (SERS), and the staff in the SERS for their assistance
in this research and support for a good accommodation and food.

Thanks to Dr. Pongthep Suwanwaree, Assoc. Prof. Dr. Decha Wiwatwitaya,
for their advices as academic mentors in the preparation of this dissertation. I would
like to thank Mr. Masashi Higuchi (Japan Forest Agency), Dr. Sitthisak
Pinmongkholgul, Mr. Seksan Sansorrapisut, Mr. Karma Dorji, and Mrs. Seikoh
Hassin for their assistances in field and warm friendships during the course of my
studies.

Finally, I wish to thank my family for their unfaltering faith in my ability and

encouragement throughout the period of this research.

Warin Boonriam



CONTENTS

Page

ABSTRACT IN THAL ...ttt ettt e I

ABSTRACT IN ENGLISH ....ooiiiiiiiiieiiie ettt m

ACKNOWLEDGEMENTS ...ttt A%

CONTENT S ettt e e et e e et e e e saaneeeas VI

LIST OF TABLES ...ttt et IX

LIST OF FIGURES ...ttt et et X
CHAPTER

I INTRODUCGTION ...ttt ettt e e et sebeeeeeeeas 1

L1 GeNEral. e 1

1.2 The Research PUIPOSES........uuviiiiieeiiiiiiiiiiiiee ettt e e e e e 3

1.2.1 Research QUESTIONS. .......uuuuueeiieeieeciecceeee e 3

1.2.2 ResSearch ObJeCtIVES.....cceeriueiiiiiieeeeeeeeiiiiieeee e e e e eeiieree e e e e e e e 3

1.2.3 Scopes and Limitation of the Study.........cccceeevveviiiiiiiiiiiieee, 3

I’ LITERATURE REVIEW ... 4

2.1 Overview of Decomposition Processes in Tropical Forest.......................... 4

2.2 Production by Plant and Litterfall.............ccccccooiiiiiiiiiieeeee, 6

2.3 DECOMPOSEIS ..ttt sssssnnnnes 9

2.4 How Do Researchers Carry Out Studies on the Decomposition?.............. 13

2.4.1 Litter Bag Method .........cooviiiiiiiiiiiieeeeeeeeeee e, 13



I

v

VII

CONTENTS (Continued)
Page
2.4.2 Direct Method of Determining Microbial Activity .........cccceeeeennnee 14
METHODOLOG ...t e 17
3.1 Study Sit€ DeSCIIPtION ...eeveeeeeiiiiiiiiiieeeeeeeiiiieeee e e e e e e e e e e e e e eeeeaeeeees 17
3101 StUAY ATCA...ceiiiiiiiiiie e 17
3.1.2 SERS HiStOTY .eouttieiiiieeiiie ettt 17
3.1.3 Topography and Geography..........cceeeveuvriiiieeeeeiiiiiiiiiieee e 19
3104 CHMALE ... 20
3.1.5 Vegetation and FOrest TyPes.......ccevvvvvuviiiiieeeeeiiiiiieieeeee e 20
3.1.6 SO1l CharacteriStiCS ... ..ueeeeiiiiieeiiiiieee et 21
3.1.7 StUAY ST .o e e e e 22
3.1.7.1 Dry Evergreen Forest (DEF) ........ccooviviiiiiiiiiiiiieiieeee, 22
3.2 Setup Litter Cage PlOtS .......uvviiiiiiieeeiiiiiiiiieee e 22
3.3 Litter Preparation.........coocceeviiiiieeeeeeeiiiiieeee e e e et e e e e e e e earaaeae e e e 24
3.4 Experiment Plot DeSIZN .........uuviiiiieiiiiiiiiiiieeeeeeeeeeee e 26
3.5 Analysis of Microbial Activity (CO2 efflux measurement)...................... 27
3.5.1 Litter and Soil Measurement............ceeevuveeeeiniiieeeiniiieee e 28
3.6 Analysis of Litter Decomposition Rate ............cooevviiiiieieeieeiiiiiiiieeeeen. 30
3.7 Data ANALYSIS ..uvvvviiiieeeeiiiiiiiiiieee e e e eeesirtee e e e e e e e et eeee e e e e e nnrrraraaaaaeens 30
RESULTS AND DISCUSSION..... ..ottt 31
4.1 Determinants of the Climatic Variation of SERS .........ccccccovviiiiiinnnnnn. 31
4.2 The Rate of Litter DecompoOSItioN.........ccuuvviiireeeeeriiiiiiiieeeeeeeeeriiiieeeeeeennn 32



VIII

CONTENTS (Continued)

Page

4.3 The Litter ResSpiration.........c..uuviiieeeeeeriiiiiiiiieeeeeeeesiiiieeeeeeeeeesseivreeeeeeeeens 35

4.4 The SO1l ReSPITation ....cceeeeieiiiiiiiieeeeeeiiiiieeee e e eee st e e e e e e irraeeeee e 38

V. CONCLUSIONS. ...ttt et e e enee e 46

REFERENCES ...ttt ettt et et e e neee e e 48
APPENDICES

APPENDIX A CLIMATIC DATA ... .oiiiieeeeeee e 56

APPENDIX B THE LI-820 CO2 GAS ANALIZER ......ccccovviiiiiiiiiene 57

APPENDIX C PHOTOGRAPHS OF FIELD DATA COLLECTION.......... 60

CURRICULUM VITAE ...ttt 65



Table

2.1

2.2

2.3

2.4

2.5

2.6

3.1

3.2

LIST OF TABLES

The carbon dynamic of the tropical forest are dominated by carbon cycle ...... 6

Carbon production of annual aboveground litterfall in tropical forests............ 7
Estimated stocks of carbon (Mg ha™) at the three forest ecosystems............... 8
Abundance of soil macro invertebrates in tropical forest ...........cccceeveuvnnneee. 11

The carbon mineralization of termite populations and fungus combs

N trOPICAl FOTESE .....eiiiiiiiiii e 12
Mean rates of soil respiration in different types of vegetation....................... 15
Defined forest types in Sakaerat Environmental Research Station

N the year 2000..........uuiiiiiiiiiieee e 21

Time course of the litter and soil samples measurement .............cccceeeuevnnnee. 26



Figure

2.1

2.2

3.1

3.2

3.3

3.4

3.5

4.1

4.2

4.3

4.4

4.5

4.6

4.7

4.8

4.9

LIST OF FIGURES

Page
Carbon cycle in the forest €CoSYStemM........ccuvviiiiiiieeiiiiiiiiiieeee e 5
A generalized classification of soil fauna by body width ...............c.cceeee. 10
The location of Sakaerat Environmental Research Station..............cccoceeee. 19
Map of total 13 plots in DEF .........ccuviiiiiiiiiiee e 23
Experimental plot design for incubate litter cage within DEF ....................... 25
Flowchart of litter and soil samples measurements............ccceeeeeeeeeeeneeennnnenn. 27
System of CO; Gas Analyzer for measuring CO; emiSsion............cceeeeeeennnnns 28
The monthly rainfalls, temperature and humidity from November 2008
to May 2010 inthe SERS ......oiiiiiiiiie e 32
Decomposition rates of litter samples in coarse and fine cages.................... 33
Distributions of the ratio of litter weight remaining between pairs of
coarse and fine cages and between fine cages.......ccccvvveevvriciiiiiieeeeeeneiiiiee, 34
Respiration rates of litter samples and natural litter ..............cccceeeeeeeinnnnnnen. 36
Water ratio of litter samples and natural litter..........ccceeveeiviiiieeeeeeenie, 36
Plot of litter-respiration rate against water ratio............oeeveevviveeeeeeeeerssnnnnnnnn. 37
Respiration rates of surface soil (0-5 ¢m) ......cccvvvvieeeeeeiiiiiiiiiiieeee e, 38
Water ratio of surface soil (0-5 €M) ....oooeeeeeiiiiiiiiiiiieeeeeee e, 39

Plot of 0-5 cm-soil respiration rate against water ratio..........ccceevvuvveeeenuneeenn. 39



Figure

4.10

4.11

4.12

4.13

4.14

4.15

4.16

XI

LIST OF FIGURES (Continued)

Page
Respiration rates of middle soil (5-10 ¢m) ....ccevvvviieeeeeiiiiiieieee e, 40
Water ratio of middle soil (5-10 ¢m) ....ocoevvveiiiiiiiiieeeeeeee e, 41
Plot of 5-10 cm-soil respiration rate against water ratio.........ccceeeuvveeeeneneeenn. 41
Respiration rates of deep soil (10-20 cm) .....ccevvvveveeeeeeiiiiiiieeeee e, 42
Water ratio of deep soil (10-20 CM) ..oeevvveeeeiiiiiiiiiiieeeeeeeeeee e 43
Plot of 10-20 cm-soil respiration rate against water ratio ............ccceeeeeveneeen. 43
The pattern of organic carbon contaminated in litter cages and

SOOI UNAET the CAZES ...vvvriiieeeeiiiiiiiieie e e e e e e e e e 44



CHAPTER I

INTRODUCTION

1.1 General

Tropical forests are well-known as their harboring the prominently high bio-
diversity, and simultaneously they are responsible for approximately 50% of the
terrestrial primary production (photosynthesis by plants) on the earth (IPCC, 2001). In
other words, tropical forests are the center of photosynthesis as well as biodiversity.
Photosynthesis is the biosynthetic pathway where atmospheric carbon dioxide (CO,)
is fixed into organic matters (plant materials). According to the 2001 report by
Intergovernmental Panel on Climate Change (IPCC), 3.1-3.7 x 10'® g of carbon
(equivalent to 11.4-13.6 x 10'® g of CO,) is absorbed and converted into plant
materials in tropical forests. This means that tropical forests are an important CO,
sink on the earth. As repeatedly emphasized, we are currently facing one of the
climatic global warming problems, which is probably caused by elevated
concentrations of CO, in the air. CO, is one of the principle greenhouse gases and
keeps the heat from the sun in the stratosphere by capturing an infrared ray. IPCC
(2002) report by Technical Paper V, Climate Change and Biodiversity pointed out
that the mean concentration of CO; in the air from the period 1000-1750 was 280 ppm
(i.e. 0.028%), whereas that in year 2000 had been increased into 368 ppm. As for the

temperature, the global mean surface temperature has increased by 0.6°C (0.4-0.8°C)



over the last 100 years. Such an increasing temperature may affect the magnitude
and/or frequency of large-scale climatic events such as El Nifio and will change the
current distribution and life cycles of animals and plants. These mean an impact on
the biodiversity that is an essential basis of human life (Smith and Lazo, 2001). On
the other hand, the recent increment in atmospheric CO, is most likely due to human
activity, especially the combustion of fossil fuel. Instead of our industrial
development, we have changed the underground stock of carbon (fossil fuel) into the
atmospheric CO,. Therefore, the IPCC report strongly encouraged the mitigation of
climate change by reducing CO, emission. As mentioned above, we may expect that
tropical forests absorb CO, and subsequently decrease its concentration in the air.
However, the story is not so simple. This is because carbon or CO, is not a static
element. It is continuously cycling through all ecosystems on the earth. The carbon
(or COy) taken into plant bodies will be fallen onto/into the soil layers, such as carbon
in dead leaves and branches. The carbon is to be utilized as energy source by
decomposers, comprising microbes (e.g. bacteria and fungi) and soil animals (e.g.
termites and earthworms); then, the carbon will be emitted as CO, and return into the
air again. Meanwhile, not negligible part of carbon in dead plant body might be
accumulated relatively deep in the soil without being decomposed into CO,. Although
the detailed processes of the decomposition of dead plant body are still remain
unclear, the clarification of carbon cycling in tropical forests will allow us to better
understand the function of the forests not only as a reservoir of biodiversity, but also

as an important CO, sink.



1.2 The Research Purposes

1.2.1 Research Questions
1.2.1.1 How much of the litters which is determined by litter-cage
methods, actually are “decomposed (mineralized)” by decomposers?
1.2.1.2 What is the contribution of microbes on CO; efflux from soils
under fine cage, coarse cage and natural litter treatments?
1.2.2 Research Objectives
1.2.2.1 To determine the rate of decomposition between soil fauna and
microbes by using litter cage.
1.2.2.2 To determine whether decomposition process (CO, mineralization)
is affected by litter- layer and soil microbial activity.
1.2.2.3 To investigate the microbial respiration on above and below ground
decomposition to drive CO; in tropical ecosystem (dry evergreen forest).
1.2.3 Scopes and Limitation of the Study
1.2.3.1 This study examined litter-weight loss by using two different mesh
sizes (2 mm and 0.2 mm) of litter cage method in dry evergreen forest.
1.2.3.2 This study analyzed the rate of CO, emission from natural
accumulated litter.
1.2.3.3 This study analyzed the rate of CO; soil- layers under the litter bag

case (litter and no litter treatment).



CHAPTER 11

LITERATURE REVIEW

2.1 Overview of Decomposition Processes in Tropical Forests

Decomposition of organic matter is one of the key biological processes critical to
the functioning of tropical forest ecosystems. Decomposition is the processes which
dead organic materials are transformed into simpler states with the concurrent release
of energy and their contained biological nutrient and other element in organic forms
(Lavelle and Spain, 2003). All the same decomposition is a process equivalent to
photosynthesis in its importance for the biogeochemical cycling of energy and nutrients
(Heal et al., 1997).

Plants generally produce organic matter from soil nutrient, water and CO,, using
the energy of light through photosynthesis mechanism. The main path ways of carbon
into the decomposer system are the shedding of litter by trees. In particularly of
carbon photosynthesized by plants are retuned to the atmosphere as CO, by above and
below ground respiration of the plant parts. The remaining carbon is transformed into
plant structure, and finally deposited as dead plant matter such as leave litter,
branches, dead root and dead wood on soil surface. Some of carbon parts are
mineralization as CO, to atmosphere by the decomposition processes. Another part of

carbon is accumulated into the soil as shown in the Figure 2.1.



C storage in above
ground biomass

CO, release by

litter decomposition |

C storage in below
ground biomass

CO, release by
litter decomposition

' C storage in soils

Figure 2.1 Carbon cycle in the forest ecosystem.

Tropical forests are the center of the plant photosynthesis because the biomass as
well as diversity of places is much higher then the other forest types such as temperate
or board forest. Therefore, tropical forests are attractive to study the decomposition of
litter decomposition and carbon cycle. A change in carbon mineralization with the
decomposition rate of organic matter should equal to the primary production.
Moreover, terrestrial biosphere—atmosphere CO, exchange is dominated by tropical
forests (Cleveland et al, 2006). Therefore, the understanding of how nutrient
availability affects carbon (C) decomposition in these ecosystems is central to

predicting the global carbon cycle’s response to environmental changes.



2.2 Production by Plant and Litterfall

Plant productivity is production of organic compound from atmospheric CO,
through photosynthesis by plant. Absorb CO, by plants are dominant in tropical
forests with research indicating an annual global uptake of around 1.3 Gt of carbon.
Of this forest in Central and South America are estimated to take up around 0.6 Gt of
carbon, African forest are estimated over 0.4 Gt of carbon and Asian forest around
0.25 Gt of carbon (Lewis et al., 2009). Malhi and Grace (2000) according the carbon
dynamics of tropical forests are absorbed carbon for 30.4 t C ha™ year” and fixed into
plant structural biomass for 15.6 t C ha™ year” in termed the net primary production
that remained from respired through leaves, wood and roots approximately 14.8 t C
ha™ year” before finally deposited into the soil in the form of litter, dead tree or
animal faeces, from where it is finally released by decomposer decay, which of 9.7 C
ha™ year' of heterotrophic respiration. The mean residence time of the carbon in
biomass and soil can be estimated by dividing of directly measured as shown in Table

2.1.

Table 2.1 The carbon dynamic of the tropical forest are dominated by carbon cycle.

C mineralization* and
Tropical forest carbon cycle stocks (t C ha™ year™ for

fluxes, t C ha™ for stocks )

Total C absorption (by photosynthesis) 30.4*
C stored in above ground biomass 180
C stored in below ground biomass 64

C stored in below ground (soil and animal biomass) 162
Total C emission from plant and soil (by respiration) 24.5%

Source: Malhi and Grace (2000).



Litterfall is the main pathway of nutrient cycles and accumulated become to soil
organic matter by through the decomposition processes. The important production by
forests in the tropical zone is the litterfall on forest floor because a tropical forest is
high abundance of forest types. Sahunalu (2004) and Bunyavejchewin (1997) were
found the total annual litterfall of 8.17 t ha™ year'and 6.8 t ha™ year”, respectively in
dry evergreen forest at Sakaerat Environmental Research Station northeast, Thailand.
Litter production provides the resources used by various decomposers. There is
directly consumption on litter and divide the organic compound to be the inorganic
compound. Most the organic carbon can be found in the vegetation, with biomass
estimated of 170-250 t C ha’ year'] (Malhi et al., 1999, Chave et al., 2008, Lewis et
al., 2009) and Yamada et al. (2005) according carbon production of annual

aboveground litterfall (Table 2.2).

Table 2.2 Carbon production of annual aboveground litterfall in tropical forests.

Natural ecosystem site Annual rainfall production (g C m™ year™)
(mm)

Tropical forest

Sakaerat, Thailand 1,144 520
Mbalmayo, Cameroon 1,520 837
Pasoh, Malaysia 2,000 706
Manaus, Brazil 2,500 578
Sabah, Malaysia 2,700 765
Sarawak, Malaysia 5,000 544
Savanna

Mokwa, Nigeria 1,175 270
Lamto, Cote d’Ivoire 1,297 240
Fete Ole, Senergal 435 80

Source: Yamada et al. (2005).



Comparison to the carbon stocks at each site are given by Malhi et al. (1999) in
Table 2.3. At the tropical site no soil carbon inventory was undertaken, and the mean
tropical forest value of 162 t C ha™ estimated by Post et al. (1982). The total of carbon
at the boreal and tropical sites is similar in amount (Table 2.3), but the balance
amongst the component in very different. Approximately 60% of total carbon is
stored on or below ground at the tropical and temperate sites, whereas 90% of carbon
is below ground at the boreal site, predominantly the form of organic detritus. The
value for foliage biomass at the boreal site includes shrub and moss biomass,
estimated at 1.1 t C ha™'. The below ground woody detritus pool includes both branch

and leaf litter, but also tree stumps.

Table 2.3 Estimated stocks of carbon (Mg ha™) at the three forest ecosystems.

Tropical Temperate Boreal
Aboveground
tree foliage 4.6 1.6 6.2
tree branches 58 15.1 6.7
stems 117 57.1 36.3
Total above ground 217 79 49.2
Belowground
Leaf and wood detritus 41.4 11.7 6.2
Fine root 38 N/K 2.8
Coarse root 26 19.1 8.0
Root detritus N/K 8.7 1.2
Soil organic matter 162 55.7 390.4
Total below ground 230 62 409
Ecosystem total 447 169 458

N/K= not known, Source: Malhi et al. (1999).



2.3 Decomposers

The decomposers in tropical forest play an important role in degradation dead
plant material because their diversity and very high abundance in each species. There
are various decomposer groups such are the microflora (bacteria, fungi, actinomycetes
and yeasts), mircofauna (Protozoa, Nematoda, Rotatoria and Tardigrada), mesofauna
(Enchytraeidae, Acari, Collembola) and macrofauna (e.g. earthworms, Diptera larvae,
millipedes, woodlice, insects, slugs and snails) as shows in Figure 2.2. They are
contribution to weight loss and carbon mineralization on litter decomposition.

Bacteria and fungi are the most abundant of the microbial decomposers,
numbering in the billions in only one handful of soil. They break down dead
organisms into nutrient, and they play an integral role in the decomposition processes.
In early stages of decomposition, well before leaf fall, colonies of bacteria, yeasts and
other fungi invade leaf surfaces. Amycelium develops and after some weeks
penetrates the leaf tissues (Lavelle and Spain, 2003). Bacteria and fungi are the major
organisms decomposing dead organic matter as well as major contributors to carbon
mineralization in high percentages are responsible for 80 to 95% of the total CO,
respired and consequently of the organic carbon mineralization (Lavelle and Spain,

2003).
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Figure 2.2 A generalized classification of soil fauna by body width (Wallwork,

1970).

The groups of soil fauna play an important role in decomposition processes of
plant litter decomposition. They are abundance in tropical rainforest, Sarawak (Table
2.4). Instance the termites and their mounts are abundant, accounting for nearly 30%
of all animal biomass and 80% of the entire biomass of insects (Ohashi et al., 2007).
Termite population was 16.7 gm” of biomass in dry evergreen forest, Thailand.
Termites mineralized 11.2% of annual litter aboveground litterfall from their

populations and fungus comb (Yamada et al., 2005) (Table 2.5).



Table 2.4 Abundance of soil macro invertebrates in tropical forest.

Abundance (N/m?)
Saprophage
Gastropoda 0
Oligochaeta 5+
Isopoda 3134
Diplopoda 6+7
Blattodea 31£20
Isoptera 8244871
Orthoptera 14+15
Lepidoptera 0
Diptera 8+11
Elateridae 5+6
Other Coleoptera 3+5
Zoophage
Araneida 83+43
Chilopoda 34£29
Staphylinidae 23425
Formicidae 727+628

11

Source: Tsukamoto and Sabang (2004).

Termites possess symbiotic bacteria in their absence for assimilated wood. It’s
widely recognized that the physical break down of the litter by soil insects involves
mechanical disintegration while the biological breakdown includes degradation by

microbes. In many ecosystems of soil insects have special importance in leaf
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consumption, sometime are abundance, concentrated in relatively small areas, and

active during great part of the year.

Table 2.5 The carbon mineralization of termite populations and fungus combs in

tropical forest.

Natural ecosystem site  Annual Biomass Total C
rainfall (mm) (g m?) mineralization/litter
annual aboveground
Termite Fungus
population  comb
Tropical forest
Sakaerat, Thailand 1,144 16.7 40.1 11.2%
Mbalmayo, Cameroon 1,520 75.5 14.3 8.3%
Pasoh, Malaysia 2,000 9.4 423 7.5%
Manaus, Brazil 2,500 6.8 0.0 1.3%
Sabah, Malaysia 2,700 3.5 6.1 1.1%
Sarawak, Malaysia 5,000 2.4 0.4 0.6%
Savanna
Mokwa, Nigeria 1,175 10.6 98.5 38.7%
Lamto, Cote d’Ivoire 1,297 1.7 24.1 10.2%
Fete Ole, Senergal 435 1.0 34 5.3%

Source: Yamada et al. (2005).
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2.4 How Do Researchers Carry Out Studies on the Decomposition?

There are many methods developed so far by the researchers on how to study the
decomposition processes of dead plant material some of which are as follows.
2.4.1 Litter Bag Method

One of the most employed methods is the using of litter-bags. Litter-bag
methods measure weight loss of the litter decomposition within bags, which are put
on the surface soils by soil decomposer communities, and suppose the lost weight to
be decomposed during the experimental period. Decomposer relative contributions are
roughly distinguished by removing a known weight of litter in bag of difference size
mesh, with restricts the size of organisms that can enter the litter bag.

The rate of decomposition is affected by soil fauna, microflora and
environmental factors. Previous studies have shown that decomposition rate in
tropical forest, China, for instant, the k& values were 1.16-3.51 in middle subtropical
zone at Xiging, Fujian (Lin et al., 2001), and 0.422-1.108 in Heshan (Zhou et al.,
1995). A comparison of decomposition rate between tropical and temperate broad
leaved litter were £ = 1.85 and 0.929 for tropical and temperate forests, respectively
(Takeda, 1995). Decomposition rate of leaf litter in tropical forests are approximately
twice as high rate than those of temperate forests.

For measured using the litterbag technique its advantages, litter bag is most
commonly used. A known quantity of leaf litter is placed into a mesh bag, and the bag
is then inserted into the litter layer of a forest floor. Bags are harvested at periodic
intervals, dried and reweighed to determine the amount of mass lost. By incubating
the leaves in situ, they are exposed to the normal fluctuations in temperature and

moisture. The mesh bags allow smaller insects as well as microorganism access to the
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leaves. In this experiment, the litter cage technique was used to compare the
decomposition rates of interval seasons. It is non-destructive methodology with
minimal or no disturbance to habitat. Litter bag technique can analyzed the
contribution of difference organism, group in terms of their body sizes, to
decomposition (Swift et al., 1979).

The disadvantages of this technique are that entire fragment may be broken
off and lost from litter bags by fauna or itself, this string method may be
overestimated the decomposition rates (Coleman et al., 1983). Litter bag also can
keep humidity within the litter bag parallel on the ground.

In this case, the word “decomposition” includes the part of litter that has
been completely decomposed (e.g. mineralized into CO,) and that has been broken
down into small particles and entered into the soil layers. In contrast, CO,
measurements will reveal CO, afflux from the surface of ground, including from dead
leaves and branches (litter layer), and soil layers. However, these methods have
advantages and disadvantages at the same time.

2.4.2 Direct Method of Determining Microbial Activity

The measurement of soil respiration (CO, afflux from the soil) has been
used to evaluate soil fertility and biological activities on litter layers and in soil (Luo
and Zhou, 2006). Direct measurements of the activity of soil microorganism have
been a study goal for soil biologists (Coleman et al., 2004), Measurement from the
basic thermodynamic fact as organism’s metabolic activity; they emit heat from
enthalpy of reactions occurring in net catabolism. In Asian tropical rainforest, the
natural distribution of soil respiration rate was distributed lognormally with mean rate

+ standard deviation and coefficients of variation were 5.32+2.85 umol m” s™ (17.6 t
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C ha' yr'"). The CO, hot spot were found with extremely high values (15-25 pmol m’
2 §) (Ohashi et al., 2007), while the excess soil emission of CO, were 14.1 and 15.0
pmol m” s in Thailand (Hashimoto et al., 2004 ) and the Brazilian Amazon
(Davidson et al., 2000), respectively. Mean rates of the soil respiration vary widely
within and among major vegetation biomes (Table 2.6). The lowest rates of soil
respiration occur in the coldest (tundra and northern bogs) and driest (deserts) biomes,
and the highest rates occur in tropical moist forest where both temperature and

moisture availability are high year-round.

Table 2.6 Mean rates of soil respiration in different types of vegetation.

Vegetation Soil respiration n

rate(g C/m’/year)

(mean+S.E.)
Tundra 60+6 11 e
Boreal forests and wood land 322431 16 cde
Temperate grassland 442+78 9 bed
Temperate coniferous forests 681£95 23 b
Mediterranean woodlands 713+88 13 b
Croplands, fields 544+80 26 bc
Desert scrub 224+38 3 de
Tropical savannas and grasslands 629+53 9 be
Tropical dry forests 673+134 4 b
Tropical moist forests 1260457 10 a

Source: Raich (1992).

However, the advantages and disadvantages of the litter bag method and

CO; measurement are described as the decomposition rate be calculated by litter mass
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loss from litter bag during experiment period but we don’t know where litter samples
escaped from litter bag “mineralized to CO; or leaching”. The CO, measurement can
be used to measure how much rate of CO;, flux from litter layer decomposition and
decomposition in the soil, but can not measure how much decomposition rate of litter

mass loss that loss by completely decomposition (mineralized to CO,).



CHAPTER III

METHODOLOGY

3.1 Study Site Description

3.1.1 Study Area
This research had been conducted at Sakaerat Environmental Research
Station (SERS) during January 2008- May 2010. Samples analysis had been
investigated at SERS laboratory and Centre for Scientific Equipment and Technology,
Suranaree University of Technology.
3.1.2 SERS History
Sakaerat is one of the four UNESCO designated biosphere reserves in
Thailand. The Sakaerat Biosphere Reserve was established in September 1967 by the
Applied Scientific Research Corporation of Thailand to use as a national forest
reserve for scientific research by the Royal Forest Department, Ministry of
Agriculture and Cooperative. The study area of this research is located in the Sakaerat
Environmental Research Station (SERS) (Figure 3.1), the biosphere reserve areas in
Man and Biosphere Program of UNESCO. This station has been being dedicated as an
ecological reserve for scientific purposes. It is administered by the Thailand Institute of
Scientific and Technological Research (TISTR) as a facility for ecological and
environmental research. SERS is located in Nakhon Ratchasima Province. It spans Phu
Luang Subdistrict, and Udomsap Subdistrict in the Pakthongchai District and Wang

Nam Khieo District. It is located at approximately 14° 30° N and 101° 55° E, about
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300 km northeast from Bangkok and 60 km from Nakhon Ratchasima (Korat) on
highway 304. The station ground cover an area of 78 km” (approximately 48,750 rai).
The station consists of 29.5 km® of dry evergreen forest (DEF) and 12.2
km® of dry deciduous forest (DDF) (Wacharakitti et al., 1980). The dominant tree
species is Hopea ferrea and canopy trees attain 30 to 40 m (Kanzaki et al., 1995). The
sedimentary rock is sandstone; upper soil texture is characterized as clay loam, sandy
loam, and sandy clay loam (Bunyavejchewin, 1997). The study site is in tropical
seasonal forest with a mean annual temperature of 26.2°C and annual rainfall of 1240
mm. Monthly rainfall is typically less than 40 mm during the dry season, from

December to February (Sakurai et al., 1998).



19

Observation Site
at Sakaerat Environmental
Research Station

Legend

Class_MNames

Background
I Forests

Croplands
I Paddy Rice
B \Waterbodies
I No Data Available

Figure 3.1 The location of Sakaerat Environmental Research Station.

(Source: http://compete.center.ku.ac.th/site3.htm).

3.1.3 Topography and Geography
Sakaerat Environmental Research Station is situated in mountainous
terrain at an altitude of 280-762 m above sea level. Important mountains on the station
grounds are Khao Phiat (762 m), Khao Khieo (790 m), and Khao Sung (682 m). The

station office is at 390 m.
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The entire area of SERS appears to be underlain by sandstone of the Phra
Wihan formation of the Khorat group to a maximum thickness of 1.025 m. It lies
comformably on the purplish siltstone, micaceous sandstone, and conglomerate on the
Phu Kradung formation on the same group.
3.1.4 Climate
Average annual temperature at Sakaerat is 26°C and average annual
rainfall is 1,260 mm. There are three seasons, namely the rainy season from May to
October, winter from November to February, and summer from March to mid May. In
general, the lowest relative humidity is about 82% and the highest is about 95%. The
relative humidity increases after April until October, and decreases after February.
The climate is monsoonic and classified as a “tropical savanna type” (Lamotte et al.,
1998).
3.1.5 Vegetation and Forest Types.

Vegetation types of the area are dry evergreen forest and dry dipterocarp
forest is the dominant forest types, representing 70%. The dry evergreen forest
occupies the south-western portion. The dry evergreen forest is usually referred to as
the tropical semi-evergreen rain forest. Tree species in this forest are mainly

evergreen (Lamotte et al., 1998).
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Table 3.1 Defined forest types in Sakaerat Environmental Research Station in the

year 2000.
Forest types Km’ Rai Percentage
1. Dry evergreen forest 46.84 29,260 59.97
2. Dry dipterocarp forest 15.51 9,060 18.57
3. Forest plantation 14.46 9,038 18.52
4. Bamboo forest 1.12 697 1.43
5. Grassland 0.93 582 1.19
6. Building and official areas  0.25 157 0.32
Total 78.06 48,800 100.00

Source: TISTR (2002).

3.1.6 Soil Characteristics

The dominant great soil group of the SERS, occurring in all topographic

positions is Red-Yellow Podzolic soils on materials derived from both sandstone and

shale. Series are Khao Yai for the deep members, Tha Yang for the shallow stony

members, and Muak Lek for the deeper soils on shale-derived material. The depth of

soil is about 40-120 cm. Soil texture is mainly coarse sandy clay loam to sandy loam

and clay loam. The scarps mostly consist of rock outcrop and some stony screen

materials (Suriyapong, 2003).
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3.1.7 Study Site
The study area was located in dry evergreen forest at the Sakaerat
Environmental Research Station (SERS).
3.1.7.1 Dry Evergreen Forest (DEF)

At SERS, two distinct seasonal dry evergreen forest associations
occur, characterized by their dominant species. One is dominated by Hopea ferrea,
the other by Shorea henryana. Previous research (Bunyavejchewin, 1997) has shown
that the Hopea ferrea type prefers level sites, has lower species richness and a greater
tendency towards monodominance. The Shorea henryana type prefers slopes and has
higher species richness. The upper canopy of the Hopea ferrea type is generally more

continuous than that of the Shorea henryana type

3.2 Setup Litter Cage Plots

Thirteen plots (10 experiment plots and 3 extra plots) were set up in the dry

evergreen forest as a map shown in Figure 3.2.
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Each plot (100 x 200 cm) consisted of forty quadrates which were divided into
four treatments (Q) as Q1, Q2, Q3, and Q4, respectively, and each treatment had 10
quadrates. Two different sizes (2 mm and 0.2 mm) of netting (mosquito netting) were
used for litter cages. Closed cages were set up in Q1 by using 0.2 mm mesh sizes with
approximately 10 cm % 10 cm x 10 cm. Open bottom cages were set up in Q3 and Q4
by using 2 mm mesh sizes with approximately 10 cm % 10 cm x 10 c¢cm, and no litter

cage in Q2 (natural) as illustrated in Figure 3.3.

3.3 Litter Preparation

Litter samples were collected from within an area of 1 m’ drawn randomly
around each plot for all 13 plots. The litter samples were then washes with water to
removed soil and dried at 80°C for 48 h and measured its total dry weight. The total
dry weight was then divided by the area of a litter cage to find out the dry weight of
litters and fixed in each litter cage. After recording the dry weight of each sample,

they were stored in the plastic bags.
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Figure 3.3 Experimental plot design for incubate litter cage within DEF.
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3.4 Experimental Plot Design

A total of 260 litter samples were prepared. Twenty litter samples were used for
each plot, of which 10 litter samples used in Q1 cage (closed cage) that were put on
soil surface layer around 0-2 cm, and 10 litter samples for Q3 (open bottom cage).

For treatment Q2, no litter cage (natural) was used. At treatment Q4, all the
litters were removed and used only the empty cage which was litter removal cage
(Figure 3.4). All natural litters and small litter particles were removed from the soil
surface within Q1 and Q3 cages were removed before the litter samples were put into
a cage in all treatments.

At 2-month interval from January, 2009 to January, 2010, two litter cages and
one natural litter per plot were harvested from all of 13 plots as well as soil samples at
layer depth of 0-5, 5-10, and 10-20 cm from Q2, Q3, and Q4, respectively in each plot
was sampled. The retrieved litter samples and soil samples were placed in separated
plastic bags and were directly transferred for the measurement of CO; flux using CO,
Gas Analyzer. For litter samples in only QI and Q3 were collected from January,

2009 to May, 2010 for measurement of litter remaining (Table 3.2).

Table 3.2 Time course of the litter and soil samples measurement.

Measurement of Period
samples

2009 2010

Jan. Mar May Jul Sep Nov Jan Mar May

litter weight

A

remaining

v

CO; measurement of
litter and soil samples

v
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The wet weights of litter samples were measured after litters were washed
with water to remove soils. Litters were oven-dried at 80°C for 48 h and measured the
weight. For the soil samples, after measurements CO, afflux, wet weight was
measured and removes stones and roots were removed. The soil samples were oven-

dried at 105°C for 48 h, to determine the dry weight (Figure 3.5).

80 °C for 48 h in oven dried

Dry weight Remove soil Dry weight
measurement by washing measurement

)

Litter samples

CO, —> Wet weight
measurement =» measurement
A - 105 °C for 24 h in oven dried

Remove J.o4 Wet weight { Dry weight
roots and stones measurement measurement

Soil samples

Litter . Soil

i samples i samples

Figure 3.4 Flowchart of litter and soil samples measurements.

3.5 Analysis of Microbial Activity (CO, efflux measurement)

The LI-820 CO, Gas Analyzer (Environmental Measurement Japan Co. Ltd.)
(Figure 3.6) had been used for analysis of microbial activity. It was an absolute, non-
dispersive infrared (NDIR) for measuring CO, afflux of the samples. The CO,
analyzer calibrated with CO, free gas generated by connecting it to a tube filled with

soda lime. It was measured the value of the real CO, concentration (approximately
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420 ppm) in the air by using Gas Detector Model GV-100 (Gastec Co. Ltd., Japan).

The details of this analysis are shown in Appendix B.

Ionitor

OAir

Sample

Hoda Lime
Chamber

L’—'_[ = Filer 2
_I:OD_ Filter 1 Tlow heter

Fump

LI-220

Figure 3.5 System of CO, Gas Analyzer for measuring CO, emission.

3.5.1 Litter and Soil Measurement

Litter and soil respiration rate was estimated by measuring microbial
respiration of litter and soil samples during incubation period. After CO, analyzer
calibrated to zero, each litter and soil samples were putted into sample chamber, then
turn on an instrument again and shown that the main window displays value of CO,
emission are showed a graph with data curve of CO, emission are highly and after that
curve will be slowly down till stable and then control the flow rate is 100 ml/minute,
originally from flow rate is higher after that curve of CO, emission are increate again

till curve of CO, emission are straight line. It will shown CO, emission rate, there are
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CO; emission of all microorganisms in litter and soil samples, and then record the
data.

Each sample, wet weight (W.W.) was recorded and the samples were
oven-dried at 80°C for 48 h for litter samples and at 105°C for 24 h for soil samples,
to determine the dry weight (D.W.). The mean moisture ratio of litter samples and the
aridity between seasons in the dry evergreen forest were compared. The formula for

the percentage of water ratio is as follow:

Water ratio = (W.W. - D.W.)/D.W.

where:
W.W. is the wet weight of the sample

D.W. is the dry weight of the sample

For the measurement, CO, emission as the amount of CO, gas of each

litter and sample with equation of state, the ideal gas law, as follow;

PV =nRT
where:
P is the pressure in the cell (atm)
V is the volume of the gas flow per minute (L/MIN)
R is the gas constant (R = 0.0820574587 L atm K 'mol ™)
n is the amount of CO; (the number of gas molecules, usually in mole)

T 1s the temperature in the cell (K)
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For example, these values are as follows: P = 96.7 kPa, gas flow rate = 100ML/MIN,

temperature = 51.4°C, P (CO,) =400 ppm.

3.6 Analysis of Litter Decomposition Rate

Decomposition rates were determined by mass loss, the difference between
initial litter weight and the dry mass of remaining litter after incubation. The
decomposition rates of litter fitted to a single exponential decay model of Olson

(1963) was analyzed following this formula;

where:
L, 1s the initial mass of dry matter,
L, 1s the mass of dry matter after a given month of incubation
¢t 1is the incubation time

k is the decomposition rate constant.

3.7 Data analysis

A single exponential decay model (Olsen, 1963) was used to analyzed litter
breakdown rate constant (k), and using tested by paired T-test to compare the difference
between the cages in each sampling time. The significance of difference of litter
respiration and soil respiration between the cages in each sampling time was tested by

paired ANOVA with Tukey’s post hoc test.



CHAPTER 1V

RESULTS AND DISCUSSIONS

The results of this study were analyzed with statistical tests assessing the extent
to which the contribution and control/comparison groups participated in the
decomposition processes were different. The results of this study are divided into four

parts as follows;

4.1 Determinants of the Climatic Variation of SERS

The average monthly climatic data of November 2008 to May 2010 was collected
from the monthly values of meteorological observation by SERS (more details in the
Appendix A).

During incubation period, the total rainfall was 1164.4 mm and there was less than
40 mm monthly rainfall from November 2008 to February 2009, June 2009,
November 2009, December 2009, and February 2010, respectively as shown in Figure
4.1. The average monthly temperature was highest in May 2010 with the value of
30.2°C, and lowest in December 2008 with the value of 20.2°C. The average relative
humidity was highest in November 2008 with the value of 92% and lowest in March

2010 with the value of 76%.
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Figure 4.1 The monthly rainfalls, temperature and humidity from November 2008 to

May 2010 in the SERS.

4.2 The Rate of Litter Decomposition

Time courses of litter weight loss in the cages are shown in Figure 4.2. There were
significant differences between coarse and fine cages during November 2008 to May
2010. Decomposition rate constants (k year', see Olsen, 1963) were 1.62 and 0.74 in
the coarse and fine cages, respectively which were determined based on

decomposition of naturally accumulated litter (i.e. a mixture of fresh and rotten litter).
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Figure 4.2 Decomposition rates of litter samples in coarse and fine cages;
significance of difference between the cages in each sampling time was tested by

paired T-test (* P <0.05, ** P <0.01).

A Comparison of the k values in Figure 4.2, suggests that the decomposition rates
of the coarse cages are twice time as higher than the fine cages. As is evident from the
single exponential decay model (Olsen, 1963), this faster weight loss was also
observed by Yamashita and Takeda (1998) and Takeda (1996) due to a very similar
decomposition rate constant which were investigated using litter bags with two mesh
sizes (0.5 mm and 2.0 mm), of £k = 2.15 and 1.85 for fresh leaf litter in coarse mesh
litter bags higher than in the fine mesh bag (k = 0.76 and 0.80), respectively. The
differences between the rates of decomposition of two different mesh sizes of litter

cages were found. It may be suggested that termites attacked the litter samples in the
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cages more intensively than those observed in the previous studies, in the field

Yamada et al. (2005) showed the prominently importance of termites in litter

decomposition.
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Figure 4.3 Distributions of the ratio of litter weight remaining between pairs of coarse
and fine cages and between fine cages. The former is an index to represent the

intensity of litter removal by termites.

Distribution of termites is usually aggregated (Bignell and Eggleton, 2000 and
Inoue et al., 2001), and their foraging is generally done in a large group within a
relatively small area basically because of their sociality. On this basis, this study
expects the pattern of litter removal by termites to be much more intensive than that by
microorganisms such as bacteria and fungi (A typical case of litter removal by
termites in Appendix C). To evaluate the intensity, the result were calculated an index

(intensity index) as the ratio of the litter weight remaining in a coarse cage to that in
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the paired fine cage (Figure 4.3). The intensity index become more close to 0 when
termites remove more litter from the coarse cage, while around 1 when termites
scarcely remove litter from the coarse cage. In order to know the dispersion of the
index in the case of only microbial decomposition, the ratio of the litter weight
remaining were calculated in the fine cages between all pairings separately in each
sampling time (a total of 976 pairs). There was a significant difference between the
two distributions by Kolmogorov-Smirnov test (D = 0.634, P <0.01). Judging from the
distribution of the ratios between fine cages, the distribution of intensity index seems
to be a mix of two distributions: one is the similar distribution to that between fine
cages, but slightly shifted to left, and the other is the distribution highly skewed to low
levels (i.e. 0 to 0.4). The former distribution probably means the absence of intensive
foraging by termites. The latter distribution clearly indicates the evidence of intensive

litter-removal by termites.

4.3 The Litter Respiration

The respiration rate of litter samples and natural litter were significantly different
between the cages in each samples as show in Figure 4.4. Litter respiration rates were
significant difference between litter cages and natural litter (P <0.01) as well as a
high rate with high rate of water ratios caused by peak rain and rainy season in May
and September 2009, respectively (Figure 4.5). In dry season, litter quality do not
affected with the microbial decomposition due to low ability of the water in both
natural litter and litter cage but litter quality have effected in microbial decomposition
in rainy season because available of water as a high litter respiration rate in natural

litter while low litter respiration rate in litter sample with high ability of water.
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Figure 4.4 Respiration rates of litter samples and natural litter; significance of
difference between the cages in each sampling time was tested by paired ANOVA
with Tukey’s post hoc test (*P <0.05, **P <0.01). Means not sharing a letter are

significantly different.
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Figure 4.5 Water ratio of litter samples and natural litter; significance of difference
between the cages in each sampling time was tested by paired ANOVA with Tukey’s
post hoc test (*P <0.05, **P <0.01). Means not sharing a letter are significantly

different.
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Figure 4.6 Plot of litter-respiration rate against water ratio.

The pattern of the relationship of litter respiration rate with the water ratio (Figure
4.6), the regression equations are: y = 3.5488Ln(x) + 7.8246, R’ = 0.8972 for fine
cage; y = 6.9107Ln(x) + 12.58, R’ = 0.9092 for natural litter; y = 4.0421Ln(x) +
8.8757, R> = 0.5866 for coarse cage. Litter respiration rates tended to increase with
the water ratio. The rate of litter respiration is quite similar in between 0.20 and 0.40
of water ratio, while respiration rate of natural litter tended to higher than litter
samples with increase water ratio indicating ability of microbial decomposition

control by litter quality.



38

4.4 The Soil Respiration Rate

The soil respiration rate of surface soil (0-5), middle soil (5-10) and deep soil (10-
20) were not significant difference among three different treatments. Water
availability is the dominant factor in influencing decomposition by microbes, which
are in shown below.

Respiration rates of surface soil (0-5) are not significant difference among the
cages in each sampling time (Figure 4.7). Water ratio of surface soil (0-5 cm) is also

not significant difference among the cages in each sampling time (Figure 4.8).
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Figure 4.7 Respiration rates of surface soil (0-5 cm).
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Figure 4.8 Water ratio of surface soil (0-5 cm).
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Figure 4.9 Plot of 0-5 cm-soil respiration rate against water ratio.
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This result plotted show that the litter respiration rate of the litter samples and
natural litter plotted lines linearly increase with water ratio. The regression equations
are: y = 0.1893Ln(x) + 0.5805, R’ = 0.8062 for natural soil; y = 0.1853Ln(x) + 0.5738,
R’ = 0.8808 for soil under coarse cage; y = 0.2048Ln(x) + 0.6194, R’ = 0.9309 for

litter-removed soil.

Respiration rates of middle soil (5-10 cm) are not significant difference among the
cages in each sampling time (Figure 4.10). Water ratio of middle soil (5-10 cm) is

also not significant difference among the cages in each sampling time (Figure 4.11).
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Figure 4.10 Respiration rates of middle soil (5-10 cm).
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Figure 4.11 Water ratio of middle soil (5-10 cm).
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Figure 4.12 Plot of 5-10 cm-soil respiration rate against water ratio.
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This result plotted show that the litter respiration rate of the litter samples and
natural litter plotted lines linearly increase with water ratio. The regression equations
are: y = 0.0742Ln(x) + 0.2909, R’ = 0.5705 for natural soil; y = 0.0942Ln(x) + 0.3433,
R’ =0.736 for soil under coarse cage; y = 0.1149Ln(x) + 0.3853, R = 0.909 for litter-

removed soil.

Respiration rates of deep soil (10-20 cm) are not significant difference among the
cages in each sampling time (Figure 4.13). Water ratio of middle soil (10-20 cm) is

also not significant difference among the cages in each sampling time (Figure 4.14).
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Figure 4.13 Respiration rates of deep soil (10-20 cm).
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Figure 4.14 Water ratio of deep soil (10-20 cm).
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Figure 4.15 Plot of 10-20 cm-soil respiration rate against water ratio.
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This result plotted show that the litter respiration rate of the litter samples and
natural litter plotted lines linearly increase with water ratio. The regression equations
are: y = 0.1143Ln(x) + 0.3926, R’ = 0.5616 for natural soil; y = 0.1117Ln(x) + 0.3822,
R’ =0.879 for soil under coarse cage; y = 0.125Ln(x) + 0.4234, R = 0.9559 for litter-
removed soil.

Nevertheless, the respiration rates of soil under litter sample cages in different
treatments would become lower than soil under natural litter in each depth because
new litter sources cannot input to the soil layers under litter samples and litter
removed cages, but our result shown that respiration rates are not significantly
different among the cages in each sampling time. Respiration rate in each depth of

soil samples are high in 0-5 cm, 5-10 cm and 10-20 cm, respectively.
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Figure 4.16 The pattern of organic carbon contaminated in litter cage and soil under

the cage.
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In this case, it may suggest that soil respiration was influenced by other carbon
resources which are contaminated due to the major causes of spatial variation in soil
respiration were exclusion from roots and organic carbon from root litters upon
turnover soil organic carbon. Moreover, leaching of new carbon resources from
neighboring litter flow to inside the litter cage by rainfall or contaminated due to
rainfall itself. One more possible thing is that area of litter cages (10 cm x 10 cm)
where covered on surface soil are too small that provide the area to protect new
litterfall is not large enough (Figure 4.6).

For these reasons, to get more correct results of carbon mineralization from soil
respiration, much attention need to be given in designing the better methods in order

to refrain from contamination of soils from nearby areas.



CHAPTER V

CONCLUSIONS

The aim of this study was to investigate the litter decomposition rates and carbon
mineralized by microbes in dry evergreen forest at Sakaerat Environmental Research
Station. The rate of litter cages decomposition was two times higher in coarse cages
than the fine cages due to the intensity of litter removed by termites. The litter
respiration rates by microbial decomposition on natural litter and litter samples were
affected by litter quality in the rainy season. In dry season, litter quality did not affect
microbial activity due to low availability of water.

We expected that the soil respiration rates under the litter cages and no litter cages
would become lower than natural litter due to no new litter input into the soil surface
under the litter cages. But this study showed that soil respirations under the litter
cages were not significantly different among three different treatments. Therefore, this
study suggested that microbial decomposition under the litter treatments were affected
from neighboring carbon resource such as root excretion, root litter, contamination by
rain water flowing into litter cages.

However, this study provides data on litter decomposition factors and carbon
mineralization in detail. The important data of carbon mineralization on organic
carbon in the litter and this data can be used in the multitude of aggregation levels to

represent detritus and variety of decomposition formulations and used in consistencies
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of simulation results of the path ways of carbon flows influence in equilibrium of the
tropical forest systems.
Further works on the sources of soil respiration are necessary in order to obtain an

overall picture of soil carbon flow processes in tropical forests.
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APPENDIX A

CLIMATIC DATA

Table A Monthly climatic data at the SERS from November 2008 to May 2010

(http://www.tistr.or.th/sakaerat/Meteorlogical. HTM).

Temperature (°C)

Mean Mean Humidity
Month Maximum  minimum Mean (%) Rainfall (mm)

November,08 25.5 19.6 22.55 92 35.5
December,08 24.9 15.5 20.2 89 5.9
January,09 31.9 9.1 20.5 88 0
Febuary,09 37.4 15.9 26.65 86 6
March,09 37.1 16 26.55 90 109.8
April, 09 36.5 22.8 29.65 89 55.7
May,09 33.6 23.3 28.45 91 103.3
June,09 35.4 22.2 28.8 84 33.3
July,09 35.1 21.2 28.15 83 85.9
August,09 34.8 23.4 29.1 85 140.7
September,09 32.5 22.9 27.7 88 127.5
October,09 29.8 21.1 25.45 88 131.9
November,09 38.4 13.1 25.75 81 17.4
December,09 32.6 22.8 27.7 77 0
January, 10 32.9 14.2 23.55 79 41.1
Febuary, 10 37.6 19.5 28.55 77 16.5
March,10 38.4 16.8 27.6 76 64
April, 10 38.1 22.1 30.1 79 124.7
May, 10 37.3 23.2 30.25 81 65.2
Mean 34.2 19.19 26.70 84 61.3




APPENDIX B

THE LI-820 CO, GAS ANALYZER

The LI-820 is an absolute, non-dispersive, infrared (NDIR) gas analyzer based
upon a single path, dual wavelength, and infrared detection system (Figure 1). It has

been used for analysis of microbial activity analysis in this study.

Initial Setup

Click on the LI-820 program icon to start the program. The LI-820 Main
Window appears. Select “Connect” from the File menu. The Main window appears;
select [Connect] from the File Menu Connect the RS232 serial cable, through a
RS232-USB convert cable, to a free USB port of the computer. Each value will begin
to appear in the window. Main window displays the CO, concentration (ppm) as well

as the status of various LI-820 parameters (Figure 2).
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Figure 2 The main window displays of LI-820 Gas Analyzer and LI-820 Parameter.

Calibration

The CO; analyzers are calibrated with CO, free gas generated by connecting
them to a tube filled with soda lime. Before verifying the calibrations turn on the
instrument and left it on for a minimum of 20 minutes to stabilize the temperature of
the detectors and then measure the value of the real CO, concentration (approximately
420 ppm) in the air by using Gas Detector Model GV-100 (Gastec Co. Ltd., Japan)
(Figure 4). This value can be used to perform as a span gas in the span window in the
LI-820 Gas analyzer (Figure 3), followed by the zero calibration. To zero, flow dry,
CO,-free gas through the LI-820, and make sure the optical cell is completely purged.

CO; afflux is measured by zero gas with empty chamber and change to soda
lime respectively. Then wait for the value of CO, emission from high to low
(approximately+2ppm). Selecting [View] [Calibration] and were access to the
calibration screen. Click on [zero], after about minute, a message will appear that

indicates the IRGA is zeroed. Calibration for first the zero and the span gas, enter the
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value of the span gas. Click on span, after few minute, a massage will appear

indicating the span calibration is completed.

Last omvomnd ory 20052547 16 458

Figure 4 (a) The Gas Detector Model GV-100 (b) the detector tube color change

clearly signals the present value of real CO, emission.



APPENDIX C

PHOTOGRAPHS OF FIELD DATA COLLECTION

Picture 1 Fine and enclose cage Termimesh® (0.2 mm) No allowance of termites.

Picture 2 Coarse and open-bottom cage General mesh (2.0 mm) Allowance of

termites.
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Picture 3 Setting of coarse cages.
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Picture 5 A total of 13 subplots were set within the main plot placed in the dry

evergreen forest of Sakaerat, Northeast Thailand.
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Picture 6 Sample collections: A total of 7 times, bimonthly from November 2008 to

January 2010.
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Picture 7 Termite foraging is very intensive and sometimes completely removes the

litter in a small area.

November 2008 March 2009

Picture 8 A typical case of litter removed by termites.
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