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Abstract

Connecting between marine and terrestrial ecosystem, mangrove ecosystem has been recognized
as an ecosystem having high net ecosystem productivity (NEP). It is because huge tree biomasses but low
rate of decomposition due to the anaerobic condition of inundated forest floor. Nevertheless, there is no
research focused on the ecological productivity by taking these considerations into an account for the
mangrove forest in Thailand. The present study aimed to develop knowledge of method of estimation of net
primary productivity (NPP) of the mangrove forest by including rate of underground-root productivity, fine-root
turnover, and litter decomposition to the estimation. It gives merit for an evaluation of potential of carbon
accumulation of the mangrove forest in Thailand. The study site was located at a secondary mangrove forest
on an estuary of the Trat River, Trat Province. A study plot of size 50 x 120 m2 was established. It contained
nine species of tree (DBH >4.5 cm). Tree density was calculated as 1877 stem/ha with an average DBH of
11.3 cm. We divided the vegetative zonation according to the dominant species along the distance from the
river. A series of zonation was Sonneratia, Avicennia, Rhizophora, and Xylocarpus zone from the river toward
inland part, respectively. We calculated the tree biomass in the study plot by using the method of allometry.
Then, the biomass accumulation was calculated as 8.6 ton/halyr. Litter production was estimated by using
litter traps during the same period of study the biomass. The result indicated that the litter production was
10.93 ton/hal/yr. We calculated the NPP using summation method which combines biomass increment to litter
production. The NPP of this forest was 19.53 ton/ha/yr or approximately 9.8 ton C/halyr. It is comparable to
the NPP of other tropical mangrove forests. We adjusted the NPP by cooperating the underground root
production obtained by ingrowth core method. Including the underground root production that was calculated
at 2.5 ton C /halyr, the NPP increased to 12.3 ton C /hal/yr. Nevertheless, the study on leaf- and fine- root
litter decomposition, releasing carbon from necromass to atmospheric CO,, showed the average rates of
decomposition as 0.019 and 0.0034 g/day, respectively. These rates gave the amount of released carbon at
5.2 ton C/hal/yr which was the carbon released from leaf litter and fine-root litter as 4.0 and 1.2 ton C/halyr,
respectively. Finally, we balanced carbon in this forest ecosystem assuming that storage carbon and released
carbon was respectively indicated by plus and minus value. The balanced carbon was given at +7.1 ton C
/halyr. It indicates the potential of carbon sink of this secondary mangrove ecosystem. In a conclusion, the
present study showed a potential of a carbon sink of mangrove forest. It will academically support the

management of mangrove ecosystem by means of national and global sustainable environment.

Keyword: mangrove forest, net primary productivity
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a [ ' {a a .. ° o a & ' o
AaNAaNAaANAENeIY TINAaNALAzINITLaTW8S Viviparous seed m:mlwmﬂﬁmﬁﬂ‘smmgmuamq"mmu

AN 4 NIZUZVWNA 1T ANTLUAT LNBTBITUNMITNASUTINNTY (Litter trap)



USanadnig (nSNAan15191803) vwalafusa

walsilnenng

.
walsdinzym

W, Jg. ne §A. N QA WY 5.0, AA. LW X6 W

nwd 5 Sanaannfirluthmoauluidazuaiuiisasudifowngsniay 2552 fadawumou 2553

Tu
&

CRVE T

.== & , A .
AINN 6 83aUTzNaU6EN 9 Ta@‘ﬁ']ﬂ‘w%luﬂ"l”ﬁ']ﬂmu

2.4 903 INIHAAIINLAAK (Underground root production) UAZAAIINIILISWNAL (Turnover rate)
HamIAnERaraaTnldaudnaiia Ingrowth core (MW 7 uaz 8) luszpziam 1 U wudiden
mMsHaATINHaBRAIYNAL 0.37, 0.88, 1.54, 2.48 N3WADAITILUATAD T Twwaa sy walduay wald
Tnama ezl lazyn anudeu (MW 9) wiadaulu 1.33, 3.20, 562, uar 9.05 Gudsianuasaoll
MUEAU e wimEanmsisunausasnnlas (Tumnover rate of fine root) IINFAFIUVBIEATINIINA®
sinmgvaeln 1 T dewnafanwuasnindasianEuriinimesss wosas M aunauvasndasiniy
6.54, 3.31, 2.78, 3.55 vaudal luwmﬁ'uﬁjlﬁ@mﬂ MUEAU (MA 10) Besanisdounsuvasndanlu
walduay walilnanmauszialdazyu Infidssiusanmadounsvsssnndesfianeludhunweseuiian
nafe wyldpaAddalutzinaunda (Jourdan et al., 2008) uaz Wy liianasua (Terminalia) Tula1a3 laad
(Schroth and Zech, 1995) iwuinfenyszanm 2.4 - 3.4 saudadl WalSoufisusannsnaasndasiuily
lwaaudn WU éj"mwmimamwmlaﬂlmwﬁauﬁ@hganiﬂumauq’u (0.51-1.4 vausell) (Ostonen et al.,
2005; Xiao et al., 2008) LL@ié'mwmsﬁwné’uma\‘mﬂNan’lum‘lﬁéwmﬁﬁmgaﬁa 6.54 soudailin 019
ifosnnifassmsviuvessinnzadsdasdinsanuaaly azmvl,iﬁaé'mwmiﬁwné’umaoﬁnﬂamﬁﬁ@hgﬂu

ihmoiawsiusyusanmIsinandadulguningsveshmeandneas
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NN 7 Ingrowth core UITIMIBAMALLLET tNaAnmaaMInGannldau

N 8 N13El3 Ingrowth core luuwiasanivauluudazivawugld

AATININANIINADY (NTUADATIVINATADIN)
waldsm walduan

waldlnanne waldnzyw

-
I2ULIAN (1AaW)

2NN 9 é’mwmw?zmwnléfﬁulmwiam@lﬁuﬁ?'lsﬂunﬂﬁ’miwznm 3 16 Wua 11
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o =) Qs 1A
aaIINSgwNaVBaII N (sanmaﬂ)
7.00 7 654

6.00 -
5.00 -
4.00 A 355 343

3.00 1 2.78 os

2.00 - 14

1.00 A 0.51

0.00 -
ralsd ralsd aalsd walal nyla nyla Talaw Thdsy
am uaa Tnenns azyw  ganddas  dnasue Spruce  (White birch)

Tora53Taad  wafind

dl 0/ = 54 va 1 54 U 1 1 al gy = = 04
NN 10 B@]i’]ﬂ’]‘SL’JUuﬂﬂUi’]ﬂl@](ﬂ‘iﬂMLL@lﬂ:L‘H@]W%ﬁ?L&J“UENﬂ’]"H’]UL&%E%&I’J\‘] (’NW’]) wisuthaunu

a = . =) 1 v a A 0 ' a v
8AIIMINUNALVaITINNTINUNIIATAY (re187) LLa:ﬂﬂumﬂauqu (GLEY)

2.5 ansnsdagdangsInNyaniauazlanNwA (Litter decomposition)
2.5.1 aamstasaaun by ld
nnmdnsaanmidesamosasmnluldluthmownuns 3 wawusld d1e33 Liter bag method
a < o ) A A A v < o s o & o o
lasGvaniiumnluldindauaziisnaannlves 48 talus ussamnluldfsumaiis 15 ndw hwinuds
Uszanae 9 i) aslugemnfiTewma 25 x 25 TALTUAWNAT (Twilley et al, 1997) fivhanaelusau
PUIAAN 1.5 x 1.5 MTNTAAWGT 3114 15 99 5 51 TINNInAA 75 Qadaruanutld (nwd 13) diusnluld
fmdaluguiuszzg auasunm 1 8 duannlulifeglugafieidadulaaueanldnue usisildeud

aARAN 80 BIFLTALTHRAUNITNIHIRINAIN ﬁuﬁﬂﬁmﬁnma\‘lﬁmﬂluvlﬁﬁmﬁamﬂmsr;iaﬂamﬂlul,l,@ia:qa

9 U
a [ '

¢ & & |a o A ' ) o B @
AienzdanauandsesafidudUinmmnluldnmiaszniawanutlduszgsnalasld One-way uas
Two-way Analyses of Variance (ANOVA) miundiafifudvasmnlylifinieluudazianaazgnizanles
A8LUUdNaa9 Negative single exponential (Olson, 1963)
_ Kt
Y,=Y,e
Y, fis weosiduduasmnlyldfiZueu v, fawesidudaasminlulimwionasaniae ¢ () uaz K fia
o a £ ' A Y ' @
FudszAndvasdninvsasnmtesaasvasmn byl lasltlysunsy GraphPad PRISM software (Kurz et
al., 2000; Ananda et al., 2008) 11857% 5.00
NAMIANEINLIN weidudvasmnnlulifmieszwianutlifienuwandriadslivbdaty
ANOVA, p<0.01) uazitlafifudvasmnlulifiniaszninegisnalanuuand1ani (ANOVA, p<0.01) ann
lling 3 wanusld azgndesamoademiaiiluga 2 W@euusn nasnsumnlulizgndessaoadng
v : A 1 =3 6§ < 6 wa A = a o @ § o '
9 auduganiInasas (Mwi 11) agwlsfiony weiidudvasmnnlulinmielifiljauiusiusznitnoe
a v 1 d v & 1 1 v g; a 1
Wup lailazga9aan (Two-way ANOVA, p>0.05) Tauaaalwiiwin madesaasnlulivams 3 wanugldl
' v A o ' @ ' { 2 ' o
fianwuandanu Sadanmsdessmaoniulilue ldusuiidannige (K=0.023, R™=0.981) daanfaiua sl
2 o 2 o o { A o a
149 (K=0.020, R'=0.984) uaziualaiazyn (K=0.014, R'=0.981) mwiay iladinnzidadiuvadianm
6 Q/Adl =) i 3 . £ ' D A
ansuauuazlulasian  (CN)  vasmnluliiwiennmidesaasvasnisuvanuild  luwdazgisiad
MsAns (WA 12)  wungasuzasdSunmensuenuazlulasiaw  (C/N)  Adraaasilasinlulaitiim
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2.5.2 A sgaggagmnnias

finwnsdesaansaITINIINHBE (mmmﬁumuquﬁﬂmaﬁamdﬂ 2 UadLueY) ‘Luﬂﬂmmaujuam
Wnmhnuadiema §285% Liter bag 1u 3 wanuglaf ldun walduan waldlnims uaziwaldazyu 91n
ﬂ’]imaadwm’]ﬂ’%mmsﬁ’mi’mrJaﬂﬁamﬂ&iﬁmmLmﬂei’mﬁ'umaaﬁ?ﬂumiammﬁuﬂﬁ Taluts 4 §lonw
WINBINNITNAREY T INTNHBLI=AARIBEITIATIUT=NDE 20-40 WWasiTuduostinninBudu (il 14) 89
adunaunaniasaifortulsinawesaninluonies T,@ﬂmnﬁ’ﬁﬁﬁﬂ%mm'&nﬁugw:ﬁmsﬂamammﬁlw
TnwaefinfofiiUSumuesaning alimIdasaansvamNNTg9 (Hirobe et al., 2004) Farmmnanday
ﬁgndaﬂamﬂluma 4 Flaniusnonadludtaifadui luinmssauuosaniin uanasann 4 slansusnuasms
NARDY m’m’aUammnﬁwﬁwmﬁ%mmmﬁuﬂﬁ wasan 52 sensk JlSunmmnsndesfnaeinmsden
aaNDUTEaN s 47.48, 51.60 uaz 57.06 1WasiduduassiviinSudu luae sy waliazyu waziwalilnin
auEey FeUsinmuessmnnndesfindeiilifinnuuandeiunnigdad (ANOVA, p>0.05) Taswuinuuwliiy

a _a

1 v a 1 v o Q/ v & I dq’ dldl ]
madﬂ’]iﬂaElﬁm’]ElsLuL"ll@leNLLNN@T]’J’]I%L"]J@]VLN@]&I;JI% waze lilnane audeu Lm@]vlml,awﬁuﬂuwuﬂmg@mu

1 :’ a a ¢§’ d' ol 1 U = o w:ﬂ’ z:l' v a d’
wiihdanumaturasiufidininaalilnineuwszaaliozyu  Sevhldnunluaaldusafiszoznangnin
' ' { ° va ' 1% A . ' { A o [ '
ruwunitluadug vlddusgluaniwlisendiau (Anaerobic) muninadudsilimtesaasaniis

a £ Vo & a A A Vv A =2 & & v o =< .
Lﬂ@muvl,(ﬂLi?%ﬂWUﬂiu']m‘ﬂqﬂwaﬁL%ﬂaaQuaﬂ‘ﬂq@] NANIIFANBATIBRAAARDINUNNTANGIVAS  Chimner LR

(2
o ' o a

Ewel (2005) finuiiuingninviugeazvnliduatluannzlieandiamiidnnmitosaasvasmniiot

¥ ] [
oA o

wazluiunngnihvhadulszdfidannsdessasvasmnfirldanidiunngnihvuuengma sunazes

e

'
o =

ammniaasandanstasgangsInnias mmma%mﬂ"l@i”’caﬂnqm%n“ﬁmm‘m'ﬂgﬂﬂdﬂqmwn“ﬁmmamﬁaﬁuﬁ
ﬁgm‘zﬂmuLflmzﬂ:nmmm:ﬁ\‘lNalﬁmm%aummfﬂmmmjﬁu"l,@?mﬂ%u é’uﬁ?u‘lumﬁuﬁ?lﬁﬁﬁﬁwhu%
W L“ﬁuluLm@VlﬁLLawﬁﬁmmm@%'uﬁaﬂ%\lﬁqmvxgﬁmaa@ugm’jm%nmﬁgm‘fwmmﬂmw:nmgu6] MU
ATLLIRNTLBURANUTINND m’mﬁ'uﬁ'j’lLﬂumzmumiﬁ'ﬁmmé’uﬁuﬂumamﬂﬁuqm%n“ﬁau \T%  Poret
WaTAME (2007) wu:hl,i‘iaqmmﬁluaugﬁmzﬁﬂﬁmmasamyfmﬂﬁ"ﬂuﬂﬁ"mmauﬁﬁu Famannsasniums
naaasnssiinaafee s dnaafidanuaatue gm{wimLflm:ymmmuﬁaﬁ’ﬂﬁqmugﬁmaaﬁuga
niaalilnanusziaalbazyu MldUTnaenanda snaannisdosamslwae ldusuiiuw liudini
lwaaldazyuuaziwaldlninueuiey  udednalifionuanauandriveinsdessapszniaawug 16
wFAYNIFDa

Tunsanmnessiisamuinfunmmnnndasimdonnmstasamoluszozoan 1 U luthaoen
Ay 47-57 wWasidudlesads Talswioufisuiulsunamnindesfitmassnnmigessasluszazim
wihinlutidessludsanalnafinuinduszanm 36 wasidud (Fujimaki et al., 2008) 111 Dry tropical bamboo
savanna ludszinedudsfinuinduszanos 35 wasiSud (Tripathi and Singh, 1992) 3adnldinnsdesams
yasanizluhmesueziiedutinilulon Wesunaniasoamwuiaseufiuandsiwes aNdn was
mMItnamamMaludnnaife ﬂwmauﬁﬂ’%mmm'm%uga msrhﬂLwaﬂﬂWﬂiuau@‘iWLLazauﬁ’aa;q'hamaﬂ%
2ONTLAU v‘iﬂﬁﬁaﬂiswadﬁ;’&m’%ﬁﬁﬁmﬂﬁaaﬁ'uﬂi:mumsﬂaUamUluautﬁﬂﬁuﬁwn'jﬂuﬂmnﬁﬁﬂ%mm
ANNTUNaLAINE (Walter, 1971) uazdimstnainanmealudnlaa é‘aifumssiaﬂamwaamnﬁwaaﬂwﬁaglu
admuua Ui manute uarmsmsmenmaludufinandnsiv szdsnalinisdesamefitiod wuanens
NUA2E

nanmlavaidfe lasmwnnzasmitessapsnndasuaasliiiui midessanpvasminndas
Tuthmoawdeduds  lunnsdnsnessidnsanmnifasdsasoniinenuindsninadenisdasaansves

v 1 a a a g { t§ Qs s 1 v a v e
“Ii’]ﬂi’ml’/JQEIVL(ﬂ bbT qm%gmjammmzmmmmumaaﬁuﬁ GINNﬂﬂladﬂﬁ]'ﬂﬂ@]dﬂﬂﬂﬂlﬂjﬂﬂﬂi’mLL%’JI%N"HQGQ@?’]
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miaiaﬂammlaammwnﬂammdnmmﬁ'uﬂﬁ a9 bIRaNaaTIMItasaauvaIT InTINHauAd lutane
' @ A A a A I A o v o & a £ A
LA mwasl%miammaqsmﬂﬂﬂcJaﬂlu@uuﬂsmmmﬂsmmaaLﬂumq}Nawmlmmuwumgwu‘lmmqu@m@la
o A = ' o ' ' A o A o & o
nuthun LLazmstﬁ"mzJmuumsuaﬂamwaaﬁmﬂﬁﬂﬂamnmﬂuﬂmﬂﬂaglummaumuauﬂu EAGISTEVIN

o @ f P I - & =
Uﬂuqﬂﬁ’]ﬂfy"ﬂadﬂ’]"ﬁqﬂLauﬂﬁ]ﬁLﬂuLLﬁa\‘]LﬂUﬂﬂﬂqjﬂﬂuvl,(ﬂaﬁnﬁ@]

P a a A ' t% o
ANN 14 ﬂi“’]msﬁ’]ﬂiqﬂﬂaU'ﬂLV\Ha'ﬂ’]ﬂﬂ’]iﬂaﬂaa’]ﬂ"ﬂadlfﬂ@]vluuﬁ“ L"ll(ﬂvlmﬂ\ﬁﬂ’]ﬂ LLazLT@VLN@]zHu

Tugraa 19

2.6 HananandInlsnnd (NPP)
Q o9 u
madwmHaningniiulgunll (NPP) lasl37% Summation method (Kira and Shidei, 1967) Gl
HATINTERINNINTIMNIL RN WL AN AT NN T30 T wuhma%amwﬁLﬁuwuuslmauﬂwhﬁ'u 8.6 Auda
lEnuasaatll anKaNaaTINATAalWinAL 10.93 audatanuasaall Ynlvdwios NPP leivinny 19.53 auda
6 1A a & 6 o 6 1 6 1 A A a a 6 1 a
wnuasdel @aduasuen 9.8 auansuaudaianuasdell lasuszanm Wosuy@dnSinmaniuauyiiny
:‘ a v ‘4 s 1 1 U Qs 1] 1 v 1 ol 1 1
50% adRUNLRY) TIuIRalndiAsany NPP maammmau?uaaalumsau wAdINI1 NPP 289t any
LEUAIANAABUWAINNLINTAT NPP annnin 20 audatanuasdall (Komiyama et al., 2008)
WWarintmIUiual NPP f1duiasbeainds Summation method lag3aNdAIHaNAaTINIGARNA bFaINNNT
A = ' { > o ' ' @ @ @
Uszanmlasds Ingrowth core TIANARIYINAL 2.5 auasuaudatanuasaall azlddr NPP 1viAy 12.3 au
ajuaudatanuaidall (nwi 15) adslafiann a1 NPP iudNasvioulisUiunmansveugniaiuliluszoy
oAV ve o e da X : a o .
wada S ldnndadiinmaniveuiifietvannizuiunstessmorasminiis - fazgniaaddeseanunlujives
Maoansuanlasenlad lunsdnmeTinyinlininuineasnstesaansvadsiniy luninduwazmnsindas
laduiaafuyinny 0.019 NTUAAIW WAz 0.0034 NIVAAIW AINEIAU Lﬁaﬁwmmmﬂﬁ‘*ﬁﬁgﬂﬂaUamﬂmn
Q 1 dq’ a =] d‘ a é/ ] 1 a dl a ' =)
ATINNSLRANDALATHANRATINNTNL ANV WINTI8LEY WUINUSNI AT UaUALARIINM Lo RANLTINNT
& | @ o & ' ¢ A A& & & AV o v 4 @ o & ' &
NINNAWINAY 5.2 auansuandatanuaseaotl dauduasvaunladanonluldivinny 4.0 auasuendaianues
. A & & AN o > o & \ ¢ A A o & o
dot) waz tumsuaunlaanonineauyinny 1.2 auansuandatanuaseaatl mammsauqamsuaﬂmlﬂ
ﬂ’%mmmi‘uauﬁgmﬁﬂﬂus:uuﬁnﬂﬁmLﬂumﬂ futSunmansuanivasseananszuuianduay  azle
@ @ ' ' Ad o A= A ) '
WA (+12.3 - 5.2) = + 7.1 duaniusudaianuaieel Safalidiuuin wineivzuuinahmoauivaes
wiAsndananwlunsiniiuaIsuanldlszunm 7.1 auasuaudalanuasaall
nﬁhﬂmagﬂﬁa mnmi'ﬂszmmwaNﬁmqw%ij’uﬁgugﬁ (NPP) uazmstiasaansuadmnies luthane
Lauéuaaa USnathnudinene miaana wuithmowueaaisasnunndsuiaasvenlilduinniinig
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Usavdas BliAnIszuuinahmoamiwwraaunnasuanle sadudamaasainisdmnisnii b §n3

aﬁfumgumsaﬁ'@miﬁuﬁﬂwmmamﬁammﬂ'&ﬁumu%d winaaunsluszaumauazszaulandaluluauwina

MIAUNUBDINIATINN
C=+430au

NPP= +12.30%

NANAATINNTNIIIREW

C=+55ah

NANRATIN LA A
C=+25au

A 4

lu (72.9 %) Ais aan wa
C =40 au C=15au
A 4
sﬁ'msl,uvlﬁﬁgmjaﬂaam
C=-400%

mﬂﬁﬂﬂauﬁgﬂfjaﬂamu
C=-12aw

= a a2 6 a ] 6 1A ' ' A 1
ATNN 15 UNBNILINNIWAITL O (@m@lmammmaﬂ) 1%@1%@]’]0"] PITEUURATN T LA

] & = a & P = a
128 L‘L]%‘]J’Jﬂ RUUDN ﬂiu']mﬂ']ﬁl]au"flgﬂLﬂUi’ﬂui:UUunﬂ

o
N
o

AN

I =2 a & A '
Wuway  wuens Ysunuasuvawndassaanannizuy

3. Output 1 l@a1nlASINTT

3.1 HRWITHARNNW LA NEITIZALWIUITIA

1) NRIWIFLANNNWLI9 Distribution of fine-root necromass in a secondary mangrove forest at Trat

province, Eastern Thailand Tay Chalermchatwilai, B., Poungparn, S. and Patanaponpaiboon, P. ANV L1

Science Asia U 2011 lawwinilasemsidu corresponding author waslasumsaausulA@RuWue

(manuscript aglunmanwind 1)
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2) NEIWITLANUNITEY Zonal variation in leaf-litter decomposition in a secondary mangrove forest
lag Suchewaboripont, V., Poungparn, S. and Patanaponpaiboon, P. & submission g ‘ﬁ'ﬂimi TROPICS
agl]'i:ijﬂﬁl,l,ﬁ”lmﬂ%ﬁ 2 lagvinilasensidlu corresponding author (manuscript agﬂumﬂwmﬂﬁ 2)

3) Nadﬁuaﬁ'ﬂﬁﬂ&lﬁﬁad Fine-root turnover rate in a secondary mangrove forest at Trat province,
Eastern Thailand (fhavagjzninmsiarouduaiy)

4) Nm’m‘iﬁ'ﬂﬁﬁuﬁféad Fine-root decomposition rate in a secondary mangrove forest at Trat
province, Eastern Thailand (fnatagszninamaalsudualiy)

5) Nﬂdﬁ%ﬁ%ﬁﬁﬁuﬁéﬂd Common allometric relationship for root weight of mangroves with

o %« [ '

pneumatophore root system (a3t 3znINMTLATDNGAURLIL)

3.2 MIAUONANBIUIZALWIWI TR

Poungparn, S., Pataponpaiboon, P., Chalermchatwilai, B., and Pachit., P. 2009. Fine root dynamics in a
secondary mangrove forest. International Workshop: Local Conservation and Sustainable Use of
Swamp Forest in Tropical Asia. December 19m, 2009, Tinidee Hotel, Ranong, Thailand.

Poungparn, S., Suchewaboripont, V. & Patanaponpaiboon, P. 2010. Zonal variation in leaf litter dynamics in
a secondary mangrove forest of Thailand. International Workshop: Forest Dynamics and Carbon
Monitoring in Forest Ecosystems in East Asia — Findings from Forest Dynamics Network, 7-8

October 2010 Tokyo, Japan.

3.3 madaulsainImTmstuindsinsaug mlussanslszine

mi@muﬁ Forestry and Forest Products Research Institute, Hokkaido Branch Ui:L‘i’lﬂfﬁﬂ‘u B9 Tufl
5 — 20 QA1AN W.4. 2552 mlwilemauanilaouuazafnenuitoluiatafioaiunmsdszdu Carbon Flux
luszuufinaih (Dr. Hajime Utsugi, Dr. Akira Uemura, Dr. Rempei Suwa) M3AN®1 Root architecture and
carbon accumulation in root system (Dr. Takuya Kajimoto) mamumamﬁaﬁﬂi’lUL‘%adizuuﬁL’mﬂ’]me%'auﬁ
Graduate School of Agriculture, Kyoto University (Associate Prof. Dr. Mamoru Kanzaki) MlAAauwInens
swwanuwidsluamaadaly

msvl,ﬂt,?iww Laboratory of Ecosystem Ecology, River Basin Research Center, Gifu University
ﬂizmmﬁﬂu H95ufl 3-13 qa1an w.e. 2553 muldnsuusiuazdnfyues Prof. Akira Komiyama (ndand
‘.Ll%ﬂ‘]:r’l) Ml ladilanmawy Prof. Toshiyuki Otsuka %aﬁm']m%mmrymaﬁm Carbon sequestration in forest
ecosystems, Community structure and ecosystem function L8s Dynamics of detritus pools in forest

=K A v ' A 1 = a @ "
ecosystems F9iuualitninazinssuianuisnluewaadal

laN&N381989
Ananda, K., Sridhar, K.R., Raviraja, N.S. and Brlocher, F. 2008. Breakdown of fresh and dried Rhizophora
mucronata leaves in mangrove of Southwest India. Wetland Ecology and Management 16: 1-9.

Chapman, S.B. 1975. Methods in Plant Ecology. Blackwell Scientific Publications, London, 536pp.

Chimner, R.A. and Ewel, K.C. 2005. A tropical freshwater wetland: Il. Production, decomposition, and peat

formation. Wetland Ecology and Management 13: 671-684.
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Fairley, R.I. and Alexander, I.J. 1985. Methods of calculating fine root production in forests. In Fitter, A.H.
(eds) Ecological Interactions in Soil. pp. 37-42. London: 4British Ecological Society.

Fujimaki, R., Takeda, H. and Wiwatiwitaya, D. 2008. Fine root decomposition in tropical dry evergreen and
dry deciduous forests in Thailand. Journal of Forest Research 3: 338-346.

Hirobe, M., Sabang, J., Bhatta, B.K. and Takeda, H. 2004. Leaf-litter decomposition of 15 tree species in a
lowland tropical rain forest in Sarawak: decomposition rates and the initial litter chemistry. Journal of
Forest Research 9: 341-346.

Jourdan, C., Silva, E.V., Gongalves, J.L.M., Ranger, J., Moreira, R.M. and Laclau, J.P. 2008. Fine root
production and turnover in Brazilian Eucalyptus plantations under contrasting nitrogen fertilization
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Abstract

Leaf-litter decomposition was examined from November 2008 to October 2009 using litter
bags in a secondary mangrove forest along the Trat River, eastern Thailand. The study site
exhibited three distinct vegetation zones (dominated by Avicennia, Rhizophora, and
Xylocarpus spp.) moving inland from the river edge. The amount of residual leaf litter in the
Avicennia and Rhizophora zones decreased rapidly during the first 112 days of the trial,
whereas that in the Xylocarpus zone decreased more slowly. Over the remainder of the trial
period (total of 362 days), residual leaf litter slowly declined. At the end of the trial, the
weight of leaf litter lost was highest in the Avicennia zone, followed by the Xylocarpus and
Rhizophora zones. Differences in the amount of leaf litter lost were discussed in terms of
causative physical factors such as soil temperature and inundation period. The soil
temperature at a depth of 10 cm below the surface was highest in the Avicennia zone and
decreased with increasing distance from the river edge. The relative elevation of the forest
floor in the Avicennia zone at the river edge resulted in the longest period of inundation,
which, along with high soil temperature, promoted the decomposition of leaf litter. Moreover,
the significant positive correlation between the observed amount of leaf litter lost in each
zone and previously measured rates of soil respiration confirmed that leaf litter lost via
decomposition released CO; through soil respiration. The coefficients of an exponential
model (K) fit between the residuals of leaf litter and time ranged from 0.023 to 0.014, similar
to previously reported values for mangrove forests.

Key Words: decomposition, leaf litter, mangrove zonation

INTRODUCTION
Litter decomposition is an important component of the dynamics of forest nutrient cycling

(Lugo and Snedaker, 1974; Twilley et al. 1986; Kurz et al. 2000; Zhou et al. 2008).
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Ecosystems with low rates of decomposition tend to slowly release carbon from the litter into
the atmosphere as carbon dioxide (CO;) and thus act as carbon sinks. Generally, litter
decomposition in terrestrial forests is regulated by environmental factors, such as the season
(Liu et al. 2005) and interrelated temperatures (Valiela et al. 1985; Hoq et al. 2002; Moretto
and Distel, 2003; Liu et al. 2005). Specific characteristics of a forest ecosystem, such as the
quality and species of litter (Alhamd et al. 2004, Zhou et al. 2008), may also affect the litter
decomposition process.

Mangrove ecosystems are usually located in estuaries or in riverine areas penetrated
by sea water. The influence of the frequency and level of the daily tide is considered a unique
characteristic of this ecosystem. In addition, vegetative zonation, i.e., changes in the
dominant tree species moving inland from the sea or river edge, is a unique feature
commonly found in mangrove forests (Watson, 1928; Macnae, 1967). Several studies have
documented such mangrove zonation in Thailand (e.g., Aksornkoae, 1975; Aksornkoae,
1976; Patanaponpaiboon, 1979).

Leaf-litter decomposition in mangrove ecosystems has been examined in relation to
relevant physical factors such as tidal inundation (Boulton and Boon, 1991; Twilley et al.
1986; Robertson, 1988; Imgraben and Dittmann, 2008) and temperature (Mackey and Smail,
1996). These studies have demonstrated that leaf litter is rapidly decomposed in the lower
intertidal zone (Mackey and Smail, 1996; Dick and Osunkoya, 2000; Middleton and Mckee,
2001; Bosire et al. 2005). Several previous studies have examined leaf-litter decomposition in
the vegetation of mangrove forests in Thailand (Aksornkoae and Khemnark, 1980;
Angsupanich and Aksornkoae, 1994); however, the causative physical factors of rates of leaf-
litter decomposition have rarely been explained. Recently, Poungparn et al. (2009) explored
zonal variation in CO, emission via soil respiration in the mangrove forest of the Trat River,

Thailand. The authors documented rapid rates of CO, emission at the soil surface in
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vegetation zones near the coast and declining rates in more inland zones. Differences among
zones were attributed to changes in soil temperature, which were determined by inundation
period and warm sea water temperatures (Poungparn et al. 2009).

To further support the work of Poungparn et al. (2009) and to explore possible
causative factors of CO, emission across vegetative zones, we compared the decomposition
process among zones at the same forest study site. We investigated the rates of leaf-litter
decomposition using the litter-bag method for 362 days. We discuss the relationships

between leaf-litter decomposition and rates of CO, emission.

MATERIALS AND METHODS

Study site

The study site was located in a secondary mangrove forest along the Trat River, Trat
Province, eastern Thailand (Fig. 1). Since the 1980s, when timber and charcoal production at
the site ceased, the forest has been managed by the Mangrove Forest Learning and
Development Center No. 1 of the Department of Marine and Coastal Resources. The average
(mean + SD) of annual precipitation and temperature during 2005-2008 were 5172 + 875 mm
and 27.5 = 0.6°C, respectively (Department of Meteorology, Thailand).

At the site, a 50 x 120-m study plot was established. In the plot, the average density of
trees with a diameter at breast height (dbh) of >4.5 cm was 1890 trees ha™, with a mean dbh
and height of 11.3 cm and 13.7 m, respectively. Based on the dominant tree species (Table 1),
the mangrove forest was clearly separated into three vegetation zones moving inland from the
river edge (Fig. 2). At the river fringe, Sonneratia caseolaris was dominant in a narrow belt,
and a broader mature stand of Avicennia alba was distributed over the landward zone,
hereafter called the Avicennia zone. Conical pneumatophores were densely distributed over

the silt loam soil of this zone. Adjacent to the inland region, the second forest zone (hereafter
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called the Rhizophora zone) was crowned by Rhizophora apiculata and R. mucronata that
produced many stilt roots interwoven with each other in the silt loam soil. The last, most
inland zone, hereafter the Xylocarpus zone, was dominated by Xylocarpus granatum with
mixed species of Bruguiera gymnorrhiza, Ceriops tagal, and R. apiculata, and a high density

of buttresses and knee roots on the sandy loam sediment.

Measurement of physical factors

Soil temperature was measured using temperature sensors and data loggers (TidbiT v2 Temp
logger, Onset Computer Co., Ltd.). One sensor and one data logger were buried in the soil at
10 cm below the surface in each of the three (Avicennia, Rhizophora, and Xylocarpus) zones.
To avoid outlying data from extreme sun exposure, temperature sensors and data loggers
were buried in locations under a homogenous canopy. All sensors recorded data at 30-min
intervals from November 2008 to October 2009. Another sensor measured the water
temperature of the river in front of the study plot.

The inundation period for each zone was considered the period from when the tide
began to move inland from the river edge until the waters reached each zone. The time taken
for the water front to recede to the river edge was also recorded. Both measures of tidal
movement were conducted three times of spring and single tide: on 24 January and 11-12

March 2009 in the dry season and on 29 August 2009 during the wet season.

Leaf decomposition experiment

The evaluation of leaf decomposition was conducted using the litter-bag method as described
elsewhere (Robertson, 1988; Mackey and Smail, 1996; Ashton et al. 1999; Imgraben &
Dittmann, 2008). Mixed senescent leaves (green/yellow color) on the forest floor were

manually collected from throughout the study plot, washed in freshwater to remove sediment,
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and then air-dried for 48 h. The air-dried leaves were mixed thoroughly and weighed into
approximately 15.0-g aliquots, each of which was accurately weighed and placed into a 25 x
25-cm nylon bag with a mesh size of 1.5 x 1.5 mm. This mesh size is large enough to allow
small sizes of macrobenthos (usually greater than 0.5 mm in size) to break the litter and
prevented particulate organic matter from washing out of the bag (Imgraben and Dittmann,
2008).

In total, 225 decomposition bags were prepared, 15 of which were placed on the soil
surface at each of five sites in each of the three zones at the end of October 2008. These bags
were laid out on the forest floor and securely tied to aerial roots to keep them in place. Five
bags (one from each site) from each zone (15 in total) were sampled 14, 28, 41, 54, 82, 112,
139, 166, 195, 221, 251, 277, 307, 333, and 362 days after the beginning of the trial. The
bags were washed to remove sediment, and the remaining litter was oven-dried at 80°C to a
constant weight to obtain dry weights.

To calculate the dry-to-fresh weight ratio, approximately 15 g of air-dried leaves (of
known weight) were placed in the litter bags and oven dried at 80°C to a constant mass to
obtain dry weights. This ratio was used to convert the initial fresh leaf-litter weight to dry

weight.

Carbon/nitrogen (C/N) ratio analysis

The remaining leaf litter in the five decomposition bags for each zone was mixed into one
composite sample to attain sufficient material for C/N ratio analysis. These samples were
ground to a powder using a mortar and pestle. Approximately 1.0 g of each ground sample, as
well as ground samples from leaves at the start of the trial, was used for C/N analysis using a

TruSpec CN Analyzer (LECO Co. Ltd., USA).
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Statistical analysis
Two-way analysis of variance (ANOVA) was used to test for the effects of vegetation zone
and time on the amount of leaf litter lost. Differences in physical factors among zones were
analyzed using one-way ANOVA. The correlations among the decay coefficient and physical
factors (i.e., soil temperature and inundation time) were analyzed using Spearman’s rank
correlation. ANOVA and Spearman’s rank correlation were conducted using SPSS 14 for
Windows software (SPSS Inc., USA).

The percentage of remaining weight was fit through time for each zone using a
negative exponential model (Olson, 1963):

70 ('Y S A E—— (1)

where Y is the percentage of weight remaining after time t (days), Yo is the percentage of the
initial weight, and K is a decay coefficient. The data were fit to the model using Graphpad
PRISM version 5 software (GraphPad Software, Inc., USA), following Kurz et al. (2000) and

Ananda et al. (2008).

RESULTS

Physical factors

The average daily soil temperatures from November 2008 to October 2009 exhibited similar
patterns of seasonal variation in the three vegetation zones (Fig. 3). Within each zone, the
lowest temperature occurred in January 2009, and the highest temperature occurred in April
(Fig. 3). However, the average daily soil temperature significantly differed among zones
(ANOVA, P < 0.001). The highest daily soil temperatures were observed in the Avicennia
zone (27.4 + 1.8°C), followed by the Rhizophora and Xylocarpus zones (26.8 + 1.6 and 26.0

+ 1.3°C, respectively). Thus, the average soil temperature in this forest tended to decrease
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with increasing distance from the river edge (Fig. 3). The water temperature was average at
28.27 = 2.23°C, and usually higher than the soil temperature (Fig. 3).

The lowest average period of inundation (115 + 41 min) occurred in the most inland
Xylocarpus zone. This value was significantly lower than the average period of inundation in
the other two zones: 302 + 53 and 370 + 80 min for the Rhizophora and Avicennia zones,
respectively (ANOVA, P < 0.01); these values corresponded to the proximity of the zones to
the river edge. Similar to Poungparn et al. (2009), soil temperature was significantly

correlated to inundation period (Spearman’s rank; r =0.99, n = 3, P < 0.01).

Leaf-litter decomposition
The amount of leaf litter lost varied significantly over time (two-way ANOVA, Fi4, 225 = 49.2,
P < 0.001) in all zones. The amount of residual leaf litter in the Avicennia and Rhizophora
zones rapidly decreased during the first 112 days of the trial, losing an average mass (as a
proportion of the original starting amount) of 90.6 £ 9.5% and 82.2 + 15.2%, respectively. In
the Xylocarpus zone, the amount of leaf litter also rapidly decreased during the first 112 days
of the trial (74.5 + 11.9%) but at a lower rate of loss and with a slower decrease in this rate
compared to those for the other two zones (Fig. 4). Subsequently, leaf litter in the Rhizophora
zone decreased slightly with time until the end of the 362-day trial (Fig. 4), ultimately losing
94.5 + 6.65%. However, the amount of leaf litter lost in the Avicennia and Xylocarpus zones
reached 99.2 £ 1.12% and 97.8 + 2.21% by the end of the trial. The amount of leaf litter lost
significantly differed across zones (two-way ANOVA, F; 25 = 11.1, P < 0.001); however, the
interaction between zone and time was not significant (two-way ANOVA, Fg 225 = 0.665, P
= 0.899).

The average residual leaf litter across time was fit for each vegetation zone using

equation 1 (Fig. 4), revealing a significant (P < 0.01) exponential relationship for all zones.
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The decay coefficient (K), or decomposition rate based on the regression line, was highest in
the Avicennia zone at 0.023 (R®= 0.981), followed by the Rhizophora and Xylocarpus zones
at 0.020 (R?= 0.984) and 0.014 (R®= 0.981), respectively. The positive correlations between
the leaf-litter decomposition rate and both physical factors (soil temperature and inundation

period) were significant (Spearman’s rank; r =0.99, n = 3, P <0.01).

C/N ratio

The C/N ratio of the initial leaf mixture at the start of the trial (i.e., when collected) was 111.0.
That of the remaining leaf litter rapidly decreased during the first 54 days of the trial in all
three zones (Fig. 5), reaching ratios of 44.7, 41.9, and 51.8 in the Avicennia, Rhizophora, and
Xylocarpus zones, respectively. Subsequently, the C/N ratio of all zones slowly decreased
until the end of the trial (362 days), at which point the lowest C/N ratio occurred in the
residual litter from the Avicennia zone (27.0), followed by the residual litter in the

Rhizophora (32.9) and Xylocarpus (43.1) zones.
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DISCUSSION

Leaf litter was lost rapidly during the first 8 weeks of the trial before nearly plateauing at the
end of the 362-day trial (Fig. 4). This pattern of decreasing rates of leaf-litter loss with time
has been observed in other mangrove forests (Boonruang, 1978; Woodroffe 1982; Robertson,
1988; Middleton and Mckee, 2001) and also coincided with the trend in residual litter C/N
ratio, which similarly rapidly decreased over the first 54—-112 days and then reached a very
slow declining rate over the rest of the trial period in all three zones (Fig. 5). The C/N ratio of
the residual leaf litter was inversely related to the degree of decomposition, likely because of
decomposition processes such as the release of organic carbon as a food source for
decomposers (Gee and Somerfield, 1997; Cannicci et al. 2008; Nagelkerken et al. 2008) and
catabolic conversion to CO, with subsequent release to the atmosphere, whereas nitrogen in
the decomposed leaf litter only changed slightly over time (Dick & Osunkoya, 2000; Bosire
et al. 2005; Ananda et al. 2008). Moreover, Twilley et al. (1986) suggested a reason of the
C/N ratio of fallen leaf before entering the decomposition process that mangrove plants can
re-absorb or re-translocate nitrogen just prior to leaf fall.

Based on the amount of leaf litter lost, leaf-litter decomposition rates varied
significantly by zone, in the following order: Avicennia > Xylocarpus > Rhizophora.
Consistent with this order, Poungparn et al. (2009) documented zonal variation in the level of
CO; released via soil respiration in a secondary mangrove forest. In the present study, the
average amount of leaf litter lost at the end of the trial was positively correlated (Spearman’s
rank; r = 0.99, n = 3, P < 0.01) with the average rate of soil respiration from Poungparn et al.
(2009) (Fig. 6). This correlation supports our supposition that the leaf litter lost during the
decomposition process releases CO; through soil respiration. However, the CO, emission

amounts from leaf-litter decomposition shared 0.26-0.40 of the amount from soil respiration.
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A value of 37% was reported as a contribution of CO, emission from respiration in the litter
layer to total soil CO, efflux in a tropical forest (Zimmermann et al., 2009).

The zonal variation in leaf-litter decomposition was compared to causative physical
factors such as soil temperature, topography, and inundation period. The process of leaf-litter
decomposition usually depends on temperature, as higher soil temperatures promote
microbial activity (Valiela et al. 1985; Witkamp, 1966), and CO, is consequently released by
catabolic metabolism. The zonal variation in soil temperature at our study site was related to
topography and inundation period (after Poungparn et al. 2009). The figure 3 obviously
showed that the water temperature was usually higher than that of soil temperature which
decreased with increasing distance from the river. The result also indicated that the soil
temperature varied significantly among the three zones. The warmer water increased the soil
temperature after long inundated period of the zone adjacent to the river (Poungparn et al.
2009). The inundation time is also related to the length of time during which leaf litter is
leached by the tide. Leaf litter is fragmented and then leached (Robertson, 1988; Chale, 1993,
Ashton et al. 1999), which physically enhances the rate of leaf-litter decomposition. The
decomposition of Avicennia marina leaves in the low intertidal zone was faster than that in
the high intertidal zone in mangrove forests in Queensland (Mackey and Smail, 1996) and
New South Wales (Dick and Osunkoya, 2000), Australia. In the present study, the forest floor
in the low intertidal Avicennia zone was inundated for the longest period of time, rendering
its leaf litter softer and more easily leached than the leaf litter of the other zones. Although
long period of inundated soils is typically anaerobic conditions (McKee et al. 1988) limitting
the activity of microbes and benthic organisms in mangrove forests, Poungparn et al. (2009)
revealed a wider range of water table on the river edge than that of inland part. This may
allow oxygen rich condition for activity of microbes relating to litter decomposition on the

zone of river fringe.

38



In the present study, the decomposition rates, represented by the coefficient of the
exponential model between remaining leaf litter and time in the three vegetation zones,
ranged between 0.023 and 0.014. These values were similar to those obtained in other
tropical mangrove forests (Table 2). The order of decomposition rates in the three vegetation
zones was Avicennia > Rhizophora > Xylocarpus, whereas the actual weight of leaf litter lost
at the end of the trial in the Rhizophora zone was more than that lost from the Xylocarpus
zone. The sharp and rapid decrease of leaf litter in the Avicennia and Rhizophora zones
during the first 112 days of the trial led to high values of the coefficient in the exponential
model of remaining leaf litter and time.

Differences in the micro-topography and micro-environment among forest sites are
causal physical factors of change in decomposition rate (e.g., Twilley, 1995). In addition, the
species composition of leaf litter also affects the rate of decomposition through differences in
leaf morphological characteristics (Robertson, 1988; Twilley et al. 1997; Ashton et al. 1999).
For example, the leaf blades of Avicennia and Sonneratia are thinner than those of
Rhizophora and Bruguiera (Tomlinson, 1986). Thus, the thin leaves of Avicennia tend to
decompose faster than the thick leaves of Rhizophora and Bruguiera (Tomlinson, 1986;
Twilley et al. 1986; Robertson, 1988; Ashton et al. 1999). Although we used mixed leaf litter
in our experiment, it was primarily composed of Rhizophora leaves because of the high
density of Rhizophora trees at the study site. Accordingly, the decomposition rates in the
present study were comparable to those of Rhizophora forests in the same tropical region (i.e.,
Boonruang, 1978; Ashton et al. 1999) but lower than those in an Avicennia forest in Thailand
(Boonruang, 1978). The observed decomposition rates were also higher than those measured
in a subtropical mangrove forest in Australia (Goulter and Allaway 1979; Mackey and Smail

1996; Dick and Osunkoya, 2000) (Table 2).

39



In conclusion, the different leaf-litter decomposition rates based on the weight of leaf
litter lost across zones were correlated with the rates of soil respiration. Therefore, the leaf
litter lost via decomposition released CO, through soil respiration. The causative factors of
soil temperature and inundation time contributed to this zonal variation in leaf-litter

decomposition.
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Table 2. Decomposition rates of leaf-litter species in different mangrove forests.

Species of leaf litter Site K (day‘l) Reference
in litter bag
Avicennia marina Phuket Island, Thailand 0.035 Boonruang (1978)
A. marina Sydney, Australia 0.012 Goulter and Allaway
(1979)
A. marina Low tidal level zone 0.009-0.016 Mackey and Smail
Queensland, Australia (1996)
High tidal level zone 0.002-0.007
Queensland, Australia
A. marina Landward 0.001 Dick and Osunkoya
New South Wales, Australia (2000)
Tidal zone 0.009
New South Wales, Australia
Rhizophora apiculata  Phuket Island, Thailand 0.017 Boonruang (1978)
R. apiculata Peninsular Malaysia 0.016  Ashton et al. (1999)
R. mucronata Peninsular Malaysia 0.020  Ashton et al. (1999)
Rhizophora spp. Guayas River estuary, Ecuador 0.003-0.016  Twilley et al. (1997)
Sonneratia alba Peninsular Malaysia 0.031 Ashton et al. (1999)
Mixed species Suratthani, Thailand 0.025  Angsupanich and
Aksornkoae (1994)
Mixed species Peninsular Malaysia 0.022  Ashton et al. (1999)
Mixed species Trat, Thailand 0.014-0.023 This study
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Fig. 1. Study site located on an estuary of the Trat River, Trat Province, Thailand. The

gray area is mangrove forest.
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TROPICS

The Japan Society of Tropical Ecology
February 17, 2011
Dear Dr S . Vilanee Suchewaboripont , Sasitorn Poungparn and Pipat Patanaponpaiboon
We would like to inform you that your manuscript No.MS10-4 has been reviewed again.

I. Review

Based on the recommendation of the reviewers and the review of the editorial board in each section,

A. () Your manuscript was accepted for publication.
B. () Your manuscript will be accepted if revised adequately after minor revisions.
C. (O) Your manuscript will be accepted if revised adequately after major revisions.

D. () It is recommended to submit your revised manuscript as a new manuscript

II. Comments and suggestions to the author(s) by reviewers

Reviewer 1:

General comments:

The revised manuscript entitled “Zonal variation in leaf-litter decomposition in a secondary mangrove forest.” by
Vilanee Suchewaboripont et al., submitted to Tropics, evaluates the effect of the mangrove vegetation zones on the leaf
litter decomposition processes and compares the relationships between the decomposition rates of mangrove leaf litters
and CO, emission rates of mangrove peats among three vegetation zones in Thailand.

I re-reviewed this revised manuscript, and then I have gotten the impression that the revised manuscript still needs
more substantial revision to emphasize and clarify the selling points of the present study. Moreover, I have to point out
several doubts about this study again. Some of them is what I had already pointed out at the former reviews. I think that
in this manuscript, the inconsistency in the former manuscript is not solved completely yet.

One of the big flaws is the relationships between litter decomposition rates and soil respiration rates among
vegetation zones. Authors compared them directly in this manuscript. I wonder, however, that we cannot compare the
litterbag experiment results with the soil respiration rates directly, because the annual soil respiration rates result from the
balances between the annual litterfall input amounts and their decomposition rates if we can simplify the carbon
dynamics on the forest floor. But, in the present study, authors did not take into account the annual litterfall input of each

zone at all. When we see the data of Table 1, we can know that each vegetation zone has quite different forest structures
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and biomass, so we can guess that each vegetation zone might product the zone-specific litterfalls. In addition, mangrove
forest is not a closed ecosystem, so it is quite different with general terrestrial forest ecosystem. Namely, mangrove forest
has the ebb and flow of the tide every day, so fine organic matter is transferred from terrestrial side to seaside tide by tide.
Therefore, I think that there is a difference of absolute mineralization amount of organic matters among zones. On the
other hand, in the litterbag experiment that was conducted in the present study, authors used almost the same amount of
litter at each zone, so authors could not detect the weight loss of leaf litter at the end of trial, I guess. How about this
point? What do authors think? I think that authors should consider and discuss about this. It is a quite critical point and
has a great effect of the reliability of the present study and manuscript!

By the way, I think that the studies of Ohtsuka et al. (2007, 2010) were conducted at temperate deciduous ecosystem,
doesn’t it? So, I think that authors cannot apply these results into mangrove ecosystem simply.

I have one more major concern about the changing patterns of carbon concentration during litter decomposition in
the present study. Authors showed the changing pattern of organic carbon concentrations in Fig. 5. In Fig. 5, the carbon
concentrations of Xylocarpus litter at 112 days and of Avicennia litters at 195, 221, and 277 days are less than 30%. I felt
that something might be wrong with these data, because, in general, typical organic material has ca. 50% of carbon
concentration. Therefore, I can’t image the organic materials which carbon concentration is less than 30% such as the
present study’s data. For example, the carbon concentrations of phenylpropanyl structures (typical type of lignin building
unit, e.g., C,;H,0, C, H .0,, and C, H ,O,) are 67-79%, C H ,0, (glucose, MW=180) is 40%, and even some types of
amino acids (glycine, MW=75, cysteine, MW=121) are ca. 30%. However, actual amino acid concentrations in litterfalls
are not so high generally because of nutrient translocation. I wonder whether authors did not correct the litter remnant
masses by ash content. Namely, in the present manuscript, authors might not consider ash contamination during litterbag
experiment. Did authors correct the ash content? Berg and McClaugherty (2003 Plant litter Springer-Verlag) mentioned
the necessity of taking into account the ash content when determining and evaluating litter decomposition process
(decomposition rate and composition changing). If authors recalculate the data of the present study to take into account
the ash content, it might have potential that the interpretation and discussion in the present manuscript will be completely
changed. Of course, this point is also quite critical and has a great effect of the reliability of the present manuscript.
Please reconsider. This point is really critical problem. Also, I recommend for author that the changing pattern of ash
content with litter decomposition should be shown to detect the soil contamination.

I have another large concern. Authors explained that the difference of soil respiration among zones was attributed to
the difference of soil temperature. But the highest daily soil temperature in the present study was ranged from 26.0 to
27.4 ’ C, being very narrow range! Now, if we make a graph between annual mean soil temperature and annual soil
respiration amount and calculate the Q10 value of soil respiration, what result can we get? Maybe, I think that the result
will show no effect of soil temperature because temperature ranges among zones were very small. How do we think? |
think that the authors should take into account another direct environmental factors such like the moving amount of
organic matter and litterfall input! Temperature ranges that were from 26.0 to 27.4 ’ C might be included into the

measurement errors and sensor errors. Please reconsider.
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Reviewer 2:
Author’s opinion and revisions to the reviewer-2’s comment were understood.
There still are some points reviewer would like author to improve as in the followings.
1.222-224: “suggested a reason of the C/N ratio” More explanation is needed.
High or Low, which?
Only mangrove can re-absorb or re-translocate?
L.233-234: “A value of 37% was reported as a contribution of CO, emission from respiration in the litter layer to total soil
CO, efflux in a tropical forest”

Then, what is author’s opinion? Your result is supported by this reference? Some short sentence is required.

In case, please reply all the questions and comments which were held by reviewers and return the manuscript within one
month. In all correspondence with the editor in charge, please refer to the manuscript No. MS10-4.

Thank you for your contribution.

Yours sincerely,

TABUCHI Ryuichi

Forestry Division,

Japan International Research Center for Agricultural Science
1-1 Oh-Washi, Tsukuba 305-8686, Ibaraki

Japan

(Responsible editor)
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