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(Study on the estimation of CO, fixation capacity in mangrove forest
by using methods of gas exchange analysis and growth curve analysis)
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Study on the estimation of CO, fixation capacity in mangrove forest
by using methods of gas exchange analysis and growth curve analysis
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Mangrove possesses a higher CO, fixation capacity compared to terrestrial trees. It becomes a very
significant option for CDM (Clean Development Mechanism) program to mitigate global warming. However,
a reliable method to estimate CO, fixation capacity of mangrove forest has not been established, We
investigated mangrove forest of Rhizophora stylosa i Ishigaki Island, Japan, R. apiculara in Trat, Thailand,
and Kandelia candel in both Thanh Hoa and Nam Dinh, Vietnam to estimate their productivity using gas
exchange analysis and growth curve analysis. ‘

In the gas exchange analysis, we caleulated CO. fixation capacity by (1) measuring respiration rate of each
part of stand and calculating respiratory CO, emission from above- and below-ground parts of the stand. (2)
Measuring single-leaf photosynthetic rate in response to light intensity and calculating the photosynthetic CO,
absorption. In order to improve accuracy of the gas exchange estimations, (3) we developed a model for diwrnal
variation in temperature. By using this model, monthly averages of CO, absorption and emission, which is
based on one day estimation, were corrected in response to temperature. (4) Temperature decrease inside the
forest was obtained by measuring temperature profile of the forest, and which was added into the temperature
modification. Furthermore, (5) respiratory CO, emission from the root in below-ground of the stand was
corrected in response to low oxygen levels.

Due to the temperature modification, above-ground biomass accumulation in R. stylosa forest in Ishigaki
Island was doubled from 4.19 to 8.86 t ha™ yr'!. Meanwhile, the above-ground biomass of 10 year-old X,
candel forest in Thanh Hoa decreased about 35% from 79.6 t ha” yr to 50.2 t ha™ yr'. These results suggest
that the temperature modification affects differently to the estimation of CO, fixation capacity because of
climatic characteristics in growing area, showing that it is necessary to incorporaie the temperature
modification into the gas exchange estimations of the CO, fixation capacity of the mangrove forest.

We drew a growth curve on a singlé stand biomass using the above- and below-ground biomass of
different growth stages obtained in the plantation site. A derivative value of the growth curve was calculated to
be used for the estimation of an annual biomass increment. The annual biomass increment in X. candel forest in
Nam Dinh was the largest to be 56.6 t ha™' yr' at around 8§ year-old. The forest biomass will reach to the
maximum value at 18 year-old. Hence, it is possible to propose that artificial clearance of the planted trees can
be done at around 20 year-old to perform the most efficient carbon fixation capacity of the mangrove forest.
Furthermore, it was appeared that validity of the gas exchange estimations can be examined by comparing with
the growth curve estimation of the annual biomass increment, which was constructed for the same forest.

Comparing annual biomass accumulations of the two methods estimated in 10 year-old K. candel forest in
Thanh Hoa, the above-ground biomass accumulation of the gas exchange estimations (34.3 t ha yr'") was
closely compared to those of the growth curve estimations (26.6 t ha™ yr'"). In addition, due to the O, level
modification of root respiration, the gas exchange estimations of the total biomass accumulations in 7 year-old
K. candel forest in Nam Dinh increased 1.5 times from 39.1 t ha”' yr”’ to 59.6 t ha' yr', which was
approximated to the growth curve estimations (50.8 + 5.1 t ha” yr'"). These results suggest that the gas
exchange analysis was capable of estimating mangrove productivity. Moreover, it was appeared that the
estimated values of the carbon fixation capacity of the both methods was closely compaled at 7 to 10 year-old,
which is accordance with the inflection point of the growth curve.

From the results of this study, it is possible to snggest that estimation accuracy of the gas exchange
analysis can be enhanced by both the O, level modification of root respiration and an incorporation of
seasonal variation of gas exchange properties in each part of the stand. In addition, the gas exchange analysis
was effective in estimating the growth coefficient of the growth curve, and which enables o establish the
growth curve to predict the biomass accumulation in a new plantation area and the growth period attaining to
the maximum biomass of the area.




(B85 9 B
No. 1

PRI EEMRROEE

-’

ot BT

B4
ﬁ
H
s

B

*E #ER K EHE  OFE O BE

#HE

BlE BE KE O EEE ORI

FEEXR (BIE MWK k¥ B BE %=

BlE EREE RF #HE EXK EA

BE EREBR R¥F #HE He €&

EEYHE BHRRBER - FEHEE  wHE B |
| B AR L CEREBBEFEY Ve a— T RORE
B % BB 0> SEATG I B B TR

(Study on the estimation of CO, fixation capacity in mangrove forest by
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AWroei, WMEBREFEE D RIizophora stylosa (Y =¥ <= /%) B, -~
FFAEZA VR TBLUCFT LT 4 D Randelia candel (A B /X)) fHH, ¥
ABNTFT— VDR apiculata (7E"FTELF) MHMOREBREREL TV ARXH
BLARBBRBITEDO2RETTIMLE 4 — LV FRABICbESE v T u—T
HORBEEEOHAMFEDOHEEZIT oL LD THS.

HAZHIETIE, EROEEBRERITS LSV vy /o —THCORERR
EEEDFEMICHD THREOTEMEMAALER L. FICEFRTIE, ME
WEHELEREBEDAEEEFAZFA LILEREB L UCFFREICO>OWTREMIE
o7, ABEEECBE o7y AV E2RE L TCHENORBIETZHL N
WL, XERERBIUVHREEOFIMICT T I2HERNCRERTOREILS>NTY
L., BiZ, w07 uo—7#TEH (B) O0OREFEEL2HAEL, RBORBAT A
BHOBREEZFMTHL L OEROFERFEE LBEREORMKRICOWTHERL,
REEFEEOFMICRIETHEDNELHRE L.




No. 2

ZDRR, [IEBOBELICLA2XEARELMRECEEFEIX, BED LT &
EHRREFEERDOEMERELS TEFARKKEL, BREHIECONAZHEE
ZHAWEHEREEEZEOTFMICEETHAILEZHLMILTWS, b,
COXSRBEMER, BHEEMECRLFEOFRREOBRIFMEMBETSZ L
THRBDHDZ L, LREMBOHIB TIREZORARELRRECHTEIZE
ERBHY, v /u—SREBY s RREEROEHECOFMCENTHS =
EEALTVWDS. ARCEERNORE v 7y A NVERAWEFRERELRREED
MEZNT L THERREECEOHMCEETHAZ L EZHLMILTVS. £,
HREOFHMERA I AEHERFEERIIHBOETICHEVINEL Y, Z0
FRPIFEBOFGOHEA, BICHTHOMRREDSDIBGNREL R L
ThHBZLEEPLNRLTVWS., 51T, MTEWOMERHEESEERERME T CH
FWETT2ZLEHLAEL, HITHONRESBIFRE THETIZ LICX
S>THEREFEEBEOFMABUEIN D AEEEZRLE.

ARBBETETIE, BRIBBOCAAFELZAVCVCAEMBREERL, &
REBROBUIMECEFRBII2FMOEDEREE, TROLEMOBEREZEE
B2/ lT 5 FEEZRARBL, FAXBRECHMTLICEHOBERTEBECEOEHE
EoFME LTRIATELZLEHLMILE., ¥, AECHEONAEH
BRPLEBENZIR T ALBOERFERR TSI A FHHBORBETOY T u—
THROBRRREEHBRIEMNIRIZEW0ETERSL, ThboiRo~w 7o
— T HRODNBHIREFTA 7T 20 EFMBETHD EHEB LTS, Fi, 20
I CTRANKCET S~ T u— T HOFEHRFETREORKEIIHESTH 7~
BFEEHPTTHEHNL X T A FALSVETOA L AXEHRTCTE LN 25, 5ton ha'lyr!
EWOHEMERERSETLELNTEEIEL B —ET3FREBTVS.

RIZ, TARBIECISREBEROTMCHTHRONERE?BRERELSE
DRAEETFNVICIDBERMEEZMZ D 2 L CTEHEMLUAEMOREBEED, 4
EHBOEHE L8 T~10 EORYTELT 22 L BHELBIC ko k.

PlEDRERIZ, BEBMICENAET ARBER 7 o — T HROREEEEOFH
KAEMTHAZ LERT LB, v u—THROREBEICETAIHRER
2Rt T2, D EOREIZSWT, REEZBERT, FAHRIELTHA2EEE
R obo LB LI,




(e 1 0B8R

No. 1
XEABREREOEE
AL L o
It EN
5% Z2
F&HE EE KE BE B EE
gE EHE RFE WHEHFERIL X
EEZEH BlE K KFE HEF BiE %=
BlE ERE RKRF EHFE Bk EA
HE BRES XF #HEFE AE BE
BEWMOFE EH TR - EEBHER STH OB
EHEA B ER208 1 B 29 H
REHE (RUOLOROTHD I L,) Cos g%

T DORER,

EEBLOBED 641F, THR20E1H 298 (k) OABEELIBNT,
AR
WCRBZB I o7, RENCHIEOL S RERSERBIR, WTFhbLE
RTEAMEBELZHBEDILLENTE T,

TTRRFEAZRDVICHRRZAETI2b0LRD, L (BF) 0FUzE52 51
ROEBREAETDHLDOLHELE.

L TEMBILICOWTHALZRD, TORAFRITCHEEERICS

FEZERT, FEEVPRKFREGRFEVREBELREETELL




No, 2

FAREE

K 4

It B

B l: v~ u—70ROBEGFEFMEZIES»?

E 1AM TRERNESRITASDD, BRAFTEIRIELY. RoohBV 2m35 7%
DICARPHREEAVIFEREXKAABRLTVS,

HElR2: EREBROFTMET 20 FAMBICRAKICRD VWS Z LR, 0B KRBT AREIZ
YATALRDOP?ET, BOFREEOBERSICRBNT, RECOEBEIYOX>icE
ZENBN ARy T OB TROBRREERBEIC S VW TOF—F b5 0N 2%
DLEFXHYOBRITZ?v I —THEOREROAERBIESPVTI, AEIHL TV,
F¥ / E—2FL L TORBAMERIZEOL B2

ZE2: ZZITRVWEEREMBETRE LS. BROBREERGCNTIERECOEEIL, &
MAORTEHBE L TR, BEELEDRLIZDOT, §ERHELEY. BROBIZEBRECS
WTHE, BXOPTHLRLER Kitaya bOFETRANOBRFBRESHVICL I TEEL T
i, 17 20 18%WETTA2ZERTENRTVS, “OREYBECLCHOEBEBERERED
VAALERELE. v/ P—2F0XBMAIE, EHEOELETORBTRT I LA TE
ThHdEN, FHRETREBORBI ARNEOCTMCELAEBVEDT, BRI L TRV,
BERDHDRBROTESBEBRI L.

B 3: =7 a—7HTi, BYPRSECEEIOORORFNEEARICEEEZREL T
EOTRARVM? '

B3 XZDESIBOIN, SHEBEIPOORFOEBIZONTHRHE L TLHEL.

Bl 4: BYENORBIABREORESHIZIE > RoTVEIOMN?

B4 vy /e—T7 B0 THHEERORFEERREVWI 2L, WOTHMAHLBEZ Ehb,
HANDRBTADEESFOBNIEETHDEHY. SBRN L.

HM 5: Li6400 ZAWVWE~ o —7RBEONEROMET, LEIBW THEEHIR
BRIZAENDEWVWI X5 RHERER S oM ?

ES5:. Fx / P—DHAAEANTHRIEERD LW L) RBRBRIZIAY. ¥/ E—DOHNET
b 11 RLIBRIC Li-6400 T AW XA ROBEIX 5~6 0 LR L < 5.

EH6: FRI1IBEHETLIRERS BN 2L HBIZ?
BE:RKAPMREREBZLRARF Yy ¥ AV ERH =N, TORAPLEIRPTCE Dok,
HR7T: FROJUEZTEHMIZ L Z2EBITR DN ?

BT7:HDER5. FHATIIUNE 24 FHAKEE (10C) RERBWEBKAIELTWS,
KM 8: ERO~ 7 u—7 R T 0EUBTLIEHEIIHE L TV EOTIERND?
Z8:HWABLEA). AMETRIKAVOAIEEHBOXEHVE.

HER9: AEOY Y e AXKTCOAEAEHBIZIEZT RO ?

B9 COWBEEDTITITETRTHE LB TS,

BEM 10: =7 u— T 0B TRFOVBROEHICZ7 e 7 A AVBEETILORD S
B, ENHORRITHOVTR, FOLIREBLZLNBEDON?

IO SHROBNBRBELELTVS.




