msUsziunsinuinatfusurazseldannnisuaweatfusuluaiuenanis

Assessment of Carbon Stock and the Potential Income of the Carbon Offset in Rubber Plantation
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augsnduundsgadufinsaniveulaeenluduazifiuinasveudiddy Feusziduyarnsvaenisuouluau
g1ansThuYiey 25 U lngldaunisainuduiusvesiadinmiazansusudunsglufiuainaiugnenisnens 2 5 12 16 wax
26 U wamsusuiiiy wud mumawwwmmaaLﬁvﬁ’ﬂm%wuﬁgﬂwmagﬂum 50.68-193.72 fiu/snuns (8.11-30.99 fu/ls)
ailanuduiusiutisengaansuuulndludiva (° = 0.97%) dwsgldaBanmshdyansawensiiuinaisusunass
259 Usziiuldvindu 573.39 USS/enuns (3,063.27 Un/1s) sty fineamnisiiuinensueuluaiuenmnsiuiesivssavsua
somsterisasueasnlunaanuuatasla

AdAgy : aTnm msnuinansueu  sateuuvadasle  msuewashn  B1aNIe

Abstract

Rubber plantation is considered to be a large stationary source, where CO, can be captured from emissions
through carbon sequestration. The aim of this study is to estimate the benefits of the carbon offset in rubber
plantations over a 25-year period by using biomass allometric equations and soil organic carbon. The trial was arranged
for 5 different age levels: 2, 5, 12, 16 and 26-year-old rubber plantations. Results indicated that the overall carbon
stock ranged from 50.68 to 193.72 Mg ha" which estimated by fitting the polynomial equation between rubber age
and carbon stock (r* = 0.97%). In addition, the estimated potential net income of the contract was US$ 573.39 per ha
(3,063.27 Baht rai") for the 25-year time period. These results suggest that carbon stock in the rubber plantation is

more likely to be a cost-effective mitigation pathway according to voluntary market.

Keywords : biomass, carbon sequestration, voluntary market, carbon credit, Hevea brasiliensis
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unin
audennandulovisuazuuanisujodiiean
Ugyunlansou (global climate change policy) 9nausamygn
WaansLAeale (Kyoto protocol) vilviAnuuiAnuesssuunan
ANSUBU (carbon market) (IPCC, 2007) laglgnalnnisnaim
duafunisannisUanudesieFounsrandaduanvndid
Yain1siaaniizlaniou ﬁgﬂugmwwamammama
(mandatory market/compliance market/regulated
market) Aa1nLLuU Reducing Emissions from Deforestation
and Forest Degradation in Developing Countries (REDD)
wazAaIALuUAIATla (voluntary market) laglaniznain
wuuatirslatiu lunaduthldaunsailudemedumsivon
wsanlunaiauuuaiasla Ja3endn verified emission
reduction (VER) %38 carbon offsets WetnlUdeune
lunaindiAgy Wy Chicago Climate Exchange (CCX),
Climate Registry (CR), California Climate Action Registry
(CCAR) wazn152eauuuminansetevislnensaszning
fHouasfauilasens (Over-the-Counter: OTC) (quu
USSRy way Wadinn videauysal, 2553) N1videya
%aém&Jm«’\lL“ﬁuiﬂiqmimﬁuaumiﬁ@ﬂ,uﬁu (soil offset
projects) Tufluiinsinuns (agricultural lands) (Ignosh
et al.,, 2009) nivlasanisavestld (forestry projects)
Tmﬁuﬁﬂqﬂa%’mmzﬂyuvjmuﬂw (afforestation and
reforestation) s3udenguwUan (cultivating crops) sEwing
FuMueIfnsTevenISUBIATIRLAZINYAI TS Ve
fidsaulasens muszeznaesdyyfigldsunistae
A5UBY (carbon offset) wasinAsssutdenlun1svindeygn
ka2 (Current et al., 2010)
senalnvesiivfiansnsagaduinensuoulnoonld
Wiensdueseiua Sevanuiinafgansveulaeenlsd
luussonielanasntasdinvesita Tnaiduinliludiumie
vaanuluguveainIn (Redondo-Brenes & Montagnini,
2006) Tafannsgevaalevesgdursdlufunaziiuinlugy
Y99A15UBUBUNIILUAU (soil organic carbon) (Zhang &
Zhang, 2003) Uagtunudn dn1sfnwiuuinianisussiiiu
miﬁumL%ﬂﬁuauﬁgﬂuamwﬁuﬁﬂw (Solberg, 1997)
auUvan B33eA wiananssay, 2553) lddusiuludlos (urban
tree) (McHale et al., 2007) saudansannisauluilasrilng
Fundes (AlKaisi et al., 2005) w193 (Watkins et al., 2009)

LLawjmaijgmé’mi (Stephenson et al., 2004) 18~ Fauonan
ﬁﬂizﬁw%wam'amiﬁwé’myap%asmam%vaumﬁﬁmLLéh fadu
U TRluGensndau Winanuvatnanestanm
annsgadefiuiivnlsl (deforestation) wiowffuiiuyad
vmmwgﬁﬂﬁﬁuﬁ”uﬁﬂgﬂé’qﬂa'nrs’ha (Solberg, 1997;
Kinderman et al., 2008) WuLAgURNUENEANANTAMU
8190191 Tuga9l w.e. 2552-2556 U9INTENTILNEATLAL
annsal ﬁﬂﬁuﬁuuiﬂiﬂﬂ’ﬁ%@%ﬁUﬂ?%U@ULﬂiﬁmLﬁ@Lﬂ%ﬂJﬁ%ﬂ
meld wavensziuamnMEInAYRINSIILENINS Teneld
Tasansnalnnnsiauniiazen (Clean Development
Mechanism: CDM) wagnisaaauuuadasla (Auznssuns
UlyUIBIIEIINYIR, 2553) Lﬁaamﬂﬂﬁzmﬂlmﬁﬁuﬁﬂgﬂ
g1 TN dusuiu 2 veslan viieUszan 2.70 SUBNLAS
(ANRPC, 2010) 3evilrauenanislulsewalnenatadu
wiasgaduineansueulaeenled wasiidnenmlunisiuin
Asuauled (anassas Wiwes waz 61u1a Talsas, 2553)
nsfnwil SeilfmgusvasdiiiossiiuanudiusuesUiina
AsuaulusuLasAuluY M99 V81N Ingldiuams
msAnw Fatevemiveuasinlusmawuuataslelunadi
Y3l TIuAUMTUTERUTElIINNNSTIAEASUBULATAR
AINITN19YIFYY1v99Ra1n Chicago Climate Exchange
Suaniluvslenflumsindulafiodoneasveunsinues
INEAINTIUBUIAR
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Yanaunsnluasisn1side
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1. MIUsEUMIaEaNIIa TN YD ITUUASLAYI N NNIT
BTN MVBIRUE IRl ldIURUUAIIY

v o ¢

duWus Allometric equation Aa n(Y)= a+b n(DBH)
(Redondo-Brenes & Montagnini, 2006) Tnedl (n =
AONNNSTINEIINYR (natural logarithm), Y = snaanw (f/
LaNLAS), DBH (diameter at breast height) = Lﬁwhu@us?ﬂmﬂ
Sduiisziunugs 1.70 wu. N (B31) d2u a waw b =

v ¢

ANAaN (constant values) IaaAnLUaIINANNITANUEUNUS

¢
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RRIM 600 U3nasitufisminaean (5¥3 13e59n uazan,
2551) (Table 1) \ioUszidiuArunadininludiusingg vos
AULNINIST (Table 2) disnafinmiAawgniegins1gRain
FreghaavmnluarAausnaaiueanmdenitie (tter
fall traps) ¥u9 1.0 x 1.0 x 0.5 aU.y. I 10 e/
was Tasdufindeyaidiouas 1 ads eussiduunmns
drauiAwrInivluaiug1anisi (Table 3)

2. AaantRu1aUsensvesiuluaIug 1 anIg
duilnnvisnegaRuiseduauan 0-25 uay 25-50
3. 10U 5 Fegie/uuas ileieszieyniafumilen
(%clay) Usunailulnsiau (total nitrogen) UjAzendu (pH)
AMNUIMLUAY (bulk density) way A1susudunsdluAu
(soil organic carbon: SOC) (Table 4) SsUszifiulneds wet-
oxidation method 9nA18un3eingludu (soil organic mat-

Table 1 Biomass allometric equations in different plant parts of a RRIM 600 rubber tree.

Plant part biomass (Mg ha)

Allometric equations

Coefficient of determination ()

Stem In (Y, )= 2.2494(InDBH) - 1.8338 ' = 0.94

Branch In (Y,,,...)= 2.7559(InDBH) - 3.7155 ' =0.98

Leaf In (Y, )= 0.8796(LNDBH) - 0.6974 ¥ =0.94

Root In (Y,,)= 1.9903(LnDBH) - 2.8766 =093

Table 2 Plant part biomass estimations in 5 different ages of rubber plantations.
Biomass (Mg ha™)
Age (year)
Stem Branch Leaf Root Total

2 3.58+0.93a 1.36+0.43a 0.95+0.10d 0.79+0.18a 6.69+0.37a
5 32.96+10.32b 20.78+7.86b 2.26+0.29c¢ 5.63+1.57b 61.62+4.84b
12 74.10+18.37c¢ 55.78+16.84c 3.12+0.31b 11.55+2.54c¢ 144.55+9.41c
16 112.76+32.00d 93.53+32.24d 3.66+0.42ab 16.73+4.22d 226.68+17.28d
26 158.78+38.58e 141.79+42.81e 4.20+0.38a 22.67+4.84e 327.44+22.13e

Means (+SD) followed by the different letters within the same column indicate significant differences (P<0.05).

Table 3 Annual litter production in 5 different ages of rubber plantations.

Age (year) Biomass (Mg ha™)
Leaf Branch Total
2 1.52+0.09d 0.10+0.01b 1.61+0.06d
5 4.84+0.15c¢ 0.23+0.02a 5.08+0.10c
12 6.38+0.29a 0.25+0.01a 6.63+0.20a
16 5.90+0.22b 0.25+0.02a 6.15+0.14ab
26 5.63+0.15b 0.26+0.03a 5.89+0.09b

Means (+SD) followed by the different letters within the same column indicate significant differences (P<0.05).
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Table 4 Soil properties at the 0-50 cm soil depth in 5 different ages of rubber plantations.

Age (year) Soil depth (cm) Clay (%) Total N (%) SOC (%) pH Bulk density (g cm”)
2 0-25 19.01+1.80B 0.08+0.03C 0.87+0.02C 4.92+0.05A 1.56+0.01AB
25-50 24.86+0.25bc 0.03+£0.01c 0.21+0.01d 4.76+0.06¢ 1.58+0.08b
5 0-25 24.99+0.65A 0.14+0.07A 1.47+0.03A 4.79+0.03B 1.43+0.21B
25-50 33.25+0.91a 0.04+0.02a 0.28+0.01b 5.23+0.01a 1.47+0.02bc
12 0-25 24.75+0.82A 0.09+0.02C 0.76+£0.01D 4.81+0.03B 1.72+0.05A
25-50 30.07+3.51b 0.03+0.01d 0.16+0.01e 4.61+0.06d 1.78+0.02a
16 0-25 13.49+1.47C 0.06+0.02D 0.51+0.02E 4.55+0.03C 1.63+£0.04A
25-50 22.09+0.83c 0.04+0.01b 0.30+0.01a 5.00+0.06b 1.44+0.06¢
26 0-25 16.48+0.18B 0.10+0.03B 1.13+0.03B 4.55+0.01C 1.65+£0.03A
25-50 27.16+1.85bc 0.03+£0.01e 0.25+0.01c 4.87+0.02¢ 1.53+0.06bc

ter: SOM) (g kg )= SOC (%) x 1.724 x 10 (Walkley & Black,
1934)
3. msUssdlunsiiiuinansuoulugiugians

3.1 Ussliuusunaumsusulugiusing Uasiugsnis
wazluRuanuensns lngdnnasanaunisnisiiuinAsveu
Tuiiy wevenity wagluAuvaangulddudu (Zheng et al,
2008) al

n

CS, = 2,(C,B,) + 2(C,,B,) + 2, (C,BD)
j=1 (=1

i=1

Y '

N9l AANamsUNSALIIaTIN N TUALE NS
siaﬂuuﬁﬂqmvhﬁ’u 84% maw”wmuﬁu/ﬁuﬁﬂqﬂ way
aarUsznourasaIsasuauludusnsLedevinty 45%
VYDA (21504 JUNU wazAnE, 2551) dumasiid iy
NIATUINIATIN NV UABIINY WNITUANNU 78.2% U84
iwgnfianunsagesaaeldlusoul (139 Usiwejuns
way Usslasg qgues, 2545) 1NMITAUINUSUIUAISUBY
Tusadia nuasAuaIue1anIsIfInan aunsauseiiiuy
Ysuumsgaduiteaisueulasenlen (CO, adsorption)
Tnafumainaasd 3.67 dadunswdsuinenisueauls

Tedl €S = Ulmnmansueuiifudnluaiueians G/ oenledfidtiniin 1 lmana (molecular mass) ity 44.01
LBNuns) n3uazaew (Dalton) luhusiAmrsueu 1 n3u (McPherson,
C, = osrUsznauvesalsaIsuauludIudigg ¥e9  1998) (Figure 1)
AUENINITINUG RRIM 600 (%) 3.2 Uswdiunsazaunniuouluaiug1anssening
B, = wiadinnludiusee vesiueens (y/  o1giudiusieg veedug1anist (living carbon stock)
SRITGE! wiwe1nias (litter production) wagludu (soil carbon stock)
C, = owUszneuvesanImivauvenmsnnetsns  lagldaunisaudusiusuuulndlufioa (polynomial)
USURIAU (%) (Figure 2) uwavUseiliudnsimsiiuinasueu (sequestration
B, = 1ATINNUDUANIINGNWITIVTNIAU(FW/  rate) 5 92901y e 1-5 6-10 11-15 16-20 wag 21-25 T
LenLAs) AIUAINU AIANNS
Cy = Uinmasueudunislufuiisesuniadin 0-50 cs - ( As ) _(8s0)
w31, (%) At] o (Aty)
BD= mmmuktuAufisefuaudn 0-50 @a. (0 laedi CS = dwsniafudnaruenluaiuenanng (u/
au.aY.) wwnuas/Y)
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Figure 1 Estimating the carbon stock in above-ground
biomass (ABGB), soil organic carbon (SOC),
litter production, and CO” adsorption in

different ages of rubber plantations.

Table 5

S, St :U%mmﬂﬁuauﬁméfw,Lazqaqﬂ (FU/A8nuns)

t, t = 91gRNAULaYaEAYedLINNIT) (V)

4. nsuszliuselaanmsyaweasuauluaILeems

Tddngnanisusefiusglaannisvindgglunain

wuvadasla m1uidn1svindyey19ee Chicago Climate
Exchange (CCX) (Ignosh et al., 2009; Current et al., 2010)
WiatJunsalfegrsdmsunisdnuiil Fefnualdiusunn

AFUBUALTINNG 939381 5 U anuedasinisinuinaisuey
Ao 1-5 6-10 11-15 16-20 uag 21-25 U wethluusziiy
selaunazl va3ng 929981 5 U (Estimated annual

value) wagselasanvianun (US$) naenyiee1ge1anisn 25 U

(Table 5) lnesinnlasduaunis fail

T =N_+R.

Tedl T = 578la99nun1NN15TALY8Aa8AYTINNIIVN

deyeyn ($)

N, = wlaanmsvidyginsveuasin ($)

Estimated potential income over 25 years of the contract for rubber plantation.

Contract (yr)  Sequestration rate Annual tonnage

Estimated annual value

1N/

Estimated annual value

(Mg ha™ yr'") (Mg ha™) ($ha') (Baht rai”)
1-5 6.69 6.69 26.76 142.97
6-10 8.35 8.35 33.40 178.42
11-15 7.54 7.54 30.15 161.07
16-20 6.73 6.73 26.90 143.71
21-25 5.98 5.98 23.93 127.87
Estimated subtotal (25-year period) 176.43 705.71 3,770.17
Fees and deductions
20% carbon reserve pool 141.14 754.03
10% aggregator fee 70.57 377.02
Project verification fee ($0.15/ton) 26.46 141.38
CCX exchange fee ($0.20/ton) 35.29 188.51
Net annual contract payment (25-year period) 432.25 2,309.23
Net income 573.39 3,063.27

V5-year (2006-2010) exchange rate (33.39 Baht/$)
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Taedn

Taedn

N = ()-(F)
L= QX0
Toefl 1= yadenmstomeaniuauiasin
($/0)
C = UsumansueuLasiniide v
(80% v@4 C)) (F1u)
Tl C = Ynmunsifudnaifuenluaiy
819157 (F)
CCX = emdsnmideremiveunsin

lupain CCX (4 $/fumsuan)
AsssuLenlunisvindayan (5)
Fo= (F,+F,+FJ
F., = awssudealunsvidyagivduny
(10% vesyar 1) (5)
Arsssutisnlunisnsavasudygn
(0.15 $/61u w3 C) ()
sssnienlunisdenetunann Cox
(0.2 S/ wa3 C) ($)
5781091NN1TIAEAINUINIUAITUDULATAR

dsemasduanday ()

Ro= (1)-(F)

| = yamn1seneInUsiunIsueLLAsan
#1304 ()

Taofl 1, = (Cn) x (CCX)
C = UsmmmivauAsind15es (20%

r

V83 C) (/)

CCX = ANRAAYTINPOUILAITUBULATAR
Tumann CCX (4 $/funsuai)
Asssullsalunsvindaya ()

F= (R, +F,+F)

F.= Asssudodlumahdyaitudunu

Kl

(10% veyae 1) ($)

F, = esssudedlunmmsnaeudyg (0.15
$/6u w3 C) ($)
F .= msssudedlunseneiunain CCX

(0.2 $/61u 983 C) ($)

nsATEidayanieaan

Ansgideyalaeldaunisanney (Regression
equation) tleyAnuduiussznineeguagnisnfuin
asuauluaiugiemns wienduiinszideyanisaifiile
Wiguimguanuuaniisvesdeyasie) luusasyiseny lae3s
Least Significant Different (LSD) fisestuannandesiu 95%
(P<0.05)

a o
W§iN13938
1. wadinmiazauautiuszn1svesnuluaIueans

FUENNITIINTAzANLIaTININTUAIUAII VOIAU

- - = i aa v a
nfgafieny 26 U wazwansnaneadifiuyisensdus lny
fnsavanludiuvesdduuinian fie 158.78 du/ignuns
A = = 3 v ' ¥ U s
W3BTWANTALAUNIDTINIMNIF U 327.44 Fu/ignuns
MUAU (Table 2) vpuedl WAWLINEINITT WU TUTu0
WnuasiaeTianluety 12 uas 2 U fe 6.63 uax 1.61 fu/ianuns
Tngiawgnanlugnansilamnsadalnafesiu lugiseny 16
waz 26 U Ao 5.90 WA 5.63 @1uANYINAENNITIHAINIG
adlnalAeaiuluyenesus 5-26 U i 0.23-0.26 fu/isnums
ANEIAU (Table 3) nan15nszrinuautRuIsenisTudy
= Y = oA i
FTUYNNITINTLAUAIUEN 0-50 Fal. NUT1 TANUUANAIS
aa A a =~ = a =

meaRgaignlufuaIueaineny 5 U lneliounenumnie
lulesiau wazAsuaudun3g Windu 33.25% 0.14% uaz
1.47% @i pH LazAURUILUUAY wuil JAansng
meatAludazdoeuiu Ineidregluig 4.55-5.23 uay
1.43-1.78 n./au.ay. AUaRU (Table 4)
2. manuinAsusuluauemig

fugranTaansanuinasueuludunigeg laase
Wiy 143.10 du/ienus Wieeny 26 U dwmrsueuludu
VBAAYYINGNNITINY TArasiianiniu 2.91 du/ignuns
ey 12 U vavsinamsinuinaisveulufuiiong 5 U
Uszluldwindu 58.77 dusenuas Tndllesiviieny 26 U
= o ¢ = & ~ 2 o
Ag 55.81 fU/ABNLAT TINATINNIMUAVBIUTIIUNITAUAN
Asuauluauen I IEAYINAY 45.43 89.88 107.71 135.27
wag 201.56 fu/anuns mudduagfna waziieyssiiv
Anuasalunmsgaduiteaniveulaeenlydluaiug1snns
nudn aglutae 166.72-739.73 siuansueulneenled/ienuwns
(Figure 1) wananil WeUszifiuannauni1sAIudunus
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Figure 2 Relationships between carbon stock and rubber ages in living stock (a), litter production (b), total carbon

stock (c), and relationship between soil carbon stock and soil nitrogen content (d).

5ENIUSHINASURULAL 181NN tUTe 25 T wud
fianuduiusuuuindludien seusinanisifiuinaiuen
Tuduvesiu (y = -0.0729x" + 7.8717x - 11.572, " = 0.99%*)
(Figure 2a) LAw¥YINEWNIT (y = -0.0083x" + 0.2946x +
0.5282, r* = 0.85) (Figure 2b) wazUSinaumsuouiaaly
AVUYNNIFT (y = 0.0204x2 + 5.4293x + 45.234, r2= 0.97%)
(Figure 2) FeflAmUsziiiugaanuviniu 139.66 3.12 uag 193.72
Fuienuns auddu vned Usinaansuenluduliiany
duiusiuluwsazdnens winnuduiusivuiinadulasau
-1985.1X" + 736.5x - 13.826,

TuRuresEIue1INIT (y
r* = 0.96**) (Figure 2d)
3. seleannsvaweasusuluaIug1 I

gnsnsiiuinasusuluaiugansmng 5 U Ja
Wingaaelugis 6-10 U Ae 8.35 du/enuai/U uazanas
danlutng 21-25 U @0 5.98 fusnuas/Al (Table 5) viail
aunsaUseiliunasIndnsInsiiuinAISUaURaanYILIaN
25 ¢y 176.43 su/anuas Seanansauszdiuseldan
mMswaEASUsuTIMIRlEW AU 705.71 $/8nund videwhiy
3,770.17 v n/ls Iﬂammsaaq‘dLLaﬂLﬂuiwalé‘lumﬁasﬂﬁ
InwAsNSIElETUTIAABRT 25 T Winfu 432.25 $/Aenuns
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PIaWINNU 2,309.23 Uw/ls drusglaannasueuasananses
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