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Abstract

The promotion of greenhouse gas (GHG) emission reduction in the agriculture
sector is crucial for Thailand to achieve its carbon neutrality. This study aims to
comparatively assess the carbon footprint of three major economic crops: mangosteen,
durian, and rubber. The research was conducted in Phrommalok Sub-District, Phom Khiri
District, Nakhon Si Thammarat Province. It Utilized primary data collected through
questionnaires from 62 purposively selected farmers. The assessment followed Life
Cycle Assessment (LCA) approach, defining the Functional Unit as per rai per year, and
adopting the guidelines set by The Greenhouse Gas Management Organization (Public
Organization). The system boundary covered agricultural inputs from land preparation to
product transport. The results showed that CO, equivalent (CO,eq) emissions were
primarily driven by chemical fertilizers, fuel consumption for tillage, weed management,
pesticides, and transport. The process of maintenance was identified as the major
emission hotspot across all three crops. The commercial crop with the highest CO, eq
emissions was durian at 338.38 Kg CO, eq/rai'/year”, followed by mangosteen at 287.41
Kg CO, eq/rai'/year”, and rubber at 217.34 Kg CO, eq/rai '/year 'respectively. The findings
provide essential baseline data for developing targeted sustainable agricultural practices

and effective GHG mitigation strategies in the region.
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TnefAanssuiilimnvauladufivs ldud Aanssufiunannisudnlussuugesemisvesda’
nsdanisyadad nsugndn msudesielunsasenlanmenseainnisldlewd nslddewnd
wazansiaillunisidadngity msldyuniazeSe msunwsiluituiinuns mswnludiiuiols
wazmswlvdiiang Ssansnsovldanmsenaislasnsuasdalasssiduannszuauns
LLazifa@ﬁiﬂumiﬁwmimwmﬂul,wiazmzmumi

nnsfneuidetdusazaisUszmalusaviedons Tueonid s dldi nuun
wuinddetenuszfiuasueunsinvesiinesusisluiumaivasvenluielduagluiu
Tneramwenuthdaningiu (Chuenchit, 2013; Borbon et al., 2020; Lewis et al., 2020) @34819N157
LAZEIUYINITIIUANEAT (Chiaravipa et al,, 2012; Besar et al, 2020; Nattharom et al,, 2021)
Femmeuonnninduinasyghafddguds nstnfuasveulusuveanatanmludoldl

o w 1Y s

warnsinfiuasvelufuvesmenens fednduladeddguesnsganduaisuanlulagiu

414



Life Sciences and Environment Journal 2025; 26(2): 412-426

pg1alsAnun Adamuauddef @nvinslandassfiwseunszanfiviasugiavindu
otj1s TnoomeiniasugiafidAanssunsldiauineliiAansanUdosfitmFeunszang
F08191%1 U717 (Qian etal, 2023) 908 (Chiramakara et al., 2019) 41ilwa (Moungsree et al,, 2021)
138U (Podong & Uibonsook, 2019) Undanisiu (Cooper et al., 2020) dwsuiiATygNaly
Al wuanAdei AnviAerfunislandadosfeiieunssannaennszuiunisudnianis
gramTuvinty Aenuideves Sa-eza (2015) Tnewuth masanszuIuNTUgNENINTRURINTT
Srueensdan SUsuansUanddesfiniseunszanyindu 1,587.272 keCO,ee/ls /U
TnsnszuiumaniauagmhonandnneliAansanUdesfinwieunszanuiniian uazlsiny
MATeTRnnMsvanUdesiedeunsranaasanszuiumsugnuesitaasugiaviadudniag
ananudfydau eudeidfajatumsinmniyaueuraniudalisudie
sefty ielinanunsnssuamnsailuldlunsdvunidmanensanfigdeunszanan

AANISINYAT BaziufiuniniuasusuluiunensnIsuLInTy Feludminuasassssus1y

a o

geluipefiauidendnviieidunisuseidumdveunans ulud wuSoudiou wensieiv
U

v '

wiswgnakuuilanney gelunindu Nuidnwilunuwidedaedivansuulan sunensnuds

g
iy

Jinuasaisssusy iWugnsuiiegindivngrenuwisnfiuman Fediannsvalandunis

[

luwvd s ueId1 Ay NP oL E B ILA AL UVDIRNYTULMIVIALYINA 1NN1TETIANUAN

o
wud inwnsnsdulvgusznevedninunsnssy lneUgniiuiasygiavainvaneyila 1w deee
Unduthsiu WFeu e sunvumamay Dudu uestaguldlinsuiuddeuiuiineas
TnestusUgnysuiannniu andeyaadinisdensosiiaulul 2567 wuin Auiasvgia
3 Susuusniifinmsugranniigaldun sfsgm Ni3eu wazenswns1 (Phrom Khir District Agricultural
Extension Office unpublished, 2024) @ slun1snszuaunisugniifnisléaraiaddadutiade
nsudnfidsnaliiAnnisanUdosfitmseunszanifiudu uarlusuianenadwalfiAnnig

Juid ouvesfukazunasiannsnulandiinainnisanaievesarsndndngnala qaiu

'
=

MIvsudiumsusunAnTuYe 81emns Niseu wazlinn Juduiiviasvgiadidyuesdiine

q

o a1 [

wsnudAs Jamdaunsaisssusy deilunilslulasimsddgfiviendnduliussmalneussa

o

=

nneaudunatameAnsueu wse Carbon Neutrality 1wl w.a. 2593 (m.A.2050) (Department
of Agriculture, 2024)

v
a v a

- t% = & 1 v o I3
bW E]SL'MNaﬂ’]TJR]EJuLUu‘Uﬁ%IS?IuG]E]ﬂ’]ﬁﬁ\laﬂﬂ'Uﬂ’ﬁ‘UﬁﬁqL“lj’]%MWEJﬂ’J'llILU"LJﬂﬁ’NVI'N

@

ANSUBL IUIIL

== @

WinguszasdiioUseliunsuanddesvasinersveulaeanled (CO,)
nnszuIunIsUgndann sy wazeans) lumheselised lngdasiziuasuandliiui

nsUandaseinuiseunszanuenmuianssuvantuliaz dunaurasnsuIunmsugn ielvle

415



Life Sciences and Environment Journal 2025; 26(2): 412-426
|
Jugrudeyafidaiauneatuuinunislidaisluuasiunsunasiouiicliununisuanddaes
vosigTaunsyanvesiigudazyin uasidugiuteyadinsunisiauauLas AMuAKLINIG
UfUAnnmsineasndsduluiiuifnw wazdiendnduliussinalvevssathmnsanudu

naeneAsvaulusuAnsald

A5AUN15IY
NuUNAnw1Ie

1 v ' '
<! a o & a 1

n15398i0uMTITeBsd1 9 WuiAnwiAenuiinyasieyluyuvunivuld vy 1

o '
1aa v

suansvalan SunensuuAs JmiauasAIsTTUIY Asegfidamagimansuszana azige
8°31°21“N uag 99°48’09“E (§158s91nsvuuiiin WGS 84) (Google, 2025) Fadumyjiuiieg
Anfudumaimesinnnsuulan famil 1 Figure 1) fafu Tunssuiunisugniimasugiad
finsldansiaifionvdwansenunoszuuinauazd windeunazinisvandaesfiy CO,

1NN IUITENITHARAINATD

Legend
1 Phrom Lok Waterfall

Study Area

Figure 1 Satellite image of the study area in Phrommalok Sub-District, Phrom Khiri

District, Nakhon Si Thammarat Province from Google Earth (Google, 2025).
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nsiiusIusIndaya

AfeiithuumenmsUssduindns®in (Life Cycle Assessment: LCA) Tnendonld
Functional Unit Aasialdsied tielvianunsaiieuiisuiinunsuanddesfinmieunszanues
fivaswghausazvialaograwiniioudu ulddusuimslunsiwunssazidonvesdade
nManAauensefiy Mndunhuldiduumeninfununueteya lnenslduuvasun
inwnsnsiieItuvdauazUmanislitasenisadnlunszuiunisugnite feyaitléainnis
aounuUTuumslidadonsndndausnszuaumsdgn maguadnu maiuiemandouas
mswuds sztdudeyanasmeasmsudanmseunsinzlgndeundsuistiagiu Fseglurig
WA 2556 -2567 FsfivdiauazUnanslifiuandnaiy ieanmiuamandeuvesdeya §3de
#nsraaouionansuazsnemssesu-medveanumsnatiiotuduiimnmsdeleiad ased
ldhintuite dagiie uazidudowdeild VssneunmsdunmualddniiomuasuiBnisuas
Funounislitafemsuanesuasdenlussinisdunal iletenseduaunsadives
e

wnunsnsiiszanisuiunamsldilndidssnuiuaiedign lnesienisdadfinnieunszand

AfunsUseuls1eazdenaanns1e 1 (Table 1)

Table 1 Agricultural production input and emission.

Process Description Input Output

Mangosteen Durian Rubber (KgCo, eq/)

Land Tractor stump Diesel Diesel Diesel o,

preparation removal N,O

CH,q

Cultivation Transportation Diesel Diesel Diesel o,

process Planting hole Fertilizer Fertilizer Fertilizer N,O

preparation Pesticides Pesticides Pesticides CH,

Base fertilizer Base fertilizer
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Table 1 Agricultural production input and Emission. (cont.)

Process Description Input Output
Mangosteen Durian Rubber (KgCo, eq/)
Maintenance ~ Weed Gasoline Gasoline Gasoline CO,
management Fertilizer Fertilizer Fertilizer N,O
and pet control pesticides pesticides Herbicides CH,
Pruning and Herbicides Herbicides
cutting Organic fertilizer
Spraying

supplements
and nutrients
Plant disease
prevention and
control
Applying
fertilization
Harvesting and Harvesting and Diesel Diesel Diesel CO,
transportation  transporting by Gasoline Gasoline Gasoline N,O
vehicle CH,
Vehicles

Maintenance

nsiAseideya

e

v

nMsfnmesaiidrduumansusudiunisdanUdesiheiteunsyanaunsvesesdns
UIIATaUNszan (Thailand Greenhouse Gas Management Organization (Public Organization,
2022) TnemsthuFnavesmslét ufuRanssunsugn (activity data) snaauamsUanddes
Aedeunszan (emission factors) fams197i 2 (Table 2) iermunaUinansuanudesiing CO,

o a

nnmslitadeniswinlufianssunisugn

{33eensUsnunslidladenisudnvesnisugndenn iSeulas 819m151 ves
InwmsnsnguiiegausiazaiuFeudildanmsifusuteya smeAedslumieselsiedues
usiazs1en1suenTeiudelusunsy Microsoft Excel antudutasauiunnfmzounszan
wiazUszLanliidunirsasveulaeenledifisuii (CO, eq) Inanisgaiduridnenind
AeliAnn1glandau Global Warming Potential (GWP) fan151471 3 (Table 3) Inasnisves

ASATUIUAAIT
GHG Emissions = AD x EF x GWP
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g GHG Emissions Ao USunaunisuassnigisaunsean
AD, Activity Data Ao Usunavealaduidnlusnazianssuveunaz
EF, Emission Factor @ ANTsUaaeR19saunsean

GWP Al Adnenmanaliminnzlansou

Table 2 Emission factors of agricultural production.

Activity data Unit Emission factor Reference
(kg CO,eq/unit)

Diesel litre 2.7406 TGO (2022)
Gasoline litre 2.2738 TGO (2022)
Nitrogen (N) kg 3.3036 TGO (2016)
Phosphorus (P) kg 1.5716 TGO (2016)
Potassium (K) kg 0.4974 TGO (2016)
Nitrous oxide emissions from kg total N x 0.0157 TGO (2021)

fertilizer use

Chloroacetamide herbicides ke 8.0900 TGO (2022)
Glyphosate kg 16.000 TGO (2022)
Paraquat kg 3.2300 TGO (2022)

Table 3 Global warming potential (GWP) values relative to carbon dioxide.

GWP Greenhouse gas
Co, CH, N,O
1 28 265
NANTIY

HanswansaRRBmssauveItiInanslitladunskaavan (Activity Data) fannsnat 4
(Table 4) 9MNnsrUIUNITUYNTa 3 slinfeo Sann MFou wazerants1 wudn ludiinmms
T eailunszuunsigednvesiiormsdenguinndt 7 Jundian dedaied sussuu
70.66+37.59 AlantustelssleT uenaniifanu Adudsauuanmsgiu (D) vesmslitewnd
fiauusanenetuann dedleutuiadoniswandu  Ssasoulidiuiaumainuatglunisly
Joiailveanwnsnsdudennaniadodueigau wazduuduselsitunnensty Tuvmed
mslihsudomdararmaiitdaofia wuh nssvunmafufenasnisvuds Siaadingld

ulusiwalunsvudmandnunigadadanafeusyinn 13.74+3.01 Gnssialsel g1amsnd
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nslduduuudulunsvudmaninuiniigadldnaisUssun10.36+3.53 dnsaelisel

wagseuiinisldansidiminivivuniiandainnaiioUsvann 5.20+1.48 dnseolisied

Table 4 Descriptive statistics of agricultural inputs in commercial crop cultivation.

Agriculture Input Unit Mangosteen Durian Rubber
(N=29) (N=22) (N=11)
Land preparation
Diesel consumption for L/rai/year! 0.75+0.66 2.04+0.75 2.30+1.00
tractor stump removal (0.00-2.50) (1.00-3.33) (1.33-4.00)
Cultivation
Diesel consumption for L/rai'/year! 1.15+0.73 4.18+1.40 2.45+0.97
seeding and fertilizer (0.50-2.50) (2.67-6.00) (1.40-2.66)
Fertilizer application Ke/ rai'/year 4.32+1.43 4.57+1.26 6.38+2.81
(2.48-7.00) (2.10-7.67) (5.13-13.56)
Maintenance
Fertilizer application (leaf- Ke/ rai'/year 48.92+20.23 62.94+30.16 -
stage) (16.67-100.00) (25.00-100.00)
Fertilizer application Ke/ rai'/year 22.29+14.12 46.83+22.74 -
(flower-stage) (16.7-80.00) (25.00-100.00)
Fertilizer application (fruit- Ke/ rai'/year! 48.54+18.48 52.16+27.33 -
stage) (25.00-100.00) (25.00-100.00)
Fertilizer application for Ke/ rai'/year" - - 48.33+21.33
young rubber (1-6 year) (20.00-75.00)
Fertilizer application for Ke/ rai'/year" - - 74.66+37.59
young rubber 7 years over) (30.00-133.00)
Gasoline consumption for L/rai/year! 0.75+0.20 1.42+0.93 1.61+0.38
Weed management (0.40-1.50) (0.66-4.00) (1.00-2.61)
Herbicide application for L/rai'/year! 1.01+0.64 5.20+1.48 2.98+1.01
weed control (0..00-2.00) (0.50-6.40) (1.33-4.00)
Harvesting and Transport
Gasoline consumption for L/rai'/year! 9.96+2.56 6.72+2.81 10.36+3.53
transport product (7.44-10.23) (4.30-8.00) (6.40-10.66)
Diesel consumption for L/rai!/year’ 13.7413.01 9.26+2.49 3.69+0.77
transport product (4.20-15.00) (2.00-11.00) (2.35-5.00)

INAT9 5 (Table 5) wudt AaeansEUIUNSINEURNTTYLATYENY WU dIuviseu

fimsUanvaesfing CO, uniianfia 338.38 kg CO, eq L3val sesasnAsaiudinn IUsunn

nsUanUdesfing CO, An 287.41 kg CO, eq liral wagauemsivsinaing CO, Weosign

flo 217.34 kg CO, eq l3sal \uimindunainlunsyuiumsguasnuifinislddeeiivavansiad
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—————————————————————————————————]
MeaTeivlulsiiuundad uLma'dﬁﬂ'Eﬂ,ﬁtﬁmmiﬂamﬂa'aaﬁ"wﬁaummnmnﬁqrﬂ Tnewile
Woufisuies 3 alaudamui amiseuinsUanlaesine COZMﬂﬁqmﬁa 273.87 kg CO, eq
T56ed dmsulunszuiunmsd u q inuindmsuanta sef s sunszan sesaun Ao nszuIums
Auiipanaznisvudefifinasldiniud emd st ewdauuduuasfa Tnefefidnisldiy
demsvudanniiansionn fie 63,53 kg CO, eq lsvietl udnesnszuaumsimnzugn wuin anmGeu
TUsinaumsUanyassning Cozu’mﬁqmﬁa 7.85 kg CO, eq lssad ualunszuiumsinssufuaiu

gRmRvTIunsUanUaesing CO, mﬂﬁqmﬁa 6.00 kg CO, eq Aolsned Fanmil 2 (Figure 2)

Table 5 Comparative of CO, emissions from agriculture activity.

The quantity of CO, emissions

Activity data (kg CO, eq rai'/year™)
Mangosteen Durian Rubber
Land preparation
Diesel consumption for tractor stump removal 1.94 5.49 6.00
Total 1.94 5.49 6.00
Cultivation
Diesel consumption for seeding and fertilizer 2.49 7.11 5.72
Fertilizer application 0.40 0.46 1.21
N,O emissions from fertilizer application 1.06 0.28 0.89
Total 3.95 7.85 6.82
Maintenance
Fertilizer application (leaf-stage) 38.39 54.72 -
Fertilizer application (flower-stage) 16.04 38.30 -
Fertilizer application (fruit-stage) 40.54 46.64 -
N,O emissions from fertilizer application (leaf-stage) 36.87 55.82 -
N,O emissions from fertilizer application (flower-stage) 50.21 24.05 -
N,O emissions from fertilizer application (fruit-stage) 32.78 43.80 -
Fertilizer application for young rubber (1-6 year) - - 40.23
Fertilizer application for young rubber 7 years over) - - 60.40
N,O emissions from fertilizer application (1-6 year) - - 22.76
N,O emissions from fertilizer application (7 years over) - - 38.63
Gasoline consumption for Weed management 1.54 3.02 3.16
Herbicide application for weed control 1.62 7.52 4.90
Total 217.99 273.87 170.08

Harvesting and Transport

Gasoline consumption for transport product 21.70 13.43 22.90
Diesel consumption for transport product 41.83 37.74 1154
Total 63.53 51.17 34.44

Overall 287.41 338.38 217.34
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400
Unit: (kg CO,eq/rai"/year™)

350 338.38

287.41
300

250

217.99 217.34

200
150
100

50

1.94 3.95
0 —

5.49 7.85

Mangosteen Durian Rubber

g Land Preparation g Cultivation = Maintenance g Harvesting and Transport g= Total

Figure 2 Comparative emissions of commercial crops by process (kg CO,eq/rai'/year™).
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WU iRififieannisUanudesiuFounsranldegnangsgn

nnansuansadAifmssannlunisied 5 (Table 5) wudn Usanansldeves
g1 idengannnd 7 9 SUnaganiiinanslilonivesimanazyFeu usidetn
AnniviinunsUantsesfing CO, ndunui Feuiivinasnniian feiidesnandage
wazyisoududusedddenignslulasaugdutissesiduidsaiislu uasdeddosanen
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