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A study on carbon neutrality and its implementation in the agricultural sector:
Carbon neutrality strategies through the use of large-scale machinery and
cultivation practices in rice farming
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Professor, Department of Smart Agro-Industry, School of Agricultural Life Sciences, Gyeongsang National University,
Jinju, Korea

ABSTRACT

This study examines the impacts of climate change on agricultural productivity, the current status of greenhouse gas (GHG)
emissions in agriculture, and the environmental effects of large-scale agricultural machinery. It also reviews technological and
policy strategies for achieving carbon neutrality in agriculture. Rising temperatures and elevated atmospheric CO,
concentrations influence crop growth and yields, underscoring the importance of region- and crop-specific adaptation measures.
Major sources of GHG emissions include fertilizer use, machinery operation, and livestock management. The expansion of
large machinery worsens soil compaction and degradation, reducing carbon sequestration capacity and long-term productivity.
International carbon neutrality roadmaps, such as those proposed by the IEA, IRENA, and major economies, highlight energy
demand reduction, decarbonization of power generation, electrification, and carbon capture as key strategies. These global
approaches provide useful references for developing domestic agricultural policies. Achieving carbon neutrality in agriculture
will require both technological innovation and institutional support. The adoption of eco-friendly and energy-efficient
machinery, precision and smart farming technologies, and low-carbon practices must be accompanied by policy instruments
such as farmer education, financial incentives, and carbon pricing. An integrated approach that combines technological,
managerial, and policy efforts can simultaneously enhance productivity and environmental sustainability. This study provides
comprehensive insights into designing effective carbon-neutral strategies for the agricultural sector and strengthening resilience

to climate change.

Key words : Carbon Neutrality, Agricultural Sector, Carbon Reduction Practices, Greenhouse Gas Mitigation, Net-Zero

Emissions

1. A2 H|7} F23] St AL, 202249 7]& 9F 5009 £9] 2
A7EA7F HEE A TH(Seo et al., 2022). o3 2AUTFA
A AADo R AABke} Ql7F BE0] ZtE o] A = AF293E 7571, 0] E o]V e dA

tCorresponding author : protaetiacho@gnu.ac.kr (Gyeongsang National ORCID £%<& 0000-0003-3074-6412
University, Jinju, 52725, Korea. Tel. +82-55-772-3221)

Received: October 2, 2025 / Revised: October 30, 2025 / Accepted: December 15, 2025

http://www.jccr.re.kr


https://crossmark.crossref.org/dialog/?doi=10.15531/KSCCR.2025.16.6.1293&domain=https://jccr.re.kr/&uri_scheme=http:&cm_version=v1.5

1294 e

= AlA 3ol AR AstE AL UTH(Seo et al., 2022).
SHuEte] B4, 2271 2°C EorAH F2AQ1 Wl &5
717k0] 7~8Y ©FE o], o] F 4.5% AT, 2
o} FAo oJAS A (CO,) F&7t F7ISHAl HH A=
Bt 14.9% F7Fo] FATHIL S5 TH(Shim et al.,
2010). E3F A9 7|FHSE 7HYRS W =] ¥
A A 9 S wet 21.6 ~31.1% FA
St Ao 2 AWEUTHLee et al., 2011, 2021). A AAA
o2k 7|5WHske] JF BEoHA UEal Stk A
(1980 ~2008) Hyof vls| AA F=7F0] 0.1% HAT A
o2 JZEaL, 10d F7] AAE E3E 1960d T H]
& Fs 1087 1.5% AT Aoz BAEITtHLobell
and Gourdji, 2012; Lobell et al., 2011). TF Aulj 2]
o]-5o] UTHH ofA|otY] B 2 HHHOE 10.4% I
A% Aoz HWE cHHorie, 2019; Matsui et al., 1997;
Yoshimoto et al., 2011).

P& B, 7]FH3} AU (RCP 8.5) Stof|A] o]}
A71E 28t £ 4 SHOA ASH &0l 71.1
~91.5%2 70% oA &7} 4 &= HhH(Ishigooka et
al., 2017), -2 2704 2040 o= /4270l 24
o]} Z7tE]ol, A7t 49 EEj9] AN £Ao] AT A
o7 FAEH(Masutomi et al., 2019). Y=} ESH
RCP 8.5 AUz Qo] wet 7] 20] A} 2.8°C 455
1, CO, T&7t 580 ppm7HA] 71 A%, dn] HHS2
12%, G582 24%, B T2 33% Aad AR dF
=, 25 A717F dgAR0 et 1255 0
2% 7M5A4E ol Zog HoltKSang et al., 2018).
oY gt dES G H AAHCRE thefst A=
oA Haj7} 7] THstE Qg Fojrt A= Ut o]
o] 2 =70l 7197 S5 A% dS Ut w
Et4%3(Carbon Neutrality) EHE AAst St

HEHO R EU, U=, Y&, = 5°] 20509 TG
g2 A5k, 2L 20609 ©HAZFES AAdstartt
(Park, 2021). 9-uteh= 20209 109 28, HAALE 0
20509 ©AFE SRE 4] Adsiaon, &2 5 12
g 7Y2050 BAFE FAAE, S H - LHESHH 7]
F97] Hi-goll EAH o2 3ot th(Jung et al., 2022).

53], +Yuet 5554 529 20509 ©®AaFH Al
Ul o= o2 Al 714 BEE At Aot @ AR
UE HH @ 2ATA HAES BT solE&F oYUy
A&7+ Y ® bdsty A73g HA Y] Fitat &
H]. o]& Adst7] flsf A& 7hsit 7len A o

N
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gk vFget AluE] @7t uFAE QI Tth(Kang, 2023).

qhH, 7]9H3 O3S ft AR FAQl IPCC
(Intergovernmental Panel on Climate Change)+= 21007}
A AT Bit72 s FS 1.5°C o|H= Algtstr] fls,
A AARCE 2030 7H4] CO, HiETZ 20109 thH]
A 45% ZFE5EAL, 205097HA = ©ASH(Net-zeroya ©
Aefjo} grhe A 2E AAISIATHSeo et al, 2022). E3,
IPCC A 62} B7FH A 0|A= 20219 119714 Al&H
=7F ASER WOEE 1.5°C HRE 245 ofH%
W, 15°C BEES DY) JAE 205087 HAA
2A7kA HlETFE 20199 thY] 84% ZHESjof Stohar
4]l QITHIPCC, 2022).

olelet FAHS 245 aFE 7} whele] Rt of
Yzt 4, 59, AR Aol 231 AA AR 32 8
skal glom, 59] HiE A3 of=o] ¥ Fizof tigt 7]
S A=A Aol AAsIt} o] 2AVMA viEFT
Y B 78 HSE 1Y B4 B4 A, A1He=w
A7 AZRE S HiETo] olitaeta HiETol d(+)2
IS "X = Ao R YERITH(Lee and Lee, 2018). whet
A, 2 =ZoAE A3EE 71F 9710 arHoE o
Sot7] 91t ©AaSH A M o|F AT bt

9|
2

7144, AslA W el wjstel wEskuA k.

O AFS}Er4~(COy), HITH(CHy), OFAFSHE4(N,0), SE21}
(SFe), AESFHA(HFCs), =314 (PFCs),
T4 (CFCs) 50| EAIsHL, sFAtolA HiEEH e 247
24 CO,, CHy 1831 N,OR 3350t o] F 54340
A CO, HiEL A3y 84 A& 22 AYF
5ol oo WAot= Fe 2A7FA HiETol| 23E A
Th(Beak et al., 2023), AAAQ FefA =39 RZH
Z59] FFAY 5Fo2 Qg Z5o) viEL 4ES
Fo02 @ 2A47IA &= ALtol= sid Ardte] 23t
E]Z] F=THRDA, 2021).

AA 247tA SFE &2 2F 49.49 E COxq.E
SR, 1 F oA F&o] HA wEF 73.2%E
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off
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Global greenhouse gas emissions by sector

This is shown for the year 2016 - global greenhouse gas emissions were 49.4 hillion tonnes CO,eq.
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Fig. 1. Global greenhouse gas emissions by sector

AAstel 71 2 HBe UehiichFig 1), 59, A4 W Selvele] 2021d 27k FHETS 676,601 E
£7 0182 184%2 Uitk 59 FRAHE 715 B COeqolH, 199040] H]3h 131.6% S7Fekea, 20204
B 5.8%, AE B2 41% AY w7k 22%2 S U ek 34% F7FSHECkTable 1), oA AR H2
F2 Hol, 5YYFo] LKA wiEe] ool BT /1 oA Adskeh AR Aol B oA Ll 57 %
of 89IQle BT 4 Itk T, HAL ke ARE B TR wE Bvbo] J1ske] 242 19909 o

—_

Sl 2AVIAE HESSHAIRL SAlO] 'S ASHL & 144.6%, 151.4% Z7tsto], 2021dell= 22+ 5877404t
8 7 e AAEE A 7L e, ol <3| E, 51490 B COseq.o G531t W, 54 29| &
&S daske Mde dolA 7159718 ¢dtelr A A7EA BEFS 1990 21,089k EoflA 20219 2144
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Table 1. Greenhouse gas emissions and removals by sector in South Korea

Sector 1990 1995 2000 2005 2015 2018 2019 2020 2021 change

vs 1990  YoY
....................................... Cozeq %

Energy 240.3 352.0 411.6 469.3 599.0 630.7 609.6 568.1 587.7 144.6 35
Industrial processes 20.4 43.1 50.9 54.6 54.4 55.8 522 48.5 514 151.4 5.9
Agriculture 21.0 22.8 21.4 20.7 21.0 21.1 21.0 21.2 214 2.1 1.1
Waste 10.4 15.8 18.9 16.8 16.9 17.4 16.5 16.5 16.1 54.9 -3.5
Total emissions 292.1 433.8 561.5 561.5 691.3 725.0 699.2 699.2 131.6 131.6 34

TChange: rate of change; vs 1990: compared to 1990; YoY: year-on-year

Source: Greenhouse Gas Information Center (2024)
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ARl MEHe AEHL YA, FAREL
27K Aatoltt. 9 REeIN O LU 7
A ool AA 1 Yk AR HNG &
of A W&ol A F7HSHE ARIA Y Hof
W&ol AT AL 5 AAPFA) v A
7 74 =Y $E2 NSt Ao ARt goz
R A WS AUE A N1 AT
1 AL, AR AL 3, A% A

A9l
2 o) opelo] Aol

rlo

o
o]
o]

22, SUUM 2UTIA HE HEW 2% 2

2 geih BEO 2030W7HA] LAVLA HiZO FQ
A F SHH=E, A"s 54, 7H5 B, LaEHAA
d B 55 B9 2AVAE 20184 HiH] 37.7% A=

Aga FU2 ==de, BE AR 2Es)h H}Oliﬂ
28§ 52 ZFH, olE F5 CHA N0 ¥i&2 &3t
Hog Eolg H ST 7Hs HE e A A
& T3 2k AY e 8 7is BolA TSt

|

= 2AVIAE 5T ¢ Aok B 59 @F0) 188
iz HAHlE Estl AN A A Gt R
A ouA] FzolA EAsks HiEde 34 €Y 5 A
th(Table 2).

ol 2 RAVIA TEH =YL Tl HiE A
JAA 23, 5 BA A AEA A7 A
Hofjof oli= HIHAQl Aot wEbd Aeta 5 7
s 7HE e MAE @9 AAA 2o 92HA B

_9‘ =]
Felolo} sfm, SHSe] Q4] Anet H3Ael Folrt
A

H2el dol, 5

143} i%l FA 7+ gt E?J& ko] FolHTt 39
Ela=

2050 ©AaFH TFHEEo] E(Table 3), 59 F
22 20309 9F 5,858 £, 20504 8,243% E COseq.9]
5 BERE AActy glon, i@, voloxt EYF
&8, Avet A= B, SRR AP WA, ARE S4b
71& 9 571A9 A7]-4431 S 5 thget Aol x
gr=lo] Qlot. shATE, AdH At DS AsiAe 7l
&2 AHet tEo] YA Y, w5 4 AAEHE A,
A A 7 FE A3t 5ol W= ook st o]E Fof
Y FEY #A5H AE 7S =oloF & Aol
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3. Uis7I7 ALl EHs o3
3.1. tis7|7e] 8 U Hst

H el Al ol A] o]FolX|& ZR9] 7|A|S} H &S
HLE &L 8 Z715t0] 1990 FHto] 90% o]Ato| 1,
20104 o]Fofl= 100% st 20219 A=9] 57]
A TF dieE 1939 g2, 20181877t Xt oF
3.11% 5713 tH(Lee and Kang, 2023). 327] 59 49
71A19] AFEL thE A, FQ 580 ¥ U E
e, 58 o|Y7], AEF FH ARgol dwrstE
(Kim et al., 2021). E3F 20214 7|& o8 EdE T34
7F AA ] 61.4%5 FAHIL, 0o]F7]= 99.9%, FHIRI
2 86.0%F AX|5t0q, B7] A9 iP5t FA|7} olojA|=
AFS HtH(Lee and Kang, 2023).

AR oA 7S LHrEQl TR O|YAAE TEL
2 EHE], Z89, ZEHoJE, o]¢7], FHl 59 571
A FF7F thFSHA EA5HL A TH(Table 4). EHE =
g &9 =5 Aot AMESHAY, 5714 52 25t
o AE VTR, EY BAREH 26 1%, 87
ZyA &8=o] 7IAS AY9 F4 IS sttt
EZdt9= EHEO| 25| 43S T & s A=, A
7] 71'6& k= AHlo|t}. ZEMHolE| = EHElS] F
2 EFS Ha & 127 o JH 2 SZEkeet §
Abelth o]Y7]E B4 712 BE = AHFoE 4
ojFE VAR, HEAlA 2 A 5£E&84E HolErh
FHRl $E7E B 3, g9, 94 B AYge e |

of &+ste 571AZ, 7HEo] vidHo AT, 2 584

& 27 WA,

3.2. 2472 Wi A

A

=5 Aol FYE= 5A7IA 5 U 7Y EEE
S 135 Z715tn Yk 20219 7|ER0 2 EHE(60
ps °|4), S8&olY71, 5& ol FHRIY i 4 Hl=
& 7}7F 61.4%, 99.9%, 86.0%= 7|23 o1, o] 2010
ol w8 ZHzF 19.4%, 9.5%, 33.2% Z7F3t $Aojtt
(Shin et al., 2022). 019} 22 714 H3sks 529 7]
Asks 9 A 882 ANTeEN 5y HHof 7]
S 2ot

SPA e &8 2AVIA HiEE Yt
T#o| Qltk(Lee and Kim, 2023). &Y &0k oyA] &
HF2E AFEH, 20199 7% 5A71AE oldA] 4H]
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Table 2. Definitions of greenhouse gas reduction measures

Category

Definition or Principle of Emissions Reduction

Non-energy

Paddy Water management

Intermittent Irrigation

Mid-Season Drainage

Inhibits the activity of methanogenic bacteria by supplying oxygen to the soil through drainage

during the flooded period, thereby reducing methane emissions.

After rice transplantation, the water in the paddy field is drained and maintained at a shallow
depth (approximately 3 ~ 5 cm), which reduces methane emissions by supplying oxygen to the

soil and disrupting anaerobic conditions.

Cropland

Deep Placement of Fertilizers

Biochar Application

Proper Application of Compost and Manure

to Cropland

Enhances nitrogen use efficiency by placing fertilizers deep near the crop root zone, thereby

reducing nitrous oxide emissions.

Stores carbon and improves soil properties by applying biochar produced from biomass

pyrolysis to the soil.

Reduces nitrous oxide emissions and helps control soil temperature by applying compost and

manure at appropriate rates and times.

Livestock

Supply of Low-Nitrogen Feed

Anti-Methanogenic Agents

Improved Manure Treatment and Storage

Reduces nitrous oxide emissions from livestock manure by feeding livestock with low-nitrogen
feed.

Reduces methane emissions from enteric fermentation by feeding livestock with

methane-inhibiting agents.

Reduces methane and nitrous oxide emissions from manure by applying anaerobic digestion,

composting, and other treatment methods.

Waste

Supply of Low-Carbon Organic Waste

Reduces methane emissions from landfills and composting by supplying low-carbon-content

organic waste, such as food waste.

Forestry
Afforestation/Reforestation

Reduced Deforestation

Stores carbon by planting trees or restoring forests in degraded or unused lands.

Reduces CO, emissions by preventing deforestation for agriculture and other purposes.

Production Efficiency

Smart Farming and Digitalization

Substitution with Alternative Products

Reduces emissions by optimizing resource input (water, fertilizer, energy) and enhancing

productivity using smart farming technologies such as Al, IoT, and big data.

Uses alternative protein sources (plant-based meat, cultured meat, insect protein, etc.) to reduce

livestock-related emissions.

Energy
High-Efficiency Energy Equipment

Renewable Energy Use

(solar, bioenergy, etc.)

Reduces emissions by using high-efficiency equipment and improving energy use in farming

operations.

Reduces fossil fuel-related emissions by replacing energy sources with renewables such as

solar and bioenergy.

Source: Jung et al. (2022)

http://www.jccr.re.kr
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Table 3. 2050 Carbon Neutrality Reduction Roadmap

mitigation amount

Mitigation measures Indicator
2030 2050
Non-energy
Water management in paddy fields
Proportion of area under simple irrigation for more than 2 weeks” (%): 61.1 in 2030, 61.1 in 2050 474 474
Proportion of paddy fields with irrigation waiting period” (%): 10 in 2030, 10 in 2050 66 66
Agricultural land
Nitrogen fertilizer application rate (kg/ha): 115 in 2030, 115 in 2050 267 268
Adoption rate of biochar-based soil amendments® (%): 9 in 2030, 10 in 2050 58 65
Proportion of manure reduction applied to cropland® (%): 33 in 2030, 35 in 2050 1,683 1,936
Enteric fermentation
Adoption rate of low-protein feed for cattle aged over 2 years? (%): 30 in 2030, 100 in 2050 121 402
Proportion of nitrogen reduction in manure (%): 13.2 in 2030, 13.2 in 2050 630 673
Manure
Energy recovery and purification treatment rate® (%): 33 in 2030, 35 in 2050 2,058 2,359
Productivity improvement
Reduction rate of livestock due to dietary changes® (%): 10.2 in 2050 - 995
Adoption rate of smart livestock housing (%): 30 in 2030, 50 in 2050 389 579
Share of alternative foods (%): 4.4 in 2030, 15 in 2050 63 200
Energy
Reduction rate of kerosene demand through high-efficiency energy equipment” (%): 9 in 2030, 50 in 2050 14 41
Reduction rate of diesel/kerosene demand in agricultural machinery® (%): 10/5 in 2030, 100/50 in 2050 35 190
Total 5,858 8,243
1) The proportion of the total rice cultivation area.
2) The share of biochar-based soil amendments in total soil improvement practices.
3) The proportion of reduced manure volume relative to total manure generation in 2030 and 2050.
4) The share of low-methane feed in the diet of Hanwoo and Red Hanwoo cattle aged over 2 years.
5) The proportion of treated manure relative to total manure generation in 2030 and 2050.
6) The reduction rate of livestock numbers in 2050.
7) The proportion of kerosene demand reduction achieved through high-efficiency energy equipment.
8) The share of diesel/kerosene demand reduction in agricultural machinery use.
Source: Ministry of Agriculture, Food and Rural Affairs (2021)
7} Xdiﬂ Y AUA 249 45.7%F A 7MY w2 1A A4 Hlzet 7159 i 247 WEF
H]E2 AAISHL QU ol 20131 o] % At °F 2.6% of 2 ¥ "Xt diFgste 7ALsE 99 ARS
A gasigod, o443 w2 s#ES A Ao A WA @ARL O vEs) d= /\}Q%E S7Fst
(Table 5). i, 70 WE AV WS E ST 2 1‘:}. 5
SY7IAE CO, HiEF2 EFH, 427, sitedx Anh 52 HWAo Hisf gt Mg 4 1Y
7] &L= WiEFe] WAt ouA aH|Fo] Wees e A2 23 3 e 45T - yl°1 e
CO, Hi&o] wWely, EdY, #L7| 9 ZEAZ7|9 A gamEdS 258 44T 5 A A0 &
vl ot AA9] dhts 23she HiEdS YE S 2t 714 &9 Bedel F8skal, Y 5
Wk(Table 6). AAIAS AMgste AR 5714 52 A, Ata dadgh LA% 18 5 & AA 9 A
W

3 Aeka
A= LS 7PN, thepe] eUskamnr ohfel wlH o] BRY Aolt
WA HEEE Aom FelAgTHa, 2020).
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B T Al CHSES7PA ARG 2 S0l Oft EAZR) et 1299
Table 4. Agricultural machinery used in rice cultivation
Useful Operating . . Fuel
Model & . . Operational Area Price .
. . Model Number Life Time 0 Consumption
Specifications (ha day™) (1,000 KRW) 0
(year) ) (L hr)
35 L3503-D 8 3.17 1.629 2,240
40 ST440 8 3.00 1.720 1,300
Tractor 50 D500 8 2.83 1.821 6,490
58 5805 8 2.17 2.382 7,130
85 L7030 8 1.83 2.815 2,869
105 M105X 8 1.67 3.096 2.250
35 Y-825 10 4.67 1.106 1,980 5,684
35-45 SH-4P 10 4.00 1.290 2,200 6,500
35-55 W62-DP 10 2.67 1.935 4,530 10,235
Plow 50-100 YDP-802L 10 2.50 2.064 4,890 10,800
60-120 KP400A 10 2.17 2.382 5,520 9,818
55-110 SH-6P 10 2.00 2.580 5,880 8,280
30-38 R163ME 8 4.67 1.106 1,980 6,452
38-41 R165ME 8 4.00 1.290 2,200 7,285
Rotavator 45-55 GMRI185G 8 2.67 1.935 4,530 8,847
50-60 GMR195G 8 2.50 2.064 4,890 9,680
80-110 JR-2350XH 8 2.17 2.382 5,520 15,096
100-110 JR-2500XH 8 2.00 2.580 5,880 17,387
RR600N 5 4.33 1.468 10,300 2,346
RR660G 5 3.00 2.120 12,100 3,687
Rice Trans 6orow S3-680 5 2.50 2.544 15,100 3,755
planter NSU67 5 2.23 2.848 21,000 3,062
(Riding) KEP67 5 2.15 2.958 24,160 3,711
VP60DX 5 1.90 3.347 25,300 4,104
NSU87 5 1.66 3.839 28,660 3,711
Srow VPSD 5 1.50 4.240 34,610 4,143
Aorow C704GT 5 2.13 2411 48,900 11,895
DSM72G 5 2.04 2.514 49,000 13,765
Combine C805GT 5 1.72 2.975 57,500 15,036
Harvester 0" DXMS$5G 5 1.52 3.386 58,400 17,513
HJ695G 5 1.53 3.345 105,000 16,020
Grow VRIS 5 1.58 3.243 103,100 18,476
Source: Adapted from Kim et al. (2021)
Table 5. Trends in energy consumption by usage in the agriculture and fisheries sectors
Energy Consumption
Category 2013 2016 2019
Proportion Proportion Proportion
1,000 toe % 1,000 toe % 1,000 toe %
Agricultural machinery 1309.0 52.4 1,086.8 46.6 1,115.1 45.7
For buildings 256.2 10.3 311.4 133 317.4 13.0
Machinery and equipment 931.6 37.3 934.7 40.1 1,009.8 41.3
Total 2,496.8 100 2,333.0 100 2,442.2 100

Source: Korea Energy Economics Institute and Korea Energy Agency (2020)

http://www.jccr.re.kr
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Table 6. Energy consumption and greenhouse gas emissions of agricultural machinery (2005)

. . Total Energy
Classification

Energy Source

Oil Equivalent

Conversion Factor

Carbon Emission

Factor by

CO, Emissions

Consumption (Net Calorific Energy Source (tCos)
Value) (TOE)*

Power Tiller 221,314,680 Diesel 0.845 0.837 573,936
Tractor (Total) 284,763,814 Diesel 0.845 0.837 738,479
- Small 28,831,038 Diesel 0.845 0.837 74,768
- Medium 146,450,556 Diesel 0.845 0.837 379,790
- Large 109,482,220 Diesel 0.845 0.837 283,921
Power Transplanter (Total) 35,421,466 Gasoline 0.740 0.783 75,254
- Walking-type 15,093,684 Gasoline 0.740 0.783 43,187
- Riding-type 20,327,782 Gasoline 0.740 0.783 32,067
Combine (Total) 72,537,080 Diesel 0.845 0.837 188,111
- < 3 rows 17,189,822 Diesel 0.845 0.837 44,578
- 4 rows 33,332,785 Diesel 0.845 0.837 86,442
- = 5 rows 22,014,473 Diesel 0.845 0.837 57,090
Cultivator (Total) 26,062,332 Diesel 0.845 0.837 67,588
- Walking-type Diesel 0.845 0.837

- Riding-type Diesel 0.845 0.837

Speed Sprayer 45,384,300 Gasoline 0.740 0.783 96,421
Agricultural Heater Natural gas 0.955 0.637
Dryer 145,524,757 Kerosene 0.835 0.812 361,785

TTOE: Ton C TOE’
Source: Lee and Kang (2023)

3.3. EY I YEiAIS A

< v 59 @0l E w5 E kel
&4 T, "o 5EH = AR F7|A9 P}
7h wt2 A 2P ojgtt. o7t 12 7}
A3 YA, 8491 AH-S a9l S OHOF S 7t
A FAFe] EAg 7Y AR A4 5 0}"}~
T diolth EGHHE & AYste sRol5E &
SHA stal, EY AEE S7HIA e A= Welist
of A&E9] S A 30~50% FAAXIEKGIll and
Vanden Berg, 1967; Niwa et al., 1999; Park and Lee,
2002; Raghavan et al., 1979; Yun et al., 2011). 0|33+ &
% AR B4 089 Z71, BAWY BV,
o) o] 5 Weh HEA SHEE et
11 3}%th(van den Akker, 1994; Yun et al., 2011). =2
ol Hls Yoz AX|tho] fJX|5to] HlFST] %
EGTEETol &% A (Plastic Limit) o1/ o= =4 &
A=7] A9 B Al AMgok= 5714 ot59] o & 9
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S Hh=r}(Han, 2018; Saito, 1985).

iu].o] ZHo x—] .5

&9 72014 Ao Aol ¥
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o]-&5fo] oF 40 cm Zo|E 4l7Fste] HEE T F9,
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A 9 EF S8 o]l S7IE ECTF A4Skt Eqt
vjuka] X2 g8 oF 18~30% S53AH(Cho et al,
2000; Hamza and Anderson, 2003). o= th&=3t &3]
B EHE dolA, EGY F2AQ &I} FETHY 7]
Y MR E 71 & 4= Sl S8 IS
& = QU wEbA, ARkEe] A vlE] WA sk
Ahet EE] 2 diE 7149 s EAsAY,
2 RIEE 24 9 ofd] ARESHA] ¢kl AuiE 4= =
d HLx Zesirt
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SYROpIAE oA vl A BHUs
¥ 71%9 B4l thEEL UL, HAE Ak ol
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A} B % ek 19604 o] % 7S] Wa ol
dslol 19724 HU/1AS AW Aol Hx 57 2
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BFA7IAS7E %1 Folth(Table 7).
7| SHIIE QI 7)1/ dolH WAANI 9] FVIE, 7 %7t
BAE 4 5714 GAZ mAEA] AS g 27 2
25 83 571A NE A7 571A Aol
e 7hoh 2A7FA 5o 3kt $8 AR E

i

It 4 5 ABAIUA BHUOE AV 9t
Syt mAEA AZE 919 202195 E
A B0 52 w3 1A 27195

e
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f
o

%] Qlck(Lee and Kang, 2023). u]=-

2 1990t E StolBEHE F7|&o] 7|4to]
He= A7) EFE| B3 AFE T e, &
o](John Deere), Case IHA} 5 F4]0 2 slo|EHI = E
e 29 /RS A8 Yh(Kim et al., 2015). 3lo|E
e AAHE SHA Aol AR st {3 Hi7]7t
A9 TS £o]7] flsf WAZ|T[R) T A5
E)S 293t A|A=lo]th(Bae, 2002; Kim et al., 2014). ©]
23t slolBHE Y AAHL FTAAE AR AR
& P 9 Fol wi7I7ks Aaof vl /8% AR
Ut E9], Had #AeolA 57147 wiEshe
Hj 7|7k A 8T ofy gt AFOAE & J3FS HA
7] gizol f-3f Hi7|7kA &l A& Sto|BYE 574
o] Ag3Pt 4Ho|rt. SkA|RE, oHT] =2 A|xH]|E
EASH AAEL A&2H o7 gfAsfof & Ao th(Kim
et al., 2015).
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Table 7. Government's agricultural mechanization progress and future plans

Period Implementation Plan
Ist and 2nd Basic Plans:

1979 ~ 1991 Initiation of paddy field mechanization centered on small- and medium-sized machinery (achieved approximately
90% mechanization in rice farming).
3rd and 4th Basic Plans:

1992 ~ 2001 . . . L L L . .
Expansion of large-scale machinery for rice cultivation, achieving full mechanization (100% of rice production).
5th and 6th Basic Plans:

2002 ~2011 Implementation of low-interest loan programs for agricultural machinery purchases (from 2000) and promotion of
public rental services to enhance utilization (from 2003).
7th and 8th Basic Plans:

2012 ~2021 . . . .. L .
Advancement toward smart agriculture through the integration of ICT and precision mechanization technologies.
9th Basic Plan:

2022 ~ 2027 Strengthening mechanization in upland (dry field) farming; development and dissemination of autonomous, electric,

and hydrogen-powered machinery; workforce development and institutional reform.

Source: Ministry of Agriculture, Food and Rural Affairs (2022)
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Ttk (Jung et al., 2016).
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Z7F, A7~
o 2 m
o= 7Y%t woF S0 H QS Moty BAQ

A A%e HAasfehe, A
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Table 8. Farm-level inventory of climate—smart agriculture measures by sector

Y, hgnesls
M, SEAE 2 Y T 2] AEALT
55} A4 7oA ol 281
SFggel 2 Hoz
o A

U892 MEer, A2 FAH(E, v
Q9 =

o] 3 2

E o}
- N

Method (technology) Details Note
Water
Rainwater management Constructing 20 ~ 25 cm high ridges in paddy fields to store rainwater O
Water management in paddy fields Technology to reduce soil methane emissions by draining water from paddy fields O
. Crops are grown on raised beds, and irrigation is applied to the furrows between the
Furrow irrigation O
beds
An embankment made of soil, stones, or concrete built to prevent overflow or to
Embankment O
store water
Terrace farming Agriculture practiced on terraced plots O
Ridge A raised area of soil created for crop cultivation O
Laser leveling system Laser land leveling operation X
Energy
No-til/Minimum tillage farming . . . . . . .
. . Sown in no-till fields with crop residues incorporated into the soil O
(Conservation Agriculture)
Direct seeding Broadcasting or drilling of dried seeds O
Biomass energy utilization Utilization of energy generated from biomass @)
Multi-layer thermal curtains Installation of multi-layer insulating curtains inside the greenhouse with automated o
and thermal tunnel opening/closing devices  opening and closing system
L Technology for maintaining greenhouse temperature by spraying groundwater on
Water film cultivation . @)
double-layer plastic film roof
Geothermal heat pump A system that uses geothermal heat for cooling and heating agricultural facilities O
Waste heat recovery heating A system that utilizes unused energy as a heating energy source O
Nutrients
L Cultivation of leguminous crops in cropping systems to enhance nitrogen utilization
Green manure cultivation . . O
and soil fertility
Integrated Nutrient Management Technology for partial use of organic and chemical fertilizers to reduce NPK usage
Optimized Nutrient Application . o .
. . Appropriate application of fertilizers and manure @)
(Using Soil Big Data)
‘Weather
Early Warning System and Weather Advisory .
. . Weather forecasting based on ICT O
(Using Weather Big Data)
. Crop-specific insurance that compensates for income losses due to weather
Crop insurance O

fluctuations

Journal of Climate Change Research 2025, Vol. 16, No. 6
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Method (technology)

Details Note™

Other

Introduction of new varieties suitable for changing climates, emerging alien species,

New varieties fruit tree varieties with easy coloration under high temperatures, and crops resistant O
to shade
Intercropping Growing two or more crops simultaneously O
Multiple cropping Growing more than one crop per year on the same land O
Crop rotation (Conservation Agriculture) A rotational cropping system alternating gramineous crops, legumes, and root crops O
Fallow and Crop Rotation System A practice of temporarily halting crop cultivation on some plots and growing crops <
(Conservation Agriculture) on only part of the land to prevent soil fertility depletion
An integrated land-use system managing crops, livestock, and perennial trees on the
Agroforestry : X
same land (e.g., mountainous or forested areas)
. . Adjusting the production system by changing crop patterns, planting schedules, and
Production system adjustment . O
farm management techniques
A system that combines food and energy crops on the same land, or utilizes
Food-Energy Integrated System X
by-products from one product to create another
Re-greening Re-greening (#k{t) of degraded land O

"The remarks column reflects the opinions of experts, marking technologies suitable for the current agricultural situation in our

country with O, technologies with low feasibility with X, and technologies that have already been disseminated with [].

Source: Adapted from Jung et al. (2016)
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=4 AHZ o] &<t Az B A 7leo] Ark(Table 9)
Y50 HaFY %3%4 Ak 59l

= o

afEd A

Table 9. Low—carbon agricultural technologies

HAE 5 A4 AdS st avdd
- olER 7] AR A

442 A9 9 =e #p5H 2 Aol 2= sl
A a2 57 AR 5714, BH #okA
g, BEEU, A9s, Adsd 5) d47iAlel B=
oz AZS 1 AlvA a3yt SHE Aol

Category Low-carbon agricultural technologies

Content

Fertilization and crop . .
Optimal fertilizer use

Techniques to minimize and optimize chemical fertilizer application

protection rates
Integrated crop-livestock farming system Techniques integrating crop and livestock farming for mutual benefit
. . Techniques using self-produced naturally fermented fertilizers or crop
Use of self-produced agricultural inputs . .
protectants as agricultural inputs
L Techniques for cultivating green manure crops (legumes, grasses, etc.)
Green manure crop cultivation . . ; . .
and incorporating them into the soil for fertilization
. . . o Techniques for collecting and recycling wastewater nutrient solutions
Recirculating hydroponic cultivation . L
generated during crop cultivation
Production and control using biological . . .
Techniques using small animals for weed and pest management
resources
Agricultural . . Techniques for direct seeding without transplanting seedlings into
. Direct seeding
machinery paddy fields
. . Techniques to increase soil organic carbon content and minimize
No-tillage and reduced tillage .
moisture loss
Heating Techniques for enhancing thermal insulation in greenhouses by

Multi-layer insulation curtains and automatic

opening/closing system for thermal tunnels

Thermal storage bag-based heating system

Subsurface irrigation system

Agricultural heat recovery ventilation system

Exhaust heat recovery system for forced-air

heaters

Wood pellet heating system
Geothermal heat pump system

Waste heat recovery heating system

Solar radiation-responsive automatic

temperature control system

installing curtains made from various insulating materials under
different conditions

Techniques for using water bags that store solar energy during the
day for nighttime temperature regulation

Techniques for maintaining greenhouse internal temperature by
spraying groundwater onto the double-layered plastic roof surface
System for recovering greenhouse gases expelled during ventilation in
agricultural facilities and reintroducing them indoors

System for recovering exhaust heat from forced-air heaters during
operation and reusing it for greenhouse heating

Technologies for utilizing wood resources as a heating energy source
System for using underground heat for both cooling and heating in
agricultural facilities

System for utilizing unused energy as a heating energy source
System for automatically controlling nighttime temperature variations

based on daytime solar radiation levels

Agricultural water . .
Rainwater harvesting technology
use

Water management techniques for paddy fields

Techniques for collecting greenhouse rainwater and utilizing it as
agricultural water
Techniques for reducing methane emissions from soil through water

drainage in paddy fields

Source: Jeong et al. (2016)
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No-Tillage

Ridge Formation

150

Source: RDA (2021)
Fig. 2. Utilization of agricultural machinery by tillage
method
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