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ABSTRACT

Received: 7 June 2022

. While climate change is a major concern globally, carbon reduction is a significant challenge
Revised: 10 July 2022

worldwide. South Korea has committed to raising its greenhouse gas reduction target by 2030
Accepted: 12 July 2022 (from the current 26.3% reduction to 40% compared to 2018). This study investigated the
perception of Gangwon rice farmers regarding to climate change due to carbon emissions and their
awareness of Bio-Char. The study also examined whether rice producers are willing to substitute
lime manure with Bio-Char upon receiving information regarding Bio-Char. Additionally, the
degree of carbon isolation through the use of Bio-Char was examined. Results showed that use of
Bio-Char pellets in rice cultivation contributes to approximately 14.3% of the target reduction in
carbon emissions in the agricultural sector. The surveyed rice farmers were amenable to the use of
Bio-Char for agricultural production. Particularly, the rate of substitution with Bio-Char increased
with positive information regarding its application in agricultural production.
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TG w2oFe] 2ATEA viERES 2018\ 7] 21.29TE E COseq.01H, o= =7} FHiEC] 2.9%f gttt
(Ministry of Environment Greenhouse Gas Inventory and Research Center, 2020). 20191 7|5 5 H-Rof| A 24
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T35 AP 2 A7 A AR Fol B7R= 1315712 371 ¢150] 7Fs$ GAPRIS: 571t 1%
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e FFE A=A A A8 AFE Fol 4 XP5HSITE Shin et al. (2020)2] AellA = =& ElHI9E 7R
DA vl 27t 6:4= Rt HEl FHIE o8-Stk s Aol WEW, EY 5 dEwH dax(olst
NHN) &= 0| 271 tizte] Hlo A Uit SEx|TE A|to] 2ol whe} vo] @2} 2 2]-tell A NH,-N
E= A2 =obeh o] = Hio|eap dello] B MBS0l RS = NH,-N =2 A152 0 2 Faeitial oA 4
At Hro] @2t HEl A2} Lol M= NH,-Ne S26taL Q7| wihizol] o4 2710l -8&F] A7t Alzte] 21U 8%
o] Z7Ijt Ao 7 o &5l Qlet.

Hpo] @2} el Al-gof| wh o] Ao} =2 9.0] F e IR B 27t 7Y Eqlow, vio| e ah HEl N
60% A 277 7P QT SEARE & B S7HES RO, Aol A 9F 89% S7TE w, Hio] @) Ml A2+l
A= 40% NOTA 123%, 60% N (0.07M Mg0)ollA] 170%, 60% NOYA 152% 71 ZF2 Z715hH T2 tiH] 2F 34%
of| A 81% 71 = EPith. 7414 S} A W O] S fofgt ol 5 Holz] itk v, fjefnExtrt
2|2 FA o] @2} HE A8RH T A5 §Eg A Rlof|A] 450 A2 Hio] @2} el o] ot 8:2 (Hlo| @2k
= E ARt oA FA TR} 1338 =] UEEtTh E3 F TA RS FA et Hllsto] Hlqh
= ARSI O, 44 fFg-2 T2 et Blarsto] Hio] @2} HEl Aelof|A oF 1,144 § 7] LT Choi
and Shin, 2016). 9] A= TAE & wfj Hlo| @27} EF §4- A 2] o} s 2-5 A5 8 7ol B kgo] Hrh=

O oF A
Ao

Ho] @z} el o] B Afuj| A] Al g2 A SHoA & wf, = FH 5 EolA T4 AR S vlEstq 214 7S
FEUS BAE & e oz Aesitt. e, B ©A A7 S0 Ak Hio] @2} W A2 of| wEt g A
ol S7ISIAH. olell 21 7Fs et T e flet Ta ol fFofdt ¥de € Ac= A5

o] 2} AH] & B o] Fprfol M rofet Apo|E AT AT SPAIRE ARl Al = 3l o, B Agolehe
BIE A= 5 Aol ol et el A, @2 oz avbaql o] E Zl o Aledy. o AdetHE
o}, Hio] @215 Foll 4&s| FF5he U T Al DS niMEAl wE A of S e-5o Al et
oHH = g7l o] vol o2k 88 Bl EAelE olE o+ & 2l o=

B ZHuH A| HIO| 22} ALBS 2 QI5h 2A7FA B2 ot =4

| 5 i

A5k LA7IA HlETEL 2018 715 63T E COseq. 011, B21% 5 71 2 29.7%2] H15-2 2A1git) ¥ 73

2 A QAR o 75] 2 2A7EA S HlES 2t

o= HRE z2ofel Hlsf A tin] 247k FHET 54 71915%710.03% 2 A 5] Wt
(Ministry of Environment Greenhouse Gas Inventory and Research Center, 2020).

Table 1-> B{AJul] A] Bfo] @2} Al A|-§A] EAaA 2] a S Lehdnt, A1) itof wh= W Aol 4] vio] @2}

el A8 Al 1 had 1,470.4 kg COseq. 2] ESF Et4 A] G347} 9Ick(Shin et al., 2017a). TEhA] 2018 715 = 7
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Table 1. Carbon sequestration and potential benefits

. Carbon sequestration in Carbon sequestration in
Carbon emissions . . . ..
(The case of growing rice) typical rice cultivation (A) Bio-Char applications (B)
rowing (1ha per 999.6 COseq.) (1ha per 1,470.4 COseq.)
Rice c‘:rll“zvgf';“ area 6.3 millon tons COmeq 843,927,294 kg COseq. 1,241,407,256 kg COseq.
. heq.
(844,265 ha) (843,927.294 T COseq.) (1,241,407.256 T COseq.)
Rice C‘i‘rll“;;;(;’n area 823,565,442 kg COseq. 1,211,455,208 kg COseq.
(823.895 ha) (823,565.442 T CO%eq.) (1,211,455.208 T CO»eq.)
Profit
(1 TCO,=KAU20
23,000 KRW 18,942,005,166 KRW 27,863,469,784 KRW
(2020.12.31.)
Potential profit (B-A) 8,921,464,618 KRW

"During the calculation, the cost of conversion from the existing farming practice to the Bio-Char farming practice is not
considered.

A1 844,265 ha (KOSTAT, 2019; KOSTAT, 2021)°]l £4 Azje2 $H4I61H 1,241,407,256 kg COzeq. 5, 2F
12909 E COseq. O] &5 Bl AT = A, o= W Al A] €4 8iETE 5 2F 19.7%2] Bl5<] aidsle= Al
It} =2lu=l=2030d 2A71A A5 J3E 2018 tH] 40% (2050 Carbon Neutrality Committee, 2021)% AF
oF Z A3 A1 Ao A v Afjuf) A] vlo] @2} Hall A]- 8- HA)| 7= B 3o] oF0.4% AL 7]oJek 4= Qlrk T3k 59] Hof
A 272 HES 40% A5517] SlolAE oF 8. 48N E-S ZFE ook Sh=t, ¥ ZfHl] A] Hio] @2} el A-8-2
& 2O 53 M| 14.3% 71012 5= 9ltt.

AIAA 0 & 247EA 2382 918l le st 7he-Hl HilEdA A= 213 Aol Blsl a-a2fo]7] wiZoll =]
ZHE|AL Qle wiE AR 27 A5 ot Sl 71 el € AL, SRS 7SS0 AdE
QLS S Aolot. B Al A] HIO| QA Al-8oHA HThH ARoA] et HiEHE(KAU, Korean Allowance

Unit) 2] FA2Q1 o]of& & & L 4] (DT Zol =8 4= 3t

O

|

2

PBB=(CSBx KRF20) x KAU20— (CSR* KRF20) X KA U20 (1)

oJ7]A], PBB: Potential benefits of using biochar

CSB: Carbon sequestration when biochar is applied per unit area
CSR: Carbon sequestration of rice cultivation per unit area
KRF20: South Korea’s 2020 rice fields

KAU20: Korean Allowance Unit 2020

2020 7]5E Hlo] e} HZ A1-8-0 2 13t etA A|SRS 2FiFoHA 1,211,455.208T COLeq©]al, R0 2 ¥ 7]
Hl| Ao Bt4 A= o]F0iz]7] wfRof| o= SHAISIH 823,565,442T COseq.0It}. T2 A7) KAU202] 7=
23,00090]th(2020.12.31.)(KRX, 2020). L A3} KAU202] 7FA || ta] o] @2} Hell Al-8.0 2 ol #Af2]¢l o]
22 2F8,921,464,618U A== olitEIct,
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Table 2. Details of information treatments

Type Bio-Char information provided for each treatment
Basic . .. . . .
. . The basic definition of Bio-Char, The environmental impact of carbon
information

Positive Information provided in the basic information treatment, Positive information on the application of Bio-Char
information  such as soil pH neutralization and carbon isolation

Negative Information provided in the basic information treatment, Negative information on the application of
information ~ Bio-Char such as low price competitiveness compared to other practices
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Table 3. Demographic characteristics of respondents

Frequenc Composition Frequenc Composition
4 ¥ ratio (%) q Y ratio (%)
Negative information 32 34.4 Less than 9 9.7
10 years
Basic information 28 30.1 Less than [0years 5 14.1
Treatment to 20 years
information
Positive information 33 35.5 Less than 20 years 17.2
to 30 years
Total 93 100.0 _ Less than 30 years ¢ 18.3
Agricultural ~ to 40 years
career
Male 71 76.3 Less than 40 years 17.1
to 50 years
Less th
Gender Female 2 237 ess than S0years g 8.6
to 60 years
Total 93 100.0 More than 13 14
60 years
Less than 5,000 52 55.9
Total 93 100.0
Less than 5,000 to 10,000 16 17.1
The area of Less than 10,000 to 15,000 12 12.9 1 21 22.6
farming rice Less than 15,000 to 20,000 6 6.5 2 48 51.6
- Number of
paddies  Less than 20,000 to 25,000 2 2.1 o 3 12 12.9
armin
(per33m’) Less than 25,000 t0 30,000 2 22 e 4 9 9.7
participants
More than 30,000 3 33 5 3 32
Total 93 100.0 Total 93 100.0
30-39 5 5.4 1 16 17.2
40-49 6 6.3 2 11 11.8
50-59 18 19.6 3 17 18.3
Age 60 —69 42 45.1 4 15 16.1
80 -89 9 9.7 seeking 6 12 12.9
Total 93 100.0  propensity 7 5 54
Hwacheon 20 21.5 8 2 22
Hongcheon 15 16.1 9 1.1
) Hoengseong 11 11.9 10 3 32
Agricultural Yangeu 12 129 Total 93 100.0
region
Chuncheon 20 21.5 Owner 78 83.9
Cheorwon 15 16.1 Ownership  Owner’s family 15 16.1
Total 93 100.0 Total 93 100.0
Middle school 0-99 31 333
graduation or less 44 473 Monthly
High school graduation 37 39.8 " avejr age 100-299 33 35:5
Education  University graduation 9 9.7 a“?U‘Eftome 300 499 2 23.7
Graduate school graduation 3 32 10,000 500 - 7 7.5
KRW)

Total 93 100.0 Total 93 100.0
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Table 4+="57}2] o] @2} of| tgh QIAFANE HojEr, Hio] @2HE AT o] Hofl &al ISIthk= 85> HA| A4
71 35.5% 2, Hlo] @215 QIARITH= -§Ho] 18R] Z3tth=-85<] oF Ayl 0 2 LiEtiTh Hio| 9.2} 914
of| thet 452 A 5] BEr=-gHo] A9 A7 46.2% 2 UEFL.O W, Hlo] 2.212] 7]50]
A EA = )IASH QU= S H2 37.6% = UEPRTE Y7 o< o)/ o] @4t st} q14]5kar QL
(“EEOM" S+ H G IoP S 16.2% = HEPRT =0l A3 HmE Al o] ehar b Ric= A
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& =7 YERT Ho] QA2 tiAloto] A8tk S = g 8310 2= 37 2] FAof et S 7 |tehch=
oo AA| -FHE] 44.1%E A F&F 221 F 7HS = UElsith R 8910 2= A 7s avkE 7IdiRith
=801 17.2%, A AR 521 vl ko] ulH|7}7.5%, M2 HlEof| thek A7} 6.5%, Hlw A 71 AlH] 52717}
1.1%= VFERSTh
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Table 4. Knowledge about Bio-Char and environmental perception of rice farms

Sortation Frequency Percent (%)

Yes 33 355

Prior knowledge of Bio-Char No 60 64.6

Total 93 100.0

Never heard 43 46.2

Have heard 35 37.6
Prior knowledge level for Bio-Char Normal 9 9.7
Highly knowledgeable 6 6.5

Total 93 100.0

Yes 26 28.0

Prior perception of carbon

.. s No 67 72.0
generation in calcareous fertilizers

Total 93 100.0
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Table 5. Factors influencing the intent to use Bio-Char as a replacement

Frequency Percent (%)

Ineffectiveness of fertilizer currently in use 7 7.5

Factors Anticipating improvement of environmental problems by using eco-friendly materials 41 44.1
iI]l;}z_egfli:rg Expectation of functional effects such as nutrient supply 16 17.2

replacement Relatively long fertilizer cycle 1 1.1

decisions Attempt at new fertilizers 6 6.5
Total (a) 71 76.3

Factors Anticipating the low environmental effects 2 22
influencing Lack of necessity to switch to Bio-Char 10 10.8

Bio-Char Lack of information on Bio-Char 8 8.6

non—rep_le’lcement Problem of navigating a supplier 2 22
decisions Total (b) ” 237
Total (a+b) 93 100.0

Table 6. Respondents’ willingness to use Bio-Char to improve the environment

The need to Agriculture’s . Willingness to
. e Intention to .
respond to climate contribution to the .. substitute under
., application of
change by nation’s carbon . government
. . Bio-Char
reducing carbon reduction support
The need to respond to Pearson correlation 1 481" 428 273
climate change by Significance level <.001 <.001 .008
reducing carbon N 93 93 93 93
Agriculture’s contribution  Pearson correlation 4817 1 396" 326"
to the nation’s carbon Significance level <.001 <.001 .001
reduction N 93 93 93 93
Pearson correlation 428 396 1 316
Intention to application of . .
< <
Bio-Char Significance level .001 .001 .002
N 93 93 93 93
o ) Pearson correlation 273" 326 316™ 1
Willingness to substitute ;. .6 once Tevel 008 001 002
under government support
N 93 93 93 93

Hokok

indicates statistical significance at the 1% level

sHH 4157 ] 22 tjAelo] Hlo] 9 18 A8 2Jgto] Itk ST A S5 23 7% LT, 0] % 1
oF 8 W a2 ARt} ATk S ol WAl 10.8%: v A 4% <1 % 7P 7 UeRdh T aglomt
Hlo]  2joi] Tigt g rAge] Bzl § 6%, A BAlolAIe] of2ie it B0 folg wmgo] El7] ke Aoleks
Sjo] 217} 2.2% Vebrh

Table 62 H10] @7} T A8 ola} phelsio] 342 A o2 B B 7kl A A% Aol =
750 ujo] .2} v ofaka} el A9l ekl 84 A o)A S BAg A 47]0] mE WS- Zte] W]
2] GOJSHE 1% SF0IH SIFt ATRIAS Ueit) B 758 5315

O,

=7F A 0] g el T8 H8e UAL ke 5 HlEo] w34, violeat thA] A8 ool #=A| HERd e
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Table 7. Changes in respondents’ willingness to use Bio-Char as a substitute with government support

Government price support Government price non-support
Mean 0.95 0.76
Std. dev. 0.23 0.43
Mean Comparison t-value Significance level

Willingness to substitute under government support

- <
& Willingness to substitute under non-support 032 424 001

Table 8. Influence of Bio-Char information provision on respondents’ willingness to use Bio-char as a substitute

Basic information Positive information Negative information
Mean 0.71 0.79 0.78
Std. dev. 0.46 0.42 0.42
t-value Significance level
Basic information - Positive information 0.657 0.514
Basic information - Negative information 0.589 0.558

o, oo} ejo] %3 A glsjol vlole} o) A ejego] 7 Liehict
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02} ARgolafo] Zrahe 710 2 LheRdh o] Hlo] 9 2} 7HA 2| Qlo] whE o] AL olako] HiskE Abm 1 7] 9]
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Table 9. Effects of information provision and demographic factors on respondents’ willingness to use Bio-Char as a
substitute

Coefficient P>z odds ratio

Negative information 1.369 0.109 3.931
Positive information 1.281° 0.071 3.601
Age -0.047 0.104 0.953
Education 1.200” 0.014 3.321
Agricultural career 0.002 0.871 1.002
Number of farming participants -0.815 0.174 0.442
Monthly average farm income 0.391 0.378 1.478
Gender 0.566 0.344 1.762

Pseudo R-squared 0.281

" “indicate statistical significance at the 10% and 5%, respectively

Y, = a+ B Positive; + v Negative; + p'z,+ ¢, )
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