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ABSTRACT

As the carbon sequestration effect of biochar has been widely recognized by the
international community, including the Intergovernmental Panel on Climate Change (IPCC),
applied research is also being actively conducted. The manufacturing market for biochar has
also expanded, and in addition to well-known agricultural by-products such as chaff and chili
peppers, various by-products such as wood pellets, bone meal, compost, and other organic
wastes are being utilized in the production of biochar, and the public interest function of
renewable energy that is recycled back into nature is also being emphasized. In this study, we
aimed to characterize the properties of biochar made from livestock manure and agricultural
and forestry by—products and examine the effects of applying it to crops. The total carbon
content of biochar for livestock was 38.9 for poultry and 36.1% for cattle, and the total carbon
content of biochar for agricultural and forestry products was 86.5%, peach 76.2, pepper 67.2,
asparagus 64.8, and melon 53.9. The N, P, and K contents by raw material were the highest
for nitrogen, phosphoric acid, and cali of poultry biochar at 5.4, 6.3 6.7%, and eight types of
heavy metals were below the allowable standard for all raw materials. In the cultivation test of
biochar for livestock, poultry 400 kg/10a had the highest quantity, and cow meal biochar had
the highest quantity of 1,000 kg/10a. Pot cultivation tests of agricultural and fishery products
showed that the amount of red pepper biochar 500 kg/10a was the highest, and it tended to
decrease as the mixing amount of 1,000 kg/10a or more increased in all treatments. The
density of Xanthomonas and Fusarium in poultry and powdered milk mixed soil cultures at
1,000 kg/10a decreased with the specific capacity of each raw material, but there was no
significant difference in pathogen density in all agricultural and fishery biochar raw materials.
As the raw materials for biochar are gradually diversified, such as bone meal, compost, and
maternity waste, there are differences in particle size, physical properties, nutrient retention
capacity, and ineffective components of each raw material, so it is considered that various
manuals should be established by identifying the characteristics of each for.

2024 ARHFELIN



HIO|2AN= HIO|RQUAS &7|ZH0N EEoiAlZ]

1%

HI

32

>
m

O Mo

o
0

ro

>

N

[>

>

oy

EY HAS Z2fsts 520l ULk s
UK 9o

0 7|=Saiof et R HANMPCOOIA OMtelets A5 +HO2 AP 7|1E
Hz SH740A= HIOIQAE "ESHIZ'Z MAZME 1,000C Ol0A Eeletd H2 =
‘=US VISHRZE EOIRCL 2024F 48 Hlz SFYAH HEF0| LR JHEEN Tt ESH R

o
oM "RitEtz"2 HEHACH =Y "SERME L VIEEEH = SUHEAC M=

3| el
2 "350T Olg9 2=0M Mzet "2 WF HFEN 7|E0 LT A, IxU Z22 SURY
= Y0 SMEH, 25, &bl S et Bitz, 7B 7719 W72 SO| HO|2AF =0 S5
1 QU MZE=Zt A O M2t YRRV, =2H 5, ¥E ERs, HedsE S H=E
= e X012 201N sYIYel 28X HES ?lof0] Hx E=E E4& ISt HF Uiw
gs F=oll L/I0Fe A0let AtmEhh 2 H-0ME HIO[QALS] MZEHE=0 TME STS Hlu, 24
ofxl MHiRY0 MEois M DXl e HdEEC=EZM Nuisy H EYUYdsE /A =
UE YAC=Z SFoL A} it

= A=, *= Q. d= ofdx aMe| etz AEUM M=ot 5007C Ol
602 3¢ E=Eoliet A= MESIAH. B HIO|LA= =50t 2k, BE, 11F, OlALEIAAS
=2 ofCl s/IsHE W ARETEAN Lok RiES 8ot AESIRAL. =50t Ers
UMY = LYots T 7HNIE MBS IF= M 2= =29 IXHE H==2 oiACH, HE
2 22 2 7] # YS, OAdlRtAAE JIMER] BE = dots E7I2 +L5I0 ASsIAH. 2
FAUE2 60Y Ol MSAX & FHA| A5 AXQ| HIO|QAH MZEE Eet=S 0[&st{ 500l
AN 602 ¢ EEololReH HzEH /tEE H sgERM=E HO|A d=E JHi= O 14t 20
HIO|RXIS| g7 S HIUWoIIA H2SYHANAM HASkE Fd8 # RolldEs =MoiACH
H2d= N, P, KE F7t2 4ot

04. sYFA~ 0t



40
HI |

(A 2] (

[ =50t ] [ 2= ) [ 22 ] (2F]) QUESHC HEN)
I8 1. HO|2At H=E HH

(A 2) 71== HIO|RXt XHEM] F& ZA

=& HIOIRAS] XMel7h H2d|0 OXl= Fgs ZAEP| P61 ZEAIFES Yot
ZIE Y22 ot

r&"

1/5,000a ZEOA 22| M0 Jebs LA ¢ X218 4<sd I b 80l
A 7HEE HIOIQXS] M= A S0 AZ HIO|QAL MufAIR2 48 o, 2 HIO[LA} AHE{A]
8d OPA 242} HP-OPO“EF 7t=& HIO|QXHE 0, 100, 200, 400, 1,000 kg/10a &2z E
Ct. THEHAIRION AMBet B2 SR7Isd syEdd

O
of

291 LA EUE NSO pHE HEAE 010U 718 U QoIR0l MY 03
S =}

rfol
o 0
Rl
o
E
~l

o
4n
i
=
i
=
Opt
_O'ﬂ
4%)

A

SSIQICHET). HIO|QAH SEREIT ¥ EYSIE U 430| SN} MSEMS HTSIC

B 1. 7I5E HIO|ILAL MufAld ESSY

Q|12 M P
2 pH EC F712 Ca K g 205
= 1:5 ds
18 (ds/m) (a/kg) cmol®/kg
ANSESS 6.5 0.43 14 5.1 0.15 1.12 213
HYHL 6065 0020 2030 5060 0406 1520 300400
(M8 3) SEELMS HIO|RX} U] AT XA

s7= JpEg é@ﬂlﬂ% BEAH x4a|o+ g0 HIO|RXIZ 0, 200, 500, 1,000, 5,
kg/10a #FC=2 EY0| =X 2/SIUCE. EY Ajtietyd 2
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t 2|Z 1,000kg/10a2] 10HHZR! 10,000 kg/10aE ZHIsEE HHSIUMD,
EY E42 B 310t 22 pH, R7IE2 HEHA/UL WIHEE, & .7
FIE ZaoiCL Letioz HEYUA ZMEs +XI2 =0 of &E0] #
Of 2 A0 ALSSIAUTHE 2).

B 2. S2HALS HIO|QAF KHHIAIE EY EXA

Q7|2 M P
2 pH EC T |E Ca K g 205
= 1:5 ds
(1:%)  (@S/m) (a/kg) cmol®/kg
ANYESS 6.3 2.2 20 6.8 0.80 1.2 443
HYHA 6065 0020 20:30 5060 04-06 1520 300~400

(A1 4) HIO|X} BE R M ME EY HaF U ZA

{217h BEY W EEd 20 DXl s AR 214 2 Algs +doiit. Al

* el 2!
M2E, NE3YE BT Xanthomonas, FusariumZ StRA20 =EsYUStH =

HIO| X} Fusarium, oim
0~2,5600kg/10a Xanthomonas 25 °C, 7Y HiSk m; S
EYEE HHQEOH {7} =T Hlu
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O 4. 2AZ HIO|QX} Ca, Mg &2H(%)

SeoIEs BE BRNA HBIE IR0 BATYEEY URAAYS SHE YO O
S} 5245 C HY0| HOIXD BAW BEY P2 H, O U0 FOIXN HE 2= U T
ARZlol T2} CH2A UEfLE Z30] Uk HEe BROIN 7H BUCH JAHFSUN Y20l o
UTHE 4)
B 4. SN2 HOIOF pH, HISOINE, 42, 42 8
Al
ol 22 pH H/C = Nd
Az 9.6 0.69 21.2 1.90
Fe 10.1 0.65 13.3 1.90
=50t 8.5 0.65 4.3 0.06
s 9.0 0.65 5.8 0.04
2= 9.0 0.52 2.5 1.98
= 9.1 0.55 5.6 1.90
OfAIf2EAA 8.9 0.49 3.6 0.56
SH2IIE ~_ HC<07 ___ =30%) =20%)




FolidE S5 852 ZE HE=RUAM s5187IEA DITOIUL. +2, HIA, H, 7IEE2 48HA &
UCH F2iQF OlAS AZ HIOILXIA, UE, E2 R& HIO|LXAM 7ty =24 dS=AH. 7t

M
£ MEENS Y501 ARO| ATIES AR, A

=N MSIOtAS] Ftez TSR HI0|RXAte| T2, OFA
St0| SHEAMS HIO|QXt tHH| =7 AEEHAS Aoz HHELNHE 5).
B 5. BUiE HOIR 3345 &
ol2% 21z Cu Zn Ni Cr Hg,As,Pb,Cd
mg/kg
Az 1345 7471 5.2 2.4
& 97.2 571.1 12.1 21.8
220t 10.3 34.1 6.7 EZE
prge 17.4 60.8 24 E4E =ds
A= 63.7 108.2 =ra =4E
nES 9.1 107.0 =UE 3.3
ESITEIYIPN 16.0 92.8 =4E =E4E
I ES <360 <900 <45 <200

(AIE 2) 71=E HIO|RX} XHEW] F& ZA

HE HIO|QXS O MHHAIOl X5t Z 400kg/10a o £Z0| 7MY EUCH EYsISHY £
MOllAE 400kg/10a $EMAE 2E SS0IM Hal7t AL 1,000ka/10a H2|FolA H7|HE
Tot YOIR, RFEQIMO| B0 SIISIUCL(E 6, 7).

L M

B 6. /E HIOIA AET & EY =letd

HIO|QX} Al pH EC 7= Ca K Mg P20s
ko/102)  (1:5) (@s/m)  (o/ko) emol”/kg ma/kg
0 6.7 0.43 14 5.2 0.16 1.18 206

100 6.8 0.43 15 5.5 0.16 1.18 237

200 6.9 0.43 15 55 0.15 1.18 231

400 7.0 0.48 17 55 0.15 1.27 277

1,000 7.3 0.67 17 6.0 0.24 1.44 307
HEY 6.5~7.0 =20 2030 6.0~7.0 04~0.6 2025  250~400
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2 7. A= HOIRA NEF & Bl 4S54

HO|2Xt A8

(ka/10a) F1(cm) F3()
0 35.1 31.6%
100 34.4 32.6°
200 34.3 34.3®
400 35.5 35.5%
1,000 35.1 35.3%

P2 HIO|QXHE X0t HEfAIO| K&t 21 1,000kg/10a0lAf =S0| 71
MolM= 1,000kg/10a +=Z0M pHE Zetet 2= F=0IM FX2| OiH| S7toke des AR
8, 9).
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H 8. RF HIO|2X AEEE EY =fetyd

HIO|X} Al22t pH EC Q= Ca K Mg P20s
(kg/10a) (1:5)  (dS/m)  (g/kg) cmol®/kg mg/kg

0 6.52 0.53 16 5.2 0.15 1.08 217

100 6.51 0.55 17 5.2 0.15 1.06 219

200 6.71 1.42 18 5.6 0.16 1.21 214

400 7.02 1.51 21 5.8 0.16 1.28 334

1,000 7.11 1.97 25 6.2 0.20 1.32 339
HEES 6.5~7.0 =20 2030 6.0~7.0 04~0.6 20025 250~400

HIO|2Xt AIEE

(ka/10a) F1(cm) Z3(0)
0 19.7 30.7
100 22.4 33.3
200 20.7 31.9
400 23.7 38.0
1,000 28.5 38.6




00kg/10aE XM2StASUHE Z=0 o Z&0]
Ol AIEE0| MY &< 1,000 kg/10a ==

Hot= AlEEY 200~4OO kg/10a ECt =2 1,0
e L
E0i1 OH”RO 2oZ 7580l AN MY AHFEZ EY, EY=etdo| Dt

mr

=
=9 XMelz = H
LEA HEE(00F & AO|LY.

(AIE 3) sEBLS HIO|RX} REW] HE XA

S2BAE HIO|QXIE HiE HEXfHHO| MRSt Za} 1 HIO|QX 500kg/10a2] £20| 71 =
UCEH U2, OtANIZEHA HIO|RXH=E 1,000kg/10a8H 2X2| ] $£2FM0| ZAsHE ZOZ LtEt
20 1,000kg/10a M2|ZRH 20| /I M2t a2 JXt dadte 492 ER0H(OE

9 b, Bit= HIO|QAN M0l ME iF & Hat
AEL0 242 HIO|QXIE S8t UFYU 7 MHZEMNM 285E U2 ECE FHOIUNIE
6). ZRHEH| X2, 24E HI0|RKF 200~500kg/10a= x0|7r QLr 5,000kg/10a 2E 25| &
fole dgf2 ERA0L Hi0[QAL M2l OE EYQ 5+ E5Hs g2 Mefot| ?loiMe X
o200 ME ECY 71N £F0| 2R Aoz THEMN, 1I1sk9| Xﬂli 2= 4o S
= YEET0 S A0t FFEO HO|A H¥asX ™

ECids,/m)
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(A& 4) HI0|@Xl I Y X220 O2 EQ Held Ur XTAL
HIO|QXIO| XMe|7t 1I2X|0f F2 SiMish= ZHMSH ASSH |ol 70| DXl= Fsks Lot7| TlorOII
HIO|QAL €12 ¢ AR 2 EY HYH UES HWoIRCE AR 2 22 HIO|QAL 1,000 kg/10a =2
ST HiYH OflM Xanfhomonas 9 Fusariuml| YEIt UASHE AHS EOLIFOH T A E—'.:—
100kg/10a AM2|F0ME 2A2| UH| S7f6k SiAg BOM 400 kg/10a AM2IFOIMT ZASHE Aske 2
OJX| ZUOLE 1,000 kg/10a AM2F0N ZASIE ASkS ERACL SEEMS HO|QK = ZE AZ0A EHeHd
LU0f| R2IXOI XJ07t SUACKTIR! 7, 8).
HIO|@X} Xanthomonas Fusanum
Melst | S AMEe WOt oI R A Whor oy
(ka/108) | (CFU/mL) e 2= (CFU/mL) e 2=
0 6.67x10° 4.17x10°
100 8.43x10° 4.93x10°
200 6.37x10° 3.80x10°
400 7.23x10° 3.61x10°
1000 5.05x10° 1.93x10°
O3 7. A2 HO|QX EY E8HH|g ¢ HYHd UTH|W
HIO|2X} Xanthomonas Fusarium
i-IE‘l_L‘:ID:E tg"._E OHl_qél_ H OF Ol %49&0%— H OF Ol
(ka/108) | (CFU/mD) e 2= (CFU/mL) e 2=
0 6.67x10° 6.67x10°
100 6.60x10° 1.06x10°
200 6.33x10° 9.80x10’
400 5.90x10° 8.67x10°
1000 5.73x10° 9.40x10’
7% 8. QE HI0|QX} EY S&HI8 ¥ HYHF UrH|W
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A= HIO|RIe| FMEL

7t 715& HIO|QAS| MEA o2 AR 38.9, = 36.1%ACH =3
8, ”é 53.9%0|ALH.

|
A 2H2 EE 86.5, =50t 76.2, 1F 67.2, Ot/\llr f7-|/\ 64
Lt 22 N, P, K = =gt 20 AlE HIO|QR Ha, 2t 2|7t 5.4, 6.3 6.7%=2
M UL SERUE HIO|LXAE OfALEfAHAL) E'ﬁ, Z2l7t 3.0, 4.4%, B2 QI
3

Lt Rold= 24 832 Ze E=0M A&Z7IEX| DITH0|UL.

(AIE 2) 71=E HIO|RXt HEW] F& ZA

Jh S HIO|QAIS ZI MHAIZEO] M3t 2} 400kg/10a A2 0| HY EUCH &
U51EHS 400kg/10a 2|7 THKI= S} QUAUOLE 1,000kg/10a H2IF0AN H7|FMEE
9} 0|2, LFOIAO| B1240| =JI5ISILT.

Lt @ HIO|QAIS It HHHAIZO| XS
EY5IEE2 1,000kg/10a 2|9

ot Z1t 1,000kg/10a X270 FE0| 7H =UCH
HE 50| FA2 HH| S7totA

10
|

(MR 3) SHRLUE HIOIX} ZEW] FE ZA

2EAS HIO|QXt REHHY A|SZD, 15 HI0|QX} 500kg/10a X272 40| 7HE =9
& % 1EI-TLO1IA1 1,000kg/10a Ol S0 S7tet+

RS HIO|2AS| MHEEMA S5E %%'QI
0|7} 31 OLt, 5,000kg/10a XMe|FLRE

AR ZIAGH= ZHES HULY

00~500kg/10a XMe|~7=

o
=T
cs ¥t 2
—
-

4
i

(AR 4) HIO|X 3= R XM ME EY HEF U ZA

7t H= E X2 EETE EQF Held HE HIWSH AROIM A2 F & HIOIRX 1,000 kg/10a
Me|7ol EEEQ Yl Xanthomonas 2t FusanumP| W=7t ZtA oL,
Lt sERMUE fOIEEIf: = HE XMaF0M Had TE0 FoXQl X017
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