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Abstract: Biochar is typically applied at rates of 2-4 t ha'; however, its excessive applica-
https:/doi.org/10.5338/KJEA.2024.43.24 tion has been limited due to potential negative impacts on crop productivity, despite
its benefits for carbon sequestration. This study examined the growth characteristics
of lettuce (Lactuca sativa L) by applying 20 t ha”, which is ten times the conventional
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Revised: ~ November 11,2024 (0-BC) methods to maximize carbon sequestration while maintaining crop productivity.
Accepted: November 14,2024 The results showed that lettuce yield was highest in the B-BC (15.7 t ha), followed

Published: December 5, 2024 by the Control (14.2 t ha™), and lowest in the O-BC (7.8 t ha™). The absorption of Fe,

Online ISSN: 2233-4173 Mn, Cu, and Zn in lettuce leaves and roots was lower in the O-BC due to its higher

Print ISSN: 1225-3537 pH (>7.67) compared to other treatments. Greenhouse gas (GHG) reduction in both
biochar treatments was 33.62 t ha”, which is ten times higher than the conventional

Check for application. Furthermore, B-BC increased yield by 10.58% and 101.67% compared to
updates the Control and O-BC, respectively. Therefore, the band-application method is effective

in enhancing carbon sequestration and improving crop productivity with excessive bio-
char application.
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A AAS 5Ad oA HiEsHe 247t F
HotEo] AYE ek 5 A VIS 5S4
7t
Sf

o =
50l AeH(1-3], FYtAE FHFAAET
=z

RS =
IR0 R A X3 Bl @AME 2AVEA F0] A5 &E517] floto] HlE F87+4S AR5 A 5228704 “Hlo]

2~4 t ha'2
BE3 Qloie,7].

SBAIY AT AES ASiAE Hol A BARS S7MIA B4 AR Al B o7F AN vl A4S H=F
A AF 2= As A €S2 5yso] o AFARE] s HalE i Qlot. Hio] @&} I A Zof gt tEA QL
A5 Aol AF}E, Kang et al. (2017) [8]0] -2 &=4= HO] @2} 5~20 t ha'§ Al&cto] &5=45 S W 5 t ha'of A
S5 Aol 7 SR "ol A} A Fo] SIS S| AFFo] APl HASHQIHh Oh et al. (2017)
[919] A+ Aol W2, EEF Hlo] QAFE 0~90 t ha' Al-85FRS w, 54 t ha' o/dol|A] lj5=9] AFLo] A=l Hio] @2}
o 93t EY¥Y] pH 37F 1 U0 = AAISIATHY]. olof| §haf, vio] @2po] mgF A 2jo] o3t & FX BIE Jeffery et
al. (2011) [10]0] HFo] @2t} 25 P49 BAE B7Fo7] flote] 1,4837]0] ATE et 48 A, 100 t ha'] Hlo] @A}
Algo] 39%71A] A& BAHS S7HARTHL Ealshin

TEHog & o, vlo] x| I=F A= wA AP a3t ol AE LS
Skl 9lo] Hio|AbE W AFstHA e BiHS FAAIE 4 e TS ST a0t Ao WA, B dFolM =
2 ARG SHE ¢Ioto] Hio| Ake] wF A7 2A AHE BAHE FAAE 4 Sle WRS 85t flste] il
A vpol o5 T o] 108] B2 20 t ha'E EQFO] SIH e} HHUAE LEsto] FYT & A S AIES B
1o AT A AYEE Blasklth 3408, & A5 B9l Hie| @Ato] I Ao ofjt AE AT ©a AF
Ao WA = e AP W AT 72 AmE 85t skl

ool o

ox

o

Hlo] @Ak A W3S 650°CA] GRSt WAPE T SYEAE Blo] QXS AL, o]8t5hH EAL Table 13

2ot Ad A= A5 (Lactuca sativa L)E ARSI Aol A SAIEGS] o|okshy 5442 Table 204 H= vk} Aot

Hpo] @2} g Aol Rt A Aul A2 e AP Aol 1A (35°06'32.3"N 128°07'09.5"E) H|'d SH-9-2A0] 4] $=345}H3L
o 2A42(B-BC)9 HAAE(0-BOR T2H vlol oA A2l 242t 7k 1 m, AR | m2 F WS 1 m'R SHEI, A2l
Hj x| ehdolou Ao g 3ukEstgT).

Table 1. Physicochemical properties of the wood-based biochar used in this study

pH ECY C N T-PY K Ca Mg Na SSA?
1:10 dsm % mg kg mig’
9040077 2514076  63.44206  054+0.01  2394+156  125+12  19,466+470 4,116+ 2,181463 3015

dData are presented as mean values+standard deviation, ®EC: Electrical conductivity, “T-P: Total phosphorus, “SSA: Specific surface area.
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Table 2. Physicochemical properties of the soil used in this study

pH ECY om? T-N? T-PY K Ca Mg
1:5 dsm’ gkg’ % mg kg
7.140227 1.8+0.08 130.1 0.025+0.018 461411 10,465+765 2,874+272 2,674+562

IData are presented as mean values#standard deviation, EC: Electrical conductivity, “O.M.: Organic matter, “T-N: Total nitrogen, ®T-P: Total phosphorus.

RE HE 7= AT e A=A AR 249 AMAH|ZS 7202 N-PK (t ha')s WAZ0F 0.035-0.03-0.018, 27
202 0035-0-00185A) AMFAT BE Hel o] 248 3t ha' Al§ Eo] Ho| QX1 WO A sheck. B AFL
EFAo] SRE A T o)A lolote] Hek v Mol thet G WK ATE ol X £ o|Ho
AN Ee] ot LE Mol A8t BUEon, AT Avels H2lo FF AU,

7 AT vl 9 AS Z1E T A thH] 108 BL 20 ¢ ha'S BAo} AWA ] 2744 WpHoR Egol] Heshct
2T o] 74E £ 5L oF 10 cm @ol, 20 om YH|E 2 Yof Hlo| QS W7t F EoRoR A PolFely,
AuxelTe £ Heio] Hel ? EZO)A 15 cm7HA] BAE AolFY
AZ 30 cmZ QTG 45 BEL 3 x 4% 0|45k 3407 HHHO}@E}

Arz=0] ZJAl 7+AL 7R 40 cm x

3o0) AR 52BN B AR T 1 O, U, G 17 AASE AT, s
T 233 429 9, 45, 4% AEF AF% TN TP K Ca Mg % Fe 5 B7480 3L skt

Hlo] @ x}9] gF A 2lof| oIt 2AI7FA ETFE IPCC (Intergovernmental Panel on Climate Change) 7Fo|=2kelo]| AA|EH
R EEREL R RCEE]

B, =Y (BCpyp X F. X F,,, ) X 3.664 (Eq.1)

p=1

B, : yAk Hio] @& ARGl mE ZA7EA FHTF(CO-eq/ )

BCrop + A4t R Hlo| QA9 ARSHHSE 71)(ton/ Q)

By A 29 volone fla BHAEF ABI)

s, BAT FRE AEA BlolAke] 1009 F o] Ha HE(%)

b HloleRY A 8

2

_4

Eore] sl R4 RUFH Eeteha ol ueh RASIICRDA, 2010) [12], EF) pHO} ECE EYT SR4S
1:59] H|E&Z 30& 59t A¥olo] pH meter (Orion 2 Star, Thermo scientific Singapore)2} EC meter (COM-100, HH Digital,
USA)E AHESte] S45t9th EYY /718 T 42 TyurinedZ 2851913, T-N 9 5748 TS H4517] Al
AxE ARE 4 E9f6dth T-N o 242 KjeldahlW, 543 77479 STF2 5423 F ICP-OES (iCAP Pro
x Duo, Thermo Fisher Scientific, USA)Z %’5.3}93\11]-.

SET AR RS ASRE BT T 9, 95, 9o, Ra0], 45F 1
Aol 5 34R] HFFO 2 AEFA 42 TN, TP, K, Ca, Mg, Fe 5] 742 531
EAHo g FASIATHRDA, 2000) [13].

SAIMz|
7+ A2 zAE 27| A8 geF Wslo] B4 A4S 93] SPSS (IBM SPSS Statistics 27) T2 1S AMR5lo] P 9 EZHA}
£ 513, ANOVA (analysis of variance) ¥ Duncan’s Multiple Range TestS &3l 5% OJW $5(p<0.05)4 A5}t
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a
Zot Y OFE

Hfo| Xt2| Bk k2|of| 2 Aol Ms EM

o] @21o] IeF A& o] whE A2o] A, AE W o] tist 854 HSk= Table 3004 Hi= Hiel 2t} Hlo] 3}
A A5 /577 BEL A4 dEo] IF A wge] wet 2 Zpo] glo] v, A5E AT 4E 9
A5 F700 ARAo|A tha FaEE Aol qch

Hiol @ 2pe] b A2 Wiol whE 50 £8 F AST(g plant ) AGFY B ZAYFE1 g) > HEF(7.T7 g) >>
AUA (5.0 g) 02 FA et 217t AuA ol vl Wero, A5pEe] F9- FA (118 g) > HRT0.97 g)
> AHA (075 g) =0 & WYoH, TH R Hio| 025 w=F AT F7t 7P U S AR} AoHEE 3
AT ZAYT(9.28 g) > HERT(8.67 g) >> AHUAEF(5.75 g) =02 ZA T thR+0o] HI5f 7.04%, AHA =] Hlsf
38.04% WOLTHFig. 1A). Fig. 1Bo|A] K= e} Zro] AT AFHSTE TF oF 89~94%)7 FARE AFE BYch AFF9
S(E7N/RE ) vl&S BH, Ho] A} A24k HF2] S/RH]= 6.66~6.86 FERIL 2= 7.9430T-

AHA o] oJgt 45 23R BEAS aik= Hlo|xpt A& H EYY] pHE S7HIA FE o84S HAAF]

O = |, Oh et al. (2017) [9]9] Ao T HEF HIO|QAME 54 t ha' o4 TF A EotlS wf EF2 pH S71

ofsf ZHE9] o] A=ty B skt

Hho] @ 20| IpeF A ol w2 A59] 3 & 249 A FA et R FARE Aol o, AuAEAe
o2 A5l Hlef 11.5~17.0% F= %L, AoHEO] - Hio] @2} A2k HEoA] tR2FET} 16.2~20.5% F= ATt
S(E7D/RET]) HES B, Hio] @&} ATt BFO] §/RH|= 0.90-0.96F =2 A|5HE] A&o| o £9kA, ool v iR
1298 AohiHt) 2/ JH0] g&o] Eokth AR} Aotig A 452 HA doj= FA 46 cm) >> HR(42.5 cm)
= AAAE (422 cm) 02 AL o2 A5 =5 Y55 AYUthFig. 10). o]t Zo] Hio] @3} A&7} A|5h-<]
RBEE SHATE ol vl Xk vy 27t B 5719t v 762 IAIA AEY He AT YR HFHS
ST S 9, W2 HEEEL2 YRS Sl 2% TR o o#l 7|7t AlE0] YUYES TFES 5 I
Lok Ao F WhETH4,514,15].

Ayz0] Z~@F0 e FL(15.67 t ha') > TIFF(14.17 t ha') >> AHEHE| (777 t ha )& AZF 2 W=}t SAH
ZAEF7E 7P ESUTHEFg. 2). A9 S FA T R tiH] 10.58%, AHA S tiH] 101.67% =9kt

o]9} Zro] Hlo]@ae] Ay oz FA |7t MHA ] vle] k=, £ A9t YA =HE Hiol oAt Ay A £
AME Boto] 27 Eolrt Tewolde et al. (2022) [16]0] EFo f7|5S ZA 22t AUAZ Yiro] A&t {54
et Ayt ZA o] HH|g o R S ool SIS BStET] ol & A ATt fAkSHA kAR

il
=
=
o

Table 3. Growth status of Lactuca sativa L. during 34 days after transplanting under different excessive biochar treatments

Items Treatments? ! 17 24 3
At days after transplanting

Control 6.70+0.58"a" 11.78+1.87ab 14.60+2.87b 18.88+1.69a
Leaf length (cm) B-BC 6.50+0.62a 13.70+1.35b 15.62+1.68b 19.07+1.38a
0-BC 6.20+0.81a 10.42+1.01a 10.54+1.84a 17.87+1.66a
Control 3.82+0.22a 7.40+1.12b 9.18+2.13b 12.22+1.07a
Leaf width (cm) B-BC 3.78+0.18a 8.10+1.19b 10.86+1.96b 13.00+1.00a
0-BC 3.50+0.31a 5.74+0.46a 6.64+1.04a 11.78+1.06a
Control 5.60+0.55a 10.20+0.84a 13.20+1.92a 27.00+2.53b
Leaf No. (ea) B-BC 6.40+0.89ab 10.60+1.52a 14.20+2.49% 28.33+1.03b
0-BC 6.60+0.55b 9.20+0.84a 12.00+1.00a 21.33+3.27a

IB-BC: Biochar 20 t ha' with band-application method, O-BC: Biochar 20 t ha™ with overall-application method, PData are presented as mean values+
standard deviation, “The same letters are not significantly different (Duncan test, p<0.05).
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Fig. 1. Growth status of Lactuca sativa L. after harvesting under different excessive biochar treatments.

Data are presented as mean values with standard deviation. One-way ANOVA: Post Hoc-Duncan’s multiple range test (p=0.05).
Lowercase means the difference of value in shoot of the crop. Uppercase means the difference of value in root of the crop. Averages
sharing the same letter are not statistically significantly different. B-BC: Biochar 20 t ha” with band-application method, O-BC:
Biochar 20 t ha™ with overall- application method.
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Fig. 2. Yields of L. sativa L. after harvesting under different excessive biochar treatments.

Data are presented as mean values with standard deviation. One-way ANOVA: Post Hoc-Duncan’s multiple range test (p=0.05).
Lowercase means the difference in value. Averages sharing the same letter are not statistically significantly different. B-BC: Biochar
20 t ha” with band-application method, O-BC: Biochar 20 t ha™ with overall- application method.

o]59] A} vpo] @ AE 2 FYsH A} ofdEt 2 F Q1 vl IE Ao FECE Singh et al. (2022) [14]0] H1gH
Hpo| @ 2}9] 5742 A&of tigh weHEA At oJshd, VMR, BEF, 2EF 2 fILAESZAA Hlo] QS A
ot %2 TIF(1~39 t ha'), S 15(40~80 t ha') E =2 1F(> 80 t ha') O &2 Al8StAES W, 2| I AEZAA S 2 EF
Hlo| Q o M= ZE Sr8keFo] 47k 35% E 53%E SR vid BEF vlo] xk9] Lo 17% S7FR f-ou]sh ol
glolom, 22k 159 Holat A& A 7H w2 A LIS UEhitt Bustglch dubdo® EqF 9 Hio] 219
EAERE, GE6 2% 9 AL YA 7], g4 F 5ol et ZHE YAkl Aolst Aaks UEhd Aozt wekEn, vlget
A s7AA 0 AEH AP FAFY vpo|eahs AE BAMIS SVHIFH T EEA Q). FF] vio] &} #-go] X&)
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S AaA7lE olfis EYY pH S7 B 7HESHE A4, EC S710 mE HAEH A Alg 5ol osto] 229 &
AFHE Tt Aoz HeltH10,14,15].

Hio|2X}e| up2k X2|oj (HE MFo| AR S+ 54

sol9e) 3 72 Wl E 7] B Y S Aok g 33 Uk 47 Y TN UL Al e
gglo] "ol @} A7} t2tof H] | AAA 7 & A= FEo] Hls oF7F &3 th(Fig.
h). AR TN BAE AFHE 1eE Ak A 49 BALTI 265 mg pant'E S e 21wl vl
747 336 9 63.59% =9kT, X515 A9 W 6.1~10.5 mg plant’ HEATHFig. 3B).

A9 T-P TR T-NIH= 28] Ao AFglo] XAFR9] AL 0.35~0.39% FAEHT, X5 F-2 0.24~0.25%FH T}
20| TP B AR A9 BHUT > R >> AWALT £02 TNO| G4} A1 AFoI%Th o Table
29} 69| HE= B]—E} Zro] EFQ] pH 717} ¥d9lo g WA, FASE ATtE Vélez-Bermudez?} Schmidt (2023) [17]9] 2J5HH,
=oFe) pHrt 75 ol W) AR T4 AUSHel BE FUBE B R0 7H8o0] Zastel o] 219 B2

%
0
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Fig. 3. Total nitrogen, total phosphorus, and potassium content and uptake of L. sativa L. after harvesting under different excessive
biochar treatments.

Data are presented as mean values with standard deviation. One-way ANOVA: Post Hoc - Duncan’s multiple range test (p=0.05).
Lowercase means the difference of value in shoot of the crop. Uppercase means the difference of value in root of the crop. Averages
sharing the same letter are not statistically significantly different. T-N, T-P, and T-K means total nitrogen, total phosphorus, total po-
tassium, respectively. B-BC: Biochar 20 t ha™ with band-application method, O-BC: Biochar 20 t ha™' with overall- application method.
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o B4 AL Stk B QAT AL vlo] 97} EopHe] ABS ohIAE, 45 57 Aste] pHE 505
N Z7AAS 1 o] pH MBOIAE HFY AHO] FFL 0]E S 9t Ao Hud v rHis)

2 AR} 021-026%%T, AFE 0.11-0.13% WA HeiTo] vl 2 3Jo] glo] Mt AL,
F2 ZAFF(19.9 mg plant”) > HHFF(15.2 mg plant’) > AHAZF(10.2 mg plant) 2 ZA 2|9

’fl‘i"r

R dom AHAe ] F4Fo] 7 FA UehEth(Fig. 3F).
AxkA A7t ZE0] FE o84S PIAIF T o= Hio|@A}9] /K H|o] 250 R F4gof FFHQl
FFE A= A& wE Hio| A7t el JYE o8 T7HIZIE ol EYY pH, CEC, TOC, 35& 4

N,
Jur)
N
b
off X mH ur T oo

S Z7HNZIEA ZE A =S & ZOE HITH10,14,15].
A Al 349 =9 A W B8R T S5 Table 4, 50| eI A5 W Ca, Mg, Fe & Cu® A|4H
4 2o FFE e ATolA 2 Zpo] §lo] HISSHIth A5 Mn B Zn g2 AsH= & Ato] fllony, AR
ARA A7 2 Ato] Hlel FzF W2 AFS HAth Fe 52 AUA A7 A/dHet Ao R4 txet
A2 Btgkol vlsh 2tz 37.0% H 22.4% WU Fe= G/ 2704 7HE/d0] AA A4St Fel] 2HS 2T
T Aon, 55| PE4 FAol 2Rl Fert FE6HH o] & S4o] UEhE & Sl 2o ® dEA AHH17-20]. 2 Aol
A= Fe E2 AASHUARE Q19] 9 S UehR] ot 29 S4d0] Aokl g2 A0 R AI=E It Mn 532
AAA G F7} Aol A|oHE BFo| A o) 2ot Zx]2]Lo] kol HIsh 22t 43.3% E 31.0% ZATE Tyler (2003) [21]°1
o5 Mn2 &/ 2794 7HE/dol £l Mn AHLE 7S Asfota, ol FHolut vixlo] A 4= glov &
AdoA= A oyt §Hgo] A7 A= FUARE B2 A= Ach Cu S5 AHA Y7 AR AoHE 2F
oflA thxTet ZA 2] Btgkol HIsh 27t 35.0% H 28.0% RUTE Cu AP A= S AdstaL, it £7]0f ol/dol
AT 4= ItH21]. WEhA Cu 2ol 459 S-S AsiAZ] ALE KRtk Zn 432 AUA 7 A7} A5k~
oA 2ot S ﬁév}%loﬂ H3f Z}2F 52.9% % 32.0% AT Zn JA| 7HEAJ o] FashH=d], Zn9 AHES Y9

Table 4. Mineral content of L. sativa L. after harvesting under different excessive biochar treatments

Ca Mg Fe Mn Cu Zn
Parts Treatments?
mg kg
Control 14,730£887"a%  4,242+403a 345+107a 462+27.7b 5.2+1.7ab 193+88b
Shoot B-BC 14,767+811a 4,663+373a 341+£105a 461+70.3b 4.6+1.5a 136+78a
O-BC 17,025+1,672b 4,465+551a 344+90a 416x58.1a 57+1.3b 123+82a
Control 4,675+326a 2,149+424a 348+79%a 86.4+11.0a 16.8+9.7a 63.4+4.4a
Root B-BC 4,747+368a 2,144+344a 345+69a 87.7+27.5a 16.0+5.4a 64.7+30.6b
O-BC 4,807+£292a 2,592+386b 385t41b 85.5+3.0a 16.9+4.6a 62.5+16.1a

IB-BC: Biochar 20 t ha" with band-application method, O-BC: Biochar 20 t ha' with overall-application method, ®Data are presented as mean values+
standard deviation, “The same letters are not significantly different (Duncan test, p<0.05).

Table 5. Mineral uptake of L. sativa L. after harvesting under different excessive biochar treatments

Parts Treatments? ca Mg Fe Mn cu Gl
mg plant’

Control 113.0+6.8"b? 32.6+3.09b 2.6+2.2b 3.5+0.21b 0.04+0.01a 1.48+0.67b
Shoot B-BC 119.626.8b 37.8+3.02b 2.8+0.85b 3.7+0.57b 0.04+0.01a 1.10+0.63ab
0-BC 84.3+8.3a 22.1+2.73a 1.740.45a 2.1+0.29a 0.03+0.01a 0.61+0.45a
Control 4,52+0.32ab 2.08+041a 0.34+0.08ab 0.08+0.01ab 0.02+0.01a 0.06+0.00a
Root B-BC 5.62+0.44b 2.54+0.41b 0.41+0.08b 0.10+0.03b 0.02+0.01a 0.08+0.04b
0-BC 3.72+0.25a 1.94+0.29a 0.29+0.03a 0.06+0.00a 0.01+0.00a 0.05+0.01a

IB-BC: Biochar 20 t ha' with band-application method, O-BC: Biochar 20 t ha™ with overall-application method, PData are presented as mean values+
standard deviation, “The same letters are not significantly different (Duncan test, p<0.05).
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34 AsStn 2 dol FY=u] Qo] Walo] Leld & Srk22). AWALTONA Zng] R FiFol 42 & FHo
GFE A e Yol FYT A0 BAFIL,

TEHOR, A5 Y Fe, Mn, Cu ¥ Zn9| S5 AFE 9 Ao REoA AHA e thE At vls Zotch
Fo AR B E 5% AAsd AWA 7t 2ot SA Y] Hatgholl Blsh Ferl 37.0%, MnO] 43.3%, CuZt
5.0% % Zno] 52.9%% Mn3} Zno]| 7} Zith.

A% RSP0 By E Baeke AWA eyl g7t T2 F gk gib] 224~32.0% FEE Wkt o= ArEA |

2 BEQFo] pH7 AWAETL(7.67) > ZHET(7.15) = RI(7.14) 02 Hlo] o7t AH A" Eol|A 714 =A veht
7] W Eo 2 WHETH(Table 6).

o

w

I w2 5 B ol8fetA 542 Table 60 UEHHiIh. 27] EFC] pHE 7.1028 FAJoIlon, a7 A5 Al

4% Fofli= 2 o] glo] Ml SHAIRE Hlo] @A} X2t A= Hlo] 9] pHTF 9.00.2 ot ARt oz Bk pHE
ﬁ°1t FFe HAh A A= Fa 20 AFAR] IFE FA got BEF pHO| S7HEo0] 24 ottt AuA A=
Hto] @240] 712 A%l 2 t ha'9] [6,7] 108 B> ¥l 20 t ha'o] A aﬂﬂ EF] pHE 7.67714] Z7HA1Z1 A0 & mehel
o} vpol A7t g A2E B pHO $7F Fol 44| ¢F2 A2 EYY €5 58 WEoE wEnH10,14]. ECE Hlo| A
A7t 2ol wis) ot S7FetloH, pHeF RARE BFo R HHA ﬂ?oﬂl\i 57t Fol 7V Ak A5 g 9] /718,
T-N, T-P, K, Ca & Mg AT AAAF > IAF = 27 <ol

Table 6. Physicochemical properties of the soil after harvesting under different excessive biochar treatments

pH ECY om? T-N? T-p9 K Ca Mg
Treatments? " " "
1:5 dSm’ g kg % mg kg
Control 7.1440.05"3¢ 1.91+0.1a 18.6+3.7a 0.67%0.1a 0.05£0.015a  9,745+284a 3,475+467a 2,181+£229a
B-BC 7.15+£0.09a 2.01+0.05a 24.3+4.4ab 0.68+0.13a  0.05+0.0001a 9,489+326a 4,078+1,353a 2,314+329a
O-BC 7.67+0.12b 3.1740.2b 31.6£1.5b 0.84+0.2b 0.06+0.002a  9,966+264a 5,292+788b 2,628+224a

3B-BC: Biochar 20 t ha™ with band-application method, O-BC: Biochar 20 t ha" with overall-application method, PData are presented as mean values
+standard deviation, “The same letters are not significantly different (Duncan test, p<0.05), YEC: Electrical conductivity, JO.M.: Organic matter, OT-N: Total
nitrogen, 9T-P: Total phosphorus.

EtA Za] #3}
£ g ASH SUFAE o] Q240 LALA FETL 1PCC o] Sekelo] wet AFIE|L O 1], Ao C Te(63.4%),
23 HH187%), (0] 234e] 1008 T o] B ] 8)S 1.Lulo] @2H650°C) R Qo] 089 Tatel 1681E CO,E
AHEST. o] TS olgslel FURAE vlo]oAE FAN] 1E FUT A LA FETL 1681E CO,9T
A7) A3 B3 vlol oA} He] W LAA TS ol 9.3k Aol 20 t ha'ol R 3362 t halLh @A Hlo] o
A g A 2 ha'S] A9 SAIA FEFL 336 tha' 2312 B ARo] 3T Aol vlaf 108 He ool gk,
by B A3 o) vlol 9 A4S 7o Felohe AL Ba FY HIS IR 5 glovk, WEA whHe] A9 Sl

o
28 5 ol BHYWS BEIo AT YAYS FARAA Bk FY ANE FYSHE art U AOF BekH B
AT Hlol oS TF Y A A HE A5 AL SHES 2R A0R T ERO| 4Bolt HoloXE 48 A SA
AL % OB FF B F2o| U3t 37 AP/t WA Aoz ARt
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