Agricultural and Environmental Sciences

https://doi.org/10.5338/KJEA.2025.44.19
Agric. Environ. Sci. 2025, 44,180-187

Article

https://www.korseaj.org

Effects of Organic Fertilizer Combined with Rice Husk Biochar on
Soil Quality and Crop Productivity

Yun-Gu Kang l,jun-YeongLee l,Jiwon Choi I,Jun-Ho Kim I,Ji-Hoon Kim 1,

Yeo-Uk Yun (2% and Taek-Keun Oh ("

https://doi.org/10.5338/KJEA.2025.44.19

Agric. Environ. Sci. 2025, 44, 180-187

Received: April 1,2025
Revised:  April 30,2025
Accepted: May 14,2025
Published: June 4,2025

Online ISSN: 2233-4173
Print ISSN: 1225-3537

Check for
updates

(©The Korean Society of Environmental Agriculture 2025

This is an Open Access article distributed under the terms of
the Creative Commans Attribution Non-Commercial License
(https://creativecommons.org/licenses/by-nc/3.0/) which
permits unrestricted non-commercial use, distribution, and
reproduction in any medium, provided the original work is
properly cited.

e e L L B e e R ek

'Department of Bio-Environmental Chemistry, College of Agriculture and Life Science, Chungnam
National University, Daejeon 34134, Korea, *Division of Environmentally Friendly Agriculture, Chungnam
Agricultural Research and Extension Services, Yesan 32418, Korea

* Correspondence: aoggi61@korea kr (YU Yun); ok5382@cnu.ac.kr (TK Oh)

Abstract: As global warming accelerates, carbon sequestration in agricultural soils is
essential for mitigating climate change. This study investigated the effects of organic
fertilization with the 0%, 10%, and 30% (w/w) of rice husk biochar on soil quality and
Chinese cabbage yield. The field-based experiments were conducted with four treatments,
including non-organic fertilization and three mixing ratios of rice husk biochar in organic
fertilizer. The combination of organic fertilizer and rice husk biochar at a 7:3 ratio
improved the soil fertility, as indicated by increased available nitrogen (219.00 mg/kg)
and phosphorus (404.77 mg/kg) contents for crop plants. Additionally, carbon sequestra-
tion efficiency increased with higher biochar ratios in organic fertilizer, reaching 23.60
Mg C/ha in the 7:3 mixture of organic fertilizer and rice husk biochar. Although the
crop yield decreased as the mixing ratio of biochar increased, the differences were
not significant across treatments. This study found that combination of organic fertilizer
and biochar improved soil carbon stock and nutrient availability, but crop yield was
not varied by mixing ratio of biochar. For effective soil improvement, combining organic
fertilizer and rice husk biochar at a ratio of 7:3 (w/w) is the optimal strategy.

Keywords: Biochar, Carbon sequestration, Climate change, Organic fertilizer, Sustainable
agriculture
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Zled 715Het tiS &2 A35h] fet dd Ve § SR B3], 0 #1EY FUS S 584 BEY W gaE 4P
H4]. 544 Bl FUse #7lEddlle /7188 E, vtelAal, T8al B¥] 5 bdstA SAsHH[5.6], V1YY S+
S Az Y=o et BEF W g2 580 gt o vk B3 B Wl §aAF 82 B 7301 mEE At o))
2ol EF W g8 adez AT 5 Qe /7' FAUHe o] Zast Aozl

et 7l § 718N RS Bl @Al B BRE A FAER R &9, St sdtaEe 285
e 540l ATH8]. sHAIRL 7188 ae EF e 23 B FE2 AAS s88= &
, Hiolexts WE 722 A0 tEt B 87 FolA A9 I EA ehot /P o= AYITE ga AR 7o
ITH9,10]. L |2, Shi et al[11]9] A7l A= L AufA|o] 77 v 2E H&g] wet BEF W aWN) Fge] Sk
, BIo| S A3t EYolM= vIRE Ao 2 EYH AR N gs HEith & oE AdgdTolMe 7714
vl A Al F7IERRE A2 EYEG B SR ERFol SR EY W AGE g4 A2 HelaE
o ARt EFEG Wil BUsiti12]. 0|9 o], B2 AddTEel 54 wlEde dEeR AT 2 &2 AE0]
A=A b= ARE 2ANA #PHL o, I B AFER qFE ES RS A5 HelexE d=os 285t
Az A F O frlede EFAEC e 9IS BUeke Aol BRstH2.3,5.89].

oHEpA, 2 oM E 7ReuiE Al Bl w71dv s AE B 5 FA Hhol 2A4RS] EgH| (0%, 10%, 1AL 30%)=
2] A85iS W, EF A 9 Vs S50 viAle 9 W] Asl A AuiAEe AASHAH. B3 2 A
e AEE AT B f71ea AGE 248 S8 7718V RS GA Hiol oAk EA e e EY gAY a8
H7rstl.
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gl ALgH §7148RE ol G, R, e ko] Zkzt 75%, 13%, 12% (viv) EEE AEL Sinsung-agro Tnc
(Goesan, South Korea)ol|A] Fosto] ol g5tsict. §719u] st E7eH] SAat FA vl @34 a4l §4TF 249
SShL S AYHIIIY S} ] A = BHOIA 203W0] T ARG o] o] Az ON, A} ZAL 400°C B 1A
o BSSILh AFel ASE R7VAYA 259 S0P BAS BHT AT Table 10] AN Bk e

Table 1. Chemical properties of organic amendments used for Chinese cabbage cultivation

pH, EC T ¢ N TH  TPO, KO CaO MgO NaO N HC
Amendments conc. . .
I ratio ratio
(1:10)  (dsm™) (%)
743t 7643t 180+ 3050t 447t 551= 201+ 106t 132t 058+ 022+ 884t  166%
002 340 015 020 023 011 006 004 002 002 003 014 003

Rice husk 6.23+ 428+ 027+ 4123 041+ 437+ 0.14+ 048+ 0.5 006+ 002+ 9956+ 1.26*
0.03 0.10 0.01 0.05 0.03 0.08 0.02 0.05 0.01 0.02 0.01 0.23 0.03

Rice husk biochar 871+ 631+ 038+ 5223+ 0.76x 155+ 025+ 066+ 023+ 010+ 0.14+ 6872+ 035%
0.02 0.08 0.04 0.12 0.07 0.01 0.01 0.03 0.02 0.01 0.01 0.18 0.02

EC, electrical conductivity; Salt conc., salt concentration; TC, total carbon; TN, total nitrogen; TH, total hydrogen; T-P,Os, total phosphorus.

Organic fertilizer

A =4 5 A

871 E9} 94 vloleate] BaHlgo] G 1eulE S HIHE At 4B Y-S 20239 9 1603 112

18U7HA] & 63U SHHE dliktol] YAe SHHE 5U7IE&d W AFZZNA HASHAT. sid AP ZZ2] E4(soil
texture)> 2&, n]Al, 181 HE o] ZHzF 53.6%, 26.0%, 1811 204%9] vl &2 FAE YE(loam)ZE EFE 9k XY 7|7
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Fig. 1. Meteorological data during the autumn Chinese cabbage cultivation.

£ Aol FHeulE AAEE 9ol AT F N THAH, §718H] R FH el Pcontrol), §714H]Z 100%
2] F(OFBCy), 9710129} 97 Hlol QA2 0:1 (wiw) Hl&2 EE He]F(ORBC), 1T 7185t 97 Hhol o3}
£ 73 (wiw) W& EE A FORBC)Z RS 7 A28 2715 33 m x 40 m (132 m)2 GHFoH, 4,
HE 29 5 ARE 9R0 WAL oIS FelA ATk ARlS 1 mH He 3, S o83 38k wix|stsic. Control
A2 7E TR 5 4719 ATols FRAFFoNA LA wAujRe] AulAYAE] Tt 57 (N-P0:-K.O,
320-78-198 kg/ha) S ST, 714 R HAATE e} ulR W N L 71202 120 ke/haS ABH2ATHS3,12].

Aol AMEE 20 EALS HSAME o]8dte] ZHstA o, A EXS] pH ¥ electrical conductivity (EC)= EGO]
S 1:5 (w/v) H &2 XE5ko] pH @ EC meter (ORIONTM Versa Star Pro™, Thermo Fisher Scientific Inc., USA)E
Atk EF U §7]=(organic matter, OM) $FHF-S QAKX 7](CHNS28, Leco Corp., USA)S ©]-&3f £435t B4(C) o
JASFE A-&sto] ALtstginh B3 EY C T2 EY 84UE 9 3920 cm)E H-85to] §7148|E Ao o
A A AeF WIS A&k o] 85Ut EY W 88 A (available nitrogen, Avail. N) @ 3§ 91 AH(available phosphorus, Avail.
P) &2 0SS Al(GENESYS 50, Thermo Fisher Scientific Inc., USA)Z A &F51%.0 ™, E40]&= Indophenol blue® (NH,"),
Brucine'§(NO;y), Z12]1L Lancaster#{o] o]-&=|9th. EF W w3Hd ol 3HF2 pH 7.09] oPA|EARI L E(NH,OAc)S 0|85
o] &3t A|RE Inductively coupled plasma-optical emission spectrometer (ICP-OES, ICAP 7000, Thermo Fisher Scientific Inc.,
USA)E F-A513itt.
WA BRERS 7 HeT A9 0AAE Hst] BT S HjEE 28 A4 e 0RE Hasth]
Al AT ST &, F FE, QAT IF, 171 FE4 FFY &= SHSIAT B, HEA S chlorophyll
meter (SPAD-502 Plus, Konica Minolta, Japan)S ©]-&3}o] 7RA T 39tE =751t
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(IBM, Armonk, New York, USA)E ©]-&5}o] 95% oA Fod A5 AAIstth E3E Duncan®| 54 o]-&5to]
AEARE st e, 1 A3 gl FEiE YeERlch

F7148] 52t GA vio] @A} 3ol T EJO] 3tk £ W3t £A4I%F A= Table 20f Uehd Hiel ). A HiolQ
Zpo] EgH]Eo] 0% fA 30%= F7Hetol Wt ESF pHeF ECe A F4aste 432 UEtio] OFBC:olA 22 pH 62134
0.92 dS/m= 7P olth 3L Al A BT Blusile o, BE Ao EY pHe A3 A EG(pH 6.69)ETH WA
A4 ¥, E9F ECx f714M R Ao weh A A EGRET =4 SVt 17144 s 9 GA Hio|AE At
EFO OM FF2 F71MFAIE Agstiaols Y d E(15.86 gkg)Tt SAXCE {3t Ao|E HolA] gFto, con-
trol Z]2]74(13.69 g/kg)Hthe A AT & A4 7HE & OM - OF,BC, A2 15.90 g/kgo] 121, con-
trol A2]FETt L16H] 7] S7I5IAth B W Fadt FHQ i TS UEtli= Avail N 9 Avail. P Fg2 7] H| =]
3 GA Hol 2] EHIE I} g (+)9] AIHAE YRS H, FA HIo] A7} 30% S OF,BC; A 2|FHollA] 42}
219.00 mg/kg¥t 404.77 mg/kgO 2 7 =Qkth oFA|Th EQF Avail. P 552 §7]|du|m 9 A vlo] o2} A 7H] o)t
ApolE HolA| k2 HHHA, Avail N F2 FA Hlo| A} Eotu|&o] Wt o7t F7F FAIE YEH . ed gol2 5
K" 2 Mg™ g2 |7 Au| 59} A Hloleatg A sl wet G5t S7letg o, A Hioloat &3 vl w2

Hok= M2 AtE A UERgiH: olofl wheh, wehy KT 32 OF;BCs Aol 242} 1.27 cmol/kg O 2 7HFE &2 W,
W3 Mg TFFL OF,BCy A T4 2.20 cmol/kgl. & 7 =3ttt

-

0{

Table 2. Change in the soil chemical characteristics affected by the mixing ratios of organic fertilizer and rice husk biochar

Exchangeable cations

pH. EC oM Avail. N Avail. P - -
Treatments K* Ca*™* Mg** Na*

(1:5) (ds-m™) (g-kg™ (mg-kg™) (cmol-kg™)

Initial soil 6.69+0.02a 0.71£0.02c 15.86+0.03a 61.49+5.14e 360.47+5.63b 0.50+0.00d 6.90+0.17bc 1.27+0.01b  0.04+0.00b
Control 6.64+0.12a 0.51£0.01d 13.69+0.79b 74.79+13.73d 390.61+14.48a 0.52+0.03d 6.72+0.01b  1.99+0.03a 0.17+0.05a
OF10BGCy 6.29+0.03b  1.40+0.02a 15.90+0.09a 177.36+12.09¢ 401.11£23.91a 0.69+0.02c 7.21+£0.22a 2.20+0.02a 0.13+0.00a
OF9BC, 6.22+0.02b  0.94+0.00b 15.85+1.03a 199.44+8.23b 404.27+3.44a 0.83+0.07b  6.64+0.04c  2.12+0.07a  0.14+0.00a
OF;BG; 6.21+£0.03b  0.92+0.02b 15.70+0.34a 219.00+9.03a 404.77+7.66a 1.27£0.02a 6.63+0.08c 2.11+£0.00a 0.14%0.02a

*X¥ *¥% *% * *XK¥ *% * *% *X¥
p-value

OFxBCy, Combination of organic fertilizer and rice husk biochar at a ratio of X:Y (w-w™); EC, electrical conductivity; OM, organic matter; Avail. N,
available nitrogen; Avail. P, available phosphorus. Within each column, values followed by the same letters are not significant difference at p<0.05.
* ** and *** are used to indicate statistically significant differences at the p<0.05, p<0.01, and p<0.001, respectively.

#7188% 9 A vlolx} Ao Mg BEY f7ga AT Weks Fig 2] AASIAT Ald & BEFY] f71"EA
A F718v = B A vhol Ak A fol wet ANtE B2 UERH 12, control 2|4 19.85 Mg C/haz
7Vg Woktt. E2h, control A2 frRA A2 AY A EF 2050 Mg C/hakith 3% W2 FEo|oL, 77|71FA|
A= 8] B w7EE A2 S7Hoke S UEUIT. & Aol EF 77194 A2 FA vholeat &9
&°] S7Hetel meEh S7telke AdE UEHoH, S vl AE 30% T3 OFBC; A& 7-o|A 23.60 Mg C/haZ Mg
EUT
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Fig. 2. Soil organic carbon stock affected by the mixing ratios of organic fertilizer and rice
husk biochar.

OFxBCy, Combination of organic fertilizer and rice husk biochar at a ratio of X:Y (w-w™).
** and *** are used to indicate statistically significant differences with control treatment at
the p<0.01 and p<0.001, respectively.

ThgtE WSS wst

7180 YA Hio| A} S| &Z g A-&sto] Aot 7S] A5/ HIkE 2417 A3 Table 30] UERY
Atk 7HSHiE0] SRS [71AY| RO FA vHlo]AE 10% &3S OFBC, A E|1olA 4.55 Mg/haZ 7HF &3ith E3h
OFBC; Ag]q= $=30] Ui AAste S HAou, SAFCE Fogt Aol YehA] 23ttt o= 19kge] Hio] 2t
E3do] ZE Ao A4 9dFS € 7 Uthe 7FeA= A, 2 AdolAe dERt 344 A52 ol 7H=Hs
W SRS 2ARE A}, BE AP oA f-olgt ZolE HolA] At o L, control AF oA 94.50%= 7Y AT 7Rl
0] 3Ly £ SARGE F8RS YER o] OF9BC1 A E]FofA] 27.20 cmZ 7P =90, LE2 control (14.70 cm), OFsBC,;
(14.40 cm), OF;4BCy (13.80 cm), Z1¥ 3L OF;BC; (13.50 cm) 2.2 A RAE T 7R3 G4 9 HE9] H-2, OFBC,
B FoA ZFHZE 39.10 cm@} 28.70 cmE 7F =9k0 1, control X FoA ZFZ 36.90 cm@}F 26.00 cmE 7HF B £~F S
e AT 54 b2 GA Hio| A} A o) wEt F7lstZole B AT FolA fo3t Ato]& HolA] gitow,
7 =8 Z22kS HQl OFBC, AgTo|A] 49.35 SPAD value® 714 &9t}

Table 3. Growth components of Chinese cabbage affected by the mixing ratios of organic fertilizer and rice husk biochar

Yield Moisture Head Leaf Chlorophyll
Treatments content Height Width Length Width content

(mg-ha™) (%) (cm) (cm) (SPAD value)
Control 4.17+0.65ns 94.50+1.18ns 27.10£1.35ns 14.70£1.23ns 36.90+4.29ns 26.00+5.00ns 42.50+6.37ns
OF10BCo 4.10+0.57ns 94.00+2.52ns 26.70+0.83ns 13.80+1.30ns 38.00+2.28ns 26.90+2.38ns 44.73+£5.97ns
OF4BC, 4.55+0.68ns 94.20+1.26ns 27.20£1.52ns 14.40£1.36ns 39.10+3.34ns 28.70+2.70ns 49.35£5.15ns
OF;BG 3.90+0.75ns 94.20+1.38ns 26.40+1.78ns 13.50£1.27ns 37.70£2.36ns 27.00+£3.06ns  47.47+£10.65ns
p-value *%% *% * * *% *% *%%

OFxBCy, Combination of organic fertilizer and rice husk biochar at a ratio of X:Y (w-w"). Within each column, values followed by the same letters
are not significant difference at p<0.05. *, **, and *** are used to indicate statistically significant differences at the p<0.05, p<0.01, and p<0.001,
respectively.
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71888, A Bo| A} T3 T2 Tt 7R A Ao UE EY g4 9 BEE S A B2 AgATE
o) BZEACH, ol R FA9| $71BY FUol /1AsHe AR F2A AH13-16) AAZ, Yun et al. (2029)9] AT
ARoMe F718H R AlGoR s BEF W ol SAH wet A2 FE ol§ ae Y T ST Bt
oF IEH13). E, vlol 93} £of M2 B ST FX AEY HW APATNALE vlolite] £ Fol W
(cation exchange capacity, CEC) ¥ HEWH9] 7|F 12 & 53 S& EA4Oo 2 Qg EF W F7|FE(E ), NH,", K" 5)2 IHAA
B NSRS FRAY S Yon, AT T BAE FRUO G2t BF Bh AFFS FAAUGT HIseel
2 Ao E §7)dn|g 2 LA Hlo] 93} Ao wet EQF W OM, Avail. N, 12817 w3H] K 3Ho] &4 Z7}sl9lom,
AYALET g6t A3FS Uehigict 212, EF ) OM D Avail. P 3RS 94A 9] S3Hu]g Z71o] T2 OM 2 Avail.
79 &7 2k Sidon o Agtont e Ky i A%, 439 L2 81 5 80 19 59 4 2

A% Ao m FAHETH17]. AP AFoIM = Hiol At T wet B Wl €A 715 2® QIs) B W OM Fgo] S71et
Mo et g i D
oAM= F71dHIE W A1 &£3A] Hio] @ato] ZetH|go| S7IRte] wEk B pH /i H HESHY €4 3uS S EY

OM 3 Avil. P 90| Z710 BTalglchs). SRk 2 AToNE S7I/RAE SISl £ pHvt 2stol
U HAE FUAIA B A0 WEET, ET, WO 47100} BRI /10 TANAE ), R B

=

g T EaTE FHD Polole] EF OM FFE R4 FolS Uehfx e oz wag
£ AolH §718u st EAL YA vlol 93] EFULLC] ME EF OM FHFL o3t XfolF HolA ggrort, E%F

Y $718kE AL 9 ulol 23] BgHlgo] Z7Klel whet S7bshe ARS YRtk ARATNAE £ U S8
ES |9, 1% 24, B B4 5o wet Aol FeAH, IFAE Y% 240 wet §7)ek Eago]
Gehath Busteirkis). £ ATolds 7heul A7z 5 Ado] 7heolA AL Auel wet 914 Belg
o] Zasto] §7IRkast A AgE Aoz Beten], fINAE ALSA] RS Eoke] VIR AATH19.85 Mg Crha)e
A EF0] 2050 Mg Cha} 018 Aol Hol| 29keh. Eh Gross et al. (2022014 Hlo 23} Ojg % W f7]%

& AR BA Tk A2 3] BF 2710 42 $7194 e Asj] FQske] = W] $IRka Aol SAkwTtn
TSTHI9). BT, B AT AL 22| Sako] SANEA AT 2 97IRk: Aol ST HolS Holx| o
g 2 BF S/ V1 Zaol B2 §IARAY Bl A A §UIHs AgF FHoR Busidch T,
& 74 9ol wﬂﬂi%ﬁl«l Bohge R 2%, i 5 B9 U et Bel 5ot Rk ado] ofs) Bgdos

T

N

rﬂx

Saots 4aA S 7t Wi, vho] @ 3= HH 9
AE=Z o83t %i—. E*é S &l E“ B °k°1i FHO TS 2AY 5 A24]. olHT F FVINGAY FE TF
A2 Zha oS SHATIE 78 YeR YA glon, g2 Aol Fr1EH R Qo f71dR|R 22 vlo|eat A2
Sl A2 aFS SHARTIL EAstTh24-28]. SHAIRE 2 AFolM = F71EH| RS GA Bl AR 9:1 (wiw)E ERE
Aol A 7wl ol 7P wokem, 11 2le] At 7k Rolst i weke WAERA] gt olHRt A Biol A9
B2 AT A 7 HLE FET F ASS HEY, vlo] oA AR o] i YRt AR ATl A = vole
A Aol w3 Mok 22 WA FE(y = ax’ + byE HERATRL ZUsHIrH29]. & AtolA] f71 88| R ] GEA P
© FAEel fofRt Aol & HolA] Sl &k, R AN Rt A Hio|eAke] Eek2 TREulE iF S0 9l
FEY oz ALY 4 9oy, f=et Fo FA "ol T2 VI2HiF £FE Aol 890 A8 low ddHn.

o
/%L__

J[m

g2 E

B ATE heuE A Egel f718uz He) A, YA BEulgo] EF B4 W FeuF S0 WA 9L
B71et7] 1) Sameich £ AolA] 7] du|Eet SEI YA ol ok o] FI0] wet EF 1) 715k Aol
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S71st A H}Olixl*— 30% &4t EFOIM 23.60 Mg Chhaz 71 w3t EL &&0] ol87Fsdt FH9] d=1l #aH
A, AL 2, 28A viadlee] = GA vheleAke] EtH|go] SUkete] wet Srtete] EYE W HlSk AiAe
s 74 H}OlQXH e A 2F5ks Aol /EE Aes waEHAT SHATL, 7HeHiSo] e HEAS
o, & AFolM R71du =Y A Hiel22F 30% S A2|(OFBC)e FAFLE 7MY W2 32 EAoH, $A82=

291 Foli= QoI whetAl, 5o el TRt BE QS BRSOl WA Uk A EoF AN SoIAL &
Mok 9A Bl QAE 73 (wiw) MR EFE Aol B U wa AYL U Y G Ao wuEg.

N,
i)

Data Availability: All data are available in the main text or in the Supplementary Information.
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