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Abstract: This study investigated the effects of applying food waste with biochar pellet
compost (FWCB) on soil carbon fractions and crop productivity in upland field. A field
experiment using Kimchi cabbage (Brassica rapa L.) was conducted under five treatments,
including FWCB and conventional fertilization regimes. FWCB treatment significantly
improved crop growth, with fresh weight and yield increasing by 38% and 27%, re-
spectively, compared to 100% NPK treatment, despite using only 50% of the inorganic
fertilizer. Soil organic carbon stock was also highest in the FWCB treatment (28.78
t C ha), followed by the FWC (23.72 t C ha') and NPK treatments. Fractionation
analysis revealed that FWCB application increased both labile (WEC, HWEC) and recalci-
trant carbon forms (fulvic acid and humic acid), indicating enhanced carbon stabilization.
https://doi.org/10.5338/KJEA.2025.44.22 These results suggest that FWCB not only boosts crop productivity but also enhances
long-term soil carbon sequestration by enriching stable carbon fractions. Therefore,
FWCB can serve as an effective strategy to improve soil fertility and mitigate greenhouse
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2 oliistEra Z7lo] W JFHstE G5 4 Qi W4 Suolth2). BAXNA $71E BUe B §7IRA G
771 7P Qubael go] shtoln] B, 71EE, SURAE 5 TRt 97140] fU1BUoR B8 Ht 97]8Ue
Bo¥o] sjakd 9 Bejd B4 JjAdstel BiRAE 483 Bt oflet 480 Wad Ee ABTonH 4 AL

FEAZIE 7] 3].

SABEHI)EL 202349 7| U of|A] A7t 4801t Eo] BrslT Qlom, XaHHHL ufg, FjorlE, 47 AYs) So)
VAR A} sjguiEe] SA1E et F2 Atms) Euis) Hds) Sor AUokstal Atk EH]she BAIA R sl
LA AL, 015 §A N E&che A &84 FZ2 HA G ELL HH45]. AEREVIE HYle SAERErIE A
o] f7)eta 9 the] YRS Sl Slo] B $71% S Roln FE o] FHA JFS £t Y S4ER
H71E Hule F2 44 SEe 4R 45 2o B71A ga ARele AV e AR dHA A6,

Oll

olo] ufe} Hol SABFHZ Hulo] ulo] 01 Beste] P FHI Al Tk A AHHE olel A7t
Purs| QYT ek Hlol AL A EPHFAR £l A85te 2H EA@ A, FE B, flek T 57
5 B9 HSES 5y AAS WA, 1L Axslo] o) AAE they TR B8] Aol kol B volA

2 Az - oz AR 4= 9IrHs-10].
Tt Hlo] @Al FAA o] £ Al w4 B wgo
UTH11]. webA] & AtoAes g4 A, 28 F2

[

Jom GmA ofglgo] Qo FF W AX o] tiek Mol a7ET
5 chopst It oElE SARRHIIE Hujo) vl eXs B
B8, B 54 2 B HaEAE, B ghE B

SIS Aol W 0| 4 SHE AT Ak P, 9, T AL N NIK AR T IS
EJ5 FWC Aol A F71ke 4TS Blon SMSTRAE S EU% FWCB e TolA 71 B B8-S Btk

YAE ELE FWCB A 2|70l A 7 &7 WEF o, NPK0.52F NPK A 2]+- HjH] 64.0, 37.7% 57 S{THTable 1). °1E1'Cz A=
SHEHE Fl A= s 2adt f71E F' 5l 3EEHW Helr woEnh AgAT A3t v Al Al F1AH R
£ 9= Aol Wiy SHEN FYEN RS A A6l W Asd sFe] SURIthE Aot AASHATHH12].
HjE 2 FWCB (10,479 kg 10a”') > FWC (8,848 kg 10a”') > NPK (8,307 kg 10a™") > NPKO0.5 (7,126 kg 10a™") > NF
(2,186 kg 10a") =08 ] B3 QAT 20E W {thFig. 1). §5] FWCB A 2|74 NPK A2jto]] vl F7]du|5 A 2|=F
o] 50% ol FE F 27% A UEHHTH: ol Blo| A= RE Ao r FFEH= K Ca, P 53 &2 FEET
ofuzt o] 2} | EAIS: ORI Fr1gart MR EoiEEA AE] $EEE FE ol A el =2 &
Ao g woEH, vlo| 0 AE R Y ER|et &8 A e 5o SRt AY Aot fAR 23S HATH13-15].

Table 1. Growth properties of kimchi cabbage on different type food waste compost

Leaf length Leaf width Head height Head width Fresh weight
Treatments ;
(cm) (g plant™)
NF 30.5+1.87¢ 19.3+0.94d 23.8+3.62d 14.2+2.83b 801+164.32e
NPKO.5 41.4+1.89b 30.0+2.40c 26.4+1.58¢ 15.8+1.50ab 2,920+33.47d
NPK 43.9+2.83b 32.0+0.84bc 28.7+0.67b 15.6+1.25ab 3,478+169.94¢
FWC 50.2+2.48a 34.6+1.86ab 31.8+1.35a 17.8+0.54ab 3,750+63.40b
FWCB 48.6+0.56a 36.3+0.56a 33.2+0.93a 18.4+2.84a 4,789+115.14a

NF, no fertilization; NPKO0.5, inorganic fertilizer 50%; NPK, inorganic fertilizer 100%; FWC, inorganic fertilizer 50% + food waste compost; FWCB,
inorganic fertilizer 50% + food waste with biochar pellet compost

*Different letters are significantly different at p < 0.05 according to Duncan’s multiple range test (DMRT). Same letter indicates no significant
differences among treatment
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Fig. 1. Marketable yield of kimchi cabbage on different type food waste compost.

Bars represent standard deviation (n=3). The same letter indicates no significant differences among treatments (DMRT, p
< 0.05), NF, no fertilization; NPKO0.5, inorganic fertilizer 50%; NPK, inorganic fertilizer 100%; FWC, inorganic fertilizer 50%
+ food waste compost; FWCB, inorganic fertilizer 50% + food waste with biochar pellet compost.
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SHEFHEH] Aol e HiS AHl & EY 3ol Y EY ©AFH TS Table 29 2tk EF| pHe SHEMH] A2+
(FWC, FWCB)o|A] th& HZFtEth =4 YEEth FWCB A gjqtolA= FYE SH S HEEH] 9] pH7F ZH S EH]of H]5]
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=2 ol o] FFoE wHEH17]. 53], JAAR SHEH|9 ECe JHEX A EH|Ho QAT 8 § E EC=
Ao A Yeyth o2t Aok FWCBE HIFHIE Hio] @219t E&ulo|EV} $hastal Qle W doleS H7A
o7 Fgotal, Algto] Age] wet njAEe] ot #7157t AEA 02 o]fojX= ¢Rd S 7H7] el E TEETH1s,
19]. EY EC= EY W & ol o wi¢ 2% A9 4HBAE vetdid, 71885y FAERH 7= K, Ca, Mg
59 gol2o] o E3tE| o] EFY pHE ASA17]11L, FAlo] A4 7718t S S F718 A7t F71eke] et ECT7t
Foote AdE UEtdth= 7€ A+ Aol AX[SHATH4l. 7183 F-RQl4 b ESF FWCB AP Ftol A {24 A
A YET

E9F e&tA=2]22 FWCB (28.78 t C ha') > FWC (23.72 t C ha') > NPK0.5 (19.88 t C ha') > NPK (19.76 t C ha™)
> NF (1698 t C ha') =02 UePgth A3 A-tolA =] £ A §4Ur}t 7Haota F=o] S71sol wet E3t 449
50| YA o]of] F7I1ES] El7t FUFSto] EY @A A o] Eopxlttal Bt HiQF o] 2 AtoA . ST EH|
(FWC, FWCB) AgtoA &2 EYF ©AF2 o] SRIEITH20]. 53] JH P ER] A1 39 EH|o] &34 Hio]
QAE QI3 EFe] &84 EAo] /MAEI, £ FE7F obd A3t H FEHE FT|H R ofEo] 3FE wt EG W
gaa17go] S71eE A0 2 mebETH21]. Hio] @ 2b= &S Eafof gt AH/do] w2 T4 FE2E Ho| Qo] B WolA
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Table 2. Soil chemical properties after kimchi cabbage cultivation on different type food waste compost

pH EC Av. P,0s Exch. cations (cmol. kg™) oM Total N SC stock
Treatments

(1:5) (dS m")  (mg kg") K Ca Mg Na (g kg™ (%) (t C hal)

NF? 5.90c* 0.22d 37.37c¢ 0.17b 6.72b 1.58ab 0.09c 16.81c 0.11c 16.98c
NPKO.5 5.52d 0.32c 191.37b 0.24ab 6.18b 1.74a 0.07c 19.57bc 0.13c 19.88bc
NPK 5.22e 0.46bc 206.35b 0.32ab 5.62b 1.54ab 0.06c 19.43bc 0.13bc 19.76bc

FWC 6.53b 0.51b 229.33b 0.28ab 6.85b 1.45b 0.13b 23.53b 0.17b 23.72b

FWCB 7.27a 1.02a 420.05a 0.40a 10.06a 1.76a 0.17a 29.65a 0.22a 28.78a

Optimal range 6.0-6.5 <2 340-450 0.65-0.80 5.0-6.0 1.5-2.0 - 25-35 - -

NF, no fertilization; NPKO.5, inorganic fertilizer 50%; NPK, inorganic fertilizer 100%; FWC, inorganic fertilizer 50% + food waste compost; FWCB,

inorganic fertilizer 50% + food waste with biochar pellet compost
*Different letters are significantly different at p<0.05 according to Duncan’s multiple range test (DMRT). Same letter indicates no significant
differences among treatment
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2 &g, B9 ol 4 wteA] Bejslel EoF vE Ty U 7] FE FF HFHO
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Fig. 2. Soil organic carbon fractions on different type food waste compost.

Bars represent standard deviation (n=3). The same letter indicates no significant differences among treatments (DMRT, p <
0.05), NF, no fertilization; NPKO.5, inorganic fertilizer 50%; NPK, inorganic fertilizer 100%; FWC, inorganic fertilizer 50% + food
waste compost; FWCB, inorganic fertilizer 50% + food waste with biochar pellet compost.
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Table 3. Chemical properties of rice husk biochar used in this experiment

pH EC TC TOC" TIC N
(1:10) (ds m") (%)
8.79 7.25 31.8 295 33 0.2

TOC, total organic carbon; TIC, total inorganic carbon

Table 4. Chemical properties of compost on different types food waste compost used in this experiment

Water content pH EC Av. P,0s Exch. cations (cmol. kg™ oM TC N
Treatments a 4 4
(%) (1:5)  (dS m”) (mg kg") K Ca Mg Na (9 kg') (%)
Fwc' 16.0 8.19 64.7 3.53 1.14 8.72 0.62 1.24 587 326 3.26
FWCB 3.1 6.55 60.3 1.83 143 10.91 1.22 0.53 599 333 3.64

'FWC, food waste compost; FWCB, food waste with biochar pellet compost

AE ZE S K

2 AE AESEAAE 1T 13300 ARG AIE 2FNA = oH, Al A B 3lehd 42 Table 52t
2o APt 2LAE R 3k viR[StA o, BiSx(Brassica rapa L)= 98 2] 45t 109 Ho S&otointh. A2+
= 1) FA2]7L(NF, No fertilization), 2) NPK 50% *]2]5-(NPKO.5, Inorganic fertilizer 50%), 3) NPK 100% *]2]7-(NPK, Inorganic
fertilizer 100%), 4) SHEH] X2 F-(FWC, food waste compost + inorganic fertilizer 50%), 5) <H < H N EJH] ] 2]7L(FWCB,
food waste with biochar pellet compost + inorganic fertilizer 50%)2 A5t 7| Ab|RE &S 2 HRAREAR
EFAA o3t v g ARESF 44 (Eq. (1))°] T2t NPK100%+ 32.7-54.8-30.4 kg 10a™ (N-P,05-K,0), NPK 50%, FWC, FWCB
A &= NPK 7|E3F9] 50% 16.4-27.4-15.2 kg 10a” (N-P,05-K,0) 502 Aoyt EHls EY 47]&E IFS 7|&2
&9 7IE2E] 7] w2t A sk

AAv|" AME(kg 10a') = 44.082 - 0.588x (x : EYF G715 &)
OlA

1A 2 AR (kg 10a7) = 13240 - 46.630x (x : EF A4 &)
Zreju) g ARgaF(kg 10a') = 34.767 - 98.286x (x : K/+/Ca+ Mg) Eq. (1)

Table 5. Chemical properties of soil used in this experiment

pH EC Av. P,0Os Exch. cations (cmol. kg™) oM TC TN
(1:5) ds m™) (mg kg™ K Ca Mg Na (g kg™ (%)
5.56 0.37 17.87 0.11 6.54 1.53 0.23 12.45 0.72 0.10

S
AE s e ENEA s le AFRA 2470l wet 9 9F, L - W AASE S5 %
% + e s Foto] AAbsteH29].

B lah e H2UTH) B U ABA A0 t Btk RS 48 § £ AHelol 4 F 2 mm
(10 mesh) A& T EF= oloHg B4 ARG pHEF EC= EGA RS S/FFTE 15 (wiv) H[ER THHL 30
59 WHISE & pH meter (Orion 5 star, Thermo Scientific, USA)2} EC meter(Orion star A222, Thermo Scientific, USA)E A}-8-5]
o S5t R4S Lancasterd, e Fol22 1 M NHOAc (pH 7.0) 43802 &3] 242 A (UV-1900i,
Shimadzu, Japan)@} ICP-OES (AU/CINTRA6, GBC Scientific Equipment Pty Ltd, Malaysia)2 Z75}%th S84 E YA EA7]
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(vario Max CN, Elementar Analysensysteme GmbH, German)Z £45}% 0, f7|& $HF2 B4 EF &4 T 1.7245
oto] gHtelelth EFY ST Core= 0]-85t0] HE3(0~15 cm)of|A] ZJF 3 & AX7](HQDO 84, Coretech, Korea)o]|

A 105°Co|A] AZXSE & BAE &5ttt EY 77184 £23F(Soil organic carbon stock, SOC stock)2 B4 3=F7} olefj <}
2o 2. )€ o830 AT

Soil organic carbon stock(ton C ha') = Soil organic carbon (g kg’l) x Bulk density (Mg m?) x Depth (m) x 10
Eq. (2)
Eoreia 2
EF WY 784 77154 (dissolved organic carbon, DOC)&= Fig. 3A2} Zo] water extraction (WEC) U hot water extraction
(HWEC)@% o g3fo] BAHBACHI4,15]. WECE E9F 3 g0 54 30 mL& A7F5ke] 30878 WKL, oIF 3,600 rpmow
F ARt A4S AES EEottt AS5W2 045 um membrane filterS 0]-85t0] o735t & TOC 47|
(TOC—V 5050A, Shimadzu, Japan)E ©]-&35}o] E45}% . HWECE WEC 3 & E2 A& S5 30 mLE Zq7]-01—04
1027F THRE ¥ 80°C FLEEAA 1642 P T 3,600 rpmolA] 2087F ARk o F FEAS 045 ym mem-

brane filterg ©]-85tc] ojZqt & 2uf FAst] TOC FA47|2 EA5ITh

e40] FeE SteE YAl B9ADS Fig 3B9} o] 497 BEHe o] L]0 zx%—a—}oﬂr,}[zzx 30). E%F 3 gol 1 M NaOH

L4 30 mLE H7}5F] 125 rpmol| A 24417 B9F HESE . A4EE] (3,600 rpm, 304) T AFESH(Solution A)S o},
0.45 pm membrane filter2 o]I}5lo] 208 3|43t & B A5t} Solution A= ZE]|AK(fulvic acid, FA)Y} —,‘%—‘ﬂé}(humic acid,
HA)o] 28y 8o 2 B3yt of3HE Solution A €90] 30 mL 6 M HCIZ H7I5E & THA] 3,600 rpmOf|A] 2087 QA&
2J510] /45 (Solution 13)J1L JHES oot 2082 3|43 & eha RS BASkGI Aol &3iE 445 Solution B
T3 el Bul WSS FU AR BRSIGov 4L 972 BET 43000 Sha B TOC R4S ol gsid
AT FUAT Bl Ba SRE oo Eq. (3), (9T olstel Ak,
B 9 AH humic acid, HA) = Solution A - Solution B Eq. (3)
ZHlAK(Fulvic acid, FA) = Solution B Eq. (4)
SAHEA
BAEAL SPSS statistics 27 ©]-8-51%] Duncan’s multiple range test (DMRT)Z *] 2|77t Hat zfolof Hist ALE A4S
Rol5 suolA NS,
(A) Soil 3 g, <200 mesh (B) Soil 3 g, <200 mesh
30 mL Distilled water 30 mL 1 M NaOH
30 min shaking (20 min, 3,600 rpm) 24 hr, 125 rpm shaking (30 min, 3,600 rpm)
WEC Supernate Precipitate Sol:tion Supernate Precipitate
30 mL Distilled water 30 mL 6 M HCI
16 hr heating in 80°C (20 min, 3,600 rpm) (20 min, 3,600 rpm)
HWEC Supernate Precipitate Sollgion Supernate Precipitate

Fig. 3. Procedures of soil carbon fraction used in this study.
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