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Abstract: This study analyzed the effects of tillage management and organic amend-
ments on soil properties, greenhouse gas (GHG) emissions, soil organic carbon (SOC)

https://doi.org/10.5338/KJEA.2025.44.42 and maize growth in an organic farming system. The results showed that tillage increased
carbon dioxide (CO,) emissions, whereas organic amendments initially increased nitrous
Agric. Environ. Sci. 2025, 44, 443-452 oxide (N,O) emissions but gradually decreased over time. Methane (CH.) emissions

remained low regardless of tillage conditions. Organic amendments application had
a positive effect on SOC accumulation, with compost treatment showing the highest
SOC and mineral-associated organic matter (MAOM) content, demonstrating its potential
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Published: December 8, 2025 for stable carbon storage. The net ecosystem carbon budget (NECB) analysis revealed
that no-tillage with organic amendments application led to a net carbon sequestration

Online ISSN: 2233-4173 effect, with compost treatment recording the highest NECB value. These findings confirm
Print ISSN: 1225-3537 that compost can effectively reduce GHG emissions while enhancing soil carbon storage.
Furthermore, organic amendments such as compost can serve as a sustainable alternative

Epggl‘e fsor to chemical fertilizers, contributing to the reduction of GHG emissions and improving

carbon sequestration in soil. Proper combinations of tillage practices and organic amend-
(©The Korean Society of Environmental Agriculture 2025 ments can maintain crop productivity while promoting sustainable agriculture.
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Table 1. Chemical properties of soil used in this study

pH EC oM Avail. P,0s Exch. Ca Exch. K Exch. Mg  Exch. Na
Treatments
1:5 dS/m g/kg mg/kg e aananti ¢ 11101 /1 (e B e
Control 6.3cde* 0.06e 17.06f 259.68e 7.65¢ 0.22e 3.07a 0.04d
Tilage NPK 6.4bc 0.06e 21.12e 344.78c 7.35¢ 0.26d 2.88bc 0.03e
Oil-cake 5.9e 0.08c 22.44de 441.33b 7.16cd 0.27d 2.84c 0.03e
Before Compost 6.8ab 0.10b 28.35b 440.05b 10.38b 0.30c 3.03ab 0.08a
harvest Control 6.4bcd 0.07d 22.64d 309.97d 7.30c 0.32c 2.83c 0.05¢
No-Tillage NPK 6.1cde 0.06e 21.97de 353.39¢ 6.42e 0.35b 2.55d 0.03e
Oil-cake 5.9de 0.08c 24.78c¢ 431.99b 6.70de 0.30c 2.78c 0.04d
Compost 6.9a 0.13a 32.86a 742.88a 1257a 0.66a 2.91abc 0.06b
Control 6.1ef 0.169 18.92cd 226.44e 5.78e 0.14f 2.37e 0.01f
Tilage NPK 6.5b 0.21de 19.80cd 277.04d 6.60c 0.18d 2.73b 0.02cd
Oil-cake 6.1f 0.19f 16.43d 312.84c 6.85b 0.17e 2.79a 0.02de
Post Compost 7.1a 0.36b 26.33ab 461.89%b 8.79a 0.20c 2.67bc 0.06a
harvest Control 7.1a 0.22a 22.99bc 272.74d 6.06d 0.20c 2.53d 0.03b
No-Tillage NPK 6.4c 0.20d 19.77cd 290.07d 5.84e 0.22b 2.47d 0.02de
Oil-cake 6.1e 0.24ef 20.24cd 328.29¢ 6.17d 0.18e 2.61c 0.03bc
Compost 6.3d 0.35¢ 28.55a 596.55a 8.79a 0.30a 2.49d 0.02ef

* The different letters indicate significance according to the organic material treatments in Duncan’s multiple range test (p<0.05).
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Fig. 1. CH, fluxes during the organic maize cultivation period. Error bars represent standard deviations (n=3).

Hty o] AkslebA(CO,) Q) A9 A& A H9] HH| A1t 255 HA] 49U(2417.48 mg COy/m*/h)T} 702 (2315.12 mg CO,/
m*/h)z}e]] T2 A tfH] 7P =2 olilstetA wiEgS YEHtHFig. 2(a). ol B I § EY Y(aggregate)S
Eofisto] WiRol Y CO7F &= yehd A3z whET24].

ORI A(N0) HiET2 A 1574 A&, 74 AY 7 A7 7 52 a2 UERlew, 25327 Aual
A2t fAaohs A HATHFig. 3). Lee 52519 AolA= Aad Hadd F8F FY 5 294 7E N0 HiEFo] $479|
S71oto] B9 A HAE 7155t o, & AFoAE FY 780 AL viEge] UEbl FEF AF] Al @717 W
N0 HiEo] AFH= B2 &AL 5 Al ol= 7] FUd FHo] EF W F49] 7S w0l 2714 HAalst &0l
7ML o]z s N,O HiEFE 5

S Al F 2AVS 74 HiESe £4% 23 Fig 49F At} CH.Y| B9 742 A QoA FA2T7 7H =2
&S e O M (Fig. 4(a), COx= Awd F4% oA A3t SAFCE FoJ2]Q1 po]E Holx] oyt E3]

ot

_ _ https://doi.org/10.5338/KJEA.2025.44.42
445 https://www.korseaj.org Agric. Environ. Sci. 2025, 44, 443452




Article

3000 3000
—8— Tillage_Control —&— No tillage_Control
—0— Tillage_NPK —&— Notillage_NPK
2500 1 —y— Tillage_Oil cake 2500 1 _o— Notillage_Oil cake
—&— Tillage_Compost —O— Notillage_Compost
T= 2000 o T= 2000 4
L) L)
g g
. ~
8 1500 8 1500
=1
g g
~ <
o) 4 S 1000
g 100 8
500 4 500 4
0 T T T T T r T T T T 0 T T T T T T T T T T
oD DAY 4 DAY S DAY g DAY g DAY gD (DA DAY gD oD DN 4 DAY 5y DAY 9g DAY A2 DAY 4o DAY DAY DAY g4 DAY
Date Date
(a) Tillage (b) No-tillage

Fig. 2. CO; fluxes during the organic maize cultivation period. Error bars represent standard deviations (n=3).
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Fig. 3. N,O fluxes during the organic maize cultivation period. Error bars represent standard deviations (n =3).
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Table 2. Results of maize growth and yield

Ear length Ear width Hundred kernel weight Yield
Treatments
cm FW/g kg/10a

Control 20.50+1.50ab* 11.00+2.58b 33.20+3.21c¢ 482.27+137.83b

. NPK 19.30+1.65ab 15.23+£0.65a 39.30+0.80a 901.60+75.03a
Tillage Oil-Cake 21.00+0.53a 15.25%£1.17a 37.07+0.51ab 1045.20+153.15a

Compost 18.83+0.74ab 14.57+0.72a 34.00+1.11¢ 848.27+£8.81a

Control 17.13+3.16b 13.21+0.56a 33.17+1.15¢ 559.47+83.14b

No-Tillage NPK 19.97+2.57ab 14.65+£0.83a 38.20+2.07ab 886.53+£193.83a
Oil-Cake 19.47+0.93ab 14.34+0.35a 35.83+1.04bc 773.87£104.18a

Compost 21.43+1.44b 14.26+0.46a 29.93+1.68d 868.00+£37.20a

* The different letters indicate significance according to the organic material treatments in Duncan’s multiple range test (p<0.05).

Table 3. Seasonal organic carbon input and output during the maize growing period

Carbon input (kg C/10a) Carbon output (kg C/10a) (ngE%B 0a)
Treatments bove Below Organic Sum Harvest Sum

:round ground  amendments [A] a ez removal [B] [A-B]

Control 489.2 153.8 0.0 643.0 0.0 461.5 195.7 657.2 -14.2
. NPK 908.8 285.6 0.0 1194.4 0.0 481.1 363.5 844.6 349.8
Tillage Oil-cake 1113.7 350.0 66.1 1529.9 0.0 544.7 4455 990.2 539.7
Compost 857.6 269.5 183.8 1310.9 0.0 704.3 343.0 1047.3 263.6

Control 567.6 178.4 0.0 7459 0.1 491.0 227.0 718.1 27.8

No-tillage NPK 893.6 280.9 0.0 1174.5 0.0 514.0 3575 8715 303.0
Oil-cake 824.6 259.2 66.1 1149.9 0.0 578.7 329.8 908.6 241.3

Compost 8775 275.8 183.8 13371 0.0 544.6 351.0 895.7 4415

9]. o] AL AW, AL x| Hof|A] S8t HT7} 21.00 cmZ THE B2 gHS UERioH, EAFO
Hoch vhH 2AL X YGo|HE Eu] 2|77} 2143 cmZE 7P E8 ghS UERJ o, NPK 2 GEF

£ =R dokth s E3t AT BAL A wRolA BRI tiu] 71 AT
7¥stqich. olggt 71 22 NPK A9} AR =Xtk

EA2X|(NECB) 2412 S8t £ B4 XB2 17}

S AH7IZE B F71A9) B £YAL ¢l9lT, 1 B3K(Table 3) B Kol A A AT F NECBE F2H(539.7
kg Cr10a)0] 7H =1 fritel =& 21 A0 Felshgit. NPK Aot 7Ha o)
A H1% 854 SO AR FEE HO, B HelRolA €O, o] 4T O ol NECB 24 NPK
A7t o B ghe HolRleh v R4 Aol ALTHe T2 BE A7t %o ke Yehior], 715
el 77k 4415 kg C/10a2 7H & NECB §& Uehlich. o2 £3) 712463, H8)) FeJo] NECB Al whas A2gw
B7tol I YL FRASHITH0).

iir
j 2
_=)
i)
Mo
o r
%
4
9
o)
H
(o]
)
>
2
o}
2
N
o3
fols
fifo
i)

2 E

B ATNHE e 3R 2714 Rt 97159 BANH B st B4 Wl 247k 1S, SoC B B

https://doi.org/10.5338/KJEA.2025.44.42
Agric. Environ. Sci. 2025, 44, 443-452

448 https://www.korseaj.org



Article

A, D123 S4% BRI STl vl GFS RS I AT LAVLA HEPOIAL 71RARH, Hu)E
EQT A9 €O, EYo] ANHOR FE P Beon], B3 e Ao =] Helvolx BALOR fojHel
Hol2 Wl %o HEFS skt RS FYT A9 271 NO HES O BA FaSiE AFS HolF
NECB ZHlol A 2 Aol fuF Helrt 5738 AGolAlt /148 Hu] Mozl b B2 NECB g2 HoldAl 712
2 %Qlo] gt Mg 2 Aol ANHYS SIStk WA, B R 4714 HS AU 2T A 242 L
AT A% A5 SIS ET 5 9L o=

Mz S U

AYZE o A2l 4

2 AolA AEE FA AES &55(Zea mays, 5 PIH25)E ARGSIOH, Al ZAS TUASEAAE FHA|
ANES HA ﬂ 2R YT ety £ 5 T EFolA 2/5tdth AT FARFE F71E HE EEAH|(NPK),

o], fuF 5 3709 HlaE A& fFol et AL, F2(0~15 cm)O& ZZF FESto] F 8719 AEFE 2/4SHATHH

At W& 9 m’). BE HEe AYsdAstd AEE vE ALS AT F BE 54 25 AP et Auskaithio).
TYPA(F7)A HE) AJHFS N-P,05-K,0 7|20 & 18.6-3.5-7.4 kg/10aE 2|5} om, Sure A4 Eoj=F 7|20 = 206

kg/10a, EH|= &, AR, E&o| &4 7158 EHE 760 kg/10a ZHZF A 2ottt

i
?i?w
2
ik
£

hand augerg AR8-5to] EFzI0] 0~15 ecmollA] Z|F 53Tt
S £ ARE B0 2 A2 xﬂﬂ S0 B €T RAC] ABSHIE 4 PR pi, RGO, 9
7

Fol, A F7lE o2 42 EY oot 24H1 2 BEY 9 AEA B4%12]0] E5t9 35ttt

S Al 713 5 EGolA EA s 2ATAE JHolH A E-(HH, @ x H: 25 cm x 46 cm)S -85t &
8447 AF skt MEH A7l 5 13)(24 104] 30&~114]) S5t oH, E4FEL HTHCH,), oM A(N0), oJ4ts}
B4 (COy) R EAZH] GC(Agilent-8890_G3540A, Agilent, USA)E ARgolo] B35t} 2A7FA wi&SF AAR]S o4-3-9] 4]
(Eq. Dol whet AISERITH13). Eq. 19] 412 vl og AXbE 247IA wiEhs B Ad 24A7HA 12 PYHS APgo)
HTHEq. 2).

FZpX(ZV)X

5]~

273
AL (—) Eq. 1

T

F = 7k R=K(g/kgh), p = 7k PE(gm’), V = FH W F7HH(m’), A = BH(m’),
ACIAL = ¥ 1] 7hs BEO] B FASECSEMSAAAD, T = e f B 712(K)
3 (Ri < Di) Eq. 2

Ri = i90] £47}2 WS, Di = Q9] A% 714

EY R7IEHA £X2K(Soil organic carbon stock, SOC stock)

0|

4 % 2 AT B BUIekh FAFL BF SAUE, §/0kk P B stk B SHUE
S 52} 5 510] ABY(® x H: 5 cm x 5 cm)S o AL EF ARE 1051 AR 7 25T EF f1ka

https://doi.org/10.5338/KJEA.2025.44.42
Agric. Environ. Sci. 2025, 44, 443-452

449 https://www.korseaj.org



Article

(Soil organic carbon, SOC)= F71& g0l St A4S A Esto] ALstRon, EF 794 S22 Eq. 38 ©]85}
AFESHATH14].
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225 HelE £ S92 50 um AL B} YA 2710 wet weleh vlal, HES Helsto] Dry oven AHGS) 80°CE A%}
e A28 AR Walkdy kS Fole] MAOMS] $715 TS Bk ) A8Iglc

Qw

X 60 cm x 25 cm&E Aol
F BB 94 45k 24 W (slol] U2t Al
A%, wgEo R THHGon, o] Erle Sde] 4 wsje}

= MENA|ELA4X| (Net ecosystem carbon budget, NECB) MY

F71A4E A} B2+ BES gagA0 vAs 9FS F7s] f8) 2 dFolMe &8EA g Al (Net
Ecosystem Carbon Balance, NECB)E Eq. 4°f W2} 451} C inpute] 39 &4 fdFoz Hjgel 242 47144 4&E9
A 53 22 718 7152 $E4E T, C output> HAMETOEA CO, CH, HiET, 8 53 &2 &42 Ut
T g2 HiEsTe O AE RIS F1EE R 93 Saaeo] AAgR B AsHEe] wha ok 42 dAaEA]
(Thermo, Flashsmart CHN/O, USA)E &-&3to] st on, &4 Ads 99 943 ¥4 BT s gMlsto] 244t
42 (Net Primary Production, NPP)E Ao} tH[19,20].

NECB (kg C/10a/year) = X C input - £ C output

= (NPP + Fertilizer + organic amendments) - (Respired C loss + Harvest removal) Eq. 4

£ AToN APE BE UYL 38 YEoR Sysiglon], 4y AnerY £E I REUAE v 5
R4.2 AYseck dole FHE SAS 9.4 TRIHS TEHHOM, 324 7L Duncan T+ ¥9] 2 (Duncan’s Multiple
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