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ABSTRACT

This study was carried out to investigate the effect of the annual application of organic resources on the soil
environment and rice production. The experiment consisted of five treatments; NF (no-fertilization), NPK
(inorganic fertilizer), NPKR (inorganic fertilizer + rice straw), NPKC (inorganic fertilizer + cow compost) and
NPKS (inorganic fertilizer + swine compost). Soil organic matter content was not different for all treatments
in 2021. The soil organic carbon (SOC) and soil organic carbon stock (SOC stock) were not difference for all
treatments in 2021. The highest rice production was NPKR treatment in 2018 and 2021. However, the rice
production was no significant difference among the other organic resource application treatments (NPKR,
NPKC, NPKS) and only inorganic fertilizer treatment. The application of organic resources can improve the
soil environment and increase crop production. Still, long-term studies are needed to evaluate the impact of the
application of organic resources on the soil environment and crop production.
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Bulk density, soil organic carbon (SOC) and SOC stock of treated soil of organic fertilizer in 2018
and 2021.

Year Treatments Bulk density (Mg m™) SOC (gkg™") SOC stock (Mg C ha™)
NF' 134 A7 89B 358 A
NPK 126 B 9.1B 344 A
2018 NPKR 1.09 C 109 A 356 A
NPKC 1.24 B 10.4 AB 38.7A
NPKS 125B 10.6 A 39.8A
NF 142a 9.9a 422a
NPK 140a 10.7 a 449 a
2021 NPKR 1.32 be 10.1a 40.0a
NPKC 1.29¢ 11.7a 453 a
NPKS 1.37 ab 114a 46.9 a

TNF, no fertilization; NPK, inorganic fertilizer; NPKR, NPK + rise straw; NPKC, NPK + cow compost;
NPKS, NPK + swine compost.

TThe different letters indicated significant difference among five treatments within same year at Duncan
multiple range test.
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Introduction

s Al H2-2 2014 814,334 haol| 4] vl 7445109 20218-2 732,070 ha® 2014 W E T} oF 10% 7461301,
=19 10 a G AAEES 2014 504 kg, 2021 530 kg 2 5% Z715H= 4| QAT (Statistics Korea, 2022). B A
A7V 2, FE, B HISE, A 5o 93 on, it 37 55 T 2 A e T 5ol
71Ql6 =71 02 B 1 E|QIt} (Kang et al., 2012; Shon et al., 2016). EF -2 714, EFdTt E9F AlH] 52 A4t
F ol FFe & 4 Lo, AEAS] B ajt s v Ul SEE Slol o1 H| =Rt ofEshH 2]
A7t ol 7] t2o] §712 A0 Eool ule 4] B Z31o] Wasl], $712 % B o] Ag-e A

=] "4=Z o]t} (Jeong et al., 2001; Lee et al., 2013; Zayed et al., 2013; Rollon et al., 2021). EF 7-7]=0°]
Jloim SR Aol -2 Eobo] BalHel 542 feksin], 1% Eofe] SR EE it S,
gelo) g2, EFuE & 5ol dS A7) dlzol A=Al F-851tt (Kim etal., 2001; Yang et al., 2007;
Hemmat et al., 2010).
F7129 78 FEdd FH] A2 EFY HISE 2] B S, WOl LS ST Al WirolH,

EFR7]8H4 (soil organic carbon) T2 -FAok=H] 523 HTS- St (Preethi et al., 2013; Kwon et al., 2022).
_]

olN flo do

Bl ES 7NEAIHA i 3ad S 5] whEel EXY] &84, sheba] EAS TE 4= 9lom, ol 5
off 2= 0] el SV = o EGO] AN HISE S Bk 1P XA 0 = ey wiizo] 7]
201 A& S5l EHelsof et (Sarwar et al., 2007; Kwon et al., 2022). ©|9]oll % EFG7[EFA0] A Qofl=TAL&
Tt 71 dH| = ATE o -frE T ATelA S Bavt QLo H, BO] -2 NPK oF E|H] 29t A2
7} FH|QFNPK H ot Btth= B 117} QIT} (Preethi et al., 2013; Shon et al., 2016).

fr71E ol wet # o] iHd Bl Eqke] slshy Wale] ml 2= T ol EY fE 3 E YR TSR E

2 Hgo] EYRretaSA o nl2|= Gkl tiet A7 Zasi. ofef i Aol =R EH], S-EEH] 2
RS AL 8otolS o vio] i, B slold W etaS25 vAskE obk 1A} sh3iet

Materials and Methods

AN ZZ 9 x| bRk kol 91 A8AIF 242201437 E 2F =1L low, 2 AldoflA=
2018d7}+2021'A 9] EQFe] o|afebd Bl W o] A4td-Z vl stiet. ¥ B2 A s A ARESHaloH, 7 Edo s
= "4 (rice straw), -T-2-E]H] (cow compost), ==E[H] (swine compost) S AFESHATE A2 7= FH]A (no fertili-
zation), NPK (inorganic fertilizer), NPK2} B4l 22k 2] (NPK + rice straw, NPKR), NPK 2} -2-=E[H] 29} %]
2]7L (NPK + cow compost, NPKC), NPK 2} =2 EJH] =35t 2|2] 71 (NPK + swine compost, NPKS)=Z 35FHE4] <]
HI | 0 & wjx[st o, 7 =2 BUl7] 65 Aol Tl S H] e =R EH| = B mAREAH 715E0]
Sto] FQotgl 0w, NPKoF A 2ot A 2] tof] AR HE-2 NPK e B S9t Ae]o] -8 3 =S e
ol 2hlot ). F71 88 == FEAHER] N-P,0s-Ko0 = 9-4.5-5.7 kg 10a” O =2 7H], FHH], $:H] 2 ZA5IS]
o, BARFS A 4= 5.0-2.0-2.0 kg 102, Q14E24.5-0-0 kg 102, Z2]=4.0-0-1.7 kg 10a™' o]t}

AN Lo

il
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I

2t
ROH(IPCC, 2003), EZ 7151 2 mmAE Tt A2 24 A== ARSI EGY] o]2kebd-2 pH, 771
= (organic matter, OM), -2 14t (Avail. P,0s), T84 (Avail. Si0,), 12Hg Fol-2 (Exch. cations K, Ca, Mg,
Na), §4EEE 618l 52334 w307 |&d EYSHEATH (NASS, 2010)0] =5t EGC] pHE= E
St SHTE 1:58&=2 5]45}1 pH meter (Orion 5-star, Thermo scientific, Singapore) S ©]-8-5f 7451 CH,
Ga IS Lancastert, —rrfi-ﬂ-ﬁ% 1 M NaOAc (pH 4.0) HEH o7 FZ3lo] E44%A| (U-3000, Hitachi,
Japan)E o8-l Z4513th Wk AFol2-2 1 MNH,0Ac (pH 7.0) H&d 0 2 FEoto] F- 8% Set2nt 2F
Al (AU/CINTRA 6, GBC Scientific Equipment Pty Ltd., Australia)S ©]-&3l] S5t 722 Y4EA7]
(CHNS-932, LECO, USA)Z F&tA U 544 Sk BASH & F8hA TS o] 8ato] ShitAlge] sl 4F=s13d
on, Eo] BAUL = Fo}E o]gste] EYE AFIal 105°CoA] 72417 A58t 5 AFF5H3 1jr. Eokg e
(soil organic carbon, SOC)2t EFF7 84 Z2]7F (soil organic carbon stock, SOC stock)= OFef] AFEA& 0|85

o AF=5HAT (Egs. 1, 2).

E950| ofatst, RUIELS, RIISASEY BN B AREIPCC 717 thet 20] 30 cm 7] AIsH

HI

InlJ

l~>

Soil organic carbon (g kg™') = Soil organic matter (g kg™) / 1.724 (Eq. 1)

Soil organic carbon stock (Mg C ha) = (Eq.2)
q.
Soil organic carbon (g kg™') x Bulk density (Mg m™) x Depth (0.3 m) x 10

EH2M [BM SPSS statistics 272 ©]-85F0] A A7 HH-9] H| 1= 5%2] 8-2]4=© 2 Duncan U=
HA4S Aot

Results and Discussion

EQ 315t Hat 7= TRl O =Ee] sfehd WalE dolk 7] 916l 201837} 2021'A-S H|
5}ATh (Table 1). pHE=2018F0] RLE ZJ2]olA] 6.5 - 6.6 0.F LJEFE. O, 20181} H|wWS}o] 2021 o] pH7F 2
HSLE Hol7] oilth 732 2018 dolli= A 2]+ 5 NPKRZF NPKS7F 3L 2021 delli= A 2]H7 kel 2F
ol Holz] gith 2 A A -{7]E T 2018'd 7} H| w5l 2021L%°ﬂ W= AgolA 2 2JolE HolA] ¢k
O, Shon et al. (2016)2] FFATA L= 317F g w2 {7 1&E T2 -8 27]9} Hlwsto] o] 2]
(NPK, NPK e} HZ 239}, NPK 2} A13] 23t 5)ollA] felgh 2ol & 111 22JTE. Yeon et al. (2007)2] A-ZA o
e 5087 47] A8 Al 38401 B8] ot Aejof|A frlEehde] 57 = SRR 3 8 Aatola= & Hst
7F ST £ AollA] 2018, 2021'H EQFO] -F-a M4 HF2 NPK T 7H-EE[H] F9) 22|71 NPKC, NPKSO]|
A ==t Yang et al. (2007) 2] A2 oA = $4-8 A] BFetu] & 2 2]o] vloto] B EH], =R-E = H] 22

of| A fralitelFe] =30t 2021'A AlE EFO] pHEF wehy ol thi-r-0] A =]of|A] 27 W flo]l &513le
U 571885217 - 20 gkg ' 2 -5 Aol A 27889191 20 - 30 g k! Bk Woton, faglite] H-9of = 33 -
70 mg kg = B-E A 2]ollA] AAH LRI 80 - 120 mg kg HTF I
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Table 1. Chemical properties of soil in 2018 and 2021.

pH oM Avail. P05 Avail. SiO, Exch. cations (cmol, kg'")

(1:5) (gkg") (mgkg") (mgkg") K Ca Mg Na
NFT 66+0.11AT 15£060B 55+1233C 148+736A 027+005B 57+0.65A 20+0.16A 021+0.04 A
NPK  66+011A 16+124B 72+665B 181+1595A 028+0.05AB 52+026A 1.8+0.04AB 0.19+0.02A

2018 NPKR  65+0.14A 19£093A 71+423B 169+3142A 037+£005A 5.0+024A 1.6+0.06B 0.16+0.03A
NPKC  66+0.11A 18+1.70AB 99+245A 169+20.68A 030+0.03AB 54+029A 20+0.18A 021+0.02A
NPKS  65+0.14A 18+1.60A 90+4.65A 172+£2532A 034+0.04AB 55+048A 2.0+026A 0.18+0.02A
NF 64+0.17ab 17+088a 33+£629b 147+11.02a 025+006a 53+063a 18+0.I18a 015+001b
NPK  64+007ab 19+344a 61+2292ab 173+24.77a 024+0.04a 49+020a 1.7+0.02a 0.13+0.01cd

2021  NPKR  63+0.16b 17+1.69a 52+14.06ab 143+£7.26a 032+005a 51+0.18a 1.7+00la 0.13+001d
NPKC  67+0.11a 20+160a 70+1192a 149+1630a 034+005a 54+027a 19+0.12a 0.19+00la
NPKS  6.5+020ab 20+244a 70+2257a 176+2148a 031+007a 54+009a 19+004a 0.14=001 be

Optimal range 55-65 25-30 80 - 120 157< 0.20 - 0.30 5.0-6.0 1.5-2.0 -

Year Treatments

™NF , no fertilization; NPK, inorganic fertilizer; NPKR, NPK + rise straw; NPKC, NPK + cow compost; NPKS, NPK + swine compost.
" The different letters indicated significant difference among five treatments within same year at Duncan multiple range test.

EURIIEL | FHE HE EGF{r[His EYl 7]H=Z EAIE 2ai d4, 9159 s st
AL 17] Wizl stetr| = Ha B 2h=AS S0l avbaloltal A At (Lee et al., 2019). QT ESF ] A

AL 7] F2=29] COT7HE A 4= Q7| ol 2A7tAuE A5 Ao F8stthal UelA] QItt (Lee
etal., 2019). 2 7= F7EY d-gof mh2 XU, SOC E SOC stockll thted ZAFSHTE (Table 2). 20181
2 77159 T4 A2 NPKRINPKSO|A NF, NPK H Tt =0t 5718 47|48 Al 7715 £ A

2ol A Fultet 7)1 du| 7 A TR B [EAT ot AadT Autet Aokt (Yu et al., 2020).
2021'32] SOC $=R2 A 2] 7hof| 2po] 5 HolZ] ¢ttt SOC stock22018, 2021 LT A 2|7t {04 2ol 5 K
o] 2] 24Tt 20181 SOC 2 7= T A127-2FNF, NPK #]2|7Hof|A] Z}o]5 H 8 01 SOC stock-> Ao

Table 2. Bulk density, soil organic carbon (SOC) and SOC stock of treated soil of organic fertilizer in 2018 and 2021.

Year Treatments Bulk density SOC SOC stock
(Mg m*) (gkg") (Mg C ha™)
NE' 134 AT 89B 358 A
NPK 1.26 B 9.1B 344 A
2018 NPKR 1.09 C 109 A 356 A
NPKC 1.24B 10.4 AB 38.7A
NPKS 1.25B 10.6 A 39.8 A
NF 142 a 99a 422a
NPK 140 a 10.7 a 449 a
2021 NPKR 1.32 be 10.1a 40.0 a
NPKC 1.29¢ 11.7a 453a
NPKS 1.37 ab 11.4a 46.9 a
TNF, no fertilization; NPK, inorganic fertilizer; NPKR, NPK + rise straw; NPKC, NPK + cow compost; NPKS, NPK + swine
compost.

TThe different letters indicated significant difference among five treatments within same year at Duncan multiple range test.
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2 10]7] 910k SOC ET}SOC stock©] o] Lx51A] Iket. £ 70§17 Huang et al. (2014)2] A7]
At SOCEHEE SOC stocke] o] 2AJalA] 229ke, o= SOC stocke] SOC Glepint opjat- &4 o] s}
& w7 ggo 2 ek 718 A Al f712 Ralrt E05]o] SOC Fao] HATTHE BTl (Hong etal., 2018)
7} 9lo] 47129 =elo] Tk EeklRe £ ANk Bl Qs 47149 mUEe] Bad Ao B
et

RIIEH A0l ME B AR Hm {7 EHol meb20181d2 20210 9] B AJ4FgE v w Rt Avk=Fig.
137} 2t} 2018l NPKR©] 973 kg 102 & 7 WEOLFNPK (901 kg 10a™), NPKC (930 kg 10a™)2}-G-0]et
ZJo| 2 Koz ookt 2021 %= NPKRO] 677 kg 102 & 7 WO NPK (614 kg 10a™), NPKS (637 kg
10a™)2}-Folgh 2fo| 5 Hol7] oIk

1200

. 2018
[ 2021
A A
1000 - A
B
800 - B
‘Tm a ab
e ab b
g 600
o
Q
> 400 1
200 -
0
NF NPK NPKR NPKC NPKS
Treatments

Fig. 1. Grain yield under different organic matter in 2018 and 2021. NF, no fertilization; NPK, inorganic fertilizer; NPKR,
NPK + rise straw; NPKC, NPK + cow compost; NPKS, NPK + swine compost. The different letters indicated significant
difference among five treatments within same year at Duncan multiple range test. Black bars mean rice production in
2018, and gray bars mean rice production in 2021.

NPK 7189 £ Ael7e] ¥ itk vl waf £ o 2018372021 H5F NPKR, NPKCOJA NPK L} <]
21 2ol 5 Ho|z] QItTh o]=Ohet al. (2014)°] $4- A3t 77|44 5 3 A& Al 77180 =, {7 EH|=, 77]
B 5o 7785 S 22| o] B pEfefo] froft 2ol 5 Holx] oF2 A}t AA|5H3T. ¥HH, Tang etal. (2022)
O] AT =71 A& Al WO AitEo] o] & ¥, = W B4 TholEat Frdu| g 2ot A2, 7] =H]et 77
Aulg 23 AejoA 771 du & T ATt E9ts A7 AL ol EHl= EG] =24, 3kt E49
Mg &l 229 weths S7HIE 4= Jou Bl B4 B ISk S avks 712 o g yehtr] whzol
(Preethi etal., 2013; Kwon et al., 2022) 7722 EYF e 7IA 8 Hr7tsp| YleliA= Re 7|7 A7 2
[t 7o =2 yhdEch
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Conclusions

497 771ed Tl whE Bio] AR Bl B9 ofetAde IRt A, =R oot BRI IEAS
F o 7= Tl 7R 7 A2} Al g HolA] gtom, Blo] ArtEre] el f7ed FYol 7]
Holz] 3ttt w7 1=9] 7S ER] | Bilo] 2hae] AR, ] ofetA 9

1

=3 =1 d
O] Hs}of| nj2]= FFe Loty Aside AEA o2 f7led A8l me EY &0 A2 A Ws 37

S
\i
2
mE ol mY X
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