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Abstract: Compost supplies nutrients and improves soil physical properties, but excessive
use can lead to nutrient imbalances and environmental pollution. Crop rotation, partic-
ularly induding soybean crops, is effective in supporting nutrient cycling and maintaining
crop productivity through nitrogen fixation and phosphorus availability. This study inves-
tigated whether crop rotation including soybean crops, compared to compost input,
enhances soil fertility and maintains crop productivity. The treatments included mono-
culture without nutrient treatment (CN-NC), monoculture with compost application
(COM-NC), and compost application with crop rotation involving soybeans (COM-CR).
The analysis results showed that in the COM-CR, which received a lower amount of

https://doi.org/10.5338/KJEA.2024.43.43 compost input, the exchangeable cation content increased by 3-17% compared to the

COM-NC. The soil organic matter content in the COM-CR was 23 g/kg and the available
Korean J. Environ. Agric. 2024, 43, 435-442 phosphorus was 155 mg/kg, which were higher than those observed in the COM-NC.
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EYG €798} 5o] st ATs). 7HEEEHS A Y ZES thY] RS BlRlY] ol B4 80 wEt A&
| QlAtE} ZEo] 7o) L2 E]o] Eofol| EA ofro] AAE 2= 9ith3]. k3t FEEEH|o] L3kE FA0] ok 159%5to] ZHEo]
o]§ 7Fsot7] w2oll[4], XFe diae FAA(NO)S| FHE Aote-E & 5]7%‘% A=, HJUeE dovl= T EHL

FZ FET 27t T3] kA 7HEEEH] Rl AAsth g EGY R e a8FE AT & = s

of gt A+-7F Easit

N

AL e HA0IA AR G H2S AW HABY 71%0lth AT WA TD FBL 717 A A £
R BP0l AT AE Aol FASHT), 27 ool HE LTS EFY] i BRI AL NWB F R
27t 5 B WS PATHS]. E3, 920 g nBR] B ShE EFY G S8 Jofste] 4B B3}
g4 FlolE anaolthy). B3], 5 4BL B 8AL /19 4T B THAA EFO] Ak G F7HIL
2} AE0] B 4714 WEStel Bl 2YH U2 HESRITHS). B0 4B Lol e F) AT AZ Yk

A

£ gapo] dhat Zake WA B A Q1o B Aol wh Kok slety sl e AT R AAoln]

gREe] ATES ¥ Ego] ok = EFol4 B cHs 101

ol Eofe] R TS BT SHS AMSAT, TES S-S QA 2RI T 3, A4 4 ¥ B

G} e BAS 2tk ol BAZ 5] Ao, SR EYFL FAAIWAE EF FEI 4 P

SASAL 0% & e tohe BASTA BTk olo] & AToAE 17t B3 ABL ol 8% 22 A S5 o]
ol kel Rt 2 AU A EAAU ZAL, AS RS A A2ng FaAD 4 Gk Selstad

0 o x =2
& A2 201590 24E 7718Y 47198 AEZAEH s AN F71sFIolA AT AESEAAE A5
A ghattof] glow, o] M|ete] 304 AWF 7122 138°Co|T, AW B 1,342 mmolth AF A Eope) shshde §718
o

ol 11 gy, HAAE 48 mg/kgQ R W EFO] Ao HFHA s EolthTable 1). £ A0] 78 Afo] 2t
7m x 14m (98 m?)o|t}.

Table 1. Chemical properties of soil in 2015

pH EC? om? Av. P,05Y K Ca Mg
15 dSm’ gkg' mg kg cmol kg-'
Before 55 04 1 48 0.52 53 1.7
Upland" 6.0-7.0 <20 20-30 300-550 0.5-0.8 5.0-56 1.5-2.0

Y The optimal range for the chemical properties of upland soil; ? EC: electrical conductivity; ¥ OM: organic matter; ¥ Av. P,Os: available phosphorous.

ZHEEE U ZE Mul

7IEEEHE FYsk= A 27 (Compost, COM)»E= =5 50%, A& 5%, = 10%, F5 10%, 53] 5%2 T-JE AlH
EHlE AMESIlon, RS S3E0HA 22 FAEHCN-NCOE Ae Be AP ket §lo] 7H~rﬂﬂ1% = A
SHITE 7FSEEH] AHEE AP Y8l 7HSEEHIE 70°Co]| 24A13F A R5H0] MR EH] 9] RS RAHIHE &
St 7MEEEH]E Baslo] Y4EA7](Vario Max CN, Elementar, Germany)S £3f A4 & 243190, ol 4] (1)

Sl HEEEH FAFS At

N
%
N I A
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Ntrogen standard application amount (kg /10a)
N of dry compost (decimal )*Dry matter content of compost (decimal)

Amount of compost (kg/10a) = (1)

LZont Yusts T Al RAZL(CN-NC)9} 7H&EEH| &2 oFES FF6F= & 2]7(Compost-No crop rotation,
COM-NC)°|t}. COM-NCE Z&549] AL FZAH|ZH(N-P-K, 17.4-3.0-6.9 kg/10a) 7|02 7ISEEH|E AH[51% oH, 2H&
4] 790 0] A AlB] 7 ALDAE T W AE B4 AL WAL, EL) g UL A7l
gi}Aolt}. oof 24401 T &5l A 2|7 (Compost-Crop rotation, COM-CR)= F217|0] A& AufstH o HEo] R
2F o] ARt 190l HEG e S4s B4 7Y Ho] A )3 T AANAL, S5 AL EEAN|TO] B
IEREHE FYstth S 2 5 1090] 92 A gEsilon, oAk seo A% AlF & AE FA 7Y Aol
2] Wk BEAMFNPK, 323337 kg/IOa)Oﬂ 23 7452 EUE AUEhTh COM CRTF COM-ON| Helat 7H525]
9] BUFZ Table 20 AAIstoH, FaH7]of] LAYt F2E KT SASHQITHTable 2).

lm

Table 2. Cultivated crop and fertilizer rate by the treatment

Treatment Crop Fertilizer N-P-K (kg/10a) Compost input (kg/10a)
CN-NC Corn - - -
COM-NC Corn Compost 17.4-3.0-6.9 1,258
Corn 17.4-3.0-6.9 1,258
COM-CR Compost
Soybean 3.2-33-3.7 145

RE APFE S 45.(Zea mays L) S5 AL, 590 BES FAot9 o 8o ettt T2 Y F(Soy
bean L. Daewon)Z Aot on 6¥o] Aoto] 10€) &6ttt St F2o] A4 doj= 22 70 cm x 30 cm, 60 cm
x 20 cmo|H, & A|g AHz]9] AHuiEg-& Fig. 1] AAIsHATE.

Month | 5 8 10 12 5 8 9 1 12 |
CN-NC | [ Com ] [ Com | |
COM-NC | | Corn | | Corn | |
COM-CN | | Corn | | Wheat | | Soy bean | |

Fig 1. The cultivation periods of crop and green manure in experimental fields.

CN-NC: no fertilizer-corn and not crop rotation, COM-NC: compost and not crop rotation, COM-CN: compost and crop rotation to
corn and soybean. COM-CR cultivated wheat during the fallow season and all the harvested wheat was removed.

EXTERERTER

EGY 3ehy #A4S fIs) AFe EGS A 4
ECE EYY S779Y HIES Lswiw)2 S5 & 3027t
Thermo Scientific, USA)E o]-&-3] 4313t EFQ G752 YA RA7](Vario Max CN, Elementar, Germany)E ©]-8-5}0]
B4ttt EFO] Fa Q149 79 Lancaster} (NIAST, 2013)2.2 E4519 1, 2|4 K, Ca, Mg 1M-ammonium acetate
(pH 7.0) €407 F&Edlo] 302 B A& & o743t oS Inductively coupled plasma spectrometry (ICP, Intergra XL
Dual, GBC Scientific Equipment, Australia)E AR&5t0] SA5IATE ZE A EA49] 7[R 42 o tid X+ & 354

BN

SF0m, 2 mmOE A Wsto] FAT T LS Epe] pHEH
Zg5lo] pH meter (Orion star pH conductivity meter A215,
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AL A ABA ARE 70°CoNA U AR T Bastel ZulATh ABAS Aa GRS LAY ABAS
L4 BX71E o]dolo] B o, A&4 Alre Al B8 (HCIO5:H2504=10:1)2. 2 Hotplate Digital (Ceramic HPLP
620, Scilab therm TM)olA] 347t 300°C 54] E-allotH . AEA Q] QAR VanadateH(NIAST, 2013)S UV (Optical spectro-
photometer specord series, analytik jena, Germany)Q. 2 EA43l9joH, ZHEL ICPE AREolo] =3It

SAENM
AlYof| A AojZ Ho]E o] FAEAL SAS software (version 7.1; SAS Institute, 1995)E ©]-85}%] one-way ANOVA E4S

$oth o, 5% 7204l Duncan’s Multiple Range Test [DMRT]E ©|-&5to] A& 7+9] 35 v HESIAH.

_l

IIh]

nkYy

L= Nk

p =]

EQO| pH, EC, Y02 e H3t

pHO| A% 7I=EEH|E I3t COM-NC2 COM-CRO| Z+Z} 7.58} 7.42 20154 TiH]| F 17~30% 5715112 M (Fig. 2a),
= 70 A= FFol Higt pFh 0.00030.2 ESFO] pH S717F deAlo|il EQF pHO| A5l 71945kl S-S AlARIT E3E
COM-CRY] 7-¢- COM-NCEt} 7h5EEH] FQJ7fo] HJo|x Eot1 EYO] pH7F fFAISHA ZAMEIQITh 7585 H] Szt
oA EAStE R714HCH,COOH)E F714F F0]&(CH,COO) T F/gAHHNE 2] H=tl, {714k Sol20A 7t2E547]
(COOH)E AlATH| 93] WEH HS °|-&5HHA H' o] A4 R Qs EYY pHE F7HAIXITHI2). 3 715 Ale A&
% Sl CaCO,2] Fgo] ml%- 7] dwoll 7I5EERIE EYol £ Al CaCOs7F H'} HHE-5lo] H,O S 53 &S24
o= Qls) B H &g WL, EFY pHE S7HA7I=t axdo|ti13]. 33 22 AHAfEol= Zsd niivsdt
T2 ol ko] =t F9 FHFEC| BofEuA BEH G714 Fol(Ca™, Mg)ol EY EHO| H o]202 tiA|= A
182 &9 S3tE o] EYY pHE S7MAXITH14]. ES 7HSEEH] 299t 5Lt T FEo] Esi=HA 7714k
a8y AA 34e B3 H 0|2 Avlst B0 pHE Z7HIZICH12]. COM-CR 3 7H&RE9} 23} 450 2%
= B2 <ld] B9 pHZl F71sH Aoz woEHT}

8.0 08
© CN-NC (a) © CNNC | ON-NCy=0.0263x+53.25 (R?0.76, p 0.0277) (b)
e GOMNC © COMNC | COM-NCy=00136x-27.07 (R? 0.32, p 0.4277)
= — 2
754 A Comor s A COMCR | COM-CRy=0.0087x-17.1815 (R* 0.31, p 0.443)
06
7.0 A
5 651 E
i $ 04+
o 6.0 4 8
55 -
02
5.0 1 1 CN-NC y=0.0728x-141.16 (R 0.57, p 0.144) o]
COM-NC y=0.2661x-530.52 (R? 0.95 p 0.0003)
- COM-CR y=0.2481x-494.21 (R? 0.95, p 0.0003)
45 : : : r : : : r 0.0 . . . . . . . .
2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
Year Year

Fig. 2. Dynamics of soil pH (a) and EC (b) due to application of organic agriculture from 2015 to 2022.

R’=coefficient of determination; p= the p-value in correlation analysis. CN-NC, no fertilizer-corn and not crop rotation; COM-NC,
compost and not crop rotation, COM-CN, compost and crop rotation to corn and soybean. COM-CR cultivated wheat during the fal-
low season and all the harvested wheat was removed.

EF ECY BF Ee A7 & EF A4 HAEC < 2009 HFSIAATE, CN-NC A 2j7-qto] fashe FF3

i
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UEFTHFig. 2b). olol EFO] g, A& E ntvls9 E EA% dik(Fig 3), 7FSEEHIE FUT A= 20159 %
H] ol TFo| 24~96% F7FotH 01, COM-CRY] 7% Ko| 1.24 cmol/kgP 2 F 28] o}4} F7}6tTh. 20220 %= COM-CR
9] K, Mg ¥ Cai= COM-NCHT} 7h5-2EH] Flgfo] A Zo|k E5kal 5AZ Fou|gt 2po] 7} YehtA] giskt. ol= 33
220 ZAEole Zed viivled 22 ol gl B7] dio EYY dol2 o] 571t Ao r wHEn12).
EQL, Alves et al[15]0] W2 WeHg ol B4 A3t F3 S {400 DEHL oF 8~29% S715HH =], ol T
Z-E0] B BH]ES 59f urease, alkaline phosphomonoesterase (ALP) & phosphodiesterase (PDE) 5 &4 A& A7) 1L
1617], §7152 44z Balstel CECE 7h1717] thio] B3t 22 Al =ake] CEC 3710 haoleka st

= 2015 (@) = 2015 (b) (c)

| == 2015
16| - 2022 || 2022 A 30 | w2022 A

B

f I 1 0.5
00 : : : . . . 0.0

CN-NC COM-NC COM-CR CN-NC COM-NC COM-CR CN-NC COM-NC COM-CR

K (cmol/kg)
Ca (cmol./kg)
@

Mg (cmolc/kg)

1=
>
~

o o
[N ~
~

o

Treatment Treatment Treatment

Fig. 3. Effects of long-term application of organic agriculture on soil K (a), Ca (b) and Mg (c) for the years 2015 and 2022.

CN-NC, no fertilizer-corn and not crop rotation; COM-NC, compost and not crop rotation; COM-CN, compost and crop rotation to
corn and soybean. COM-CR cultivated wheat during the fallow season and all the harvested wheat was removed. Vertical bar repre-
sents standard deviations(n=3). Different letters indicate significant differences among various fertilization for each parameter us-
ing Duncan's test (p<0.05). *ns=not significant.

EY9| RII1E0 faelit Hat

EF U 7lE &0l 7 w2 A2lHe 3 AE2 4% COM-CRO|3leH, COM-CN¥} A4 203t 2fol=
WERFA] ekott. COM-CRE] 4%~ #71&0°] 2018 ©|Z7HA= COM-NCEH YA ZAMH AR, o] 7B = COM-NCET}
S7Iohe A%l Uetdth EFY f7le2 FUd 714 Higet 8 AREd] et @2 7|= sHAe A &8 v
F71E S71 YF= 18] Luo et al[19]2 S5 A9 ©@Aa7F FEY EoF S59] 37t o &UsHA Hebtor,
olz QI3 EFO 7= ol-&Fol STt 7MY BT BAst: B T Aa MAS §F B AL SR A
= EY U 24 Fde e 1S BED & AL tH16,17,19]. Tiemann et al.[20]0] T2 F-D-Z42
£ AEigt 222 @A) His) nldEe] tFdel IA Sk, 53] =T (Glomalin) ¥ 22 vl FHE 1=
ol ¥ A ZAFEHAUTLL ot EZ FYNM FFolt 22 22 EFY fU1E A F ST AFAQ Bl £
A Qi B st eh21]. GaQlit SRS A5 Ay, 20159 OiH] COM-NGE 58| 0|4} Z71519. 2.0 (Fig 4a), COM-CR
28} o] S7FsFHAIRH(Fig 4b), 2022 %= COM-NC®} COM-CR 7+2] 5A1A {-oJw|gt Zpol= ZAMEA] Sttt 7152 5]
o] HZol= £S5kl COM-CRO] COM-NC}F a AL ol FARH 2AFES=T, ol 33 222 B2t A4S
ol SOl FaQMAM 22 U EE F4ote] EGY] Q4 858 AAA717] "iRoltHil]. F27]o et U ESF
Adt FE 8ES TAAA 7S A FES BESHY antFold, o|2 Qs EY] FAMNEE TTMIZIEH 9T
Aoz wekEn22].

Bx

do kI ro

Lk

S AAEES Fig. 500 AAISHAY. S0 b= BARE 23, 2018 o] A7HA= COM-NCT} 2= AJAbkgol 71
EWAN, o|FRE = T =2 #23% COM-CR A 279 AAikgo] 7MY =7 AR 2™, COM-NCe}F 5412 f-2fu|et
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30 300
© CN-NC CN-NC y=0.2387x-471.18 R* 0.73, p 0.0361 (a) © CN-NC | CN-NC y=-4.0743x+8248.57 R2 0.90 p 0.0019 (b)
© COMNG | COM-NCy=1.1371x-2278.55 R 0.95, p 0.0002 & COM-NC | COM-NC y=19.9724-40194.42 R2 0.90 p 0.0019
i =" 2 4 N = -
A COMCN | COM-CNy=1.16787x-3371.38 R 0.98, p < 0.0001 250 | a com-Cr | COM-CRy=17.8086-35829.38 R2 0.87 p 0.0043
25 4
—~ % 200 A
2 >
< NE
R ] — <
5 7 PRy 2 2 150
© X /§ £
£ e - Om
Q o a2 100 A
£ 151 P <
o 50
10 4 5
01
5 . . . : : : : : -50 T T T T T T T T
2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
Year Year

Fig. 4. Dynamics of total organic matter (a) and available phosphorous (Av. P,0s) (b) due to application of organic agriculture from
2015 to 2023.

R’=coefficient of determination; p=the p-value in correlation analysis. CN-NC, no fertilizer-corn and not crop rotation; COM-NC, com-
post and not crop rotation; COM-CN, compost and crop rotation to corn and soybean. COM-CR cultivated wheat during the fallow
season and all the harvested wheat was removed.

2500 200
[ CN-NC
BN COM-NC 180
I CoM-C a
2000 1| —3 Com T
Bean
= ©
o o
= 1500 A e
2 a a g
b=} a T o
° o
= as >
= 1000 4 c
= ©
o
(&) b a b g
b
500 a b
ai i
0+ : iu

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

Year

Fig. 5. Corn and Soybean yield from 2015 to 2022.

The corn cultivation period is from June to August, and the cumulative precipitation refers to the average precipitation from June to
August. CN-NGC, no fertilizer-corn and not crop rotation; COM-NC, compost and not crop rotation; COM-CN, compost and crop rota-
tion to corn and soybean. COM-CR cultivated wheat during the fallow season and all the harvested wheat was removed. The treat-
ments where corn was cultivated have no pattern, and the treatments where beans were cultivated have a dotted pattern.

Aol LA gholeh. R 201595 H 20220714 $5:50] B B PAFS COM-CRO| 9866 kg/10a2 714 940
COM-NCS} §AHsE Aatgo] ZAPE|gieh, 84:40] W §4050] 49 COM-CR¥} COM-NC7} £:213 Hol7} LA elor
A5k, QUAkT} 2] o] F429] 79 COM-CRO] COM-NCET} 7] ZAFE|9Ieh(Table 3). Vakhnyi et al (23} 2} 223} 217

Table 3. Mean crop yields of corn in the long term(2015~2022) and N, P, and K uptake of the corn

Crop yield (kg/10a) N uptake (kg/10a) P uptake (kg/10a) K uptake (kg/10a)
CN-NC 341.6b 0.87b 0.21c 0.70c
COM-NC 899.5a 3.82a 1.02b 2.22b
COM-CR 986.6a 4.55a 1.27a 2.29a

Different letter in the same column indicate significant difference (p<0.05) according to Duncan’s multiple range test.

https://doi.org/10.5338/KJEA.2024.43.43
Korean J. Environ. Agric. 2024, 43, 435-442

440 https://www.korseaj.org



A 2 9 o] Thato] H]g| B F4o] 0.1~12% S7I5HRoH,
L ood Ago] ME B FE 7Y 5P Bey A0 8] 4B FE Foo] 27K Aolghn Husher.
3 ) o] 2B S B O TS B9 AE| of§ Pt Y YHE IAA, EYe] 48 Yu BIS

2 dve 71l 23 3 e 8% &2 A7t S Dol vis) B dedt FE A fA0] A RIA
RISk, 7SR EH O Higt SJEEE EY 5 USA RARBILAL YA 74 A 7EEE £yl 22 COM-CR
A2 7oA COM-NC A&7 H]sf g/ Fol& o] oF 3-17% 5713t ALz Ut ol 3 222 Ai=ol vl
=l oJsf ZHEEA Za(Ca)d} vadlaMe) T 22 Foleo AdFE w071 WEelth COM-CRY EY {7|& I
23 g/kg_g_i COM-NC Ziﬂ—?_“iﬂ} Ll_ ;\OE p}dﬂgj\q— —8_.—75‘0] 7(1/\ —I)H Eﬂ U]J\HE' EZ]—/\'] .5_7%« sH
EG #718 992 #ole dl A Ae RoEth 28y 2 dFolAE ndEe] AT f71EC] Higt 240] =3EA|
Q371 wizol, olell Hiet #7477 B2 Ao JekHEr:. B COM-CRO| B A2t H|3| 2hz9] Biteat g7
F4egol 7Py 2] o] B3} ABE ol 8% AL AR S F719 A2 P FHolE ANHAS AL
oleiet ATHE B, AV17 £ 4BS LY 9 A S Dhu) wobo] Tl 4B ANES ATHoR $X5}
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