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Abstract

In this study, we analyzed the results of previous studies on different types of agricultural ecosystems to understand
how environmental factors in soils, which serve as significant carbon reservoirs within agricultural ecosystems, a type
of terrestrial ecosystem, affect soil carbon storage and soil respiration. As a result, most previous studies have been
conducted on paddy field and facility cultivation area. And, the carbon storage in the soil and the soil's chemical
properties, such as soil pH, electrical conductivity, soil organic matter content, and total nitrogen content, were
higher in paddy field and orchard compared to field, facility cultivation area, and other cultivation area. The soil
respiration in paddy field was also higher than in other types of agricultural ecosystems. Furthermore, soil carbon
storage showed a significant correlation with soil organic matter (R?=0.7237, p=0.0000), total nitrogen (R?=0.8419,
p=0.0000), and available phosphorus (R?=0.3123, p=0.0024), while soil respiration had a significant relationship
with soil organic matter (R?=0.5644, p=0.0000). In this study, agricultural ecosystems were found to act as carbon
sinks, with soil carbon storage measured at 49.1+8.9 tons C ha™! in orchard, 31.8+6.9 tons C ha™! in paddy field,
and 25.3+28.0 tons C ha ™! in facility cultivation area. Therefore, agricultural ecosystems need to manage soil carbon
storage and carbon emissions through proper soil nutrient management.
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A7k FFoz Qg Qg er HiEH CO, %‘—E%
ZOOO‘EWEi 10d9] 20ppm* F7FHHA 20219 7]& A
AAC t7] F oF 410ppm +FO= Ve, 2022d00l=
QA 2o Fo) 430ppm SE7HA) ERFRA A4 0
2 37Fska Q= FAoItHIPCC, 2022; IPCC, 2023). 1]
1 Ao 2R HT 10W(2011~2020)0] 4H43t o
(1850~1990)Ect 1.09C AF5stial, 2100defl= &%7}
22T 2 3.5C7HA] 52 Aolet AstAtHIPCC,
2022; IPCC, 2023).
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Ar|Ae e, & gAY GAAS Slol AAEA 9
g z5tdtt(Jang er al, 2023). §3] H¢, Ak 9
o]-8-(Agriculture, Forestry, and Other Land Use,
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S ©AaAA 9] SHfjolth(IPCC, 2014).
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a17] glel EoFe] ©ha AFo] AT gl EFTEY
o4k 9 s sl £ A
2 g Ad4 B S 2F, 24 1)

21 7o,

J‘} 2 A skAtH(Table 1).

Kxkcly ﬁ?‘%o] Ao, o] F Ao R st £l
Z(bulk density)tt EF HF Zo] & F7}
0}‘3?._ oje} T2 A tiEEZL APFollA

o]
E_J Xq—ﬁ’-—v—i 011?—% gelstr] #8ll Kolmogorov—smirnov
tests AAISHRY, AFEEE TWEX] §Fol(p<0.05) H|ES
FAEA (nonparametric analysis)-& AHgstAct 2 84
HE Zpol9] B-2]A42 KruskalWallis test2] AR A (post—
hoc)& AAJste] RISt tH(No and Jeong, 2002).

A2 EoFo] 3ol el Ao ZEo] MARY WASH
o] Qlu, E5] EFY ©a A% 9 EFS g JF
S F7] wBof|(Ok et al, 2002; Bhattacharyya er al,
2012) ol we} = A4#] Eoke] B4 AA ) EoFs Sk
9 B a]l 7he] AHIAE Loty flal T3] e
A& Aldstelnh

J=ja Ao wEh A= 7he)] ke AV B AE0t
g & 7] "ol dlojele] BEFHE Sl vl ot
gdee g 2715 FHAasklH(No and  Jeong,
2002). dlolel] #E3t= 7 Ho|HERE Ho-Z Wi F
FHAR o] B2 0, BFEHAE 10] HE $Hoz
A5t tH(No and Jeong, 2002). E3h EAEA 0] 4.0]5)

E2 0.052 443592 (No and Jeong, 2002), AF3]HA
2 oMl x 2 73 (Microsoft office, 2016)ol4 F5} .

ool EAskA BALe Statistica 8 FA|u7] 2| (Statsoft
Co. 2007)E€ ]85ttt

1170]¢itK(Table 2). ©] & 3
=7} 7)ol A Iz EM% %E}(Table 2). 191 5
AEiA AF FRERE =0 ARl 2 47
(333w or 7P W2 AF7F APEJY, A6,
25.0%), ¥(17, 8.3%), 7IEFAEIA (07, 0.0%) o2 AT
7} A= cH(Table 2).

T AYA A 2] lolE] = F 292 7K o]t
(Table 3). 5747 A=A A% F@FE== AEAAEH2(133
N, 45.5%)7F 7V wokal, =(116 7K, 39.7%), #4U(36
AN, 12.3%), (T AN, 2.4%), Z1EFEIZI0 70, 0.0%) &o2
WrtHTable 3). 1223 =19 AYPAT F EF] &4 A
g EGese] A ghol Hlole = BF AA
A7V 247 15 70(48.4%), 20 M(T4.1%) = 7V Wk, =
(AZ=F 1370(41.9%), S&F: 470(14.8%)), (A%
& 3M0.7%), & 3/M111%), T ZTERAHERA] (A
ZA=F 0 70(0%), 385 0 7H(0%)) &2 2 wktH(Table 3).
T3, EQFe] siotA EA A o] £ dlolH = =
99 7W, 42.3%)°] 7V Wk, AAAERZI98 A, 41.9%),
HA3B0 A, 12.8%), 2T, 3.0%), ZIEHAEIZIO 7,
0.0%) =22 WottH(Table 3).

Ul FeA G g4 At 4, A, 27, A
1 oA Z¥ZF 827, 104, 64, 6 o2 Aol 71
A7 AP A (Jang er al, 2023), 5734+ & 1114
HA, 22, AFA Bk BT AR A o
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Table 1. Categories of carbon storage and carbon emission results from previous studies

Category

Carbon Storage |

Carbon Emission

Soil pH

Electrical Conductance (EC)

Soil Organic Matter (SOM)

Soil Chemical

Total Nitrogen (T-N)

Environmental Factor

Properties Available Phosphorus (Ava. P,0Os)
Potassium (K)
Exchangeable Calcium (Ca)
Magnesium (Mg)
Result Soil Soil Organic Carbon Soil Respiration
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e A ot gitt. £3] 5732 AeHAlE =UHe] F4 ES 532 AHA 9 B sHeA BN B
22 Auista e A /9 2ol FHEoz JlerA pH &= 7Hp9(6.2+1.3), A& 8I#](6.2+0.4), =(6.0+0.4)
2] (53, FAA 59 wAaA] At eYE|ofof it o] ¥H(5.2+0.DHET} =941, M/HEEE H4U0.72+

Aol Al EQFe] i@@ B4 A3t 3ol =44 dlo] 0.01 ds/m), =(0.53+0.23 ds/m), AIAAENA](0.44+0.15
H = 2402 EY] g4 A 9 EYS T At ds/m)ol A ¢ E=4hFig. 2@), (b). EF #7118 gFe
el 3% dloje 4(58 7H)EE} ‘“}O*E’r(Tabl 3). 1L = WA43.5+11.4 g/kg) T =(27.9+5.6 g/kgol AR
7AA A o2 AeiAlels g ZHEe] LS Hsl 2)(18.0+8.0 g/kg)et ¥(13.5+0.1 g/kg) R}t &gkv, A&

EG U EPREFAIE AREstaL Qlof o]z ‘?JOH E"J u 3t
skl EAJo] WiglslA| HthKim et al, 2004; Hwang et
al, 2013; Kwon er al, 2022). w2bA EF/NEFAZ 2l
E¢o] sfoty E4o] Wit EQFS] ©Aa AR 9 ESD
SFoll dF= £ 5 W71 "ol = o9 dolA 57
2] eA Y] g4 g 9 viEgdS Jes] 45k fl6)
E¢o] 3ot A A6V WiEo s whoheh

= [e]
=42

ELA

E
d

5737 e ¥ =2
OEF Ul EOFOI |.%_||-3-|| 5*

522 AAHA §EE EYY g®a AAFE g4e
(49.1+8.9 ton C ha™), :=(31.846.9 ton C ha™l), A|AA
1] 2](25.3+28.0 ton C ha ™)l 71 EUchFig. 1(a). 1
g1 EFTEHS =(99+3.8 ton C hal yr HolA 71
LA vebta, #9(3.543.9 ton C ha™' yr!), A
2](2.4+2.6 ton C ha! yr'!) <=o]2thFig. 1(b)).

29| EtA AT £YS

2
ro=h=:]
=

a

dhere eA(2.0240.34 g/kg)d =(1.36+0.41 g/kg)
o] 7F¢ &9rom, (0.99+0.01 g/kg), AAAEIA](0.07 +
0.34 g/kg) =olUthFig. 2(c), (d). FrEIMHS TH(268.0+
0.9 mg/kg)o] 7P &=k, AAEIA](131.3433.0 mg/kg),
=(86.3+18.7 mg/kg) &olAtHFig. 2(). ZEL T2
(1.07+£0.55 cmol+/kg)e] 7Fg =kat, A 8)=](0.47+0.17
cmol+/kg), ¥(0.30+0.01 cmol+/kg), +=(0.25+0.14 cmol+/kg)
ol okFig. 2(D). ZE2 T(7.56£0.01 cmol+/kg)e] 7t
ZF =9y, #(7.37£5.78 cmol+/kg) T =(6.0042.35
cmol+/kg), AAAHEIA](5.50£0.67 cmol+/kg) %0 thFig.
2(g). Atvle w84 AHEA fFEE: 1.93+£0.01
cmol+/kg, AAERA]: 1.64+1.06 cmol+/kg, T==A: 1.48+
0.47 cmol+/kg, = 1.38+0.79 cmol+/kg) 2 =}o]7} ¢l3ich
(Fig. 2(h)).
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Table 2. List of previous studies by detailed types of agricultural ecosystems used in analysis

Previous Studies

Ecosystem Types
y L Report

Research Paper

Paddy Field
addy e Technology, 2013

Ministry of Education, Science and

Shim er al, 2015; Shim et al, 2016;
Han et al, 2020

Field

National Institute of Agricultural Science, 2013

Facility Cultivation Area

Rural Development Administration, 2017

Kim et al, 2008; Kim er al, 2017:
Byeon er al, 2023

Orchard

Rural Development Administration, 2017

Jo et al, 2014; Lee et al, 2016

Other Cultivation Area

Table 3. Number of data from previous studies on soil carbon storage, soil respiration, and soil environmental factors by detailed types
of agricultural ecosystems used in the analysis (SOC: Soil Organic Carbon, SR: Soil Respiration, pH: Soil pH, EC: Electrical
Conductivity, SOM: Soil Organic Matter, TN: Total Nitrogen, AP: Available Phosphorus, K: Exchangeable Potassium, Ca:

Exchangeable Calcium, Mg: Exchangeable Magnesium)

Previous Studies
Ecosystem Types Result Environmental Factor Total
SOC | SR 1‘1’ pH | EC |SOM | TN | Ap K Ca | Mg thj
Paddy Field 13 17 13 12 14 12 12 12 12 12 99 116
Field 0 0 1 0 1 1 1 1 1 1 7 7
Facility 15 20 35 14 8 14 7 14 14 14 13 98 133
Cultivation Area
Orchard 3 3 6 5 3 3 3 5 5 5 5 30 36
Other
Cultivation Area 0 0 O 0 0 O O O 0 O O 0 0
Total 31 27 58 33 23 32 23 32 32 32 31 234 | 292
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r1}(Per1n151 and Thomas
2015) A=t @7] AL, ESF $78 Jdfa A4 ok

2 EY =Y 245 Uetle 5483 Aoy, duts
o2 EF Y f7= &9 dda o] =2 A vA
=9 /o] sttt dHA Ad(Yoo er al, 2012;
Natural Resources Conservation Service, 2013). & 19|
A =3l 7159 ESF 9718 Feko] o Aoz Hol &
ZIg4e 77189 FHl= EAsH] dliedl oE s A
HA fEET EGY ga AFTo] =2 Ao=r woHEn
(Hu and Wang, 2008; Dixon et al, 1994). 53] =2 tf&
5732 AEA R ESS gl =3=tlFig. 1),
ol =9 EY nES] 5o thE 742 AHA fIE
o =2 AZ ongith

a8 =9 FasliFig. 2(e)d 3ol TE
(Fig. 2(D), Z=(Fig. 2(g), vta1vl&(Fig. 2(h)2 t& 574
2] A fE3EY BA U=, oldd olfe EY
o] EF W 47152 Edoliste oA S5 $Is
TR golg nBE Adlel &4t wiEelt
(Kirkby er al, 2014; Kuzyakov er al, 2000).

33 534| EY9| Eia Az EYS ST U EYS
201 7to| 2|
A7 B g A FAHCR foF BAE
1 A8 EY 4718 FR?*=0.7237, p=0.0000), -4
HFHR=0.8419, p=0.0000), F-HI4HR?=0.3123, p=0.0024)
o] A3 (p<0.05) (Fig. 3(0), 3(d), 3(e), E¥TgF TAZ
o7 GOl WAE Bl AL EF 718 FTHR=0.5644,
p=0.0000)0]12cHp<0.05) (Fig. 4(c)). o] ESFo] 4 A
FFE EY 18 da AdA o] 3U1ESE St

Aok e ot
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Soil Organic Carbon (ton C ha')

=)

Paddy Field Field Facility Orchard Other
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Area Area

Fig. 1. Soil Organic Carbon (ton C ha™) (a) and Soil Respiration (ton C ha™!

Ag <Pl Jola SYSGE 29 1% 901 5
e Frkdts 2 .
ol2{gt Atz EO} A AHAE f71En 240 ¥
7 o7 Qs EQFo] ©Aa Ao FlsHAl Hrh
55l f7189 7= EY nAEY &8 777 |
2ol o]z Qs B nAE0] o50] F7ste] EYe T
S7FsHAl BthDixon et al, 1994; Hu and Wang, 2008;
Yoo et al, 2012; Natural Resources Conservation Service,
2013). T3t EQF Y faQike EY nd=e 5ol 9%
ROoRA FaRLte] FIIHA HH EY ndES] &5 5
7I2 EG U f718S Edlish] dlZell Bl g4 2adwol
HAasHA Bk Liu er al, 2013; Kirkby er al, 2014; Kuzyakov
et al, 2000; Wang et al, 2020; Zhao et al, 2023).
webd TR EGO] ©®a AT EOSHe EY
94 FLa el metr getx]r] wiZel 24 w732 A

Fol 2= Eoe] pelt askt 59l BE 34 A4
SPASKE 2 AEA Hek FsEel ok
Slo] PTE e Ba4AE PP B} Q] 22

o] AFolM= ZARAA (AR e} o] A7) et AlH] &
9 A9 59 D50l e EF Baol 4% 2 wiEe B
Z¥sto] EoF #elo] " oS 7rxeta 9tk (Bhattacharyya
et al, 2012; Shim er al, 2016; Kim er al, 2017; Han et
al, 2020).

oA $74A AANA Tt TS =] Pelo|
JelAl FepAle, BAG] EFY 5L B 4P Ba

£ Hfj&otar JIrHCambell er al, 2005; Gregorich et al,
2005; Schlesinger, 2000). 121 5HX]9] ESF f7|gt4E
EoFH| 2 o] ©%]9} ZHEo] ot el APAito| uf$ ZEQs}
o, 59] HZole 71R3 ZAR Qs 5329 B Ul
IR a A it Fa/de]l AAL YA Su er al,
2006; Kundu er al, 2007; Hong er al, 2015).

A 742 dF2ol §715He] obd TR sHer W
2= qlon, walsols Hmo] AR EFe] AHdst
Ejo] EoFo] 3}stAlo] ofglE| 1 QtHKim er al, 2006;

[
o

1 (k)

= =
N s
L L

[
=)
L

Soil Respiration (ton C ha''yr?)

Paddy Field Field Facility Orchard Other
Cultivation Cultivation
Area Area

yr'1) (b) measured under

agricultural ecosystem types. Alphabets on the bars mean significant difference among agricultural

ecosystem types (p<0.05). Above bars on the graph mean standard deviation.
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Alphabets on the bars mean significant difference among agricultural ecosystem types (p<0.05). Above

bars on the graph mean standard deviation.
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Appendix
Appendix 1. Results of previous studies on soil carbon storage and soil respiration, and soil environmental factors by detailed
types of agricultural ecosystems used in analysis (SOC: Soil Organic Carbon (ton C ha™), SR: Soil Respiration (ton
C ha™ yr'Y), pH: Soil pH, EC: Electrical Conductivity (ds/m), SOM: Soil Organic Matter (g/kg), TN: Total
Nitrogen (g/kg), AP: Available Phosphorus (mg/kg), K: Exchangeable Potassium (cmol+/kg), Ca: Exchangeable
Calcium (cmol+/kg), Mg: Exchangeable Magnesium (cmol+/kg))
Ecosystem Result Environmental Factor
0 Reference
VIPIES SOC SR pH EC SOM N AP K Ca Mg
Ministry of
27.3 B B B B B B B B B Education, Science
(n=1) and Technology,
2013
.6~6. . 2.
- 5(6 726)8 (5761) - (3713) - - - - - Shim er al, 2015
Paddy Field n= n= n=
o |oe~127) ) 323 ) ) ) ) ) Shimn ot ol 2016
(n:2) (n:l) m er alk,
19.4~449 55~6.6 | 0.3~1.0 {16.0~38.7| 0.8~2.0 | 56~115 | 0.1~0.6 | 3.0~9.1 | 0.6~2.8 H ¢ al 2020
— n al.
(0=12) ®@=12 | @=12) | @=12) | @=12 | @=12) | @=12) | (@=12) | (@=12) e
el ) ) 5.2 ) 135 10 268 03 76 1.9 I:at?oni : Inlszn,”e of
a (n=1) @=) | =D | =D | @=) | @=) | (= | CECH S
2013
B 6.9 B B B B B B B B Rural Development
Facili (n=1) Administration, 2017
acility
Cultivation
Area
1.0~10.4 5.8 0.3 18.3 150 0.6 55
- - - Ki al, 2
®=10) | @=D | @=D | =1 @=) | @=D | G=D m et al. 2008
1.1~6.5 | 0.7~2.2 | 6.2~7.1 | 0.5~0.7 | 7.8~13.8 |0.06~0.08| 117~176 | 0.3~0.6 | 4.4~7.2 | 0.6~3.9 .
B B -7 -7 -7 =7 -7 -7 -7 -7 Kim er al, 2017
Facility (n=9) (n=9) (n=7) (n=7) (n=7) n=7) =7) (n=7) (n=7) (=7)
Cultivation
Area 45.1~71.2 5.8~6.3 18.0~39.0 20~120 | 0.1~05 | 45~67 | 1L0~14 | 2023
- - - eon et al.
(1=6) (n=6) (n=6) ®@=6) | @=6) | ©=6) | (=6) g ’
B 8.0 B B B B B ~ B B Rural Development
(n=1) Administration, 2017
0.9~1.6 | 4.2~5.6 176 0.3~0.8 |1.15~1.22| 0.8~1.3
Orchard (1=2) (1=2) (n=1) (1=2) (1=2) (n=2) Jo et al, 2014
40.1~57.8 B 7.1~7.2 0.7 32.1~549| 1.7~2.3 B 1.2~1.6 |9.5~126| 1.6~1.9 L ¢ al. 2016
®=3) @=3 | @=3) | ©=3) | =3 ®=3) | @=3) | ©=3) e e
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