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Evaluation of Carbon Balance for Carbon Sink/Emission
with Different Treatments in Paddy Field

Gun-Yeob Kim*, Jong-Sik Lee, Sun-II Lee, Hyun-Cheol Jeong, Eun-Jung Choi and Un-sung Na

National Institute of Agricultural Sciences, RDA, Wanju 55365, Republic of Korea

Abstract - Importance of climate change and its impact on agriculture and environment has
increased with the rise in the levels of Green House Gases (GHGs) in the atmosphere. To slow
down the speed of climate change, numerous efforts have been applied in industrial sectors to
reduce GHGs emission and to enhance carbon storage. In the agricultural sector, several types of
research have been performed with emphasis on GHGs emission reduction; however, only a few
work has been done in understanding the role of carbon sink on reduction in GHGs emission. In
this study, we investigated ecosystem carbon balance and soil carbon storage in an agricultural
paddy field. The results obtained were as follows: 1) Evaluation of soil C sequestration in paddy
field was average 3.88 Mg CO. ha™ following NPK +rice straw compost treatment, average 3.22
MgC ha™' following NPK + hairy vetch treatment, and average 1.97 Mg CO- ha™ following NPK
treatment; and 2) Net ecosystem production (NEP) during the paddy growing season was average
14.01 Mg C ha™ following NPK + hairy vetch treatment, average 12.60 Mg CO» ha™ following
NPK +rice straw compost treatment, and average 11.31 Mg CO; ha™ following NPK treatment.
Therefore, it is proposed that organic matter treatment can lead to an increase in soil organic
carbon accumulation and carbon sock of crop ecosystem in fields compared to chemical fertilizers.

Keywords : carbon balance, rice paddy field, GHGs emission
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Table 1. Chemical properties of soil before experiment

Ex. Cation
pH EC oM Av.P;05 TOC TN (cmolokg ™)
Year Treatments - - - - - cKg
(1:5)  @Sm?") (gkeg) (mgkg) (gkg)  (mgkg)
Ca Mg
2014 6.2 0.57 7.8 147 4.5 60.8 0.64 5.08 0.56
NPK 6.3 0.51 9.8 117 43 614 0.27 437 1.82
2015 NPK + Hairy vetch 6.7 0.55 12.8 132 5.7 75.8 0.32 524 2.04
NPK + Rice straw compost 7.1 0.57 11.5 121 49 73.5 0.37 497 2.01
NPK 6.9 0.73 10.7 146.6 8.0 679 042 543 2.31
2016 NPK + Hairy vetch 7.0 0.61 13.8 175.6 9.6 80.4 0.51 7.18 3.94
NPK + Rice straw compost 6.9 0.64 12.8 1394 10.7 79.5 0.49 6.87 3.83
93-S s}H (Raich and Schlesinger 1992; Bond-Lamberty A ga FAE A s g4 Bl 283 V)=
et al. 2004), o|9} TlEo] 4H, 24|, A, $H A% L2 "Jr ARE AFdte A4S 5L 2 5190
&t S AL AT 7] el wEE= COo, &
=2 sl o ats] A o
g AFgst= A7t 0] Y= 1 ,J\D]-(Baldocchl et
M= o g

al. 2001; Baldocchi 2008). SAAE| A= A4 EFHET} 4
Aoz FHS 4 9] o1 (Kim and Kim 1998; Lee 2012),
A7 SAAEAR G Bho) L ok 231PgCyr
o2 FAEI UTH(IGBP 1998). 0|5 EFHS 449 oF
3uf, tf71 9] oF 2ufof Got= Wit Fo BAE FHs
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Zpolof Qa4 kA th(Cambell et al. 2005; Gregorich et
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248t pHE EGS /7T 1:5(W/V)E 333 &
30&7F W RS} pH meter (Orion 4 star, Thermo, Singapore)
8}3L, EC= pH 34 § EGEAS #42 o R =2

C meter (Orion 4 star, Thermo, Singapore)S ©]-&
st AT FR 4R Lancaster'] 22 720 nm 37
oA ¥]AA (AU/CARY 300, Varian, Australia)=® #43}%
o, 284 FolLS 1M NHOAC (pH 7.0)¢H o7 A&
gto] fEATE=u-EE37] (Optima 7300DV, Perkin
Elmer)2 E43}9th & &49} §7] 8L TOC-meter (Vario
TOC cube, Elementar, Germany)2 37| &2 E9A| =20 2M
HCIE 7]2Z7} dAshA] obF wi7hR] & ARAIA F7 8
& HEZ AA T TOC 47|12 EA31% o (Wang et al.
2012), & A4+= CN analyzer (Vario Max CN, Elementar,
Germany)2 EA43}¢lct £3] EY f7gaE It &
BaRHS uo ASTAYE BHa,

2B D 2A7kA B

AFEZOA CO.9F CHys EHAE 2AMSLY] 9faf 3
¥ (Sebacher et al. 1980; Yagi et al. 1990; Shin et al. 1995)<
o]-gatgith A Au WA o] 0.36m’ (0.6X0.6 m)°]
I =0]7F 1 mQl F9H3 polyacrylic plastic®] &2 A2}
st e (Fig. 1), 7FAZR] v = o Auf7|7t F<t =2
floll skl HAstgr ZHSHA 2 = M Bl
dolFqith A A 7tA2xy Fe= 7]E HF B
Qe =9 (Sebacher et al. 1980; Yagi et al. 1990; Shin et al.

-
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Fig. 1. Schematic cross section of gas collecting chamber for mea-
surement of methane emission rates in paddy rice field.

Table 2. Gas chromatographic analysis conditions for CHs and
CO2 measurement

Detector FID
Packing material Porapack N (80/100)
Column Materials Stainless steel
0.D. X length 1/8"X2m
Carrgier gas N2
Flow rate 30 mLmin”"
Column 70°C
Temperature Injector 80°C
Detector 200°C
Retention time 0.63 min

Concentration of calibration gas 9.6 and 100 ppm CHs in N>

Loop 2mL

1995)0] &Jsff A|&stglom, CO.9F CHy 27 7k A3
AZA A O 7kA 2R SA] AW 9% QS E€2, a8x
308 F 7tAE 25 308 A ZAI FEo 308 F
EHT FE=AE o] 85ty wiEHES 545Ut (Sebacher
et al. 1980; Yagi et al. 1990; Shin et al. 1995). 7}AA & A
= Yagi et al.(1991)9] W o 2J5te] 2447t & EH+E= &
A7kE S5 Bateh o AZE 97t 5k F ¥ 2
A 10:00~13:00A12} 2% 16:00~19:00A| 2 e} @ Aw}t
23 A7t Fofl st AT RIS AYste] ZFAE A3 st
2 B AFAE 24 10:00~13:004] Are]e]l 60 mL F
ARZ1Z 1579 23] (IPCC 1996) A5k 243 %et. A3
3t 7] A|R 9] CO¢ CHy 7|A| 5=+ 6 port gas sampling
valve7} ZFZHEl GC-FID (Varian 3800)2 EA135}9t). CO,.¢}¢
CHs B4 27L& Table 28} Ztt.

CO; (Rolston 1986; Lou et al. 2004)2} CH, W& 29
2~ (Minami and Yagi 1988)% Th2 2]o] wabr] AAH(F: mg
m hr )3ttt

F=p X (V/A) X (Ac/At) X (273/T) (1)

pe 7FAYE (CO, 1.977mgm™, CH, 0.714 mgm ™),
AE chamber HFEFH A (m?),

V& chamber Y 37144 (m),

Ac/At= chamber Y] 7tAE 50 B Z71&E
10°m’m~ hr"),

T+ chamber Y] B47]-&(K).

3.4 Az o EF fes 2 A & dF AR

o ARl EoF IRkt A & AL
37] 9lstel W AgBAER & =z
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of BAslgon, v Aujx] 9 eig
whaba] AlAFeE T

1) B 97[Es Zxj ¢

A Bk ok Ao

3} (IPCC 2006)
(SOC) = [{SOCo— SOC(0 — H)}/T] X A )

SOCo: upA| 9} 3| o] EFR7e4a SAF
SOC (o—t): A3 F7 e SH=F

T: (=2 7]7ke] A

A: AujH A

2) ZISMENA BtA X
{4 A A A & YAAAEF (Net Primary Production;
NPP)E M7k COsE Badlol BHES o) AN F o
A} AFF (Net Primary Production; NPP)I} E7} & &
(Heterotrophic Respiration; HR)2] z}o]| 2 erd 4= QJT},

NEP =NPP — HR A3)

NEP (Net Ecosystem Production): R €] A] & AYA=F
NPP (Net Primary Production): <= & XA 4H
HR (Heterotrophic Respiration): Et7+% &

B9k 978k
Zpol 2 AAFEFG I (IPCC 2006), B ZH-E0] HejA & B4k
F2 NEPIA CH: (& F& ©2=HE 7ste A4kst
ot (Melillo et al. 1995).

Z2AZES £3F A5 EoF $7] EHaAa
s

e OE,

SAAHA A EST AES ET IS A= AF
S B3 Ao &aE A% £ vjE5}R| g (Schlesinger
0 Gto] F&dth

(IPCC 1996). wjetA ZHE AYAlefat 2oF &
O] AH|Fe] mE g 29 AEE dwstel
S AHAANA 712 WEHe Co +AE
g QlolA] & %@ 3}T}(Suh er al. 2006).

Az W ol A EF F7SaTFE 201490 had
9.56 Mgoll A 20159 H]E ¥ $7]8 Ao o} 10.9~
1273 Mg, 201691 12.02~17.38 Mgo. 2 37} AE24
2 B9f 97]eaTFo] 27319 th(Table 3).

EY frgs fé. F2 Asty] flste] B AsdAE=
EG F R71EaES BASTH(Table 4), EF #7] &2
e (Table 5)& B 7H]F (1.3)0] EFHA | gt F
AEFAA x BEgglo l 15ecm)9t B 5 f718aE Fot
of AHgstgic. 8 & B 7lﬂi%¥%*% Al A=}
Elezias 7}6} 1 Tr7]€ RB2E A& slofeulx] A
27k shstel ey HA EA| ZHOH H|3l| =3ttt Table 6
< A= b A EgEa £AE Ued ot BT
& FAE % F EG fgaFlM A" A EY &
] Wt BEY frga SHF] AitEh. B
& f71ea 2T NPK + 8o 2]#] 2] >NPK + B4 EH]

o2 eyt 1y EG g2 Ae B
222 W3} (IPCC 2006) A1 o]83t7] T
of mpAlet 8je] EFfrea FAFAA A Frlga

Table 3. Amount of soil organic carbon before experiment during
rice cultivation period (2014-2016)

Soil organic carbon before

Year Treatments experiment (Mg Cha™")
2014 9.56
NPK 10.90
2015  NPK +Hairy vetch 12.18
NPK + Rice straw compost 12.73
NPK 12.02
2016  NPK + Hairy vetch 16.24
NPK + Rice straw compost 17.38

Table 4. Soil organic carbon content for five stages during rice cultivation period (2014-2016)

Year Treatment Rooting (%) Tillering (%) Internode elongation (%) Ripening (%) After harvest (%)
NPK 045 049 0.52 0.58 0.56
2014 NPK + Hairy vetch 043 047 0.58 0.64 0.65
NPK + Rice straw compost 0.46 048 0.64 0.62 0.62
NPK 0.52 0.51 0.52 0.56 0.62
2015 NPK + Hairy vetch 0.58 0.57 0.64 0.63 0.83
NPK + Rice straw compost 0.64 0.61 097 0.64 0.89
NPK 0.66 0.66 0.69 0.72 0.78
2016 NPK + Hairy vetch 0.77 0.65 0.78 0.81 1.16
NPK + Rice straw compost 0.80 0.72 0.71 0.77 1.22
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Table 5. Soil organic carbon content for five stages during rice cultivation period (2014-2016)

Year Treatment Rooting Tillering Elongation Ripening After harvest
(MgCha™) (MgCha ") (MgCha™) (MgCha ) (MgCha™)
NPK 8.78 9.56 10.14 11.31 10.90
2014 NPK + Hairy vetch 8.39 9.17 11.31 12.48 12.73
NPK + Rice straw compost 8.97 9.36 12.48 12.04 12.18
NPK 10.14 9.95 10.11 10.98 12.02
2015 NPK + Hairy vetch 12.48 11.90 18.94 1245 17.38
NPK + Rice straw compost 11.31 11.12 12.47 12.23 16.24
NPK 12.94 12.77 1341 14.13 1533
2016 NPK + Hairy vetch 14.93 12.63 15.14 15.87 22.63
NPK + Rice straw compost 15.65 14.09 13.79 15.05 23.88

Table 6. Soil organic carbon budget for different fertilization conditions during rice cultivation period (2014-2016)

Soil organic carbon content after Soil organic carbon content Soil organic carbon

Year Treatments experiment (A) (Mg C ha ") before experiment (B) (Mg C ha " budget (A-B) Mg C ha ")
NPK 10.90 1.34
2014  NPK+ Hairy vetch 12.73 9.56 3.17
NPK + Rice straw compost 12.18 2.62
NPK 12.02 10.90 1.12
2015  NPK+ Hairy vetch 16.24 12.18 4.06
NPK + Rice straw compost 17.38 12.73 4.65
NPK 1533 12.02 331
2016 ~ NPK+ Hairy vetch 22.63 16.24 6.39
NPK + Rice straw compost 23.88 17.38 6.50

Table 7. Soil organic carbon budget for each inventory time period under different fertilization (IPCC 2006 GL)

Soil organic carbon after Soil organic carbon before

experiment (2016) (A) Soil organic carbon budge (A-B)

Treatments experiment (2014) (B) -1

(MgCha™) (MgCha™) (MgCha )
NPK 3.31 1.34 197
NPK + Hairy vetch 6.39 3.17 322
NPK + Rice straw compost 6.50 2.62 3.88

SAFE A% gol FF EY A719L FHFo| AEdEY
(Table 7). o]¢} 22 A2 W Yujr] EYF F78a &5
2> NPK+HZ ] 22 (3.88 Mg Cha )ollAl 7H3 &St
11 NPK (3}8H] 2) 28] 2t} 40.8%, NPK + 3|oj 2] 8| %] ]
ZlETt 17.0%9] %4 E37F A T2k NPK+ 3 A=
] 2|7} NPK + 3o 2|20 v B f7]etd 25
o] &7 Y HFEH] Ajgo] Fojuz] A]gol w3
FAA W 'A SHFFE wo|iL, s =84 fUIE Y
AL G 2 FPEE Fold Ao FAEThHE Yuner
al.(2012)2] B39} 9% 3}ch E3F CONEL E9F 97|e
& Zoiok 9ysA B9 9o whol oA FA (Mirsky
et al. 2008)3t vlol e w|A Ha&S HAAYst= 8% a9l
(Kemp et al. 2003)0] 2t dhod, g o] 2]u[X]of] H]3] C/N&©]

2 Y Aol B f71ea FAF] A UE
o Aol dAEkqct

Table 8-2 B =73t Eok37] Bha FeF2 W A7)zt 3
Y 5ot Bste] &Y ¥ T B fU1eA RS UE
W Aotk NPK +3loj 2| 2] A 2|7} NPK A 22} NPK +
HHE] o vlsf 8] Jx f5Fo] Wotoy @9 %
F B G714 FFS NPK +HAEH 27t T A
vl 3l @erom, o] NPK + Floj2|H| 2] A2l H]a] 3
Hou BEY f71ekAd SH7Fo] @ NPK+H A E 4| A
7F 8% anpdolat 3 4= gloh. 53] NPK + 3o 2] %] A
Zlo] vlall NPK + A Eulo| A EF F7]eha dhago] W
AL oy X o] v C/NE&©o] 21 &yl =3 |
HEu] o] EA4olztal t¢lth(Fageria 2007).
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Table 8. Yield of unhulled rice and soil organic carbon per unit grain yield in paddy soil under different fertilization for the 3-year average

during rice cultivation period (2014-2016)

Treatments Soil organic carbon Yield of unhulled rice Soil organic carbon per unit grain yield
_ -1 -1
(kgha ) (Mgha ) (kgMg )
NPK 1,973 572 3449
NPK + Hairy vetch 3,221 7.14 451.1
NPK + Rice straw compost 3,879 643 603.3
Table 9. Net primary production (NPP) for different stages during rice cultivation period (2014-2016)
. Tillering Internode Total
Nursery Rooting elongation .
: o —Internode o growing
Year Treatments —Rooting —Tillerin g clongation —Ripening period
(MgCha ™) (MgCha ) -1 —Harvest -1
(MgCha ) (MgCha™") (MgCha )
NPK 0.49 0.65 5.02 423 10.39
2014 NPK + Hairy vetch 0.58 0.85 6.82 6.15 14.40
NPK + Rice straw compost 0.59 0.81 6.32 5.16 12.88
NPK 041 1.09 4.68 745 13.64
2015 NPK + Hairy vetch 041 191 431 991 16.54
NPK + Rice straw compost 0.40 1.40 4.66 9.55 16.01
NPK 0.40 0.34 2.57 9.71 13.03
2016 NPK + Hairy vetch 0.40 0.44 327 11.57 15.68
NPK + Rice straw compost 0.40 0.38 349 8.86 13.14

2.4 A 2] YA & YA

53R AEHACNA CO, £AE A5 YeiA= HA
AZA] E9FQ] E}7138 (Heterotrophic Respiration: HR), <=
12} A AFEF (Net Primary Production: NPP) 12|31 AJEj A &
A A+eF (Net Ecosystem Production: NEP)-& -} af|oFgtct,
FAAEANA BT AES EGEEY AEY A
ol AFFY #AE A E= #jE38L 9lok(Schlesinger
2000). wrebA] ZHE AR BEQF TERF J2]al R A
Hlggo] o2 gha $X]9] AdE $ske] Aot 542 7
A2 A 7|2 HiEEHe g2 $AE TS o Aol
o> F 23ttt Table 9= 39 B¢t &2 A B ZEQ
& UAAPAEF (NPP)2 NPK + 3o 2]#| 2] A 2]Lo A 713+
=30, NPK + 3o 2] ¥ x] > NPK + 51 ¥ EH] >NPK <2
2 Yeth o= BA o H3} C/NEo] ¥ FojaHX]=
EolA f718Y Bal&=rt Wet R fFaEet v
ol gafo] wol 27|AKo] e A 7]QIFtha 5%
T} (Cho ef al. 2012). 0|2+ GAFSF AT Yun ef al. (2010)%
R 9 AR RS A8 E%el Al 2713 A1
NN CINgO| AR e AHE HeToln Yo
F718kFo] w9koH, C/N&o| 2 7IEE+5% A+

oAA 718 Aad] Zaf&o] Wa2 Raustgen, 29

vho] Quj A AALFE C/NEo| HAE o H3) & e
S Aao] Rr)EHEFo] 2 dojgHA] Ao E
o2 wostgtt. 183 ASHAE & RPAFS B
AT tEo feUS7| R G435 F78H 5571
7130 89 kol 7H = A UEh fES T ~557]~5
7] SAZE =9kt o9 -2 ZAIH= Shim er al. (2015)¢]
AtA et FARHATH

Table 102 A=E W 571709 EFY B712 5% (HR)
< yehd ®olth 2016W-E ALt 2014~2015W =
NPK + 8o H|X] A2l tol A B7tEgeFo] Wokeh B9
IEFE $71EY CONEO| Y48 I3 Be £17)
WE42 2713t 8} (Yagi er al. 1990; Lim er al.
2012), 2 AxZAtol| A HAYEH ] v |§7]E C/N&
o] @& NPK+3|o]2]HA] A 2]7} NPK + B & EH| A 2] 2
ot 7.3~142%7} E7}3EFo] Wokth ¥ AEA & At
% (NEP)-Z Table 1104 Yehd vkel 2o o A < A
AHF(NEP)2 A A o2 Aot 37t A5E+E F71st
3L, NPK +3lof2]H| %] A 2jollA] v FeA FA5Fo] 713
Wttt NPPE= A 2R o 8 gAY fedg7|~
&7~ TA B ot g AR g7
%9 COE 7 wWol 1AL, o2 B~/

B87], B2~ 57, o]~ B 2| olgirt. vl Al

P to v
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Table 10. Heterotrophic Respiration (HR) for different stages during rice cultivation period (2014-2016)
. Tillering Interno.de Total
Nursery Rooting elongation .
. . — Internode Lo growing
Year Treatments —Rooting —Tillering elongation —Ripening period
(MgCha ) (MgCha') -1 —Harvest .
(MgCha ) (MgCha_l) (MgCha )
NPK 0.02 0.15 0.38 0.31 0.96
2014 NPK + Hairy vetch 0.03 0.27 0.58 043 141
NPK + Rice straw compost 0.05 0.21 0.53 041 1.21
NPK 0.01 0.60 0.08 048 1.16
2015 NPK + Hairy vetch 0.10 0.93 0.63 0.54 2.20
NPK + Rice straw compost 0.05 0.79 0.63 0.57 2.04
NPK 0.30 0.26 0.17 0.17 0.90
2016 NPK + Hairy vetch 0.28 0.24 0.17 0.12 0.81
NPK + Rice straw compost 0.18 0.31 0.13 0.09 0.70
Table 11. Net Ecosystem Product (NEP) for different stages during rice cultivation period (2014-2016)
. Tillering Interno.de Total
Nursery Rooting elongation .
Parameter . I — Internode Lo growing
Year Treatments -1 —Rooting —Tillering . —Ripening .
(MgCha ) (Mg C ha—l) (Mg C ha—l) elongation Harvest period
-1 - -1
(MgCha ) (MgChafl) (MgCha )
NEP' 047 0.50 4.64 392 943
NPK HR’ 0.02 0.15 0.38 0.31 0.96
NPP’ 049 0.65 5.02 423 10.39
NEP 0.55 0.58 6.24 572 12.99
2014 NPK + Hairy vetch HR 0.03 0.27 0.58 043 141
NPP 0.58 0.85 6.82 6.15 14.40
NEP 0.54 0.60 5.89 4.75 11.67
NPK + Rice straw compost HR 0.05 0.21 043 041 1.21
NPP 0.59 0.81 6.32 5.16 12.88
NEP 0.40 049 4.60 697 12.48
NPK HR 0.01 0.60 0.08 048 1.16
NPP 041 1.09 4.68 745 13.64
NEP 0.31 0.98 3.68 9.37 14.34
2015 NPK + Hairy vetch HR 0.10 0.93 0.63 0.54 220
NPP 041 191 431 991 16.54
NEP 035 0.61 403 8.98 13.97
NPK + Rice straw compost HR 0.05 0.79 0.63 0.57 2.04
NPP 0.40 1.40 4.66 9.55 16.01
NEP 0.10 0.08 2.40 9.54 12.13
NPK HR 0.30 0.26 0.17 0.17 0.90
NPP 0.40 0.34 257 9.71 13.03
NEP 0.12 0.20 3.10 11.45 14.87
2016 NPK + Hairy vetch HR 0.28 0.24 0.17 0.12 0.81
NPP 0.40 0.44 327 11.57 15.68
NEP 022 0.07 3.36 8.77 12.44
NPK + Rice straw compost HR 0.18 0.31 0.13 0.09 0.70
NPP 0.40 0.38 349 8.86 13.14

'Net Ecosystem Product, 2Hetemtrophic Respiration, *Net primary production
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A9] CO, n3tof gt AellA NEP= 7€ 3h=~84Y A<
o Ztigto] Yelkom, o] vl-H e o]z} =04 v A
Hj717F FQte] CO, 229 AFA W3} AoA 953
o NEP7} Ht|2 YEGTHE Min et al. (2013)2] A3t} &
=

HE=oA CH.Z WiE 8 @49 &g getstr] 9
o] CH,4 Wi&3FS Z A3 TH(Table 12). CH, &L &
W&o FHAg ga wiETF Hste &V ~fed
7|7HA] CHs ¥iZ S8 ©r2ulEsFo] =4 Jebsttt. 3kt
gHo §71E< dojHlA] Bxet HAEH Ao
CHs i & el gtaui&Eo] w2 A2 T Al @714
A @711l al 57180 BallElo] CHa7b o @ol W
A =)7] wjZo]th(Schiitz er al. 1989; IPCC 1996; Yagi et al.
1996). CH, v & {2 graui&=k2 S Eulof vg] CO/N
o] 22 Foju|z] AZolA gaujEge] w5 AOE
A3t ok, NPK + 8 o] 2] H| 2] A 2] 2ot NPK + 33 4]
Aol A gavjEsFo]l =Uth NPK + R A EH] A2 ofA]

B wjETo] £ UACRL §7]8 EQeo] NPK+3

ofs
-

B

ojZ|u| X2} NPK + B H 0| oA Aasg 7|Eo=2 &
PFes AASHAL, A2 BUdE F71EY daddw
2 gojgfuA]of Hlsl A=Y A2 oA 5uf o] Wk
b2 o @2 CHs A4 2= QsiA CHy &l o =4
Uetd Ao 2 ALz E T}, Pramanik et al. (2014)2} Pandey et
al.(2014), Roh et al.(2010) ZL2] I Yagi et al. (1990)% CH,4
£ E¥o S8 {7180l B&d EHuEts AMT #
718 {718 A4 o gol TAHY, BiHE= f71E
9] o] W4 F FUketa shgih. a2y B¢ §71
= Tyl NPK+3ojgju]|2] A 2jof vl NPK+ 34 g
H] 2 2ofAf oF 58 o] =A Fol Hol= £t
CHy Hi&=F2 oF 2uf XX A F7HE|Gledl, 1 dRleg2 e
Tables 6, 794 NPK +3loj2]=#| 2] Z2jo H|s| NPK+H
AEH Ao B f78L ST B2 LR Ko}
CHy Hj&Fo] 2 tiAl T /7129 &8i7F =8 &
|7 2E f7lEo] EYl frlgdaz AAs] 2 A
2 gehEl Tl (Fageria 2007; Choi er al. 2010).

Table 13> A='d v YA T ZAF(NEP)S 4AHY

Table 12. Carbon content caused by use of CH4 emission for different stages during rice cultivation period (2014-2016)

. Tillering Internode Total
Nursery Rooting elongation .
) . . — Internode Lo growing
Year Treatments —Rootin, —Tillerin . —Ripening .
(kg C ha_%) (ke C ha_g) elongation Harvest period
-1 - -1
(kgCha ) (kgCha—l) (kgCha )
NPK 3.13 13.46 17.23 5.00 38.82
2014 NPK + Hairy vetch 4.66 19.50 20.14 10.31 54.61
NPK + Rice straw compost 8.17 20.25 43.54 23.71 95.67
NPK 1.18 19.84 14.19 9.55 44.76
2015 NPK + Hairy vetch 142 2444 12.83 18.76 5745
NPK + Rice straw compost 5.88 27.36 40.48 2531 99.03
NPK 1.63 23.74 9.21 333 3791
2016 NPK + Hairy vetch 1.04 26.81 16.16 11.85 55.86
NPK + Rice straw compost 2.79 29.82 37.30 14.58 84.49
Table 13. Carbon budget in paddy field ecosystem during rice cultivation period (2014-2016)
Net Ecosystem Product Carbon content caused by Carbon budget in paddy
Year Treatments (NEP) (A) use of CH4 emission (B) field ecosystem (A-B)
(MgCha™) (MgCha™) (MgCha™)
NPK 943 0.039 9.39
2014 NPK + Hairy vetch 12.99 0.055 12.94
NPK + Rice straw compost 11.67 0.096 11.57
NPK 12.48 0.045 1243
2015 NPK + Hairy vetch 14.34 0.057 14.28
NPK + Rice straw compost 13.97 0.099 13.87
NPK 12.13 0.038 12.09
2016 NPK + Hairy vetch 14.87 0.056 14.81
NPK + Rice straw compost 12.44 0.084 12.36
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Table 14. Carbon budget in paddy field ecosystem for the 3-year average during rice cultivation period (2014-2016)

Net Ecosystem Product Carbon content caused by Carbon budget in paddy
Treatments (NEP) (A) use of CH4 emission (B) field ecosystem (A-B)
(MgCha™") (MgCha™") (MgCha™")
NPK 11.35 0.041 11.31
NPK + Hairy vetch 14.07 0.056 14.01
NPK + Rice straw compost 12.69 0.093 12.60

shoich AJEiA < BAFE W04 CH, &0l QJsjM=
gzt dAE7] e CHo2 S8 Bas 73t e
W A s 2oz Uehit ¥ A AL 5
ok NPK +3|o] 2 ul|x] Aol A ¥ A4 gk ZH ko] 7}
A wForTh(12.84~14.81 Mg Cha ). Table 14 A 57
7 5ot v AEA B 2% g otk EgoR
HE saulE, FE S CHy ME 52 39
AR WERA s A NPK 28] (11.31 Mg Cha™)d]
v NPK +o1a]#| 2] 2] (14.01 Mg Cha Yol A 19.3%,
NPK + 12 EH] 2] (12.6 Mg Cha oA 102% &4 &7t
7} AT webA ekl e T A Edl ssues A

A 4718 A7t BdgrIea AT A ZE A4
B ol A utolomjAl) Bha AT ZA Y &I}

7} Q& Aoz yehyttt,

LATIAS B Z7be] WE AL Ledsta 7T siel
3742 JaFo] Z7beta Qlon, Ay BopHz 2A7A 7
iaol A% F1 ek AR A 2A7A WE A7t
9 g 7] ATE Boto] HPMAL BEo] LATAE )
= rL P= oo BAE 1A Bl 27 75| ot
L AL el u sk gro s l=7421°ﬂ*14 Eou ek
HH%, 2o g Eoko] §7)eA &
FA ALY 7|2 dlo|E 2 AHEE 4 Jg 312 01]%1?1}}

nJIo

q 2

L A wstet 250 QA g FAE
ﬂ%w Aste] A w2 o] Badt 71z A& nt
o 2014~20169 (3%l) B Auj7|7E B EF

& FAFI 220 AHA = AAFS S5k
3 A% W AR B f718e S NPK+ 3 E
H] 22] (3.88 Mg Cha )olA 7H8 Wkl NPK (38hu| =)
A2 Hr} 40.8%, NPK + 3ol 2|H| 2] H2jEct 17.0%9] &
2 a7t Ak 22y NPK + B EH] %27} NPK + 3
ofglu| Aol Hl3] B F71eta A7l A Yehy §of
2H| 2] AlGofl Hlg) HAFRE AJgo] FHA W g S

ZFol =2 Aoz Yeyth ¥ AuiA] AEA & YAFS
NPK A2 (11.31 Mg Cha")o]| H]3] NPK + a]o]2]#]x] A ]
(14.01 Mg Cha H)ell A 19.3%$} NPK + A EH] A2 (126
Mg Cha )ollA 102% %2 &3p7F Aot weka 35|
& O AR e gE d3skr] A% f71E At
EFR7IEa 54 9 QiR 9 2HE AHA g SAFS

THAZIE &7t e AL 2 e

Al Al

2 @7E $EATY

TNEARY (A

saTetd ST & AT
P1012614>4 A900] &I o] oA AY.

REFERENCES

Baldocchi D. 2008. Breathing of the terrestrial biosphere: Les-
sons learned from a global network of carbon dioxide flux
measurement systems. Aust. J. Bot. 56:1-26.

Baldocchi D, E Falge, L Gu, R Olson, D Hollinger, S Running,
P Anthoni, C Bernhofer, K Davis, R Evans, J Fuentes, A
Goldstein, G Katul, B Law, X Lee, Y Malhi, T Meyers, W
Munger, W Oechel, UKT Paw, K Pilegaard, HP Schmid, R
Valantini, S Verma, T Vesala, K Wilson and S Wofsy. 2001.
FLUXNET: A new tool to study the temporal and spatial
variability of ecosystem-scale carbon dioxide, water va-
por, and energy flux densities. Bull. Amer. Meteorol. Soc.
82:2415-2434.

Bond-Lamberty B, C Wang and ST Gower. 2004. Contribution
of root respiration to soil surface CO; flux in a boreal black
spruce chronosequence. Tree Physiol. 24:1387-1395.

Bruce JP, M Frome, E Haites, H Janzen, R Lal and K Paus-
tial. 1999. Carbon sequestration in soil. J. Soil Conserv.
54:382-389.

Cambell CA, HH Janzen, K Paustian, EG Gregorich, L Sher-
rod, BC Liang and RP Zentner. 2005. Carbon storage in
soils of the North American Great Plains: Effect of crop-



724 Gun-Yeob Kim, Jong-Sik Lee, Sun-Il Lee, Hyun-Cheol Jeong, Eun-Jung Choi and Un-sung Na

ping frequency. Agron. J. 97:349-363.

Cho JL, HS Choi, Y Lee, SM Lee and SK Jung. 2012. Effect of
organic materials on growth and nitrogen use efficiency of
rice in paddy. Korean J. Org. Agric. 20:211-220.

Choi B, JA Jung, MK Oh, SH Jeon, HG Goh, YS Ok and JK
Sung. 2010. Effects of green manure crops on improve-
ment of chemical and biological properties in soil. Korean J.
Soil Sci. Fertil. 43:650-658.

Desjardins RL, WN Smith, B Grant, CA Campbell and R
Riznek. 2005. Management strategies to sequester carbon
in agricultural soils and to mitigate greenhouse gas emis-
sion. Increasing Climate Variability and Change 70:283-
297.

Fageria NK. 2007. Green manuring in crop production. J. Plant
Nutr. 30:691-719.

Follett RF. 2001. Soil management concept and carbon seques-
tration in cropland soils. Soil Tillage Res. 61:77-92.

Gregorich EG, P Rochette, AJ VandenBygaart and DA Angers.
2005. Greenhouse gas contribution of agricultual soils and
potential mitigation practice in Eastern Canada. Soil Till-
age Res. 83:53-72.

Guanhui L and RE James. 1999. Elevated CO» and tempera-
ture impacts on different components of soil CO» efflux in
Douglas-fir terracosms. Glob. Change Biol. 5:157-168.

Hutchinson JJ, CA Cambell and RL Desjardins. 2007. Some
perspectives on carbon sequestration in agriculture. Agri.
For. Meteorol. 142:288-302.

TACGEC. 1996. UK National Strategy for GER. Inter-Agency
Committee on Global Environmental Change. Report of
Expert Panel.

IGBP. 1998. Terrestrial Carbon Working Group. The terrestrial
carbon cycle: Implications for the Kyoto Protocol. Science
280:1393-1394.

IPCC. 1996. Revised IPCC guideline for national greenhouse
gas inventories: Reference Manual, revised in 1996, IPCC.

IPCC. 2006. IPCC Guidelines for National Greenhouse Gas
Inventories (Chapter 2). In : Generic methodologies appli-
cable to multiple land-use categories, vol. 4. Soil C estima-
tion method, 2.3.3. 1.

IPCC. 2007. Climate change 2007: the physical science basis,
contribution of working group I to the fourth assessment
report of the intergovernmental panel on climate change.
Cambridge University Press. Cambridge.

Kemp AH, MA Gray, P Line, RB Silberstein and PJ Nathan.
2003. Preliminary electrophysiological evidence for mod-
ulation of the processing of negative affect by serotonin.
Brain Cogn. 51:198-200.

Kim G and C Kim. 1998. Research trends on forest biomass
production in Korea. J. Kor. For. En. 8:94-107.

Lee NY. 2012. Estimation of carbon storage in three cool tem-
perature broad-leaved deciduous forests at Jirisan National
Park, Korea. Korean J. Environ. Biol. 30:121-127

Lim HW, WJ Choi, K Ahn and KH Lee. 2012. Ecosystem
respiration and tree growth influenced by thinning in a red
pine forest in southern Korea. Forest Sci. Technol. 8:192-
204.

Lou Y, Z Li, T Zhang and Y Liang. 2004. CO; emissions from
subtropical arable soils of China. Soil Biol. Biochem.
36:1835-1842.

Melillo JM, IC Prentice, GD Farquhar, ED Schulze and OE
Sala. 1995. Terrestrial biotec responses to environmental
change and feedbacks to climate. In Climate Change 1995:
The Science of Climate Change, Ed. IT Houghton et al.,
Cambridge University Press, Cambridge. pp. 445-481.

Minami K and K Yagi. 1988. Method for measuring methane
Oux from rice paddies. Jp. J. Soil Sci. Pla. Nulr. 59:458-
463. (In Japanese with English summary).

Min SH, KM Shim, YS Kim, MP Jung, SC Kim and KH So.
2013. Seasonal variation of carbon dioxide and energy
fluxes during the rice cropping season at rice-barley double
cropping paddy field of Gimje. Korean J. Agric. For. Mete-
orol. 15:273-281.

Mirsky R, A Woodhoo, DB Parksinson, P Arther-Farraj, A
Bhaskaran and KR Jessen. 2008. Novel signals controlling
embryonic Schwann cell development, myelination and
dedifferentiation. J. Peripher. Nerv. Syst. 13:122-135.

NAAS. 2010. Methods of Soil Chemical Analysis. National
Academy of Agricultural Science. Sam-Mi press. pp. 20—
214.

Pandey A, VT Mai, DQ Vu, TPL Bui, TLA Mai, LS Jensen
and AD Neergaard. 2014. Organic matter and water man-
agement strategies to reduce methane and nitrous oxide
emissions from rice paddies in Vietnam. Agric. Ecosyst.
Environ. 196:137-146.

Pramanik P, MDM Haque, SY Kim and PJ Kim. 2014. C and
N accumulations in soil aggregates determine nitrous oxide
emissions from cover crop treated rice paddy soils during
fallow season. Sci. Total Environ. 490:622-628.

Raich JW and WH Schlesinger. 1992. The global carbon diox-
ide flux in soil respiration and its relationship to vegetation
and climate. Tellus 44:81-99.

RDA. 2006. Fertilizer recommendation standards for various
crops. Rural Development Administration, Korea. San-
glok-sa. pp. 16-17.

Roh KA, HC Jeong, GY Kim, KH So, KM Shim, DS Lee and
YH Kim. 2010. Estimation of carbon sequestration and
methane emission with organic amendment application at

agricultural soil in Korea. Korean J. Soil Sci. Fert. fall con-



Evaluation of Carbon Balance for Carbon Sink/Emission in Paddy Field 725

ference. pp. 156-157. (in Korean)

Rolston D. 1986. Gas flux. Methods of Soil Analysis: Part 1 -
Physical and mineralogical methods. pp. 1103-1119.

Schlesinger WH. 2000. Carbon sequestration in soils: some
caution amidst optimism. Agric. Ecosyst. Environ. 82:121-
127.

Schiitz H, A Holzapfel-Pschorn, R Conrad, H Rennenberg and
W Seiler. 1989. A 3 year continuous record on the influ-
ence of daytime, season and fertilizer treatment on methane
emission rates from an Italian rice paddy field. J. Geophys.
Res. -Atmos. 94:16405-16415.

Sebacher DI and RC Harris. 1980. A continuous sampling and
analysis system for monitoring methane fluxes from soil
and water surfaces to the atmosphere. 73rd Ann. Meet. Air
Pollut. Control Assoc., Montreal, Quebec. p. 16.

Shim KM, SH Min, YS Kim, MP Jung and IT Choi. 2015. Es-
timation of Net Biome Production in a Barley-Rice Double
Cropping Paddy Field of Gimje, Korea. Korean J. Agric.
For. Meteorol. 17:173-181.

Shin YK, YS Lee, SH Yun and ME Park. 1995. A simplified
closed static chamber method for measuring methane flux
in paddy soils. Korean Soc. Soil Sci. Fertil. 28:183-190.

Suh SU, YM Chun, NY Chae, J Kim, JH Lim, M Yokozawa,
MS Lee and JS Lee. 2006. A chamber system with auto-
matic opening and closing for continuously measuring soil
respiration based on an open-flow dynamic method. Ecol.
Res. 21:405-414.

Thomson AM, RC Izaurralde, NJ Rosenberg and X He. 2006.
Climate change impacts on agriculture and soil carbon
sequestration potential in the Huang-Hai Plain of China.

Agric. Ecosyst. Environ. 114:195-209.

Wang J, L Zhu, Y Wang, S Gao and G Daut. 2012. A com-
parison of different methods for determining the organic
carbon and inorganic carbon content of lake sediment from
two lakes on the Tibetan Plateau. Quat. Int. 250:49-54.

Waring RH and SW Running. 1998. Forest ecosystems: analy-
sis at multiple scales. Academic Press.

Yagi K. 1991. Emission of biogenic gas compounds from soil
ecosystem and effect of global environment. 2. Methane
emission from paddy fields. Soil. Fert. Japan. 62:556-562.

Yagi K, K Minami and Y Ogawa. 1990. Effects of water perco-
lation on methane emission from paddy field. NIAES. Res.
Rep. Div. Environ. Planning. 6:105-122.

Yagi K, T Haruo, K Kenichi and M Katsuyuki. 1996. Effect of
water management on methane emission from a Japanese
rice paddy field: Automated methane monitoring. Global
Biogeochem. Cycle 10:255-267.

Yun HB, SM Lee, JS Lee, YJ Lee, MS Kim and YS Song.
2012. Soil carbon accumulation at soil depth affected by
different types of input organic sources in upland soil. Ko-
rean J. Soil Sci. conference abstract, p. 143.

Yun HB, Y Lee, CY Yu, JE Yang, SM Lee, JH Shin, SC Kim
and YB Lee. 2010. Soil nitrogen mineralization influenced
by continuous application of livestock manure composts.
Korean J. Soil. Sci. Fertil. 43:329-334.

Received: 2 November 2017
Revised: 13 December 2017
Revision accepted: 18 December 2017



