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ABSTRACT Green manure crops are organic materials =90] HZ 2271 80] 80% o|AF ZujEo] ue} AR &
that can. supply organic.matte.r and substitute chemical fertilizer, 715 FFFe A3} 7AaEo] 20100 23 kg 7A] wo}
yet eI.mt methan.e whlle bemg. decomposed. Therefore, we A Qo BT ol 2A} ALET Erlm ovBY =
experimented with different kinds of Green manure crops o)5hA] SFTh x| AT T A oHAA
and tillage depth in order to decrease the amount of methane = w-Tle o9 - = e e
emitted when utilizing Green manure crops in paddy soil. AFAAS AFE = alof olofl digt o] a7HH. &
The amount of methane emitted during the cultivation period ~ AlFF-olA= T A2 AHFZE fsto] {714 H|EA]
of rice started to increase after transplanting and peaked at 23 =0)ZE uE FAStT ol A g 2R 95l
63, and 74 days after transplanting, than decreased to almost AA L ZpztEe gRE A7 0] AL Ao Au|E
none starting from 10}61‘ d}allys. Aclc;or;iing t;) th}el lfind of glreez 9lo] 7z o]e-go =7 Mul ofe} Eoko| shelal
manure crop, it was highest in barley, then hairy vetch an o oo a1 ot ==
chemical ferrt)ilizer. Depeiding on the t}illlage depthr,ythe amount e e e T e e S B IR
B WA, AR 5 R B3 % S ohKim

of methane emitted decreased by 22.5% in chemical fertilizer,
12.4% in hairy vetch and 11.7% in barley in 20cm tillage
compared to 10cm tillage. The air temperature of methane
test period was 30~40C, and the soil temperature was more
than about 2~10C lower than the air temperature. Due to
the irrigation started before transplanting, the oxidation-reduction
potential (Eh) of soil was rapidly reduced, and showed
negative (-) values. Eh values mostly kept the range of 300
~-500 mV during rice cultivation. It rapidly increased 106
days after transplanting. Rice yield the highest in hairy vetch
and did not show differences according to tillage depth.
Methane emission could be effectively reduced if the paddy
soil was tilled by 20 cm during the application of hairy vetch.

Keywords : green manure crop, methane emission, rice yield,
tillage depth

et al., 2011; Jeon et al., 2009; Song et al., 2010; Yang et
al., 2009). 1y} =HAES BEoFo] 2hstH EofiE= 1}
oA A 2Bt YRS F= 7kE F sl vt
270 AR w7k E W A 2 5 =ol BT
SuEo] Bofol @714 AejolA frlEe] EeiE of
Ak wg RS f71EY S5 A8, ASERT
ESEA, 2%, & e 5ol we FErIthAl, et al., 2014,
Kim et al., 2014; Neue and Sass, 1994; Yuan et al., 2014).
< Wghke B9k 2hE frEe] FsE EujEohe A4
g f7lEolA § wol TAEY, BYEe 7159 dol
WeSE, BTl 5248, YoT|7lo] L4 wae
o] 27}t 1 th(Pramanik ef al., 2014; Pandey et al.,
2014; Roh et al., 2010; Yagi et al., 1990). 121} 2A7}A
£ Agslorith: BES BAA7] Slstol A0l WA
& AARE 4718 FUH) Grkd 5EAY A
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EAo| A 2011 10€ 7+

2ok e ohS W2 et ZEA A ek A2
o o] A|(HV), Hr|=e(B), 33 E(C) 3749 A2
o] AL&Z0]E 10 cm, 20 cmZ Z &3}tk 10 cmA3 &L
EYEES o] 83191, 20 cemB9-2 A7 & ALt &
2Y 2o =uRel gokre, Fojeu At HI, Wi
S Agstgith HHRE wEeke hujEes 90
g ha', dloj2]¥ 2= 40 kg ha'& ARESIGTh HH|AE
w22 2010 109 160 AMzxT7]1S o] g8t T, 1|
ZHE 31210 2012 59 22¢0] 10 cm@} 20 cmZ o2 A

o

=oto] ST B o] 6 5o 30x15 em 7HA S
2 FHE & oY stk A=A 5 gehH| e AlSES
e[ A7)l slofeH A, He BF FAa(T-N),
214KP205), AP (K:0)E A1 3FlaL, B Auf7|7tol=
=H[(E o] R], FH|E )= 384 B FAJES}
9lal, SFhH| s A4 90 kg ha!, Q14F 45 kg ha!, Z
57 kg ha'& AlulEtgTh o] o FshH|EE aa(da), &
H(%14h, depdelEE)E 242 W A sl SHA A
|otelth & We ERde SddH = fAIsH] st
of o] 4UHRE V| 7R FAETE AAISHITE =
)220 Srero Eokol| 87| Aol 1 m’e AEA|S 3
HhE o g2 S=3lsto] 50C oA 48417 E3 2 & HESS
okeleh W 5 9 A FEXSHY 59
St7]& G 2AREA 7IH(RDA, 2003)0] o] Asto] A}
stoirt. o] AksletA o} gt WS RAFSHZ| fisto] 7o)
H e Aergo] wet ol A= A2t ThAAZ A
Z)el AMH(60x60x120 cm)E A X5} TtHShin and Kim,
1994). F}AZAE SulE B9l SRE ol 5U 23
ARE 6% 4A7HIE 59 AR AN Bk, ol T
g 27]Q1 99 27U 7R = T 1HA o= ARSI ©]
chebeta AT vg 245 91 7S =

12:00At0]e]] 30+ 7tAC =2 23] AAJSIGl o, o] Alabeta
+ Multy-REA (302)5 ARg-sto] oA 215 Z7d 530t
HELS 60 ml FAP| 2 FFAXEE et FpATRuIED
oj(Aligilent 502)2 HA5}¥H o HZE7|= FID (Flame
Ionization Detector)E A5} TtHShin and Kim, 1994).
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Fig. 1. Rice-green manure crop cropping process in paddy field.
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of i 7|25, A2, ARt 9et Eisolk Zo] 54
shol ek whaye

B9 et B4 w28 EY E A=A A
(NIAST, 2000)] Z3}
A3te] pH meter2 =
CNS-2000), x[gHefol2a} S FAREHOE =
Eolo] fedet Svtznt F8547|(ICP, Inductively Coupled
Plasma Spectrometer, GBC SDS-270, AU)E ©]-&35}o] 4
Eileisg

FARAL SAS 02 WAL o §ato] 4B Sk 1 4
52 5% F94=Z0) A Duncan's multiple testS 4333}
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T} 7o) pHE 5.330|3 Eofeka ek 68 g kg, Q1AM
112 mg kg, 2] 0.57 cmol. kg'o]glt}.

AL A Hu]2HE9] 4272 Table 28} o] 3o
2|2 1,760 kg ha' 0] 3 &H| K] 750 kg ha' o]t
HH[AEo] e 59 S g@agk oA
730 kg ha'o]3la Hu]HE ] 320 kg ha' o]tk

gk EQFo] #7124 Q1 oA 7]0] il 33
of WhAygFo] F7keith= B alel o] 7|z S W
7] ol B Auj7IzE Bt 2=t EoFo] ARk
(Eh) 9] H3IE Fig. 29} Zro] =43} ti(Nouchi ef al., 1994;
Wang et al., 1993). AH 9] 7| 2e= SH|2HE oY A5
of 33C g om v Aul7|7t 5ol 30~40C HHZE =3
W 54712 o] & 94U RE A A3 wobx 30T wjvte
2 golHth EGA 2 7| 2%ef Hol e Zotont
2Lt g7| 2R 2~10C 7} okt fj7] 229 |29
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FAI8H7] floto] 2~3d 7t o= BANE AASHAIL W7t
ASHA AEHS Hol] 15x20s eV e s
e 2=27F 718 2 W A=A sl 7MY 44
g ol & 63URE tf7] 2=t oF 10CAHE zfo]7} Hirf
Yamane & Sato (1964)= #|&0] 20~40C(HA L% 30~

of

40C)Y wf ojeto] WAE T st ¥ A7) 7E 59
222 20~30C Alo|Z w|Eto] HAIB}7| o= A Felg o
U HHerrrhs oF7F wropth

o] gexo] HY HaHor HastA EHed Bt
AZPE()% A 42) F =FE 3243 B} Hof of
% 0¥49] Ehi= -300 mV7} =Gl o B Auf 7|7t Fetoll=
-300~-500 mVE F*|5}% ). Patrick (1981)3} Wang et al.
(1993) vt Ag/do] A|ZtE]7] 913 EF9] Eh= -150 mV

Table 1. The chemical properties of soil before experiment.

Soil Avail. Exch. cations

texture ¥ H Total C P,0s Ca Mg K
155 g kg' mgkg'

------- cmol, kg -------

Sand

5.33 6.8 112 3.26 0.62 0.57
Loam

Table 2. Carbon accumulation and green manure yield as
affected by the cultivation of different green manure
crops during the winter season.

Items Hairy vetch Barley
Dry weight T
(kg ha™) 1760a 750b
Carbon absorption
(kg ha) 730a 320b

'a-d : Means within a column not followed by same letters
are significantly different by DMRT 5%.

T 0 7 13 21 30 39 51 63 74 36 94 106 ?5
-100 D £4 Tants

W\ A /
ol YO\ N,

—&—20cm tillage

Eh {mV})

=+—10cm tillage

Fig. 2. The changes of temperature in soil and air(left) and soil Eh(right) during rice cultivation.
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Fig. 3. The changes in CH4 emission according to tillage
depth and types of green manure crops during rice
cultivation.

A= SFeHH| & A[GFET f7]1ES AlERE §|of 2 H A,
H H 2| gheltollA B ol “““3“2“’1 %H]%%%i
slETlo] Ha|oA © Wol HAE QT A Zojdz
10 cmZ-&H} 20 cmZ 8o 2 wek dyse kA

cF. 53] ol 27]9) UﬂEP spgero] 10 emA-27s of
8Uof 45~51 mg m’ hr o7 FZA3] Z71E HhE 20 cm
S0 A= 17~20 mg m™ hr' ©& 10 emZ-¢-H.t} 50% o)A
A= on FoEe AT SR ol2jt A4S
R7198 SR ol oluel BUF B o2t

i)
oM o2 ¥@ 1l rr i

PSR Al g2 Aol SuldEs B &
g wf 20 cm2 zlo] Fede 2 e Ay °l A4

glon] olof 7] WA AH3| AYH Uk B o)A
YNGR WAL BG5S Bl Bl B
1€ FUsel e
2 80%7H #5E A7 5 e Sl A of
A £ U B ALY Aol AT A7) 2

(K1m et al., 2014; Kim et al., 2012; Pandey et al., 2014,
Rath et al., 1999).

Fig. 4= ¥ Auist= et SHT & vy =S vet
W O ow s ejoA mg dhgEre] 7 wekal, 3
ofg|A], aetH|RAlE oItk B& ZHolHEE HE
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Fig. 4. The total CH4 emission by kinds of different green
manure crops and tillage depth.
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Fig. 5. The changes in CO, emission chamber as affected by the cultivation of different green manure crops and tillage depth.

Table 3. Yield and components of rice as affected by different treatments.

No. of panicles No. of spikelet/

Percent 1000 grain

Treatments Culm length Panicle length per m panicle ripened grain  weight Rice yield
cm cm g Mg ha™
10 cm el 55.3b° 18.8ab 264.8b 89bc 78.1a 22.2a 4.98b
tillage HV 59.7ab 19.3a 318.4a 109ab 70.7b 22.2a 5.69a
B 57.1b 19.8a 228.0¢ 94ab 73.0b 22.6a 437c
C 60.2ab 19.9a 280.8ab 89bc 78.1a 22.2a 4.98b
fﬁlacgr: HV  63.2a 20.0a 349.6a 113a 71.1b 2.1a 5.76a
B 56.7b 19.6a 238.4c 101ab 80.6a 22.0a 4.45¢

TC(chemical fertilizer), HV(hairy vetch), B(barley)

*Means within a column not followed by same letters are significantly different by DMRT 5%.
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