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ABSTRACT

Methane is one of the major greenhouse gases that have been contributing to
global warming. Methane is produced from the anaerobic decomposition of organic
matter by methanogen in irrigated rice fields. According to past studies, it was
reported that silicate fertilizer significantly reduced CH, emission and increased rice
productivity.

This study was conducted to confirm the effect of reducing the CH, emission
following the treatment of the silicate—containing compound fertilizer in rice paddies.
In the greenhouse pot test during 69 days after transplanting(69 DAT), the
application of silicate-containing compound fertilizers reduced the total CH, emission
rate measured by the closed chamber method by 25%. As a result of the outdoor
pot test conducted for 63 DAT, in the soil with high organic matter, there were
many organic substances that became substrates of methane, so the amount of total
CH, emission was 5.8 to 7.2 times higher than that of general soil. And we also
found that the amount of total CH, emission decreased by 19% compared to the
control when the silicate-containing compound fertilizer was treated in the soil with
high organic matter. In paddy field experiment, total CH, emissions decreased by
22% at the silicate-containing compound fertilizer treatment compared to the
standard fertilizer treatment. However, there were no significant differences in rice
plant growth, grain yield, and quality characteristics.

Key words : Soil conditioner, Silicate-containing compound fertilizer, CH, emission

536 « 2021HE A|SEAHTE DA



AR o] % 1] F 2ATRA S50 FHI ST A8 KT BRLEE o ThukE 4o

== — O | =R I [ ——'_’—-
Lond kg, 5 5ol o)1 PR R} Fksk ek AlH Lol = o] 213t 7] 5t FAlE
s 2ek7] SIsH 71 5sloll B R 7 BOlH (PCCY S ek ATHA M UT1& Lk} 2 )

Qz|Lfet 2AIT7FA ulEERL dljolct Z71slo] 2018 EnEERS 20173 ti] 2.5% 2715k 727.640RH
£C0eq.0|% 00 T F 5ok BET2 21.248RECOq. 2 2.9% B]F5-& AX|ZHChEHE42, 2020).
TJE= T 2ATRA BiES Fol7] $I8l 2050 BhAS T (Net-Zeroy& 41918k 2030d77kx] =7} 24
ThAS 20184 cfiu] 40% YHshs 2ATRA YHEES DI on, M FRelME 20184
24.79Rk=o) A 20301 18.0u49R=0 2 27.1% U&sl7|2 B

R0k 7| 3slol| oH BIZSLT o) 2y Al A ATk Blihne SATkA sl
Uzo| o F ootk 5YF-zollA BiEEle 2ATHA B 56] A7} Bl W2 8 =2k RS ollA]
BhEEIE oilRkihAel HAu|E B T1EE A8 TfE ofkspEsolt). oighe XS E
(Global warming Potential; GWP)o| o|AFs}ekA chd| 21ufo|md, Bhapkl =u) Tro| AbAT7F HEE &7 =
HollA F7l=o] Folisle 2Pgollr 2vict ZESfollA] pigh A/4de] F8 1Ak Am, 4A-F0iA|
(onon 2 A48 i 43, 0 St oltishekoel 25, o, =4 51841l ol
olAtslEbA 2 Belx|= 1P o|ck(Hedderich and Whitman, 2006).

=oflAl °*'7V\ AR 52 v Al a2 FE@E442), Ao Tl 2430
2 AR S0 "ol 9)ck(Kern et al, 1993; Kim et al, 2017; Sass et al. 1992). 37 BAME 2
PhE M Bl 2= g Fexl f2] Fe ARlES Toha Qlof b Aulaly 3 gshe
= AU 4 ok LeiA Qlch(AlL, 2008). it B AHul A AR Al 8P AEAIS Yok ol
T E-S WRsla, sgEiMlE T dslo Y B8F A 5581t o Sololl =22 FrhMa
etal. 1989). -92|Lfzh= BOHEHH X|2AIL S 5 E*H 34 1572 AL |28 Bato 2 Zackm glo
L, 8ol A= AJ8] t=2lo] Bo] S A|Eo]

wheka] £ 7= NPK £33 20 4k 47 W_ ?rﬁ?:h"r EQH| 25 o|-8slo] v 2HufA| AP
820 W A8 2 B, vlehha A 20HE Tkt 4sisic

LT

r

U_L. E.A_



2. M2 3

& Aol = =tioll AR} it SR BBl ES T K2l # TkAS AiFsted o
g fluxs AT Blusifich B ADES2 HEHS ARSI, BlEs BEABI(R4A,
SRR, defde)et it g S| E(N-P-K-i- 1 E-54=13-5-6-17-3-0.1)F *2[3l31

ol EZEAR] AR N-POs K0 = 9.0-4.5-57kg/10a, #AH|&2 Hias 78] 56%, £LH]|
22%, 46| 22%, QUARS 78] 100%, Lel= T|8] 70%, 48] 30%E EAISIAchE 1). At
g Behula AelTe] AJHjRRe N-P0s-K,0 = 9.0-2.7-4.9kg/10a0|ly, A= 78] 78%
8| 22%, Mk 7H] 100%, Ll 78] 65%, 44| 35%=2 BAlBIRem, 7= it oy

EQH|ES A8, el o40) dalelE AlESiEh

B 1AM Y EALE
(Sk9): ke/10a, %)

gLl 2] inal 5 ABIF

A& .
N P05 KO N N K20 N P0s KO
50 45 4.0 2.0 2.0 1.7
F2al . : : : . : 0 45 s
L 56 00 (o) (22) @ @y 04
Ak ks N-P,05-K,0: 7.0-2.7-3.2 2.0 L7 00 27 49
23ty 2 (N 78, P,0s 100, K0 65) (22) (35 coeT
Tk Ak o Sgulge] oiEhkA TR TR ZAEY ZEAIY)

AU mEA|Hol|Al= 1/2000a 9F7 L% E (9256xD234x297mn) S AFRSIQICH ZE U EOF
27 9kgo|2tom], i o|ofe mET 5FMlsle] ANE4 AHO R el 2AThA HA}
1=

Bl(025x450m) S AF&Sto] 3¢HE AJRSISich

o=

U F7E R B A g S]] ol kA Rk Miaat ZAKcke] ZEAR)
ofe] ZEA|HoA = §7]E TBF(OM: Organic Matter)o] 23~24g/kg?l UHFEQFT} 57|
= Yol 36~37g/kgo R =2 R1lE BIAE ELoN mEAB|SE 4t o Eehdl
= A83F 2 nlebkas RS BlwsiSict ofe| ZEAIH]| ARSSE mEQ} Au= AU
ub Uty aehH|a AR FYsHl Al&SkSich 2del= o|Yf = 35Yo] 3

=]
FUhdasidion, Al A EY o2 & 29 Ltk

bru

Fl
m

|

9
—

nd

I

538 « 2021HE A|SEAHTE DA



B 2. AY A EY oIk (oke] EAY)

AU pH oM pAB ?(% Ex. cations(cmol/kg) NH,-N
i
EY  HE (15 (@ke) (mgke) mgke) K Ca Mg Na (mgkg)
2t

EZFAH] 59 24 47 145 064 76 16 0.62 3.60
X

o
e 6.0 23 49 143 065 74 16 0.60 411

ook

IFE  BEFAM] 64 36 99 234 112 93 20 0.56 5.59

t

. AR

L 6.4 36 103 204 1.12 94 20 0.56 6.26
ch T B 2gulae) senka S R SAKEAY)
2R

=2
< BEsYHTleY AlgAT ZFETIZISN 127°02°36°E)eflA 435kl n, Al
g A EY sfede = 3zf Uk

= O [e] =]
pH oM Av. Av. Ex. cations(cmol/kg) Soil
7:1 EI LH% P205 Sloz
(1:5) (g/kg) (mg/kg) (mg/kg) K Ca Mg Na texture
BZFAM] 6.0 26 50 130 063 74 15 153
1} oo Loam
[e)
EJ‘\;F =T 6.1 26 52 192 067 79 16 1.60
Sels

TN E2 +5F AFL A (60%60x120cm)E A

2351911, Bi= A W 8534 30x15cm
MAITHE|Z o|Ysiich Edels THRFHE o]y 3 35Yo)l 3F7F 7RSI, o]y =
100¢El= ehetaoioion] B Fo ujdd2 & 49f Pt
B4 9 AHuidAE. )
A= B2 % eHE 7l4] % o|% M x| Sk 52t
2021 5. 14~5. 15 5. 27 5. 28 7. 1~7. 21  10. 15




2. mlebkA xE B 24 HHY
HEF AL 12%0) 28 ©F 10A]2E] 11A] Afojof AFEp# BT} AbxbEl 60ml AN 2
30 WA 51 TtAE 23] mRsto] bk sERHELE Fsilon, 1tAIRptE Jejm
(GC-FID)E AR&stod mghitA =5 BASISITE ThA ABANFQF BAlol A Uiy 2=
oF =ERFE Wy JTix] fR=olE F7Fsto] gt flux(B)E APFsiictd 1), SHA &
9]A-S GUM(Guide to the expression of Uncertainty in Measurement) Y-S o| &3 &
ST BAe S 95% Alzj4Fol ARl 2He MRfstol BAskoi)
F=pxhx Ac/At x 273/T (Al 1)
F: ehQA|The S| xlo A uiZ &= CH.Q] %F(mgCH/m’hr)
p: CH4e] xS 128 Wl (mg/m?, pCHy = 0.714)
h: A L% fazol(m)
Ac/ At e U5 CHy 559 B35 7% (ppmv/hr)

T: e U5 Ba712K)

Tk A B Bgh|Re] wiEtA E MUaal mAHAW ZEAIY)

AU ZEA|IHoA o|Y T 69UNER] BEAHIQ} FAF B SR el oA oljgkf
Fo A% Bah dY ollek W] o] & 22URE o|Y = 41Y Alolof| BE
AlB| Me|Foll M A o SRke|E AMelEch B2 HoR LERITHIR 1), BFEAY
K| oM oY T 22%of 884.9mg/m’2 71 BThI} o]y & 34Y, 50Y, 640l n]
35 Holz Mg/ (fluctuation)Z BSW, 74t TF SH|E Aol oY = At
HEFT kA Aol FTsiEbl o]t = 34Y o] TWASISIY o]y F 41o]| ThA| Af5Stod
ole} = 50YUof 471.8mg/m’Z T Hlo| HMYSIIC).

A oA AR BEAE] AMe|FolAM 179.9kgCH/haly, F4F o Suls
Kg)FollA= 135.0kgCHy/hao 2 25% ThAsgich xARS ojof = 30U} o|of = 60Uo) T+
AR S EohelE HelellA oLk, Azl feleh Alol= giSich& 5).

540 + 2021HE AlHATE DA



)

=]

Tt 2 SEHE
2!

~—EEAH|
E/\]

O

i

F ool

DAT

E\}/’Zitilg222?29343541434850555?525469

ZN\

6

2

0.0 +—

1000.0 4
-200.00 -

(v dep ;.w Sw)xnyy *HD

=5

(%)
100
75

b ZAKoR] EAIY)

179.943.1
135.0+1.8

=)

Q.|

(kgCHu/ha)

.

F

Bl A S Balulae] kA AR A1

6327Hx| ofeloflA A

60 DAT
62.3£13.6
63.718.7

30 DAT’
44,085
46.7+49

2F

+
o
l:l'“E

ar

A 2|u&
FAlH]

o
o

.
o

T

o ] Ool-

U §E

Il LhERste (2 E

=]
L

-61"7

LAY 7fol

[EF A

8]

ﬁm

tol F7l= gfol

Ags

cal

KX
=

2

ala AelTof

=3
42%0]| 64.6mg/m>

o
o

=R
-

.
o

I

o

g F
o ] Ool-

oL}, of

o ] Ool-

2z

K2l

H|2

SH
=

=)

—

2y

)0
=

8

Tt

of nj|gh7kA
607.0mg/m?, 426.7mg/m’2

[
E_oo}:_

—_

ix



ne
i
H
MHA
2
=4

700.0 -

600.0

500.0

400.0

300.0

200.0

CH, flux [mg m= day!)

100.0

0.0

5 7 12 14 1% 21 26 28 33 34 40 42 47 49 56 57 61 63

-100.0 -

ol T 63Ynkx] FA bghtA WAFE 1R/7lE ES-EEAE] Az|TolA

83.9kgCHs/ha2 7P By, IR/7le ES- Tf  SEuls AzlFolA

68.2kgCHy/ha, YRIESSF-T4E o3 E3|8 A 2]FoflA 12.7kgCHu/ha, &

Ae|FollA 11.6kgCH/ha® FHEcHRE 6). IRF71E EYolA 4 olebka Y

YRIESF-BFAIE] A2l o] &EAB] He|tolla 7.28), AF g SeE|E AelTollA
oy

5.ou FE =2 Wez ZAEQ fle 2%l =2 EYIM 4

i = 3 =
2| Al 19%9] pilghkA AR AURas BT, dUtEYolMs 52 it IR S
Sshil2

=
2 HelTold vlehta Wzl 9.5% FHsisic UkEetol
Al wlRkkA Aol FIeE TS oleh ¥ 42%Uoll UL % o

—

AelFEch 37| miEes ATt

o9 % 60Ul BRINE EYolM 2 Ho= Uekgth RU4E ofof F 30U
Eof-mFAR| 2T WAL oY ¥ 60Ul DRINE EF-F Th 2wz el

TollA Bkt

542 « 2021HE A|HAERLE TN



B 6. 74 nlghtA YR vjm(oke] ZEAIY)
A7H(cm) 4 4(H) 5 oEka x|
A= 30 DAT’ 60 DAT 30 DAT 60 DAT ks (WT)
(kg CHyha) °
OIHI-_IIE_OF_
ity 342% 710  273*°  303° 116 +0.3 100
BEFAH|
e 357 69.0¢ 23.7°  25.7¢ 12.7 £ 0.3 109
Tt R SeulE ' ' ' ' o
—,07 =2 —I—O}:_
“r_lf ° 31.7° 737 217° 333%™ 83921 723
BFAH|
J—TF_’IE —'—Oo_ ab a ab a
A Bhe. Bolu|z 33.0 74.3 26.7 34.7 682 + 1.8 588
% A7t W Seld: A&k} Y4t Duncan’s multiple range test(p<0.05) 488, =& nj]
ERTpA BRYEke. 7k RICkE 39K BRo)| ol Bekr st 3 Algl7h EA|

2
/ DAT: of9 ¥ Hajg4-

ok i o ERtulao] mighkA WF AR ZAHZRFAIR)
TRPALS B o|gURE 2Ll F 134Y)x| BEAB] A2 I"IT}\I' o S|
& NelF o] piehkas RS vlwsiglch THAIY 71T 5 Beole2 247CE H

Aot v, PRt 610.5mmE FE cfs] 60% fEC2 A2 ”‘|°|9it}(1%' 3).

35 4
7}
=i 20
30 | ——Ed7|2
- 70
25 1
W- 60
520 4 F 50 E_
L. w i
~ 15 =0
30
10
- 20
il I
0 _I pule |I z | " |..| || | . | ||. | || 1 N 0

21-5-27 21-6-10 21-6-24 21-7-8 21-7-22 21-8-5 21-8-19 21-9-2 21-9-16 21-9-30

a2 3. YUY 7].e 9 PA2F #El{o|oF(2021.05.27.)~42H2021.10.07.)]

LY BlEkA YRR B ol o|% FA} Fkstchit oldf - 49%of TP RSk, T o



T Fdao] F¥or gAY ATk oAl Fksto] o]yt & 103Y o] Foll= TaA
ohe ZMIE BUCHIY 4). 8 olbie] olg F 49Untx] YUY mlEkkA WS BEA
B8] MejgolA ik g EgElE MelFEok Wk, As F719F 55700l oA glich
1400.0 - ——HEAH]
1200.0 i dF Sae
—1000.0
§ 800.0
E
E 600.0 -
2 000 | \
S' 200.0 /\
0.0 o i
5 7 12 14 19 21 26 28 33 34 40 42 47 49 56 57 61 63 68 70 75 77 84 B85 B9 91 96 95 103 105110112 120124 126133 134
-200.0 -

DAT

O% 4. 4 mehks RS v w(ZFAIE)

ol F 134Untx] +4 mEhtA YRS BFEAB] A2|FollA 625.3kgCHyhaolw, it

S5 =gulas 4863kgCH/ha 22% LABIGRHE 7). 232 0|9 ¥ 302z} 0|9 2 60
ol EEAIB] X277 cha Hork FHA folge glgion], BULE oldk ¥ 30Y

on

2} olg % 0ol FAF B BRuIR X2l cha e FYoIoLt Kol Aol g
UCHE 8). ALBA A WS ofof B 30Ul FARMR =l HelTolM Eouh
..]

th2 Al7fells Roleh Ake]Tt glict.

JEFTFA HRHER( T RIA|S)

i = 0 O
[ 12 J
x_] EI LH% 'l"7i|I D‘”% %Ag%k(134 DAT) xl'/f"
(kgCHy/ha) (%)
E: Nl 6253 t 3.7 100
FAF ke Eohu|g 4863 * 2.8 78
“h RERE 33k waol oigh BEE 2A%H ¥ A=l BA|

544 « 2021EE A|EATE DN



fof-

"

<

60 DAT

30 DAT
H o] A

(%)
7.7
8.4
x4
100
103
Aho]

Tk

Blg Ag

23}
|
605 "
623
39"
3.1

X

kg/10a

F x}o]

A
o

o

=
(%)
5.6"
5.4
_IQI_

T

2zl
HY%
©)
241"

—

EEI

H o] A
w—aT
QIES)
15.6™
16.6
[e>
24.6
209 ™
19.7

HHoz §o

—_

=7
(cm)
67.0™
66.3
I= 3
A
o5
K
%)
80.9 ™
80.4
752"
77.2

A
B

]_
a7
&)

90 ns

93

—
=

A
(%)
3.1°
3.52

2| A

=
=1
S BEAE] A2|Feb ke
16.1™

16.2

—aT
12,77
13.4

A AN
(/)

1317

12.8

H/3)

(cm)
33.1™
1
(cm)
732
457
47

=%

Kol gldcH & 10).

K 2|ul-&
FAlH
FAlH]

K2 h-&
FAlH

-

—

o
o
o
o

1L
aa

[¢)
K 2|u-&

fol?

% p < 0.05 by Duncan’s multiple range test.
% p < 0.05 by Duncan’s multiple range test.
% p < 0.05 by Duncan’s multiple range test.

F

9
—



4.8 @
B Al A Fhlol T9%) Bl ofSoto] Eueld S dlEhbA X LEDE
2otuAt 43 Hake ket 2k

Th AU ZEAY Bk w0l ¥ UMK A oEhka RS mEA] Ael of
B TAF BHE 2RhulR Kelold 25% Zasigic.
L okel ZEAIE B, 918 $Yol £ EO wiEtA WS UM sl

(¢] =
5.8~7.24f BRton, {718 ol 52 EYlA ol F 63UmA] A mghtA

LS A — I =
wazre EEA] He| o] Ak 3% 2¢ele Helold 19% Lasigt
of EAAE B, YY vlebha wARRe ofdt ol A Zjslo] odf 3 49%o] A
B YT, olF FHS| Lagich} oy 3 103Unk| chal HAF Z71% Lashe
e worh

2} 8 ofe} = 134nixle] A slekibA wjE2S BEAN] A2 s R e 2%
sl2 AHzlolA 22% Lasiich

%S
oL A, BU4, WY, 44, AU, SIS, ¥ 52 BEAN Heleh FAY

Jo

sgtulz A2 o ek
sh TR SR, olu2a ¥, BHY vl 5 R B4 BEANlY T4 BE 23

1= DEIO:
Bl A2k oixt gigich

d=r 5 2017, 8 AuiAl B B AuiAle] 2ATRA  viEel mlXle FF
Proceedings of the Korean Society of Crop Science Conference. The Korean

Society of Crop Science, 2017. p. 71-71.

SENEN TYSYTHY. 2009. 2ANA HUL U Bl Hul]£.
S, 2AkA FWHRAE. 2020, 274 247kA WS BE

Ali MA, Oh JH, Kim PJ. 2008. Evaluation of silicate iron slag amendment on
reducing methane emission from flood water rice farming. Agric Ecosyst
Environ 128: 21-26.

Hedderich R, Whitman WB. 2006. Physiology and biochemistry of the
methane-producing Archaea. The prokaryotes. New York: Springer: 1050-1079.

Kern, J.S. 1993. Conservation tillage impacts on national soil and atmospheric carbon
levels. SCI. Soc. Amer. J. 57: 200~210.

Ma, J.F., Nishimura, K., Takahashi E, 1989. Effect of silicon on the growth of rice

546 + 2021HE AlHATE DA



plant at different growth stages. Soil. Sci. Plant Nutr. 35, 347.356.

Sass RL, Fisher FM, Wang YB, Turner FT & Jud MF. 1992. Methane emission from
rice fields: the effect of floodwater management. Global Biogeochem Cycles 6:
249-262.

o

ATBn &A=

O =EFolA ifehs Se|as 8% 2A47ks vig A aaldsEd)

B 2w A 5 soporp | HAIEE
=Eof s
e | AYR |0 | s | e | deae s2 ) - | o
EFIRAE
8 TN © | sYeTN | 22| Az A | oo
&A7F XA
°C ne g ’ gods | A& = | O] -
o o ” ” 71x O =B 2] ;Q/\]_ _ o)
041_’—7<]- =R . LA I
" © | sgdTE |2 | HHBE OO
g g dYE | AHEE | O -
’ ’ olge | A¥ AR | O] O






