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Abstract

Methane (CH,) is an important greenhouse gas, with a short-term greenhouse effect 80-fold
that of carbon dioxide. Blast furnace slag used as a base ingredient for silicate fertilizer, and
contained Fe*, which acts as reduction of CH, emissions in flooded rice paddy. This study was
evaluated the effects of the silicate fertilizer with different rates of the iron slag on CH,
emissions and rice growth. In this study, the SF 0.0% was applied with silicate fertilizer con-
taining 0.0% of the iron slag, while the SF 2.5% and SF 5.0% were treated with silicate fertilizer
containing 2.5 and 5.0%, respectively. The CH, emissions during rice cropping period were
assessed using a closed-chamber method and then determined by Gas chromatography. The
CHy fluxes were reduced by 17% (SF 0.0%), 17% (SF 2.5%), and 8% (SF 5.0%) compared to the
treatment with only-inorganic fertilization (control). Conversely, rice grain yield increased by
15 - 30% compared to the control owing to the improvement of soil quality by silicate ferti-
lization. In particular, soil pH, available phosphorus and available silicic acid content were
increased with the increase in the iron slag rates from 0.0 to 5.0%. These contributed to a
significant increase in rice growth such as 1,000-grains weight and percentage of filled grains.
Consequently, these findings were indicated that the application of silicate fertilizer contai-
ning 2.5 -5.0% of iron slag would be the most effective in both CH, reduction and rice growth.
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Introduction

1914 gzl oJsf i E &= 247k (greenhouse gases, GHGs)] F-Foll= o]4tateta
(COy), HIEH(CHy), oM AN, 0), SESF(SF), TAESHEA(HFC), 12|21 IHEst e
2~(PFCs)7} QAth(Fletcher, 2003). ©]215F GHGs 2] HiE Z71= 7| $HSHE of7|5h= 38 ¢
Q1o 2 A FE|lon, ojo] met A H o g 24 7kA A7 95 lego] H Qarh= Q14
o] ZMiHE] Al QIEHME, 2023). 53], s QF-EolA F2 BiEsE = A2 43X CH,e @)
24 1= 5U3H ko] o|AkatekAo] Hs| 80Hl o] Aol DBHTKGIR, 2019; IPCC, 2021). T
7] & CH,9] 5E+= md 235] Z7kstal 9lo, nl= =Y 713 (NOAA, 2023)°]] u}
2112022 7] F CH, 9] 5= 1,911.8 ppb2 AF4S} 0]7(722 ppb)oil HI5}o] 2.58] 0]/
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S7Fskqict ti7] 2 vilEE CH,S 60 - 70%= 91912 WA elol 2Jgh 210 2 ZAM=|glom, 11 2 ¥ Ajul 27 32
A= CH, ] F2 9F 5 - 29% =2 FHThHLe Mer and Roger, 2001; Saunois et al., 2020).

H el 2 - CH,-2 thE-E HIEHY/d T (methanoegens) 2] ZHa-ol| 2Jsl B Z ™, HIEMYAd -2 7|4 2710
A 87182 B3alisto] CH2 AAIsH= Ao 2 A thMalyan et al., 2016). FUlolA = CH, &% 7H2-2
3 A s, == T, f71EAE, A, QR84 B 5 The e B e A 2s|
%EI'(AH etal., 2009a; 2009b; Seo et al., 2011; Lee et al.,2012; Juetal., 2013; Lim et al., 2013; Cho et al., 2016; Gwon
etal., 2018; Lee et al., 2020). 53], 7HAFH| 2= H A S B0l #4(SHE 355l A& 52 SUA]
7] 95l =2 ARSEH, CH, BiES A 7ol = &3/} Qtkal B I E|QTHRDA, 2005; Ali et al., 2009b; Lee et al.,
2012). AR E0] 5= 4 @ 491 Si= Aol A TRE 4ot Atet FE 2 EASHH, FAHH| RE +=of| AlH]
Sh= 73, Hel A8 B 84, =5 A 5 s B2 el 9= RIXITHKim et al., 2002; Joo
and Lee, 2011). T3}, 7HAPEH| 29 Al-8-2 2450] A4 o] § 85 SANA Ao H| B Al &3-S A0 4~ 9l
Tt B 3% v QUK Lee et al., 2005; Han et al., 2014; White et al., 2017; Steiner et al., 2018).

21 2Z&2H T (blast furnace slag, BFS)+= A2 4 1 20f|A] AH & A2 6k= 2ol A WAfoh= BAFE R, 1AM
59| B2 ARGH FAHH|Boll= 4.8 - 5.4%2] F AekEo] e o] Qlom, M2 AlE Aol B4 njge
A2 PE A FHAo) 2235 9 3HS $HchRout and Sahoo, 2015; Lim et al., 2022). 3t FAFH]| 29] CH, HiE3 A
7 Eik= BFSol| 3k A AFehEo] ofgt Zio 2 4ks} AFEe] H(Fe’)2 @71/ EYollA mEAY gt 7348 A
AIS 7H e =2 HeEH/d 2ot 772 Eofioll HA ARgE o] CH, HiE3S A4aAIZ 4 Akl 2EA ot
(Frenzel et al., 1999; Kumaraswamy et al., 2001; Huang et al., 2009; Gwon et al., 2022).

wHebA, & As CH, HlET AT o) 8 332 918 &84 FAHH| B0 Fe'™' £3 HI S-S 317] 2l5)
o) 2 2t 4HH 59 Al-&o] CH, HiE 2 ] 5ol n]X]= 9= F7Isk3ith

"IN

1
ko

i

(¢

Materials and Methods
Experimental setup

HAq=20221 59 25U R E] 2022 109 8L7HA] & 13797 TSk W) Al E4(36°22'04.5"N 127°21'
15.1"E)°llA 3= o, Al E52 A8 (Oryza sativa L. cv. Samkwang)= AF8-513Th A glo] JIsiH Alg &
20| EAJ-S ALFE (sandy loam)E 22, B|AL, A E FHko] 247} 67.6, 18.0, L3]I 14.4%°] AT}

H| 5 2= 5323085 2= A7) &l wet £714H| 5N - P,0s - K0)= 84, 8/d%1H], A3t
S 0]85}9] 90 - 45 - 57 kg-ha 'S 22|51 1, FAPIH| E= ha 1.5 Mg 2] 2J5FTHNAAS, 2010b). Aol AF
S5 AN g = JAPE] Esilicate fertilizer)2l AF8FE(Fe,05)2] FEH A A5 ot 4H8d 9] 315K0.0, 2.5,
5.0%)°ll whet 22} SF 0.0, SF 2.5, SF 5.02. 2 g5t lch 2] 7= FAMIH| 2.5 2] 2]51A] %82 F-2]2]7-(control)
£ xg}oto] A2 7AFH]E(SF 0.0, SF 2.5, SF 5.0)0ll w2t & 4709] {2]t2 F/dstict. 1% SF 0.0 #4H
H| 25 2] 2|5t 2| 2] 712 SF 0.0% 2.2 B 35131 1, SF 2,52} SF 5.0 #AHIH| 2.5 2] 2] $h 2| 2] -2 212} SF 2.5%2F
SF 5.0%% =75ttt Agol AREH FAMIH| S5 243 ATH= Table 101 LERAIICE
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Influences of silicate fertilizers containing different rates of iron slag on CH, emission and rice (Oryza satival..) growth
Table 1. Chemical properties of silicate fertilizer used in this experiment.
pH Av. Si T-P K>0 CaO MgO
Samples :
(1: 10, H;0) (mgkg") Y
SF 0.0 10.37+0.03a 16.74 = 0.00a 0.42 +0.08a 0.08 £0.03a 9.59 + 1.43b 1.26 +0.47b
SF2.5 10.83 £ 0.05a 17.35+£0.01a 0.20+0.03b 0.09 £ 0.02a 11.15+0.96a 1.49 £ 0.09a
SF 5.0 10.22 +0.03a 15.50£0.01a 0.14 £0.02b 0.09+0.01a 11.78 £ 0.92a 1.44 +0.15a
SF x.x%, silicate fertilizer containing iron slag x.x%; Av. SiO,, available silicic acid; T-P,Os, total phosphate
a, b: Mean separation within columns by Duncan’s multiple range test, p < 0.05
A3o] AFEH EQFO] pHE= Benchtop Meter with pH (ORION™ Versa Star Pro™, Thermo Scientific Inc
5 (wvhel vl g2 E3tsto] S4513th F-& 4K available
0]—9—6}0:] BA519 0™, UV/Vis-spectrophotometer (GENESYS 50
A&Folitt & 4K available silicic acid, Av. SiO,)<
. [e]
o

SR

Analysis of soil and fertilizer
o =
= =z A=
oTTT =
B4 Sef(total carbon content, T-C)2} &= A4 $2H(total nitrogen content, T-N)-= CHN Analyzer (TruSpec Micro
Z = A E 1 10 (W v )_J H]EE _9_01-0]—0:] 1/\]

190] 739 FArAHE Uy

Sk
=
phosphorus, Av. P,0s) -2 Lancasterii=
Thermo Scientific Inc., Waltham, USA)Z 720 nmO]| 4] 8| A4
ammonium acetate (NH,0A )2 ¥ &3 -§Y-E ICP-OES (ICAP 7000series ICP spectrometer, Thermo Scientific

o
Waltham, USA)E o835} Al&et
pH 4.02.2 WSt 1 M NaOAc 2 &35} UV/Vis-spectrophotometer= 700 nmOj| 4] B] A =2FstITh EQF LY
o
o]-8-5to] 235} t} 2]EHd Aol (Exchangeable cation, Ca*', K, Mg>)2 pH 7.02.2 W A3H 1 M
Al5HelT)

Nitric acid2} Perchlorid-Nitric acidS 0|85t 235t A| &

Leco, USA)E
Inc., Waltham, USA)E 0§35}
F& AlAtstAct.
(number of tillers), B4 F-A|(straw
L E —I—T_.— gl
= S75k3
17|

= H A
[ fLe
TAHH] 5.9] pH+= Benchtop Meter with pHE- ©]-8-5}0] H| &
470 nmOJ|A] UV/Vis-spectrophotometer= A1 3}ATh Av. Si0,2} inorganic matter (CaO, K,0, MgO) T2 Al &
b A"
FaR

o
= pLE A
F&RERAAZ] & SASHATh T-P,0s2
bt dabg ol gsto] B35t & ICP-OESE 2AJ51%leH, £7]2
20] 9]
o] LeFA] HEHE H| W57 &) oY & 137YA o] ZAHE-S 485t =25
dol& S4silen, &
4 Z

2
= _
=
ICP-OESZ X3t & 552 o 2 513k
Analysis of plant growth
AP g 2 2]of e AhE
i%}obl% AFZAHEA 7| F(RDA, 2012)°1] w2t 2% (plant height), L
yield)E 22|73 10574 3RHE.0 2 FAJsIQIth 242 Aol AR ol Zo
3] M7 Ag AT HAl2 A2 A FAIE ST & 24004 Fdsto] Hide Hx
o}, 2= F(1,000-grains weight)2+ -5-5-E1(percentage of filled grains)< 571574 sd1s7|& 04—",’-2 FEA
F(RDA, 2012)0f 2t £ 4~ F4 & I8 £ Axsto] 24611, H12] F7(root biomass)= £
& 20| A7slE & 1 x5te] S7gsI}l:
CH, HiEF2 AIE 7IRE 5 mlis= 52 4ot 94 & ok 2ol 5k+ CH4 HiES T et Al 2
2351t Adhyaet al.,
A5k oH, UiFol 3715 %?JE]J] flsl 47 W H=|5to]
229

CH, volatilization

H el 7|11t 2
10A] - 25 12A]0]] ZFo = A el ZJHE{(W 60 x D 60 x H 120 cm)E- ©]-&5}o CH, Al &

1994; Kim et al., 2013). = 2] 2] 3714
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3083 AR CHL S 60 mL AL 15 o] 85k ahglet. =4, 325 2

4 2R1(7]2, 42, A2, WH U] )2 2 EAIE 0|85t x{2|+td 3Rt
B2 2751 o (Flg. 1), AFsFehI 7 9] (oxidation-reduction potential, Eh)= = Z1=-3} Eh meter (Eutech™ pH
6+ pH Meter, Thermo Scientific Inc., Waltham, Massachusetts, USA)E- ]85} S35 thFig. 2). N THCH, Al
S+ Gas Chromatography - Flame Ionization Detector (GC-FID, The Agilent 7890A Gas Chromatograph, Agilent
Technologies, USA)E ©]-&5to] 2415131t} CH, HIES AlLTeE AlAHA 2 o2} 2t

r°ru

F=px(V/AX Ac/ At <273/ T) )

F, CH, BiE&%H(mg-m™-h™"); p, CHy BX=(0.717 mg-em™); A, 28] W W& (m?); v, M8 U] F1](m’); Ac/At, CH, 5=
S7H(ppmv); T, AH U 22(°C)

40.0
Atmosphere —#i—Water -~ Soil

350

Drain of water Harvest

30.0 I )

25.0 I

1
20.0 I
150

10.0

Temperature (°C)

5.0

s = e - - — -
e = = = -

0.0

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140
DAT (day after transplanting)

Fig. 1. Change in environmental factors during the cultivation period.

150.0 —a—Control —#—SF 0.0% SF 2.5% SF 5.0%
100.0 [

50.0
0.0

50.0 d“,nm Mo 70 80 100 nol"//ug 13& 140 150
[ﬁ*. * \\L 72" J Yy \ T oz T’d T
[ 1 ! : :
I

Soil Eh

-100.0

1500 - [ c

!
CH, emmissions range 1

-200.0 I I
-250.0 Drain of water Harvest
DAT (day after transplanting)

Fig. 2. Change in soil Eh value during the cultivation period. Eh, oxidation-reduction potential; SF x.x%, sili-
cate fertilizer containing iron slag x.x%.

Statistical analysis

& Aol M AARE 2T, A 2AL, CH, vl & 232 3RHEsto] U2 ghe B B gto s A4S
of eIt X 2]t Ato]2] A4 R-2]xH= SPSS (IBM SPSS Statistics version 26, USA) U 8] 2|2AHEA

)
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(one way analysis of variance, ANOVA)= E3l 95% A12|54F(p)ollA 54 A4S 435t oM, ALE B0z
Duncan®] multiple range testS 5345} T}

Results and Discussion
Soil chemical properties

AP B X 2jo) mE B 3sHY B4 ’igkE B4 e A k= Table 200 HERATH A & EQ] pHe
AHAH| 25 2 2] 3t & X 2] 51(SF 0.0%, SF 2.5%, SF 5.0%)°lA] 7HAFIH] 9] -2 pHoll ofs| A& X B2 pH
5.930] H]3ll Z}2} pH 6.89, 6.75, 6.652 Z7F519 .0 H, £3] SF 0.0% 212 7ollA] 71 =] Z7Fs19lth EF Av.
P,0s T2 BLE X 2)Lof| A 7] A H] (844 Q1H], 45 kg P,0s ha') Al-&-Q =2 QIsl F7}53iT. oL H o &2 KX
2] FLo| A= 65.40 mg-kg ' O 2 A A E(63.35 mg-kg )T EAIA o AFE Ho|A] kofo, FARH| g g
%Loﬂki = SF 2.5% A 2]7ollA] 93.95 mg-kg' & 7FE =7 S7F5I3ATh Av. Si0, & Av. P,0s &t fARSH

F& YR o] B2 Alejgt BE X2 oA AY X EGET =4 76kt 1 Foll A %=, SF 0.0% 21 2]
Tof|A] Av. Si0, o] AE H EF2] 154.61 mg-kg ol HIEH 270.09 mg-kg' O 2 1.758) 75T EF W T-C
g2 B s Folf CHyol HiEHoll what Ad  EFe] 1.09%0l Hls] & X 2] 7tol|A ZAskleh 124,
0.61%= 717 WA 745 SF 0.0% ] 2]Lol] H]sl AFs}d o] 23 SF 2.5%, SF 5.0% & 2]l A Z+240.73, 0.93%
EAZo| Zo|bes BES UL EY W T-N 2 A3 M3t & EQF Afool|A FAIA f-oxHE UEAA]
ookt 2|34 ol Lo 72 Ad A EQke] |34 K, Ca®!, Mg 2 2+2}0.13, 3.19, 0.45 cmol. kg O = LFEE
O, A§ & EqFo] X3 ol 22 HE X2l qrollA] STkttt X2 K2 AE 2 EF] 0.13 emol. kgl
H|3}| F-2]2] 7L, SF 5.0% 2] 2] 7oA 0.24 cmol, -kg' 2 1.88) S715) = EY X84 KT A +FAFF K 0.2 -
0.3 cmol.-kg)oll =EZITHNAAS, 2010a). SF 2.5% 2] 2] 7ol A 2|2Hd Ca**2 4.09 cmol.-kg' 2 1.38) Z7F51HA|
I EAA Qojxb= Qiglom, X8 Mg* 2 0.63 cmol kg ' 2 1.48] 27151t 71402 2|34 K, Ca?,
Mg?" B5 Fx]2] e} FAFAH| B %] 2] 54(SF 0.0%, SF 2.5%, SF 5.0%) 7+e] EA14] {-o)xb= yeht#] ekgict

Table 2. Chemical properties of the soil used in this experiment and the soil after harvest.

Elemental contents Exchangeable cations
pH Av. P,0s Av. SiO,
Treatments T-C T-N K* Ca** Mg**
(1:5, H,0) (mg-kg™) (%) (cmol.'kg™)
Initial soil 593+0.24b 63.35+5.49c 154.61 £45.06b 1.09+0.02a 0.17+0.0la  0.13+0.03b 3.19+0.83a 0.45+0.11b
Control 565+0.11b  6540+3.79¢c 74.12+3.89%¢ 0.74+0.07c 0.14+£0.00b  0.24+0.06a 3.45+0.16a 0.51+0.0lab
SF 0.0% 6.89+0.05a 80.88+2.66b 270.09+4.36a  0.61+0.02d 0.15+0.00ab 0.20+0.00a 3.97+0.19a 0.60+0.01ab
SF 2.5% 6.75+0.04a 9395+7.11a 25523+7.53a  0.73+0.06c 0.14+0.00b  0.23+0.00a 4.09+0.11a 0.63+0.0la
SF 5.0% 6.65+0.03a 89.24+1.42a 227.72+7.53a  0.93+0.00b 0.16+0.00ab 0.24+0.00a 3.84+0.12a 0.57 +0.02ab
Optimum range  5.50-6.50  80.00 - 120.00  157.00 < - - 0.20-0.30 5.00-6.00 1.50-2.00

SF x.x%, silicate fertilizer containing iron slag x.x%; Av. P,Os, available phosphorus; Av. SiO,, available silicic acid; T-C, total carbon content;
T-N, total nitrogen content.
a - d: Mean separation within columns by Duncan’s multiple range test, p < 0.05.

B o Jtof| AR5 FARAH| 29] pHE H]F2] Z5(SF 0.0, SF 2.5, SF 5.0)0l wa} ZH2} pH 10.37, 10.83, 10.222,
TAFAE] g 9] =2 pHol| o]t B pH 27 1= Ee XA TLof A B 1%l 8} Itk Cho et al., 2004; Lee et al., 2005;
Ali etal., 2008a; Joo and Lee, 2011; Kim et al., 2016). ©]2{3t FAFIH]| & 2]2] G1f= 2 AP EF Z 7oA 7}
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= or, & Ao M e A M EFpH7t5.93 02 M Aot FARSH VI EGF 270 A =88] of fARH A%
2 YEFHITK Cho et al., 2004; Joo and Lee, 2011).

TR E A2 AT EF] Av. POsTH Av. SI0, B2 = EY B8 24 $F(Av. P05 80- 120 mg-kg,
Av. SiOy: = 157 mg'kg ' )7HA] = FATHNAAS, 2010a). = EFellA] B 2ul Z-Si A2l EF Ul 14ke] 7184,
AE Bjo] Qi 4 AlE 24 Y QAR o] 84 ZiAISte] AlEe] Qlit Fell FFFS mIxITka &l
(Etesami and Schaller, 2023). th2tA], 12 A Lol A & AP H| 55 21 2|$F SF 0.0%, SF 2.5%, SF 5.0% 2] 2] Lol A]
A A EG 2 B 7R §-oJ51A Av. P,0s o] F7Fsto] ATt faket Auks Uepiilct.

EG U T-C T EF pH Z719] JFS 2o M, Amoakwah 5(2023)2 EU pHEF EYF U] A & Alo] 9]

FHIAE A5 2 AollA SF 0.0% 2] TR g E T B pH7F 57 Ftel Wt T-C Eo] 24
SIRoH, ol= Aol HuE B pH F71ol| e 8& {715 &ole F7tol 7115k Zle = wtEn

(Amoakwah et al., 2023). B=3F, Yin 51(2021)2] = EJol|A] Fel C HIE Alo] o] A E A5 A Ao =1,
EYFe’ 5ot EY C HIETF Atololl 2-2] A7} Qlokal B steict. ofof whaf, 2 3510l A] SF 2.5%, SF
5.0% A 2] Lol A Fe¥* A g|gFo] Z7atol| wmet EQF ¢ HlES Thasto] EYF U T-C sho] S71st A0 &2 et
Het

EGF U £UE Sie NS &36to] 2E0] o] & 7hs et FEi 2 RAIA 711, 2HE] A4 o] & &8-S wolert
A8 ATLof| A Ea1E H} It Matichenkov and Bocharnikova, 2001; Lee et al., 2005). AT, Negasa 5(2023)
TAHIH 27 EQF B4 71 2HE 2] AS S X0l HEA Q1 -2 51, AAE AT = glrka Barsilct
2 AFolM e BE Aol FYsHA F71EHE(8 4, 90 kg'N-ha)E AlH|SIC M, A A & EYJO TN
o] A Folab7t gle A2 A E| E.0] X 2|7 E U] A4 ol GRS pIX|A| 7] wiE o & wek
ct}.
A 3 EF AP K, Mg 2 77|81 & F FIE(57 ke KoO-ha )-89 Q1H] (45 kg P,Os-ha™)ofl 222
H Mg /doll ofaf S7Fet A o = et Tk 2|3y ofol2-2 AMHIE U A8 ol g whom, i
AHH] 2of gHRE| o] Ql= gol20] EYF 8l 2 8o H ol what x| e ol SFE S7Hettal B g HE QL
Th(Lee et al., 2023; Joo and Lee, 2011; Ahn et al., 2014). SFA| 7+ 2 d7Lof| A F7]| 2| 272 2] 2|5 Fx] 2] Lo}
APAH])F 2] 2] FHSF 0.0%, SF 2.5%, SF 5.0%)3+2] X|8Hg ol dafe SAIA f-2at5 LepR] ket At
o] g Al-gof] Tt A FLof| A AR AR F.9] CaO THFS 2F 40 - 50% .o, o]of w2t A4 & B0
2|8Hg Cca’ ol 1.2 - 1.5 S7Fsto] BAIA f-o]xkE YR BF QITHAL et al., 2008a; 2009b; Joo and Lee,
2011; Galgo et al., 2022; 2024). 2 L0l A] Table 101 At 74 H] £.9] QFo]-2 3F(K,0, Ca0, Mg0)2] 32
Z}7+0.08 - 0.09, 9.59 - 11.78, 1.26 - 1.49% =, Ca02] 73-%- A3 A} H] w5l oF 4l -2 S2Fo]m, K,09F MgO &
S SRS Hol 1 gt whaha], Bxj2| ket A g A el 7he] 2|8Hd ol 3 atol o] A1 B2
217} Qe e B Aol M ARSH A H] 5.0] oFo]2 glefo] 2|3Hd ol 2 SR Histol] IS n| =] A] gk 4

Fo|Q17] wiZo = HrhET

it o

Plant growth

250 Y5 2to| & s} fJel =35 A5 ZAFe] A= Table 30 HEFH AT B Q] 242 SF 5.0% =2
TollA1106.13 cm=Z 7 A YR O M, SF 0.0% *] 2] 7Ll A] 102.90 cmZ 7 Rokth BH 4= SF 2.5% ]
T2} SF 5.0% 2 2] 7ol A 15.6370 2 71 kA9, T2 A 2] qteh v] L A| BAI -F-2|2H& LR A] 24t 31d
o] A% Z3F2 SF 0.0% X272} SF 5.0% X2 Fol| A 8.23 Mg-ha' 2 7FY &2 kS UEhllon, FAREI g 2
gt 22|t Fx]2]79] 7.34 Mg-ha''of] H]5 25 Z7Fol3ITh. @ ZF-2 SF 0.0% *]2]1ollA] 24.42 g0 2 7}
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7=k, 24.05 (SF 2.5%), 23.54 (SF 5.0%), 23.06 g (control) =02 F-x] 2] Lo A 714 e ke UeRlch 54
£9] 72 SF 5.0% 2] 2] 7ol A 92.57% =2 7 = XATE SF 2.5% 2] 2| Fe= EA1A -2 %S Uehl#] eofct, B
2] FA|19] B¢ FAHIH| & 2|t B Bxjg)qto] vls) 20%71 S71ohs Baa BERAAIN EAA f2AE Y
EFUA] e¥ottt. o AJAEFE AR H] 8 A 2]t B B 2] 9] 6.49 Mg-ha'ol] HISH SF 5.0% *]2]7ol| 4] &]
o} 29% Z7}5}0] 8.40 Mg-ha' 2 74 =Skt

A& 18 EGol ARS8 Aol M W&l e B2 2HEe) AdAe A1, & Aol o] &
7153t Feo] Eol| A Z7I5ckal 519 thWang and Cai, 2006; Negim et al., 2010). 9] 2= Zhang 5(2020)2] &
TollA L 1S BA 6l oW, A& el Loll= A= Aol $238 421 Ca, Mg, FeZt 3551 &-7-50] 3171
2ol Eoll A& 1e] %] 2)7} Ca, Mg, Fe7t 753 EQFS 7ifoto] A& B2 F/JAIZ T E st
5k B ALn QAR 27404 ATLE 4885 Galgo 5(2022)2 H HAMHE-S-2.5% L3 FARIH| B & 22619
uff =AY ako] =] ST B arsict, 2 Aol A o] Hlgo] 0k (0.0 — 5.0%)°ll what AR
H] 29| Ca0, MgO2] 3o 371513 o, ofof| met EqF £/d 2] 7§ xt 3| ¥ o] AJS0] Z713itkal ekt

ke

tlo

Table 3. Growth parameters of rice treated by silicate fertilizers.

1,000-grains  Percentage of

Plant height Numberof ¢ yield Root biomass  Rice yield

Treatments tillers - weight filled grains i _
: Mg-h -ha’! ‘ha’!

(cm) (ea-plant 1) (Mg-ha™) © %) (Mg-ha™) (Mg-ha™)

Control 10523 +£3.36ab 15.47+0.67a 7.34+0.04a 23.06+0.19c 83.37+5.25c 4.07+2.10a 6.49+0.37c

SF 0.0% 10290 +£2.02b  15.63+0.75a 8.23+0.03a 24.42+0.63a 89.20+0.53b 4.79+3.78a 7.88+0.41b
SF 2.5% 104.73 £2.29ab 14.77+0.75a 7.71+0.03a 24.05+0.17ab 90.83 £1.67ab 4.90+2.54a 7.41 +£0.71bc
SF 5.0% 106.13+2.37a 15.63+1.03a 8.23+0.04a 23.54+£0.08bc 92.57+1.53a 4.85+2.59a 8.40+1.07a

SF x.x%, silicate fertilizer containing iron slag x.x%.
a - ¢: Mean separation within columns by Duncan’s multiple range test, p <0.05.

CH, volatilization

e

Fig. 3-2 Al 7|2+ 5 A E]| & X 2]o)) w2 CH, vl & 733 UERITE AHl 717t 5 CH, Ml &2 0| 29
(9 days after transplanting, DAT 9)5-E] CH, HiZ0] & 0 2 Z7}51% 0™ DAT 910] 4 %|tf CH, BiET
Uebict £3], Fx]2]Foll A= CH, BIETH(66.22 mg:m™h')o] 7P &9rom, #AHH| g Z]2] A] CH, HiE&-2
Z}7¥59.52 (SF 0.0%), 57.42 (SF 2.5%), 56.76 mg'm>-h™" (SF 5.0%) 2 74511} =5t A Y CH, HiE0] M3} =7
Stol w2t £ Eh=- 100 ~ - 150 mV ] 9 S LERATKFig. 2 and 3). DAT 91 0] %, & 2]2]5L2] CH, Hi&3Fo]
FA5HA ZFAsto] DAT 1000 28 A 277} 2] et ARt 4a-2 Uepilct.

2 Aol A2l CH, Bl E 5 4 Thfeh A Aljull 57K 3h, €2, S 5)0llA FAHIH| 5& E-86}o] =0
A CH, B E 5S A S X3yt A8Y Aot gAls 23S et Das et al., 2022). YRFH 0 2 EQFO] Ehgt
2 = 22 714 f o] 'aetH At 7hash, EQke] A X 1 7E - 100 ~ - 200 mve] H2]ol|l A CH,Ol
HHASHCH Yagi and Minami, 1990; Wang et al., 1993; Dubey, 2005; Ali et al., 2009a). Ali 5(2008b)2] Aol|A] EQF
Eh gto] CHy= BAAIZ 4= Q= H9loll Qloj= A& 7]0lA 24 4502 WojRl =0, o= 4 = EGolA ¥
o] /g7t g 2jsHA w7427} CH, Bl &0l 323 A3 kil B siict. o] = 2] AJSTA|7} CH, HiEoll

2 n| R A2 o] glor, & Aol A CH, M E2] Zraes 9] 24501 % 80 - 909 7)) o] Foll= 43
% 4, CHy A0l 2 o3t S3AHES) 7HE & THAE CH, v Eo] Zrdohs &S UEtil= 2 dAsich
(Sinha, 1995).

b o

-
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Fig. 3. Daily CH4 emission change during the cultivation period. SF x.x%, silicate fertilizer containing iron slag
X.x%.

B 28 717F & 2 ulEE CH= Al 717 5 8iEE CH, S 25 g5to] AlAlsIeitt & CH, viE -2 22|+
(control, SF 0.0%, SF 2.5%, SF 5.0%)°1l w2} 212} 79.23, 65.68, 65.79, 72.63 g-m™2C] A Th(Fig. 4). T3, T3] 2]Lo]]
A HEE CH,Q) 2 100%= 7HY5IAS ), AehPd & ket AHIH & 2]+ 22 17% (SF 0.0%), 17%
(SF 2.5%), 8% (SF 5.0%) CH,°] WA| BiZE] AT} Ali 5(2009a)2 B Au] 5 H o] £9l-2 miehydwte] &S 7+
2AA ARpEA S FHo =M B Al 71759t CHy Ml E-& A S 4= okl B ushQlo 3t H BAkE
£ 0|83t CH, HIE 7% A5 Wodsh Galgo 5(2022)2 2 HAME-S 0.0%2} 2.5% &S FAHIH| 2 5 2]2]5)
R wl, AR S5 X 2J51A] 92 % 2|7 H T} CH, Bl &3l 212} 20, 30% ZAstgl o, A FAbE0] ghgo]
2.5% °o)F o= F7F5I3 S tloll= Tlo)d HAshA] gheThal BTS2 Aol A & A3 Aot fAFsHAl A

100
79.232
80 b b
65.68 b 65.79 72.63 2
I
=
& 60
»
=
=
g
240 L
=
o
20 t
0
Control SF 0.0% SF 2.5% SF 5.0%

Fig. 4. Total CH4 emission during the cultivation period. SF x.x%, silicate fertilizer containing iron slag x.x%.
a, b: Mean separation within columns by Duncan’s multiple range test, p <0.05.
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o] 91 53l CH, HiEo| Z4sI oM, SF 5.0% *1279] CH, BiE7ol| B3l SF 0.0%2} SF 2.5% *12]712]
CH, Bi&3o] o] YA B4 =] Q). 4 BArE o] 35fo] 2.5% o)/ o2 &5 ufe] CH, HiE A7 E37H 575HA]
ok 22 2t A2 BA7E Rt 2848 S VA, EY 25, B AHl =0 Bo| of He AEE
5ol 2 4 BAkE o] 84l ol wt CH, A4 S Aghst <= ATkl 5HTHGalgo et al., 2022). 0|2} 2+ of 2]
2%lo|| oJgt cH, vl & At 3t 7| = T HRFH 0 2 FAbE|ofof STkl AR LY

ot = CH, BI &} LA ateke] 2] g] o) wh2 &S Fig. 50l eh ot S 34=Fe] ¢
A 5.0] X 2jet o] F=oof ubet HHF, 558 0] S7FHHA A Aol S7kshe S Blch vF

s

Z CH, HIETFS] 7%, T2 2] Lol SF 2.5% =] 2] 771A] AR E] 8.2 X 2]e} d o] &=9of ukel CH, BiZo] 4
Sh= 2 B, SF5.0% M2l 771K Mo Qo] o Z7KE45 CH, ulE AR AT FASH FES
Halt.,
10 A Riceyield - 100
© CH, total flux
y =-0.0993x? + 1.0253x + 5.7253
R>=0.7238 1 90
i 8 [ g
Ao [
A S g
= | -
2 A © 170 %
26 | =
= o
y =5.0981x2 - 27.459x + 101.25
R = (.9808 1 60
4 ' ‘ : : 50
Control SF 0.0% SF 2.5% SF 5.0%

Fig. 5. CH, total flux and rice yield during the cultivation period. SF x.x%, silicate fertilizer containingiron slag
X.x%.

Conclusion
AT o 2iu) A atshd o] ke Dot A 2 Al8o] CH, Bl &3 B Aol vl x| P3RS Yol
2} 51k, B o] AHG2AL A AFEE S 5.0% 23] PFMJ Au] 50| Al-8-2 A= AYAFE Zth 29%7HA] S7HA|
7o, o= EYC] pH, -F-& QAKAv. P,0s) T, 5 %L*J(Av Si0,) &, 213 Yol gt e EYF EA
o] 7§AH EtE Btk A ajlof w2 CH, BiEH-2 o|Y T 9Y o] ol A& 7o 4TS Blom, 91 ¢
o]l 2 1 v Zek2 epdct 100 Y}k o]$ cH, HH 2 27| pF0 & ZhAst 22|77t Z 2fo| & YERHA| &
Uk A 7)17F F Z v EE CH, 2] Y-S 1] 2] Lol 79.23 gm2 2 7F =H2 1, SF 0.0% %] 2] 72} SF 2.5% 2]
2] Lol A= ZH2} 65.68 grm 2t 65.79 g m = 5 A 2] 7t 5 Fx{ 2]t thH] 2F 17% WA| BiEE| AT} SF 5.0% 2]
Tl A= 72.63 g m 2 T 2]t TiH] 2F 8%, WA &= Qlch ATHH 0 & CH, F el &Pt AR B
LR 223 (Fig. 5)°] whah AFshd 8- 2.5% Z3lsh AR 22 2] 2]sH= Zlo] CH, HiE #1743t Hlo] A8 53
mrol| 71 &3kl A 0 & vepgt SHA| T, s AF | 5.5 Al 23 wie] §-8/d3 CH, viE A HE
A o] A2 ZH7kA) a2 shde ), AR 2 2.5 - 5.0%2] M) 7HR] 28keH= 7o) 7 82 Y o)

(o] b M T %
PR B0, ) ot S Al 8 ol 4 el gl 2 274 )
28 oz Atgr
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