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Abstract
Methane (CH4) 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 Fe3+, which acts as reduction of CH4 emissions in flooded rice paddy. This study was 
evaluated the effects of the silicate fertilizer with different rates of the iron slag on CH4 
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 CH4 emissions during rice cropping period were 
assessed using a closed-chamber method and then determined by Gas chromatography. The 
CH4 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 CH4 reduction and rice growth.
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Introduction
(greenhouse gases, GHGs)

(CO2), (CH4), (N2O), (SF6), (HFCS), 

(PFCS) (Fletcher, 2003). GHGs

, 

(ME, 2023). , CH4

80 (GIR, 2019; IPCC, 2021). 

CH4 , (NOAA, 2023)

2022 CH4 1,911.8 ppb (722 ppb) 2.5
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. CH4 60 - 70% , 

CH4 5 - 29% (Le Mer and Roger, 2001; Saunois et al., 2020).

CH4 (methanoegens) , 

CH4 (Malyan et al., 2016). CH4 

, , , , 

(Ali et al., 2009a; 2009b; Seo et al., 2011; Lee et al., 2012; Ju et al., 2013; Lim et al., 2013; Cho et al., 2016; Gwon 

et al., 2018; Lee et al., 2020). , (Si)

, CH4 (RDA, 2005; Ali et al., 2009b; Lee et al., 

2012). Si , 

, , (Kim et al., 2002; Joo 

and Lee, 2011). , 

(Lee et al., 2005; Han et al., 2014; White et al., 2017; Steiner et al., 2018).

(blast furnace slag, BFS) , 

. 4.8 - 5.4% , 

(Rout and Sahoo, 2015; Lim et al., 2022). , CH4 

BFS , (Fe3+)

CH4 

(Frenzel et al., 1999; Kumaraswamy et al., 2001; Huang et al., 2009; Gwon et al., 2022).

, CH4 Fe3+ 

CH4 .

Materials and Methods
Experimental setup

2022 5 25 2022 10 8 137 (36°22′04.5″N 127°21′
15.1″E) , (Oryza sativa L. cv. Samkwang) . 

(sandy loam) , , 67.6, 18.0, 14.4% .

(N - P2O5 - K2O) , , 

90 - 45 - 57 kg·ha-1 , ha 1.5 Mg (NAAS, 2010b). 

(silicate fertilizer) (Fe2O3) (0.0, 2.5, 

5.0%) SF 0.0, SF 2.5, SF 5.0 . (control)

(SF 0.0, SF 2.5, SF 5.0) 4 . SF 0.0 

SF 0.0% , SF 2.5 SF 5.0 SF 2.5%

SF 5.0% . Table 1 .



Influences of silicate fertilizers containing different rates of iron slag on CH4 emission and rice (Oryza sativa L.) growth

229Korean Journal of Agricultural Science 51(2) June 2024

Table 1. Chemical properties of silicate fertilizer used in this experiment.

Samples
pH Av. Si T-P K2O  CaO MgO

(1 : 10, H2O) (mg·kg-1) (%)

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

SF 2.5 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. SiO2, available silicic acid; T-P2O5, total phosphate.

a, b: Mean separation within columns by Duncan’s multiple range test, p < 0.05.

Analysis of soil and fertilizer

pH Benchtop Meter with pH (ORIONTM Versa Star ProTM, Thermo Scientific Inc., 

Waltham, USA) 1 : 5 (w·v-1) . (available 

phosphorus, Av. P2O5) Lancaster , UV/Vis-spectrophotometer (GENESYS 50, 

Thermo Scientific Inc., Waltham, USA) 720 nm . (available silicic acid, Av. SiO2)

pH 4.0 1 M NaOAc UV/Vis-spectrophotometer 700 nm . 

(total carbon content, T-C) (total nitrogen content, T-N) CHN Analyzer (TruSpec Micro, 

Leco, USA) . (Exchangeable cation, Ca2+, K+, Mg2+) pH 7.0 1 M 

ammonium acetate (NH4OAc) ICP-OES (ICAP 7000series ICP spectrometer, Thermo Scientific 

Inc., Waltham, USA) .

pH Benchtop Meter with pH 1 : 10 (w·v-1) 1

. T-P2O5 Nitric acid Perchlorid-Nitric acid

470 nm UV/Vis-spectrophotometer . Av. SiO2 inorganic matter (CaO, K2O, MgO) 

ICP-OES , 

ICP-OES .

Analysis of plant growth

137

(RDA, 2012) (plant height), (number of tillers), (straw 

yield) 10 3 . , 

. 

. (1,000-grains weight) (percentage of filled grains)

(RDA, 2012) , (root biomass)

.

CH4 volatilization

CH4 CH4 

10 - 12 (W 60 × D 60 × H 120 cm) CH4 (Adhya et al., 

1994; Kim et al., 2013). 3 , 
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, 30 CH4 60 mL . , 

CH4 ( , , , ) 3

(Fig. 1), (oxidation-reduction potential, Eh) Eh meter (EutechTM pH 

6+ pH Meter, Thermo Scientific Inc., Waltham, Massachusetts, USA) (Fig. 2). CH4 

Gas Chromatography - Flame Ionization Detector (GC-FID, The Agilent 7890A Gas Chromatograph, Agilent 

Technologies, USA) . CH4 .

×××  (1)

F, CH4 (mg·m-2·h-1); ρ, CH4 (0.717 mg·cm-3); A, (m2); V, (m3); Δc/Δt, CH4 

(ppmv); T, (℃)

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

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

, , CH4 3

. SPSS (IBM SPSS Statistics version 26, USA) 
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(one way analysis of variance, ANOVA) 95% (p) , 

Duncan multiple range test .

Results and Discussion
Soil chemical properties

Table 2 . pH

(SF 0.0%, SF 2.5%, SF 5.0%) pH pH 

5.93 pH 6.89, 6.75, 6.65 , SF 0.0% . Av. 

P2O5 ( , 45 kg P2O5·ha-1) . , 

65.40 mg·kg-1 (63.35 mg·kg-1) , 

SF 2.5% 93.95 mg·kg-1 . Av. SiO2 Av. P2O5 

. , SF 0.0% 

Av. SiO2 154.61 mg·kg-1 270.09 mg·kg-1 1.75 . T-C 

CH4 1.09% . , 

0.61% SF 0.0% SF 2.5%, SF 5.0% 0.73, 0.93%

. T-N 

. K+, Ca2+, Mg2+ 0.13, 3.19, 0.45 cmolc·kg-1

, . K+ 0.13 cmolc·kg-1

, SF 5.0% 0.24 cmolc ·kg-1 1.8 K+ ( K+: 0.2 - 

0.3 cmolc·kg-1) (NAAS, 2010a). SF 2.5% Ca2+ 4.09 cmolc·kg-1 1.3

, Mg2+ 0.63 cmolc·kg-1 1.4 . , K+, Ca2+, 

Mg2+ (SF 0.0%, SF 2.5%, SF 5.0%) .

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

Treatments
pH Av. P2O5 Av. SiO2

Elemental contents Exchangeable cations

T-C T-N K+ Ca2+ Mg2+

(1 : 5, H2O) (mg·kg-1) (%) (cmolc·kg-1)

Initial soil 5.93 ± 0.24b 63.35 ± 5.49c 154.61 ± 45.06b 1.09 ± 0.02a 0.17 ± 0.01a 0.13 ± 0.03b 3.19 ± 0.83a 0.45 ± 0.11b

Control 5.65 ± 0.11b 65.40 ± 3.79c   74.12 ± 3.89c 0.74 ± 0.07c 0.14 ± 0.00b 0.24 ± 0.06a 3.45 ± 0.16a 0.51 ± 0.01ab

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 93.95 ± 7.11a 255.23 ± 7.53a 0.73 ± 0.06c 0.14 ± 0.00b 0.23 ± 0.00a 4.09 ± 0.11a 0.63 ± 0.01a

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. P2O5, available phosphorus; Av. SiO2, 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.

pH (SF 0.0, SF 2.5, SF 5.0) pH 10.37, 10.83, 10.22 , 

pH pH (Cho et al., 2004; Lee et al., 2005; 

Ali et al., 2008a; Joo and Lee, 2011; Kim et al., 2016). 
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, pH 5.93

(Cho et al., 2004; Joo and Lee, 2011).

Av. P2O5 Av. SiO2 (Av. P2O5: 80 - 120 mg·kg-1, 

Av. SiO2:  157 mg·kg-1) (NAAS, 2010a). Si , 

, 

(Etesami and Schaller, 2023). , SF 0.0%, SF 2.5%, SF 5.0% 

Av. P2O5 .

T-C pH , Amoakwah (2023) pH

. SF 0.0% pH T-C 

, pH 

(Amoakwah et al., 2023). , Yin (2021) Fe C , 

Fe3+ C . , SF 2.5%, SF 

5.0% Fe3+ C T-C 

.

Si N , 

(Matichenkov and Bocharnikova, 2001; Lee et al., 2005). , Negasa (2023)

, . 

( , 90 kg·N·ha-1) , · T-N 

.

K+, Mg2+ (57 kg·K2O·ha-1) (45 kg·P2O5·ha-1)

Mg . , , 

(Lee et al., 2023; Joo and Lee, 2011; Ahn et al., 2014). 

(SF 0.0%, SF 2.5%, SF 5.0%) . 

CaO 40 - 50% , 

Ca2+ 1.2 - 1.5 (Ali et al., 2008a; 2009b; Joo and Lee, 

2011; Galgo et al., 2022; 2024). Table 1 3 (K2O, CaO, MgO)

0.08 - 0.09, 9.59 - 11.78, 1.26 - 1.49% , CaO 4 , K2O MgO 

. , 

.

Plant growth

Table 3 . SF 5.0% 

106.13 cm , SF 0.0% 102.90 cm . SF 2.5% 

SF 5.0% 15.63 , . 

SF 0.0% SF 5.0% 8.23 Mg·ha-1 , 

7.34 Mg·ha-1 . SF 0.0% 24.42 g
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, 24.05 (SF 2.5%), 23.54 (SF 5.0%), 23.06 g (control) . 

SF 5.0% 92.57% SF 2.5% . 

20%

. 6.49 Mg·ha-1 SF 5.0% 

29% 8.40 Mg·ha-1 .

, 

Fe (Wang and Cai, 2006; Negim et al., 2010). Zhang (2020)

, Ca, Mg, Fe

Ca, Mg, Fe . 

, Galgo (2022) 2.5% 

. (0.0 → 5.0%)

CaO, MgO , .

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

Treatments
Plant height

(cm)

Number of
tillers

(ea·plant-1)

Straw yield
(Mg·ha-1)

1,000-grains

weight

(g)

Percentage of

filled grains

(%)

Root biomass

(Mg·ha-1)

Rice yield

(Mg·ha-1)

Control 105.23 ± 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% 102.90 ± 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 - c: Mean separation within columns by Duncan’s multiple range test, p < 0.05.

CH4 volatilization

Fig. 3 CH4 . CH4 9

(9 days after transplanting, DAT 9) CH4 , DAT 91 CH4  

. , CH4 (66.22 mg·m-2·h-1) , CH4 

59.52 (SF 0.0%), 57.42 (SF 2.5%), 56.76 mg·m-2·h-1 (SF 5.0%) . , CH4 

Eh - 100 ~ - 150 mV (Fig. 2 and 3). DAT 91 , CH4 

DAT 100 .

CH4 ( , , )

CH4 (Das et al., 2022). , Eh

, - 100 ~ - 200 mV CH4

(Yagi and Minami, 1990; Wang et al., 1993; Dubey, 2005; Ali et al., 2009a). Ali (2008b)

Eh CH4 , 

CH4 . CH4 

, CH4 ( 80 - 90 ) 

, CH4 CH4 

(Sinha, 1995).
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Fig. 3. Daily CH4 emission change during the cultivation period. SF x.x%, silicate fertilizer containing iron slag 
x.x%.

CH4 CH4 . CH4 

(control, SF 0.0%, SF 2.5%, SF 5.0%) 79.23, 65.68, 65.79, 72.63 g·m-2 (Fig. 4). , 

CH4 100% , 17% (SF 0.0%), 17% 

(SF 2.5%), 8% (SF 5.0%) CH4 . Ali (2009a)

CH4 . , 

CH4 Galgo (2022) 0.0% 2.5% 

, CH4 20, 30% , 

2.5% . 

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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CH4 , SF 5.0% CH4 SF 0.0% SF 2.5% 

CH4 . 2.5% CH4 

Fe3+ , , , 

CH4 (Galgo et al., 2022). 

CH4 .

CH4 Fig. 5 . 

, . , 

CH4 , SF 2.5% CH4 

, SF 5.0% CH4 

.

Fig. 5. CH4 total flux and rice yield during the cultivation period. SF x.x%, silicate fertilizer containing iron slag 
x.x%.

Conclusion
CH4 

. , 5.0% 29%

, pH, (Av. P2O5) , (Av. SiO2) , 

. CH4 9 , 91 

. 100 CH4 

. CH4 79.23 g·m-2 , SF 0.0% SF 2.5% 

65.68 g·m-2 65.79 g·m-2 17% . SF 5.0% 

72.63 g·m-2 8% . , CH4 

(Fig. 5) 2.5% CH4 

. , CH4 

, 2.5 - 5.0%

, CH4 

.
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