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Abstract 

 

One of the characteristics for organic rice systems is the use of organic 

fertilizers, which can increase methane (CH4) production. So that agricultural 

land has been rated as one of the producers of GHG emission, which will lead 

to environmental problem. The decomposition process of organic matter 

through an oxidation-reduction process will end the formation of CO2 and 

CH4. Azolla is a potential source of organic fertilizer (matter) on organic 

paddy fields, which can affect the decreasing emission of CH4. Therefore, this 

study aims to identify the effects of using Azolla for the rice crop yield and 
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CH4 emission. The experiment was conducted in a controlled environment 

greenhouse at a laboratory. The soil material was taken from organic paddy 

field in Sukorejo, a village in Sambirejo, Central Java, by applying composite 

topsoil 0-20 cm. The result shows that farmyard manure and Azolla fertilizer 

increased rice yields and CH4 emissions. They increased rice yields due to the 

increasing content of NH4
+ and NO3

- in the soil. Meanwhile, the decrease of 

Eh by them increased CH4 emission. The influence of Azolla fertilizer was 

weaker than farmyard manure. Azolla (as a dual cropping with rice plant) did 

not affect the rice yields, but it could reduce CH4 emission. Azolla improved 

the content of NO2
- and NO3

- in the floodwater. NO2
- and NO3

- oxidize CH4 to 

be CO2, thus it reduced CH4 emitted into the atmosphere. These findings 

imply that Azolla is a mitigation option to reduce CH4 emission from organic 

rice fields. The use of 2.67 ton.ha-1 farmyard manure + 1.67 ton.ha-1 Azolla 

fertilizer + 1.33 ton.ha-1 Azolla is another optional recommended treatment. 

Such a treatment can significantly increase rice yield and reduce CH4 

emission as it produces rice yield (DGH) 7.04 ton.ha-1, which is higher than 

average, and it emits only 3.34 kg CH4.ha-1.GS-1 which is lower than average. 

 

Keywords: Azolla, CH4, organic, paddy, soil 

 

 

Introduction 
Most of the paddy fields in Indonesia have low organic matters, with < 2% C-organic 

content (Karama, 2001; Syamsiyah and Mujiyo, 2006), which affects the level of 

productivity. Low-organic C content is typical for soil in tropical areas, which is 

caused by high temperatures and rate of decomposition, as well as a low rate of 

organic matter restoration to the soil (Sanchez, 1976). Farmers in Indonesia overcome 

these problems by pursuing an organic rice system, in which one of its main 

components is the use of organic fertilizers (material). 

Some studies indicate that the use of organic fertilizers in paddy soil appears to 

increase the production of methane gas (CH4). The series decomposition process of 

organic matter through the oxidation-reduction process will end the formation of CO2 

and CH4 (Le Mer and Roger, 2001; Nieder and Benbi, 2008). Organic matter will 

increase the production of CH4 through its effect on the provision of C (Schutz et al., 

1990). 

Methane (CH4) is one of the greenhouse gases (GHG) besides CO2, N2O, HFCs, 

PFCs, and SF6. GHG contribute to the process of global warming. Its concentration in 

the atmosphere can absorb and re-emit some of the infrared solar radiation in all 

directions, and the effect of this is to warm the earth’s surface and the lower 

atmosphere (IPCC,1996). Global warming potential (GWP) of CH4 can be 11 times 

greater than the GWP casued by CO2 (Watson et al., 1992). Meanwhile, Nieder and 

Benbi (2008) note that CH4 has the ability to radiate heat 21 times higher than CO2. 

Agricultural land has been rated as one of the producers of GHG emission, which will 

lead to pro-contra debates on the sustainability of agricultural land management, and 

will have an impact on the decline in the benefits of agricultural systems. USEPA 
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(2006) stated that the projected increase in methane emission is primarily attributed to 

the increased demand for rice due to expected population growth in rice-consuming 

countries. The largest rice contributors in these regions are China, India, Thailand, 

Indonesia, Vietnam, and Myanmar, which together emit 78% of all emission from rice 

cultivation. 

One strategy that can be applied to overcome these problems is the use of Azolla 

(Azolla microphylla L.), which can be grown together with rice plants and is capable 

of producing a large biomass in a relatively short time. Since it has the ability to tie up 

N2 gas, besides being a source of organic material, it can also be used as fertilizer N. 

This technique is generally easier and cheaper to be applied in the field that 

alternative approaches (Arifin, 1996). The inclusion of Azolla can reduce CH4 

emission on the paddy fields (Bharati et al., 2000; Prasanna et al., 2002; Sasa et al., 

2003). 

 

 

Materials and Methods 
Greenhouse experiment: 

This research was conducted by planting rice in a controlled environment greenhouse 

at a laboratory. The soil material was taken from an organic paddy field in Sukorejo 

Village in Sambirejo, Sragen, Central Java, by applying composite topsoil 0-20 cm. 

The soil material was dried and sieved diameter 5 mm. The soil type was an Umbric 

Epiaqualf with loam texture (24.56% clay, 34.70% silt, and 40.74% sand) with the 

following chemical properties: 6.2 pH, cation exchange capacity of 27.75 cmol(+).kg-

1 soil, 19.45% base saturation, 2.09% C-organic and 0.15% total N. 

The experiment used a completely randomized design (CRD) (Steel and Torie 1981), 

and consisted of nine treatments, each of which was repeated three times. The plot 

experimental unit used 38.4 kg of soil material (13.23% air dried water content) 

placed in a plastic pot. The size of the pot was 58 cm in diameter and 30 cm high. 

Three days before transplanting, farmyard manure and Azolla fertilizer treatments 

were applied, evenly mixed into the soil. Rice plants were transplanted at 22 days old 

seedlings, four seedlings per hill with a spacing of 20 cm x 20 cm, four clumps per 

pot. The level of floodwater was set on +5 cm and was maintained until harvest time. 

Azolla as a dual cropping was inoculated five days after transplanting (DAT) of the 

rice plants. The plants were harvested at maturity (97 DAT). 

 

Soil and Water Analysis: 

The properties of soil and water (floodwater) were observed three times during the 

experiment, along with the observation of the CH4 emission. This was so that we 

could observe an entire planting season: (i) initial growth until the seedling growth 

stage (38-40 DAT), (ii) maximum tillering to panicle filling (68-70 DAT), and (iii) 

charging panicle stage until harvest (98-100 DAT) (Susilawati and Kartikawati, 

2008). The observations in this study were conducted 38, 70, and 95 DAT. 

Measurements of the temperature, pH and Eh (oxidation-reduction status), and 

dissolved oxygen (DO) were done directly in the pot using a temperature meter, 

pH/Eh meter and DO meter, respectively. The soil observations of the temperature, 
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pH, Eh, and DO were done in the root zone (soil depth + 20 cm) in the middle of the 

clump of plants, while water observations of temperature, pH, and DO were taken 

midway between the surface of the soil and water, in the middle of the clump of 

plants. 

The soil samples for laboratory analysis of nitrite (NO2
-), nitrate (NO3

-), ammonium 

(NH4
+), and microbial biomass C were taken also at the depth of the root zone (+ 20 

cm) in the middle of the clump of plants. The water samples for laboratory analysis of 

nitrite (NO2
-), nitrate (NO3

-), ammonium (NH4
+), and microbial biomass C were taken 

in the middle between the soil surface and the water, in the middle of the clump of 

plants. 

This study also conducted an analysis of NO2
-, using the azo-red staining method. The 

soil sample was extracted with 2 M KCl. The sample extract was reacted with 

sulfanilamid and N-(1-naphthyl)-ethylene diamine dihydrochloride (NED 

dihydrochloride), and then was read with a spectrophotometer at λ 543 nm (National 

Standardization Agency, 2004). The Brusin method was used to measure the NO3
- 

concentration. The sample extract was reacted with 2% Brusin solution and a H2SO4 

concentrate. After the application of the solution, the intensity of the yellow color was 

read with a spectrophotometer at λ 432 nm (Eviati and Sulaeman, 2009). 

An indophenol blue staining method was used to analyze the NH4
+. The sample 

extract reacted with buffering solution of Na-tartrate and phenate, and with sodium 

hypochlorite to generate the color. It was then read with a spectrophotometer at λ 636 

nm. The soil samples were extracted by applying 10% NaCl (Eviati and Sulaeman, 

2009). The amount of microbial biomass C was observed with a CHCl3 fumigation 

and a 0.5M K2SO4 extraction after 0.05 M K2SO4 pre-extraction (Mueller et al., 

1992). The amount of C was determined by the destruction of 1 N K2Cr2O7 and 

concentrated H2SO4, then was read with a spectrophotometer at λ 561 nm. The 

difference of the amount of C with fumigation and without fumigation is the number 

of microbial biomass C. 

 

Plant Parameter Measurement: 

Dry Grain Harvest (DGH), that is the weight of a grain after removed from the straw, 

was used as the plant parameter. 

 

Measurement of CH4 emission: 

To measure the gas sampling of the methane emission, the experiment used a closed 

chamber made of flexiglass with the following dimensions: l = 40 cm, w = 40 cm, and 

h = 100 cm. The chambering was done on four clumps of plants as plant samples. The 

gas sampling was conducted at 06:00 a.m., using a 5 ml syringe with an interval of 

four minutes. To obtain the linearity of CH4 concentration increase in a unit of time, 

each gas sampling was conducted four times at the minutes 4, 8, 12, and 16. The CH4 

gas concentration was analyzed using GC, equipped with a FID to determine CH4 

flux. Flux (F) of CH4 gas, emitted from one area, was calculated based on the 

equation adopted from Susilawati and Kartikawati (2008) as follows: 
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F : Flux of CH4 gas (mg.m-2.day-1) 

dc/dt : Different concentrations of CH4 per minute (ppm.minute-1) 

Vch : Volume closed chamber (m3) 

Ach : Area closed chamber (m2) 

mW : Molecule weight of CH4 (g) 

mV : Volume of CH4 molecule at standard condition (= 22.41 l) 

T : Average temperature during sampling (°C) 

 

To convert the amount of flux in one growing season (GS), measurements were taken 

at the age plant 38 DAT (= F1), 70 DAT (= F2), and 95 DAT (= F3), and then 

calculated using the following formula: 

 

 

Description: 

 
 

E : Total CH4 emission (kg CH4.ha-1.GS-1) 

F1+F2+F3 : Cumulative flux on observations F1, F2 and F3 (mg.m-1.day-1) 

N : Age of seedling (days) 

HT : The latest DAT observation (days) 

H : Age of plants from nursery to harvest (days) 

 

Statistical Analysis: 

The analysis of variance at the level of 0.95 was used to discover the difference of 

influences in treatments and whether there is a significant difference, followed by 

Duncan's Multiple Range Test (DMRT) to determine the main difference between 

treatments (Steel and Torie 1981). Correlation analysis was used to determine the 

relationship between the properties of soil and water, plant parameter, and CH4 

emission (Steel and Torie, 1981). All statistical analyses used SPSS Statistics 17.0 

software. 

 

 

Results and Discussion 
The condition of the rice yield (dry grain harvest/DGH) was significantly different 

between treatments (Table 2). Even though the average DGH in the treatment of 

farmyard manure was not significantly different, the average DGH using farmyard 

manure (7.37 ton.ha-1) was significantly higher compared to the one without farmyard 

manure (6.13 ton.ha-1) (Table 4). The correlation of farmyard manure and DGH were 
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significant (0.45**) (Table 7), which means that the use of farmyard manure can 

increase the DGH. 

 

Table 7 shows that the correlation of farmyard manure with NH4
+ (0.63**) and NO3

- 

(0.52**) in the soil are significant. The average of NH4
+ and NO3

- in the soil is 

significantly different, in which the ones using farmyard manure (23.64 and 2.95 

mg.kg-1) was higher than the ones without it (23.64 and 2.18 mg.kg-1) (Table 4). DGH 

is significantly correlated with NH4
+ in the soil (0.59*). Even though DGH has a not 

significant correlation with NO3
- in the soil (0.27ns), the increase of NO3

- in the soil 

will ultimately increase the DGH rate. Those correlations suggest that the use of 

farmyard manure increases NH4
+ and NO3

- in the soil, and thus it will also affect 

DGH. 

 

Azolla fertilizer is also significantly correlated with NH4
+ in the soil (0.44*), but not 

significantly correlated with NO3
- in the soil (0.36ns) (Table 7). Even though the 

correlation between Azolla fertilizer and NO3
- in the soil is not significant, there is a 

tendency that the use of Azolla fertilizer will increase NO3
- in the soil. Although the 

average of NH4
+ and NO3

- in the soil with the Azolla fertilizer is not significantly 

different, there is a tendency that the rate of NH4
+ and NO3

- using Azolla fertilizer 

(26.35 and 2.84 mg.kg-1) is still higher than the one without Azolla fertilizer (23.91 

and 2.32 mg.kg-1) (Table 5). Thereby, the use of Azolla fertilizer also increases NH4
+ 

and NO3
- in the soil, which affects the increase of DGH; however, the effect is weaker 

if compared to the use of farmyard manure. 

 

Table 7 shows that there is no correlation between the Azolla and DGH. This 

indicates that the Azolla treatment has no effect on DGH. 

 

The total CH4 emission during the growing season is significantly different between 

the treatments (Table 2). As the emission does not significantly correlate with the 

treatment of farmyard manure and Azolla fertilizer (0.02ns and 0.17ns) (Table 7), it 

indicates that both factors do not significantly affect the emission. However, emission 

has a negative correlation with Azolla (-0.57**) (Table 7), which shows that Azolla 

significantly reduces the CH4 emission. Table 6 shows that the treatment using Azolla 

produces significantly lower CH4 emission on average (4.54 kg.ha-1.GS-1) than the 

treatment without Azolla (11.96 kg.ha-1.GS-1). 

 

The results indicate that even though it does not directly affect the total emission, the 

treatment of farmyard manure and Azolla fertilizer still affect the total emission 

through its influence on the redox potential (Eh). Farmyard manure and Azolla 

fertilizer have significant negative correlation with Eh (-0.47* and -0.44*), and the 

emission was significantly correlated negatively with Eh (-0.48*) (Table 7). This 

indicates that the use of farmyard manure and Azolla fertilizer will lower Eh, and 

furthermore increase the emission level. The decline of Eh level will increase CH4 

emission through its influence in stimulating anaerobic conditions that suitable for 

methanogens bacteria to form CH4. Methanogens bacteria can only perform 
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metabolism and is active in the absence of oxygen or at very low values of Eh (Hou et 

al., 2000; Li, 2007). 

 

The content of NO2
-, NO3

-, and NH4
+ in the water is significantly different between 

the treatments (Table 3). The correlation result shows that they significantly correlate 

with Azolla (0.71**, 0.70** and 0.81**, respectively) (Table 7). On the other hand, as 

shown in Table 7, they do not correlate significantly with farmyard manure and 

Azolla fertilizer (0.03ns ; 0.08ns ; 0.03ns and 0.08ns ; 0.24ns ; 0.02ns, respectively). The 

average of NO2
-, NO3

- and NH4
+ in the water which use Azolla (0.16, 2.89 and 3.58 

mg.l-1) is significantly higher than the ones not using Azolla (0.11, 1.27 and 2.57 mg.l-

1) (Table 6), which shows that Azolla increases the content of NO2
-, NO3

- and NH4
+ in 

the water. Azolla is fixing N gas, and then the excess of N elements will be released 

to the media in the form NH4
+ (ammonium) (Hamdi 1982; Arifin 1996), and 

furthermore will be partially converted into NO2
- and NO3

- (Sanchez, 1976; Vance, 

1999). 

 

In medium water, oxidation of NH4
+ to NO2

- and NO3
- result in low pH and DO. This 

produces H+ ions and consequently decreasing the pH level of the water (Sanchez, 

1976; Vance, 1999). The average of pH water value in the treatment by applying 

Azolla (8.20) is significantly lower than the one not using Azolla (8.02) (Table 6). 

 

The average of DO in the treatment using Azolla (3.96 mg.l-1) is significantly lower 

compared to the one not using Azolla (7.19 mg.l-1) (Table 6). This is in contrast to the 

studies conducted by Bharati et al. (2000) and other researchers, who found that the 

Azolla treatment increases DO level in the water through the release mechanism of O2 

by Azolla roots. The release rate of O2 by Azolla roots can reach 2-3 times higher in 

the containing heavy metal Hg 30 mg.l-1 than no Hg (Bennicelli et al., 2005). Liu et 

al. (2008) also stated that Azolla is an aquatic plant that has higher photosynthetic rate 

compared to rice plant. Azolla has 67.35 mg O2.g
-1 plant that release the capacity of 

O2 to environment, while rice plant only releases 60.70 mg O2.g
-1 plant. 

 

This indicates that the treatment using Azolla actually increases DO in the water, as 

stated by Bharati et al. (2000), Bennicelli et al. (2005), and Liu et al. (2008). 

However, O2 is consumed by microbes to oxidize NH4
+ to NO2

- and NO3
- (Vance 

1996). The correlation between microbial biomass C in the water and DO is 

significantly negative (-0.75**) (Table 7), which means that O2 has been consumed by 

the microbial. 

 

NH4
+ in the water is oxidized through nitrification to NO2

- and NO3
- (Sanchez, 1976; 

Vance, 1999). Furthermore, according to Slonczewski (2009) and Ettwig et al. (2010), 

NO2
- and NO3

- are oxidizing agent for CH4 through a series of processes: 

 

3CH4 + 8NO2
- + 8H+  3CO2 + 4N2 + 10H2O 

5CH4 + 8NO3
- + 8H+  5CO2 + 4N2 + 14H2O 
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This process is known as the phenomenon of nitrite/nitrate oxidation of CH4 by 

microbial consortia groups of archaea (Methanosarcinal) and methanotroph bacteria, 

Candidatus Methylomirabilis Oxyfera (M. oxyfera) (Raghoebarsing et al., 2006). 

Thauer et al. (2008) found that the mechanism of CH4 oxidation by NO3
- to be N2 + 

CO2 in the soil is by the contribution of methanotroph bacterial groups. 

 

CH4 will be emitted through diffusion (molecular diffusion) and ebullition (gas 

transport in the form of gas bubbles) passing through floodwater. In the treatment by 

using Azolla, CH4 will undergo oxidation by NO2
- and NO3

- in the floodwater, thus it 

will reduce CH4 emitted to the atmosphere. 

 

Table 1: Types of Treatment Experiment 

 

No. Treatment Specification Providing 

of N (kg.ha-1) 

Total 

Providing 

of N 

(kg.ha-1) 
FM AF IA 

A Control (no N) 0 0 0 0 

B FM 8 ton.ha-1 120 0 0 120 

C AF 5 ton.ha-1 0 120 0 120 

D A 4 ton.ha-1 0 0 120 120 

E FM 4 ton.ha-1 + AF 2.5 ton.ha-1 60 60 0 120 

F FM 4 ton.ha-1 + A 2 ton.ha-1 60 0 60 120 

G AF 2.5 ton.ha-1 + A 2 ton.ha-1 0 60 60 120 

H FM 2.67 ton.ha-1 + AF 1.67 ton.ha-1 + A 1.33 ton.ha-1 40 40 40 120 

I FM 8 ton.ha-1 + AF 5 ton.ha-1 + A 4 ton.ha-1 120 120 120 360 

 

FM = farmyard manure, AF = Azolla fertilizer, A = Azolla as a dual cropping with rice plant, 

furthermore just called Azolla 

 

Total providing of N 120 kg.ha-1 is based on rice crop requirement (Sanchez, 1976) 

 

N content of farmyard manure is 1.2% (Syamsiyah et al., 2010; Mujiyo et al., 2010). 

Efficiency of fertilization is assumed 80% 

 

N content of Azolla fertilizer (fresh) is 2% (Mujiyo et al., 2010). Efficiency of 

fertilization is assumed 80% 
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Azolla (as a dual cropping with rice plant) 1 ton.ha-1 applied five days after planting, 

for 30 days (at the time of the maximum of the rice plant vegetative growth) will be 

able to provide N 30 kg/ha (Bharati et al., 2000) 

 

Table 2: Dry grain harvest (DGH) and Total Emission 

 

No. Treatment DGH (ton.ha-1) Total CH4 Emission 

 (kg.ha-1.GS-1) 

1. A 5.91ab 11.01d 

2. B 7.04bc 9.03cd 

3. C 4.82a 11.50d 

4. D 6.15abc 6.28abc 

5. E 8.01c 16.31e 

6. F 6.78bc 3.55ab 

7. G 7.62bc 3.10a 

8. H 7.04bc 3.34ab 

9. I 7.96c 6.46bc 

Average 6.82 7.84 
 

Numbers at the same column followed by the same letter notation are not significantly 

different by DMRT 5% level 

 

Table 3: The Selected of Soil and Water Properties 

 
No. Treat 

ment 

pH 

Water 

Soil Eh 

(mV) 

DO 

Water 

(ppm) 

NO2
- (ppm) NO3

- (ppm) NH4
+ (ppm) MBC (ppm) 

Soil Water Soil Soil Water Water Soil Water 

1. A 8.25b -

136.11ab 

8.48c 0.18a 0.10a 1.49a 1.49a 20.04a 2.51a 201.95a 44.87a 

2. B 8.20b -158.06a 6.34bc 0.17a 0.10a 2.95b 2.95b 27.48cd 2.46a 332.48bc 58.11a 

3. C 8.16b -155.28a 6.34bc 0.21a 0.11a 2.70b 2.70b 25.01bc 2.58a 333.12bc 51.47a 

4. D 8.08ab -124.44b 3.72ab 0.16a 0.16bc 2.36ab 2.36ab 23.61b 3.70b 235.73a 96.23b 

5. E 8.19b -155.56a 7.61c 0.16a 0.12ab 3.36b 3.36b 26.98cd 2.74a 328.66bc 58.29a 

6. F 7.85a -123.89b 3.35a 0.17a 0.16bc 2.47ab 2.47ab 24.51cd 3.65b 307.15b 94.94b 

7. G 8.07ab -126.39b 3.81ab 0.23a 0.16bc 2.15ab 2.15ab 25.90bcd 3.39b 336.63bc 91.65b 

8. H 8.01ab -131.11b 4.47ab 0.19a 0.15abc 2.65ab 2.65ab 25.30bc 3.48b 392.60c 91.48b 

9. I 8.12b -158.89a 4.43ab 0.19a 0.17c 3.31b 3.31b 28.57d 3.68b 349.98bc 100.65b 

Average 8.10 -141.08 5.40 0.18 0.14 2.67 2.67 25.27 3.13 313.14 76.41 

 

Numbers at the same column followed by the same letter notation are not significantly 

different by DMRT 5% level Unit ppm = mg.l-1 (water) = mg.kg-1 (soil), MBC = microbial 
biomass C 
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Table 4: Soil Properties, DGH, and Emission on the Farmyard Manure Treatment 

 

Farmyard 

Manure 

(ton.ha-1) 

Eh (mV) NO3
- 

(mg.kg-1) 

NH4
+ 

(mg.kg-1) 

MBC 

(mg.kg-1) 

DGH 

(ton.ha-1) 

Total CH4 

Emission 

(kg.ha-1.GS-1) 

0 -135.56b 2.18a 23.64a 276.86a 6.13a 7.97ab 

2,67 -131.11b 2.65ab 25.30ab 392.60b 7.04a 3.34a 

4 -139.72ab 2.92ab 25.75ab 317.90a 7.40a 9.93b 

8 -158.47a 3.13b 28.03b 341.23ab 7.50a 7.75ab 

Average*) -145.50 2.95 26.57 342.17 7.37 7.74 

 
Numbers at the same column followed by the same letter notation are not significantly 

different by DMRT 5% level, MBC = microbial biomass C, average*) is the mean of farmyard 

manure 

 

Table 5: Soil Properties, DGH and Emission on the Azolla Fertilizer Treatment 

 

Azolla 

Fertilizer 

(ton.ha-1) 

Eh (mV) NO3
- 

(mg.kg-1) 

NH4
+ 

(mg.kg-1) 

MBC 

(mg.kg-1) 

GKP 

(ton.ha-1) 

Total CH4 Emission 

(kg.ha-1.GS-1) 

0 -135.63ab 2.32a 23.91a 269.33a 6.47a 7.47ab 

1,67 -131.11a 2.65a 25.30a 392.60b 7.04a 3.34a 

2,5 -140.97ab 2.76a 26.44a 332.64b 7.82a 9.70b 

5 -157.08a 3.01a 26.79a 341.55b 6.39a 8.98ab 

Average*) -145.44 2.84 26.35 348.20 7.09 8.14 

 

Numbers at the same column followed by the same letter notation are not significantly 

different by DMRT 5% level, MBC = microbial biomass C, average*) is the mean of Azolla 
fertilizer 

 

Table 6: Water Properties and Total Emission on the Azolla Treatment 

 

Azolla 

(ton.ha-1) 

pH DO 

(mg.l-

1) 

NO2
- 

(mg.l-

1) 

NO3
- 

(mg.l-

1) 

NH4
+ 

(mg.l-

1) 

MBC 

(mg.l-

1) 

Total CH4 Emission  

(kg.ha-1.GS-1) 

0 8.20b 7.19b 0.11a 1.27a 2.57a 53.18a 11.96b 

1.67 8.01a 4.47a 0.15b 3.82d 3.48b 91.48b 3.34a 

2 7.96a 3.58a 0.16b 2.14b 3.52b 93.30b 3.32a 

4 8.10ab 4.08a 0.16b 3.17c 3.69b 98.44b 6.37a 

Average*) 8.02 3.96 0.16 2.89 3.58 94.99 4.54 
 

Numbers at the same column followed by the same letter notation are not significantly 
different by DMRT 5% level, DO = dissolved oxygen, MBC = microbial biomass C, average*) 

is the mean of Azolla 
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Table 7: Correlation of Some Selected Parameters 

 
 FM AF A Em pHw Eh DOw NO2

-w NO3
-s NO3

-w NH4
+s NH4

+w MBCw 

Em 0.02ns 0.17ns -0.57**           

pHw 0.09ns 0.18ns -0.43* 0.64**          

Eh -0.47* -0.44* 0.29ns -0.48* -0.36ns         

DOw -0.03ns -0.00ns -0.64** 0.63** 0.63** -0.28ns        

NO2
-w 0.03ns 0.08ns 0.71** -0.47* -0.42* 0.48* -0.52**       

NO3
-s 0.52** 0.36ns 0.07ns 0.19ns 0.04ns -0.44* -0.19ns 0.01ns      

NO3
-w 0.08ns 0.24ns 0.70** -0.52** -0.39* 0.22ns -0.60** 0.57** 0.32ns     

NH4
+s 0.63** 0.44* 0.17ns -0.05ns 0.03ns -0.41* -0.16ns 0.03ns 0.60** 0.33ns    

NH4
+w 0.03ns 0.02ns 0.81** -0.69** -0.60** 0.36ns -0.61** 0.62** -0.03ns 0.71** 0.14ns   

MBCw 0.14ns 0.04ns 0.84** -0.73** -0.62** 0.32ns -0.75** 0.67** 0.03ns 0.77** 0.30ns 0.91**  

DGH 0.45* 0.05ns 0.21ns -0.06ns -0.01ns -0.08ns -0.18ns 0.19ns 0.27ns 0.22ns 0.59** 0.29ns 0.39* 
 

FM = farmyard manure, AF = Azolla fertilizer, A = Azolla as a dual cropping with rice plant, 

Em = total emission, pH W = pH water, Eh = redox potential, DOw = dissolved oxygen in 

the water, NO2
-w = NO2

- in the water, NO3
-S = NO3

- in the soil, NO3
-w = NO3

- in the water, 

NH4
+S = NH4

+ in the soil, NH4
+w = NH4

+ in the water, MBCw = microbial biomass C in the 

water, DGH = dry grain harvest 

 

 

Conclusion 
As observed in the experiment, both farmyard manure and Azolla fertilizer increase 

the content of NH4
+ and NO3

- in the soil that can cause an increase in DGH. However, 

the effect of Azolla fertilizer in increasing DGH level is weaker compared to 

farmyard manure. Even though farmyard manure and Azolla fertilizer did not directly 

affect the emission level, they affect it through their influence on the redox potential 

(Eh). They will lower the Eh, and then it will increase CH4 emission level. 

 

The experiment also found that even though Azolla (as a dual cropping with rice 

plant) does not affect the DGH, it still reduces CH4 emission. Azolla increases the 

content of NO2
- and NO3

- in the floodwater, where they oxidize CH4, and 

consequently decrease the CH4 emission. Thus, based on the findings of this study, 

using Azolla is a mitigation option to reduce CH4 emission of organic rice fields. 

The use of 2.67 ton.ha-1 farmyard manure + 1.67 ton.ha-1 Azolla fertilizer + 1.33 

ton.ha-1 Azolla provides a potential alternative treatment to organic rice cultivation, 

which can improve the productivity of the plants and reduce the emission of CH4. The 

treatment may produce 7.04 ton.ha-1 of DGH and 3.34 kg.ha-1.GS-1 CH4 emission. The 

DGH result is high and it is above the average, it is also not significantly different 

from other treatments that produce higher DGH. On the other hand, the CH4 emission 

is below average, and it is significantly different from treatments that produce higher 

emission. 

 



306 Mujiyo et al 

Acknowledgement 
This research was supported by the Ministry of Education and Culture of the Republic 

of Indonesia under grant research for a doctoral program from 2012-2014. 

 

 

References 
 

[1] Arifin, Z., 1996, “Azolla, Cultivation and Utilization in Rice”, Jakarta, 

Penebar Swadaya Publisher. (in Indonesian) 

[2] Bennicelli, R. P., Balakhnina, T. I., Szajnocha, K., and Banach, A., 2005, 

“Aerobic conditions and antioxidative system of Azolla caroliniana Willd. in 

the presence of Hg in water solution”, International Agrophysics, 19:27-30. 

[3] Bharati, K., Mohanty, S. R., Singh, D. P., Rao, V. R., and Adhya, T. K., 2000, 

“Influence of incorporation or dual cropping of Azolla on methane emission 

from a flooded alluvial soil planted to rice in eastern India”, Agriculture 

Ecosystems and Environment, 79:73–83. 

[4] Ettwig, K. F., Butler, M. K., Le Paslier, D., Pelletier, E., Mangenot, S., 

Kuypers, M. M. M., Schreiber, F., Dutilh, B. E., Zedelius, J., de Beer, D., 

Gloerich, J., Wessels, H. J. C. T., van Alen, T., Luesken, F., Wu, M. L., van de 

Pas-Schoonen, K. T., Op den Camp, H. J. M., Janssen-Megens, E. M., 

Francoijs, K. J., Stunnenberg, H., Weissenbach, J., Jetten, M. S. M., and 

Strous, M, 2010, “Nitrite-driven anaerobic methane oxidation by oxygenic 

bacteria”, Macmillan Publishers Limited, Nature, 464:543-548. 

[5] Eviati, and Sulaeman, 2009, “Technical manual edition 2: Chemical analysis 

of soil, plant, water, and fertilizer”, Indonesian Soil Research Institute, 

Research Center for Agricultural Land Resources, Indonesian Agency for 

Agricultural Research and Development, Ministry of Agriculture, Bogor, 

Indonesia. (in Indonesian) 

[6] Hamdi, Y. A., 1982, “Application of nitrogen-fixing systems in soil 

improvement and management”, FAO Soils Bulletin, Food and Agriculture 

Organization of The United Nation, Rome. 182 p. 

[7] Hou, A. X., Chen, G.X., Wang, Z. P., van Cleemput, O., and Patrick Jr., W. 

H., 2000, “Methane and nitrous oxide emissions from a rice field in relation to 

soil redox and microbiological processes”, Soil Science Society of America 

Journal, 64:2180−2186. 

[8] IPCC, 1996, “Climate change 1995: The science of climate change”, In: 

Houghton, J.T., Meira Filho, L. G., Callender, B. A., Harris, N., Kattenberg, 

A., and Maskell, K. (eds): Intergovernmental Panel on Climate Change, 

Cambridge, Cambridge University Press. 

[9] Karama, S., 2001, “Indonesia organic farming now and later”, Seminar Papers, 

Presented at the Seminar on Using Mycorrhizae Fungus in Organic Farming 

Systems and Rehabilitation of Critical Land, Bandung, Padjadjaran 

University. (in Indonesian) 



Methane Emission on Organic Rice Experiment Using Azolla 307 

[10] Le Mer, J., and Roger, P., 2011, “Production, oxidation, emission and 

consumption of methane by soils: A review”, European Journal of Soil 

Biology, 37:25-50. 

[11] Li, C., 2007, “Quantifying greenhouse gas emission from soils: Scientific 

basis and modeling approach”, Soil Science and Plant Nutrition, 53:344-352. 

[12] Liu, X., Min, C., Xia-shi, L., and Chungchu, L., 2008, “Research on some 

functions of Azolla in CELSS System (controlled ecological life support 

system)”, Acta Astronautica, 63:1061-1066. 

[13] Mueller, T., Joergensen, R. G., and Meyer, B., 1992, “Estimation of soil 

microbial biomass C in the presence of fresh roots by fumigation extraction”, 

Soil Biology and Biochemistry, 24:179-181. 

[14] Mujiyo, Syamsiyah, J., and Sunarminto, B. H., 2010, “Mitigation of 

greenhouse gas emissions (GHG) as a strategy to maintain the sustainability of 

organic rice production in Sragen, Indonesia”, Research Report., Research 

Grant by the Ministry of Education and Culture of the Republic of Indonesia 

2010. (in Indonesian) 

[15] Standardization Agency, 2004, “Indonesian national standard, Water and 

wastewater, Part 9: Test methods nitrite (NO2-N) by spectrophotometry”, 

Jakarta, Indonesia. (in Indonesian) 

[16] Nieder, R., and Benbi, D., K., 2008, “Carbon and nitrogen in the terrestrial 

environment”, Springer Science + Bussines Media B. V. 

[17] Prasanna, R., Kumar, V., Kumar, S., Yadav, A. K., Tripathi, U., Singh, A. K., 

Jain, M. C., Gupta, P., Singh, P. K., and Sethunathan, N., 2002, “Methane 

production in rice soil is inhibited by Cyanobacteria”, Microbiological 

Research, 157:1-6. 

[18] Raghoebarsing, A. A., Pol, A., van de Pas-Schoonen, K. T., Smolders, A. J. P, 

Ettwig, K. F., Rijpstra, I. C., Schouten, S., Damste, J. S. S., Op den Camp, H. 

J. M., Jetten, M. S. M., and Strous, M., 2006, “A microbial consortium 

couples anaerobic methane oxidation to denitrification”, Macmillan Publishers 

Limited, Nature, 440:918-921. 

[19] Sanchez, P. A., 1976, “Properties and management of soils in the tropics”, 

New York, London, Sydney, Toronto, A Wiley-Intersscience Publ, John 

Wiley and Sons. 

[20] Sasa, J., Partohardjono, S., and Fagi, A. M., 2003, “Azolla in fish-rice and its 

effect on productivity and methane gas emissions in irrigated paddy field”, 

Indonesian Journal of Research on Food Crop, 22(2): 86–95. 

[21] Schütz, H., Seiler, W., and Rennenberg, W., 1990, “Soil and land use related 

sources and sinks of methane (CH4) in the context of the global methane 

budget”, In: Bouwman A. F. (eds): “Soils and the Greenhouse Effects”, New 

York, Wiley. 

[22] Slonczewski, J. 2009, “Nitrate/nitrite methane oxidation”, (ed.) BIOL 238 

Microbiology, Kenyon College, Available at https://microbewiki.kenyon.edu/ 

index. php/ Nitrate/nitrite_ methane_oxidation (accessed Dec 2013). 

[23] Steel, R. G. D., and Torrie, J. H., 1978, “Principles and procedures of 

statistics”, Biometrical Approach, Tokyo, Mac Graw Hill Inc. Book Co. 

http://biology.kenyon.edu/courses/biol238/biol238syl09.html
http://biology.kenyon.edu/courses/biol238/biol238syl09.html
http://www.kenyon.edu/index.xml


308 Mujiyo et al 

[24] Susilawati, H. L., and Kartikawati, R., 2008, “Technical guidelines to 

calculate the total CH4 emissions with limited sampling”, Indonesian 

Agricultural Environment Research Institute, Indonesian Agency for 

Agricultural Research and Development, Ministry of Agriculture, Jakenan, 

Pati, Indonesia. (in Indonesian) 

[25] Syamsiyah, J., and Mujiyo, 2006, “Study on the reclamation of rice field with 

low organic material”, Research Report, The Cooperation between the 

Directorate of Land Management, the Directorate General of Land and Water, 

Ministry of Agriculture, with the Faculty of Agriculture, University of Sebelas 

Maret, Surakarta, Indonesia. (in Indonesian) 

[26] Syamsiyah, J., Sunarminto, B. H., and Mujiyo, 2010, “Mapping ‘Carbon 

Budget’ as a basic strategies to mitigate emissions of carbon dioxide (CO2) 

and methane (CH4) in organic paddy field in Sragen Regency, Indonesia”, 

Fundamental Research Report, Research Grant by The Ministry of Research 

and Technology of the Republic of Indonesia, Indonesia. (in Indonesian) 

[27] Thauer, R. K., Kaster, A. K., Seedorf, H., Buckel, W., and Hedderich, R., 

2008, “Methanogenic archaea: Ecologically relevant differences in energy 

conservation”, Nature Reviews Microbiology, 6:579-591. 

[28] USEPA, 2006, “Global antropogenic non-CO2 GHG emission: 1990-2020”, 

United States Environmental Protection Agency, Available at 

http://www.epa.gov (accessed Dec 2013) 

[29] Vance, D. B., 1996, “Redox reactions in remediation”, Environmental 

Technology, 6: 24-25. Available at http://2the4.net/redox.htm (accessed Dec 

2013) 

[30] Watson, R. T., Meira Filho, L. G., Sanhueza, E., and Janetos, A., 1992, 

“Greenhouse gases: sources and sinks”, In: Meira Filho, L. G., Sanhueza, E., 

and Janetos, A. (eds): “The Supplementary Report to the IPCC Scientific 

Assessment: Climate Change 1992”, New York, Cambridge University Press, 

29-46. 

 

 

 

 

 

 

 

 

 

 

 


