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INTRODUCTION 
 

Rice, one of the most major cereals, has a very long history in 
Asian continent especially in Indian sub
demand for rice is rising year by year with the increasing 
population. The more activities take place in agriculture, the 
more they can directly affect the environment and indirectly 
add to the environmental load. A paddy field is a flooded 
parcel of arable land used for growing rice and other 
semiaquatic crops thought to be a major emitter of 
gases such as methane, nitrous oxide, and carbon dioxide [1].
Rice fields are generally considered as an important source of 
atmospheric methane (CH4) [2]. The global CH
from rice fields were estimated to be 20-40 Tg per year [3,4
which accounts for approximately 11% of the total methane 
emissions [5]. The global warming potential (GWP) of CH
25 times greater than that of CO2 on a mass basis and 100year 
time horizon [6]. Therefore, management approaches to reduce 
the CH4 emissions from paddy fields have attracted intensive 
studies. Many techniques involving the control of resources 
like water and fertilizers are known as ways to increase rice 
production. Few studies have conducted to study the methane 
emission with water management. For example, Yagi
showed that percolation of soil organic matters and nutrients in 
rice field soils through water drainage decreases methane gas 
emission.Continuous flooding of paddy fields is known to 
release a substantial amount of greenhouse gas. 
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Paddy fields are thought to be major greenhouse gases emitters. Several studies have 
investigated the reduction of greenhouse gases emission from paddy fields by applying 
AWD irrigation (alternative wetting and drying), a used method of water management 
practice and dual cropping method during rice growing seasons. This study was carried out 
to investigate the influence of fertilization and dual cropping of 
on methane emissions and environmental variables in flooded paddy fiel
fields are located in confluence point ofVellar and Manimuktha river basin in Peruvarappur 
village, Tamilnadu, India. The results showed that the organic fertilization increased the 
methane emission, increase in Total carbon (TC) level and de
OFPF treatment. The dual cropping of Azolla with rice significantly degreased the methane 
emission, likely decreasing redox potential (Eh) in root region of rice in CFPF+
treatment.  
 
 
 
 
 

Rice, one of the most major cereals, has a very long history in 
Asian continent especially in Indian sub-continent. The 
demand for rice is rising year by year with the increasing 

take place in agriculture, the 
more they can directly affect the environment and indirectly 
add to the environmental load. A paddy field is a flooded 
parcel of arable land used for growing rice and other 
semiaquatic crops thought to be a major emitter of greenhouse 
gases such as methane, nitrous oxide, and carbon dioxide [1]. 
Rice fields are generally considered as an important source of 
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emissions [5]. The global warming potential (GWP) of CH4 is 

on a mass basis and 100year 
time horizon [6]. Therefore, management approaches to reduce 

ions from paddy fields have attracted intensive 
studies. Many techniques involving the control of resources 
like water and fertilizers are known as ways to increase rice 
production. Few studies have conducted to study the methane 

ment. For example, Yagi et al., [1] 
showed that percolation of soil organic matters and nutrients in 
rice field soils through water drainage decreases methane gas 
emission.Continuous flooding of paddy fields is known to 

nhouse gas.  

The controlling of water, and in particular midseason drainage, 
is an effective way for reducing the methane flux from rice 
fields [7-9]. 
 

Azolla is a heterosporouspteridophyte with an extensive 
distribution in tropical aquatic ecosystems, 
swamps and lakes [10,11]. Additionally, 
volatilization by lowering the flooded water pH [when applied 
urea and serves as a temporary nitrogen resource [12]. 
Methane production, transport and oxidation in paddy soils a
strongly influenced by environmental variables, including 
temperature, soil redox potential (Eh), rice variety, pH, 
fertilizer type and other factors [13
employed to instigate the influence of fertilization on dual 
cropping of paddy with Azolla on methane emission.
 

MATERIALS AND METHODS
 

Study area 
 

A field experiment was conducted in paddy fields in 
Peruvarappur village at Cuddalore district, Tamilnadu, India, 
in 2017. It has the average annual rainfall of 1273 mm during 
the last 25 years and 80% of area in this village is covered by 
river basin that was naturally formed by the confluence 
(latitude 11°41’85’’ N, longitude 79°46’70’’ E) of the rivers of 
Vellar and Manimuktha river, that is located at about 1 km 
away from Peruvarappur village and covering about 131 ha of 
cultivable field. The soil type of this village is classified as rich 
and fertile grimy clay that is appropriate for abundance rice 
production in confluence basin areas.
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Paddy fields are thought to be major greenhouse gases emitters. Several studies have 
investigated the reduction of greenhouse gases emission from paddy fields by applying 
AWD irrigation (alternative wetting and drying), a used method of water management 
practice and dual cropping method during rice growing seasons. This study was carried out 
to investigate the influence of fertilization and dual cropping of Azolla with rice cultivation 
on methane emissions and environmental variables in flooded paddy fields. The paddy 

and Manimuktha river basin in Peruvarappur 
village, Tamilnadu, India. The results showed that the organic fertilization increased the 
methane emission, increase in Total carbon (TC) level and decrease in pH of bulk soil of 

with rice significantly degreased the methane 
emission, likely decreasing redox potential (Eh) in root region of rice in CFPF+Azolla 

The controlling of water, and in particular midseason drainage, 
is an effective way for reducing the methane flux from rice 

is a heterosporouspteridophyte with an extensive 
distribution in tropical aquatic ecosystems, such as ditches, 

Additionally, Azolla can retard NH3 
volatilization by lowering the flooded water pH [when applied 
urea and serves as a temporary nitrogen resource [12]. 
Methane production, transport and oxidation in paddy soils are 
strongly influenced by environmental variables, including 
temperature, soil redox potential (Eh), rice variety, pH, 
fertilizer type and other factors [13-16].This present study 
employed to instigate the influence of fertilization on dual 

on methane emission. 

MATERIALS AND METHODS 

A field experiment was conducted in paddy fields in 
Peruvarappur village at Cuddalore district, Tamilnadu, India, 
in 2017. It has the average annual rainfall of 1273 mm during 

25 years and 80% of area in this village is covered by 
river basin that was naturally formed by the confluence 
(latitude 11°41’85’’ N, longitude 79°46’70’’ E) of the rivers of 
Vellar and Manimuktha river, that is located at about 1 km 
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Experimental designs  
 

In order to study the effect of fertilization and dual cropping 
with Azolla as a co-culture on methane emission, three 
treatments were established: 1) paddy field supplemented with 
organic composites (26.4% organic C, 2.5% total N, 1.6% 
P2O5 and 1.3% K2O, made of composted farmyard manure, 
rice straw and green manures), 2)  paddy field was 
supplemented with Conventional (Chemical) fertilizers (NPK 
inorganic fertilizer, in which 391 kg ha-1 urea [46% N], 750 kg 
ha-1 superphosphate and 183 kg ha-1 potassium chloride [mixed 
and pilled]) and chemical pesticides and insecticides [17] and 
3)  rice cropping with dual cropping of Azolla under 
recommended fertilization (NPK+Azolla). The treatments 1, 2 
and 3 were respectively named as OFPF, and CFPF and 
CFPR+Azolla. 
 

The Azollacaroliniana Willd. was allowed to grow after being 
inoculated into NPK+Azolla treatment (third treatment) at 1 
Mg ha−1 7 d after rice transplantation (the coverage density of 
Azolla was 0.76 kg m−2 when it reached full coverage above 
the flooded water (12 d after inoculation). The other treatments 
(1 and 2) were supplemented with their respective fertilizer 
one before paddy transplantation. On 8th- June- 2017, the fields 
were transplanted with 30 days old (Oryzasativa L. var.) 
nursery seedlings and harvested on 21st- August 2017. During 
the paddy cropping period, proper irrigation was maintained 
and the methane emission was measured at 10 days interval. 
 

Measurements of CH4 flux rates 
 

CH4 flux rate from three treatments were measured during the 
10 days of interval up to 80th day. The Closed chamber method 
was used to measure the CH4 emission as described previously 
[18,19]. Briefly, air gas samples were collected from square-
shaped glass chambers (45 X 45 X 100 cm3) covering five rice 
hills using 50-mL gas-tight syringes at 30 min after closing the 
top of the chamber. Gas samplings were carried out three times 
(8am, 12pm, 4pm) per days to obtain average CH4 emissions. 
CH4 concentrations were measured by a gas chromatograph 
(GC-2010, Shimadzu, Tokyo, Japan) equipped with a Porapak 
NQ column (Q 80–100 mesh) and a flame ionization detector. 
The temperatures of column, injector and detector were 100, 
200 and 200 °C, respectively. Helium and hydrogen were used 
as carrier and burning gases, respectively. CH4 emission rates 
from the rice paddies were calculated according to the 
following equation: 
 

F =
��

��
× ℎ × ρ

273

(273 + �)
 

 

here, F is the CH4 flux (mg m−2 h−1), dc/dt is the slope of the 
curve of the gas concentration versus time, h is the headspace 
height (m) of the chamber, ρ is the gas density (kg m−3) at 
standard state, and T is the air temperature (°C) inside the 
chamber. 
 

During the experimental period, Total carbon (TC) 
concentration in soil and flooded water was determined 
colorimetrically by the method recommended by Nelson and 
Sommers, [20]. The pH of soil and flooded waterwas 
measured using the water sediment samples collected in 
triplicate at 10 day interval [21]. The soil Redox potential (Eh) 
of the root region (approximately 10 cm depth) was directly 
measured in situ (from six randomly picked points near rice 
plants for each treatment) using the depolarization method 

with an automatic Oxidation Reduction Potential (ORP) tester 
(CN61M/FJA-6, China). 
 

Statistical analysis 
 

Statistical analyses of the methane emission rate and 
abundance data were conducted using the LSD (least 
significant difference) test at the 0.05 probability level. All 
statistical analyses were performed using SPSS 17, MS-Excel. 
 

RESULTS 
 

Methane emission 
 

Figure-1 showed the variations in methane emission in paddy 
fields. The amounts of methane emission were significantly 
higher in the treatment OFPF than other treatments. CFPF and 
CFPF+ Azolla treatments showed significantly similar trends 
in CH4 flux. Throughout the experiment, the maximum CH4 
flux rate was observed at 40thday (26.71±0.30 mg m-2 h-1) in 
OFPF treatment moreover, it was dropped up to 16.56±0.50 
mg m-2 h-1 at 50th day of operation. In CFPF and CFPF+ Azolla 
treatments, the maximum CH4 flux rate of 11.09±0.03 mg m-2 
h-1 and 8.08±0.02 mg m-2 h-1 was observed respectively at 20th 
day of operation. From all treatments, the CH4 flux rate was 
increased in vegetative and reproductive stages, and then it 
was decreased in maturation stage. Throughout the 
experiment, the maximum seasonal average of CH4 flux 
18.84±1.0 mg m-2 h-1 was found in OFPF treatment, it was 
73.99% and 84.97% higher than CFPF and CFPF+ 
Azollatreatments, respectively. The results indicate that the 
application of Azollain paddy field significantly reduced the 
CH4 flux rate up to 42% than CFPF treatment. 
 

 
 

Figure 1 Methane emission rate from paddy fields 
 

The pH of bulk soil of treatments were measured, that results 
showed, the pH in OFPF treatment (ranged 6.80-6.90, average: 
6.88) was slightly acidic when compared to other treatments of 
CFPF (ranged 6.80-7.33, average: 7.07) and CFPF+Azolla 
(ranged 6.76-7.20, average: 7.01), when compared with 
flooded water, that did not noticed any variation in the average 
(6.86) in OFPF treatment. In CFPF+Azolla treatment, 
Azollagrowth on surface of the flooded water significantly 
reduced the pH level.  
 

The maximum TC concentration in soil of 29.34±0.80 g kg-1 
was observed in OFPF treatment then it was decreased 
upto10.43±0.10 g kg-1. The decrease in TC was directly 
reflected in drop of CH4 flux rate. It indicates, the CH4 

emission positively correlated with TC concentration in bulk 
soil of the fields. The TC level in soil of CFPF and 
CFPF+Azolla treatments (Average, 14.82 and 14.35 g kg-1) 
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were significantly lower than the OFPF treatment.  It was 
indicating, the soil TC level was influenced by fertilization 
however the Azolla as a co-crop did not giveany impact on TC 
level in soil. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Values are expressed in the mean of 3 replications. a Values 
are presented as r with P values in the parentheses, significant 
differences (P < 0.05). 
 

The flooded water TC level (Average 13.57 g kg-1) in OFPF 
treatment significantly lowered than the soil TC (Average 
20.19 g kg-1). In other hand, Azolla as a co-crop significantly 
increased the flooded water TC in CFPF+Azolla treatment than 
compared to CFPF treatment. The Organic fertilization 
significantly increased the TC level in soil in OFPF treatment; 
it resulted to increase the CH4 flux rate. The maximum average 
of soil Eh of -113.9 was observed in CFPF followed by 
CFPF+Azolla (-107.3) and OFPF (-104.3). The results showed 
the soil redox potential positively correlated with methane 
emission in OFPF (Table-1). 
 

DISCUSSION 
 

The influence of fertilization and Azolla as a dual crop with 
paddy on CH4 flux rate was examined in this study. In order to 
examine the supporting factors for the CH4 flux, the soil pH 
and TC were estimated throughout this experiment. The results 
were indicating, the organic fertilization on paddy fields 
(OFPF) notably increased the CH4 flux then compared to other 
treatments. For this, the TC in the OFPF bulk soil acts as a 
supporting factor. The pH value is an environmental parameter 
that is correlated with CH4 production in paddy fields and also 
acts as one of the key determinants [22,23]. In general, the 
methanogenic activity requires the optimal pH range of 6.8-
7.0, and lower or higher pH could resulted with the low 
methanogenic activity and reduced the methane emission 
[24,25].  
 

In the present study, the significant decrease in pH in bulk soil 
of CFPF+Azolla treatment than CFPF due to the culturing of 
Azolla, resulted reduction of methane emission due to the 
Chemical of fertilization. The pH decrease may be related to 
the fact that the floating Azolla absorbs most available solar 
radiation and consequently limits the photosynthesis of algae 

in the water [26-28], which subsequently lowers the 
consumption of CO2 in the flooded water and thus the pH. The 
low Eh in flooded soil is vital to the normal functioning of 
methanogens due to their anaerobic characteristics.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Soils with low Eh rates are usually results with higher methane 
emissions [29] In addition, the oxygen is crucial to 
methanotrophic bacteria as an activator for methane oxidation 
but also very significant as an electron acceptor [30]. 
Compared with NPK, the decrease in the methane emission 
rate and cumulative emissions of NPK+Azolla after paddy 
transplantation is likely to be attributable to the depression of 
flooded water and bulk soil pH and the promotion root region 
Eh. 
 

CONCLUSION 
 

In the present study, we observed that, the organic fertilization 
in paddy field notably increased the CH4 flux rates when 
compared to the other treatments. Azolla as a co-crop with the 
paddy significantly reduced the CH4 flux rates when compared 
to the CFPF treatment. For minimizing the methane emission 
in paddy field during the cropping period of the rice, 
Conventional (chemical) fertilization along with Azolla as co-
crop by dual cropping method gives significant reduction in 
methane emission. 
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