Role of Methanotrophic Bioinoculation in Modulating Soil Properties under Submerged Rice Cultivation 

Abstract
An investigation entitled, “Role of Methanotrophic Bioinoculation in Modulating Soil Properties under Submerged Rice Cultivation ” was undertaken during kharif, 2022-23 at  the Experimental Farm, department of Soil Science and Agricultural Chemistry, Dr. Balasaheb Sawant Konkan Krishi Vidyapeeth Dapoli, Dist. Ratnagiri. The soil was very high in organic carbon content, medium in available nitrogen, low to medium in available phosphorus and high in available potassium content.  Four different methanotrophic consortium viz, control, Type I Methanotrophs consortium (5ml culture per pot), Type II Methanotrophs consortium (5ml culture per pot), and Type Ib Methanotrophs consortium (5ml culture per pot) which were replicated three times to study the effect of different methanotrophic bacteria on chemical properties and nutrient availability in soil. Methanotrophs consortium culture is apply by diluting the culture with water 1:10 ratio (5ml culture in 50 ml water). Based on the experimental findings, concluded that the application of methanotrophic consortium effectively fix nitrogen. Among different treatment the application of Methanotrophic consortium M2 treatment receiving consortium type II applied @ 5ml per pot showed highest available nitrogen content (319.61kg/ha) of soil which was recorded non-significant results. The current study showed that the methanotrophs might be developed as bio-inoculants for rice farming, which would encourage plant development with little nitrogenous fertilizer inputs.
Introduction
Methanotrophy is the process carried out by methanotrophs which is the biological oxidation of the methane produced from the process of methanogenesis. Methanotrophs are gram negative aerobic organisms and they need oxygen for complete oxidation of the methane; therefore, they exist on the boundary of oxic and anoxic environment (Wendlandt et al., 2010). Methanotrophs are capable of using methane as a carbon source. They are ubiquitous in nature, can be aerobic or anaerobic and serve as a global sink for methane (Hanson and Hanson et al.,1996). There are three groups of methanotrophic bacteria; type I, type II, and type X methanotrophs. The genera included in type I are Methylomonas and Methylobacter; type II methanotrophs includes Methylosinus and Methylosystis, whereas type X methanotroph is Methylococcus capsulatus (Hanson & Hanson, 1996).
Potential methanotrophic bacteria have great application purposes for environment friendly and sustainable agriculture system. These microbes play an important role in reducing the amount of methane released from paddy fields into the atmosphere. It was also noticed that isolated Methylocysti spalvus BGM 3 and Methylococcus capsulatus BGM 9 known to have nif H and nif D genes these play a role in the nitrogen fixation (Bintarti et al., 2014). The methanotrophs have abilities to reduce methane emission to the atmosphere; degrade halogenated aliphatic compounds in the polluted soils and groundwater as well as to fix nitrogen in soil. Methanotrophs may be promising bacteria for environmental bioremediation (Jiang et al., 2010). These microbes play an important role in reducing the amount of methane released from paddy fields into the atmosphere. Methanotrophs may also be targeted for bioremediation of diverse type of heavy metals (Jiang et al., 2010) owing to the presence of broad-spectrum methane monooxygenases enzyme. The methanotrophs have the abilities to reduce methane emission to the atmosphere, degrade halogenated aliphatic compounds in the polluted soils and groundwater as well as to fix nitrogen in soil. These microbes play an important role in reducing the amount of methane released from paddy fields into the atmosphere. Soil properties interaction with microbial metagenome in decreasing CH4 emission from seasonally flooded marshland following different stages of afforestation and found a substantial interaction between functional genes and soil properties in the control of CH4 flux, particularly soil particle size (Zhang et al., 2022).
Methylotrophs a physiological group of bacteria are a sub-group in those methanotrophic bacteria. It has unique ability to use methane as a carbon and energy source but methylotrophs are aerobic bacteria, which use one-carbon compounds like methane, methanol, methylated amines, halomethanes and methylate etc.  and assimilate formaldehyde as an important source of cellulase carbon. The methane monooxygenase enzymes use as a catalyse to oxidation of methane to methanol that is defining characteristic of methanotrophs. Methanotrophs are obligate aerobic bacteria which consume CH4 as the source of carbon and thus oxidize CH4 to carbon dioxide (Malyan et al., 2021) and that can achieve optimum methane conversion rates even at low oxygen concentrations. For biofilters, methane oxidation only commenced when oxygen levels were above 1.7 per cent, then maximum methane oxidation rates were achieved at approximately 9 per cent oxygen content (Gebert et al., 2003).  Methane oxidation activity in rice field consumes about 80 per cent of methane produced by methanogenic bacteria (Conrad and Rothfus, 1991).
By the aerobic methanotrophs, methane is initially transformed into methanol by the methane monooxygenase. Methanol is then further oxidized to formaldehyde by the methanol dehydrogenase. Formaldehyde can then either be assimilated into biomass via the serine cycle or the ribulose monophosphate pathway (RuMP), or further oxidized to formaldehyde and carbon dioxide to generate reducing equivalents needed in the initial oxidation of methane (Trotsenko and Murrell, 2008; Semrau et al., 2010). The application of methanotrophic culture is the eco-friendly and sustainable way to suppress the methane emission from rice field. Methanotrophs application may give benefits like nitrogen fixation, bioremediation, methanol production along with methane oxidation. Thus, the present study aims to mitigate methane by using methanotrophs application in the rice field. The methanotrophs will be isolated from rhizosphere and further applied for evaluate for capability of methane mitigation with considering premise objectives. This research aims to know the effect of methanotrophic bacteria application to reduce methane emission and effect on growth of rice (Rizki et al., 2018).
Rice cultivation is a prominent agricultural practice in Asia, constitutes a staple food source for increasing human population (Shiau et al., 2018). Rice cultivation facing two challenges simultaneously one is declining productivity and another is mitigation of methane emission. In Maharashtra, as well as Konkan region large area is cultivated rice under submerged condition, thus the present investigation was undertaken with premier objectives. Hence, the methanotrophs was applied as the source of methane mitigation to get benefits for suppression of methane emission and contributes to biological nitrogen fixation in terms of promoting the yield and growth of rice, which could be advantageous for reducing global warming.
Material and methods
1. Material
1.1Experimental site
[bookmark: 3.1.2_Geography]The pot culture experiment was carried out at the experimental farm of Department of Soil Science and Agricultural Chemistry, Dr. Balasaheb Sawant Konkan Krishi Vidyapeeth, Dapoli, during the Kharif season 2022-23. Selection of the place for arranging the pot culture experiment was done on the basis of availability of resources like irrigation water, protection from the wild animals, suitability for the supervision and recording observations.
1.2. Geography
[bookmark: 3.1.3_Geology]The experimental site (Konkan region of Maharashtra state) is a long and narrow strip covering an area of 30,728 sq. km. It is located at 170 45' 02" North latitude and 730 10' 55" East longitudes. The study area falls under 19.2 Agro-ecological sub-region (AESR) i.e., Central and South Sahyadris region represented by hot moist sub humid to humid transitional ecological sub-region (ESR) with deep sandy loam to clayey red and lateritic soils, low to medium available water holding capacity (AWC) and length of growing period (LGP) being 210-270 days (Gajbhiye and Mandal, 2000).
1.3.  Geology
[bookmark: 3.1.4_Climate]The experimental area is covered by volcanic rocks, principally basaltic lavas, known as the Deccan trap. In composition the basalts are singularly uniform; Augite basalt is the most common. The study area indicates the presence of the ‘Precambrians’ represented by the Archaean, granites and gneiss with mafics and the Proterozoic sedimentary. The Deccan Trap basalt is a thick pile of volcanic lava flows of Cretaceous-Miocene period (Krishnan, 1968).
1.4 Climate
The climate of the area is hot humid to per humid with well-expressed three seasons viz., rainy (June to October), winter (November to February) and summer (March to May). The mean annual rainfall is 3500 mm, of which about 90 per cent is received during the months of June to October. Generally, 95 to 100 rainy days are in the most of years. The hottest month is May with temperature above 33 0C, while months of December and January are coldest with temperature below 16 0C. The mean annual maximum and minimum temperature were 33.0 0C and 15.0 0C having 3530.1mm average rainfall with 94 rainy days during the year 2022. The maximum rainfall of 655.6 mm was recorded in July-August in thirty-two meteorological weeks, while the lowest rainfall of 2.6 mm was recorded in August in thirty-five meteorological weeks. The total rainy days recorded during the cropping period were ninety-four. 

1.5. Topography
The typical topography developed by high rainfall and other climatic conditions had given rise to lateritic soil. It is mainly developed from basalt rock by the process of laterization. Lateritic soil is poor in fertility and having low nutrient retention capacity. Laterite is rich in secondary oxides of iron, aluminium or both and highly weathered material. It comprises of bases and primary silicates but it may contain large amounts of quartz and kaolinite. Laterites are weathered products of intense subaerial rock weathering in which Fe and A1 content is higher and Si content is lower than the kaolinised parent rock. Taking into consideration major oxide content, viz. SiO2 > Al2O3 and Fe2O3 in laterites derived from different parent rocks and established the stages of laterization from the parent rock through kaolinisation to true laterite.
1.6. Soil
The soil used for the pot culture experiment was lateritic in nature and classified as Alfisol. The area receives very high rainfall which leaches all the bases from the soil and become dominant in Fe and Al oxides. Due to high P fixing ability, soil is low in available phosphorous. High rate of residue deposition and decomposition; soil in the region receives high organic matter content. Deficiency of calcium, magnesium, and potassium was observed in soil and also the toxicity of aluminum and manganese was observed in the soil. As soil is lateritic, it was sufficient in Fe, Mn, and Cu but Zn, B and Mo are were observed in deficient range. 
For evaluating the initial status of soil, the composite soil sample was collected on 27th July 2022. The sample was air dried then crushed by the wooden mortar and pestle processed for removing the large gravels and stubbles passing through the 2 mm sieve. The sample was then analysed for following properties (Table 1) with standard procedures.
Table 1: Initial properties of the soil used for pot culture experiment
	Sr. No.
	Chemical Properties
	Status

	1
	pH (1: 2.5)
	5.20

	2
	Electrical conductivity (dSm-1)
	0.161

	3
	Organic Carbon (g kg-1)
	11.70

	4
	Available N (kg ha-1)
	316.74

	5
	Available P2O5 (kg ha-1)
	32.50

	6
	Available K2O (kg ha-1)
	313.60


[bookmark: 3.1.7_Crop]The soil used for the pot culture at initial stage was acidic in reaction and showed low electrical conductivity. The soil was found to be medium in available N while low in available P2O5 and high in organic carbon and K2O.
1.7. Experimental Details
            The layout of pot culture experiment related details given below with the treatment details and symbols used in the layout plan are depicted in Table 3. 
1.8. Layout of the experiment
The experiment comprised total sixteen treatment combinations with three replications and laid out in Factorial Randomized Block Design. The plan of pot culture experiment along with the treatments details is given in Table.2.
 Table 2: Layout of pot culture Experiment
	1)
	Soil type
	:
	Lateritic soil

	2)
	Season and Year
	:
	Kharif, 2022-23

	3)
	Test Crop
	:
	Rice

	4)
	Variety
	:
	Karjat-3

	6)
	Methanotrophic consortium
	

	
	Symbols
	

	I. 
	M0
	:
	Control

	II. 
	M1
	:
	Type I Methanotrophs consortium (5ml culture per pot)

	III. 
	M2
	:
	Type II Methanotrophs consortium (5ml culture per pot)

	IV. 
	M3
	:
	Type Ib Methanotrophs consortium (5ml culture per pot)



Methanotrophic consortium
        Methanotrophs consortium culture was apply by diluting the culture with water 1:10 ratio (5ml culture in 50 ml water). All three species type I, type II and type Ib are applied according the treatment combination those given above table and in equal dose by drenching method (application of culture was done base of plant near root zone). The application of culture was done twice, at tillering stage and at panicle initiation stage.
1.9.Preparation of rectangular pot for growing rice
[bookmark: The_rectangular_pot_for_the_pot_culture_][bookmark: The_rectangular_pots_were_filled_with_th][bookmark: 3.1.8.6_Arrangement_of_pots][bookmark: Pots_were_arranged_in_the_uniform_rows_a][bookmark: 3.1.8.7_Preparation_of_the_rice_husk_bio][bookmark: 3.1.8.8._Preparation_of_the_rice_Seedlin][bookmark: Rice_seeds_of_variety_karjat-3_was_sown_][bookmark: 3.1.8.9_Application_of_fertilizers,_briq]The rectangular pot for the pot culture experiment made from the FRP fiber sheets. The sheets were molded in the size 0.54 x 0.36 m suitable for transplant four rice hills having an area of 0.1933 m2. The upper side of the chamber was molded with water filled channel or notch of 2.5 cm in diameter which was filled with water and suitable for placing acrylic closed chamber which served the effective seal and made the closed environment leak proof with the air. The rectangular pots were filled with the cultivable lateritic soil from the experimental location. Average 35 kg soil was filled up in each pot. Pots were arranged in the uniform rows and columns according to the different treatment combination and became suitable for the sampling of gas and soil as per the statistical layout. Rice seeds of variety karjat-3 were sown on the prepared bed and grown for 21days until it become ready for transplanting.
[bookmark: 3.1.9._Transplanting_of_seedlings]2.Transplanting of seedlings
[bookmark: The_transplanting_was_done_in_the_rectan][bookmark: _Hlk144196485][bookmark: 3.1.10._Water_management]The transplanting was done in the rectangular pot with an age of 21 days old seedlings with spacing 20 x 15 cm. in such a way that total four rice hills became accommodate in one pot with leaving the extra space at the outer side.
2.1. Water management
[bookmark: As_rice_requires_continuous_submerged_co][bookmark: 3.1.11._Harvesting]As rice requires continuous submergence for its optimum growth 8 to 10 cm stagnant water was maintained continuous during all crop growth stages. When the crop reaches its grain filling – maturity stage the water level was start declining and irrigation was stopped.
2.2. Harvesting
[bookmark: The_experimental_crop_was_harvested_when][bookmark: 3.1.12._Field_operations_and_post_sowing]The experimental crop was harvested after 112 days after transplanting. The color of the leaves and straw became yellow to brown and it became dry. The proper filled grains showed the signs of maturity. The rice crop was then cut from the ground and the matured grains are then harvested separately. The grain and straw are dried for 3 to 4 days and weighed after drying.
2.3 Sampling techniques
[bookmark: 3.1.13.1Collection_and_preparation_of_so]The soil as well as gas samples were collected from each treatment at various crop growth stages and plant samples were collected at harvest for various nutrient analysis by adopting standard procedures.
2.4. Collection and preparation of soil samples
The soil samples were collected from each pot from 0 to 15 cm depth at 30 DAT, 60 DAT and at harvest stage. The collected samples were air dried in shade and prepared as per quartering principle. Then the samples were crushed using the wooden mortar and pestle and passed through the 2 mm sieve. Further, the soil samples were stored in properly labeled bags.
2.5.  Analytical methods
2.5.1 Soil properties analysis: Chemical properties of soil are analysed. 
i) Soil reaction
[bookmark: ii)_Electrical_conductivity_(dSm-1)]The pH of the soil was determined with pH meter having glass and calomel electrode using 1: 2.5 of soil: water suspension ratio (Jackson, 1967).
ii)  Electrical conductivity (dSm-1)
[bookmark: iii)_Organic_carbon_(g_kg-1)]Electrical conductivity of the soil was determined using Systronic Conductivity Meter-306 with 1: 2.5 of soil: water suspension ratio (Jackson, 1973).
iii) Organic carbon (g kg-1)
Walkley and Black wet digestion method (Black, 1965) was used for determination of organic carbon of the soil. 
2.5.2. Available macronutrients of the soil
i) Available nitrogen (kg ha-1)
Alkaline permanganate (0.32 % KMnO4) method used to estimate available nitrogen of the soil (Subbiah and Asija, 1965).

ii)   Available phosphorus (kg. ha-1)
Brays No. 1 method was followed as soil used in experiment is acidic soil. Available phosphorous from the soil extracted with dilute NH4F. Phosphorus in the extract was determined calorimetrically using Spectrophotometer at a wavelength of 660 nm, as outlined by Bray and Kurtz (1945).
iii. Available potassium (kg ha-1)
It was extracted with neutral normal Ammonium Acetate. Soil: extractant ratio was 1:5. The available potassium in extract was determined by using Flame Photometery as described by Jackson, 1973.
2.5.3. Methanotrophs isolation and purification
1). Sample collection
The samples were collected from paddy field. The plant sample and soil sample were collected separately from experimental farm of dapoli, where soil is acidic in nature (sandy loam). The soil samples were taken from the rhizosphere zone and brought to the laboratory and processed on the same day.
2).  Incubation of samples on the NMS media
               One gram of soil for enumeration of colony were diluted 1:9 in distilled water (soil: water) shaken vigorously the test tubes. The supernatant was serially diluted up to 10-6 to 10-7 and then the 1ml supernatant from 6th test tube transfer into petri plates, before this the NMS media was pour in petri plates.
This was done by spreading on the plates. The plates were placed in gas tight jar and 20 % methane is flushed into it and also some plates are prepared by pouring media contain methanol 2% in which methane are not flushed. The colonies growth is observed timely.
3).  Isolation and Purification of methanotrophs
From some of plates, cells from different colonies were picked by using bacterial loop which were incubated on new plates or slants. In first purification step, colonies from the old plats and again incubated on an Petry plates.
The paddy field were all described and tested for presence of methanotrophs. The soil had medium to high organic carbon possessed a potential for methane oxidation. The incubation in a methane atmosphere supported the formation of a significant number of visible colonies on the petri dish or slants, reaching the maximum number after 7 to 10 days.

2.5.4. Types of methanotrophic bacteria
Methanotrophic bacteria are subgroup of methylotrophic bacteria located in alphaproteobacterial, gammaproteobacterial and verrucomicrobia found anoxic and oxic zones of methanogenic environments such rice lowlands (Rahalkar et al., 2021).
Type I; high methanotrophic capacity,
· dominant in methane rich,
· oxygen poor environments,
· nutrient environment
Type II; low methanotrophic capacity,
· dominant in methane poor area,
· oxygen rich environments,
· present in N limited environments
2.5.5.  Statistical analysis
The experimental data was analyzed statistically by the technique of Analysis of Variance as applicable to Factorial Randomized block design. The significance of treatment difference was tested by ‘F’ (Variance ratio) test. Critical difference (CD) at 4 per cent level of probability was worked out for comparison and statistical interpretation of the treatment means (Panse and Sukhatme, 1967) and data analysis software SAS 9.3, ICAR-11601386.

Results and discussion
The present investigation entitled “Bioremediation of methane emission using methanotrophic bacteria in paddy” was undertaken with a view to study the effect of different Nutrient source and different methanotrophic bacteria species on the yield and nutrient content of rice in alfisols, where field experiment was conducted during kharif season of the year 2022. The stagewise soil samples were collected and for chemical properties analysis and the plant and grain samples were assessed for nutrient estimation after harvest of the crop. The observations and analytical values obtained during course of investigation were analysed statistically, described and intended to discuss the variations observed.
i) Soil reaction (pH)
	The data regarding changes in pH due to integrated effect of Nutrient source and Methanotrophic consortium during 30 DAT were ranged from 5.82 to 5.26. Data regarding the effect of methanotrophic consortium, the pH of soil recorded non-significant results with respect to other treatment. The highest pH of soil (5.82) was recorded in the M1 treatment in which methanotrophic consortium Type I (5ml Type I diluted with 50ml of water) was applied.
The pH of soil as presented was, observed that the integrated effect of Nutrient source and Methanotrophic consortium the soil pH during 60 DAT were ranged from 6.20 to 5.89. The Methanotrophic consortium application showed non-significant result 60 DAT. Where highest pH of soil (6.06) was recorded in the M1 treatment receiving methanotrophic consortium Type I, which showed non-significantly results over rest of all methanotrophic consortium treatments.
The data related to the integrated effect of Nutrient source and Methanotrophic consortium the soil pH during harvesting period were ranged from 6.67 to 6.07. The effect of Methanotrophic consortium not showed significant result on pH. The highest value of soil pH (6.39) was recorded in the M3 treatment receiving methanotrophic consortium Type Ib, over rest of treatments.
ii) Electrical conductivity
	The variation in data related to electrical conductivity of soil due to integrated effect of Methanotrophic consortium recorded during 30 DAT were ranged from 0.37 to 0.10 dSm-1. The data obtained in respect of the effect of methanotrophic consortium, the EC of soil showed non-significant result with respect to other treatment. The maximum EC of soil (0.24 dSm-1) was recorded in the M3 treatment in which methanotrophic consortium Type Ib (5ml Type Ib diluted with 50ml of water) was applied.
	The electrical conductivity of soil due to integrated effect of Methanotrophic consortium were ranged from 0.14 to 0.05 dSm-1 during 60 DAT. The application of Methanotrophic consortium showed non-significant result. The maximum electrical conductivity of soil (0.08 dSm-1) was recorded in the M2 treatment receiving methanotrophic consortium Type II, over rest of treatments.
The data related to the integrated effect of Methanotrophic consortium on electrical conductivity of soil during harvest period were ranged from 0.09 to 0.05 dSm-1. The effect of Methanotrophic consortium showed non-significant result. The maximum electrical conductivity (0.07 dSm-1) was recorded in the M2 treatment receiving methanotrophic consortium Type II and M3 treatment receiving methanotrophic consortium Type Ib, over rest of treatments.
Table:3 Effect of Methanotrophic consortium on Soil reaction (pH) and Electrical conductivity
	Treatments
	Soil pH
	Electrical conductivity

	
	At 30 DAT
	At 60 DAT
	At Harvest
	At 30 DAT
	At 60 DAT
	At Harvest

	M0
	5.78
	5.99
	6.33
	0.11
	0.06
	0.06

	M1
	5.82
	6.06
	6.17
	0.16
	0.06
	0.06

	M2
	5.71
	5.97
	6.38
	0.2
	0.08
	0.07

	M3
	5.81
	6.05
	6.39
	0.24
	0.07
	0.07

	Mean
	5.78
	6.01
	6.32
	0.18
	0.07
	0.07

	S.E.(m) ±
	0.02
	0.13
	0.1
	0.06
	0.01
	0.01

	CD (P=0.05)

	NS
	NS
	NS
	NS
	NS
	NS


iii) Organic carbon (g/kg)
[bookmark: _Hlk217740334]	Data related to the integrated effect of different Methanotrophic consortium the Soil organic carbon during 30 DAT were ranged from 17.80 to 12.90g/kg. The organic carbon content of soil at 30 DAT showed variation due to application of methanotrophic consortium, which not showed significant result with respect to other treatment. The maximum organic carbon of soil was recorded in the M0 treatment in which methanotrophic consortium not applied and M3 treatment in which methanotrophic consortium Type Ib (5ml Type Ib diluted with 50ml of water) was applied (14.95g/kg).
            The organic carbon content of soil at 60 DAT related to the integrated effect of different Methanotrophic consortium ranged from 18.30 to 10.90g/kg. The Methanotrophic consortium application noted non-significant results on O.C of soil. The highest O.C (14.88) of soil was recorded in the M3 treatment receiving methanotrophic consortium Type Ib, over rest of all methanotrophic consortium treatments. 
Data related to the combined effect of different Methanotrophic consortium on soil organic carbon during harvest period were ranged from 13.60 to 11.50 g/kg. The effect of Methanotrophic consortium not showed significant result on O.C of soil. The maximum O.C (12.93g/kg) of rice was recorded in the M3 treatment receiving methanotrophic consortium Type Ib which was found highest value over rest of all methanotrophic consortium treatments.
Table 4 Effect of Methanotrophic consortium on Soil Organic Carbon (g/kg)
	Treatments
	[bookmark: _Hlk217740346]Organic carbon (g/kg)

	
	At 30 DAT
	At 60 DAT
	At Harvest

	M0
	14.95
	14.23
	12.6

	M1
	14.75
	13.75
	12.53

	M2
	14.33
	14.38
	12.75

	M3
	14.95
	14.88
	12.93

	Mean
	14.74
	14.31
	12.70

	S.E.(m) ±
	0.6
	1.39
	0.34

	CD (P=0.05)

	NS
	NS
	NS


iv) Available nitrogen (kg/ha)
	Effect of different Methanotrophic consortium the available nitrogen content in soil during 30 DAT were ranged from 411.47 to 355.53kg/ha. Regarding the effect of methanotrophic consortium, the available nitrogen content of soil noted non-significant result with respect to other treatment. The maximum available nitrogen content in soil (382.47kg/ha) was recorded in the M1 treatment in which methanotrophic consortium Type Ib (5ml Type Ib diluted with 50ml of water) was applied.
	The integrated effect of different Methanotrophic consortium on available nitrogen content in soil ranged from 392.00 to 315.69 kg/ha at 60 DAT. The effect of Methanotrophic consortium not showed significant result on available nitrogen content in soil. The maximum available nitrogen (352.28kg/ha) of soil was recorded in the M3 treatment were methanotrophic consortium Type Ib was applied.
The variation in data due to integrated effect of different Methanotrophic consortium on available nitrogen at harvesting stage ranged from 339.73 to 280.15kg/ha. Methanotrophic consortium application not showed significant result with respect of available nitrogen content of soil. The maximum nitrogen (319.61kg/ha) of soil was recorded in the M2 treatment receiving methanotrophic consortium Type II which was found highest value over rest of all methanotrophic consortium treatments.
Table 5- Effect of Methanotrophic consortium on Available Nitrogen (kg/ha) Content of Soil
	Treatments
	Available nitrogen (kg/ha)

	
	At 30 DAT
	At 60 DAT
	At Harvest

	M0
	370.91
	343.06
	312.29

	M1
	382.47
	337.38
	310.46

	M2
	368.66
	352.28
	319.61

	M3
	370.08
	350.19
	314.91

	Mean
	373.03
	345.73
	314.32

	S.E.(m) ±
	12.69
	7.19
	9.54

	CD (P=0.05)

	NS
	NS
	NS


v) Available Phosphorus (kg/ha)
The data related to changes in the available phosphorus due to integrated effect of different Methanotrophic consortium at 30 DAT ranged from 19.67 to 37.33 kg/ha. Regarding the effect of methanotrophic consortium with relation to available phosphorus of soil showed non-significant result with respect to other treatment. The highest available phosphorus content in soil (6.30kg/ha) was recorded in the M0 treatment in which methanotrophic consortium not applied.
	The integrated effect of different Methanotrophic consortium influenced the available phosphorus in soil which ranged from 12.50 to 31.33 kg/ha. The effect of Methanotrophic consortium showed non-significant result with respect of available phosphorus content in soil. The higher value of the available phosphorus was found in the treatment M1 consisting methanotrophic consortium Type I (26.15 kg/ha).
The data associated to available phosphorus showed variation due to integrated effect of Methanotrophic consortium during harvest period which ranged from 14.00 to 26.33 kg/ha. The Methanotrophic consortium application showed non-significant effect on available phosphorus content in soil which was recorded highest value (21.81 kg/ha) in the treatment M2 receiving methanotrophic consortium Type II over rest of all methanotrophic consortium treatments.
[bookmark: _Hlk217740763][bookmark: _Hlk217740740]Table 6- Effect of Methanotrophic consortium on Available Phosphorus (kg/ha) Content of Soil
	Treatments
	Available Phosphorus (kg/ha)

	
	At 30 DAT
	At 60 DAT
	At Harvest

	M0
	30.50
	23.00
	20.50

	M1
	29.00
	26.15
	20.00

	M2
	28.54
	25.21
	21.81

	M3
	27.21
	22.33
	18.38

	Mean
	28.81
	24.17
	20.17

	S.E.(m) ±
	5.06
	4.16
	2.7

	CD (P=0.05)

	NS
	NS
	NS


vi) Available Potassium (kg/ha)
	The observation recorded at 30 DAT related to available potassium content effected due to integrated effect of Methanotrophic consortium under the study are presented in table 8, which ranged from 486.71 to 338.33 kg/ha. The data regarding the effect of type of methanotrophic consortium on the available potassium content of soil, noted non-significant result with respect to other treatment. The highest results of available potassium content of soil (422.45kg/ha) was recorded in the M3 treatment were methanotrophic consortium Type Ib was applied.
Table 7-  Effect of Methanotrophic consortium on Available Potassium (kg/ha) Content of Soil
	Treatments
	Available Potassium (kg/ha)

	
	At 30 DAT
	At 60 DAT
	At Harvest

	M0
	404.66
	170.94
	171.96

	M1
	398.78
	162.22
	179.71

	M2
	375.47
	153.27
	178.83

	M3
	422.45
	158.13
	176.67

	Mean
	400.34
	161.14
	176.79

	S.E.(m) ±
	15.33
	10.33
	7.32

	CD (P=0.05)

	NS
	NS
	NS



 The data regarding integrated effect of different Methanotrophic consortium on available potassium content at 60 DAT were ranged from 186.74 to 148.06 kg/ha. The application of Methanotrophic consortium showed non-significant result on available potassium content of soil. The maximum available potassium content (170.94kg/ha) of soil was noticed in the M0 treatment where methanotrophic consortium was not applied, which was found highest value over rest of all methanotrophic consortium treatments.
	The data in respect to integrated effect of different Methanotrophic consortium on available potassium content of soil ranged from 196.30 to 156.95 kg/ha during harvesting period. The effect of Methanotrophic consortium not showed significant result on available potassium content of soil. The maximum potassium (179.71kg/ha) of soil was recorded in the M1 treatment receiving methanotrophic consortium Type I which was found highest value over rest of all methanotrophic consortium treatments.
Conclusion
The highest available nitrogen was recorded where Methanotrophic consortium type Ib applied @ 5ml per pot. Based on experimental findings, it conclude that the application of methanotrophic consortium effectively fix nitrogen in soil. It can improve nutrient availability, thereby improving yield of the paddy under submerged condition in lateritic soil of Konkan region.
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