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Impact of Residue Retention on Methane Flux in a Maize-Chickpea Cropping System in Tropical Vertisols of Central India.



ABSTRACT 
A field experiment on methane cycling under different crop residue retention in a maize-chickpea cropping system was conducted during the kharif-rabi seasons (2022-2024) at the research farm of the Indian Institute of Soil Science, Bhopal (M.P.). The study aimed to evaluate methane consumption and production potential in soil under different crop residue incorporation levels and to assess the microbial communities associated with methane cycling. The experiment was designed in a RBD with five replicates, two tillage practices (conventional tillage and no-tillage), three crop residue retention levels (0%, 30%, and 90%), and two soil depths (0-15 cm and 15-30 cm). The four treatments included : T1 (0%  residue retention), T2 (30%  residue retention), T3 (90% residue retention), and T4 (conventional tillage for comparison with different residue levels). The findings from this study provided insightful information on sustainable residue management practices for improving soil health, enhancing microbial activity, and mitigating methane (CH4) emissions under conservation agriculture in Vertisols of Central India. In maize crop, rates of CH4 consumption (CH4 consumed g/soil/day) varied from 2.00 to 4.49 in 0-15 cm and 0.74 to 2.06 in 15-30 cm. CH₄ consumption was higher in maize, particularly in the upper soil surface, while chickpea contributed to CH₄ uptake but to a lesser extent. CH4 production rate ranged from 0.11 to 0.13 ng CH4 produced g/soil/day and 0.008 to 0.014 ng CH4 produced g/soil/day  soil in maize and chickpea. There was no significant difference among the treatments of depth. Abundance of microbial groups belonging to  methanotrophs and methanogens were estimated by real time PCR targeting genes of  methanotrophs (pmoA) and methanogens (mcr) genes. Abundance was represented as gene copies g−1 soil. Results indicated that the microbial genes were significantly highest in 90% residue retention in maize crop due to the amendment by chickpea crop residues. Overall, Organic carbon and β-glucosidase activity was slightly higher in chickpea crops compared to maize, likely due to the greater microbial support provided by legumes, which enhance soil biological activity. The study highlights that crop residues retention influences both CH4 consumption and production potential of soil and this effect is more pronounced with higher residue than conventional tillage. 
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1. INTRODUCTION:
Mitigating greenhouse gas (GHG) emissions from agricultural soils is a critical focus of contemporary agricultural research. The three primary GHGs contributing to global warming are CO₂, CH₄, and N₂O. Among them, methane (CH₄) ranks as the second most significant GHG, with a current atmospheric concentration of 1.8 ppm (Pittock, 2017). Over the years, atmospheric CH₄ levels have risen substantially, driven by intensive agricultural practices and inadequate mitigation efforts. For instance, in the early 2000s, terrestrial ecosystems contributed to an annual increase of 0.5 parts per billion (ppb) in atmospheric CH₄. However, in recent years the rate of increase has accelerated to 9–12 ppb per year Peng et al., (2022). Methane plays a complex role in atmospheric chemistry, contributing to ozone depletion and impacting both the troposphere and stratosphere. Given these effects, reducing CH₄ emissions, particularly from agricultural sources, has become a priority for addressing GHG-induced global warming. Agricultural practices significantly affect soil biochemical properties, which, in turn, regulate CH₄ dynamics in the soil ecosystem. One widely recommended approach to enhance soil quality is incorporating crop residue amendments, including conservation agriculture (CA).	Comment by Microsoft Office User: Reference this information:
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Soils play a crucial role in the CH₄ cycle, as both methanogenesis (the production of CH₄) and methanotrophy (the oxidation of CH₄) occur within them. Understanding of these processes is essential for developing agricultural practices and industrial processes that can help achieve a more balanced greenhouse gas footprint. The terrestrial ecosystem serves as a major sink for atmospheric CH₄, aerobic methanotrophs oxidize the CH₄. Methanotrophic bacteria are primarily responsible for CH₄ oxidation Chanton et al., (2009). Interestingly, soils can absorb a substantial amount of atmospheric CH₄, with estimates suggesting that 60-80% of the CH₄ produced in the soil is consumed by methanotrophs Mohanty et al., (2006). Thus, methanotrophic bacteria residing in the soil play a key role in degrading CH₄, contributing to climate change mitigation. In addition to oxidizing methane, these bacteria also produce microbial biomass, which enhances soil organic carbon. It is estimated that soils consume between 15-45 Tg of CH₄ per year (Dutaur and Verchot, 2007).
Conservation agriculture practices are widely recognized around the world as a helpful way to reduce greenhouse gas emissions from agricultural soils. (Lal, 2019; Pu et al., 2022; Zhang et al., 2022; Francaviglia et al., 2023). CA offers numerous benefits, prompting its adoption in many countries. These benefits include improved water infiltration, reduced soil erosion, decreased compaction, enhanced surface soil organic matter and carbon content Bilibio et al., (2023), and better soil aggregate formation Nyambo et al., (2022). Currently, CA is practiced on 180 million hectares worldwide (Francaviglia et al., 2023; Reimer et al., 2023). Among individual countries, northern USA leads with 26.5 million hectares under CA, followed by Argentina (25.5 million hectares), Canada (13.5 million hectares), and Australia (17.0 million hectares) Chinseu et al., (2019). In Asia, CA is implemented on over 17.5 million hectares Kassam et al., (2022), including 3.9 million hectares in India Thakur et al., (2023), with expectations of further expansion in recent years. One of the key principles of CA involves retaining at least 30% of crop residues in the field, allowing them to decompose and integrate into the soil Francaviglia et al., (2023). This decomposition process produces various organic compounds, such as organic acids and sugars, which serve as precursor molecules for methane cycling in the soil ecosystem.
The practice of retaining crop residues, which involves leaving stalks, leaves, and roots on the soil surface after harvest, plays a crucial role in preserving and improving soil quality. Residue retention on soil surface acts as a mulch and provides favourable conditions for the microbial process which results in higher available nutrients in the soil Choudhary et al. (2018). The mineralization of nutrients from the crop residue retained on the soil surface increased the pool of available nutrients in the soil Jakhar et al., (2018). Residue retention maintains favourable temperature and moisture conditions which regulate the process of organic matter decomposition and nutrient cycling resulting in higher N availability Jat et al., (2018). This approach offers multiple benefits, such as better soil quality, improved crop performance, and broader ecosystem advantages.
Methane cycling consists of two key processes: CH₄ production and CH₄ oxidation. The type of crop residue and its carbon content play a significant role in influencing these processes. For instance, in a vegetable–rice rotation system, retaining straw increased CH₄ emissions during the rice-growing season Qi et al., (2023). The methane oxidation potential of paddy soils has been evaluated under three long-term (32 years) fertilization treatments: an unfertilized control, inorganic fertilizers, and a combination of wheat straw incorporation with inorganic fertilizers. Results showed that methane oxidation potential was significantly higher in the straw plus inorganic fertilizer treatment compared to treatments without residue incorporation Yang et al., (2022). Crop residues from both legumes and cereals have been found to enhance CH₄ production and consumption Zhou et al., (2020). However, research examining the combined effects of crop residue incorporation on both CH₄ production and consumption remains limited, despite its importance for developing effective GHG mitigation strategies through conservation agriculture. A study on CH₄ consumption in soybean–wheat, maize–wheat, and maize–gram cropping systems under different tillage practices Kollah et al., (2020) revealed that no-tillage practices stimulated higher CH₄ consumption compared to conventional tillage, regardless of the cropping system. Among the systems studied, CH₄ consumption was highest in maize–wheat and lowest in maize–gram systems. Crop residue incorporation influence both CH4 consumption and production potential of soil and this effect is more pronounced with biomass of cereal than legumes Shivran et. al., (2023).
To explore this, experiments were conducted to evaluate the CH4 consumption potential of soil in response to the long-term establishment of Maize-Chickpea cropping systems, different tillage practices (conventional tillage and No- tillage), varying crop residue levels (0%, 30%, 90%), and two soil depths (0-15 cm and 15-30 cm). Methane cycling involves both CH4 consumption and production. The cycling process is influenced differently by the type and level of residue, depending on its carbon content. 

2. MATERIALS AND METHODS
2.1 EXPERIMENTAL SITE
The study was conducted at the research farm of the Indian Institute of Soil Science (IISS) in Bhopal, India. The experimental site is geographically situated at coordinates 23°18'28.26"N and 77°24'26.00"E, with an elevation of 500 meters above sea level. The area receives an average annual rainfall of 1,146 mm, with more than 80% of it occurring between June and September. The region experiences an average annual air temperature of 25°C and has a generally humid subtropical climate. The summer season starts in the latter half of March and lasts until mid-June, while winter peaks in January, with temperatures occasionally dropping close to freezing at night. The soil at the experimental site is classified as Vertisols from the montmorillonite isohyperthermic family of typic haplustert, and is characterized by its alkaline nature and distinct swell-shrink properties Aher et al., (2018).

2.2 Experimental design, crop management and fertilizer application
[bookmark: _Hlk188384945]The experiment was conducted using a Randomized Block Design, with each treatment replicated five times. Each plot measured 7m × 6m. The treatments included residue retention of 0%, 30%, and 90% in a maize and chickpea cropping system under zero tillage, and conventional tillage management. Maize variety (Nath Samrat 1144) was sown with 55 cm ×15 cm spacing in the last week of June, while chickpea variety (JG-12) with 27.5 cm × 10 cm spacing in mid-October every year using a zero-tillage seed drill machine (Happy Seeder) Seed rates of maize and chickpea were at 20 and 75 kg/ha, respectively. A recommended dose of fertilizers was applied at the rate of 120:60:40 and 20:50:40 kg N: P2O5:K2O per ha in maize and chickpea, respectively, using urea, single super phosphate, muriate of potash as fertilizer sources. For effective weed control in maize, a tank mix combination of Tembotrione+ atrazine was applied immediately after sowing followed by post-emergence application of tembotrione at 30 days after sowing to manage weeds. In chickpea, a combination of imazathypar was applied immediately after sowing followed by post-emergence application of imazethapyr+ clodinofop at 30 days after sowing to control a broad spectrum of weeds. The maize crop was raised under rainfed condition while for the chickpea three irrigations including the first after dry sowing under residual moisture conditions as the residual moisture was not sufficient to ensure proper crop establishment followed by a second at vegetative stage and the third at the pod filling stage.  After harvesting, the previous crop residue retained in 90%, 30%, 0% treatment was 6.88 t/ha, 2.29 t/ha and no residue for maize. In case of chickpea crop, previous residues retained in 90%, 30%, 0% treatment was 3.1 t/ha, 1.05 t/ha and no residue. Residue were chopped, and left on the soil surface prior to planting the next crop in each cycle. 

2.3 SOIL SAMPLING AND PROCESSING
Soil samples were collected 45 days after sowing (at the vegetative stage) from depths of 0–15 cm and 15–30 cm using an auger. To eliminate debris such as dead roots, leaves, insects, and coarse materials like stones and gravel, the upper 2 cm of soil was removed at each sampling site. The soil cores were then homogenized and combined to create a composite sample. These samples were air-dried in the shade indoors, passed through a 2 mm sieve, and stored in plastic containers. To minimize alterations in soil properties, CH₄ consumption and production analyses were conducted within two days of sampling.

2.4 SOIL PHYSICO-CHEMICAL AND ENZYMATIC PROPERTIES
The soil was classified as a heavy clayey Vertisol (Typic Haplustert). Its textural composition was determined using a standard method, with the following proportions: sand 15.2%, silt 30.3%, and clay 54.5%. The electrical conductivity  was measured at 0.30 dS/m, and the pH was 8.3, based on a 1:2.5 soil-to-water ratio (w:v) (Page et al., 1981). Soil organic carbon was analysed following the Walkley and Black (1934) method. Available nitrogen was estimated using the alkaline KMnO₄ method (Subbiah and Asija, 1956). Available phosphorus was determined by extracting soil with 0.5 N NaHCO₃ buffer at pH 8.5 (Olsen et al., 1954). Available potassium was measured by extracting soil with neutral normal ammonium acetate, shaking for 5 minutes, and determining K concentration using a flame photometer (Jackson, 1967). β-glucosidase activity was assessed by incubating soil with p-nitrophenyl β-D-glucopyranoside and measuring p-nitrophenol (PNP) absorbance at 400 nm (Eivazi and Tabatabai, 1988). The soil contained 0.68% organic carbon, 232 kg/ha available N, 21 kg/ha available P, and 500 kg/ha available K.

2.5 EXPERIMENTAL SET UP
The experiment was conducted using 40 vials to assess CH₄ cycling (both CH₄ production and CH₄ consumption) in a randomized block design, examining the impact of different crop residue levels. The study incorporated two tillage practices (conventional tillage and no-tillage) and three crop residue retention levels (0%, 30%, and 90%) across five replicates and two soil depths (0–15 cm and 15–30 cm). The four treatment groups were: T1 (0% crop residue retention), T2 (30% crop residue retention), T3 (90% crop residue retention), and T4 (conventional tillage as a comparison for different residue levels).

2.6 CH4 CONSUMPTION POTENTIAL
The incubation experiment was conducted following the methods described by Mohanty et al. (2015) and Kollah et al. (2020). In brief, 20 g of soil was placed into 130 ml sterilized serum vials. To achieve approximately 40% moisture holding capacity, 5 ml of sterile distilled water was added to the soil. The contents were thoroughly mixed, then the vials were sealed with rubber septa and aluminium crimp seals. Pure CH₄ was injected into the vial headspace to reach a final concentration of 1000 ppm. The vials were incubated at 28 ± 2°C in a biological oxygen demand (BOD) incubator (Metrex Scientific Instruments Pvt. Ltd., New Delhi, India). At regular intervals (~1 day), 0.1 ml of headspace gas was sampled and analysed for CH₄ concentration. After each sampling, an equivalent volume of high-purity helium (He) was introduced to maintain atmospheric pressure, as helium was chosen for its chemically inert nature. The vials were incubated until complete consumption of headspace CH₄. The rate constant (k) for CH₄ consumption was determined from the slope of log-transformed CH₄ values over time during the rapid decline phase.

2.7 CH4 PRODUCTION
To assess CH₄ production, soil samples were incubated under flooded conditions, following the methodology outlined by Luo et al.', (2022). In summary, 20 g of air-dried soil was weighed into 130 ml serum vials. This quantity was chosen considering conservation agriculture (CA) practices, where a significant amount of crop biomass is incorporated into the soil. Each soil sample was flooded with 50 ml of sterile distilled water. After flooding, the vials were sealed with butyl rubber septa and secured using aluminium crimp seals. The vials were then incubated in a biological oxygen demand (BOD) incubator at 30 ± 2°C in dark conditions. To measure CH₄ production, the vials were shaken for 10 minutes on a horizontal shaker at 150 rpm to release any soil-trapped CH₄. Then, 0.1 ml of headspace gas was sampled and analysed for CH₄ concentration. The analysis was performed using a gas chromatograph (CIC, India) equipped with a flame ionization detector (FID) and a Porapak Q packed column (2 m length, 2/8″ diameter, 80/100 mesh, stainless steel column), as described by (Mohanty et al., 2017).

2.8 CH4 ESTIMATION
The injector, column, and detector temperatures were maintained at 120°C, 60°C, and 300°C, respectively. Under these gas chromatograph (GC) conditions, the retention time for CH₄ was 1.5 minutes. To ensure accurate measurements, the GC was calibrated before and after each set of analyses using different CH₄-N₂ mixtures (Sigma Gases, New Delhi, India) as primary standards with a CH₄ concentration of 100 ppm.

2.9 DNA EXTRACTION
After experiment, approximately 0.5 g of soil samples were collected from the vials for DNA extraction using the UltraClean DNA Extraction Kit (MoBio, USA), following the manufacturer's instructions. The DNA concentration was measured using a biophotometer (Eppendorf, Germany) by recording the absorbance at 260 nm (A260), with the assumption that 1 A260 unit corresponds to 50 ng of DNA per μl. To further confirm DNA extraction, electrophoresis was performed on a 1% agarose gel. The extracted DNA was then dissolved in 50 μl of TE buffer and stored at −20°C until further analysis.

2.10 REAL TIME PCR QUANTIFICATION OF METHANOGENS MCR AND METHANOTROPHS PMOA GENES
Real-time PCR was conducted using a StepOne Plus Real-Time PCR System (ABI, USA) to quantify the genes of representative microbial species. The reaction mixture was prepared by adding 2 μl of DNA template, 10 μl of 2X SYBR Green Master Mix (Affymetrix, USA), and 200 nM of primers (GCC Biotech, New Delhi). The final reaction volume was adjusted to 20 μl using PCR-grade water (MP Bio, USA). To quantify the abundance of methane-oxidizing bacteria (methanotrophs), primers targeting the pmoA gene (particulate methane monooxygenase) were used. The pmoA primers included A189F (5'-GGN GAC TGG GAC TTC TGG-3') and mb661R (5'-CCG GMG CAA CGT CYT TAC C-3') (Mohanty et al., 2017). This primer set specifically targeted type I and II methanotrophs, including genera such as Methylobacter, Methylosarcina, Methylococcus, Methylosinus, Methylocapsa, and Nitrosococcus (Kolb, 2009). For methanogen quantification, the primer set mcr1f (5'-AAA GAC GCG GTA CAA GCA AC-3') and mcr1r (5'-GCT GAA CAT ACA CGG CAC AG-3') (Li et al., 2017) was used. The expected amplicon length was approximately 213 base pairs. The thermal cycling conditions included an initial denaturation step at 94°C for 4 minutes, followed by 40 cycles of 94°C for 1 minute, 52°C (for pmoA) or 60°C (for mcr) for 30 seconds, 72°C for 45 seconds, and a final extension at 72°C for 5 minutes. Fluorescence measurements were recorded during the elongation step. Data analysis was performed using StepOne Plus software (ABI, USA) as per the user manual. The threshold cycle (CT), defined as the cycle where the fluorescence of the target gene exceeded background levels, was determined using a dilution series of target DNA with known target molecule concentrations. CT values were proportional to the logarithm of the target molecule number. The quality of PCR amplification products was assessed using melting curve analysis, with a temperature increase of 0.3°C per cycle. Standards for the genes were created from a series of 10-fold dilutions of purified amplified products, and the results were expressed as the number of cells per gram of soil.

2.11 STATISTICAL ANALYSES
Statistical analysis was conducted using MS-Excel, and the results were reported as mean values. Significant differences between residue retention management practices were determined using the student’s t-test at (p = 0.05). ANOVA was performed to evaluate the variability of all parameters for each treatment across different soil depths. A correlation matrix for the various properties was constructed based on Pearson correlation coefficients (p = 0.05).

3. RESULTS
3.1 CH4 CONSUMPTION IN SOIL UNDER THE INFLUENCE OF DIFFERENT LEVEL OF RESIDUE RETENTION
CH₄ consumption was measured based on the reduction in headspace CH₄ concentration over the incubation period. The variation in CH₄ uptake was influenced by different crop residue levels, with CH₄ consumption beginning approximately two days after incubation and continuing for 18 days. In soils amended with crop residue, headspace CH₄ levels declined to ambient air concentrations. The rate of CH₄ consumption was expressed as ng of CH₄ consumed per gram of soil per day. The observed trend in CH₄ uptake followed the order: 90% residue retention > 30% residue retention > 0% residue retention > conventional tillage. The CH₄ consumption rates recorded were 4.49 ng CH₄ g⁻¹ soil day⁻¹ at 0-15 cm depth and 2.06 ng CH₄ g⁻¹ soil day⁻¹ at 15-30 cm depth in maize. For chickpea, the corresponding values were 3.98 ng CH₄ g⁻¹ soil day⁻¹ at 0-15 cm and 1.85 ng CH₄ g⁻¹ soil day⁻¹ at 15-30 cm. Overall, CH₄ consumption was higher in maize, particularly in the upper soil layer, whereas chickpea also contributed to CH₄ uptake but to a slightly lower extent.
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Figure 1. Temporal Variation of CH4 oxidation in soil of maize and chickpea under different crop residue management. The residue retentions were 0%, 30%, 90% and conventional tillage (CT). Soil samples were collected from different depths (0-15 cm and 15-30 cm) at vegetative stage, of the crop.

3.2 CH4 PRODUCTION FROM SOIL UNDER THE INFLUENCE OF DIFFERENT LEVEL OF RESIDUE RETENTION
Methane production through methanogenesis varied over time in response to different crop residue levels. Methanogenesis began five days after incubation, with headspace CH₄ concentrations gradually increasing throughout the 90-day incubation period. The rate of CH₄ production was influenced by residue retention levels in the maize-chickpea system, following the order: 90% residue retention > 30% residue retention > 0% residue retention > conventional tillage. CH₄ production rates, expressed as ng CH₄ produced per gram of soil per day, ranged between 0.11 to 0.13 in maize and 0.008 to 0.014 in chickpea. There were not much significant differences in CH₄ production across different soil depths among the treatments.
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Figure 2.  CH4 production (ng/g soil) in soil of maize and chickpea under different crop residue management. The residue retentions were 0%, 30%, 90% and conventional tillage (CT). Soil samples were collected from different depths (0-15 cm and 15-30 cm) at vegetative stage of the crop.

3.3 ABUNDANCE OF MICROBIAL GROUPS
The abundance of microbial groups, including methanotrophs and methanogens, increased with different levels of crop residue amendment. Crop residue application stimulated methanotrophs, with the highest abundance observed in maize and the lowest in chickpea. Methanotroph population varied between 3.20 × 10⁴ to 4.69 × 10⁴ pmoA gene copies g-1 soil in the 0-15 cm layer and 2.95 × 10⁴ to 3.43 × 10⁴ pmoA gene copies/ g soil in the 15-30 cm layer (Table .1). The highest methanotroph abundance (4.69 × 10⁴ pmoA gene copies/ g soil) was recorded under 90% crop residue retention in the surface soil, whereas conventional tillage had the lowest count (3.20 × 10⁴ gene copies/g soil). Methanogen abundance ranged from 0.13 × 10⁴ to 0.57 × 10⁴ mcr gene copies /g soil in the surface layer and 0.06 × 10⁴ to 0.21 × 10⁴ mcr gene copies /g soil in the subsurface layer (Table .1). The lowest methanogen count was found in conventional tillage, while the highest was recorded in the 90% residue retention treatment under maize cultivation.

Table 1. Abundances of methanotrophs and methanogens in soil under different crop residue management, after methanotrophic and methanogenic metabolism. The residue retentions were 0%, 30%, 90% and conventional tillage. Soil samples were collected from different depths (0-15 cm and 15-30 cm).
	TABLE 1. Microbial abundance

	
Residue     Retention
	 Abundance of Methanotrophs
(pmoA gene copies 10⁴ /g soil)
	 Abundance of Methanogens 
(mcr gene copies 10⁴ /g soil)

	
	0-15 cm 
	15-30 cm
	0-15 cm 
	15-30 cm

	Maize

	0%
	3.27
	3.05
	0.19
	0.09

	30%
	3.58
	3.13
	0.25
	0.14

	90%
	4.69
	3.43
	0.57
	0.21

	CT
	3.20
	2.95
	0.13
	0.06

	CD (P=0.05)
	0.23
	0.12
	0.04
	0.04

	     Chickpea

	0%
	2.88
	2.71
	0.15
	0.04

	30%
	3.24
	2.80
	0.22
	0.12

	90%
	4.29
	2.92
	0.50
	0.18

	CT
	2.79
	2.64
	0.11
	0.06

	CD (P=0.05)
	0.07
	0.07
	0.04
	0.03



3.4 ORGANIC CARBON AND GLUCOSIDASE ENZYME 
[bookmark: _Hlk191582307]Organic carbon and β-glucosidase enzyme levels in soil samples were measured at the end of the CH₄ cycling process. Organic carbon content increased following incubation, with the highest level observed in the 90% crop residue retention treatment (1.09%), followed by 30% residue retention (0.95%) and 0% residue retention (0.91%) in the surface soil of maize crops. In chickpea crop, organic carbon values ranged from 0.96% to 1.14% in the surface soil and 0.48% to 0.63% in the subsurface soil (Table .2). β-glucosidase activity increased with higher levels of residue retention after incubation. Organic carbon and β-glucosidase content were found to be higher during CH₄ consumption than CH₄ production. In maize crops, β-glucosidase activity ranged from 141 to 165 µg PNP g⁻¹ soil h⁻¹ in the surface soil and 73 to 94 µg PNP g⁻¹ soil h⁻¹ in the subsurface soil (Table .2). In chickpea crops, surface soil β-glucosidase activity ranged from 141.1 to 169.6 µg PNP g⁻¹ soil h⁻¹, with the highest activity under 90% residue retention (169.6 µg PNP g⁻¹ soil h⁻¹), followed by 30% residue retention (161.6 µg PNP g⁻¹ soil h⁻¹) and 0% residue retention (153.4 µg PNP g⁻¹ soil h⁻¹). The conventional tillage treatment exhibited the lowest activity at 141.1 µg PNP g⁻¹ soil h⁻¹.Overall, β-glucosidase activity was slightly higher in chickpea crops compared to maize, likely due to the greater microbial support provided by legumes, which enhance soil biological activity.
Table 2. Value of organic carbon and β-glucosidase in soil under different crop residue management. The residue retentions were 0%, 30%, 90% and conventional tillage (CT). Soil samples were collected from different depths (0-15 cm and 15-30 cm).
	
	
	    Residue Retention
	
	

	Soil parameters
	Soil
depths (cm)
	0%
	30%
	 90 %
	CT
	C.D value     (p=0.05)

	Maize

	Organic carbon 
	0-15
	0.91
	0.95
	1.09
	0.85
	0.05

	
	15-30
	0.50
	0.53
	0.60
	0.48
	0.043

	β-glucosidase
	0-15
	146.8
	154.2
	164.8
	141.1
	3.70

	
	15-30
	73.3
	85.3
	94.2
	73.1
	3.44

	Chickpea

	Organic carbon
	0-15
	0.98
	1.00
	1.14
	0.96
	0.06

	
	15-30
	0.52
	0.57
	0.63
	0.48
	0.053

	β-glucosidase
	0-15
	153.4
	161.6
	169.6
	141.3
	2.42

	
	15-30
	79.1
	89.4
	104.6
	83.1
	3.22



4. DISCUSSION
To investigate the influence of varying levels of crop residue on CH₄ cycling processes, soil samples were incubated under different residue retention treatments within a conservation agriculture framework. Retaining crop residues is a fundamental principle of CA, as it contributes to the accumulation of soil organic carbon by adding organic matter, which serves as a substrate for soil microorganisms. This process not only enhances soil structure and fertility but also promotes the activity of β-glucosidase, an enzyme essential for breaking down cellulose into glucose. Increased β-glucosidase activity accelerates organic matter decomposition, further enriching SOC levels. Crop residue retention enhances SOC storage and restores soil health, emphasizing its significance in sustainable agricultural practices (Dutta et al., 2023); residue retention has a positive impact on both SOC and soil biology (Pradhan et al., 2023), while enzymatic activity is closely linked to soil fertility improvement and carbon sequestration (Liu et al., 2023). In conservation agriculture, up to 30 to 90% of crop residues are left on the field to enhance soil carbon content. The total carbon content of different crop residues was 39% for maize (Xu et al., 2013) and 37.1% for chickpea (Reddy et al., 2008). The highest CH₄ consumption rate was observed in maize, particularly in the upper soil layers, while chickpea contributed to CH₄ uptake, though to a lesser extent. A high C:N ratio in crop residues played a key role in stimulating CH₄ consumption, which showed a positive correlation with SOC levels and β-glucosidase enzyme activity. A global meta-analysis and process-based modelling study identified SOC as a critical factor governing the CH₄ uptake potential of soil (Lee et al.,2023). Methanotrophic microbial groups, which utilize CH₄ as a carbon source, play a central role in this process. However, this study suggests that SOC enhances CH₄ consumption, indicating that the CH₄ uptake potential of soil may be influenced by the heterotrophic metabolism of other microbial groups. A study examining the relationship between soil erosion and CH₄ consumption rates found that the loss of heterotrophic microbial diversity negatively affected CH₄ uptake potential (Schnyder et al., 2023). However, the specific mechanisms through which heterotrophs regulate CH₄ consumption activity in soil remain unclear. It is possible that higher heterotrophic activity led to CO₂ release, which in turn stimulated CH₄ consumption. A recent study highlighted the role of CO₂ in enhancing CH₄ consumption (Noyce et al., 2023). For CH₄ production assessment, soils were incubated under flooded conditions, as saturated moisture creates an anaerobic environment, facilitating methanogenesis. The variation in CH₄ production was attributed to crop type, with maize stimulating the highest CH₄ production, followed by chickpea. This variation was associated with the C:N ratio of crop residues—66.3 for maize (Feng et al., 2012) and 31 for chickpea (Reddy et al., 2008). The impact of crop residue on CH₄ cycling was evaluated to identify key mechanisms. The high carbon content of maize promoted CH₄ production, whereas the lower C:N ratio in chickpea resulted in reduced CH₄ production. To assess residue mineralization, SOC content was measured at the end of the incubation period. Crop residue retention significantly increased SOC levels, following the trend 90% residue> 30%>0%>CT. SOC serves as a substrate for methanogens, and residues with higher carbon content stimulated methanogenesis more than those with lower carbon content. CH₄ production showed a significant correlation with methanogen abundance, as indicated by mcr gene copy numbers. It is likely that CH₄ production played a role in adjusting the C:N ratio for stabilization under anaerobic conditions (Arianti et al., 2022). A study on methanogenesis stimulation found that high C: N substrates such as rice or wheat straw enhanced CH₄ production when bio-augmented (Luo et al., 2023). The abundance of methanogens was highest in maize soils and lowest in chickpea soils, primarily due to the higher availability of carbon in maize residue. This study highlights that crop residues with a higher C:N ratio significantly influence CH₄ cycling processes, including both CH₄ consumption and production. Overall, carbon content was identified as the most critical factor regulating CH₄ cycling in soil.

CONCLUSIONS
The present study investigated CH₄ cycling, encompassing both CH₄ production and consumption, in tropical vertisols under varying levels of residue retention within a maize-chickpea cropping system. β-glucosidase activity serves as a key indicator of soil carbon cycling, as it plays a vital role in organic matter decomposition, thereby enhancing organic carbon accumulation. The carbon content of crop residues was identified as the primary factor influencing both CH₄ production and consumption. While organic carbon functions as a substrate for CH₄ consumption, the exact mechanism by which it stimulates CH₄ production remains unclear and warrants further research for a comprehensive understanding.
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Maize  (0-15 cm)


T1 -0%	6.7763092717891896E-2	3.6103677239362799	1.81675871950514	4.0463135149447398	2.9333514996345298	2.9958031869089599	0.84168198948805495	0.49795500165523898	0.77142857142857102	8.01783725737273E-2	6.7763092717891896E-2	3.6103677239362799	1.81675871950514	4.0463135149447398	2.9333514996345298	2.9958031869089599	0.84168198948805495	0.49795500165523898	0.77142857142857102	8.01783725737273E-2	0	2	4	6	8	10	12	14	16	18	61.714285714285701	57.591428571428601	49.2	46.328571428571401	37.979999999999997	23.682857142857099	7.4228571428571399	4.3285714285714301	2.44285714285714	8.5714285714285701E-2	T2-30%	2.0777096888209399	2.6992175737061501	1.9624640904032999	3.22535237752151	3.39294887094049	8.0693638319920407	2.1708739893303401	1.1292674164958401	0.97851407548300895	0.254269662414708	2.0777096888209399	2.6992175737061501	1.9624640904032999	3.22535237752151	3.39294887094049	8.0693638319920407	2.1708739893303401	1.1292674164958401	0.97851407548300895	0.254269662414708	0	2	4	6	8	10	12	14	16	18	60.24	54.994285714285702	47.382857142857098	45.531428571428599	38.605714285714299	23.2457142857143	7.14	4.9885714285714302	1.52571428571429	0.20571428571428599	T3-90%	1.69689392113704	1.9090921017753999	1.2492691741125099	1.47916137299043	1.933659953644	8.6175366999804695	3.7405718213958199	2.2387268612279798	0.45658448041419702	0.25354627641855498	1.69689392113704	1.9090921017753999	1.2492691741125099	1.47916137299043	1.933659953644	8.6175366999804695	3.7405718213958199	2.2387268612279798	0.45658448041419702	0.25354627641855498	0	2	4	6	8	10	12	14	16	18	58.765714285714303	55.3028571428571	46.894285714285701	43.765714285714303	40.294285714285699	25.542857142857098	8.5114285714285707	6.3514285714285696	0.68571428571428605	0.25714285714285701	T4-CT	1.94596914630406	1.6349311912126501	1.9544454821910799	2.67051932578436	3.2466937656889101	9.9910194368620395	5.0134981066423201	2.9855160563040002	1.6125338154973501	0.489960431555239	1.94596914630406	1.6349311912126501	1.9544454821910799	2.67051932578436	3.2466937656889101	9.9910194368620395	5.0134981066423201	2.9855160563040002	1.6125338154973501	0.489960431555239	0	2	4	6	8	10	12	14	16	18	58.92	55.268571428571398	48.094285714285697	45.574285714285701	41.314285714285703	26.691428571428599	11.0057142857143	8.0399999999999991	1.44857142857143	0.505714285714286	
CH4 ng/g soil









Maize (15-30 cm)

T1 -0%	1.69689392113704	3.5863772864572301	2.2293130634107601	3.4416714022138	3.1655447350160402	5.0736956703276999	0.72831928409993196	1.2397498101781399	1.0103747536717	8.2437360264305801E-2	1.69689392113704	3.5863772864572301	2.2293130634107601	3.4416714022138	3.1655447350160402	5.0736956703276999	0.72831928409993196	1.2397498101781399	1.0103747536717	8.2437360264305801E-2	0	2	4	6	8	10	12	14	16	18	60.977142857142901	55.98	47.9828571428571	45.085714285714303	38.108571428571402	25.2171428571429	7.9114285714285701	4.8257142857142901	2.1171428571428601	7.7142857142857194E-2	T2-30%	2.0777096888209399	2.0498531555171602	1.28235274843881	2.2654368412367298	2.1289692820897201	8.0127615051725805	2.4068015866604	1.36653143515446	1.0440795184354099	0.243193045013333	2.0777096888209399	2.0498531555171602	1.28235274843881	2.2654368412367298	2.1289692820897201	8.0127615051725805	2.4068015866604	1.36653143515446	1.0440795184354099	0.243193045013333	0	2	4	6	8	10	12	14	16	18	59.502857142857103	55.62	46.997142857142897	44.365714285714297	39.677142857142897	23.751428571428601	7.4828571428571404	5.4342857142857097	1.2	0.222857142857143	T3-90%	6.7763092717893006E-2	1.24189618022159	1.2504448188136701	0.51034202216928604	1.61298936570504	8.6427886656083004	5.0850320569695704	2.9719196022855301	0.76940210022896005	0.25354627641855498	6.7763092717893006E-2	1.24189618022159	1.2504448188136701	0.51034202216928604	1.61298936570504	8.6427886656083004	5.0850320569695704	2.9719196022855301	0.76940210022896005	0.25354627641855498	0	2	4	6	8	10	12	14	16	18	58.028571428571396	54.291428571428597	46.825714285714298	44.331428571428603	40.5	25.602857142857101	10.4142857142857	8.0657142857142894	0.84	0.25714285714285701	T4-CT	2.38283401838728	2.5558456406394199	2.7144849550934298	3.3933007228830099	4.5907182311214703	5.2883526233967899	5.6760560466663801	2.52773593945092	1.8001530547173401	0.48544109964494098	2.38283401838728	2.5558456406394199	2.7144849550934298	3.3933007228830099	4.5907182311214703	5.2883526233967899	5.6760560466663801	2.52773593945092	1.8001530547173401	0.48544109964494098	0	2	4	6	8	10	12	14	16	18	59.8114285714286	56.142857142857103	49.277142857142898	46.628571428571398	42.9	31.174285714285698	15.1371428571429	9.3342857142857198	2.16	0.45428571428571402	
CH4 ng/g soil









Chickpea (0-15cm)

T1 -0%	1.6940773179474101E-2	1.7671167280664399	3.2758794971109402	3.8274931850537199	5.9666374747509199	4.65720680828134	0.738874109019657	0.29775306506415999	7.1231872022548604E-2	2.8948405898799202E-2	1.6940773179474101E-2	1.7671167280664399	3.2758794971109402	3.8274931850537199	5.9666374747509199	4.65720680828134	0.738874109019657	0.29775306506415999	7.1231872022548604E-2	2.8948405898799202E-2	0	2	4	6	8	10	12	14	16	18	47.839285714285701	45.351428571428599	35.61	31.851428571428599	26.552142857142901	10.3435714285714	1.15928571428571	0.432857142857143	8.3571428571428602E-2	2.57142857142857E-2	T2-30%	0.70719967304221798	0.99610017629979997	5.4974602206428997	4.8226819799352096	4.0603651376471603	5.7297641927117402	0.97532372961546498	0.38449211132800798	7.7113089494771095E-2	2.4432330537838699E-2	0.70719967304221798	0.99610017629979997	5.4974602206428997	4.8226819799352096	4.0603651376471603	5.7297641927117402	0.97532372961546498	0.38449211132800798	7.7113089494771095E-2	2.4432330537838699E-2	0	2	4	6	8	10	12	14	16	18	47.333571428571403	44.792142857142899	37.656428571428599	31.602857142857101	22.5171428571429	10.6392857142857	1.1571428571428599	0.45642857142857102	9.2142857142857207E-2	2.3571428571428601E-2	T3-90%	0.57750894506721995	1.5715158254996699	4.2433603597687997	3.6305100628322902	3.7391045801400802	4.6800301706248897	2.1739758320568701	0.61837302987891796	8.2854063982205198E-2	3.4218684477152803E-2	0.57750894506721995	1.5715158254996699	4.2433603597687997	3.6305100628322902	3.7391045801400802	4.6800301706248897	2.1739758320568701	0.61837302987891796	8.2854063982205198E-2	3.4218684477152803E-2	0	2	4	6	8	10	12	14	16	18	46.827857142857098	44.582142857142898	38.67	33.630000000000003	24.490714285714301	15.0085714285714	3.0235714285714299	1.0392857142857099	0.186428571428571	4.4999999999999998E-2	T4-CT	1.7274040479569199	1.5367923956562699	2.8168996200411098	2.7383920129021901	3.3868126608951998	3.05517251258135	2.4443792250627498	0.72894948174669505	0.22346414587086699	7.3218640985442396E-2	1.7274040479569199	1.5367923956562699	2.8168996200411098	2.7383920129021901	3.3868126608951998	3.05517251258135	2.4443792250627498	0.72894948174669505	0.22346414587086699	7.3218640985442396E-2	0	2	4	6	8	10	12	14	16	18	45.807857142857202	44.136428571428603	36.814285714285703	30.872142857142901	23.007857142857102	15.0021428571429	4.6864285714285696	1.62214285714286	0.33214285714285702	9.4285714285714306E-2	
CH4 ng/g soil










Chickpea (15-30cm)

T1 -0%	0.57750894506721895	1.59007003118782	5.30668955956844	5.01188129165413	4.98774109437226	5.8787734299610799	1.03042801192277	0.40250649633495	8.69112848171711E-2	3.3369453219423098E-2	0.57750894506721895	1.59007003118782	5.30668955956844	5.01188129165413	4.98774109437226	5.8787734299610799	1.03042801192277	0.40250649633495	8.69112848171711E-2	3.3369453219423098E-2	0	2	4	6	8	10	12	14	16	18	47.586428571428598	45.139285714285698	37.197857142857103	32.796428571428599	25.176428571428598	11.01	1.335	0.497142857142857	0.10071428571428601	3.4285714285714301E-2	T2-30%	0.70719967304221798	0.96795136599871601	5.5202304188820799	4.9426162461942003	4.0418710937850904	5.6827413934559798	1.8118170775354201	0.47567084743763799	8.1032873147953002E-2	2.08859878817335E-2	0.70719967304221798	0.96795136599871601	5.5202304188820799	4.9426162461942003	4.0418710937850904	5.6827413934559798	1.8118170775354201	0.47567084743763799	8.1032873147953002E-2	2.08859878817335E-2	0	2	4	6	8	10	12	14	16	18	47.080714285714301	44.912142857142904	37.8664285714286	32.605714285714299	23.9892857142857	12.5657142857143	2.0292857142857099	0.69642857142857095	0.130714285714286	2.78571428571429E-2	T3-90%	1.6940773179474101E-2	1.71402788239651	4.0040878346703499	3.8816143351624701	3.2830641486394398	3.0901419127309202	1.79128310243279	0.61415384797263295	0.23173590704128	6.6652847207124805E-2	1.6940773179474101E-2	1.71402788239651	4.0040878346703499	3.8816143351624701	3.2830641486394398	3.0901419127309202	1.79128310243279	0.61415384797263295	0.23173590704128	6.6652847207124805E-2	0	2	4	6	8	10	12	14	16	18	46.575000000000003	44.361428571428597	38.961428571428598	33.1842857142857	23.950714285714302	16.6735714285714	3.7028571428571402	1.3628571428571401	0.315	7.7142857142857096E-2	T4-CT	2.1155953352304899	2.4561971290461799	2.3936826934108701	2.6845647235822101	2.34994355121087	2.7733716954682599	1.3717424306036301	0.448633128149794	0.227990332770349	6.4553015705965999E-2	2.1155953352304899	2.4561971290461799	2.3936826934108701	2.6845647235822101	2.34994355121087	2.7733716954682599	1.3717424306036301	0.448633128149794	0.227990332770349	6.4553015705965999E-2	0	2	4	6	8	10	12	14	16	18	45.040714285714301	44.663571428571402	35.333571428571403	31.0392857142857	23.824285714285701	15.24	5.5071428571428598	1.79571428571429	0.32785714285714301	0.10285714285714299	
CH4 ng/g soil










 Maize (0-15cm)

T1 -CR 0%	1.13069672013123E-2	1.3069672013123101E-2	5.5714285714285598E-2	5.8212062823864E-2	2.78994027046E-2	1.422126997E-2	1.13069672013123E-2	1.3069672013123101E-2	5.5714285714285598E-2	5.8212062823864E-2	2.78994027046E-2	1.422126997E-2	15	30	45	60	75	90	0.44571428571428601	0.754285714285714	0.81428571428571395	0.99428571428571499	1.1828571428571399	1.3371428571428601	T2-CR30%	1.3336425453207E-2	1.8937628968100001E-2	1.3483120735500001E-2	3.4778128776929998E-2	1.981382362422E-2	4.190787135514E-2	1.3336425453207E-2	1.8937628968100001E-2	1.3483120735500001E-2	3.4778128776929998E-2	1.981382362422E-2	4.190787135514E-2	15	30	45	60	75	90	0.48857142857142899	0.78	0.84	1.02	1.1657142857142899	1.3857142857142899	T3-CR 90%	6.713425125618E-2	1.5793623595196999E-2	9.7729322151355394E-2	9.2912071665766399E-2	4.3427433120127999E-2	7.1348312073540004E-2	6.713425125618E-2	1.5793623595196999E-2	9.7729322151355394E-2	9.2912071665766399E-2	4.3427433120127999E-2	7.1348312073540004E-2	15	30	45	60	75	90	0.56571428571428595	0.83142857142857196	0.89142857142857201	1.0885714285714301	1.1910000000000001	1.5860000000000001	T4-CT	9.3895295572314505E-2	4.5335642495541E-2	3.5526185435787998E-2	2.3200261684010001E-2	6.1890046495200003E-2	1.5458644302708E-2	9.3895295572314505E-2	4.5335642495541E-2	3.5526185435787998E-2	2.3200261684010001E-2	6.1890046495200003E-2	1.5458644302708E-2	15	30	45	60	75	90	0.57428571428571396	0.77142857142857102	0.85714285714285698	0.97714285714285698	1.123	1.24571428571429	
CH4 ng/g soil










Maize (15-30 cm)

T1 -CR 0%	2.6410410317879999E-2	1.8923745075814E-2	1.5714285714285601E-2	1.30696720131232E-2	6.3195137982797994E-2	1.7265003239484999E-2	2.6410410317879999E-2	1.8923745075814E-2	1.5714285714285601E-2	1.30696720131232E-2	6.3195137982797994E-2	1.7265003239484999E-2	15	30	45	60	75	90	0.437142857142857	0.64285714285714302	0.66652857142857103	0.96000000000000096	1.1142857142857101	1.26285714285714	T2-CR 30%	1.7513842921459299E-2	1.9237450758139998E-2	1.3895295572314901E-2	1.0508909139073E-2	4.427433120128E-2	3.4702310647540001E-2	1.7513842921459299E-2	1.9237450758139998E-2	1.3895295572314901E-2	1.0508909139073E-2	4.427433120128E-2	3.4702310647540001E-2	15	30	45	60	75	90	0.48857142857142799	0.66285714285714303	0.67428571428571404	0.94285714285714295	1.1228571428571399	1.26857142857143	T3-CR 90%	4.9781318335649999E-2	4.5335642495541E-2	3.5526185435787998E-2	2.3470231064755001E-2	2.4273356364410002E-2	2.5560526290412999E-2	4.9781318335649999E-2	4.5335642495541E-2	3.5526185435787998E-2	2.3470231064755001E-2	2.4273356364410002E-2	2.5560526290412999E-2	15	30	45	60	75	90	0.45714285714285702	0.67142857142857104	0.71714285714285697	1.00285714285714	1.26571428571429	1.32	T4-CT	1.175775551776E-2	1.0932963761811999E-2	1.5831484749990899E-2	1.2647038627040001E-2	1.8278994027047999E-2	2.4988225704182E-2	1.175775551776E-2	1.0932963761811999E-2	1.5831484749990899E-2	1.2647038627040001E-2	1.8278994027047999E-2	2.4988225704182E-2	15	30	45	60	75	90	0.42299999999999999	0.61471428571428499	0.61428571428571399	0.98571428571428699	1.1828571428571399	1.23714285714286	
CH4 ng/g soil










Chickpea (0-15cm)

T1 -CR0%	1.29120716657663E-2	1.16665187799992E-2	1.14373602643058E-2	1.7837257371999999E-3	1.2141062443803001E-2	1.2846546308251701E-2	1.29120716657663E-2	1.16665187799992E-2	1.14373602643058E-2	1.7837257371999999E-3	1.2141062443803001E-2	1.2846546308251701E-2	15	30	45	60	75	90	0.56571428571428595	0.76285714285714301	0.90857142857142903	1.0714285714285701	1.2857142857143	1.48571428571429	T2-CR 30%	1.6593983227032E-2	1.29120716657663E-2	1.2437360264305799E-2	1.24373602643057E-2	1.3543951526934E-2	2.9545864430270902E-3	1.6593983227032E-2	1.29120716657663E-2	1.2437360264305799E-2	1.24373602643057E-2	1.3543951526934E-2	2.9545864430270902E-3	15	30	45	60	75	90	0.60857142857142899	0.78	0.89142857142857101	1.03714285714286	1.26	1.4314285714285699	T3-CR 90%	1.5714285714285701E-2	1.4093296376181201E-2	1.7729322151354698E-2	1.15793623595197E-2	1.27137165600637E-2	1.4940439672458001E-2	1.5714285714285701E-2	1.4093296376181201E-2	1.7729322151354698E-2	1.15793623595197E-2	1.27137165600637E-2	1.4940439672458001E-2	15	30	45	60	75	90	0.68571428571428605	0.78	0.89142857142857101	1.1885714285714299	1.3685714285714301	1.55714285714286	T4-CT	0.19120716657663001	0.115793623595197	0.129992150469455	0.115793623595197	0.129992150469455	0.16487472052861099	0.19120716657663001	0.115793623595197	0.129992150469455	0.115793623595197	0.129992150469455	0.16487472052861099	15	30	45	60	75	90	0.69428571428571395	0.84	0.95142857142857096	1.02571428571429	1.26285714285714	1.4171428571428599	
CH4 ng/g soil










Chickpea (15-30 cm)

T1 -CR 0%	9.2912071665766302E-2	8.01783725737273E-2	8.2437360264305801E-2	9.8664552284754306E-2	8.3543951526934002E-2	9.7793955872246E-2	9.2912071665766302E-2	8.01783725737273E-2	8.2437360264305801E-2	9.8664552284754306E-2	8.3543951526934002E-2	9.7793955872246E-2	15	30	45	60	75	90	0.56571428571428595	0.77142857142857102	0.89142857142857101	1.04571428571429	1.1045	1.1399999999999999	T2-CR 30%	0.11175775551776	8.01783725737273E-2	7.1713716560063701E-2	0.115793623595197	8.3543951526934002E-2	4.043967245802E-2	0.11175775551776	8.01783725737273E-2	7.1713716560063701E-2	0.115793623595197	8.3543951526934002E-2	4.043967245802E-2	15	30	45	60	75	90	0.66857142857142904	0.81428571428571395	0.91714285714285704	1.0885714285714301	1.1599999999999999	1.1714285714285999	T3-CR 90%	8.3543951526934002E-2	5.0890913907300002E-2	9.5831484749990994E-2	6.3195137982797994E-2	4.3427433120127E-2	7.7740925885666001E-2	8.3543951526934002E-2	5.0890913907300002E-2	9.5831484749990994E-2	6.3195137982797994E-2	4.3427433120127E-2	7.7740925885666001E-2	15	30	45	60	75	90	0.70285714285714296	0.81428571428571395	0.9	1.1571428571428599	1.22	1.3485714285714301	T4-CT	8.01783725737273E-2	1.5793623595196999E-2	2.9992150469455001E-2	1.0932963761811999E-2	3.0696720131230999E-2	7.6704526812184995E-2	8.01783725737273E-2	1.5793623595196999E-2	2.9992150469455001E-2	1.0932963761811999E-2	3.0696720131230999E-2	7.6704526812184995E-2	15	30	45	60	75	90	0.68571428571428605	0.84	0.95142857142857096	1.05142857142857	1.0942857142857101	1.1100000000000001	
CH4 ng/g soil












