Productivity and soil carbon sequestration of rice-based cropping systems in the Brahamaputra valley zone, Northeast India

ABSTRACT
	A field experiment was conducted for two consecutive years during 2016–17 and 2017–18 at farmer’s field of Brahamaputra valley zone of Assam to assessed 6 rice-based cropping sequences under rainfed medium land situation for their productivity and soil carbon sequestration potential. The soil of the experimental site was acidic (pH 5.4), sandy loam in texture, medium in organic carbon (0.53%), low in available N (263.40 kg ha-1) and medium in P2O5 (34.60 kg ha-1) and K2O (152.43 kg ha-1). The treatments consisted of 6 rice based cropping sequences replicated four times in randomized block design viz. rice (Oryza sativa L.) - rapeseed (Brassica camprestis L.) - fellow;  rice - rapeseed - blackgram (Vigna mungo L.);  rice– garden pea (Pisum sativum. L.)-blackgram;  rice – lentil (Lens culinaris Medic) - blackgram;  rice – garden pea- sesbania (Sesbaniaaculeta)  and rice – lentil- sesbania. Performance of different cropping systems and CO2 emission from all cropping sequences were estimated and the highest CO2 – C emission of 2.649 & 2.470 Mg ha-1  in rice-lentil- blackgram sequence during 2016-17& 2017-18 respectively. Among all the sequences, rice-lentil-sesbania sequence was found to be having highest carbon sequestration potential with 2.32 and 1.35 Mg ha-1 in 0-15 cm and 1.97 & 1.88 Mg ha-1 in 15-30 cm depth of soil during 2016-17 and 2017-18, respectively.
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Introduction:
	“Rice-based cropping systems are widespread in the eastern part of India, which covers around 43 per cent of rice area of the country. Rice in north eastern region specially the Brahamaputra valley zone of India grown in varied ecosystems and the diversification index of rice-based cropping system is heavily influenced by rice. Besides, at farmer’s level, potential productivity and monetary benefits act as guiding principles while opting for a particular crop/cropping system” (Baishya et al., 2016). 
	“The diversification of cropping system is necessary to get higher yield and return, to maintain soil health, sustain environment and meet daily requirement of human and animals” (Samui et al., 2004). “Inclusion of pulse, oilseed and vegetable in cropping system is more beneficial than cereals after cereals” (Kumpawat, 2001; Raskar and Bhoi, 2001). “As it is difficult to replace rice by any other crop in the rainy season due to food need, soil and climatic conditions of Assam, the only option left is to grow suitable crops during winter (rabi) and summer season for intensification and diversification of rice-based cropping system. Non- rice crop like oilseeds, pulses and vegetables are receiving more attention owing to higher price due to increased demand. Inclusion of these crops in a sequence not only changes the economics of the cropping sequences but also increases farmers income by generating maximum net profit per unit investment per unit time” (Tomar  & Tiwari , 1990).
	“Among all GHGs, carbon dioxide (CO2) is the most important one which occurs in the greatest concentration and has the strongest radioactive forcing among all. However, removal of atmospheric CO2 by terrestrial ecosystems via C sequestration and converting the sequestered C into the soil organic C has provided a great opportunity for shifting GHG emission to mitigate the climate change” (Wang et al., 2010). Soils have enormous capacity to provide the sink for substantial amounts of carbon from atmosphere and store it for a long time to reduce the accumulation of atmospheric CO2. “The challenge now is to develop and improve crop rotations with high net primary productivity and phytomass-C additions that maximize the benefit of soil carbon sequestration for mitigating global warming caused by the green house gas released due to human interference with the nature. In view of GHG emission and global warming there has been an urge to search for efficient soil management and cropping systems to convert CO2 from the air into soil organic carbon in recent times” (Lal, 2007). “Soil C sequestration is a multiple purpose strategy which restores degraded soils, enhances the land productivity, improves the diversity, protects the environment and reduces the enrichment of atmospheric CO2, hence shifts emission of GHGs and mitigates climate change” (Wang et al., 2010).  
The Asian countries are having more than 90% of rice fields, they are being blamed for their contribution in the methane emission and associated climate change. A major part of rice is grown under the continuous submergence condition that may influence the active and passive pools of soil carbon besides methane emission (Yadav et al., 2020). “A good farming practice can decrease CO2 evolution from soil into the atmosphere and enhance soil fertility and thus productivity increased” (Lal, 2004). There is very little scope for existing cropping systems like rice-fallow, rice-rice, rice-rapeseed (Toria), jute-rice and rice-vegetables etc. to trap carbon which however is possible if pulse is considered as a component of the cropping system ultimately increasing the carbon sequestration. 


Materials and Methods:
Experimental location and treatments
A field experiment was conducted for two consecutive years during 2016–17 and 2017–18 at farmer’s field of Barhamaputra valley zone of Assam, India which islocated at 26.2337500 N latitude and 91.6016670 E longitude at an elevation of about 94 m MSL (Fig. 1)to assessed 6 rice-based cropping sequences under rainfed medium land situation for their soil carbon sequestration potential. In general the soil belonged to the order of inceptisols and was derived from the alluvial deposits of the river Brahmaputra. The soil was sandy loam in texture and acidic in reaction. The pH was found to be 5.4 and 5.5 in 0-15cm and 15-30cm, respectively and medium in organic carbon (0.53%), low in available N (263.40 kg ha-1) and medium in P2O5 (34.60 kg ha-1) and K2O (152.43 kg ha-1). The treatments consisted of 6 rice based cropping sequences replicated four times in randomized block design viz. rice (Oryza sativa L.) - rapeseed (Brassica camprestis L.) - fellow;  rice - rapeseed - blackgram (Vigna mungo L.);  rice– garden pea (Pisum sativum. L.)-blackgram;  rice – lentil (Lens culinaris Medic) - blackgram;  rice – garden pea- sesbania (Sesbaniaaculeta)  and rice – lentil- sesbania.
Climate and weather condition of the experimental site
The climate of the site was falls in the Lower Brahmaputra valley Zone of Assam, India. The zone is characterized by a sub-tropical humid and relatively dry and cold winter. Falling in the south-west monsoon region, the mean annual rainfall is 1796.2 mm, major amount (1203.7 mm) of which is received during monsoon season (June to September). The monsoon sometimes recedes late and continues till the first week of October. Rainfall during the pre-monsoon season (March – May) is unpredictable and erratic (361.8 mm). The intensity of rainfall decreases from mid of September reaching minimum or zero leaving winter (December-February) virtually dry. The humidity of this zone is high (above 80 per cent) during the rainy season as the region is located in sub-tropical humid region. The maximum temperature range is 34-37°C during summer and the minimum temperature range falls between 8-10°C during winter.
The meteorological parameters during the period of investigation with weekly averages were recorded at the Meteorological observatory of the Horticultural Research Station,  Guwahati, Assam. The variation observed in seasonal rainfall (mm) during the crop season (2016-17 and 2017-18) were depicted in Fig. 2.


Performance of rice based cropping systems
For comparison of different cropping systems under study, the yields of all the crops in the sequences were converted into relative equivalent yield (REY). The REY of the systems were calculated in terms of winter rice using the following formula:
					REY=  Σ Yi × Pi/ P(p)
where, Yi= yield of different crops; Pi= price of respective crops and P(p)= price of rice. 	
	Production efficiency values in terms of kg ha-1 day-1 was calculated by dividing the REY of the sequence by 365 days (Kumpawat, 2001; Tomar and Tiwari, 1990). Nutrient use productivity (NUP) was calculated dividing the REY of each system by the total quantity of nutrients used. Land utilization index (%) was estimated as a percentage of number of days during which the crops in a sequence occupy the main field during a year to the total number of days in a year, i.e. 365 (Rautaray, S.K., 2005). 
Soil sampling and analysis
Soil samples were collected from the depth of 0-15cm and 15-30 cm from each plot before sowing and after the harvest of each crop. For initial soil analysis, five random samples were collected from different locations of each plot to make a composite sample. The samples were used for the estimation of different nutrients like available nitrogen by alkaline potassium permanganate method (Subbiah & Asija, 1956), Available phosphorus by Brays 1. Method (1945), available potassium by Neutral normal Ammonium acetate method (Jackson, 1973) and Organic carbon by Walkley and Black rapid titration method (1934). The bulk density soil at 0-15cm and 15-30 cm soil depth were determined before and after harvest of each crop by Core sampler Method (Piper, 1950).
Carbon sequestration potential
	Estimation of Carbon sequestration potential was done by the formula given by Pathak et al. (2011) and Singh et al. (2014). The C sequestration was calculated only in terms of increase in C stock in soil. Data on initial and final SOC concentrations were collected for all the treatments. The mass of SOC in the surface layer (0–15 cm) of soil was calculated as –
			MSOC = SOC × BD × T 
Where, 
MSOC is mass of SOC (Mg ha-1), 
SOC is organic C concentration in soil (%),
BD is bulk density (mg m-3) and
T is thickness of surface layer (cm). 
Carbon sequestration potential of the treatments were calculated as
			CSP treatment = MSOC treatment - MSOC initial
MSOC treatment was final SOC after completion of each cropping system (Mg ha-1) and MSOC initial was initial SOC in the unfertilized soil at the beginning of the experiment in Mg ha-1.
Measurement of CO2 emission
	The soil respiration i.e., flux of CO2 per unit area  per  unit time,  is measured in situ by alkali absorption method. A cylindrical chamber of known volume is inserted in soil to a depth of 5 cm. All green vegetations above ground are cleared one day before the chamber is fixed for the measurement of soil respiration. Carbon dioxide efflux is collected in a vial for reaction with 20 ml 2M NaOH for 24 hours to avoid diurnal changes. Sodium hydroxide solution is precipitated by saturated BaCl2 solution. Blank consisting of a sealed chamber of the same volume, enclosing a vial of 2M NaOH is used. The amount of CO2 absorbed in 2M NaOH is determined titrimetically with 0.5M HCl solution and using phenopthelin as a visual indicator. After titrating, CO2 evolution rate is calculated as follows:
				 O2-C (mg) = (B-V) x N x E
	Where, B is the HCl (mg) needed to titrate the NaOH solution from the control, V is volume of HCl (mg) needed to titrate the NaOH solution in the vial exposed to the soil atmosphere, N= 1.0 (Molarity of HCl) and E is the equivalent weight (6 for C; 22 for CO2). All values are converted to g CO2-C m-2d-2 (Gupta. and Singh, 1981 and Sarma, et. al.,2013).
Statistical analysis
	In order to compare the treatments, the mean data were taken and the analysis of variance (ANOVA) technique was carried out following randomized block design by SAS statistical package. The significance of the treatment effect was determined using F-test at 5% level. The mean differences between treatments were compared using critical difference (CD) computed at 5% level of probability (P=0.05).
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Fig. 1: Geo-location of the experimental site
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Results and Discussion:
Performance of rice-based cropping systems:
	Among all the cropping sequences tested, the highest mean land utilization index (%) of 92.33 per cent followed by 84.66 per cent was recorded in rice-lentil-blackgram and rice-lentil-sesbania sequences respectively. The land LUI recorded in rice-rapeseed-blackgram, rice-garden pea-blackgram and rice-garden pea-sesbania were 82.74, 80.55 and 72.88 per cent respectively, but the lowest LUI of 62. 74 per cent was recorded in rice-rapeseed-fallow sequence (Fig-3).
	Pooled data (Fig-4) showed that, the cropping systems had significant impact on REY. The maximum REY (117.29 q ha-1) was recorded under rice-garden pea-blackgram followed by rice- garden pea-sesbaniasystem (101.89 q ha-1). The REY recorded in rice-lentil-blackgram (97.89 q ha-1) was at par with rice-garden pea-sesbaniasystem while, the rice-rapeseed-fallow system was the poorest one (79.24 ha-1 REY).Rice equivalent yield (REY) of different cropping systems followed almost similar trends during both the years of investigation. Both winter and summer crops mostly influenced the REY of the systems, rice being the base and uniform crop. Besides, higher production potential of garden pea and better market price of both blackgram and garden pea contributed much for attaining higher REY. This is in conformity with the findings of Chitale et al. (2011), Singh et al. (2014), Upadhyay  et al. (2011), Saha and Ghosh (2010), Kalita et al. (2015), Baishya et al. (2016) and Mishra et al. (2013).
Pooled data (Fig. 5) clearly showed that different cropping sequences differed in production efficiency. The maximum PE (39.90 kg ha-1 day-1) was recorded under rice-garden pea-blackgramsystem, which was at par with rice-garden pea-sesbaniasystem (38.31 kg ha-1 day-1) and superior to rest of the cropping systems, while rice-rapeseed-fallow system registered the lowest PE.Higher production efficiency was due to inclusion of vegetables in rice-based system which had higher REY. The contribution of REY and less system duration as in garden pea and blackgram, is quite evident for which the highest production efficiency in rice-garden pea-blackgram cropping system was obtained. Kumar et al. (2005) obtained the highest production efficiency with rice-tomato-garden pea, followed by rice-potato-garden pea system.
The highest nutrient use productivity of rice-garden pea-sesbania cropping system was due to the higher system productivity, production efficiency (Fig-6) as well as application of comparatively lesser amount of nutrients to the cropping system. The lowest NUP in rice-rapeseed-fallow was also due to lowest system productivity. The effect of nutrients and system productivity was spectacular in creating variations in NUP in different cropping sequences. The result was in conformity with the findings of Baishya et al. (2016).
Bulk density of soil
	Data pertaining to bulk density of soil (0-15 and 15-30 cm soil depth) after completion of various cropping systems (Table 1) clearly indicating that, during both the years of experimentation, bulk density was not markedly influenced by difference in diversified rice based cropping systems.
Organic carbon
	The cropping systems diversified with legumes including pulse, garden pea and green manuring crops showed increased level of soil OC concentration in two different soil depths after completion of sequence over rice-rapeseed-fallow and rice-rapeseed-black gram cropping systems, which might be due to the addition of more organic carbon by root exudates of pulses and green manuring crops, as most of the pulse crop residues contain higher amount of nitrogen and bacteria in the soil which facilitates the decomposition of crop residues in the soil resulting into enhanced soil organic matter. Kumar et al. (2012); Roy et al. (2011) and Porpavaiet al. (2011) also  reported that “cropping systems, having leguminous crops or green manuring of sesbania showed more build up in organic carbon and nutrient availability”.

Carbon sequestration potential
	Carbon sequestration potential (CSP) as influenced by cropping system was found to be significant during both the years of experimentation which are presented in table-3. The CSP worked out at 0-15 cm soil depth reveals that the highest value of 2.40 Mg ha-1 recorded in rice-garden pea-sesbaniasequence during 2016-17 which is statistically at par with the CSP (2.34 Mg ha-1) of rice-lentil-sesbaniasystem. On the other hand the highest CSP recorded in rice-lentil-sesbania (1.35 Mg ha-1) followed by a CSP of 0.99 Mg ha-1 recorded in rice-lentil-blackgramsystem during 2017-18. In 15-30 cm soil depth the highest CSP of 1.97 Mg ha-1 recorded in rice-lentil-sesbania sequence which is statistically at par with the value (1.93 Mg ha-1) of rice-garden pea-sesbania sequence during 2016-17, whereas, the highest CSP value of 1.88 Mg ha-1 was recorded in rice-lentil-sesbania which was statistically at par with the value (1.58 Mg ha-1) obtained in rice-garden pea-sesbaniasystem during 2017-18. On the other hand, the lowest CSP in both the years in two different soil depths were recorded in rice-rapeseed-fallow cropping system. 
	As per the pool data is concern,the rice-lentil-sesbania cropping sequence expressed maximum CSP of 1.84 Mg ha-1 which is statistically at par with the CSP recorded (1.62 Mg ha-1) in rice-garden pea-sesbania sequence in 0-15 cm soil depth. In 15-30 cm soil depth, the highest CSP of 1.93 Mg ha-1 recorded in rice-lentil-sesbania sequence which is statistically at par with the value (1.76 Mg ha-1) of rice-garden pea-sesbaniasystem. The CSP recorded in two different soil depths under rice-garden pea-sesbania and rice-lentil-blackgram were statistically at par, whereas, the rice-rapeseed-fallow sequence exhibited the lowest CSP irrespective of soil depth and year of investigation. 
	The least CSP was observed in rice-rapeseed-fallow sequence due mainly to lack of any legume in the sequence reducing availability of organic matter. This suggests that the legume-based rotation is more efficient in converting biomass carbon into soil organic carbon than the grass based (Nıcolaset al., 2011). 	The increased level of carbon sequestration potential in cropping systems diversified with legumes and green manuring crops might be due to the increased production and turnover rates of roots leading to increased SOC accumulation following root decomposition. The result is in conformity with the findings of Matamala et al. (2003) and Weintraub et al. (2007). 
Carbon emission from rice-based cropping systems
	The CO2-C emission from the soil of different cropping sequestration under investigation were estimated and presented in Table 4. Though the data are not analyzed statistically, it is seen from the mean data that, the highest CO2-C emission from the soil i.e2.65 Mg ha-1 was occurred in rice-lentil-blackgram sequence followed by 2.60 Mg ha-1 in rice-lentil-sesbaniasystem during 2016-17. Difference in CO2-C emission in rice-garden pea-blackgram, rice-rapeseed-blackgram and rice-garden pea-sesbania sequences was found in first year of investigation (2.33, 2.25 and 2.16 Mg ha-1, respectively). In the second year, the highest CO2-C emission from the soil was observed in rice-garden pea-blackgram and rice-lentil-blackgram sequences with an equal value of 2.47 Mg ha-1. The CO2-C emission in rice-lentil-sesbania, rice-rapeseed-blackgram and rice-garden pea-sesbaniasystems were 2.38, 2.37 and 2.24 Mg ha-1, respectively.  On the other hand, the lowest CO2-C emission (1.71 &1.72 Mg ha-1) occurred in rice-rapeseed-fallow cropping system in both the years of experimentation. This might have been due to less availability of organic matter as because of lack of legumes and seasonal fallow in the system. The highest CO2-C emission from the soil occurred in rice-garden pea-blackgram and rice-lentil-blackgram system probably due to the priming effect i.e. CO2 released from existing soil organic matter as a result of the decomposition of fresh organic materials. “The management practices of different crops can also greatly influence the soil physical and chemical properties and alter the emission pattern of CO2” as reported by Dutta and Gokhale (2017). 
Carbon balance in rice based cropping systems
[bookmark: _GoBack]		Data on carbon balance in soil (Table 4 & fig. 7) revealed that, the rice-based cropping systems showed wide variation in expected carbon balance in soil. Expected carbon balance was negative in rice-rapeseed-fallow sequence in both the years of study. On the contrary, there was a net gain in carbon in all the sequences except rice-rapeseed-fallow sequence during first year. The highest carbon gain (2.17 Mg ha-1) was found in rice-garden pea-sesbaniasequence during 2016-17, while the rice-lentil-sesbaniasystem recorded the highest carbon gain (0.85 Mg ha-1) during 2017-18. Changes in soil organic carbon levels might have been controlled primarily by the amount of organic matter supplied through crop residue. The rice-rapeseed-fallow system, however recorded the least carbon gain due probably to lack of any legume in the system leaving less residue. Reduction in organic carbon in cereal-oilseed cropping sequences may be due to higher uptake and lower addition of nutrients in soil (Singh et al.,2004) also. The net gain of carbon in rice-based cropping systems diversified with pulses and green manuring crops might be due to the increased carbon sequestration by legumes and reduced emission of GHGs. The result is in conformity with the finding of Sylvia et al. (2017). “Cereal and oilseed included in cropping sequences reduced the content of organic carbon due to higher uptake and lower addition of nutrients in soil” (Singh et al., 2004).

Conclusion:
	From the results of the experiment conducted,  it  can be concluded  that, under rainfed medium landsituation of Brahamaputra valley zone of eastern India, the  existing  rice -based  cropping  system  can be effectively diversified with inclusion of Garden pea, Lentil, Blackgram and Sesbania  which were  viable systems in productivity point of view. However, the rice-based cropping systems diversified with Garden pea, Lentil, Blackgramand green manuring crop sesbaniacan contributed more soil organic carbon as well as carbon sequestration to the soil.
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Table 1. Effect of cropping systems on bulk density of soil.
	
Cropping systems
	0-15 cm of soil depth
	15-30 cm of soil depth

	
	2016-17
	2017-18
	2016-17
	2017-18

	Rice-Rapeseed-Fallow
	1.30 
	1.31 
	1.35
	1.33

	Rice-Rapeseed-Blackgram
	1.27 
	1.28
	1.32
	1.30

	Rice-Pea-Blackgram
	1.26 
	1.29
	1.33
	1.28

	 Rice-Lentil-Blackgram
	1.27 
	1.27
	1.34
	1.29

	 Rice-Pea- Sesbania(GM)
	1.28 
	1.27 
	1.36
	1.31

	Rice-Lentil- Sesbania GM)
	1.26 
	1.27 
	1.35
	1.30

	S. Ed±
	0.09 
	0.08 
	0.02
	0.03

	CD (P=0.05)
	NS 
	NS 
	NS 
	NS 

	CV (%)
	4.32 
	4.53 
	4.93
	4.87










Table 2.  Effect of cropping systems on soil organic carbon (SOC) per cent concentration of soil.
	
Cropping systems
	0-15 cm soil depth
	15-30 cm soil depth

	
	2016-17
	2017-18
	Pooled 
mean
	2016-17
	2017-18
	Pooled 
mean

	Rice-Rapeseed-Fallow
	0.55c
	0.58d
	0.57c
	0.56cd
	0.56cd
	0.56bc

	Rice-Rapeseed-Blackgram
	0.63b
	0.65c
	0.64b
	0.58bc
	0.58c
	0.58b

	Rice-Pea-Blackgram
	0.66ab
	0.69ab
	0.68ab
	0.57bc
	0.62ab
	0.60ab

	Rice-Lentil-Blackgram
	0.65b
	0.70ab
	0.68ab
	0.60bc
	0.63ab
	0.62ab

	Rice-Pea- Sesbania(GM)
	0.68ab
	0.72ab
	0.70ab
	0.61ab
	0.65a
	0.63ab

	Rice-Lentil- Sesbania GM)
	0.69a
	0.73a
	0.71a
	0.64a
	0.64ab
	0.64a

	S. Ed±
	0.02
	0.02
	0.03
	0.01
	0.02
	0.02

	CD (P=0.05)
	0.03
	0.04
	0.06
	0.03
	0.04
	0.04

	CV (%)
	3.46
	4.73
	4.89
	4.38
	4.92
	3.94





Table3. Soil carbon sequestration potential (CSP) under different cropping systems 

	
Cropping systems
	Carbon Sequestration Potential (Mg ha-1)

	
	0-15 cm of soil depth
	15-30 cm of soil depth

	
	2016-17
	2017-18
	Pooled 
mean
	2016-17
	2017-18
	Pooled 
mean

	Rice-Rapeseed-Fallow
	0.53d
	0.66e
	0.60d
	1.04c
	0.80c
	0.92c

	Rice-Rapeseed-Blackgram
	1.21c
	0.86d
	1.04c
	1.15b
	1.32b
	1.23b

	 Rice-Garden Pea-Blackgram
	1.82b
	0.92c
	1.48b
	1.21b
	1.36b
	1.29b

	 Rice-Lentil-Blackgram
	1.95b
	0.99b
	1.47b
	1.22b
	1.35b
	1.29b

	 Rice-Garden Pea- Sesbania(GM)
	2.40a
	0.92c
	1.62a
	1.93a
	1.58a
	1.76a

	 Rice-Lentil- Sesbania(GM)
	2.32a
	1.35a
	1.84a
	1.97a
	1.88a
	1.93a

	SEd±
	0.19
	0.16
	0.14
	0.17
	0.16
	0.15

	CD (P=0.05)
	0.40
	0.35
	0.30
	0.36
	0.34
	0.32

	CV (%)
	9.52
	8.54
	7.74
	7.23
	10.93
	9.45




Table 4. Carbon balance in soil as influenced by different cropping systems  
	

Cropping systems
	2016-17
	2017-18

	
	Carbon sequestration
Mg ha-1
	Carbon emission
Mg ha-1
	Carbon balance (+/-)
	Carbon sequestration
Mg ha-1
	Carbon emission
Mg ha-1
	Carbon balance (+/-)

	Rice-Rapeseed-Fallow
	1.57
	1.71
	(-) 0.14
	1.46
	1.72
	(-) 0.26

	Rice-Rapeseed-Blackgram
	2.36
	2.25
	(+) 0.11
	2.24
	2.37
	(-) 0.13

	 Rice-G. Pea-Blackgram
	3.30
	2.33
	(+) 0.97
	2.22
	2.47
	(-) 0.25

	 Rice-Lentil-Blackgram
	3.17
	2.65
	(+) 0.52
	2.34
	2.47
	(-) 0.13

	 Rice-G. Pea- Sesbania(GM)
	4.33
	2.16
	(+) 2.17
	2.50
	2.24
	(+) 0.26

	 Rice-Lentil- Sesbania(GM)
	4.29
	2.60
	(+) 1.69
	3.23
	2.38
	(+) 0.85





Carbon sequestration Mg ha-1	T1	T2	T3	T4	T5	T6	1.57	2.9699999999999998	2.42	3.17	4.33	4.29	Carbon emission Mg ha-1	T1	T2	T3	T4	T5	T6	1.71	2.25	2.3299999999999987	2.65	2.16	2.6	

NUP	T1	T2	T3	T4	T5	T6	30.62	32	44.1	39.160000000000011	50.7	42.83	
PE	T1	T2	T3	T4	T5	T6	28.08	29.18	39.9	29.05	38.309999999999995	25.64	
REY	T1	T2	T3	T4	T5	T6	64.3	87.990000000000023	117.29	97.89	101.89	79.239999999999995	

Land utilization index (%)	T1	T2	T3	T4	T5	T6	62.74	82.740000000000023	80.55	92.33	72.88	84.66	
2016-17	Rainy (June-September)	winter (November-February)	Summer (March-May)	1424	25	345	2017-18	Rainy (June-September)	winter (November-February)	Summer (March-May)	812	337	615	
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